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MOTORENKRAFTSTOFFE UND DER UMWELTSCHUTZ
V. VESELY

(Slowakische Technische Hochschule, Bratislava,
Institut fir Chemie und Technologie des Erdols)

Die Motorisierung tragt im steigenden MaRe der
Umweltverschmutzung bei. Hauptverantwortlich dafir
sind Kohlenmonoxid, reine und anoxidierte Kohlenwas-
serstoffe, karzerogene Polyaromaten, Stickstoffoxide,
Schwefeloxide, Bleiverbindungen und die sekundar her-
vorgerufenen Stoffe wie Ozon, Peracylnitrate , singlet-
ter Sauerstoff und Smog-Feststoffe. Es werden Malnah-
men diskutiert, die von Seite der Kraftstofferzeuger
zu unternehmen sind, um die Umweltverschmutzung durch
Auspuffgase der Kraftfahrzeuge auf ein ertragliches
Niveau herabzusetzen.

Die weitere Entwicklung der Motorenkraftstoffe in unseren
Ladndern sowie 1in der ganzen Welt wird durch die Ricksichtnahme auf
die Umwelt in groRfem MaRe beeinflusst werden [1]. In den USA be-
teiligt sich die Motorisierung an der Luftverschmutzung mit etwa
44 %, in Westeuropa mit 25-30 %, in der TSSR z.Z. mit 12 bis 20 %
gleich ob Land oder Stadt. Dieser Anteil wdchst stdndig. In den
USA entfallen 13, in der TSSR 8 PKW auf 1 km2. Auch wenn die Moto-
risierung bei uns bisher noch nicht den erschreckenden amerikani-
schen AusmaR erreicht hat (1 PKW pro 2 Einwohner, 1in der CSSR pro
13 Einwohner), sind unsere Sorgen um die Erhaltung einer sauberen
Umwelt nicht weniger akut als in den USA.

Der Umweltschutz fordert die Unterdrickung folgender Pollu-
tanten in den Auspuffgasen: Kohlenmonoxid, Schwefel- und Stick-
stoffoxide, wunoxidierte, anoxidierte und gespaltene Kohlenwasser-
stoffe, kanzerogene Polyaromaten, Ruf und Bleiverbindungen.
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Kohlenmonoxid ist ein bekanntes Gift.

Die reinen, anoxidierten und gespaltenen Kohlenwasserstoffe
sind l&stig durch 1ihren Geruch. Einige von ihnen sind kanzerogen.
Olefine, Aromaten und Stickstoffoxide fdrdern in sonnenbelichteten
Gegenden die Bildung des weifen Smogs und der gesundheitsschédli-
chen starken Oxidanten (Ozon, Peracylnitréte, singletter Sauer-
stoff) .

Stickstoffoxide sind in erhdhten Konzentrationen, die aller-
dings z.Z. nicht durch Auspuffgase erreicht werden, toxisch.

Schwefel oxide greifen die Gesundheit, Ernte und Materialien
an. Sie begiinstigen die Bildung von Nebel.

RuB im schwarzen Rauch bel&stigt die Umwelt. Er kann sogar
den Verkehr verhindern. An seiner Oberfldche adsorbieren sich Stof-
fe, die kanzerogene Wirkung haben.

Blei ist ein Gift.Zwar bestreiten einige ernste wissenschaft-
liche Instituten die Moéglichkeit, daf Blei 1in Auspuffgasen die Ge-
sundheit des Menschen gefdhrden kénnte. Es idberwiegen jedoch entge-
gengesetzte Meinungen, die zusammen mit anderen Faktoren zur Her-
absetzung sogar bis zur volligen Abschaffung des Bleies im Benzin
dréngen.

Kohlenmonoxid und Ko, lenwasserstoffe sind Produkte der un-
vollkommenen Verbrennung der an Kraftstoff reichen Gemischen, die
typisch fiir die derzeitigen Ottomotoren sind. Ruf, anoxidierte und
gespaltene Kohlenwasserstoffe sind Produkte der unvollkommenen Zer-
staubung des Kraftstoffes in der Brennkammer des Dieselmotors bzw.
der unvollkommenen Verbrennung im Zweitakt-Ottomotor. Die Stick-
stoffoxide entstehen durch direkte Synthese aus dem Sauerstoff und
Stickstoff der Verbrennungsluft. lhre Bildung wird durch hohe Tem-
peraturen gefdrdert. Die Schwefeloxide stammen aus schwefelhalti-
gen Verbindungen, die vor allem in Dieselkraftstoffen vorhanden
sein konnen.

Gegen diese Pollutanten werden von Konstrukteuren Mafnahmen
in der Konstruktion des Motors gesucht. Auf Einzelheiten wollen
wir nicht eingehen. Wir wollen uns nur mit der Feststellung begni-
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gen, daB diese Anstrengungen auBerordentlich wichtig sind. Es ist

allerdings unsicher, ob es gelingen wird, ohne Einbau von Zusatz-

etnrichtungen fiir Auspuffgase auszukommen, die die Pollutanten ent-
fernen d.h. ohne Einbau von Filtern fir BleiVerbindungen und von

thermischen bzw. katalytischen Reaktoren fir die Nachverbrennung

von CO und Kohlenwasserstoffen und die Beseitigung von Stickstoff-

oxiden. An diesen Gerdten wird eifrig gearbeitet, aber trotz eini-

ger Erfolge ist die Entwicklung noch nicht abgeschlossen. Mit der

allgemeinen Einfihrung dieser Einrichtungen wird allerdings in den

USA ab 1976 und in Europa nach 1980 gerechnet.

Es besteht nun die Frage, wie man die Kraftstoffe den erhéh-
ten Anforderungen von Seiten des Umweltschutzes anpassen muf.

Benzinkraftstoffe

Die Erwdgungen (ber die kunftigen Treibstoffe gehen davon
aus, inwieweit es durch die erwdhnten MaBnahmen gelingen wird, die
typischen Pollutanten, vor allem CO, Kohlenwasserstoffe, NOX und
Pb aus den Auspuffgasen zu beseitigen. Es sind drei Grenzfalle zu
betrachten :

1. Die erwdhnten Einrichtungen werden ausreichen um diese
Pollutanten unschédlich zu machen.

2. Diese Einrichtungen werden nur dann ausreichen, wenn blei-
arme oder bleifreie Benzine verwendet werden.

3. Auch mit bleifreien Benzinen wird es nicht gelingen die
immer strenger werdenden Normen einzuhalten.

Bevor wir die einzelnen F&lle betrachten, wollen wir etwas
ndher die Eigenschaften der Benzinkohlenwasserstoffe vom Stand-
punkt der Beziehungen zwischen der Verbrennung und dem Umwelt-
schutz betrachten.

Die n-Alkane haben eine zu niedrige Oktanzahl und verschlech-
tern die Klopffestigkeit des Benzins. n-Alkane ab Ca sind weitge-
hend zu vermeiden.
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Die 1iso-Alkane sind umso winschenswerter, je verzweigter sie
sind. Sie haben hohe Oktanzahl, verbrennen rasch und sauber. [lhre
photochemische Aktivitdt, d.h. die Eigenschaft in der Luft Smog zu
produzieren, ist sehr gering. Besonders wertvoll sind von den iso-
-Alkanén C5 das Methylbutan, C6 die Dimethyl butane,C7 die Dimethyl-
pentane und Trimethylbutdn, C8 die Trimethylpentane und Dimethyl-
hexane, C9 die Trimethylhexane und C10 die Tetramethyl pentane, al-
le Syntheseprodukte.

Von den Cycloalkanén, die &hnlichen umweltschadlichen Ver-
brennungseigenschaften besitzen, kommen wegen der Oktanzahl nur
wenige in Betracht: das Cyclopentan, Methylcyclopentan , Dimethyl-
cyclopentane und als Grenzfall das Cyclohexan. Allgemein werden
die hoheren Cycloalkane aromatisiert. Winschenswerter wére eine
Hydrogenolyse zu stark verzweigten iso-Alkanen.

Der beste Kohlenwasserstoff aus der Aromatenreihe 1ist wahr-
scheinlich das Toluol. Obwohl das Benzol zwar flichtiger ist, be-
sitzt es in niedrigeren Konzentrationen eine schlechtere Mischok-
tanzahl. Hoéhere Aromaten neigen zur Bildung von Ablagerungen im
Motor, zu unsauberer Verbrennung, unkontrollierbarer Zindung und
sind photochemisch aktiv. 1Ih Uktivitdtsindex liegt um 3, wenn iso-
-Alkane mit 1 bewertet wer”jn. Im allgemeinen sollte ein hdherer
Gehalt an Aromaten mit eir>m hdheren Gehalt an 1iso-Alkanen ausge-
gli chen werden.

Die Olefine sind bei kleinen Geschwindigkeiten klopffest und
besitzen bei tieferen Konzentrationen eine sehr gute Mischoktan-
zahl. Als gute Vertreter gelten die Mono- und Dimethyl butene, die
Methyl- und Dimethylpentene und Trimethylpentene. In hohen Kon-
zentrationen verlieren jedoch die Olefine ihre gute Mischoktanzahl
und bei hohen Geschwindigkeiten auch ihre Klopffestigkeit. Sie
sind photochemisch sehr aktiv (Index 6).

Aus diesen Griinden ist die Konzentration der Aromaten und
der Olefine zu begrenzen. Die Hochswerte liegen fiir die Aromaten
in den USA bei 30 %, in Europa bei 50 %, fir die Olefine bis etwa
15 %.
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Wir wollen nun die einzelnen Falle ndher untersuchen.
Fall 1 (Blei zuldssvj)

In unseren Lé&ndern 1ist die Oktanzahl und das Oktanprofil
weiter zu verbessern. Als Hauptprozesse kommen in Betracht die
Isomerisierung der Alkane C5 und C6 (Oktanprofil!) und das Refor-
mieren von Schwerbenzin. Winschenswert sind das katalytische Krak-
ken und die Alkylierung von Isobutan.

Fall 2 (Blei nicht oder nur begrenzt zul&ssig)

Die Forderung nach einer hohen Oktanzahl und einem ausgegli-
chenen Oktanprofil bleibt bestehen. Winschenswert wé&ren Antiklopf-
mittel auf einer anderen als Bleibasis, ungefédhr gleich wirksam
wie Blei ,prieswert und zugdnglich, untoxisch, ohne schddliche Wir-
kung auf den Motor und auf die Nachverbrennungsunrichtungen ein-
schlieRflich Katalysatoren. Die Suche nach einem solchen Antiklopf-
mittel ist bisher erfolgsarm, geht allerdings noch weiter. Die
winschenswerten Produkte auf Eisenbasis (Eisenpentakarbonyl, Fer-
rocene [2-5] geben zwar untoxische Verbrennungsprodukte, haben
aber andere schwere Nachteile. Sowjetische (Nesmejanow-Schule) und
amerikanische Arbeiter (Ethyl Corporation) glauben an Methylcyclo-
pentadienylmangantricarbonyl einen gleichwertigen Ersatz fir Blei-
alkyle gefunden zu haben. In Bezug auf Anti klopfwirkung ist diese
Verbindung sehr wirksam [6]. Ungeldést scheinen die Probleme des
Austragens der Verbrennungsprodukte, der Wirkung auf die Nachver-
brennungskatalysatoren und der Toxizitdt zu sein. Nichtmetallische
Antiklopfmittel aus der Reihe der aromatischen Amine kénnten in
Frage kommen fir Benzine mit bereits einer hohen Grundoktanzahl
[6]-Ungeldst ist ihr EinfluR auf die Bildung von Stickstoffoxiden.
Alkohole sind weniger wirksam,als die Amine. Sie konnen als Zusatz-
stoffe gegen Vergaservereisung dienen mit ginstiger Wirkung auf
die Oktanzahl [6]. Es sei noch die direkte Einspritzung vom Wasser
in den Verbrennungsraum zu nennen. Diese 1in den Flugzeugmotoren be-
wahrte Technik 1ist sympathisch, da das Wasser die Neigung zum Klop-
fen unterdriickt, die Verbrennungstemperatur herabsetzt, die koh-
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lenstoffhaltigen Ruckst&nde im Ve rennungsraum vergast und die
Katalysatoren in Nachverbrennungseinrichtung nicht schadigt [7].
Ungeldst sind viele Konstruktionsprobleme, sodal das Wasser bisher
die sog. "drivebility" des Fahrzeuges beeintréachtigt.

Sollte es nicht gelingen einen gleichwertigen Ersatz fir
Bleialkyle zu finden - er ist vielleicht auf dem Gebiet der homo-
genen Katalyse zu finden -, so ist ein anderer Weg zu wéhlen und
zwar der Weg der bleifreien aromatischen Benzine mit thermischer
oder katalytischer Nachverbrennung der Auspuffgase. Als Prozesse
kommen 1in Betracht wiederum die Isomerisierung der n-Alkane C5 und
Cs, ein scharfes Reformieren des Schwerbenzins mit einer weitge-
henden Beseitigung der restlichen n-Alkene. Ober das katalytische
Kracken und die Alkylierung von Isobutan gilt das gleiche wie im
Falle 1.

Fall 3 (Blei unzul&ssig, strengste Normen fur den Umweltschutz)

In diesem Falle mifte man den kostspieligsten Weg zum blei-
freien oder bleiarmen Benzin wéhlen. Die photochemische Aktivitét
der Olefine und Aromaten und die Kanzerogenitdt der Polyaromaten
miRten bericksichtigt werden. Katalytische Nachverbrennungsreakto-
ren wirden unentbehrlich sein. Es mifte hdchstwahrscheinlich ali-
phatische Kohlenwasserstoffe zur Benzinerzeugung gewdhlt werden;
eine vollkommene Umwandlung der n-Alkane C5 und C6 wie im Fall 1
und 2, Hydroformieren des Schwerbenzins und Hydrocracken der schwe-
ren Erdélfraktionen zu Isobutan, Isopentan- und Isohexane, Alkylie-
rung des Isobutans mit Olefinen C2 bis C«,vorzugsweise mit Athylen,
aus der Pyrolyse oder Dehydrierung, beschrénkte Aromatisierung des
Schwerbenzins mit nachfolgender Demethylierung der Alkylaromaten
zu Toluol und Benzol. Die leichtesten und schwersten Bestandteile
des Benzins miRten beseitigt werden. Ein solches Benzin propagiert
die General Motors: 0Z (Research) 91 (Minimum),Dampfdruck 630 mbar
(Maximum), Olefine 15 % (Maximum), Blei nicht Uber 0,02 %, 10 %
des Benzins sollten zwischen 55 bis 65 °C, 50 % um 90 °C und 90 %
bis 120 °C uberdestillieren.
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In allen drei F&llen wird nach den derzeitigen Vorstellungen
mit Nachverbrennungsreaktoren fir Auspuffgase gerechnet, wobeil im
Fall 3 die katalytischen Reaktoren bevorzugt werden.

Dieselkraftstoffe

Aus den Auspuffgasen der Dieselmotoren missen der RuB (der
schwarze Rauch), die unverbrannten, anoxidierten und gespaltenen
Kohlenwasserstoffe (der blaue Rauch), die Stickstoffoxide und die
Schwefel oxide weitgehend verschwinden.

Als wichtigste MaBnahmen sind eine gute Zerstdubung des
Kraftstoffes,ei ne sorgfédltige Instandhaltung der Zerstdubungsorga-
ne und eine genigende Leistungsreserve des Motors zu nennen. In
der CSSR werden z.B. ab sofort 7 PS und ab 1974 8 PS pro 1 t Last
vorgeschri eben.

Von der Seite des Kraftstoffes her wird der Ruf und die un-
verbrannten Kohlenwasserstoffe durch Herabsetzung des Siedeendes
vom gegenwdrtigen Wert von 350-360 °C auf max.355 °C herabgesetzt.
Den Aromatengehalt wird man wahrscheinlich auf max. 10 % limitie-
ren missen, z.B. gegebenenfalls durch eine Hydrierung bei tieferer
Temperatur. Man wird wahrscheinlich ohne Additive nicht auskommen
konnen. Als solche werden metallorganisehe Verbindungen, vor allen
Manganocene, und Metallsalze, vorwiegend Bariumverbindungen vorge-
schlagen oder bereits verwendet. Manganocene sollen die Bildung
von Ruf von vorne rein unterdricken. Die Bariumsalze sollen dage-
gen das Nachbrennen des bereits gebildeten Russes noch im Motor
erleichtern. Dabei sind jedoch schwerwiegende toxikologische Prob-
leme zu lésen. Mangan, das in den Auspuffgasen des Benzinmotors
vielleicht harmlos ist, kann bei Dieselmotoren wegen der hdheren
Konzentration und wesentlich grdBerer Menge der Auspuffgase bedenk-
lich sein. Das gilt auch fur das Barium. Bei Tierversuchen mit Rat-
ten haben sich bis 85 % des verabreichten Bariums in den Knochen
abgelagert.
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Schwefeloxide 1in Auspuffgasen 6nnen durch eine weitere Her-
absetzung des Schwefelgehaltes im Dieseltreibstoff vermindert wer-
den. Bereits heutzutage werden in der CSSR Dieseltreibstoffe mit
0,2 % Schwefelgehalt verwendet. Eine weitere Herabsetzung ist tech-
nisch ohne Schwierigkeiten zu ldsen.

Stickstoffoxide konnen durch Verminderung der Verbrennungs-
temperatur herabgesetzt werden. Man kann, wie im Benzinmotor, ei-
nen Teil der Auspuffgase zuriickfUhren. Man kann auch z.B. Wasser
mit dem Kraftstoff im Form einer Emulsion in den Motor einfiihren
[8]- Obwohl das Wasser den Gang des Dieselmotors hérter macht, den
Ziindverzug vergrofert und die spezifische Leistung herabsetzt, ver-
lauft die Verbrennung vollkommener, der Kraftstoff wird feiner ver-
teilt, der Motor bleibt sauberer, die Rauchbildung wird herabge-
setzt, der Kohlenmonoxidgehalt 1im Auspuffgas vermindert, sodaf der
spezifische Verbrauch des Kraftstoffes etwas zurickgeht. Ahnlich
wie im Benzinmotor sind auch hier mit dem Wasser konstruktive Prob-
leme verbunden.

Ausbl ick

Alle beschrieben MaRnahmen sind mehr oder weniger kurzfris-
tig. Vom Standpunkt der Motorkonstruktion werden auch andere L&sun-
gen gesucht. In der nahen Zukunft wird mit dem Wankelmotor gerech-
net, der bleifreies Benzin verbrennt. Es wird mit Verbrennungstur-
binen, Dampfmaschinen, Stirlingmotoren, Elektromobilen experimen-
tiert. Als neuer Kraftstoff wird bereits jetzt Propan und Butan im
Stadtverkehr fir Taxi und LKW wieder eingefihrt. Am Horizont ist
Methan 1in komprimierter oder verflissigter Form. Es wird sogar an
Wasserstoff als idealen Kraftstoff der Zukunft gedacht.Mit dem Bau
riesieger Betriebe fir Methanol Synthese ist auch Methanol als Kraft
Stoff zu erwégen. Als ideale Lésung wére ein mit Brennstoffelemen-
ten ausgeriistetes Fahrzeug zu betrachten: es arbeitet mit einem ho-
hen Wirkungsgrad, der 1im Gegensatz zum Otto-Motor mit fallender Lei
stung steigt, keinen L&rm erzeugt und keine Pollutanten produziert.
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Es ist noch schwer abzusehen, wann diese Vorschldge die technische
und O6konomische Reife erreichen werden.
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SUMMARY

The reduction of pollutants from the exhaust gases from com-
bustion engines can be achieved by improvements in the engines, by
use of filters, thermal or catalytic reactors for exhaust gases
and through improved fuels.

For gasoline three cases are discussed:

a) the presence of the lead in the gasoline is not harmful
to the environment: actual processes can still be used, e.g. the
isomerization of n-alcanes and the reforming of naphthas

b) the content of lead must be sharply reduced or eliminated:
new antiknock additives are desirable, but all of them on the ba-
sis of Fe, Mn, aromatic amines, alcohols or water have some draw-
backs; the way to aromatic gasolines seems to be indicated

c) the content of lead must be nil, regulations are getting
still stronger: the way to aliphatic gasolines seems to be the
best.
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For diesel fuels the distillation end, the content of aroma-
and sulfur compounds must be sharply reduced, additives against
formation of soot be used - but here still problems are open.
combustion temperature should be lowered, for instance through
use of water.

Perspectives are shortly rewieved. Combustion cells seem to

present an 1ideal solution to the environment problems, but their

use

is still remote.
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L*ELIMINATION DU SOUFRE PROVENANT DE LA COMBUSTION DES
PRODUITS LOURDS, PAR DESULFURATION DES COMBUSTIBLES ET
DES FUMEES

Th. REIS

(Pétrole Chimie Engineering, Paris)

Apreés une revue de la tendance générale en France
de la teneur en S des fuels on donne une comparaison de
1 ’évolution de la réglementation et des spécifications
dans différents pays. On compare ensuite les méthodes
de désulfuration directe et indirecte des résidus (hyd-
rocarbures lourds) en insistant plus particuliérement
sur les consommations d’hydrogéne et sur une nouvelle
méthode de calcination désulfurante du coke de pétrole
permettant d’utiliser économiquement le "delayed
coking”™ comme procédé de désulfurisation des résidus.
Sont donnés ensuite comparativement des chiffres de
1 ’économie de la désulfurisation des fumées et en con-
clusion,la variation du prix du fuel (aux USA, N.Y.C.)
en fonction de sa teneur en S.

Il m"échoit le redoutable mais néanmoins agréable honneur de
prononcer une Conférence au Jubilé de MAFKI, sur un sujet de mon
choix. Beaucoup de liens m"attachent a MAFKI, dés sa fondation, et
je crois y compter de nombreux amis. Aussi je me suis permis de
choisir un sujet d"actualité, relativement contreversé a la fois
sur le plan scientifique, technique et économique, mais dont jTai
eu [lI"occasion de Tfaire part de mes réflexions a mes Collégues
francais, lors du dernier Congrés National a Biarritz le 24 Mai
1973. J"ai pensé que le sujet était ou sera tOt ou tard aussi
d"actualité pour la Hongrie.
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TENDANCES GENERALES EN FRANCE

La capacité de raffinage avec 24 Raffinieries en 1972 a
atteint en France 144.910.000 t/an pour 119.959.000 t/an de
produits raffinés en 1972. L"évolution de la production entre 1973
et 1980 des fuels (domestiques et lourds), est estimée comme
indiquée sur la Figure 1. Elle passe de 30 millions de t/a en 1973
a 55 millions de t/a en 1980 pour FOL et respectivement de 35 mil-
lions de t/a a 66 millions de t/a pour le FOD.

Il faut noter que la capacité de désulfuration des distillats
semble étre restée constante entre 1970 et 1971 a seulement environ
13 millions de t/a. Ceci est sans doute di au ralentissement assez
net de I"accroissement de la capacité du raffinage dans son
ensamble qui, tout en dépassant pour la premiere fois 100 millions
de t/a en 1971 n"a progressé entre 1970 et 1971 que de 6 % alors
qu®elle progressait de 13 % I"année précédente.

Fig. 1. Reference 1 ’union des chambres syndicales de 1 ’I.P.
(Rapport 1971)
F.0.D. (Fuel oil Domestique)
F.O.L. (Fuel oil Lourd)
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On avait expliqué en partie ce ralentissement précisément par
une expansion moins rapide que prévue de la demande du fuel oil
domestique. Vu les prévisions actuelles dans la perspective 1980
(Figure 1), il est peu probable que cette tendance soit maintenue
et on peut prévoir, au contraire, une augmentation certaine d"une
part de la capacité de désulfuration des distillate (y compris
distillats lourds), et, d"autre part, un accroissement du pourcen-
tage des produits lourds dans la production des raffineries. (Ces
produits FOD - FOL, bitumes, lubrifiants et divers, représentaient
en 1960 plus de 40 % mails descendaient progressivement jusqu®en
1968 a 35 % pour recommencer a croitre et atteindre en 1971 a
nouveau plus de 38 %. Il est a prévoir qu“en 1980, ils atteindront
a nouveau plus de 40 %.)

La teneur en soufre des coupes lourdes de 2,3 % en moyenne
en 1972 en France, dépend du pétrole brut dont elles sont origi-
naires et des traitements physico-chimiques qu®elles ont subis.

L*évolution de I1"origine des pétroles bruts traités dans
nos Raffineries est indiqué sur la Figure 3 bis.

Je ne voudrais indiquer ici quavec la diminution du pétrole
brut algérien que nous traitons (26 Millions T/A) en 1970 et
seulement 9,1 Millions T/A en 1971 et 11,2 Millions en 1972 , et
malgré [1"accroissement des bruts nigériens (5,2 Millions T/A en
1970, 12,3 Millions T/A en 1971 et 14 Millions T/A en 1972) et
Lybien (15,3 Millions T/A en 1971 et 10 Millions T/A en 1972), la
part de plus en plus grande prise par les bruts riches en soufre
du Moyen - Orient (44,5 Millions T/A en 1970, 63,4 Millions T/A en
1971 et 77,6 Millions T/A en 1972) - nous oblige a considérer le
probléme de désulfuration avec une attention accrue.ll est certain
que si nous manquions en France d"approvisionnement et de pétrole

brut & faible teneur en S, la teneur moyenne en S des combustibles

lourds passerait et d"ici 1980 & 3 % environ.
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EVOLUTION de la REGLEMENTATION et dt 3 SPECIFICATIONS

Je voudrais signaler une étude remarquable consacrée a ce
sujet déja en 1970 par un des anciens Présidents de 1*A_.F.T.P_.*
M_P.A_. LAURENT (C.F.R.) avec M_W.C. HOPPER [26], dans le cadre du
"STICHTING CONCAVE"™ de la Haye pour une Conférence tenue a GENEVE
en Novembre 1970 par une Commission Economique pour [1"Europe des
Nations Unies pour les problemes de la Pollution atmosphérique.
(Rap. 25/70). On estimait déja a 1"époque que l"émission mondiale
de SO2 représentait 146 Millions de T/A en 1965 (dont 93 % dans
I"Hémisphére Nord), et passerait a 196 Millions de T/A en 1980, et
333 Millions T/A en 1"an 2000, si on n"introduisait pas de mesures
de contréle et de reglementations nouvelles.

20 % de cette émission étaient dis aux produits pétroliers
responsables pour 40 % de la production mondiale de I"énergie; ce

dernier pourcentage passera a 50 % puis a 60 % en 1980.

On a pu estimer que la quantité de SO02 rejeté dans I atmos-
phére en France passera de 1.400.000 T/an en 1972 a 2.700.000 T/A
ou 3.400.000 T/A en 1980, en l1"absence de toute élimination de S.

Pour maintenir la quantité de SO02 rejeté en 1980 au niveau
de 1972 (et pour respecter les concentrations admises au sol), il
faudrait éliminer entre 650.000 et 1.000.000 de T/A de S des
combustibles lourds produits en France.

Sans entrer dans le détail, on peut préciser qu“"en Europe
Occidentale, il y a 5 Catégories de pétroles bruts classés suivant
la teneur en S des résidus (360° +) allant de <1 % a > 4,5 %. (Cat
V. Venezuela). Il a été montré qu"en Europe Occidentale, ce sont
pour 80 % les combustions de fuels oils qui sont responsables pour
les émissions de produits sulfureux dans I"atmosphére.

Les législations en vigueur limitant la teneur en S des fuels
oils et/ou de I"émission du S02 (et sa concentration au niveau du

*A_F.T .P. = Association Francaise des Techniciens du Pétrole
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sol), varient en Europe de pays en pays. Par exemple, la législa-
tion en SUEDE prévoit une limite générale de 2,5 % S avec une li-
mite de 1 % max. de S par exemple pour Stockholm.

En Allemagne de 1°Ouest, de Land de Westphalie/Rhin Nord
impose aux installations de plus de 800.000 Kcal/H et dans certai-
nes zones industrielles, un fuel ayant au maximum 1,8 % de S.

En Italie, la législation prévoit la limitation des fuels
lourds a haute teneur en S dans les installations de faible impor-
tance.

En Norvege, a Oslo par exemple, des installations consum-
mant jusqu"a 700 T/A de fuel doivent utiliser du fuel a moins de
0,8 %; les plus grandes installations peuvent aller jusqu®a 2,5 %
de S.

Aux U.S_.A_., le "Clean Air Act" [22] et les reglementations
assez draconiennes du Japon [23] ont été assez abondamment décri-
tes dans la littérature pour qu“on ne les détaillé pas ici.

Un Tableau (Figure 2) indique a titre de comparison quelques
reglementations en vigueur recommandées ou suggérées dans diffé-
rents pays pour les émissions de S02 (Seule apparemment en Alle-
magne, existait en 1970 déja une reglementation en vigueur).

On voit que la reglementation, sans étre encore uniforme est
de plus sévere, et tend a I"étre encore plus en Europe et au Japon
dans les régions a forte population qu"aux U.S.A. (Ex. Allemagne,

Suede, Hollande, Pays de I"Europe, de I"Est, etc. ...).

Malgré une tendence que l"on prévoit en baisse, (@ 1"échelle
de I°0OECDE) entre 1970 et 1975 pour la teneur moyenne en soufre
des résidus (360° +) - (Voir Figure 3), il y a une augmentation
(de 2,10 a 2,30 %) prévue entre 1975 et 1980 [26], avec un "mini-
mum vers 1975 (basée sur une répartition des importations de pét-
role brut comme indiqué sur la Fig. 3 Bis).

Les restrictions et reglementations ne font, évidement,
quaugmenter dans tous les pays européens, y compris la France
(Voir Tableau N 1) pour les spécifications des gas oils et fuels,
les limitations ne jouent pas seulement directement par la teneur
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- e 1

1960 1965 1970 1975 1960
Années

3. Evolution de la teneur moyenne en S. des résidus (360°C +)
dans les pays de I"0.E.C.D.E *Basee surla Fig.3 bis: repar-
tition des approvisionnements en brut).

A - Au cas de manque d"approvisionnement en brut a faible
teneur en S.

) ) ) i années o
3 Bis. Evaluation faite en 1967 de I1"évolution des approvisi-

onnements en petrole brut des pays de I"0.E.C.D.E.
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en S mais aussi par la viscosité. Par exemple, a PARIS, les Arron-
dissements ler, 2éme, 8éme, 9émeet 17eme et partie des 10éme,
16éme et 18éme, constituent la zoneN 1, le restant la zone N 2.
En zone 1, [la concentration du SOa dans les gaz de combustion ne
doit pas dépasser 2 g de S (Thermie du fuel consommé, ce qui, pra-
tiquement, limiterait la teneur en S a 2 % pds, admettant un
pouvoir calorifique de 10.150 cal/g. mais la restriction placée
sur la viscosité en zone 1 et pour les foyers de moins de 350
Thermies/H. en zone 2, limite pratiquement la teneur en S & < 0,5 %
pds (du fuel léger ayant une viscosité de 2,5° E a 50° C (17 c-S a
50° C) nT"est utilisable en zone 2 que pour des foyers a plus de
350 Thermies/H et le fuel oil N 1 & 14° Ea 50° C pour plus de

500 Th/H.) [27, 28 35].

Il s"avére donc certain que les limitations imposées par
1"évolution de la reglementation (émission SOa teneur S) imposeront
a la fois aux raffineurs la production de fuel oil a des teneurs
en S ramenées: a4 1 % et en-dessous et aux utilisateurs des méthodes
d"épuration des fumées pour diminuer l"émission de SOa.

Evidemment, le probléme pout se poser autrement a de trés
"grands' utilisateurs comme, par exemple, I"E_.D.F.* qui peut avoir
un intérét économique & brdler du fuel a relativement haute teneur
on S puis épurer les fumées (en récupérant le S), ou, par exemple,
gazéifier du fuel, désulfuriser les gaz et disposer s"il y a lieu,
du résidu contenant une partie importante du soufre [29, 34, 34 bis].

On semble donc bien s"orienter sur deux grandes qualités de
fuel :
**BTS <1 %S et *HTS S 3,5 % S
(avec probabilité que dans les zones de forte densité de population

et industrielle, la teneur en S devrait descendre tot ou tard vers
0,5 %). E.D.F. semble envisager trois qualités:

<1%S <2%S et <4% de S

“"Electricité de France

*#BTS = Basse Teneur en Soufre
HTS = Haute Tt .aur en Soufre
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et brilera quelques 25 Millions de T/A de S vers 1980 [14]-[34 Bis]
-[25].

En I"absence d"une reglementation (et de spécifications) ho-
mogénes en Europe Occidentale, il est donc probable qu®on évoluera
non pas exactement comme au Japon ou on a fixé une teneur maximale
en S des combustibles, mais plutdét comme aux U.S.A. On Fixera les
reglementations en fonction de la densité de population des zones
et des capacités des Tfoyers brdlant du fuel. Par exemple, dans
certaines zones a faible densité de population ou dans les foyers
(centrales) a grande capacité (ou par exemple des installations
d"épuration de fumées peuvent é&tre prévues d"une maniére écono-
mique), on pourra brOler du fuel ordinaire. Une réeglementation
généralisée pour la C.E.E. serait treés souhaitable.

Une relation reste algébriquement inaltérable et certaine :
celle de la teneur en S02 des fumées suivant la teneur en soufre
du fuel comme indiqué au tableau suivant.

Teneur en S ppm S02 dans
pds % les fumées
0.5 300
1.0 600
2.0 1200
3.0 1800
4.0 2400
20 3000

On est dons obligatoirement conduit a éliminer le S des fuels et/ou
éliminer le S02 des fumées.

DESULFURATION DIRECTE et INDIRECTE des RESIDUS

a) Nous avons étudié six [6] 6 variantes de schémas de raf-
finage 1incorporant différentes méthodes de désulfuration basant
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notre raisonnement sur un résidu atmosphérique de KUWAIT a 4 % de
S, combinant la distillation sous vide (DCV) Reforming Catalytique
(R.C.) I1"hydrodésulfuration (HDS), le désasphaltage au propane
(DAP), le "Delayed Coking” ou le ™flexi coking” (ESSO) et on a
montré comment et a quel prix on arrive a abaisser la teneur en
soufre des vrésidus de 4 % a 2,6 %; 1,1 %, 1 %, 0,5 %, 0,56 % ou
méme 0,25 %. Les colts s"échelonnent de TO00 a 1500 FF/T de S
enlevé.

b) Au sujet des procédés de désulfuration directe (hydrodé-

sulfuration des résidus), un grand nombre d"informations existent
pour différents procédés d"hydrodésulfuration des résidus (y
compris 1"Hydrochracking), de SHELL - CHEVRON [7], ESSO, B.P.,
KELLOGG-HOC [20] - [13] - [15], U.O.P. = ISOMA [11 - [2] - [3] -
[41 - [51 - [6]1 - GULF [401, [32], HYDROCARBON RESEARCH - CITIES
SERVICE, etc.) au sujet desquels un trés grand nombre publications
existent dans la littérature technique et qu“on ne détaillera pas
ici autrement.

Il semble toutefois que, seulement 7 ou 8 installations ont
été réalisées a I"échelle industrielle dont, par exemple, la ré-
cente installation de la SHELL - KOPPARTRANS en Suéde de 400 T/J

opérant a 100-200 atm. et 400° C, récupérant 5 a 10 T/J de S, et
éliminant 40 % de la teneur en S du résidu traité.

D*autres installations connues sont, par exemple, KASHIMA -
- OIL (@Qapon) - (45.000 B/J), SHUAIBA (Kuwait) (35.000 B/J).

Je voudrais faire remarquer seulement au sujet de la désul-
furation par hydrotraitment des résidus en plus de I"amélioration
du "Design” (conception) et des catalyseurs assez amplement décrits
par les vendeurs de procédés, le role économiquement treés important
que joue la consommation d"hydrogéne (50 % du prix du traitement
par Hydrochracking), et le bilan hydrogene de la raffinerie.

Une "Table Ronde™ que j"ai eu l"honneur de présider, a été
consacrée par [I"A_F.T.P. (publiée dans ia Revue de I"A_F.T.P. N
205 - Janvier-Février 1971), a 1la production d"hydrogéne le
9/V1/1970.0n y précisait que l"hydrogéne peut codter jusqu®a 0,10
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F/m3 (prix 1970) mails son prix pe étre abaissé de 50 % si on le
produit dans de grandes installations autonomes (par exemple de
plus de 1 Million de m3/3).0r, la raffinerie de l"avenir en France
sera une raffinerie de l1"ordre de 10 Millions de T/A (il y en aura
probablement 20 vers 1980). Les raffineries de I"avenir exigeront
environ 350 & 500.000 m3/3 d"hydrogene par million de T/A de capa-
cité 1"Hydrocracking demande jusqu"a 700 m3/T/J traitée, soit 3,5
a 5 Millions m3/3! Méme avec I"hydrogéne récupéré des Reforming
Catalytique, les unités autonomes d"hydrogéne seront de capacité
telle que la production se fera dans des conditions économiques.

Par contre, les investissements dans ces types de raffine-
ries dépasseront probablement 1300 $/B/J de brut traité (ils
étaient entre 600 et 750 $/B/J en 1968).11 n"est donc pas étonnant
que le Comité de [I1"Energie du Parlament Européen ait estimé que
vers 1980 I"Europe Occidentale aura investi 2.500 Millions de $
pour permettre de réduire a 1 % la teneur en S des fuels. (La part
de la France serait estimée par [1"Auteur de [1"ordre de 350 Mil-
lions $).

(Ce chiffre peut étre obtenu aussi a partir du colt estimé
en France pour une installation de désulfuration des résidus de
2.500.000 T/A éliminant 75.000 T/A des S représentant 200 Millions
de F.F. [10] - [21]), pouvant aller jusqu"a 3 Milliard de F.F.

c) La désulfuration indirecte (Cracking et Gazéification
est aussi traitée abondamment dans la litérature. Je ne veux donc
pas aborder ce sujet en détail ici. Je voudrais toutefois faire
une remarque étant donné qu”il s"agit d"un procédé tres récent
développé et industrialisé depuis un an seulement par ma Société
mais qui peut avoir une relativement grande importance sur l"aspect
économique du '"Delayed Coking" en tant que désulfuration des rési-
dus .Généralement, la cokéfaction retardée ("'Delayed coking™) n"est
pas poussée aussi loin que p.ex. le "flexicoking (ESSO) [30] en
lit fluidisé.

Le "Green coke" obtenu contient généralement 50 % de la
teneur en soufre de la charge. Si on opere avec des charges riches
en S on obtient du 'green coke” de 4 a 6 % de S qu“on juge norma-
lement inutilisable pour produire par calcination du "needle coke";
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celui-ci n"est utilisable pour la fabrication des électrodes (alu-
minium, ferroalliages, etc. ) que si sa teneur en S est inférieure
a 1 %de Spds. Le "green coke” a 4-5 % de S se vend donc comme
combustible & 15-20 $/T et on utilise pour la calcination normale-
ment un coke a faible teneur en S (par exemple 1,5 % de S). Le
coke calciné a < 1% de S se vend a 50-60 $/T (et le coke vert: a
1,5 % de S a 25-30 $/T.0r nous avons mis au point, a I"échelle
pilote, et breveté un procédé de Calcination desulfurante de coke,
permettant d"utiliser un '"green coke"™ a 4-5 % de S et produire un
"needle coke™ a moins de 1 % de S. avec toutes les autres qualités
requises pour un coke a électrodes (densité plus de 2,05; conduc-
tibilité électrique 500 Ohm/mm2/m etc.). Une installation indus-
trielle de 100.000 T/A est en construction on Egypte. Le contrat a
été signé il y a un an, apres essais satisfaisants sur des échan-
tillons de coke provenant des pétroles du Moyen Orient.

Nous pensions que ce fait méritait d"étre signalé quand on
sait que [1"Europe, en général, est importateur de coke pour élec-
trodes et,qu®en France en particulier, ELF avec CONTINENTAL CARBON
prévoit le construction d"une grosse installation de calcination
du coke. Ce procédé peut, en outre, Taire revoir le "delayed
coking™ pour la désulfurisation avec une optique nouvelle. Depuis
qu il a été signalé en Mai 1973, on a regu a son sujet un tres
grand nombre de demandes des USA, d"Europe (Allemagne, France,

Autriche etc.) d"Extréme Orient (Japon, Indes etc.).

LA DESULFURATION des FUMEES

La encore, la documentation technique abonde en détails sur
des procédés de plus en plus nombreux.

Je voudrais seulement faire remarquer que quelques 87 Pro-
cédés et brevets furent dénombrés récemment [9], [38], [12], dont:

- 26 par absorption des fumées par des produits solides inorga-
niques, solutions et suspensions,
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- 34 par absorption dans des solut: ns organiques,

- 17 par procédés d"oxydation, adsorption variés (régénérables et
non,

- 10 par procédés variés avec récupération sous forme de S, S02
concentré, H2S0,,, etc.).

Il faut se concentrer, dans ce domaine, sur les procédés ef-
fectivement industrialisés, dont il existe une vingtaine et on
peut souligner [1"intérét de celui développé par, I"I.F.P.* En
France, la S.N.P.A_s"est attachée a un aspect particulier de la
désulfuration des fumées qui est loin d"étre négligeable puisqu”il
concerne I"épuration des gaz de queue des unités CLAUS qui sont
une partie importante des schémas de désulfuration pour la récu-
pération du [9]- -(Voir aussi KELLOGG [12], SHELL [24], [31]1., [371.
etc. )

DONNEES ECONOMIQUES

Il est évidemment extrémement malaisé de faire des compac-
tions économiques des procédés cités, vu le trés grand nombre de
facteurs dont tous ne sont pas techniques et économiques. On a pu
dire, toutefois, que - toutes choses égales - les méthodes de
désulfuration directe et indirecte conduisent a des frais de
traitement variant entre 900 et 1.800 F/T de S enlevé tandis que
pour [I"épuration des fumées, le traitement colte environ 940 F/T
de S enlevé (sans valorisation du S),et 835 F/T (avec valorisation
du S a 100 F/T). (Par exemple, SHELL a donné récemment [24, 31]
pour son procédé SFGD, des chiffres semblables: 900 Frs/T a 1.115
Frs/T). - (Voir aussi [38])-

Dans le premier cas, on s"est basé sur un résidu de distil-
lation atmosphérique du KUWAIT a 4 % de S et la fourchette des
prix correspondait a des désulfurations allant de 2,5 1T de S a

*1_F.P. = Institut Francgais du Pétrole
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0,25 % S (avec et sans valorisation des sous-produits comme: coke,
gaz a bas P.C.* etc.)* Je crois que les chiffres raisonnables de
4% a1 %de S se situent aux alentours de 1.100 a 1.500 F/T de S
enlevé avec amélioration possible, par exemple, avec I abaissement
du prix de I"hydrogene. Pour la désulfuration des fumées on s"est
basé sur une centrale de 250 MW brdlant 385.000 T/A de fuel a 3,5
% pds S (la teneur en S02 de 2.000 ppm pouvant étre réduite a TOO
ppm environ).

Il est donc a peu preés certain que le procédé d"épuration
des fumées est actuellement plus économique que le procédé de dé-
sulfuration directe ou indirecte. Il a cependant souvent le dés-
avantage de produire des déchets solides difficiles a disposer, ou
produire du S ou H2S04 dont la valorisation économique est fluctu-
ante. Par ailleurs, il semble que ces procédés ne soient économi-
quement applicables qu*a de trés gros consommateurs?

Donc, on peut prédire avec certitude que les deux types de
procédés coexisteront nécessairement avec tendance, au fur et a
mesure de leur multiplication et de leurs applications industriel-
les, a un abaissement des prix des traitements qu“on ne peut actu-
ellement encore évaluer avec certitude.

CONCLUSIONS

On n."insistera pas ici sur les conséquences de I"augementa-
tion du prix des pétroles bruts, ni sur I"influence de cette aug-
mentation, prévisible et constante, sur le prix des fuels.

Par contre, en guise de conclusions, j"ai pensé utile de
motrer, sur la Figure 4, la variation du prix du fuel fonction de
sa teneur en S tel qu“on le pratique aux N.S.A. (New York, XII1(72)
[42]-.Car la conclusion de ce bref exposé sera que la désulfuration
du fuel (qu®on soit obligé de la faire ou qu®elle résulte d"un

P. C. = Pouvoir calorifique
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Fig. U. Prix du fuel aux U,S.A. en Fonction de sa teneur en S
(New York; fuel N 6. prix de revendeur par baril
21 X1l 1972)

pétrole brut a faible teneur en S, ou que I%on épure les fumées de
combustion), doit se payer.

Aux U.S.A., on paie, p~r exemple, 0,5 $/B* de plus pour un
fuel dont la teneur on Sest 0,5 % au lieu de 1 % et 0,7 $/B en
plus si sa teneur est de O,t % au lieau de 0,5 %, mais seulement
0,46 $/B en plus si sa teneur est de 1 % au lieu de 2,2 %. 11 faut
donc que quelqu®un paie.

Les reglementations imposent, et imposeront encore beaucoup
plus dans I"avenir, des investissements importants et des dépenses
de fonctionnement non moins importantes aux Raffineurs. 1l serait,
a notre avis, illogique et économiquement difficilement justifiable
dans les Pays Europe Occidentale que seul le consommateur de pro-
duits pétroliers déja lourdement taxé, et les raffineurs dont les
marges n"ont fait que diminuer au cours des derniéres années, sup-
portent ces lourdes charges.

*$/B = U.S. Dollars/Barrel U.S.
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L*Etat pourrait Yy contribuer aussi en abaissant les taxes
sur les Tfuels désulfurés et en dégrevant les investissements (non
rentables suivant les critéres économiques normaux) des raffinie-

ries faites a ce titre, o.u encore en facilitant le financement des
quelques 3-4 Milliard de Frs dont ITindustrie du raffinage du Pét-
role aura besoin en France pour des installations de désulfurisa-
tion réalisées d"ici 1980/1985.

Dans les Pays de I"Est ou le colt de la protection de l%en-

vironnement incomble de toute maniere a lI"état, il nous a semblé
qu il est néanmoins important de connattre une comparaison écono-
mique des méthodes industrialisées d"élimination de Soufre de
Résidus lourds, méme si elle est faite avec I"optique économique
de I"Europe Occidentale.
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SUMMARY

After a review of the general tendancy in France of the S
content of fuel oils, the evolution of the regulation and specifi-
cations in different countries is described. Direct and indirect
heavy oil desulfurization methods are compared, in insisting more
specifically on the importance of H3 consumption and on a new coke
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calcination desulfurization procei. >, which allows the economical
use of delayed coking as residue desulfurization. Comparativ figu-
res of residue and flue gas desulfurization economics are given.
As conclusion, the price variation of heavy fuel oil according to
its S content in the USA (N.Y. City) 1is described.
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Die gemeinsamen Arbeitsgebiete, in denen die Ma-
schinenbauer, Physiker und Chemiker seit Jahrzehnten
arbeiten, beginnen sich zu einer einheitlichen Wissen-
schaft - Tribologie - zusammenzufinden. Umso wichti-
ger ist es, daR die Spezialisten aller Lander sich
Uber Definitionen, Terminologie und Stoffplan - das
Fundament jeder Wissenschaft - abstimmen.

Diese Ausfihrungen geben Vorschldge zu einem um-
fassenden Stoffplan von Tribologie und einen zusammen-
fassenden Uberblick Uber dieses Wissenschaftsgebiet.

EINLEITUNG

Tribologie ist keine neue Lehre. Es handelt sich nicht um
das Wachsen eines jungen Fachbereiches, sondern um das Zusammen-
finden vieler wichtigen Teilgebiete. Diese existieren unterschied-
lich lange und haben sehr unterschiedliche Bedeutung.

Es soll also erreicht werden, daR aus zahlreichen bestehen-
den Spezialgebieten in der Konstruktion - vorwiegend im Maschi-
nenwesen -, in der Physik und in der Chemie ein einheitliches
Fachgebiet entsteht mit gleicher Terminologie, einheitlichen Defi-
nitionen, systematischer Gliederung, umfassendem Stoffplan und
ausreichender Berufsbildbeschreibung.
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1. Tribologie - eineDfinition

Unter "Tribologie” soll verstanden werden: Tribologie, die
Lehre der Reibung, ihrer Folgeerscheinungen und Folgerungen als
Grundlage der Schmierung.

Man kénnte ausdriickliche Erwdhnung der ™“Folgeerscheinungen™
und “Folgerungen” weglassen, weil man annehmen darf, daR selbstver-
standlich auch alle Folgeerscheinungen und Folgerungen der Reibung
behandelt werden.

Die wichtigste Folgeerscheinung der Tribologie ist der Ver-
schleif. Seine Bedeutung auf allen Gebieten hat 1im Vergleich zur
Reibung zu einer wesentlich tieferen und breiteren Erfassung sei-
ner GesetzmédRigkeiten gefiihrt.

Trotzdem ist jede Form des Verschleifes eine Folgeerscheinung
eines Reibungsvorganges. Es wédre sachlich nicht richtig, wenn die
VerschleifRforschung in der Zukunft selbsténdig bliebe. Daher ist
es zweckmdRig das Wort "Folgeerscheinung” in der Definition zu
nennen. Auch die Schmierung sollte bei der Definition genannt wer-
den, da heute mit dem Wort "Tribologie™ noch nicht automatisch an
die Schmierung gedacht wird. Aber es muf auf den richtigen Zusam-
menhang der Schmierung mit der Tribologie hingewiesen werden, ném-
lich: Tribologie ist die Grundlage der Schmierung.

Tribologie umfaft also die Zusammenh&nge und Probleme aller
Reibungsvorgédnge und damit auch aller Folgeerscheinungen und aller
fiir die Technik notwendigen Folgerungen.

Zur Tribologie gehdéren auch die Folgerungen, die wir auf den
tri bologisehen Grundvorgéngen aufbauend zum Nutzen der Maschinen
anwenden. Wir z&hlen zur Tribologie also mit dem Oberbegriff
Schmierung auch Schmiertechnik und Schmierpraxis .
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2. Tribolog e eine interdisziplindre Wissenschaft

Tribologie beinhaltet demgemdR Reibung und Reibungsminderung,
VerschleiB und Verschleifschutz, Gleitfldchenschédden einschliflich
Verschweifen und deren Verhinderung, Schmierung, Schmierstoffe,
Schmiertechnik und Schmierpraxis.

Tribologie erfordert meist fachibergreifende Betrachtung,
ihre Erkenntnisse liegen in zwischenfachlichen Bereichen der Phy-
sik, Chemie und Konstruktion (Abb. 1.).

Abb. 1. Tribologie, eine fachiibergreifende Wissenschaft

3. Spezialwissen fur die Tribologie

Die zu behandelnden Vorgénge sind komplex und schwer (ber-
schaubar. Wir haben gesehen, daR Kenntnisse aus drei F&chern er-
forderlich sind. Neben gewissen Grundgesetzen dieser erwédhnten
drei Facher kommen Erfahrungen hinzu aus Metallurgie und Kristal-
lographie, Festigkeitslehre, Stromungslehre und Rheologie, Werk-
stoff- und Schmierstoffkinde.
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Der fundamentale Satz der Schmierung lautet: Alle Vorgdnge
der Schmierung werden nur dann zufriedenstellend die Reibung und
den Verschleif mindern, wenn harmonieren (Abb. 2.):

Physikalische Grundgesetze der Reibung

Konstruktive Gegebenheiten Chemische Oberfl&chenreaktionen
und Betriebsbedingungen mit den Zwischenschichten
der Gleitpartner

Schmi erung

Abb. 2. Grundlagen der Schmierung

4. Aufstellung eines Stoffplanes

In der Tribologie st die Aufstellung eines Stoffplanes und
die Angleichung der Fachbegr e besonders schwierig.

Wir haben in den F&ch rn Physik, Maschinenbau und Chemie ver-
schiedene Fachsprachen, seh. oft sogar gleiche Fachworte, jedoch
mit unterschiedlicher Bedeutung in diesen F&chern. Wir haben auch
leider absolut falsche Begriffe in Benutzung.

Man muB die mehrdeutigen Begriffe in einen einheitlichen
Stoffplan bringen und dann konnen wir uns fiir die Festlegung eines
Begriffes entscheiden, wobei wir sehr oft zwischen mehreren Be-
griffen wdhlen missen.

Der folgende Stoffplan wurde mit der Erfahrung aus sténdigen
Vorlesungen an der Universitdt Stuttgart seit Winter 1960 aufge-
baut und enthdlt auch die Erfahrungen einer 15 jéhrigen T&tigkeit
in der Praxis.

Nachfolgend werden die 8 Hauptteile der Tribologie stichwort-
artig beschrieben.
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5. Die Hauptteile der Tribologie

Die GesetzmdBRigkeiten der Tribologie sind in Physik, Kon-
struktion und Chemie verankert. Hierauf hat jede Gliederung Rick-
sicht zu nehmen.

Die im 1. Hauptteil behandelte "Einfihrung in die Tribolo-
gie" zeigt die nachfolgend zusammengestellten Kapitel dieses Haupt
abschnittes.

Im Hauptteil 2 missen logischerweise zuerst alle "Tribologi-
schen Grundvorgdnge" behandelt werden.

Der ersten wichtigen Folgerung der Reibungsgesetze, den "Tri
bologischen Gesichtspunkten, Erfordernissen und Konsequenzen bei
der Maschinenkonstruktion™, ist der 3 Hauptteil gewidment.

Die technische Optimierung der gewollten Reibung ist Inhalt
des 4. Hauptteiles "Tribotechnik™. Technik 1ist die Perfektionie-
rung gesicherter Zusammenh&nge. DemgemdR bedeutet “Tribotechnik™
Reibtechnik und beinhaltet die Perfektionierung gesicherter Reib-
vorgange.

Die andere wichtige Folgerung nach der Tribotechnik falt man
mit dem Wort "Schmierung™ zusammen. Ihre Definition und ihre Grund
Vorgdnge sind bereits im Hauptteil 2 behandelt worden. Wir kdnnen
also auf diesen Grundlagen aufbauen.

Danach haben wir als obersten Begriff "Schmierung”, der sich
in drei Teile, Schmierstoffe, Schmiertechnik wund Schmierpraxis
gliedert. |lhre Einzelheiten werden in Hauptteil 5-7 erlédutert.

Ist ein Problem lickenlos geklart, lassen sich auch alle
komplexen Erscheinungen 1in Ursache und Wirkung eines oder mehrerer
EinzelVorgdnge aufteilen und in zahlenm&Rig festlegbaren Grenzwer-
ten formulieren. Meist nennt man diese Zahlenwerte "Anforderungs-
vorschriften”. lhrer Zusammenfassung ist Hauptteil 8 gewidmet.
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Einfihrung 1in die Tribologie
Tribologisehe Grundvorgénge
Tri bologisehe Gesichtspunkte, Erfordernisse
_und Konsequenzen ber der Maschinenkonstruktion
Tribotechnik
Schmierstoffe
Schmiertechnik
Schmierpraxis
Anforderungsvorschriften

coNo ol WRN -

Abb. 3. Hauptteile der Tribologie
6. Erlduterungen zu Hauptteil 1: Einfiuhrung in die Tribologie

Hauptteil 1 soll in die Tribologie einfihren (Abb. 4.). Mit
der Schilderung der Situation die Stellung der Tribologie in der
Wirtschaft fixieren, soll den nachdrickenden Fachleuten gezeigt
werden, wie in der Vergangenheit durch uneinheitliches und unsys-

1.1 Grundlagen

1.1.1 Situation
1.1.2 Terminologie (Erlduterungen
1.1.3 Definitionen (Erl&uterungen

1.2 Stoffplan
1.2.1 Erléuterungen

1.2.2 Definition: "Tribologie"

1.2.3 Die 8 Hauptteile (HT) der Tribologie

1.2.4 Erlé&uterungen zu HT 1-8

1.3 Stellung der Tribologie in der Wirtschaft

1.3.1 Die volkswirtschaftliche Bedeutung der Tribologie
und der Schmierung

1.3.2 Privatwirtschaftliche Gesichtspunkte )

1.3.3 Unterschiedliche Interessen dreier Industriegruppen

1.3.4 Psychologische Momente und weitere erschwerende
Gesi chtspunkte

1.3.5 Berufsbild

1.3.6 Ausbildung

Abb. 4. Hauptteil 1 der Tribologie: Einfihrung in die Tribologie
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tematisches Forschen - nebeneinander in zahlreichen Spezialgebie-
ten - durch Vorurteile, Fehleinschdtzungen und Fehler optimale
Lésungen der Probleme nicht erreicht werden konnten, und wie es in
der Zukunft besser gemacht werden kann.

7. Erléuterung zu Hauptteil 2: Tribologische Grundvorgénge

Der Hauptteil 2 "Tribologische Grundvorgdnge” gliedert sich
(abgesehen von den "Erlduterungen™) 1in 6 Teile, weil 6 Erscheinun-
gen im tribologisehen Geschehen sich so voneinander unterscheiden,
dal eine getrennte Betrachtungsweise zweckmdRig 1ist (Abb. 5.).

Erléuterungen

Reibung

Verschlei R

Gleitfldchenschéaden

Weitere tribophysikalische Erscheinungen
Tribochemisehe Erscheinungen

Schmierung, Definition

RPN NN N
oUW O

Abb. 5. Hauptteil 2 der Tribologie: Tribologische Grundvorgénge

In 2.1 bis 2.3 werden die fundamentalen Erscheinungen, Rei-
bung, Verschleif und Gleitfldchenschdden behandelt. In Teil 2.4
und 2.5 sind die physikalischen Erscheinungen bzw. chemischen Um-
wandlungen zusammengefasst, deren Ursachen ausschlieflich oder
vorwiegend Reibvorgénge sind.

Im Hauptteil 2 "Tribologische Grundvorgénge" werden nur die
grundlegenden Begriffsdefinitionen fir Schmierung gegeben, Einzel-
heiten werden in den Hauptteilen 5, 6 und 7 erlédutert.
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7.1 Reibung

Der Teil 2.1 der Tribologie "Reibung™ gliedert sich in 8 Ka-
pitel (Abb. 6.):

Begriffe

Festkdrperreibung = Kontaktreibung ohne Grenzschicht
("Trockenreibung")

Festkorper (Kontakt)-Reibung mit Grenzschicht
("Grenzrei bung”

Innere Reibung erner Flissigkeit, Viskositdt

Flissigkeitsreibung

Mi schrei bung

Messung der Reibung

Geschichtliches

RPN N NN
e el e
co~NOoOUIR W N

Abb. 6. Teil 2.1 der Tribologie: Reibung

Leider gibt es fur diesen fundamental eh Begriff noch keine
eindeutige Begriffbestimmung. Ein Beispiel mége dies erléautern:

Die Ingenieurwissenschaft kennt 3 Reibungszustdnde: Festkor-
perreibung, Mischreibung und Flissigkeitsreibung. Und diese Begrif-
fe sind genormt. Die Mineraldlwissenschaft kennt 4 Reibungszustén-
de: Festkdorperreibung, Grenzreibung, Mischreibung und Flissigkeits-
rei bung.

Ich unterscheide 5 verschiedene Reibungszustdnde:

a) Festkorperreibung, das 1ist eine Kontaktreibung ohne Grenz-
schicht (Trockenreibung).

b) Kontaktreibung mit ungewollten Zwischenmedien, was mit "Tech-
nischer Troc kenreibung” bezeichnet werden konnte.

c) Kontaktreibung mit gewollter Grenzschicht (Grenzschichtrei-
bung oder Grenzreibung).

d) Mischreibung.
e) Flussigkeitsreibung.

Es erscheint mir notwendig, den Zustand b) gesondert zu nen-
nen, um die groBe Zahl der Verdffentlichungen Uber Reibung und
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Verschleif richtig einordnen zu kénnen. Bei den vielen gemessenen
Reibungszahlen zwischen 0,1 und 1,0 hat es sich nahmlieh um Kon-
taktreibung mit ungewollten Zwischenmedien und nicht um Festkdr-
perreibung gehandelt. Bei Festkdorperreibung liegen die Reibungs-
zahlen meist Uber 1.

7.1.1 Begriffe der Reibung
Die Abb. 7. soll fir das Kapitel 2.1.1 die notwendigen Ab-

scfinitte zeigen, da alle die wichtigsten Grundlagen fir die Tribo-
logie sind.

2.1.1.1 Reibung, ein Energiebegriff

2.1.1.2 Reibungsmechanismen i i i

2.1.1.3 Reibungsbegriffe, physikalische GroBen der Reibung

2.1.1.4 Reibungsarten

2.1.1.5 Reibungszusténde _ o ) )

2.1.1.6 Reibungszahl, Relbungskoeff|2|entL Reibbeiwert

2.1.1.7 Grundgesetze der Reibung ungeschmierter Oberfldchen
(Coulomblsehe Gesetze)

2.1.1.8 Messung der Reibungszahl )

2.1.1.9 Reibungszahl in Abhéngigkeit von den Reibungszu-
standen (Stribeck-Kurven)

2.1.1.10 Allgemeine Stribeck-Kurve

2.1.1.11 Erwlunschte Reibung

Abb.

~

Kapitel 2.1.1 der Tribologie: Reibung, Begriffe

Wir missen eindeutige Definition fir die "Reibung, Reibungs-
mechanismen, Reibungsbegriffe und physikalischen GréRen der Rei-
bung, Reibungsarten, Reibungszustdnde und MaBzahlen fiir die Reil-
bung einschlieBlich deren Messung" haben. DaB an dieser Stelle die
bekannte "Stribeck-Kurve" behandelt werden muf, ergibt sich wvon
sei bst.

7.2 Verschlei R

Beim Grundvorgang "VerschleiR" beschrénke ich mich auf die
Definition. Die entscheidenden Worte sind hervorgehoben. Unter
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"Verschleif™ soll also unerwiinschte Lostrennung von Werkstoffteil-
chen an den Oberfldchen durch physikalische und chemische Vorgénge
verstanden werden.

7.3 Schmierung

Das Gebiet der Schmierung berihrt alle Gebiete der Technik.

Schmierung ist in der Praxis die 1im Maschinenwesen unumgdng-
liche Aufgabe, alle tribologisehen Erscheinungen im Maschinenbe-
trieb auf zuldssige GréRen zu reduzieren.

Immer, wenn zwei sich berihrende materielle Fldchen eine Re-
lativbewegung haben, missen wir deutlich zwischen Reibung, Ver-
schleiB, VerschweifBen bzw. Oberfldchenschéden unterscheiden. Diese
drei Begriffe beinhalten aber einander. Fest steht, daR der Grund-
vorgang im mikrophysikalischen Bereich die Reibung bzw. die aus-
reichende oder nicht ausreichende Reibungsminderung ist und daf
alle anderen Vorgange und Erscheinungsformen, wegen der Uberschrei
tung bestimmter Beanspruchungsspitzen, Folgeerscheinungen sind,
deshalb im makrophysikalischen Bereich alle drei Auswirkungen
nicht konform und erst recht nicht proportional verlaufen missen.

Eine vollstdndige Definition mit allen notwendigen und hin-
reichenden Formulierungen lautet: Schmierung im technischen Sinne
bei  sich berihrenden festen Stoffen, die sich mit - nach GroRe
und/oder Richtung - wunterschiedlichen Geschwindigkeiten bewegen,
durch eine feste, flissige oder gasformige Zwischenschicht, die
entweder durch mechanische Zufihrung und/oder chemische Umwandlung
an den Oberfldchen zur Wirkung kommt, den Kontakt der Oberfldchen-
rauh igkeitsspi ezen zu verringern oder zu verhindern, und als Fol-
geerscheinung Reibung, Verschlei und Oberfl&chenschdden zu min-
dern.
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8. Erlduterungen zu Hauptteil 3: Tribologische Gesichtspunkte,
Erfordernisse und Konsequenze bei der Maschinenkonstruktion

Dieser wichtige Hauptteil Lehandelt die tribologisehen Ge-
sichtspunkte bei der Maschinenkonstruktion, deren Erfordernisse
bereits bei der Maschinenkonstruktion Konsequenzen haben. Oft wer-
den letztere nicht in ausreichender Weise beriicksichtigt.

9. Erléauterung zu Hauptteil 4: Tribotechnik

Die Tribotechnik ist ein Hauptteil der Tribologie.

Die Unterteilung zeigt einige wichtige Teilgebiete aus dem
Maschinenwesen (Abb.8) bei denen Reibung eine mechanische Notwen-
digkeit ist.

4.1 Reibung als mechanische Notwendigkeit
4.2 Umformtechnik

4.3 Fordertechnik

4.4 Schienenfahrzeuge

4.5 Bremsen

4.6 Reibkupplungen

4.7 Synchronisationen

4.8 Haften, Kitten, Kleben

Abb. 8. Hauptteil 4 der Tribologie: Tribotechnik

Der derzeitige Gebrauch des Wortes “"Tribotechnik™ 1im Sinne
von Schmiertechnik ist ein WortmiBbrauch und sollte nicht weiter
in die Fachliteratur eingehen. "Tribotechnik" heift in seiner Uber-
setzung ganz einfach "Reibtechnik".

10. Erlduterungen zu den Hauptteilen 5, 6, 7 Schmierstoffe,
Schmiertechnik, Schmierpraxis

In den Oberbegriff Schmierung lassen sich alle Vorgdnge und
Probleme zwanglos einordnen, wenn man die drei Begriffe, Schmier-
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Stoffe, Schmiertechnik und Schmierpraxis unterscheidet. Wie sich
diese Begriffe voneinander abgrenzen, geht aus der weiteren Unter-
teilung dieser Hauptteile hervor.

10.1 Hauptteil 5:- Schmierstoffe

Ehe man Schmiertechniken und Schmierpraktiken studieren kann,
muB man selbstverstdndlich die Schmierstoffe genau kennengelernt
haben.

Die Abb. 9 soll fir den Hauptteil 5 die notwendigen Teile
zeigen.

Allgemeingeltendes

Rohstoff fir Schmierstoffe

Verarbeitung der Rohstoffe

Versorgung mit Schmierstoffen o

Zusammensetzung und chemische Konstitution

Primdrzusténde

Zusdtze bzw. Additive

Priméreigenschaften )

Spezialergenschaften und Stoffe fir spezielle Zwecke

Definierte Prifverfahren und ihre Aussagekraft
#Kennwertp)

10 Technologische Prifverfahren

o1 o1 o1o1o1o1o1o1 o101
Oooo~NourThwhhrrO

Abb. 9. Hauptteil 5 der Tribologie: Schmierstoffe

Die Teile 5.1 bis 5.6 behandeln die Herstellung der Schmier-
stoffe. Wichtig erscheinen mir die Begriffe "Primdrzustdnde” (5.5)
und "Primdreigenschaften” (5.7). Durch diese Begriffe sollen die
fir alle Schmierstoffe wichtigen Eigenschaften und Aggregatzustédn-
de hervorgehoben und von Spezialeigenschaften abgegrenzt werden.

Mit den Teilen 5.9 und 5.10 endet Hauptteil 5 "Schmierstoffe”,
da es das Hoéchsterreichbare fir einen Stoff ist, wenn viele oder
manchmal auch alle seiner Eigenschaften durch KenngréRe und ihre
Zahlenwerte charakterisiert werden konnen.
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10.1.1 dberblick.iber die wesentlichen Aufgaben und Eigenschaften
der Schmierstoffe

Die wesentliche Funktion eines Schmierstoffes besteht gemdR
der Definition fiur Schmierung darin, die reibenden Oberfldchen von-
einander zu trennen und auf diese Weise Reibung, d.h. Energiever-
luste und Verschleil herabzusetzen. Zusdtzliche Funktionen, die
unter bestimmten Bedingungen von grofer Bedeutung sein konnen,
sind die Abfihrung der Warme, der Schutz der Metal loberfldchen ge-
gen Korrosion und Abdichten.

Je nach Einsetzzweck sind 46 Aufgaben zu beachten (Abb. 10).
Obwohl die Schmierstoffe fur viele Anwendungen geeignet sind, be-
sitzen sie doch Grenzen in der Hinsicht der Belastungsféhigkeit
und des Widerstandes gegen Erwdrmung und chemischen Angriffen.

10.2 Hauptteil 6: Schmiertechnik

Schmiertechnik hat die Aufgabe, mit kleinstem Aufwand eine
optimale Reibungsminderung und Verschleifminderung zu erreichen.
Es muR eine optimale und nicht maximale Reibungsminderung ange-
strebt werden, da in vielen Fallen eine hohe Reibung oder ein Rest
von Reibung gewlnscht ist, wie es die Vorgdnge gehen, Schleifen,
Bremsen usw. zeigen.

Was alles bei der Verbesserung der Schmiertechnik beachtet
werden muB, zeigt sich am besten durch einen Uberblick iber die
zahlreichen EinfluBgréRen des Schmiervorganges (Abb. 11).

Zusammenfassend sei gesagt: Es missen immer alle EinfluRgré-
Ren, alle Anforderungen und alle Eigenschaften bericksichtigt wer-
den .

10.3 Hauptteil 7: Schmierpraxis

Im Hauptteil 7 erfolgt die weitere Unterteilung nach Maschi-
nenelementen, d.h. nach Schmierstellen (Abb 12).



n
910491WYdS Jaudapou ualjeyosuabrg pun uaqebyny

aSIWIayl "ye
lelrjiqels ayossl .
SonBoiaisiB _orBs ¢ mc:gmmoﬁgw:o_wmwwwm mw
© 3Maocommm.._.®ﬂ"oc3mmw .(J\C4mm 3 mczv_cwwu.v_c: M MV_ .._”N
SorsErEecs 48288248,2,7,:8% usl|eylanal|e 07
S0, a0 Q. 3 JJ03syjeudy 61
3¢8-2 27820, 3 v 81
<8073 mtoumcsmx“_ M
ooy S Ziw 248 OO.U.HMQLH.LE\, 15 CO_H.GU—_.dn_m 97
BgPochy o890 |5 3 28w Emncm.memi.mm o< v_msw o1
° mzsﬂ.FINSPLmTQ 58 Axm_u:._ul.v_m_>v inleJs .W 1199
Zongoie | N7 go S1e11s0)siA abul .
o 27 ztt Yoanp Buniopuesiell sedabuy -y1
verg s 1¥-1.81 |3 1e11S0XSIA 81S duoy g1
3CQ_QOC+E&@>EE(I_JUM 98 HMH___Q_www.._ .N._”
e mlacmm.mmeL ImmrvMCrmﬂ S8 mcsccmawcwsom_u—,Ncmho 11
207 i w-goBsy “ewd—s abowsanshunziauag .
cDo..ESD. . o u ¥ m 1 GLE__H_._O OH
$7148, WNzo SNol, a0 {2284, 23 draqhiutill WPyl 6
-82.0.127448, 38, :2s8la, H_mv_@:mm_t__wt_ww>_. -8
083797 %2708, oo 196131s519]Y2s .
SoeIMol, 22w 9102500192 ¢ 0O neru Bunuaa 1 :
IU/OCBAQOMMSW_VSM.P@ELMTom MM Acwu—. — <v @CD..—@UC_EM__w—r_N_w—‘_ww—\_./_OWL®> .m
SEIS | vx ; - 9]
[ Y o, 08 o = -
OCSOH/D\M:._.._MHLm>e3m.x.Um m.um @CD..—@UC_EWQCDQ_NM .w
20994 %90 12 ous o5 w Bunaspugiamgl .
ocmm”hwummymmm@u mm Lzum._mgsw._. me;a_wm ‘_msom_gm:\no w
I - g 11e
3 __=eolEiele s T
M>3mme00&mewmA WW .
0811839y Tiw ¢18F0571884348, 53



235

Bunyaimiyarg pun -pyny
(RIPERT
-sBunyayorg 31w 31a3yarfbesrsp
1e111QgeISuneyds “bunbrauuneyoss
UB1TBYJ3AB] | BY
Bunyary (-1usbaslrag) -yosey
9JJ01Spwaid 191Sa) usbowasanrairbiadsiq
usbunpurgasp Jaanes uollesijedinay
9] 1e312UWUaSIaYaIN jne
a3 1abuy -wsayo uspusbipeyds auiay
a]elawussiy jne ajyrabuy
"uleys uapuabirpeyds aulay
1811]10B1S 8AI1RPIXQ
1el1]1qels ayosiuaayl

Tribologie

119)aeqlsefaquiiylQ

ZINYOSYIayosSiap

Bundapuruisbungiay

1 19%6 1yej3jey

Buntapuesierisoysip abibueygexonaq
funiapue

-s1e11soysip of1bueyqeanieaadus]

1811S0YSIA

zudljeyosuabraldney
94J01SJ31UWYDS ¥

19T

:usryeyosuabiauagan

sofuefaonaaruyas sap uagoabgnpyury  "IT Qg

119x6131s84yonig
uszuaabsbBunwaogaap ayssiise|d
uszuaabsbBunwaogaap ayosiise|3

usfBunteedjyorsyaa

"MZQ 91301SNAaN
91191S491WYdS aIp wn Jnjedadus]
9]191SJa1WYdS Jap ur anlesaduws)
YInipuauoe|4 “mzq 1SeT
T183Uel 13 19
11exB1puimyoasabyalq

usBunBurpagsbunbamag

a]l1a3suoll

-)nJa1suoy Jap Buniapueasp
dydsIuUBYIaW pun ayosIwIayl
[a1dsaafie]
11ayustjeydsaquayoe]$iaqo
agal14199 ‘aabejziep
Jobe31919 ‘usuyeqiia]g

uslrayuagabisn aAIIYNIASUOY
“MZQ 9]91S431UydS



236 E. Kruppke Vol. 2. Suppl.

Allgemeingeltende Schi erpraktiken

Schmiervorgénge bei Beurbeitungsprozessen

Schmiervorgdnge an Maschi inenel ementen

Schmiervorgénge in Kraftmaschinen

Schmiervorgénge bei Arbeitsmaschinen

Kombinierte Schmiervorgdnge bei Maschinen
und Anlagen

T~ gy
R wNR oS

Abb. 12. Hauptteil 7 der Tribologie: Schmierpraxis

11.  Erlduterung zu Hauptteil 8: Anforderungsvorschriften

Den Anforderungsvorschriften wurde ein eigener Hauptteil ge-
geben, um zu dokumentieren, daR die einwandfreien und ausreichend
formulierten Anforderungsvorschriften eine Zusammenfassung aller
in den vorangegangenen Hauptteilen behandelten Probleme ist.

Anforderungsvorschriften sind die eindeutige und ausreichen-
de Formulierung fir die tribologischen Grundvorgdnge, Primérzustén-
de und Primdreigenschaften der Schmierstoffe und fir die speziel-
len schmiertechnischen Erfordnisse im Maschinenbetrieb.

ZUSAMMENFASSUNG  (Abb. 13)

Die Tribologie baut als Grundlage auf den Forschungsergeb-
nissen in Physik, Ingenieurwissenschaft und Chemie auf.

Der durch die tribologischen GesetzméRigkeiten bzw. die phy-
sikalischen Reibungsgesetze erkannte Schmierzustand und die durch
die konstruktiven Gegebenheiten bei der Maschinenherstellung ent-
standene Schmierstelle erfordern:

a) in der Schmiertechnik das Anpassen der Schmierstoffe, wie sie
gemdR den notwendigen chemischen Oberfléchenreaktionen in der
Mineraldl industrie hergestellt werden, and das gem&R den Be-
triebsbedingungen ausgewdhlte Schmiersystem.
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b) in der Schmierpraxis die Anpass! g an die speziellen schmier-
technischen Anforderungen.

Wenn Schmierstoff und Schmiersystem in optimaler Weise dem
Schmierzustand und der Schmierstelle angepasst werden konnten, ha-
ben wir die beste Schmierung, d.h. maximale Reibungs-, Verschleil-
minderung und Verschweilhinderung.

PESIOME

06nacTv, B KOTOPLIX pa6oTann (U3NKU, XUMUKKM U MEeXaHuKu 3a
MHOFO [JecATuneTuin, cTanm o6nacTsaAMW  HayKM W cneuynannucToB.  Takasi
o6nacTb CcreuManucToB U Hayku - 3To TpuGonorusi. [osiBneHne Tpu6osio-
rMm paeT Bce 6o/blie 3HA4YeHUs 06O6WEeHHOMY MOHMMaHW pas3aenoB U Has-
BaHWii, TEepPMUHOMOrWii TPUGONOrUM AN CNeuuasnMCTOB pasHbiX CTpaH.

HacTosiwan pa6oTa fJaeT oOCBeAOM/eHMEe O HaykKe TpuGonoruv u
npeanoxeHms Ans obuero MnoHUMaHust ee.
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APPLICATION OF COMPUTER TECHNIQUES

P. BENEDEK

(Engineering Bureau, Hungarian Chemical Industrie
Association)

The author discusses the theoretical aspects of
the application of computer techniques, and compares
the three generations of the computers so far produced
with the three development stages of programmes and
assignments. Examples of the latter are taken from the
chemical industry. The author establishes that the
most important condition for the increased application
of computers in Hungary is the improvement of the sci-
entific research organisation in this field.

In order to implement the Computer Technology Programme, the
state Economic Committee allocated a vast sum, which nearly equals,
in magnitude, the total amount invested by any one single ministry
within the 5-year development period. However, the thousands of
millions set aside for the Computer Technology Programme are in-
vestment and budget allocations which do not produce new material
benefits. Their significance is of a different nature, namely they
extend the knowledge of computer techniques and, therefore, have
an indirect effect on science and material production.

In this report, the intention is to proceed with a discus-
sion that keeps the afore-mentioned facts in mind. In his daily
work, a chemist uses a variety of instruments, from the burette to
the mass spectrometer, and - today - the electronic computer is
increasingly becoming a very important member of the above group
of instruments. When a burette or mass spectrometer 1is used in
everyday work, he user acquainted with its operation, at least,
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in its essential outlines. If the electronic computer is consid-
ered a member of the above group of instruments, it therefore fol-
lows that the user should be familiar with its operation, at least
in Its general features.

The characteristic feature of an electronic computer is that
it is able to solve, in a very short time, extremely simple arith-
metical and logical problems. By reducing a complicated problem,
say, a system of partial differential equations or a complicated
logical problem iInto a series of simple mathematical operations,
the electronic computer then becomes a handy tool for solving
these complex problems. The process of breaking down the problem
into simple operations 1is termed programming. A programme 1is a
sequence of statements which can be interpreted and carried out by
the computer. It is immediately clear that two topics are involved
in this discussion, namely the one that concerns the tool - the
hardware - whilst the other is connected with the various se-
quences of statements or programmes whose composition is, in all
cases, the work of a human brain as it calls for the ingenuity of
the programmer. Hence the collection of programmes is often termed
software.

The Three Generations of Computers

The electronic computer was put into circulation in a commer-
cial quantity about Tfiften years ago. Within this period, three
successive generations of computers were invented. The first, se-
cond and third generation consisted of vacuum tubes, semi-conduc-
tors and integrated circuits respectively. The switch over from
one (generation to the other meant a decrease iIn the volume and
weight, as well as a decrease in the electrical power requirement
for the electronic computer. At the same time, the safety and
speed of operation and the operative memory of the computer im-
proved from generation to generation. The operative memory stores
up the basic problems, the intermediary and final results, as well
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as the programme. In this way the computer became increasingly
suitable for solving complex problems. In the third generation,
new possibilities were incorporated. The inclusion of a Tfurther
set of terminals, 1i.e. data input and output units did not repre-
sent a basic innovation of the computer, even though the former
can be placed some kilometres away from the latter. The new featu-
res, however, were the development of time-sharing computers which
can solve many problems simultaneously and the various methods of
connecting two or more computers. The fourth generation of compu-
ters will consist of integrated microcircuits and this brand of
computers is expected to predominate in the next decade.The fourth
generation computers will presumably be miniature in size, so much
so that a computer built from integrated microcircuits - having a
capacity equal to that of the largest today - will hardly be big-
ger than the Hunor desk-top calculator. However, it would be mis-
leading to suppose that this type of computer will eventually
reach the desk of a chemist. This is because the price will pro-
bably be exorbitant and what is more, the central unit is by no
means everything.

The central unit is connected to the peripherial units, i.e.
the data storage, input and output units. The latter units provide
the connection between machine and man. The miniaturization of the
peripherial units is not so feasible, but here the generations are
also distinguishable. The output units provide a perfect example.
The output units of the first, second and third generation compu-
ters were a typewriter, a line printer and an optical unit respec-
tively. Today, each and every one of these output units has its
own specified field of application. Perhaps the reader has obser-
ved from the foregoing, the obvious necessity for more fundamental
and technical research which is required to develop the man-to-ma-
chine connection. Studies carried out along this line showed that
an extensive knowledge of computer techniques will lead to struc-
tures similar to that of telephone or engine telegraph. Further-
more, the possibility of interweaving them together cannot be ex-
cluded due to the telecommunications problems related to data pro-
cessing.
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The Three Generations of Programmes

The development of software or programming techniques took
place in the phenomenal three-generation pattern distinguishable
in the evolution of hardware and the machine-to-man relationship.
For the first computers, the programme was formulated by breaking
down the problem to fundamental steps, each of which was represen-
ted by a code, depending on the construction of the machine, and
this code shows what the step stands for. Such programmes were
said to be written in machine codes. The formulation of programmes
in machine codes is not too difficult a task, but it cannot be
called pleasant. Hence when the second generation computers first
appeared,to which the actual "demographic explosion' in computers
is attributed, the so-called programming languages were invented.
In examining the syntaxes of programmes written in machine codes,
it was found that some portions of the programmes are often re-
peated and if each of these repeated sections were defined as one
unit, then the calculation steps could be written in units of
higher order. In this way, programming would be easier and more
amusing.The programme thus o" ained cannot be interpreted directly
by the computer, only with ehe help of a compiler programme which
so to speak translates it ;nto an intelligible machine language.
About a dozen such languages have been invented within the last
decade. These languages can be divided into two groups, namely the
process-oriented and the problem-oriented languages. The languages
of the former group are used in solving technical and scientific
problems, whereas those belonging to the latter group are suitable
for solving data processing (say statistical, and accounting,etc.)
problems.

An unprecedented number of various programmes were formula-
ted, as more and more second-generation computers were devised. At
first, everybody wrote their own programmes, but as time went on,
this method proved to be unsuitable.A far more advantageous method
consists of adopting, whenever necessary, an already existing
programme devised for a given type of problem. Thus programme lib-
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raries were established by computer-manufacturing companies and
computer technique institutes. It was soon discovered that a num-
ber of programmes had already been formulated for the same problem.

Take for example the solution to a system of differential
equations. Various numerical methods for solving this mathematical
problem have been developed in mathematics. If, say, a reaction
kineticist wishes to solve a system of differential equations ob-
tained in the course of his kinetic studies, all he has to do is
decide which of the programmes already worked out by others is
more suitable to his purpose. Such a decision 1is not as easy to
make as it sounds,for the most suitable method of solution usually
depends on the nature and parameters of the problem. It is there-
fore more practical to somehow store all the programmes in packa-
ges. Every programme package has the same input and output struc-
ture, and it is up to the user to state shich of the existing
methods of calculation is most applicable to his problem, or if he
wishes to apply more methods, he should specify the order in which
he intends to use them.

There is another type of programme package in which program-
mes of solutions to different problems are contained. The reason
for packaging the various programmes together is that there is a
constant demand for them and they can easily be used successively.
For instance, a chemist could certainly use a programme package
that would enable him to estimate the physical properties of che-
mical compounds.

The so-called system of programmes is the most noble of all
types of software and was developed for the third-generation com-
puters. The system of programmes is a collection of programmes or
programme packages, whereby the data (or some of the data) calcu-
lated with the help of one programme can serve as the input data
for the succeeding programme. The transfer of data from one prog-
ramme to another within a given system may, depending on the cir-
cumstances and demands, take place entirely automatically or may
require the dicision or intervention (or interaction) of the prog-
rammer. The condition for the interactive intervention is ensured
by a suitable machine-to-man relationship.
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The Three Categories of Problems

The software is the result of human endeavour and it is per-
haps worthwhile to consider the human factor in the form of the
man-to-man relationship, in other words, the manner iIn which this
relationship takes shape with regard to a change in the nature of
the problems. The computation problems may be divided, according
to their complexity, into the following three categories (which
more or less correspond to the software generations): individual
calculations, combined computations and the calculations involving
systems. These are the three categories that came into being and
which still exist side by side. For individual calculations, the
programme is Tformulated by a single person, who may be a chemist
or some other specialist, and aims at performing individual calcu-
lations connected with his work.

The situation is different in the case of combined calcula-
tions. Here, co-operation between four men is required: a specia-
list in charge of the model of a physical, chemical, economic or
other phenomenon; a mathematician who considers the mathematical
side of the model and provides the method of computation which
leads to the solution of the mathematical problem derived from the
model. This is followed by the work of the programmer, who formu-
lates the programme, in accordance with the rules of computer
programming, from the algorithm provided by the mathematician and
finally the codet puts in the finishing touches to the last detail.
However, the role of the programmer should be stressed. There are
many ways of programming the algorithm and to a large extent this
determines the length of time required for the calculation. Our
programmers transformed a programme several times in four years
from the programme library prototype which we frequently applied.
By leaving the original algorithm intact and making computer tech-
nique corrections, the speed of the calculation was improved. This
example shows that programming can correctly be considered to be
an independent profession. Such a group of people of various pro-
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fession. Such a group of people of various professions and experi-
ence mentioned in the foregoing is often called a team, whose task
is to prepare a programme for combined calculations. In the case
of individual calculations, therefore, the formulation of the
programme depends on the extensive experience and professional
knowledge of the single specialist, whilst for combined calcula-
tion of the programme depends on the nature of the co-operation
developed among the various specialists, iIn addition to their pro-
fessional knowledge.

I have mentioned that extensive systems of programmes are
also developed. In this instance a new type of technique took
shape which 1is connected with the man-to-man relationship. This
type of work is begun by analyzing the system, whereby the elements
of the system are determined and the manner in which the elements
are related to another. The system analysis is the job of the sys-
tems engineer who, consequently, composes the general model of the
entire system on the basis of the analysis results and finally
entrusts the elaboration of the system®s elements to the appropri-
ate teams. This is a typical example of hierachically organised
activity. In the case of combined calculations, the co-operation
within the given team illustrates the man-to-man relationship. In
preparing the systems of programmes connected with the calcula-
tions of extensive systems, a scientific work-organisation repre-
sents and brings about the man-to-man relationships needed for the
development of a system of programmes.

Some Examples in Chemistry

I proceed to illustrate the foregoing discussion with examp-
les encountered in chemistry. An individual problem may be the
following: the estimation of the chemical equilibrium of a multi-
component reaction. The solution to this problem does not require
the co-operation of a programmer, simply because the linear prog-
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ramming technique would be suffic ent for which programmes are
available in any Hungarian computer institution. As an example of
combined calculation, it should be mentioned that the A.1.Ch.E
composed a programme package for the estimation of the physical
properties of compounds on the basis of structural formulae. This
programme package can be used in estimating a considerable number
of physical properties in terms of the state functions. The formu-
lation of this programme package lasted three years and cost a to-
tal of $ 300,000. It was marketed on a magnetic tape at a price of
$ 8,000 a piece. In Hungary no such computer was available, to
which this programme package would be applicable and, therefore,
the FISC programme package was worked out, which enabled us to es-
timate a narrower group of the physical properties, on the basis
of such basic data of the materials as the critical temperature,
critical volume, and normal boiling point, etc., (and not from the
structural formula). The FISC programme package involves about 200
materials. The third example concerns the system of programmes and
in this instance the SIMUL system is cited. The SIMUL was develo-
ped by a team of 50 Hungarian specialists, in co-operation with
one another, for the mathematical simulation of complex unit ope-
rations (entire production lines). The SIMUL system applies the
FISC programme package, mentioned in the foregoing discussion, for
the estimation of physical properties. It is important to empha-
size the fact that the use of the SIMUL system does not require a
knowledge of programming. It is sufficient to know a number of
concepts and rules of programming, with the help of which, the
problem can be formulated. In this manner, the SIMUL system is
brought into action, whereby it automatically performs the requi-
red calculations and prints the results. Here, a programming lan-
guage 1is also involved in which such concepts as distillation,
heat exchanger, reactor, and recirculation, etc., are used. The
latter correspond to those concepts of chemical technology which
can be interpreted by the SIMUL system. The practical importance
of the development and application of such simulation languages is
definitely evident.
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The Problems of Increasing the Knowledge of Computer Techniques

In the foregoing discussion, I placed special emphasis on
the iImportance of software in the application of computer tech-
niques. Indeed, the chemist is very closely associated with the
hardware units, but the mentioned amphasis is justified by a gene-
ral and important experience. Most people presume that In order to
extend the knowledge of computer techniques, all the state has to
do is set aside a certain amount of funds for a specified number
of years and obtain the necessary number of computers. Computers,
in a similar manner to any other machine, can achieve nothing on
their own and so have to be handled by the professional personnel.
The implementation of the Computer Technology Programme will yield
the expected scientific, technical and economic results only if
timely and basic preparations are ensured, especially with regard
to the composition of software material (i.e. widely applicable
programmes). A variety of circumstances make this task difficult.

The knowledge of computer technology in a given country does
not merely mean the number of people who have studied programming
as a subject and who are capable of transfering the given informa-
tion from one cell of the available computer to the other. One
other aspect of computer technique involves the flow of informa-
tion from every pool of the computer institution so that if any-
body wished to use a computer technique he will know exactly which
pool can provide him with a ready programme for the solution of
his problem. The situation in Hungary is that there are at present
very many different types of computers which means that a program-
me run on one computer cannot be transfered to another, without
making the necessary corrections. Perhaps it would be more advan-
tageous as a Ffirst step, to establish a software [library centre,
so as to know the number of programmes available in the country
and consequently aim at developing a unified computer technique
system.

The Hungarian Academy of Sciences is responsible for the im-
portant research task, called 'the applications of computer tech-
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niques'. A major part of the topics proposed concerns the problems
associated with software and requires a sound sense of proportion.
In reality, hardware research is at most, performed to the limit

of good and appreciable concepts in Hungary.We do not aim to carry
out research work for the construction of commercial computers of
our own, as the basic technical requirements cannot be met. It may
however be visualized in the field of an integrated research prog-
ramme. But the proposed topics of research do not refer to such a
possibility.

The proposed research topics - although they are considered
to be realizable - will not be an easy task, presuming that the
usual methods of research administration and direction are mainta-
ined. For the research directive to remain alive and blooming, it
is necessary to establish a body that possesses the necessary
authority, worthy of the importance of the topic and the expense
associated with it. This body would then perform its duty on a
solid computer technology basis. The Academy is already In posses-
sion of the necessary hardware. Whether it will be able to compose
the software is, of course, another matter. This may in itself be
a research topic and may therefore deserve the attention of the
research directive, constituting a part of the latter. If an admi-
nistrative body were formed for this research directive, within
the Academy the latter would have to acknowledge that the iIn-
creased application of computer technology demands some amount of
stimulation. Its extension has sociological and psychological re-
percussions, which may be accelerating or. decelerating in nature.
My feeling is that at present the latter effects prevail.

PE3IOME

ABTOp 3aHMMaeTCs TeopeTUYeCKMMW BOMPOCaMy MNPUMEHEHUS BbIYUC—
NUTenbHOM TexHWHu. ConocTaBnsieT Tpu A0 CUX MOpP MNPOM3BEAEHHbBIX FeHe-
pauuii 9BM c Tpemsi CTyneHsiMM pas3BUTUS. V3N0XeHHOe [OMNOoMHSAeT Harnsg-
HbIMM MpuMepaMu M3  06/11acCTM XMMUYECKONM MpoMbiuNeHHOCTU. [anee ycTa-
HOBJIEHO aBTOPOM, UTO B HaCTOsillee BpPeEMs CaMbiM BaxHbM YC/IOBUEM pac-
npocTtpaHeHusi 3BM B BeHrpum sBnsieTcsi MNOBbiLEHWE OPraHU30BaHHOCTU
Hay4HbIX MccnepgoBaHUin B 3Tol o6nacTu.
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THE APPLICATION OF NATURAL GAS AS A RAW MATERIAL
FOR THE CHEMICAL INDUSTRY AND THE DEVELOPMENT OF
THIS BRANCH OF THE INDUSTRY SINCE WORLD WAR 1I1I.

A. LASZLO

(Veszprém University of Chemical Engineerin)

The author presents a review of the development
of the Hungarian natural gas industry and the indus-
trial application of natural gas. A detailed survey of
the research work carried out in this field at the
Hungarian Oil and Gas Research Institute since 1950 is
given.

At first, the author deals with the experiments
concerning the production of acetylene and synthesis
gas hy the partial oxidation of methane, starting with
the theoretical background, and then goes on to dis-
cuss the experiments carried out at laboratory, pilot
plant and plant levels. The successes achieved resul-
ted in the production capacity of 2.5-3 tons of acety-
lene per reactor in the mid-1950s.

In the last 10-15 years, the Institute estab-
lished a combustion laboratory, where almost all the
important parameters can be determined. In addition,
it played an important role in the development of the
national natural gas industry, e.g. in the improvement
of the adsorption process applied by the Répcelak Car-
bonic Acid Company and in the solution to the special
problems connected with the change over from town gas
to natural gas.

In 1948, when the MAFKI was established, the "founding fa
thers” already thought of the application of natural gas in chemi
cal engineering and this fact was emphasized by the obvious indu
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sion of the word "gas'" in the name of the Institute.At the initial
planning stages of the Institute, two departments, namely the De-
partments of Physical Chemistry and Organic Chemistry were already
carrying out useful research-work. Undoubtedly, natural gas is
very important in industry and the fact that Hungary alone produ-
ced 4,100 million Nm3 iIn 1972 makes it obvious. However, after
this brief iIntroduction of the historical background, it must be
pointed out that the situation was very different during the years
of reconstruction necessitated by the war damage. Indeed, the ge-
neral public kept a sceptical eye on the efforts made at the time
by our research-teams. Today, it is no exaggeration to state that
time has proved that those people who believed in and struggled
for the establishment of the Hungarian gas industry were correct
in their assumptions. The table below illustrates the application
of natural gas iIn Hungary.

Year 1960 1965 1971 1972 1975*
Nat.gas: 10® Nm3 292 1,122 3,718 1,100 6,000

ePlanned data + imported qua mcity

Referring again to the work carried out at the Institute, the
actual experimental research started in January, 1950. After
studying the work carried out prior to that, it was decided at the
Institute to pay special attention, first and foremost, to the
study and realization of the partial oxidation of methane.

It was clear from the minimal data available in literature
that only 8 % of the methane under processing was lost in the form
of carbon dioxide, the remainder being obtained in the form of
acetylene and synthesis gas. Although the material and personnel
requirements for the research-work were met, these were limited in
comparison to the present level of the development of the national
economy .
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The earlier mentioned process essentially consisted of bur-
ning up the natural gas (methane) mixed with the least amount of
oxygen possible (i.e. near the upper combustion limit) and then
the gases were suddenly cooled down from 1,400 °C to 80 °C. The
burner shaped in this manner ensures that the acetylene obtained
does not decompose under an average residence time of 0.01 second.

The research-work was pursued simultaneously along both theo-
retical and experimental lines. Laboratory experiments were car-
ried out in the autumn of 1950 at the Institute®s experimental
plant at Pét with a quartz burner whose dimensions agreed with
those of the only nozzle of the plant burner system.

The pilot plant was ready within a very short time and in
December, 1951 the first tests were carried out there. This plant
was built for the partial oxidation of 50 Nin3/hr of methane and
produced 100 Nm3/hr of gases. When methane or oxygen was preheated
to 350 °C or 300 °C respectively, 7.8-8.3 % of acetylene was ob-
tained. This pilot plant was built from such structural materials
which were completely identical with those of the industrial plant
to be installed. Thus, for example, the reactor had Ffirestones
consisting of 72 holes and water-cooled nozzles.

In addition to the preparation of the expected gases, the
research-workers elaborated and delivered all the scientific and
technical calculations necessary for industrial plant designing.
This plant was realized in the sphere of Hungarian-Romanian econo-
mic co-operation between 1953-1957. It was designed by VEGYTERV
and the investment was borne by the TKV. It is worth mentioning
that the plant was designed for the processing of 2,000 Nm3/hr of
methane which surpassed the capacity of the then existing plant.
Another important new feature was that the high-voltage Cotrell-
-M6ller equipment applied in desooting the 3,800 Nm3/hr of the
gaseous products, ensured perfectly soot-free gases, which were
directly passed on to the other plant section, where acetone was
produced from acetylene by a catalytic hydration process developed
at the Organic Chemical Department.
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Depending to the expérimenta conditions, the daily output
of the plant was 2.5-3.0 tons. This was wholly converted to aceto-
ne, then the acetylene was absorbed from the gas and technical
acetone was produced from the dilute acetone solution by batch and
later continuous rectification. This was then considered to be a
major achievement, as the petrochemical plants in Central Europe
were still at the initial experimental stage. The plant was deli-
vered to Romania in 1958.

From then on the research workers went on to study the deve-
lopment of partial oxidation, new, more economical combustion and
thermal decomposition processes. Between 1961-1965, a flameless
reactor operating under surface combustion was developed. Combus-
tion took place on corundum particles coated with Pt catalyst. On
the basis of the laboratory experiments a pilot plant with an out-
put of 60 Nm3/hr was built where experiments were performed under
pressure (max. 3 atm) and a higher yield of acetylene was obtained
than with the flame reactor.

One other important development of the partial oxidation in-
volved some modification, whereby a portion of the gas produced,
the 'synthesis gas fraction”, was fed back into the flame reactor
after being mixed with the 1incoming methane. The research team
also constructed new burners for use in the laboratory and the
pilot plant. Among others, good results were obtained with "slit-
-burners™. The required amount of oxygen and coking decreased.

During 1966-1967, the research team worked on the thermal
decomposition of hydrocarbons heavier than methane. The aim of the
experiments - at laboratory and pilot plant levels - on the de-
composition of gasoline was simultaneously to prepare both ethyle-
ne and acetylene. With a gasoline feed of 50 kg/hr and no preheat-
ing, a yield of acetylene-ethylene of 40 wt % was obtained.

A review of another important application of natural gas now
follows. It is well known that the sites of natural gas in Hungary,
in most cases, contain gases rich in carbon dioxide, indeed, some
contain hydrocarbons only as impurities compared to CO2.
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From 1959-1971, the Institute®s Department of Physical Che-
mistry carried out wide-ranging studies on the adsorption cleaning
system and the removal of impurities from carbon dioxide for the
Répcelak Carbonic Acid Company. After developing a chromatographic
method of analyzing the impurities with [laboratory equipment at
50-60 atm. with various adsorbents, the optimum conditions for the
adsorption were established. In co-operation with the designing
institute, the experiments were continued at a plant level in
1966-1967. A close correlation between the laboratory and the
plant results was obtained and an odourless carbon dioxide was
produced.

To enchance the applicability of natural gas as town gas,
wide-ranging studies were carried out at the Institute for the in-
stallation of natural gas transporting pipes in the capital. The
MAFK1 worked on this problem in co-operation with the Budapest
City Gas Works.

To perfect the network, two conditioning materials were de-
veloped which were introduced and are still in use.The compactness
of the gas network is ensured by bitumen emulsion treatment, whose
technology was developed at the Institute, on the basis of the
circumstances prevailing in Hungary. This technology gained indus-
trial application.

Considering the activities the Institute carried out in the
industrial application of natural gas, it was considered that a
balance should be drawn up of this work and that not only the
successes, but also the difficulties should be mentioned. Today,
it is clear that at the beginning, the necessary materials (such
as heat-resisting steel) and personnel were not available, which
would have made it possible to simultaneously solve the extensive
problems. However, these difficulties made the research workers
more conscientious of their assignment and gave rise to a special
relationship between them, whereby they helped one another. All
this resulted in the accumulation of theoretical and practical
knowledge, which proved to be extremely useful in carrying out such
assignments as the installation of the acetylene plant at the Bor-
sod Chemical Combine and the initiation of other new plants.



251+ A. Laszlé Vol. 2. Suppl.

Another practical result was t at a new laboratory was estab-
lished at the Institute, where all types of combustion studies and

measurements could be carried out, and combustion studies of any
type of gas could be made.

The natural gas 1industry has always been dynamic and will
aw”Nys remain so, as far as we can predict. The acknowledgement of
this dynamic nature makes it necessary to ensure that in the futu-

the research work keeps pace with the requirements of our times
and with the interests of the national economy. The MAFKI will un-
doubtedly look forward to more successes In the coming decades.

PE3IOME

ABTOp B Hauvane pgaeT 0630p O pa3BUTUMM MNPOM3BOACTBA NPUPOAHOro
rasa BeHrpumn B uenom, panee oceegomnseT 06 MCNONb30BaHUM NPUPOL-
HOro rasa B XMMWYECKOW MPOMbILWIEHHOCTN. B pamHax 3TOro oH nogpobHee
obcyxnaeT wuccnepoBaTefnbCkue paboThl, HanpaB/ieHHble MO  3TOMY BOMpPoOCy
M npoBefeHHole ¢ 1950 roga B BeHrepckom HayuyHo-WccriegoBaTenlbCKOM
WHCcTuTyTEe Heptn wn MpupogHoro lasa.

ABTOPOM M3M0XEHbLI OMNbITH MO MOJYYEHUI CUHTE3HOro rasa u aueTu-
NneHa nyTeMm napuuanbHOro OKWUC/EHUA MeTaHa, BbiMO/IHEHHbBIE B TeopeTwu
4yecHOM,nabopaTOpHOM, OMNbITHO-3aBOACKOM W HaKOHel B MNPOM3BOACTBEHHOM
MacwTabax. [JOCTUrHyTble pe3ynbTaThl Jdaiu BO3MOXHOCTb noayuntb 2,5-3
TOHHB B CYTKM aueTuneHa B OfHOM peakTope yxe B cepeguHe 1950-x
rofios.

3a nocnegHue 10-15 net WHcTUTyTOM 6bina co3gaHa nabopaTtopus
ONA N3ydyeHUs rnpouecca CropaHus, B KOTOPOA MOXHO onpefennTb /oboin
BaxHblli napaveTp. WHCTUTYT Kpome 3TOro cojeicTeBoBan B fJasnbHeiiwem
pasBuUTUN OTe4vYeCTBEHHOI MPOMLILIEHHOCTM MNPUPOLHOro rasa, TakK Hanpu-
Mep yyacTBOBa/l B Y/ydlleHUM aacopbunMoHHOro npouecca y lMpeanpuatus
npon3sBoAcTBa Yr/eKucsioro rasa B Penuenak, Wi B pelweHun crneuymasnb-
HblX BOMPOCOB, BO3HUKWWX NpU NepecTpoiike Ha NpPUpoAHbLIA ras c 6biTo-
BOrO .
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PROBLEMS OF SECURING MONOMERS FOR THE PRODUCTION OF
CI1S-1SO-POLYISOBUTYLENE CAOUTCHOUC

G. KOVATS

(Chemical Works Designing Company)

In the mid-1950s, many processes using the modi-
fied Ziegler-Natta catalyst systems for the preparati-
on of 1,U-cis-polyisoprene were developed. The elasto-
mers thus obtained correspond to the natural caou-
tchoucs, hut the difficulty of providing the required
monomers slows down the production of elastomers. The
problem arose from the fact that the price of the mo-
nomer 1is high, while that of the polymer is low, due
to the relatively low price of natural caoutchouc.

If the price of natural caoutchouc were to rise,
the situation might change, considering that a variety
of processes for manufacturing isoprene have been de-
veloped, among which many have been realized.

The processes developed or realized can be divi-
ded into three groups:

1) Processes where ordinary Cs hydrocarbons are
applied.

2) Processes where the necessary C5 hydrocarbons
are synthesized from other hydrocarbons.

3) Processes based partly on hydrocarbons and
partly on intermediary compounds containing oxygen.

The production of isoprene is considerably ex-
pensive. The cost of producing isoprene from Cs frac-
tions of pyrolysis gasoline is relatively low, but the
problem with this process is that fairly large outputs
of ethylene are needed to obtain the required quantity
of Cs fractions.

The conditions for a real boom in the production
of cis-polyisoprene caoutchouc are as follows:

a) the price of caoutxhoucs should remain stable
at a high level.

b) fields of application should be found for the
by-products of the processes.
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In the past two decades, with the advent of petrochemically
based synthetics, plastics, synthetic fibres and synthetic caou-
tchoucs, significant prog-
ress has been made in the
replacement of natural
structural materials with
synthetic ones. Figure 1
illustrates the applica-
tion of elastomers.

On the basis of the
limited available data,
the total amount of caou-
tchouc applied in 1973 was
9 million tons, out of
which 3.3 million tons was
natural and 5.7 million
tons was synthetic caou-
tchouc. It follows taht
the increase in the appli-
cation of the latter sur-
passes that of the former.
The predicted 12-13 milli-
on tons of caoutchouc for Year
1980 is expected to con-
sist of 7.5-8.5 million
tons of synthetics, a pro-
portion of nearly 66 %.

Fig. 1. The trend of world-wide ap-
plication of caotchouc

According to earlier estimates for 1980, the output of natu-
ral caoutchouc was supposed to remain stable at 3 million tons a
year, but the latest studies predict a further increase over and
above that level.

Ever since the chemical composition of natural caoutchouc
was determined in the first decade of this century, renewed ef-
forts have frequently been made to produce and ensure the polyme-
risation of 2-methyl-1,3-butadiene. The latter was accomplished
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in the mid-fifties. With the help of modified Ziegler-Natta cata-
lysts, many processes were developed for the preparation of 1,4-
-cis-polyisoprene. The elastomers obtained in this way more or
less corresponded to the qualities of natural caoutchoucs, depen-
ding on the sic isomer content and, indeed, In some respects, they
proved better than natural caoutchoucs.

However, the latter successes did not result in the rapid
spread of cis-polyisoprene caoutchoucs. The difficulty of securing
the monomers proved to be one of the most iImportant impediments to
polymer production.

The output of 1,4-cis-polyisoprene caoutchouc and the demand
for isoprene monomer are illustrated by Table 1.

Table 1. The trend of the world wide demand for isoprene based on
cis-polyisoprene production estimates

Cis-polyisoprene outputs, 1,000 t/year

1970 1973 1975 1960
North America 11’0 160
South America 0 500 700
Western Europe 70 195
Africa, Asia, Australia 60
C.M.E.A. countries 100 300 600 1,100
Total : 310 755 1,100 1,800
Total demand for
iroprene 320 780 1 ,11%0 1,860

The table 1is based on the data of reports and articles of
various sources. A part of these data turned out to be uncertain.
For instance, the Bayer Company planned to establish a plant with
an output of 80 thousand tons a year by 1975, but the latest re-
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ports indicate the postponement of the project. The situation is
the same with regard to the isoprene-polyisoprene plans of France.

The problem arose from the simple fact that the production
cost of the monomer is high, whereas the price of the polymerised
product is low due to the relatively low price of natural caou-
tchouc. According to Dr. Engler, the Director of Bunawerke Hils, a
change in either of the said factors (i.e. if the monomer were to
be cheaper or the caoutchouc were to be more expensive) woulr per-
mit the rapid implementation of the various projects already de-
signed for the preparation of isoprene caoutchoucs, some of which
have actually been tested at an industrial level.

These processes can be grouped into three categories :

The First group can be said to involve the application of
ordinary C5 hydrocarbons (Figure 2).

This group includes the following:

a) Isoprene recovery from pyrolytic C5 fractions by the va-
rious versions of extractive destination (BASF-NVP, JSR-DMF,
SHELL-ACN, SNAM-Morphylan).

b) Isoamylene recovery from cracked gasoline and the dehydro-
genation of isoamylene (a combination of Acro-Stratford-Shell-Dow
processes).

c) Two-stage dehydrogenation of isopentane (Soviet process).
d) One-stage dehydrogenation of isopentane (Houdry process).

The second group involves processes in which the Cs chain of
the appropriate configuration (2-methyl butane) is synthesized
from other hydrocarbons (Figure 3).

These include the following:

a) Goodyear-SD process in which the Ce chain is produced by
the dimerization of propylene and the consequent déméthylation of
the C6 product results in a C5 chain.

b) The different versions of the Phillips Triolein process,
whereby isoamylene is produced by the disproportionation of i-bu-
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1.1 Isoprene recovery from pyrolysis C5-fraction by extractive
distillation (BASF, JSR, Shell, etc. process)

1.2 Recovery and dehydrogenation of isoamylene (Dow Process)

CHs
Dow B-catalyst
CHs-C-CH=CHz ---------""""mmm - K CH2=C-CH=CHz2+H2
550-600°C, 1.5-1.s at

1.3 From 1isopentane by a two-stage dehydrogenation (Soviet pro-

cess)
CHs CHs
K-5 cat., fluid bed
CHz-CH-CH2-CHs ===-==-= s mmo e % CHs-CH-CH=CHz2+Hz
550-590°C, 1.5 at
CHs CHs
KNF cat., stat bed
CH3-CH-CH=CHz --=---mmmmme e > CH2=C-CH=CHz2+H2

1.4 From isopentane by a single-stage dehydrogenation (Houdry

process)
CHs CHs
Cr203, A120s cat.
CHs-CH-CH2-CHz ---------------- > (CH2=C-CH=CH2+2 H:

530-600°C, 0.3 at

Fig-2. 1. Isoprene production from ordinary Cs-fraction

tene and propylene or i-butene and n-butene-2 and by applying the
Dow B catalyst, the product is converted to isoprene (similar to
the case of isoamylene in the Acro-Stratford-Shell process).

The third group consists of those C5 chain syntheses which
are based partly on the application of hydrocarbons and partly on
the use of iIntermediary compounds containing oxygen (Figure 4).
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2.1 Isoprene production from propyle e (Goodyear SD process)

. Tripropyl- CHs
Dineri- -Aluminium
zation CHs-CH=CH2+CHs-CH=CHz ------ -------- * CH2=C-CH2-CHz2-CHs
150-250 C, 200 at 2-methyl-1-pentene
CHs CHs
Isomeri- CH2=JZ-CH2-CH2-CH3 Acidic cat. gy, _0=CH-CHz -CH
zation 2-methyl-1-pentene 150-300°¢ 2-methyl-2-pentene
CHs
Demetha- HBr, H20 vapour é
nization CHs-C=CH-CH2-CHs CH2=C-CH=CH2+CHy
650-800°C

2-methyl-2-pentene Isoprene methane

2.2 lIsoamylene production by disproportionation (Phillips process)

CHs CHs
Wo3, Si02
C=CH2+CH3-CH=CHz2 ----------- » CHs-CH=C-CHs+C2H,
410°C, 31 %
CHs
i-butene propylene -butene-2 ethylene
or
CHs CHs
W03> Si0:2
=CH2+CHs-CH=CH-CHs CHs-CH=d-CH3+c3He
410°C, 51 %
Hs
i-butene butene-z fgﬂﬁgﬂg!; propylene

Fig-3. 2. Isoprene production by the synthesis of Cs chain from
hydrocarbons

Many of these processes are based on the use of i-butene and
formaldehyde, and on the Prins reaction. The dimethyl dioxane ob-
tained is converted to isoprene, even if the process is single-
-stage and the dimethyl dioxane is treated as on intermediary pro-
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3.1 From i-butene and formaldehyde (through DMD)  (Soviet, IFP,
Bayer process)

CHA ~CH
CH3 .
H SO dil. c\
e:CH2+2 HCHO --=--= -===-=------ CH2 0
| 90-95°C, 17-20 at L
CH3 CH2 CH
i-butene formaldehyde o
DMD
CH3
P205, Ca0
DMD -=--cmmmmmaee- - CHz2=t-CH=CH2+H20+HCHO

350-400°C, 2 at

3.2 From i-butene and formaldehyde (through chloromethyl butyl
methyl ether) (Marathon Qil process)

Chioromethyl methyl ether formation:

HCHO + CHsOH + HCl ----- -=-------- - C1CH20CHs + H20
20-30°C, c. 1 at
formal- metha- hydrochloric Chiorométolmethylether
dehyde nol acid (CME)
CHs ) CH
TiCl* homogeneous cat.
CME+CHs-C4+CHz -==--= -=--mmmmmm oo - CHs-C-CH2-CH2-0CHs

20-30°C, c. 1 at .
1 ’
. 3-chloro-3-methylbutyl -
i-butene methylether (CMBME) y

CH3
Linde SK 400 :LE
CMBME CH; .XCH=CH2+CHs0H+HC1

120°C, c. 1 at Lsoprene methanol hydrochloric



262 G. Kovats Vol. 2. Suppl.

3.3 From 1i-butene and formaldehyde ; one-stage (Takeda process)
CH, ) CH3
Sbh203, Si02 1
CH,=C + CH20 ch2=c-ch=ch2+h2o0

300°C, c. 1 at

i-butene ggﬁygg' isoprene

3.4 From i-butene and formaldehyde in two-stages (Sumitomo Process)

CHs CHs
I 65 % H2504 1
CH2=C + H O CHs-C-0H
40-8Crc, 6-10 at
aHa CHs
i-butene tert.-butanol
CHs CHs
Salt solutions
CHz-C-0H+CH20 ------= -==----- *% CH2=C-CH=CH2+2 H20
151-160 C, ? at
CHs
tert.- formal-

butanol  dehyde Isoprene

3.5 From acetylene and acetone (SNAM-Progetti process)

Ethynylation:
CH
KOH, NHs
CHeCH+CHs-C-CH- CHs -11-CsCH
10-40UC, 20 at
1epe™Y  aceton 3-methylbutyn-1-01-3 (MBI)
Selective hydrogenation:
CHs CH.
1 Pd colloid
CHs-C-CeCH +H; ----- -—— --=---- AN CH3-C-C=CH:
h 30-80°C, 5-10 atm
0 OH

(MB1) 3-methylbutene-1-0l-3 (MBE)
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Dehydration:

CHs CHs
Al120s .
CH3-C-C=CH -------------- H,0+CH2=C~C=CH
A 260-300°C, 1 at
MsE 1soprene
Fig-h. 3. Isoprene production by the synthesis of Cs chain from

hydrocarbons and intermediaries containing oxygen

duct. This differs from the Marathon Oil Company process which is
also based on i-butene and formaldehyde as the starting material.

The SNAM-Progetti process is totally different and is based
on the reaction of acetylene and acetone in which acetylene alco-
hol, 3-methyl butyne-=-o0l-3 is produced.

Table 2. gives a review of the planned and realized isoprene
capacities.

Table 3. shows a summary of the requirements that isoprene
monomers should fulfil. The general rule is that stereospecific
polimers of high cis-isomer can be produced only from highly pure
monomers.

Table 4. gives a summary of the basic material consumption
data for the process and amounts of the byproducts. It is clear
from the data that 1.5-2.7 tons of raw material are needed for the
preparation of 1 ton of isoprene.(in the Acro-Shell process 7.5-10
tons of cracked gasoline cuts are needed to produce 1.5 tons of
isoamylene). The processes are not selective and so some bypro-
ducts are obtained. By marketing these byproducts, the process can
be made more economical.

In addition to the low utilization of materials some of these
process require high energy costs, as is shown by the energy con-
sumption data in Table 5. Investment costs are also considerable
(Table 6). These data should be treated with care as they are not
very trustworthy.
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Table 2. The data of known isoprene plants

i Output
Company Location Process Present Planned
1,000 t/year
Enjay Baton Rouge FCC-Cs extr. 6.0
USA
Goodyear USA, Beaumont Goodyear SD 50.0
Arco-ACN 25.0
Shell USA, Marietta, Arco-Shell- @t .0
Torrance Dow
Goodrich-Gulf USA, Port Arco-Shell- 55.0
leches Dow
Shell Holland Arco-Shell- TO.0 +30.0
Perni s Dow
ANIC Italy SNAM-Progett i 30.0
Ravenny
SU, various i-butene +
sites formaldehyde
min . 100.0
i-pentane
deh. min. 120.0
Erdélchemie/ FRG, Dormagen NMP extr.dist. +80.0
/BASF
Japan Geon Japan DMF extr .dist. +30.0
Japan Synthetic Japan DMF (ACbI?)
Rubber extr.dist. cee +30.0
Asahi Chem. Japan extr .dist. +30.0
Kurashiki Japan i-butene +
Rayon formaidehyde e o +30.0
Kombinat RSR Soviet +60.0

Georghiu Dej

520.0 +2y0.0
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Table U. Basic material
for isprene production (per 1 ton of

Process

SNAM-Progett i

Goodyear SD

IFP

Bayer

Soviet

Arco-Shell-Dow

Houdry

Phillips-Dow

Extractiv dist.
(BASF, JSR, etc.)

G. Kovats

Material

Acetone
Acetylene
Hydrogen
Ammonia

Propylene
Byproduct

i-But ene
Methanol
Byproducts

i-Butene
Methanol
Byproduct s

i-But ene
Methanol
Byproduct s

i-Amylene

i-Pentane

Byproducts
(piperylene)
i-But ene
n-But ene-2
Byproducts
(propylene)

Ca-fraction (pyroly-
sis)
Byproducts

CPD

Cs-fraction

Vol .

isoprene)

2.

Suppl .

consumption data of some of the processes

Production/l ton

of isoprene

0.97

0 .U3

uoo
5

2 .67
1.30

1.o0n

0.99
0.51

0.95
0 .85
0.25

1.28
1.10
0.30

2.20

0 .Uo
1.13
0.57

0.35

5.00

1.00
3.00

ton
ton
Nm3
kg

ton
ton

ton

ton
ton

ton
ton
ton

ton
ton
ton

ton

ton

ton
ton
ton

ton

ton

ton
ton
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Table 5 Basic material consumption data of some of the processes
for isoprene production (services per 1 ton of isoprene)

Vapour Electr. Cooling Heating
Proc ess energy wat er material
t kwh m3 G-cal
SNAM-Progetti 5 6 00 350 o .31*
Goodyear SD 27 300 1,000 -
IFP 10 320 1’0 7
Bayer 7.8 10 220 1.2
Arco-Shel 1-Dow 2h .5 600 1,000 7.5
Houdry 1U.8 2,600 600 iy
Soviet (Prins
react ion) 22 630 1@ 3
BASF-Erddlchemie
(NMP) 9-5 190 iigl0) -
SNAM-Progetti
(extr.dest.) 12.7 87 960 -
Japan Geon (DMF) 10 150 500 -
Phillips-Dow 22 250 550 6.8

Utilizing the earlier mentioned data, and more or less arbi-
trary unit prices and expenses, the cost data shown in Table 7.
were calculated. The total cost column consisted of the material
and capital expenses only, and did not represent the total produc-
tion costs.

The column of ‘''sum total of costs" convincingly shews that
isoprene production is a considerably expensive operation. The
average cost of the first two processes is 250 + 20 $t, in other
words, the cost data fall within a range of +10 %. The total costs
of isoprene production from pyrolysis C5 fractions are relatively
lov. This would amount to a tolerable 160 $t as basic costs.
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Table 6. Investment expenditures on isoprene production (1971/1972

data)
Output Investmen Specific
Pro cess costs investment Note
ton/yr vM$ costs
($/ton/yr)
Extractive distillation
NMP  (BASF-EC) 30,000 F.7£20 % 155430
SNAM-Progetti 60,000 21 350 (€))
Goodyear SD 60,000 zb 1*00 (€))
IFP-Bayer 60,000 30 500 (€D)
Arco-Shell-Dow 60,000 16.7 280
Houdry 60,000 19.2 320
Acetonitrile extrac-
tive distillation 20,000 3.1*5 172.5
Soviet i-butene +
formaldehyde 60,000 13.1*3 270 (@)
Japan Geon - DMF 1*5,000 6,1* =2
Takeda single-stage 60,000 10.7 178
Phillips disproportio-
nation + Arco + Dow 100,000 16 .2 162

(1) Th. Reis estimate

(2) Power Gas Corp. estimate

Dr. Duck would welcome isoprene from the JSR that could be so
cheap. According to him isoprene can compete with natural caou-
tchouc, only if its price or cost is exactly 200 $t.

Despite the above mentioned economically favourable conditi-
ons, the recevery of the isoprene content of pyrolysis Cs fracti-
ons has not gained wide application. The main reason is that both
the quantity of the C5 fraction and hence its isoprene content are
insignificant, as can be seen from the composition data of Table 8
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Table 8. The detailed composition of the pyrolysis Cs-fraction
according to BASF and Erddlchemie

Butane-2 (cis+trans) 1.6 wt#
Butadiene-1,3 0.3 wt#
Butadiene-1,2 0.6 wt#
Butyn-2 0.U wt#

Total Cu hydrocarbons 2.9 wt#
Cyclopentane 1.0 wt#
n-Pentane 16.57 wt#

1- Pentane 13.0 wt#
Penten-1 3.5 wt#
Pentene-2 (cis+trans) 3.5 wt#
2- (and 3-)-methylbutene-1 7.0 wtl
2-methylbut ene-2 3.3 wt#
Cyclopentene 2.5 wt%
Isoprene 18.0 wt#
Piperylene (cis) U.0 wt#
Piperylene (trans) 6.5 wt#
Pentadiene-1,U 1.8 wt#
Isopropylacetylene 0.035 wt#
Isopropenylacetylene 0.035 wt#
Pentyn-1 0.03 wt#
Pentyn-2 0.03 wt#

Total Cs hydrocarbons 96.8 wt#

Ce+ hydrocarbons 0.3 wt# 0.3 wt#

100.0 wt# 100.0 wt#
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Table 9- The group composition of pyrolysis Cs-fraction according
to BASF and Erdélchemie

G* monoolefin 1.6 ¥t%
a* diolefin 0.9 Wt%
Ci, acetylene 0.1 Wt%
C5 paraffins 29.57 wt%
Cs monoolefins 17.3 wt%
Isoprene 18.0 Wt%

Other straight-chained Cs diolefins 12.3 wth

Cs cycloparaffin 1.0 wt%
Cs cycloolefin 2.5 wt%
Cs cyclodiolefin (DCP too) 16.0 wt%
Cs acetylenes 0.13; wt%
Ce+ 0.3 wt%
100.0 vt%

For each ton of ethylene, 300-400 kg of C4 fraction are obtained
(of which the amount of butadiene is 120-150 kg) from gasoline py-
rolysis, whilst the amount of C5 fraction is much smaller (100-200
kg) and of this, the amount of isoprene is 20-60 kg per 1 ton of
ethylene. Thus, fairly high ethylene outputs are necessary for the
required amount of fraction to accumulate. For example, the plan-
ned Bayer plant with an output of 80,000 tons a year would require,
for the necessary Cs fraction, ethylene production of a capacity
of 2 million tons a year.

The present disorder in world prices makes it difficult to
visualize the future of cis-polyisoprene caoutchouc.
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Fig.-5. The trend of caoutchouc prices since 1900

If prices were to remain stable at a high level, then cis-
—-isopolyisoprene caoutchouc would be able to compete with natural
caoutchouc. High prices would encourage the investiment of caou-
tchouc plantation and the establishment of new plants for the ma-
nufacture of synthetic caoutchouc. Since the latter solution is
more feasible, considering that plantations become arable only
after 7 years, as opposed to the transit period of 2.5-4 years for
industrial establishments. This would result in the installation
of more isoprene monomer and polimerization plants in the future.

For the processes to be more widely accepted, it would be
advisable to improve the applicability of the byproducts. To
achieve this, It is necessary to carry out technological and uti-
lization studies on all those processes accompanied by large quan-
tities of byproducts.



197U Production of Cis-iso-polyisotutylene caoutchouc 273

In this respect, some of the processes differ basically. In
the Phillips Triolefin process, for example, the byproduct 1is
ethylene or propylene, whose utilization is no problem.

The problem is not so easy in the case of iIsopentane dehyd-
rogenation (for example, the Soviet two-stage or Houdry single-
-stage process) where the byproducts are n-pentadienes and pipery-
lenes. Their quantity ranges between 0.3-0.4 t/t isoprene, which
is considerable. Research work has been carried out on the prepa-
ration of special caoutchouc based on piperylenes and the produc-
tion of latex of excellent properties, but these projects would
not be able to use up the total amount of the available piperylene.

A similar problem exists in the case of cyclopentadiene ob-
tained from pyrolysis C5 fraction. Although it is applied in the
chemical industry (in the production of plant protective, and n
thermonomer ethylene-propylene caoutchouc, etc.) its market
fairly limited. Its quantity would nearly equal that of isoprene
and Its marketing at a good price would hardly be feasible. With
the Bayer process, a considerable amount of a new elastomer - the
trans-polypentenamer - 1is Tformed. The monomer of this special
caoutchouc is cyclopentene and can be prepared by the selective
hydrogenation of cyclopentadiene. The only problem connected with
the elastomer is that its properties are so good that it may be
able to compete with the cis-polyisoprene itself.

S

It is worthwhile discussing the problems connected with the
byproducts of the syntheses based on i-butene and formaldehyde
(through dimethyl dioxane). In this respect, research work was
carried out at the MAFKI in the past decades.

In the processes based on the Prins reaction, 0.25-0.5 ton
of byproducts per 1 ton of isoprene are obtained. French technolo-
gists separated them into two fractions (Residol 1 and 11). The
byproducts of the Soviet process are obtained in various fractions
which may, depending on where they are obtained, be green oils,
light and heavy residues and bottom products.

A part of these fractions can be converted back to the star-
ting materials (formaldehyde, methanol, and isobutene) and by sub-
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mitting them to appropriate treatment, the consumption of basic
material can be reduced. A heavy distillate is also obtained which
can be converted to isoprene, thereby raising the yield of the
latter. These measures are included iIn the Soviet projects. Accor-
ding to the Giprocaoutchouc data, only 0.3 ton of byproduct should
be expected and the plant results are even more favourable, for by
recycling some of the byproduct fluxes, the equilibrium can be
shifted so that more of the desired product (e.g- DMD) 1is formed,
thereby increasing the yield.

Despite the above facts, the utilization of the byproducts
- consisting of such compounds as polyalcohols (diols, triols),
ethers, dioxanes and dioxane alcohols, tetrahydropyrane and con-
siderable amounts of unsaturated and saturated hydrocarbons -
proved to be a serious problem. Indeed, some of the distillates
and residues have not yet been analyzed in detail and until then
there is no sense in starting application studies on them.

The staff of the Analytical Department at the MAFKI undertook
the complete analysis of Soviet plant samples and so far apprecia-
ble results have been obtained. The details deserve a report of
their own by the research-workers and are therefore outside the
scope of this article. By way of example, it can be mentioned that
10, 47, 59 and 98 components were identified 1in the fractions of
methanol-methylel, the bottom products of dioxane synthesis and
isoprene purification and green oil, respectively, examined at
MAFKI and some of these components were quantitatively analyzed.

Unfortunately the analysis was discontinued, as all the plans
to produce caoutchouc domestically were cancelled, but the experi-
ence gained and the methods developed will prove useful in the iIm-
plementation of the complex programme designed by the C.M.E.A.
countries, in which a large cis-polyisoprene caoutchouc plant will
be built in Bucharest. This programme is of direct interest to
Hungary .

Apart from the recovery and marketing of the main products,
the detailed analysis of the byproducts is also necessary in order
to improve the synthesis, the conversion, the product recovery and
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the formation of byproducts that accompanies some of the isoprene
purification operations. In this way, the required amount of basic
material may be reduced and the entire production process becomes
more economical.

The C_.M_.E.A. research contract programme makes it possible
for the MAFKI to take part in the project.
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PE3HQVE

B cepegnHe nATMAECATbIX TT. MOLEPHU3MPOBAHHbIMKW  KaTaluUTU4ec-
KUMnM cucTemamyn  Llurnepa-HaTTbl BblpaboTaHbl HECKO/IbKO MeTOLOB MNOJyuye-
HMa 1,4-unc-nonmMunsonpeHa. Bonpekn TOMYy. 4YTO MONYYEHHble TakKum Me-
TOLOM 3nacToMepbl COOTBETCTBYKHT MNPUPOAHOMY KayudyykKy, pasBuTuMe Mpo-
M3BOACTBEHHON MOWHOCTM TOPMO3MTCA HEAOCTATOYHbIM A0 CUX MOpP CHab-
XeHUeM MoHOMepamu. [po6nema coCTOUT B TOM, 4YTO Cce6ecTOMMOCTb MO-
HOMepa BbICOKa, a LeHa MNONMMEPHOro MNPUPOAHOr0 Kay4dykKa CpaBHUTENbHO
HM3Ka, MO03TOMYy BO3HWKANOCb NPOTMBOpPeYMe Mexay Ce6ecCTOMMOCTbI U
CHMXEHHOW LEeHON MOoHOMepa.

370 06CTOATENbCTBO M3MEHUTCS BAPYr B C/ydae MOBbIWEHUS LEHbI
NPUPOAHOT0 KayuyyHa, MOTOMY 4TO [N NPOM3BOACTBA W30MpeHa WMeeTcs
MHOrFo C€noco6oB M M3 3TUX MHOIME YXe BHEPEHbI.

PaszpaboTaHHble WU YyXe BHeApPeHHble MpOLECChbl pa3fensitoTcss Ha Tpu
rpynnbl, B 4YacTHOCTM, npouecchbl -

- uncnonb3ywuwme Ca-yrnesBogopoAbl MPUPOAHOT0 MPOUCXOXAEHUSA,

- ncnonb3ywuwme yrneBojopoAbl C 5-uneHHOl LuUenbi yrnepoja COOTBETCT-
BYIOLLUEA KOHMUrypauuu, nosyyeHHble CUHTE30M APYruX YrneBofOpPOAOB,

- MCMOMb3ywliMe OTYacTWM YraAeBOJOPOAbI, OTYacTbl KUCMOPOAO-COAEp-
Xalme UHTepMeaunepsbl.

Ons nponsBofCcTBa WM30MpeHa BOOGLE XapaKTepHO, 4YTO ero noTpe6-
HOCTb B MEPBUYHbIX 3aTpaTaxXx CpPaBHWUTENbHO BbicOKAa. CymMMapHble 3aTpaThl
CpaBHUTENbHO He  BbICOKME NpW Npou3BoACTBe u3onpeHa u3 Cb5-gpakuymm
nupo6eH3nHa, HO Ccepbe3HOW npobnemoit 3fecb sBAAETCA AOCTATOYHO Bbl-
cokass noTpebHocTb B 06beMe 3TuNeHa AN 06ecneyvyeHUss COOTBETCTBY-
lowero konmyectsa Ca-pakuyuu.

BaxkHelllume ycnoBWSi  HaMepeHHOro pocTa MNPoM3BOACTBA LMWC-NOJM-
naonpeHa CBOASITCSH K CleAyloLEeMY:

- cTabunusaums LeH Kay4yyKOB Ha AOCTAaTOYHO BbICOKOM YpPOBHE,
- peleHWe BoOMpoca MCMNOMb30BaHMSA MOGOYHLIX MPOAYKTOB MNPOLECCOB.



Hungarian Journal
of Industrial Chemistry
Veszprém
Vol .2. Suppl.pp. 277-292 (197*0

ESTIMATION OF THE PHYSICO-CHEMICAL DATA OF HYDROCARBON
REACTIONS BY RADIOCHEMICAL METHODS
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Budapest)

When alkane hydrocarbons are irradiated their
chemical bonds dissociate in the following increasing
order: primary < secondary < tertiary < quarternary.
The radiolysis of cycloalkanes is enhanced by their
strain energy: Rings of 32t carbon atoms break up very
easily, partly by a multiple C-C bond dissociation,
whilst for c7-ci0 cycloalkanes hydrogenation is more
frequent. The radiolysis of alkenes is similar to that
of alkanes, but the bond dissociation is influenced by
the position of the it-bond. The G(H2) value of alipha-
tic alkenes can be estimated from the H-increments of
G(Ha).

For the past ten years, experiments were carried out at the
Isotope Institute to establish the relationship between the chemi-
cal structure and the bond dissociation (by radiochemical methods)
of hydrocarbons. The authors studied the radiolysis of straight-
-chained and cyclic, as well as saturated and unsaturated hydro-
carbons, and hydrocarbon systems of various carbon numbers. The
evaluation was performed by the gas chromatographic analysis of
products liberated at 25-35 °C in the liquid phase as a result of
the y-radiation of radioactive isotope 7 °Co possessing an energy
and dose of 1.17-1.33 MeV and 3-8 Mrad respectively [1]-The yields
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are represented by the G-values, i.e. the number of molecules dis-
sociated, or molecules, atoms, radicals and ions liberated by the
absorption of radiation energy of 100 eV.

In the following discussion, some examples are given of the
research results Which shoved a correlation between the energetic
states of the hydrocarbon molecules and radiolysis.

The Effect of Branching on the Radiolysis of Aliphatic Hydrocarbons

In the past few years, many articles have been published on
dehydrogenation effected by radiation, 1i.e. the relationships
between the C-H bond dissociation processes and the molecular
structure [2]. It was established that the radiochemical dissocia-
tion of C-H bonds is influen-
ced by the position of the
carbon atom (i.e. primary and
secondary, etc.) and the bond
energy [3, 4, 5] (Figure 1.)

Figure 2. shows the ra-
diochemical yields of the im-
portant hydrocarbon products
(grouped according to the
number of carbon atoms) obta-
ined by the irradiation of
hexane isomers and illustra-
ting, in general, the C-C
bond dissociation of the mo-

Ed kcal.mole 1

lecule [6]- _It_ can be seen Fig.l. The dependence of radiolytic
that the majority are frag- dehydrogenation of aliphatic

= hydrocarbons on their bond
mept products, that is to say, dissociation energies. [ [if]
C-i-Cs hydrocarbons of a mole- o [3, 5]

cular weight smaller than that
of hexane, but the yield of C74 fraction was also significant.
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The yields of methane increased in the following order of
starting materials: n-hexane < 3-methyl pentane < 2,3-dimethyl bu-
tane < 2,2-dimethyl butane, hence it was concluded that apart from
the definite correlation between the number of methyl groups and
the G(CH4) values, the position of the methyl group also affects
the yield. Indeed, twice as much methane is liberated from 2,2-di-
methyl butane (which contains a quarternary carbon atom) than from
2,3-dimethyl butane (which contains a tertiary carbon atom).

The C-C bond in the neighbourhood of a side chain dissocia-
tes most readily and so it may be said that the methyl group
weakens - as it were - the B-bonds. This is illustrated in the
case of 2,3-dimethyl butane where both branchings weaken the same

bond.

For each C-C bond dissociation two types of products may is-
sue forth; the dissociations of the bond linking primary and se-
condary carbon atoms result in G4 and C5 and that poining tertiary
carbon atoms lead to C3 fragments. The fragments may be simulta-
neously molecular end-products, free radicals or ionic radicals in
an excited or ground state. The yield of fragments may be estima-
ted from the G-values of the end-products of radiolysis.

The following example 1illustrated the method of calculating
the G-value of the dissociation of the bond linking primary and
tertiary carbon atoms [6]:

Ce Ha+t CHa + CsH10+
>

ceH1l4x CHi+ + CsHao

G(CHY)=0.51 Ared(CH«)=+0¢51
CH= + CeH-ji* “m CHi*. + C6HAJds
CHa- +CxHzx+l - CH« + CxHzx
CH3' + CH3* c2He G(C2H6)=0.03 Gred (C2H6 )=+0.06
CH3- + C7H13° - C7H16 G(C=7)=0.20 Gredcec->=+0-20

i”CaH7

H- + C3H6
N*“CsasH=
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CH3" + i-CsH~ A i-Ci*H1

CH3- + M“C3H7 n-C4H10
p G(C«)=0.50 Gred(C,,)=+0.50
CH3 + csHe - CaHg=*
1| C4H1o
C,,H9- <
C4H8
i-CsH7 - CH3* + C2H, G(C2H,)=0.07 Gred(C2H,)=-0.07
EGred = +1.20
EG
For the dissociation of prim.C and tert.C G = — [3% =0.30

By preparing a balance of the C-C dissociation products, the
G-values of the dissociation of each bond shown in Figure 1. were
determined. The dissociation
energies of C-C bonds expres-
sed in kcal mole-1 are shown
below the valance lines. It
can be seen that a relation-
ship between the frequencies
of bond dissociation and the
dissociation energies exists
(Figure 3.).

The corresponding G(C-C)
values are shown in Figure 2.
above each bond of the hexane
isomers studied by the au-
thors, using the earlier men-

tioned method. The standard
Fig.3. The dependence of the radio- - P -
lytic  carbon chain decompo- bond dissociation energies

sition of alkanes on the car- are shown below the bonds.The
bon number of the fractions
and its bond dissociation dependence of the values are
energy represented by the curve C6
in Figure 3. According to the data, the very slight differences
observed amongst the dissociation energy values are significantly

influenced by the dissociation processes of the irradiated molecu-
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les_despite the fact that the energy level of the excited, ionized
(therefore activated) molecules before dissociation is very high
(c. 250 kcal"mole-1) compared to the dissociation energy.

The relationship was extended to the C2-Ce aliphatic hydro-
carbons on the basis of literature data [3, 7-11]. The shifting of
the bond dissociation energy vs. G-value curve as a function of
carbon atoms shown in Figure 3. may be accounted for by the fact
that the probability of the excess internal energy of the activa-
ted alkane molecules (consisting of many carbon atoms) localizing
itself around the given C-C bond (or degree of freedom) is slight
and the rate of disactivation (not accompanied by dissociation)
increases as the length of the carbon chain increases.

The Effect of Ring Structure on the Radiolysis of Aliphatic
Hydrocarbons

The formation energy termed strain energy possessed by cyclo-
alkanes in excess of that of the corresponding unbranched hydro-
carbons, significantly affects the reactivity of cycloalkanes. The
numerical values of the strain energies of the ¢3, C«, C5, C6, C7,
C8, and Ciwo are 27.6; 26.2; 6.3; 0.0; 6.4; 9.9 and 13.3 kcal-mole"
respectively [123.

From the data shown in Figu-
re 4., it can be seen that the
G(Ha) values increase with the in-
creasing number of carbon atoms
within the cycloalkane rings.

The extremely small G(H2)
values [13] for cyclopropane and
cyclobutane can be accounted for
by the relatively Jlow values of
the bond dissociation energy

(103 kcal*mole_1) of the C-H Fig.l. The components of the C-C
bond dissociation energy
bonds [13]. As a result of C-H of n-pentane and cyclopen-

brad dissociation, the hybridiza- tane

Carbon number of ring
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tion state of the carbon atom changes from sp3 to sp2, its bond
angle from 109.5° to 120° so that the angle strain increases,which
is unfavourable to C-H bond dissociation.

The G(H2) values for cycloheptane, cyclooctane and cyclodeca-
ne are low because there exist repulsive van der Waals forces among
the unfavourably situated hydrogen atoms of the cycloalkanes. The
strain within the molecules is mainly caused by the said forces
[14]. These repulsive forces weaken the C-H bonds and enhance the
dissociation of the latter [15].

Figure 5_shows the over-
all G-values of unbranched, ra-
diation-activated cycloalkanes
whose C-C bonds dissociate and
the G-values per C-C bond, for
which it is assumed that all
carbon atoms or C-C bonds are
equivalent. From the diagram,
it follows that the yield of
the dissociated C-C bonds and
the G-values of the C-C disso-
ciations per C-C bond decrease
with the increasing number of

Fig.5- The dependence of radioly- .., phon atoms in the molecules,

tic carbon-chain decompo- _ _ i _ -
sition of cyclohexanes on i.e. the increase in ring size
the ring size [15].

The strength of the C-C bonds in cyclopropane and cyclobutane
can easily be observed in thermal decomposition reactions, where
relatively low activation energy is needed for their rings to
break up. Their bond strength is considerably lower (by, at least,
15 kcal™"mole-1) to that of straight-chained alkanes [13, 16-18]
Thus, in the course of reactions induced by radiation, they undergo
a considerable ring decomposition.

By representing the G(C-C) values corresponding to each of
the cycloalkane bonds as a function of the strain energy [13] (Fi-
gure 6), it is seen that the apparently obvious assumption that
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straining enhances ring decomposition is valid only within the
C3-Ce range.

Despite the fact that
ring decomposition accompa-
nied by the liberation of
the total strain energy is
a thermodynamically favou-
rable reaction, the rate of
formation of the C-C decom-
position producta in the
case of non-cyclic C7-C10
cycloalkanes is less than
that observed for n-alkanes,
indeed the yield of ring
decomposition products de-
creases with the increase
in strain energy. It can be Fig. 6. The dependence of carbon-
concluded from the extraor- chain decomposition of cyc-

loalkanes on the carbon num-

dinarly low G(C-C) values ber of rings and ring strain
that the strength of their energy
C-C bonds is relatively high [15, 19]. This phenomenon can be ex-
plained by the fact that in cycloalkanes with more than six carbon
atoms {> Ce) the repulsive van der Waals forces among the hydrogen
atoms become so significant that more energy is needed for the dis-
sociation of the C-H bond than for that of C-C bond.

From Figure 4. it is observed that the extent of the bond dis-
sociation of methyl, ethyl cyclopentanes and cyclohexanes is grea-
ter than that of cyclopentane and cyclohexane .This is In agreement
with the fact that these molecules possess tertiary carbon atoms
that are linked to C-C bonds whose strength is lower than other
C-C bonds [20].-

The following diagram shows the dissociation G values of
some C-C bonds of alkyl cyclohexane:
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0.03

The C-C bond dissociation of molecules, therefore, takes
place, in most cases, at the spot where the molecule branches out
and which has the least bond energy. This is similar to the radio-
lysis of non-cyclic alkanes.

The Effect of i-Bond on the Radiolysis of Alkenes

Table 1.summarises the yield of hydrogen liberated when some
aliphatic monoalkenes are irradiated. The data indicate that the
G(H2) value very much depends on the structure of the molecule.
While deviation between the homologues of various carbon numbers
is considerably small (Figure 7), the differences between the iso-
mers are great. For instance, the G(H2) values of 1-hexene, 2-he-
xene and 3-hexene are 0.90, 1.37 and 1.64 molecule/100 eV respec-
tively.
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The it-bond has a basic
effect [23, 27] on the radio-
lytic decomposition of alke-
nes similar to that observed
for cracking [28] or photo-
chemical decomposition [29].
The o-bond situated in a 6-
position to the n-bond dis-
sociates about ten times as
easily as the bond in the
a-position and this 1is in
agreement with the energetic
conditions. For instance.

Fig.7- The dependence of radiolytic the dissociation of the pri-
dehydrogenation of monoalkanes on mary allyl C-H bond requires

the carbon number and ring strain
energy of the molecule, a) 1-alkene, less energy (by 16.5 kcal*

b) cycloalkane, <¢©) ring strain emole-1) than the primary
??gggé; ~-- cls-isomer, -..- trans- vinyl o-bond [12]. This In-

dicates that the unpaired
electron liberated during bond dissociation delocalises itself
around the n-bond (allyl resonance) and consequently energy is li-
berated.

Figure 8.shows the spe-
cific hydrogen yield of allyl
hydrogen atoms of various or-
ders as a function of disso-
ciation energy. The corres-
ponding bond energies can be
estimated from the G(H2)/H
data.

3.333-G(Ha)/H

E = ——mmmm X kcal emole-1
3.612x10-2

dissociation energy kcal_mole*“1
The radiolytic decompo-
Fig.8. The dependence of radiolytic

dehydrogenation of aliphatic alkenes sition of cycloalkenes, like
on bond dissociation energy cycloalkanes, differs from
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that of the corresponding aliphatic hydrocarbons (Table 2); e.g.
the G(H2) value of cyclohexene is smaller by 20-25 % than that of
3-hexene, even though both contain four allylsituated secondary
carbon atoms each. The G(H2) value for the cycloalkene homologues
are not a monotonous function of the molecular weight, probably
because of their considerable spatial arrangement, as opposed to
the aliphatic alkanes. The conformation of C7-Ci cyclohexenes
somewhat hinders the occurrence of allyl resonance [24], conse-
quently the bond energy of the allyl bonds is greater than that of
the corresponding straight-chained compounds. This deviation is
negligible for the C-i2 ring.

Table 2. The G(H2) values of cyclic alkenes, the number and order
of the various bonds [2if]

Allyl C-H Non—
Compound gh2) ) Secon- )
Primary dary Tertiary allyl
Cyclopentene 1.20 - k - i
Cyclohexene 1.19 - k - 6
Cycloheptene 0.98 - k - 8
cis-Cyclooctane 0.85 - k - 10
cis-trans-Cyclodeeene 1.02 - Kk - Iit
cis-trans-Cyclododecene 1 .60 - i - 18
1-methyl-Cyclohexene T 8o 3 i - 5
3-methyl-Cyclohexane 1.30 - 2 1 9
It-methyl-Cyclohexene 1.18 - it - 8
Methylene-cyclohexene 0.75 - i - 8
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Comparison curves c and b
in Figure 7 shows that for
Ce-Cw rings, there exists a
close negative correlation
between the strain energies and
the G(H2) values. This depen-
dence is, however, represented
in Figure 9 and it is clear
that a tenfold 1increase in the
strain energy results in a
20-30 % s rease of G(H2) value.
This may be because the compo-

Fig.9- The dependence of radioly- nents of strain energy (angle

tic dehydrogenation of cycloalke- - - -
nes on the carbon number of rings strain, bond stretching, torsi

and strain energy onal and van der Waals repulsi-

ve forces) vary in a different
manner to the ring carbon number. This problem 1is still being
studied.
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PE3HQVE

HekoTopble cBA3M anupaTUyeCHUX afKaHOB B C/AeACTBUE BO3AeNCT-
BUA 06/1yyYyeHUss pasnarakwTca B C/eAylOLWEeM HapacTallwem nopsafKe BepoAT-
HOCTW  pas3fioKeHUs : MNepBUYHbIE < BTOPUYHbIE < TpPeTUYHble < YETBEPTUY-
Hble. Pagnonumancy LMWHA0-aNHaHOB CNOCOGBCTBYET W 3HEPrusa Ccuabl Hanpsa-
XXeHUA: Ans  Koney c  3-4 aTtomamu yrnaepoja XapakKTepeH MrHOBEHHbIA U
4acTo MHOFOHpaTHbIn pa3pbiB C-C cBs3n, a agna Ce“Cio-LiMHnoanHaHoB
BaXKHEWLLMM Mpoueccom sABAAeTCA JerngporeHusaumsa. PaguMonnmanc ankeHoB
aHanorMyHo npoTekaeT C PagMmonM3MCOM alkaHOB, HO W MeCcTO CBA3U N
CYWeEeCTBEHHO BAMSAET Ha pasfioxeHue. 3HayveHne G(Ha) anudpartumyecHux an-
KEHOB MOXHO OLEeHMBaTb 3Hass WHKpeMeHTbl G(Ha) /H
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ENVIRONMENTAL PROTECTION RESEARCH IN THE HUNGARIAN OIL
AND GAS RESEARCH INSTITUTE

R. CSIKOS

(Hungarian Oil and Gas Research Institute, Veszprém)

The publication deals with the environmental
protection research being carried out in the Hungarian
Oil and Gas Research Institute, and with the achieved
results. Concerning the smoke reduction of diesels,
detailed results are given of tests, where using dif-
ferent additives, the soot content of the exhaust gas
can be reduced by more than 50 %. Apart from this, a
short account is given of the test results relating to
the decrease in the lead content of high octane gaso-
lines. In addition, the publication summarizes the
test results achieved using semi-plant scale equipment
and a catalyst developed for the catalytic after-bur-
ning of organic contamination found in exhaust gases
that is uneconomical as far as recovery 1is concerned.
In the review the optimum circumstances needed for the
catalytic after-burning of different materials are
also mentioned.

In conclusion the publication discusses the evo-
lIution made in the Institute on development and proto-
type use aimed at the rapid and secure determination
of organic and some inorganic components that pollute
the environment.

Alongside increasing industrialization on a world-wide scale,
environmental pollution is continually intensifying. One of the
major problems at the present time 1is to find the ways and means
to halt further contamination. Strict official regulations induce
investors, research and planning organizations to effectuate new
procedures so that they meet official requirements concerning a
decrease in damage to the environment.
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Many problems have arisen connected with the Institute”s
professional sphere of activity and Hungarian circumstances. Al-
though a decrease in environmental pollution is expected from the
large increase in the use of hydrocarbons, there are, however,
some Fields where appropriate steps must urgently be taken.

Research has been carried out into these problems for some
years now, and the introduction of research results has also come
into prominence in certain fields. The problems arising in Hungary,
concerning professional activity can be divided into three groups :

The First group involves those problems arising from the ra-
pid development in the use of hydrocarbons, here the rapid in-
crease in the number of motor vehicles, the Otto and Diesel engi-
nes and the exhaust gases originating from the motor fuel used
cause a problem, especially in the towns. Decreasing pollution of
this type is an important assignment.

The second research field is on gas, solid and fluid conta-
mination, which has to be accounted for with the 1increase in the
number of chemical industrial plants, primarily those establish-
ments of the organic chemical industry.

The third field of research is to determine environmental
pollution, follow it up and obtaining the required equipment, work
out the required preventive methods.

The most iImportant trends and the results achieved are
briefly reviewed here.

In Hungary the number of petrol engines and Diesel vehicles
is rapidly increasing, and this trend is similar to that in other
countries with a well developed industry. The increasing use of
Diesel vehicle motors results in intensive pollution of the envi-
ronment throughout the world, mainly by soot and cancer causing
materials, which create health and transport problems [1]-

It is very complex task to solve this problem and investiga-
tions were carried out in the Institute using these fuels,together
with research work on the concerned development tendencies. In the
tests various foreign and Hungarian smoke decreasing additives
were tried out, and their effect was checked.
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The Institute collaborated in this work with the Institute
of the Automotive Industry and the Hungarian National Oil and Gas
Trust. During laboratory bench tests the smoke reduction obtai-
nable was ascertained, alongside the additionally occurring effects
when using certain additives

As a result of the large scale tests it was found that first
of all additives of large barium content and of high basicity
proved to be effective, and regarding economic use, such materials
can be taken into consideration.

On the basis of the test results it was ascertained that the
quantity of the high boiling-point fractions in gas oil, that is
the temperature belonging to the 96 w% distillation point had a
significant influence on the soot content of the exhaust gas and
the efficacy of the smoke reduction.

This correlation is shown

moO

on Figure 1, where the amount
of soot is shown in the func-
tion of the additive concen-
tration and the boiling point
limit the fuel used.

During the tests it was
found that the soot content of
the exhaust gas is also affec-
ted by the sulphur content of
the diesel oil_But the sulphur
content not only had an effect
on the soot content, but also
influenced the efficacy of the
additives applied. The test
results are indicated on Figu-
re 2, which shows that when
using 0.25 w% additive, the
soot exhaustion with the 0.45-
-0.5 w% sulphur containing gas
oil 1s 50 % lower than origi-

Fig-1 nally.
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As a trial of the carburation coking model, laboratory tests
were carried out on the "Panel Coking" equipment and it was found
that under the known carburating temperature conditions of Diesel
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motors, the smoke reducing additives chosen may suppress the deg-
ree of sediment formation by an order of magnitude or even comple-
tely (Figure 3). The actual effect can be controlled by a long-run
plant application test.

Further tests were carried out using additives, which had
provided good results in soot reduction, to see the additional ef-
fect to be accounted for, during application. In order to answer
the question, 150 hour multilateral [long-time tests were carried
out. On the basis of these tests it can be stated that the use of
the additives does not disadvantageously influence the run of the
Diesel-motors, in fact they were found to be advantageous in the
following :

- reduced wear iIn the most important structural elements of
the motor,
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- the degree of deposit decreased on the surface of the pis-
ton,

- coking on the fuel injector diminished.

During the tests it was also found that the Diesel fuel addi-
tive is advantageous in maintaining the basic characteristic of
the lubricating oil additive and its dispersive effect, and as a
consequence of this, an increase in the oil change cycles can be
expected. If this can be proved on large scale plant tests, the
consumption of motor fuels and lubricants may change more favou-
rably.

Taking into consideration the possible point use in the fu-
ture, an investigation was made into the influence of the "Flow
improver”™ type smoke reducing additives on the cold point of the
diesel fuel and on its cold viscosity characteristics.

It was found that when jointly using certain additives a
slight antagonistic effect may occur, therefore the additives must
be chosen with care when used parallel.

At present large scale tests are being carried out using ad-
ditives that proved to be suitable in the laboratory tests, on
automobiles situated in two garages, to ascertain if the results
obtained in the Ilaboratory can be achieved under large-scale con-
ditions. The tests will presumably be completed by the end of this
year or the beginning of next year, after which it will be seen
whether the use of additives is advantageous, and also if the con-
ditions are provided for introducing the doped oil, mainly in
large towns.

Tests have been carried out to produce an organic component
of petrochemical origin, which has a high octane number. Trial
blendings were carried out on samples produced on a large labora-
tory scale. This new-composition gasoline was qualified in a full
scale motor by the ‘'Europa Test" method. Both the bench and the
motorway readings showed favourable results. Consequently a non-
-leaded gasoline could be produced, with which the discharge of
the harmful carbon monoxide and hydrocarbon exhaust gas also proved
to be more favourable.
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Manufacturing technology and the application of technical
tests connected with this are now iIn progress.

With the increase in the number of different works, an ever
increasing quantity - although in small concentration - of hyd-
rocarbons harmful to the environment are getting into the atmos-
phere, and can be made innocuous to environment most economically
by catalytic oxidation [2]. This is especially so when the amount
of combustible material is below the ignition concentration. Expe-
riments have been carried out on this for some years in the Insti-
tute. A metaloxide catalyst has been elaborated, containing manga-
nese and iron oxide as main components, and alkaline and alkaline-
-earth metals as promotor [3]- This catalyst has been produced in
the laboratory and on a semi-large scale and was tested to find
out how different organic materials can be transformed into carbon
dioxide, which do not damage the environment. The oxidation of
acetaldehyde was examined 1in detail using this catalyst. This is
shown on Figure 4, the catalytic oxidation of methanol on Figure 5,
and the catalytic oxidation of benzene vapours is demonstrated on
Figure 6. The effect of the temperature and the concentration of
the contamining material were tested in the case of all three ma-
terials .
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The tests undoubtedly show that using the suitable amount of
catalyst, at a temperature between 300-400 °C the examined materi-
als can be transformed with a good conversion to carbon dioxide.

The activity of the cata-
lyst was tested, beside *the
above, in connection with the
burning of different plastici-
zers and plasticizing mixtures.
On the basis of the test results
obtained, semi-large scale
equipment was designed, which
is outlined in Figure 7. The
results gained from the semi-
-large scale tests confirmed
those attained in laboratory.

Concerning the catalyst,
it is essential to mention that
an after-burning device has
been working for 2 years, which

does not serve to burn chemical
Fig.7. 1 - Input of the air to

be purified end gases, but the end gases

2 - Ventilator arising from coffee roasting.
3 - Heat exchanger P

L - Preheater The activity of the catalyst
5 - Reactor during this test period has not
6 - Output of purified air jogqened. At present the desig-
7 - Preheater

ning and construction of a small
plant serving to after-burn gases with high plasticizer content is
in progress in a plastic-processing factory.

One of the results achieved by the Institute in the research
work connected with the development of test methods and equipment
was the elaboration of two portable measuring devices, which to-
gether can be used or can be made suitable with certain modifica-
tions to measure the concentration of several organic and inorga-
nic air pollutants [4, 5]. The ™"Sulphodet” device operates on the
principle of electron capture and makes it possible to measure the
sulphur containing contaminators. The other type of device, the
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""Carbodet" works with a flame i1onization detector and measures or-
ganic air contaminators.

When constructing these devices, stand points were taken
into consideration, according to which the constructed devices are
able to meet those demands, at least to a certain extent, that
arise iIn Hungary and in the neighbouring countries for these Kkinds
of control instruments.

These stand points are the following:

- the lower limit of the measuring range of the device makes
it possible to ascertain the required precise measurement of the
permitted maximal concentration substance (the MAC value) of the
contamination of the work site. It is advisable to take the upper
limit of the measuring range one or two orders of magnitude above
this;

- the device must be portable (that is to say it must be
suitable in both size and weight), the supply must be automatic;

- the handling of the equipment must be simple, and safe in
operation.

The manufacture of these +two devices commenced iIn Hungary,
this year.

The further aim of the present research work is to elaborate
types of equipment suitable for sited, continuous operation, with
the help of which industrial processes and technologies endanger-
ing the cleanliness of the atmosphere can be controlled more effi-
ciently.

In addition to those mentioned, experiments have been and
are still being carried out to remove hydrocarbons from polluted
water, discharged by the various different plants of the oil in-
dustry and petrochemical plants. This removal is made in such a
rapid and effective way, that the waste water can be treated with
the known contaminated water-cleaning equipment [6, 7]-

Test showing favourable results are being carried out in the
Institute to embed radioactive isotopes and different chemical
toxins Ce.g. arsenium] into bitumen.
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It can be seen that these assignments take up a considerable
research capacity. These types of problems, however, are apt to
increase In the future and this is why preparations must be made
in time to solve them.
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PE3HOVE

B ctaTtbe pgaeTca MHQOpMauus O HayuHbIX MUCCefoBaTeNbCKUX pa-
60Tax npoBOAMMbBIX B 06nacTuM OXpaHbl  OHpyxalwel 4vesnioBeHa cpegbl, a
TaHxe O pe3ynbTatax [f[OCTUMHYTbLX B Xoge 3Tux paboT. [y6nukywTcs
noapo6Hbie AaHHble 06 WCNbITaHMsAX B 06/1acTU CHWXEeHUs BbiyCHa fAdbiMa An-
3e/bHbMM  ABUraTensiMmM,  rge npu nomown WCNoNb30BaHWSA pasHbiX npuca-
OOH, Mo pe3ynbTaTaM WUCNbITaHWK, COAepXaHue caxv B BbIX/IONHOM rase
CHM3unocb 6onee 4yem Ha 50% . Hpome 3TOro KpaTkKO W3M0XeHbl pe3ysb-
TaTbl WCNbLITAHUA MNPOBOAUMBIX B 06M1acTVM COKpalWeHUs coAepXaHuss CBUHUA
B BbICOKOOKTaHOBbIX OEH3UHax.

Cnepywuwas 4acTb CcTaTbM 3aHMMaeTCHA KaTaam3aTopamm pa3paboTaH-
HblMM C Uefbld AOCKUIraHUs OpraHnvyecKuUx npumecer B MNPOMbILAEHHBIX KO-
HEeYHbIX rasax, pa3fe/fieHne KOTOpbiX 3KOHOMMYECKU He BbirogHoe. [JaeTtcs
WHpopmauma o pel3ynbTarax [OCTUMHYTbHIX MPW UCMNOMb30BaHUM 3TUX KaTa-
nnM3aTtopoB B MOMYNPOU3BOACTBEHHOM MacwTabe. [py 3TOM pPaccMOTpPeHO
onpegeneHne ONTUMasbHLIX YC/NOBWUIA, HEO6XOAMMbIX AN KaTaluTU4yecKoro
OOCKMIaHUs pasfiMyHbiX BewecTB.

B HOHUe cTaTbu aBTOp coobwaeT O pa3paboTke B WHCTUTYTE Npu-
6opa, npegHas3HayYeHHOro Ansa 6GbLICTPOr0 W HajexHoro onpegeneHus oT-
OenbHbIX  3arpa3HAnWNMX OHpyXawlylw cpefy OpraHM4yeckMx U HeopraHumyec-
KUX KOMIMOHEHTOB, a Takxe O pe3y/nbTarax WCNOAb30BaHWA NpoToTUNa
3Toro npubopa.
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RESEARCH-WORK ON THE PROCESSING OF ROMASHKINO
FUEL OIL RESIDUE

G. MOZES and S. KESZTHELYI

(Hungarian Oil and Gas Research Institute, Veszprém)

The Hungarian Oil and Gas Research Institute has
been working on the processing of Romashkino fuel oil
residue from the early 1960s utilizing domestic oil
resources. This paper briefly summarizes some of the
important results obtained in this field over the past
13-1~ years, and mainly deals with the results of
technological research-work.

From the 1960s onwards significant changes could be observed
in the quantity and composition of the domestically processed oils
The processing of the Romashkino oil imported in increasing quan-
tity from the Soviet Union made it necessary to work out proces-
sing technology that was best suited to domestic requirements and
the development plans the oil processing industry.

From the very beginning, the Institute joined in the task of
processing the Romashkino oil. During the past 13-14 years, Iin
co-operation with the OKGT, DKV and KKV, the Institute solved a
number of technological, unit operational and application problems
and developed several processes and products.
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1. Processing of Romashkino Fuel Oil Residue

The aim of the Institute®s initial research was to establish
the type and yield of products obtainable from the Romashkino re-
sidue by applying the classical processing procedure shown in Fi-
gure 1. In these experiments the aim was to produce the largest
possible stocks of motor oil and residual oil. Therefore, during
vacuum distillation, products coming within the boiling ranges of
spindle oil and motor oil distillates were not separated.

Vacuum
Gas Oil
Bitumen
Fig.l. Classical processing of Romashkino residue

At that time, the oil stocks and residual oils applied in
our experiments were produced at the vacuum distillation plant of
the pidny Oil Industrial Company. Table 1 shows the characteris-
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Table 1. The characteristics of vacuum distillation products
obtained from 52 1 atmospheric residue

Property SEZI P?rafflnlc oil Bitumen
Light Heavy
Yield per crude, % 52.8 8.2 11.8 30.1
Yield per residue, % - 15.8 21.3 57.5
Density at 20 °C 0 .951»0 0.8887 0.9193 1.008
Refractive index at 70 °C 1.1*765 1.1*91"6 “
Viscosity, cSt
at 20 °C ~ 21.10 ~ “
at 50 °C 7.56
at 100 °C 32.1 - 9.17 -
Conradson number, % 8.8 0.03 0.38 18.6
Pour point, °C +3 +10 +37
Flash point (Marcusson!l, °c 175 25F -
Paraffin content, % - 8.0 12.1 2.0
Asphalt content, % - - - 5.0
Ash content , % - 0 0 0.075
Softening point, °C - - - ¥
Penetration at 25 °C - - - 220
Ductility at 25 °C, mm - - - 1,000
Molecular weight “ 272 106 —
Ring analysis
CA - 19.3 19 -
CN - 22.9 18.2 -
cp - 57.8 62 .F -
ra - 0.62 0.9 -
n - 0.85 1.15 =~
Elemental composition
Cu - 85-50 85.20 -
H % - 12.50 12.20 -

S % - 1.89 2 .00~ 3.28
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tics of the products obtained during the Ffirst series of plant ex-
periments. Paraffinic distillates (consisting of 8.2 wt.% light
and 11.8 wt.% heawy distillates) were obtained from the 52 wt.% of
atmospheric residue. Both distillates had comparatively low visco-
sities, whereas the vacuum distillation residue was a bitumen and
had a softening point of 44 °C and a penetration of 220 1/10 mm at
25 °C.

In both the laboratory and plant experiments, the vacuum dis-
tillation residue was deasphalted with propane, the residual oil
and heavy paraffinic distillate were solvent-refined with phenol
and the raffinates were dewaxed. The refined products were finally
submitted to heat contacting and acid treatment.

T

- Top residue

- Vacuum distillation

- Residue

- Propane

- Gas oil

Heavy paraffinic
distillate

- Light paraffinic

distillate

- Residual oil

- Extract bitumen

- Phenol

10 - Extracts

11 - Methyl ethyl ketone

12 - Petrolatum

13 - Crystalline slack wax

Iit - Spindle oil

15 - Motor oil

16 - Bright-Stock

©O~N O UmwN PR
I

Fig.-2. The material balance for the processing of the Romashkino
crude

Figure 2 shows a mass balance illustrating the results of the
studies performed on the processing of Romashkino oil. The dewaxed
oil with a viscosity of 7.7 cSt at 50 °C and a pour point of -13°C
produced from the light paraffinic distillate (6) may be used as
spindle oil. The raffinate (15) of a yield of 7.8/wt % oil, visco-
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sity index of 80, viscosity of 43.9 cSt at 50 °C and pour point of

-10 °C produced from the heavy paraffinic distillate (6) with a

viscosity of 9.17 cSt at 100 °C and Conradson number of 0.4 wt %

belonged to the motor oils then used In Hungary. |In addition to

the raffinate (@6) with a viscosity index of 81, a yield of

3.4/wt % oil and a pour point of -10 °C produced from the deasphal-
ted oil (7) under optimal conditions, a bright-stock was obtained

with a viscosity of 22.3 cSt at 100 °C. The motor oils and bright-

-stock possessed suitable properties and therefore met the requi-

rements of those days.

2. The Production of High Viscosity Oils

From these initial experiments it was observed that under the
said conditions of vacuum distillation and propane deasphalting,
motor oil stocks with a viscosity higher than 40-45 cSt at 50 °C
can be produced only by mixing with bright-stock and motor oil
having a viscosity of 40-45 cSt.

According to the previous Soviet literature and the own re-
search, motor oils of higher viscosity cannot be produced by dis-
tillation as the required distillates contain a high quantity of
resinous materials. At the same time, the production of bright-
-stock is considerably expensive due to the comparatively high re-
fining losses, the circulation of a large quantity of propane and
the high yields of paraffins.

Therefore, it was justified to consider which are the most
suitable and economical procedures by which the possibilities of
preparing high viscosity products could be widened.

Research work was carried out in two directions :

1. The possibility was examined of preparing from the Romash-
kino residual oil, vacuum residue with yields of 25 and 20 wt %
instead of 30 wt % and the conditions for refining the recovered
heavy oil destillate and the properties of the product obtained.
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2. The possibility was examined of improving the economic
feasibility of propane deasphalting.

From the examination of the first problem, it appeared that
through an appropriate method of operation, in addition to bitumen
with a softening point of 55 °C and yield of 20 wt %/oil, heavy
distillate having a yield of 8.3 wt %/residue, a viscosity of 20
cSt at 100 °C and a Conradson number of 2 wt % was obtained which
could be refined in phenol with no special difficulty. The raffi-
nates obtained in this way are characterized by the example shown
in Table 2.

Table 2. The characteristics of the oil raffinate obtained from
the refining of Romashkino heavy oil distillate

Yield per atm. residue, wt % 5.7
Density, dz° 0.8962
Viscosity
cSt/37.8 °C 210.98
cSt/50 °C 106.50
cSt/98.9 °C 15.80
cSt/100 °C 15.13
Vo L 81
Pour point, °C -12
Conradson number, % 0.1*0
Flash point, ©°C 275
Oxidation stability, Va/Vi 1.5
C3-C1 1.7

It can be seen that in this manner, a product with a viscosity in-
dex of 80, and pour point of -12 °C, a viscosity of 15 cSt at 100
C can be obtained, whose yield is 5.7 wt % per atmospheric resi-
due. Contrasting this with the product having a viscosity of 23-24
at 100 °C, similar viscosity index and pour point, a yield of
about 8 wt % obtainable from the propane deasphalting of 30 % pet-
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roleum tar, it become obvious that the preparation of heavy oil
distillate, whilst leaving out the deasphalting operation, ensures
that high viscosity components of valuable lubricating properties
are withheld in the bitumen.

However, it was worth while to deal with the second problem
which concerns the improvement of the economic feasibility of the
propane deasphalting process.

In one instance, a heavy distillate with a viscosity of 20
cSt at 20 °C was mixed with the 30 % vacuum residue in 4:1 ratio
and the mixture thus obtained was submitted to propane deasphal-
ting. The result was that while in the case of pure 30 % vacuum
residue, deasphalting the quantity of material to be deasphalted
per unit amount of end-raffinate was sevenfold, this procedure en-
sured a sixfold ratio only. However, it is true that the yield of
obtainable end-raffinate of a viscosity of 21 cSt at 100 °C, vis-
cosity index of 84 and pour point of -12 °C per atmospheric resi-
due was less by 25 %, while, at the same time, the output of the
propane deasphalting plant could be raised by 40 % with this pro-
cedure.

By another method, the propane deasphalting could be carried
out in two steps, and so three products could be obtained, namely
residual oil, resin and bitumen. Table 3 contains some of the im-
portant characteristics of this procedure, using 30 % Romashkino
vacuum distillation residue. By applying a volume ratio of 1:6 of
basic material and propane in the extraction column (1), the over-
head products were oil and resin, obtained together and the bottom
product was bitumen. The overhead products, a propane solution of
oil and resin, were passed iInto column (2) where they met a
further volume ratio of 1:2 of basic material and propane, and re-
sidual oil as overhead product and resin as the bottom product
were obtained. The quantity of residual oil obtainable from the
two-column technology equalled the yield obtained from the classi-
cal single column technology, whilst in addition to the residual
oil 13 wt % of the resin was recovered.
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Table 3. Two-column propane deasphalting of Ronashkino vacuum
residue

Main plant characteristics of the process

1. column top temp. 56 - 58 -°c
2. column bottom temp. U8 - 51 °c
1. column top temp. 82 - 8U -c
2 . column bottom temp. 69 - 71 °c

Material balance data, wt %

Feed Oil Resin Bitumen Loss

Per raw material
fed in 100.0 29 * 12.6 51.2 6.8
Per residue 53.3 15.7 6.7 27.3 3.6
Per crude 30.8 9.1 3.9 15.8 2.1

Characteristics of the products

Oil Resin Bitumen
Viscosity at 100 °C, cSt 28 113 -
Conradson number, wt % 1.3 5.U -
Softening point, °C - - 80
Penetration at 25 °C, 0.1 mm 6

3. Utilization of the Resin Recovered from the Vacuum Distillation
Residue

For research-work on the utilization of the resin obtainable
from the two-column technology, two sides of the problem were con-
sidered.
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In co-operation with the NAKI, a procedure was developed in
which the resin was hydrogenated, solvent-refined and dewaxed, and
depending on the refining conditions, in addition to a yield of
50-80 %, oil raffinates having a viscosity of 15-25 cSt at 100 °C
and viscosity index of 80 could be produced.

In co-operation with DKV, NyKV and the Hungarian Cable Works
another process was developed in which good quality cable insulat-
ing material was produced from the resin in the absence of a pro-
pane solution of polymeric or pine gum, but with the help of acid
treatment and decolorization performed under the suitable conditi-
ons. From studies of the production and cable impregnation proces-
ses performed at plant level, resins having viscosities of 60-140
cSt at 100 °C and Conradson numbers of 4.5-5.5 wt %, were chosen
as the raw material for the cable insulator.

Table 1. Properties of cable insulating materials

Viscosity, cSt

at 80 °C 98 - 200
at 100 °C *7 - 80
at 0 °C I - 19
Density at 70 °C 0.898 - 0.912
Sulphur content, wt % 1.8 - 2.2
Pour point, °C +10 - +1'8
Frass break point, °C under -30
Acid number, mg KOH/g 0
Ester number, mg KOH/g 0
Dielectric loss factor at 100 °C 10 X o=
Specific resistance at 100 °C
Ohm-cm 1.1 x 1013 - 2.0 X 1013

Table 4 shows the characteristics of the insulator prepared
from the resin having a viscosity of 59.5 ¢St - 147 cSt at 100 °C.
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Application studies proved that the quality of cable insulators ob-
tained with this process equalled that of foreign produced insula-
tors.

4. The Preparation of Industrial Oils from Romashkino Light
Paraffinic Distillate

In addition to the research-work on the processing of the Ro-
mashkino vacuum distillation residues, laboratory, semiplant and
plant experiments were simultaneously carried out on the proces-
sing of light paraffinis distillates boiling between 290-405 °C
into industrial oils. Dewaxing experiments were carried out in
acetone-benzene-toluene solvent on these distillates. The aim of
these studies was the establishment of the relationship between
the most important operation parameters of dewaxing, such as the
optimal solvent composition, the maximum acetone content, the re-
quired amount of wash liquor, the sharpness of separation and the
properties of the products.

Here those studies are mentioned which helped us in estab-
lishing the production technology of transformer oil from the Ro-
mashkino oil.

In the preparation of transformer oil from the paraffinic
oils, first and foremost, the establishment of the required low
pour point, low cold viscosity and sufficient gas stability was
the main problem. To solve this problem two methods were consid-
ered.

a) dewaxing at low temperature of 40-50 °C, or

b) lower degree of dewaxing followed by the application of
additives for the improvement of pour point and gas stability.

Considering our domestic resources, the latter method was
chosen.

In this case, the pour point depressant had to meet a number
of requirements. Obviously, in addition to improving the low vis-
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cosity characteristics, it should not damage the dielectric con-
stants of the oil, during the application of the doped oil, pour
peint reversion should not take place and the additive, under the
transformer conditions, should not spoil.

From our production and
application studies, both at la-
boratory and pilot plant level,
it was established that by cho-
osing the suitable pour point
depressant of the polimeric type,
these requirements could be ful-
filled. From these studies it
was ascertained that in the case
of Romashkino basic materials of
high sulphur and resin content,
the suitable oxidation stability
of the transformer oils could be
ensured only through solvent re-

fining. The oxidation stability
Fig.3. The electrical loss factor

and sulphur content of the trans- depended to a considerable ex-
former oil produced from oil of tent on the boiling point range
Xar;oug boiling point ranges . and the sulphur content of the
. Basic oil boiling point range:
300-1t00°C i starting material. From Figure 3

2- Bai$i—§55°50|llng point range: 4t can be seen that the electri-
3. Basic oil boiling point range: cal loss factor measured after
350-1+007¢C the oxidation study shows an op-
timum as a function of the sulphur content of the transformer oil.
The optimal point is a function of the boiling point ranges of the
starting distillate. If the product boils at a temperature between
300-350 °C, the optimal sulphur content is 0,8-1.0 wt %, but if
the boiling point range of the transformer oil is 350-400 °C its

sulphur content is 0.6-0.8 wt %.

As for the gas stability, the transformer oils were expected
to be gas acceptors. As is well known, transformer oils from naph-
thenic oils are strong gas acceptors, whilst products from paraf-
finic sources are gas donors. It was established that Romashkino
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transformer oils prepared under the correctly chosen conditions
satisfied the requirements with regard to the above fact.

Application studies were carried out on the transformers,

using - since 1967 - transformer oils containing a combination
of pour point depressants and inhibitor-passivators prepared ac-
cording to our procedure. The results have - so far - proved

that the production of high quality, high stability transformer
oils from Romashkino was feasible.

5. The Preparation of Microcrystalline Paraffins and Paraffin
Products of Special Properties from Romashkino Residual Oil
Petrolatum

In the course of lube oil production from the Romashkino oil
of high paraffin content, side-products, slack waxes, as well as
heavy oil and residual oil
petrolatum containing va-
rious macro and microcrys-
talline paraffins were ob-
tained. Therefore, the
possibilities of producing
macro and microcrystalline
paraffins and their quali-
ty were studied in detail.

On the basis of the
laboratory and pilot plant
experiments it was conclu-
ded, for example, that by
solvent deoiling of the
Romashkino residual oil
petrolatum, raw microcrys-
talline paraffin with a
yield of 40-45 wt % could

be prepared, which fulfil- Fig.i. Relationship between the impor-
led Hungarian standard re- tant characteristics and the yield of
microcrystalline paraffins, x MEK,

quirements. It is inte- o MiBUK; A MnPK
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resting to note that a product with a pour point of 75 °C, penet-
ration of 12-13 1/10 mm and a yield of 20 wt % was recovered. The
sulphur content of the product having a pour point of 76 °C and
containing 0.5 wt % of oil was 0.16 wt %.

Figure 4 shows the penetration measured at 25 °C and 40 °C
and the pour point of the microcrystalline paraffins as a function
of the paraffin yield. From these facts it appears that for almost
equivalent separation efficiency, separation sharpness and a given
pour point, there was a penetration value which - in accordance
with the given paraffin yield - depended to a small extent, on

the type of solvent and
temperature of deoiling.
Figure 5 shows the selec-
tivity of the solvents ex-
pressed in changes of pour
point and penetration va-
lues as a function of so-
lubility. From these re-
sults, it is clear that
for a given solubility va-

lue, i.e. paraffin yield,
there is a corresponding
selectivity value which
hardly depends on the type
of solvent.

The fractional crys-
tallization of the residual
oil petrolatum of Romash-
kino origin was also stu-
died in detail.

Table 5 summarizes
the conditions of fractio-
nation performed at +30 °C

and +10 °C, and the charac-

Fig.5. Relationship between selectivity teristics of the products
and solubility r

X MEK, MnPK, o MiBUK obtained. From the results,
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it was possible to establish that between +30 - +10 °C and for oil

content of 1.7 wt %, hard microcrystalline paraffins having a pour
point of 70-78 °C could be recovered, whose penetration, at 25 °C,

depending on the oil content, varied from -10 - 30 1/10 mm.Table 6
shows the characteristics of soft mycrocrystalline paraffins pre-
pared in the second stage from the filtered oil at +30 °C. Clearly,
products prepared at 0 °C and -10 °C have high plasticity at low
temperatures, their break point is -26 and -30 °C respectively.

Their penetration for oil content of 0.5-1.5 wt % does not surpass
the value allowed in the standard requirements for paraffin pro-
ducts.

Taking into consideration the yield of hard microcrystalline
paraffins obtained in stage 1, 52-60 wt % of petrolatum was proces-
sed into valuable microcrystalline paraffins of special properties
in both stages.

The products obtained at -20 °C from the oil prepared at +30
°C had plastic properties, however, their break point was below
-30 °C, and because of their high- penetration value, their appli-
cation, iIn the absence of additives, was limited.

For years we have been studying the preparation of paraffin
products of the special properties that fulfilled the utilization
requirements of such industries as paper, household chemical and
foodstuff manufacturing.

In the course of this research, the studies included the do-
ping of macro and microcrystalline paraffins with polyethylene,
polyisobutylene and ethyleneacetate copolymerics, the compounding
of macrocrystalline paraffins with mycrocrystalline paraffins and
the three-component systems consisting of macrocrystalline and
microcrystalline paraffins, as well as additives. In this manner,
a complete series of paraffins of special properties could be ob-
tained. Two diagrams illustrate this fact. Figure 6 shows the pe-
netration at 25 °C and viscosity at 140 °C of the systems consis-
ting of microcrystalline residual petrolatum having an oil content
of 8wt % and a pour point of 53 °C and polyethylene wax having a
viscosity of 1029 cSt at 140 °C and pour point of 97 °C as a func-
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Polyethylene
wax 100 *

Macrocrystalline Microcrystalline
Paraffin 100 % paraffin 100 »

Fig.6. The penetration at 25 °C and viscosity at IUO °C of the
three-component systems. --- Penetration; — Viscosity

tion of composition. Figure 7 shows the tensile strength at 25 °C
and viscosity at 140 °C of the same products.

On the basis of our laboratory and pilot plant production
and application experiments, we processed a complete series of pa-
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Polyethylene
wax 100 %

Macrocrystalline Microcrystalline
paraffin 100 % paraffin 100 %

Fig.7* The tensile strength at 25 °C and viscosity at iho °C of
the three-component systems. --- Tensile strength at 25°C
for a pulling velocity of 50 mm/min.;— Viscosity at lUo°C

raffin products applicable in the paper, household chemical and
foodstuff industries, and their full-scale production was realized
by the Nyirbogdany Oil Company.

The research on paraffins from the Romashkino crude oil also
involved the refining of the paraffins. For the refining of liquid
(at room temperature) and macrocrystalline paraffins, a process
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was developed which involved the regeneration of the silica gel
adsorbent, that was essentially based on the frontal chromarogra-
phy and was realized at pilot plant level. The extract rich in
aromatics was washed down the adsorbent column with the help of a
solvent consisting of acetone, toluene and benzene. The silica gel
charge was regenerated Tfirst by blowing with superheated vapour,
then hot ailr. The regenerated silica gel could then be applied in
the next cycle of refining.

6. The Preparation of Bitumens from Romashkino Basic Materials

DKV produces extract bitumen by the distillation and oxidized
propane deasphalting of a large amount of Romashkino crude.

The earlier domestic bitumen production was based on the pro-
cessing of the Nagylengyel crude oil. Therefore in the 1960s it
was found necessary to improve the quality of bitumens preparable
from the new raw material, develop the required technological pro-
cedures for the realization of the given quality and the suitable
conditions for production.

The fruits of this work could be essentially summarized as
follows: it was confirmed that given the suitable chosen Romashkino
residual oils, extract bitumens obtained by propane deasphalting,
extracts from lube oil refining and heavy oil distillates; further-
more by mixing all these and applying an intensive oxidation tech-
nology, a product of 82/85, according to the national standardized
and DIN quality requirements, could be obtained. Deviations from
these requirements were, 1n practice, (iInsignificant and occurred
only iIn some products, especially in their paraffin value.

The work performed in this field and its results could con-
stitute an article of its own. Here two tables only are presented.
In Table 7 the characteristics of those materials are summarized
whose application made the production of bitumens of the afore-
mentioned qualities possible. Table 8 shows the production possi-
bilities of two types of bitumen which fulfill the NM-130 and DIN
82/85 quality requirements.
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7. Intensification Research on the Processing of Romashkino
Fuel Oil Residue

Finally it should be mentioned that in co-operation with
the DKV - which processes the Romashkino fuel oil residue - an
examination was made of the intensification of some of the unit
operations of the company®s lube oil block. In this respect, nume-
rically expressible technical and economic results were obtained
with the propane deasphalting and phenol refining plant and at
present an examination of the distillation plant 1is being carried
out.

In this report, an attempt was made to summarize nearly two
and a half decades of research activities by mentioning a few re-
sults, in which efforts were made to assist the solution of impor-
tant development problems and work out a technology for the pro-
cessing of the Romashkino fuel oil residue. Considering the re-
sults applied in industry, research reports dispatched to industry,
reports delivered at scientific conferences both in Hungary and
abroad, and patents based on some of our processes, it is felt
that the work in this field was successful.

Acknowledgement is made to the role played in this research
work by our colleagues at the Oil Department. The research work
was planned and carried out by Dr. Endre Vamos, Istvan Kadar,
Dr. Miklés Magyar, Mrs. L. Foldes, Ferenc Simon, Sandor Borzsonyi,
Dr. Mihaly Kristof, Mrs. M. Fényi, Mrs. E. Kantor, Jozsef Szirbek
and Dr. Gyula Major.
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PE3FOVE

BeHrepckunii HayudHo-UccnepoBaTtenbCckuin WMHcTUTYT Hedht n Mpupoga-
Horo [as3a, nNpuHUMas BO BHWMaHWe BO3MOXHOCTW OTEYECTBEHHON HedTAHON’
npombiWwieHHocTn, ¢ 1360 roga 3aHMmaeTca BOMpPoOCaMM WCMOIb30BaHUA po-
MalWKWUHCKOA  cmonbl. CoobleHne COAEPXUT BaXHelilwne pe3ynbTaTbl AOCTWUT-
HyTble B MUccnefoBaTenbCKol paboTe HasBaHHOW o6nacTtm 3a nocnegHue
13-4 ner. He cTapascb Ha noapo6HOoe wn3nNoXeHue, paboTa COAEPXMUT
pe3ynbTaTbl MNpeXie BCEro TEXHONOrMYeCHUX uUCCAef0BaHUN.
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PRODUCTION OF OLEFINS BY THERMAL CRACKING OF
LIQUID HYDROCARBONS

L. SZEPESY, V. ILLES, K. WELTHER, A. HORVATH and
J. SIMON

(Hungarian Oil and Gas Research Institute, Veszprém)

The authors review some important and directly
utilizahle results of the research work on pyrolysis
carried out at the Hungarian Oil and Gas Research In-
stitute. Apparatuses and experimental methods are
briefly described. The most important results of the
pyrolysis of individual hydrocarbons, hydrocarbon mix-
tures and naphta fractions, as well as the method ela-
borated for the calculation of yield pattern are out-
lined. Results obtained in different reactors are com-
pared and evaluated. On the basis of experiments car-
ried out with various naphta cuts, the effects of feed
composition and operation conditions on yield patterns
are demonstrated.

INTRODUCT ION

The preparation of olefins by pype-still pyrolysis of the
various hydrocarbon fractions 1is one of the most important
branches of the production of chemical industrial basic materials.

With regard to the national development plans, the Institute
started research work in 1964 on the pyrolysis of hydrocarbons. In
the first few years, 1in addition to the development of pyrolysis
equipment and procedures, the authors were mainly engaged with the
problems of establishing and installing an ethylene plant at the
TVK with a capacity of 25,000 tons/year. In recent times, they
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studied the complex process of gasoline pyrolysis, the effects of
the quality of raw material and the pyrolysis conditions on the
product distributions and the obtainable yield patterns in connec-
tion with the planned olefin plant with a capacity of 250,000
tons/year as requested by the NIM Technical Development Department

Despite the fact that the output of the ethylene plants so
far established 1is about 20-25 million tons a year, surprisingly
limited and sketchy information is available in literature on the
pyrolysis process and the determination of the optimal operation
conditions for the plants [1-7]. Such information was considered
top-secret know-how by the companies that manufactured and trans-
ported the plants, and was only partially accessible. For an ole-
fin plant to be economical, and given the type of raw material as
well as its optimum operation for the required products, it is
necessary to known the basic pyrolysis process.

In this report the aim is to give a brief, but comprehensive
review of some of the important results directly applicable in
practice, which were obtained during the research work carried out
at the Institute.

Experimental Equipment and Methods

Tubular reactors of various sizes and capacities were con-
structed for the research and their important characteristics are
shown in Table 1 [8-10]. The laboratory reactor is operated under
isothermal and isobaric conditions, but the bench-scale reactor
and pilot plant can be operated under temperature, pressure and
flow conditions prevailing in the industrial equipment.

Gas chromatographic methods were developed for the detailed
analysis of tha raw materials and products of the pyrolysis. After
separating the products the gaseous and the liquid products were
analyzed in columns of three and two different polarities respec-
tively. During the analysis, the concentrations were determi-ed of
40 and 50 components iIn the gaseous and the liquid samples respec-
tively.
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In order to process the extraordinarily numerous data Gier
electronic computers were utilized, but their evaluation was car-
ried out with the aid of Hewlett-Packard 9100/B and Hunor electro-
nic calculators.

Table 2. The basic materials for pyrolysis experiments

Individual hydrocarbons: n-hexane Ce NP
2-methyl-pentane CeiP
2 ,2-dimethyl-butane Ce 1P
cyclohexane Ce N
n-heptane C7 nP
2,U-dimethyl-pentane Cz iP
n-octane Ce nP
2,2 ,ktrimethyl-pentane Ce iP

Binary mixtures: n-heptane-2,2,I»-trimethyl-pentane
n-heptane-cyclohexane
2,2 ,b-trimethyl-pentane-cyclohexane

Ternary mixture: n-heptane-2,2,1+trimethyl-pentane-cyclohexane

Sexternary mixture: n-hexane
2 -methyl-pentane
cyclohexane
n-heptane
2 ,U-dimethyl-pentane
2 ,2 ,»trimethyl-pentane

Gasoline fractions: Romashkino gasoline cut: 60-080°C; d2° 0,553
Romashkino light gasoline: 37-111°C; 92° o 6715

Raffinate : 142-120°C; 92° o 6715
Mixed gasoline: s0-175°C; 927 o 72215

The research programme consisted of the pyrolysis of indivi-
dual hydrocarbons (the main constituents of the gasoline fraction),
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two,three and six component mixtures of the latter and the various
gasoline fractions. Table 2 shows a summary of the properties of
the raw materials used iIn the detailed studies.

Pyrolysis of Individual Hydrocarbons [5, 11-13]

It Is known that the product distribution of pyrolysis de-
pends, to a large extent, on the types of the constituents of the
gasoline and their structure, but the reported data are very
sketchy. In order to examine this problem, pyrolysis of individual
hydrocarbons of various types and structures was carried out in
the earlier-mentioned reactor with the temperature and residence
time ranges of 600-840 °C and 0.1-2 seconds respectively, which
are of iInterest for the given technological processes. The yield
data of the main products for identical degree of pyrolysis (at a
conversion of 90 %) are shown in Figure 1. It can be clearly seen
from the diagram that wide deviations exist between the yield data
of the various types of hydrocarbons.

The normal paraffins of varying carbon numbers show similar
product patterns, while the yields of ethylene (high), propylene
and the unsaturated C« hydrocarbons are 34-42 %, 16-18 % and 6-10%
respectively.

The product pattern of isoparaffins significantly deviates
from the above figures and the isoparaffins of varying structures
show a product distribution significantly different from that of
one another. In general, the yield of ethylene is low, 5-15 %,
that of propylene varies within a wide range, 7.5-29 % and finally
that cf unsaturated C4 hydrocarbons, especially the quantity of
isobutylene is between 13-38 %.

Cyclohexane and generally naphthenes give a high yield of
ethylene of approximately 30 %, the yield of propylene is low
while the yield of unsaturated C« hydrocarbons is high and a very
high yield of butadiene and a large quantity of benzene are ob
tained.
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2-methyl - 2,2-Dimethyl-
n-Hexane -pentane
46 43.3
2,4-Dimethyl- I I Methane
Ethylene
Propylene
2,2,4-Trimethyl- 1C,, =
-pentane
Benzene
Others
10.3

Fig.l. The yield data of the pyrolysis of individual hydrocarbons,
in wt v at a conversion of g0 %

The above examples illustrate that the qualitative and quan-
titative nature of the components of the gasoline has a significant
influence on the obtainable yields of the products.

The Pyrolysis of Hydrocarbon Mixtures and Gasoline Cuts [9, 14-17]

The process of pyrolysis was studied on the basis of the py-
rolysis of two or three component hydrocarbon mixtures and the
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various gasoline fractions carried out in the laboratory reactor
and the possibility of computing yield data from the information
obtained with the pyrolysis of individual hydrocarbons. Various
units are used in literature to characterize the conversion of the
pyrolysis of hydrocarbon mixtures and gasoline fractions or the
severity of pyrolysis process, but "agenerally accepted and unam-
biguous characteristic applicable in practice has still to be es-
tablished.

On the basis of a detailed study of the pyrolysis reactions
and the numerous measured data, a new factor was introduced that
indicates the degree of the pyrolysis of hydrocarbon mixtures, 1i.e.
the severity of pyrolysis which is termed the degree of decomposi-
tion.

Degree of decomposition:

X = E y X (€))
J=1 J J

The degree of decomposition represents the sum of the conver-
sions, (xJj) of the individual hydrocarbons present in the starting
mixture under the given conditions multiplied by the corresponding
molar fractions of the starting constituents. In the kinetic equa-
tions describing the pyrolysis of individual hydrocarbons the con-
version was replaced by the degree of decomposition of the mixture,
the equations thus obtained could be directly used in expressing

the overall decomposition rate of the mixtures.

Calculation of Yield Patterns from the Yields of Individual
Hydrocarbons

It was clear from the pyrolysis experiments performed with
model mixtures that the yields of the main products under conditi-
ons of technological importance consisted of the sum of the yields
obtained in the course of pyrolyzing the individual hydrocarbons
contained in the mixture and was a function of the degree of de-
composition.
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A simplified kinetic model was developed on the basis of the
overall kinetic relationships describing the change in the degree
of decomposition in terms of temperature and reaction time, as
well as the mathematical relationships represented by the yield
diagrams for predicting the compositions of the products.

The yields (HY) attained during the pyrolysis are obtained
by reading, from the yield diagrams of the pyrolysis of individual
hydrocarbons, the yield data corresponding to the Xj conversion of
the mixture. These are multiplied by the initial molar fractions
and the products are then summed up as follows :

K
@)

Figure 2 shows a comparison of the measured yield data of the
pyrolysis of the earlier mentioned six component mixture with
those calculated from the yields of the individual components, un-
der decomposition conditions of varying severity [17]. The yield
data on the diagram are expressed in mole % of the starting mate-
rial. A good correlation is shown on the diagram between the meas-
ured and calculated data, the deviation being less than + 4 % (re-
lative).

The above methods were used in calculating the yield data of
gasoline fractions.

Figure 3. shows the measured and calculated yield data (in
wt %) of the pyrolysis of Romashkino gasoline cuts. In the pyroly-
sis of gasoline cuts the aromatics in the gasoline, under the py-
rolysis conditions, virtually remain unchanged and may, therefore,
be considered inert. To distinguish the decomposition of the gaso-
line cuts containing various aromatics, the '"degree of effective
decomposition” was defined as the degree of decomposition of mate-
rials free from aromatics.

The diagram shows vyield data corresponding to the various
degrees of effective decomposition. The calculation was performed
with the data of the individual hydrocarbon pyrolysis of the ten
indicated components obtained under circumstances similar to those
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of the pyrolysis of the six component mixture. The above mentioned
ten components constituted about 70 % of the gasoline cut and the
aromatic content was 8 %. As no data of more individual hydrocar-
bons were available for the computation, the quantity of the re-
maining components in the gasoline was added to that of the compo-
nent whose structure it resembles most closely. This naturally «re-
duced the accuracy of the calculations, as there existed conside-
rable deviations among the vyield data of the individual hydrocar-
bons. It can be seen from the diagram that despite the above men-
tioned approximation a sufficient correlation was obtained between
the measured and calculated yield data. The deviation was, in ge
neral, 4-5 % (relative) except for ethylene where it was 10 % (re-
lative). The higher deviation for butylene and butadiene fell prac
tically within this range, if considered to be the sum of unsatu-
rated Ci, hydrocarbons.

Regarding these facts, it can be established that the method
used can suitable be applied in calculating the approximate yield
data obtainable from the pyrolysis of gasoline cuts under varying
conditions by using measured data from the pyrolysis of individual
hydrocarbons found in gasoline. The method®"s accuracy can be iIm-
proved by taking into account more of the unspecified individual
hydrocarbons.

Comparison of the Results Obtained with Various Reactors

One of the important and still unsolved problems in pyrolysis
research is whether the data measured in the laboratory could be
used in determining the yield data and describing the operation of
industrial reactors operating under considerably different condi-
tions. On the basis of the data of pyrolysis experiments performed
with Romashkino gasoline cuts in three reactors of different types
and capacities as shown in Table 1., it was established that the
yield data obtained with the various reactors can be correlated
and evaluated iIn accordance with the degree of decomposition cha-
racterizing the severity of the pyrolysis.



3h2 L. Szepesy, V. Illlés et alii Vol. 2. Suppl.

Figure 4. shows yield
curves of the main products
as a function of the degree
of decomposition. The cur-
ves represent the yield da-
ta measured in the labora-
tory isothermal isobaric
reactor and in the bench-
-scale reactor operated un-
der the conditions corres-
ponding to the pressure and
temperature distributions
of the industrial reactor.
The perpendicular lines de-
fine the deviation ranges
of the measured data. The
yield data, measured in the
two reactors operating un-
der considerably different lyjXi
conditions and  represented Fig.l. Comparison of yield data meas-
as a function of the degree ured in various reactors.
of deconposition, are with- T et oot atary
in the deviation range and measurements
can be characterized by a o bench-scale plant measure-

ment
single curve.

The same diagram also shows the yield data corresponding to
the two different degrees of decomposition measured with a pilot
plant of a capacity of 40 kg/hour of gasoline. Despite the dissi-
milar methods of experimentation and measurement, an acceptable
agreement between the corresponding data is observed.

The Examination of the Yield Data of the Various Gasoline Cuts

In evaluating the yield data of the pyrolysis of individual
hydrocarbons, it was indicated that the composition of the starting
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gasoline cut has a significant influence on the attainable yields.
Comparative experiments were carried out with the four types of
gasoline cuts (used as raw materials), under conditions similar to
those in the plant in order to determine, in the bench-scale reac-
tor, the expected product distribution of the new olefin plant.

Figure 5. shows the group composition of the starting ga“so-
line cuts and the yield data of the main products, measured at two
different values of the severity of decomposition. Although, as
seen from the foregoing, the yield data may be calculated only
when the individual gasoline components are known, a qualitative
estimation is possible on the basis of the group composition and
even the effect of the composition can be illustrated.

It is possible to compare the yields obtained for various
gasoline cuts in the case of pyrolysis with severity represented
by B, which corresponds to the ethylene regime.

From the diagram, it can be seen that the maximum yields of
ethylene (30 wt %), propylene (17 wt %) are obtainable from the
pyrolysis of light gasoline fractions and here the lowest quantity
(c. 21 wt %) 1is that of C5+ liquid fraction. This is in good ag-
reement with the conclusions drawn from the group composition dis-
tributions, i.e. the cut contains plenty of n-paraffins and isopa-
raffins (giving a high yield of propylene) but only 3 % of aroma-
tics.

In terms of the yields of ethylene and propylene, the Romash-
kino straight gasoline cut takes second place, but both the ethy-
lene and propylene yields are 10 % (relative) lower than the va-
lues obtained with light gasoline. Here the quantity of liquid
product significantly increases, partly because of the higher boil
ing temperature and partly because of the higher aromatic content.

Despite its low boiling temperature, the refined gasoline is
not a good basic material, because of its low n-paraffin and aro-
matic content. The attainable yield of ethylene is only 23.5 wt %
and that of propylene is a little lower than the foregoing values.
The quantity of the liquid products falls within those of the pre-
ceding cuts, but the quantities of methane and unsaturated C4 hyd-
rocarbons are considerably higher, especially that of isobutylene.
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Fig «5- The effects of the quality of raw materials and operation
conditions on the yields of gasoline pyrolysis products
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The mixed gasoline was prepared at the Institute and met the
worst permissible quality requirements for the basic material of
the olefin plant. Due to its high aromatic content the ethylene
yield was 23 wt %, that of propylene was about 13 wt %, but the
quantity of the liquid products was the highest, being 30 wt %.

Apart from the quality of the raw material, the product dis-
tribution obtained - i1.e. the yields - varied according to the
conditions of pyrolysis, especially the exit temperature, the tem-
perature distribution and the residence time.The latter conditions
simultaneously determined the severity of the pyrolysis which was
represented, in the foregoing discussion, as the degree of decom-
position.

On the basis of the yield data at the two severities shown

in Figure 5., it can be seen that by slightly varying the extent
of decomposition, the product distribution was considerably modi-
fied. In the case of light gasoline cut, for example, at a degree

of effective decomposition of 0.9, the yields of ethylene and
methyne were lower by 13 % (relative) and 19 % (relative) respec-
tively, whereas the respective yields of propylene and unsaturated
cu hydrocarbons increased by 13 % and 40 % (relative) compared to
the case where the degree of decomposition was B.

This meant that given the relationship between the yield data
and the operation conditions, the plant could - given the raw ma-
terials or their mixture - function under conditions of optimum
yields that are significant from the standpoint of application and
marketing. On the basis of the results achieved so far, it was
possible to take into account the effect of the quality of the ga-
soline cuts intended as the raw material of the olefin plant and
the change in the operation conditions on the expected yields.

The aim of the present research work is the development a
suitable method for the calculation and checking of the industrial
pyrolysis furnaces. The next tasks can be divided into two groups:

1. The development of a method of calculating the degree of
decomposition of gasoline cuts on the basis of the Kkinetic data of
individual hydrocarbons measured in an isothermal, isobaric labo-
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ratory reactor and the checking of the relationships thus obtained
in a bench-scale reactor operated under industrial conditions and
then with the assistance of measurements carried out with an indus-
trial furnace.

2. The mathematical formulation of the relationships between
the degree of decomposition and the operation conditions, on the
basis of measurements carried out in a laboratory reactor, and
then checking the results with measurements on industrial furnaces.

In the knowledge of the above mentioned data and relation-
ships, the mathematical model of the pyrolysis furnace and its
computer program can be worked out, which provide the possibility
of describing the operation of industrial furnaces and computing
the optimum conditions and the optimum product distribution.
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PE3IOME

ABTOpamMn gaH 00630p O HECHOJIbHUX BaxHbIX W HENoOCpenCTBEHHO
NCNONb3yeMbIX B MPaHTUMHE pe3ynbTarax MNUpPoreHeTUYEeCKUX wuccnegoBaHuii,
npoBeAeHHbIX B BeHrepcHom Hay4dHo-lccnepgoBaTenbCHoM WHCTUTYyTe HedTwn
n MpupogHoro [asa. HpaTKoO onucaHbl annapaTtbl U MeToAbl UccnefoBaHUi .
MpeacTtaBneHsl BaxHeWwnme  pe3ynbTaTbl NUPoan3a OTAENbHLIX Yr1eBogopo-
[OB, YrneBOAOPOAHLIX CMeceli U MOroHoB 6eH3uHa, Jdasee noka3aHbl MeTo-
Obl  BbYUCNEHMA  faHHbIX  Bbixoga. CornocTasBfieHbl U OUEeHeHbl pe3ynbTaThl,
NnofyyYeHHble B pa3HbiX peakTopax. Ha OCHOBe OMbLITOB C pa3HbiMA MNOroHamu
6eH3nHa nokasaHo B/INSHME U3MEHEHWS KayecTBa ChipbA M YCNOBWUA Npo-
uecca Ha AOCTUraemblil BbIXOA .
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A review is presented of the most important re-
sults of catalyst research and the processes developed
and partially realized at plant level.

The research "work involved some aspects of homo-
geneous and heterogeneous catalysis. An industrial
process was developed for the preparation of acetone
from acetylene and oxo-alcohols from cracked gasoline.
Catalysts were developed for ethylene oxidation, the
production and purification of synthesis gas and the
oxidative removal of air-pollutants.

The Organic Chemical Department of MAFKI - established in
1948 - developed petrochemical processes which seemed, at the
initial stages of the research work, realizable at plant level un-
der the prevailing circumstances in Hungary. In the following dis-
cussion those catalytic processes are presented, which were deve-
loped at the Department in the first few years and some of which
were realized at plant level. In this report only those results
and modern activities are mentioned which were achieved by MAFKI"s
research teams.

1. Acetone Production

The synthesis gas obtained from the partial oxidation of
methane contains 8-9 % of acetylene, which can be converted to
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acetone by a catalytic process. The process consists of mixing the
PO exhaust gas with steam and passing the mixture through a ZnO
catalyst at 350-450 °C. After the acetone thus obtained is recove-
red, the remaining gas contains mainly CO-H2 synthesis gas and as
impurities 0.4 % of acetylene and 5 % of methane. The iImpurities
are burned up in a secondary oxidation and in this manner pure
synthesis gas is obtained. This process was studied in detail at
the Organic Chemical Department and reported in the reference li-
terature. Figure 1. shows the flow sheet of the Laboratory Test
unit.

At the Department, intensive studies were carried out to pre-
pare a ZnO catalyst of the required quality. The studies proved
that if the catalyst contained traces of iron or heavy metal or
even sulphates, then the carbon monoxide conversion was enchanced,
but that a chloride content inhibited the said conversion and,
therefore, TfTavoured the desired reaction. Taking into account the
above facts, a procedure was worked out by which a Zn0O catalyst
was obtained from solutions of Na2C03 and zZnCl2. On adding the so-
lution of Na2C03 to that of ZnCl2a precipitate of ZnC03 was ob-
tained which contained few sodium, but comparatively more chloride
ions. On igniting the ZnCO03 at 4-500 °C, ZnO resulted whose excel-
lent structure enhanced 1its catalytic properties. It was then
mixed with graphite powder or dextrin and water and could be sha-
ped into thin rods. In the course of preparing the catalyst, the
use of iron vessels should be avoided, wooden or enamelled con-
tainers would suffice. By suitably purifying the product, a high-
-quality catalyst may be obtained even from contaminated starting
materials.

Fatigue studies of the recovered catalyst were performed. We
found it suitable for long lasting operation. Its fatigue time and
optimal regeneration period could be expressed by an integral equa-
tion whose solution indicated an acetone production time of 200
hours and a regenation period of 29 hours. It was necessary to
change the catalyst bed only after an average of nine cycles (1800
hours of operation). The catalyst fatigue appears partly in the
form of a decrease in activity (conversion declines from 90 to
55 %) and partly as an increase in layer resistance. The fall in
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catalytic activity may be compensated for, to some extent, by
raising the temperature of the incoming gas. The regeneration is
performed with a mixture of nitrogen and air, whose oxygen content
is continually increased.

The acetylene-acetone reaction is exothermic and the associ-
ated change in enthalpy is -47.0 kcal/mole. The dissipation of the
liberated heat is carried out in one of the following two ways:

- in the case of an isothermic reactor, the heat is dissipa-
ted on the surfaces of the reactor,

- for an addiabatic reactor, the outgoing material is used
in dissipating the heat.

The isothermic reactor is more advantageous, but its construc-
tion is more expensive. Considering that very dilute gases are in-
volved in our process, furthermore, the heat of reaction is compa-
ratively low and the optimal temperature range (340-440 °C) is
very wide, the adiabatic reactor was found more favourable. Taking
into consideration the Kkinetic relationships (first order, unidi-
rectional and adiabatic reaction) a nomogram was composed from
which the relationships between the contact time, initial tempera-
ture and concentration, as well as the exit temperature and con-
version could be established. On the basis of the data, a three-
-tray adiabatic reactor was designed, where the cold gas is mixed
with the hot gaseous product from the previous tray before the
feed arrives onto each tray. By controlling the quantity of incom-
ing gases the reactor could be operated under optimal conditions
and the rise in temperature on each tray is about 100 °C.

On the basis of plant data, the process was tested at plant
level in Buciuir.eni, Romania where an experimental plant of a capa-
city of 500 t/year was built, which was delivered to Romania in
the second half of 1958 for appropriate plant production.
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2. Ethylene Oxide Production

A modern petrochemical method of producing ethylene oxide is
the catalytic oxidation of ethylene in the presence of a silver
catalyst. In the course of our work we developed selective silver
catalysts, suitable carriers, as well as a stationary and moving
bed technology.-

The first set of silver catalysts were prepared from silver
nitrate and potassium hydroxide. The silver oxide was reduced to
metallic silver in a hydrogen stream. The catalyst prepared in
this way contained potassium ions and the experiments showed that
a potassium content of 0.1 wt.% has an inhibitory effect. Hence,
we had to use silver oxalate as the starting material which was
thermally decomposed in glycol. We established that alkaline earth
metals especially calcium are good prometers and stabilizers. The
catalyst was prepared by precipitating the silver oxalate together
with calcium oxalate and both were decomposed in glycol at 160 °C.
The silver catalyst thus prepared was filtered, washed, dried and
crushed. This catalyst enhances the conversion of ethylene at
200-220 °C to completion with a yield of 50-55 % of ethylene oxide
and a utilization of 60 %. It was found that the promoted catalyst
should be activated before use, for only in this way could the ca-
talyst be stable.

The catalyst could best be applied in the plant tube reactor
in a granulated form or on a carried. Since the catalysed oxida-
tion, of ethylene to ethylene oxide and the following unavoidable
side, reactions are exothermic:

a) the total oxidation of ethylene to carbon dioxide and
b) the further oxidation of ethylene oxide to carbon dioxide,

maintaining the reaction under isothermic conditions 1is possible
only if the heat of reaction can be dissipated by a catalyst or a
carrier of high conductivity.

At First the active silver suspension was carried onto sil-
ver splinters then, after tabletting, a catalyst was obtained
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which, for ethylene oxide, ensured a yield of 55 % and a utiliza-
tion of 45 % at 278 °C. The expensive silver carrier was replaced
by aluminium. Experiments showed that metallic aluminium is not
neutral to the reaction. Carriers may either be hyperactive, hypo-
active or inert. The hyperactive catalysts ensure the total oxida-
tion of ethylene to carbon dioxide at 180-200 °C, and this proper-
ty is presumably the consequence of the thick oxide layer formed
on the aluminium surface. The phenomena of hypoactivity, which
probably arises when silver and aluminium constitute a galvanic
cell in water, makes the ethylene remain unchanged in the exhaust
gas. When the aluminium oxide layer is removed either chemically
or mechanically from the surface of aluminium, then an inert car-
rier is obtained.

Catalyst soldering experiments were performed 1in order to
establish the lifetime of the silver catalysts from which it was
concluded that the catalyst prepared in the above manner could
still function after 5-6,000 hours of application. The catalyst is
disactivated if some hydrochloric acid comes in contact with the
catalyst or if, on cutting off the supply gases, the ethylene po-
limerizes onto the catalyst, but such decrease in activity can be
eliminated by the regeneration of the catalyst under the oxidative
conditions.

To complete the technological research, the kinetics of the
oxidation reactions of ethylene were also studied. To determine
the reaction rate constants a computer programme was made and thus
the activation energies of some of the processes were computed.

To improve the catalytic oxidation of ethylene, a reactor
was developed in which the catalyst could be recirculated. The ad-
vantage of the reactor was that it permitted the occurrence of
even highly exothermic reactions under isothermic conditions. By
introducing gas locks into the system, it is possible to make the
reacting gas flow along the required route. The catalyst column in
motion was analysed according to the Ergun equation, and it was
concluded that it could be treated as a stationary bed since
neither the solid material nor the flow rate of the gas passing
through the latter under the reaction conditions was changed. It



19TF Catalytic Process Developed by MAFKI 355

was observed from the oxidation experiments performed in the re
circulation reactor that at low temperature a very high utiliza
tion of 85-90 may be attained.

3. Catalytic Natural Gas Decomposition

The thermal decomposition of methane for the preparation of
hydrogen and synthesis gas takes place chiefly catalytically. The
active material in the catalyst is metallic nickel. A special ca-
talyst was developed for the decomposition from domestic raw mate-
rials.

It was established that the optimum nickel content was 15 %.

The loadability of the catalyst, and its resistance for car-
bon-containing materials, etc., were determined and it was found
that they agreed with those of the best imported catalysts.

4. Catalytic Air Cleaning

The organic compounds contained 1in air are most effectively
removed by catalytic oxidation if the concentration of the materi-
al to be oxidized is below the ignition value. Various hydrocar-
bons can be effectively removed between 250-350 °C with the help
of catalysts, M-4, containing iron and manganese and developed at
the Institute. The laboratory results were tested with experimen-
tal equipment with a capacity of 100 m3/hour installed in the food
industry and the plastic processing industry.

5. Low Temperature Carbon Monoxide Conversion

A study was made of the behavior of two types of catalysts
composed of the alloys copper-zinc-chromium and copper-zinc-alumi-
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nium in the carbon monoxide conversion. In the course of the sepa-
ration of basic carbonates, a composite crystal is formed and af-
ter reduction, copper of high activity and fine distribution Iis
obtained. The chromium and aluminium act as stabilizers.

6. Propane Dehydrogenation

The possibility was examined of preparing propylene by de-
hydrogenating propane on chromium oxide - aluminium oxide catalyst
both in the laboratory and at plant level.

In the laboratory, various catalysts produced in the Soviet
Union, Poland and the German Democratic Republic were applied.

In the GDR, plant studies were performed at the dehydroge-
nating plant of the Bdhlen Chemical Combine. Under the given con-
ditions a conversion of 25-30 % and a utilization of 72-77 % were
attainable.

7. Oxosynthesis

According to the classical oxosynthesis, a formyl radical
may be added to the olefinic double bond in a carbon monoxide and
hydrogen atmosphere and in the presence of a homogeneous cobalt
catalyst. The aldehydes thus obtained are then reduced to alcohols
in the presence of heterogeneous catalysts. This is the so-called
two-stage technology.

To meet the demand for dioctyl phthalate plysticizers in Hun-
gary, only thermally cracked gasoline containing olefins was avai-
lable. Consequently a special oxo process had to be developed for
the preparation of oxoalcohols. The major problem involved the ca-
talytical (heterogeneous) hydrogenation of aldehydes containing
sulphur compounds. As is well known, in the course of aldehyde
synthesis, alcohol is formed to a small extent. This suggested the
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idea of developing a direct alcohol synthesis or the achievement
of both stages of the process with the same homogeneous catalyst.
This has many advantages over the earlier two-stage synthesis; a
contact hydrogenation can be avoided and on the other hand, it is
more economical, because of its simplicity.

On account of the low reaction rate of the aldehyde reaction,
it Is advisable to apply a high temperature (210 °C). Because of
carbonyl stability problems, however, this necessitated the appli-
cation of CO partial pressure of 200 atm, as was shown by the stu-
dies on the equilibrium conditions of dicobalt octacarbonyl. The
reaction time iIncreases somewhat compared with that of the two-
-stage technology. The aldehyde reduction is, at all times, the
slowest subprocess and, therefore, determines the volumetric velo-
city. The increased velocity is a further advantage as it permits
the simultaneous transformation with a high conversion of the ole-
fins of cracked gasoline which reacts with a different reaction
rate.

From the analysis of the economic factors, it was found that
the investment costs of the direct alcohol synthesis are 10 % low-
er than those of the classical technology. One other advantage is
that because of the dilute olefins of different reaction rates,
the dissipation of the heat of reaction was no problem. Hence the
internal structure of the reactors is simple and inexpensive. The
relatively high reaction temperature made it possible to moderate
the requirements on the purity of the other raw materials.

All these advantages urged the technological designing of
the direct alcohol synthesis, which was realized in the form of a
stationary bed, alternate reactor.

Later on, the steep rise in the sulphur content of the
cracked gasoline raw material made it necessary to developed a
technology using a new rotary suspension catalyst. This process
permitted the processing of raw materials containing extremely
large amounts of sulphur (0.1-1.0 %). At the same time, the utili-
zation of the high pressure reaction domain increased and this im-
proved the economic feasibility of the process.
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Fig.2. Cobalt carbonyl complexes containing sulphur
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The manufactured product was of a quality that fulfilled the
requirements for plasticizers.

Along with the development of the oxosynthesis, top level
fundamental research was carried out on the hydroformylation reac-
tion. The proposed intermediary carbonyl complexes of the hydro-
formylation were established experimentally and new preparatory
methods were developed. The kinetics and mechanism of the aldehyde
reduction were studied.

The most significant results obtained were connected with
the discovery of new cobalt carbonyls containing sulphur (Figure 2)
Their study was justified by a practical difficulty, namely the
increase of sulphur content in the cracked gasoline raw material.
By increasing the ratio of sulphur to cobalt, cobalt sulphide is
formed which is totally inactive as a catalyst. The poisoning ef-
fect of the various sulphur compounds was established, together
with the stoichiometric nature of the poisoning.

Exhaust gas

Fig-3. The flow sheet of the MAFKI process. 1,2, 3 - Oxoreactors;
h - Separator; 5 - Decohalting; 6 - Catalyst regeneration;
7 ,9- Distillation columns; 8 - Ester decomposition
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The direct alcohol synthesis was first applied in 1962-1964
at the Pét Nitrogen Works. Figure 3. shows the flow sheet of the
process. The installation proved that by applying the homogeneous
catalytic process, olefins can be transformed into alcohols with a
yield of about 100 %. Later, this experimental plant had to be
abandoned and no production plant was constructed, as Hungary did
not possess the necessary olefin resources.
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PE3IOVE

ABTOpOM fgaH 0630p O BaxHelwnmx pelynbTaTax uUcc/efoBaHuii kKaTa-
NN3aToOpPOB MNPOBEAEHHLIX OT CaMOro Hadana CylWecTBOBaHUSA WHCTUTYTa, a
TaHke O pa3paboTaHHbIX Mpoueccax, YacTUYHO BHEAPEHHLIX YyxXe B Mpous-
BOACTBO .

Pa6oTbl pacnpocTpaHsAIUCb Ha pa3Hble 06/1acTU FOMOFEeHHOro N re-
TeporeHHoro katanimsa; 6ol pa3paboTaH cnocob nosyyvyeHuss  aueToHa
(n3 auetuneHa) u oHcocnupToB (M3 NUPOreHHoro 6eH3MHa) B MPoOuU3-
BOACTBEHHOM MacwTabe. BbiMm co3gaHbl HaTanuaaTopsl AN OHUC/EHUS 3TU-
NeHa, NpPou3BOACTBA W OYUCTKM Fa30B CUHTE3a W yAaneHuss 3arps3HeHuit
BO34yXa OKWC/IEHUEM.
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P REFACE

In 1974, the Research Institute for Heavy Chemical Indus-
tries (\EVIKI) celebrated the twenty fifth anniversary of its
foundation. The scientists of the Institute succesfully worked in
the fields of the production and application of pesticides, inor-
ganic chemical technology, corrosion, unit operation and process
control, air pollution and radiochemistry and such scientific re-
search work was extremely valuable for the Hungarian chemical in-
dustry. More than one thousand original papers were published
during these twenty five years, which were mainly -printed in the
Institute®s own periodical.

On the occasion of the anniversary and to represent the sci-
entific research work carried out in the Institute, twenty one pa-
pers were presented in the fifth volume of the '"'Nehézvegyipari Ku-
tatd Intézet Kozleményei', and eight articles were published in
the twenty ninth volume (No.8) of the "Magyar Kémikusok Lapja'. A
scientific session was also organized during the Jubilee, and some
of the lectures that were delivered are collected and published

here.

Dr. Andras Szantd

General Manager



MPEAYCNOBUE

WccnepoBaTtenbcknii MHCTUTYT OCHOBHOWM Xummmnyeckon Mpo-
MbILNEHHOCTN TOpXecTBOBaN 25-N€THKI0 roAO0BWMHY €ro cyluecTt-
BoBaHUSA. COTPYAHUKU WHCTUTYTa BbIMNOAHAKT YCHEWHYI Hay4HO-
nccnefoBaTeNnbCKylo paboTy, 3HauUTENbHYKW U MONEe3HyKw AN Xu-
MWYECKOW MPOMbILAEHHOCTU BeHrpun, B o0b6nacTaxX XuMun wn Npu-
MEHEeHVs CpeAcTB A1 3aWunThl pacTeHWA, TexHONOrum no Heop-
raHM4YeCcKoOn XvMnM, KOpPpPO3MM, TEXHWKU NpOoLEecCcCoB W yrnpasrie-
HUS, 3aWuTbl OKpyxawwel cpegs U pagvoxvmmn. Pe3ynbTaTbhl pa-
60T npownbix 25 neT 6bM onyb6nnkoBaHbl B 1039 coobuweHusax
3HauMTeslbHas 4YacTb HOTOpbLIX MOSBU/IACb B CaMOCTOSATE/IbHOM
XypHane WHcTuTyTa.

C uenbl O3HAKOMIEHUS uuTaTenein C HayuHbMM Kccnepo-
BaHVAMKW, NpoBoAAWLMMUCA B MHCTUTYTE, K chnydaw wbunea 6buim
ony6nvkoBaHbl B XypHane WccnepgosBaTenbckoro WHctutyTta OcC-
HOBHOW Xummmyeckoli [pombiuieHHoCcTM, B Tome 5, Bcero 21 co-
obuweHnii, a B XypHasie BeHrepckumx XumMmMKoB, B Homepe 6 Toma
29 Bcero 8 coobueHunii. K cnydaw OWUMERHbIX TOPXECTBEHHbLIX CO-
O6bITUA Gbina OpraHM3oBaHa HaydHasi ceccus, W3 [0KNagoB KOTO-
poi BbiGpaHO 0ONy6/MKyeMoe 34eCb HECKO/IbHO COO6WEeHWIA.

Op. A. CaHTO
OnpekTop
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PREPARATION AND EXAMINATION OF A NEW, HIGHLY
POTENT LARVICIDE

B. NAGY, M. NADASY and 1. KECSKEMETI*

CResearch Institute for Heavy Chemical Industries, Veszprém
*Puhlic Health Institution, Veszprém Country)

The production technology of Nephis 1 G vas de-
veloped; in the course of biological tests it presen-
ted an excellent larvicide action.

The active ingredient of the larvicide is
0,0,0J0"-tetramethyl-(0,0"-thiodi-p-phenylene) -thio-
phosphate, first produced in the laboratory of the
American Cyanamide Co. By the application of the tech-
nology developed 1in the course of the present work,
the product can be produced with a simple and economic
process with a yield of 75-80 1 at a purity of 90 %.

Introduction

A recurring assignment of Hungarian public health every year
is the struggle against mosquitoes in various recreation areas.
There are two possibilities of organized defence: first, the treat-
ment of the area to be protected with a suitable pesticide by
spraying or powder sprying, or by destruction of the mosquito
larvea at the breeding place. The latter method is considerably
cheaper, considering that a breeding place representing as little
as a few square metres can produce hundreds of thousands of mosqui-
toes. So far application of this method has been very difficult,
because the larvicides known up to the present time had a very
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high toxicity against fishes. However, a technology developed
in the Research Institute for Heavy Chemical Industries enabled
the preparation of a mosquito larvicide - Nephis 1 G - which
overcomes this drawback.

The new procedure is described in the following:

Description of the Experiments

The active ingredient of Nephis 1 G is u,u,u,u”-tetramethyl-
- (0,0 "-thiodi-p-phenylene)-thiophosphate, which can be prepared in
the following manner :

CH30
+ HO
CH3CT Cl
CHsO . S S OCHs
o s o - V*
CHso > AOCHS3

In the course of the experiments 4,4 -dihydroxi-diphenyl
sulphide was prepared first, and thereupon 0 ,0-dimethyl-chloro-
thiophosphate, and finally Nephis were prepared.

Preparation of 4,4"-dihydroxi-diphenyl sulphide

The procedure was developed on the basis of a reaction known
from literature. The reaction can be described by the following
Equation [2]:

In a three-necked spherical flask, equipped with a stirrer,
thermometer, feeding funnel, condenser and a hydrochloric acid
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scrubber, 2 moles of phenol and 2 litres of carbon tetrachloride
were weighed in. One mole of sulphur dichloride was dropped into

the solution at room temperature in a period of about 1 hour. The

product separated in the form of yellowish-white crystals which

can be recrystallized from benzene. The action of the following

parameters was studied in these experiments :

temperature of reaction
time of reaction

mole ratio

rate of stirring

On the basis of these experiments, the optimum parameters of
the preparation of 4,4"-dihydroxi-diphenyl sulphide are the follow-
ing:

Materials fed in:

phenol 1 mole
SCl 2 0.48 mole
CC1,, 1000 ml
benzene 1500 ml
temperature 5-10 °C
reaction time 1+2 hours
rate of stirring 800 r.p.m.
yield of product 65 %
purity minimum 95 %
melting point 150-152 °C

On the basis of the aforesaid, the optimum laboratory pro-
cedure for the preparation of 4,4"-dihydroxi-diphenyl sulphide is
the following:

1 mole of phenol and 1000 ml of carbon tetrachloride are
weighed into a flask equipped with a stirrer, thermometer,dropping
funnel, condenser and hydrochloric acid absorber. The mixture is
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cooled to 5 °C and the addition of 0.48 mole of SCl12 is started;
the addition is made dropwise during one hour. Hereupon the mixtu-
re iIs stirred at 20 °C for two hours and the precipitate separated
is filtered, dissolved in 1500 mlI of hot benzene and cooled. The
weight of the precipitate separated is 75 g, Iits melting point is
151 °C. The yield is 65.8 %.

Preparation of 0,0-dimethyl chlorothiophosphate

0,0-dimethyl chlorothiophosphate was prepared according to a
procedure developed in our Institute in 1967 [1].

In a spherical flask of 3 litres capacity, equipped with a
stirrer, thermometer and dropping funnel, 960 g (30 moles) of
methyl alcohol are added at a uniform rate to 1965 g (10 moles) of
phosphor thiotrichloride with vigorous stirring and cooling
at 5-10°C within a period of two hours. The whole mixture 1is
poured into a separating funnel and the lower, organic physe is
separated from the aqueous phase, and repeatedly washed with 500
ml of water. After separation, the organic phase is brought back
into the flask, cooled to 5 °C and 960 g (30 moles) of methyl al-
cohol are added at such a rate that the temperature of the mixture
should not get higher than 10 °C. Hereupon 1100 g of 40 % aqueous
sodium hydroxide solution is added with vigorous stirring and co-
oling at 5-10 °C. After the addition, the mixture is stirred
without further cooling for a period of one hour. After the reac-
tion, the salt is dissolved from the product with 2500 ml water
and after sedimentation technical dimethyl chlorothiophosphate is
obtained as the lower phase.

Preparation of Nephis

The active ingredient can be prepared in the following man-
ner : 4,4 -dihydroxi diphenyl sulphide is dissolved in 10 % NaOH
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solution and the addition of dimethyl mchlorothiophosphate is
started.

After continued stirring the organic phase Is separated,
washed with water and alkali, and the traces of water are removed
by distillation and the product is obtained as the residue. The
reaction is exothermic to a small degree, however, the amount of
heat produced is low so as not to make cooling necessary in prac-
tice. Taking this fact into consideration it is preferable to
start the addition at 40 °C and carry it out in such a manner that
at the end of the addition the temperature of the reaction mixture
is In the vicinity of 60-70 °C and final stirring is carried out
at that temperature.

In the course of the systematic experiments, the effect of
the following parameters was studied in detail:

purity of the starting materials
temperature

reaction time

mole ratio

The Optimum Laboratory Procedure for the Preparation of Nephis

120 g (0.55 mole) of 4,47-dihydroxi diphenyl sulphide is
weighed 1into a 1-litre spherical flask equipped with a stirrer,
thermometer, feeding funnel and reflux condenser and 440 ml (1.1
moles) of 10 % sodium hydroxide solution is added. The addition of
160 g (@ mole) dimethyl chloro thiophosphate is started at 40 °C
and the addition is carried out during a period of half an hour.

During the addition, the temperature reaches 60-70 °C and
the mixture is stirred at that temperature for three hours. The
organic phase produced is separated after cooling and washed with
2x200 ml portions of water, 2x100 ml portions of 10 % blarCOs solu-
tion and 2x100 ml portions of water.

After separation, traces of water are removed by distillati-
on in a vacuum, and the product, a light brown oily liquid is ob-
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tained as a distillation residue. The weight of the material is
220 g, 0.47 mole. Its refractive index at 20 °C is 1.5865.

Its purity is minimum 85 %.

On the basis of the aforesaid, the characteristic parameters
of the procedure developed for the preparation of Nephis are the
following:

Material fed in Amount, Purity
moles %

4,4 "-dihydroxi diphenyl

sulphide 1.1 95-99
NaOH 1.1 minimum 99
water 2

dimethyl cnlorothiophosphate 1.0 minimum 95
Na2C03 used for washing 0.18

water used for washing 24

yield of technical product, as
referred to dimethyl chloro

thiophosphate 85-90
purity of the technical product minimum 90
yield as referred to the pure product 75-80
20 1.5860-1.5880
4§20 1.300-1.320

Application of the Active Ingredient

The active material was applied in the form of a 1 % granu-
late. A 50 % acetone solution was prepared of the technical-grade
active ingredient and the solution was sprayed upon sand obtained
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from the Fehérvarcsurgé sand-pit by means of a spray-gun in such a
manner that the sand was mixed in a drum of 45° tilting angle and
the acetone solution was sprayed upon the sand. The acetone evapo-
rated quickly and the active ingredient remained on the sand.250 g
of the active material was dissolved in 300 ml of acetone and the
solution was sprayed on 25 kg of sand.

The grain size distribution of the sand was the following:

below 0.1 mm 56 %
0.1 - 0.25 mm 63.6 %
0.25 - 0.5 mm 25.2 %
0.5 - 1.0 mm 5.6 %
above 1 mm 0

In practice, this granulate proved to be very good and it gave a
result that was similar to that of the American preparation: Abate
IG.

Biological Examination

In the course of the experiments the material was applied
for the treatment of mosquito larvae breeding places whose water
was not in direct contact with that of Lake Balaton. The experi-
ments were carried out in the Balatonalmadi and Balatonfired areas
and iIn the course of these, Abate IG a product of the American Cy-
anamide Co. was compared to Nephis IG.

The time and the results of the breeding places are presen-
ted in Table 1 (Balatonfiired) and Table 2 (Balatonalmadi). As it
is apparent from the data presented in the Table, no difference in
the permanence of the two products was observed. Instant larvicide
action is reliable in the case of both preparations; the larvae
are killed within 24 hours. However, the permanence of the action
is in the case of both preparations as low 3-4 weeks, despite the
very high doses used in these experiments. This statement is not
contradicted by the fact that in the breeding places Balatonalmadi
No. 6 and No. 7 an action extending for the whole summer could be
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observed. The explanation for the relatively short permanence of
action (as opposed to data found in literature) may be found in
the fact that in all of the breeding places, which did not get dry
within 2-3 weeks, a careful study, carried out afterwards,revealed
in all cases a slow streaming of the water.

Accordingly, the permanence of the action was not limited by
the decomposition rate of the active ingredient, but by the rate
of dissolution from the carrier material. Considering, however,
the fact that on the shore of the Lake Balaton, and probably in
the whole country, the character of permanent mosquito breeding
places is similar to that mentioned in the foregoing, it is to be
expected that the permanence of the treatment is not [longer than
3-4 weeks.

Prior to treatment of the breeding plades, mosquito larvae
were collected for the purpose of identification. The result of
these examinations is the following:

Balatonftired : number

Culex pipiens pipiens 1. 1,058
Culex pipiens molestus Fork. 16
Theobaldia annulata Achr. 60
Aedes caspius Pall. 2
Anopheles bifurcatus Meig. 3
Unidentified young specimens 68

Balatonalmadi : number
Culex pipiens 1. 93
Anopheles bifurcatus 1. 14
Theobaldia annulata Sehr. 37
Unidentified young specimens 16

The genus spectrum of the larvae collected from the breeding
places convincingly showed that the treatment was also successful
from the point of view that the imagoes of the killed genuses of
larvae later made only a negligible fraction of the detected harm-
ful mosquitoes.
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The results of the determinations carried out on the larvae
also showed that finding and treatment of the breeding place has
to be done beginning in March in order to be able to find and kill
the larvae of Aedes annulipes and Aedes vexans, representing a
considerable proportion of all genuses.Unfortunately, the breeding
place of the most iImportant genus of mosquitoes: Taeniorhynchus
(Mansonia) richardii Fic. is the Scirpeto-Phragmitetum on the sho-
reline, which - due to 1its direct contact whith Lake Balaton
was not treated in this year.

As it is apparent from the experiments carried out with the
larvicides, larvae can safely be killed by Abate and Nephis. How-
ever, the condition of success is that the treatment should be car-
ried out at the appropriate time, because the pupas are practical-
ly insensitive against Abate. No adverse action upon the fauna
could be observed despite the very high doses used; accordingly,
with the lower doses to be used in later work, no harm is expected.

Evaluation

It was concluded that the active material produced in these
experiments was identical to that produced abroad.

Experiments carried out with large doses of Abate and Nephis
granulates in order to kill mosquito larvae showed the following:

a) Both preparations reliably kill mosquito larvae, but are
ineffective against pupas;

b) Examination of the breeding places treated in these expe-
riments showed that the time of action was 3-4 weeks in the case
of both materials without any adverse action upon the fauna.

REFERENCE
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PE3HOVE

ABTOpamMu pas3paboTaHa TexHONMOrMs MNpPOU3BOACTBA Cpea-
ctea ''Nephis 1G" nposiBnsawowero npu 6M0N0rMYecKOM UCMbITa-
HAM OTNMYHOE WHCEKTULMAHOEe AelicTBMEe NPOTUB JIMUMHKU HOMa-
poB. [eicTBylOlWMM Ha4vanom cpepctBa sBnsietcas D,0,0;0’-TeT-
pameTun- (0,0' - TMOAN-N-heHNEH) -TUodocdaT, MNOAYYEHHbIA nep-
Bbli pa3 B nabopatopuum ‘American Cyanamid Co.". CornacHo
TexHonoruuM, paspa6oTaHHOl aBTOpaMW, MOXHO MONMYYUTb MNpoO-
OYKT MyTeM NpoOCTOro W 3KOHOMWYHOrO Mpolecca npu  BbIXoAe
75-80 %wun B unctoTte oHono 90 %
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PREPARATION OF ACID ANILIDE-TYPE HERBICIDES
AND THEIR TESTING IN A FEW CULTURE PLANTS

E. VERTESI and L. VARGA

(Research Institute for Heavy Chemical Industries, Veszprém)

Procedures were developed for the preparation of
alachlor [2-chloro-2*,6”-diethyl-N-(methoximethyl) -
- acetanilide], hutachlor [2-chloro-27,67-diethyl-N-
-(hutoximethyl)-acetanilide] and azetochlor [2-chloro-
-27-methyl-67-ethyl-N-(ethoximethyl)-acetanilide].

A product containing 60 % active ingredient was
prepared from the latter (NEVIREX 60 EC) and it was
tested on the test plots of the Research Institute for
Heavy Chemical Industries (NEVIKI),simultaneously com-
paring it with a number of triazine and urea derivati-
ves . NEVIREX 60 EC was more effective than all of the
other preparations, without causing any damage in cul-
ture plants.

Acide anilide-type herbicides were First introduced by the
Monsanto company in 1968. The considerable interest in these pro-
ducts was due to their excellent effect and to the fact that no
phytotoxic effect could be observed on culture plants.

The active iIngredients of the acid anilide type herbicides
can be described by the following general formula:
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R1 = Ci-w alkyl

R2 = H; C1—8 alkyl; Ci» alkoxy

R3 = H; Ci_s alkyl; Ci_<* alkoxy; halogen
R4 = H; Ca-i1s alkyl; alkenyl, alkynyl

X1 = halogen; Ci-n alkoxy

X = halogen

n=0-3

Relatively few papers dealing with the preparation of the
above mentioned compounds could be found in literature.

The first step of the manufacturing technology is the pre-
paration of the corresponding alkylated aniline derivative [1, 2];
catalytic alkylation is the most preferable way to carry out the
aromatic amine-olefine reaction. The simplest catalyst is alumini-
um, which is soluble iIn the amines. Dissolution can be promoted by
treatment with HgCl2. Activity enhancing materials are also known,
such as the metal halides of the VIII/b column of the Periodic
System.

The ortho-orientation is explained by the electron deficiency
of the aluminium present in the anilide [2]. The unsaturated bond
of the olefine becomes polarized and the welectron pair saturates
the electron orbit of aluminium. One carbon atom of the olefine be-
comes positively charged and probably becomes oriented towards the
ortho-carbon atom of the aniline having a weak negative charge,
whereby a cyclic compound is temporarily formed. Finally,transition
of the proton to the olefine brings about a real bond and the con-
nection to the aluminium is terminated. Formation of the ring may
be hindered by steric factors. Such an effect is encountered in the
alkylation of N-alkyl-anilines, where an alkyl group can enter the
ring at only one point.

The reaction occurs at a high temperature - over 300 °C- and
at a high pressure. It was concluded in the course of the experi-
ments that the time of the reaction is considerably decreased by
increasing the pressure, 1in the case of a catalyst concentration
of 5 mole %. The crude alkylated amine was purified by vacuum dis-
tillation on a column corresponding to 6-8 theoretical plates.
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Acid anilide can be produced from the substituted aniline,
prepared according to the foregoing, in accordance with the fol-
lowing reaction:

NHj N=CH2
R2- -R1 R2— -R1
’ XCHR* COX
CH20
Rﬁ Rﬁ (CICH2CcOCI)
COCH2X
CHR4X 1
R2- -R1 alcohol
R3 (CH30H; C2H50H; C«H90H)
COCH2X
CHR*0X1
R2- R1
'R3

This series of reactions is protected by a patent owned by
the Monsanto company [3-4]-

The First step is the preparation of the N-methylene deriva-
tive. The aromatic amine 1is made to react with formaldehyde and
the water formed is removed from the system by azeotropic distil-
lation. Inert organic solvents can be used in the experiments
(such as benzene, toluene, xylene, n-hexane, and n-heptane).

Solide paraformaldehyde, containing 78 % of formaldehyde, was
applied - in an excess of 30 % - as a formaldehyde Source.The
temperature of the solution is preferably raised only to that of
the distillation, since polymerization reactions occur at higher
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temperatures and the material is transformed to a highly viscous,
black product. The polymerization is highly exothermic. Water has
to be removed quantitatively by distillation, because it interfe-
res with the subsequent reaction to a high degree.

The mixture was cooled and made to react with halo-acetyl
halide in the presence of solvent, and the corresponding N-(halo-
-methyl)-acetanilide was thus formed. The reaction occurs momenta-
rily and is strongly exothermic. It is preferable to choose the
solvent, so as to be able to use the same solvent in all phases of
the series of reactions.

As the last step of the reaction, the corresponding ether
derivative was prepared. The reaction can be carried out in the
presence of alcohol and an acid binding agent. Formation of the
alcoholate occurs with a satisfactory yield only in the presence
of a large - fivefold - excess of alcohol and in an anhydrous
medium. Triethyl amine was applied as the acid-binding agent.

The series of reactions can be carried out with a brutto
yield of 80-8 % and the purity of the product is as high as
90-95 %. The corresponding uw-chloro acetanilide is formed as a
by-product, in the following reaction:

COOH2X
N
I "CH2X1

-CH20
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Hydrolysis occurs upon the effect of the water present, and
consequently it is iImportant in the preparation of azomethine to
remove all of the water from the system by distillation.

An emulsifiable concentrate of 60 % active ingredient content
was made from the azetochlor. The NEVIREX 60 EC herbicide was test-
ed on the test plots of NEVIKI. The product was applied in a dose
of 1-8 kg/ha as a pre-emergence herbicide and it was compared with
a number of "Urea, Patorane, Malorane and Triazine (Hungazin PK)
derivatives. The tests gave the following results (Table 1) .

Table 1. Effect of the herbicide NEVIREX on maize and potato, aa
compared with a few licensed product

Produe t Dose Weed coverage of the culture, «

potato1 mai‘zg
NEVIREX 2 kg/ha 18 3.5
h kg/ha 10 1.0
8 kg/ha k 0.3
Control 70 250
Patoran 1 kg/ha 38 -
Mald8ran 1 kg/ha Uo -
Hungaz in
PK 3 kg/ha - h -0

= no data available

Sprayed on May 11, last evaluation on August 16.

Sprayed on May 2n, evaluated on July 9. Maize treated
with NEVIREX was still weed-free on August 19-

As a concise summary it can be concluded that the selectivi-
ty of NEVIREX 60 EC is excellent, it caused no damage to the cul-
ture even at a dose as high as 8 kg/ha, whereas urea derivatives
damage potato in such a dose.

Promising experiments were also carried out wich soybeans
however, as a result of climatic damage, no final evaluation could

be made.
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It was concluded in the course of the present experiments
that NEVIREX 60 EC, applied in a dose of 2-3 kg/ha, is superior to
all the products acting in one season and phytotoxic symptoms could
not be observed in culture plants.
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PE3hJME

ABTOpamu 6bU1 pa3paboTaH Mnpouecc Mo/yyYeHns anaxsiopa
£2-xnop-2; 6’ -guatun™-(MeToHCcn-vMeTun)-auetaHunnng], O6yrta-
xnopa 12-xnop-z-6"-auatnn-N-(6yToHcumeTun)-auetaHnnua] v
aueTtoxnopa [2-xnop-2°-meTun-b"-atun-H-(aToHCcnmMeTUN)-aLeT-
aHunna] -

N3 nocnegHero 6bU10 NPUIrOTOB/IEHO CPEACTBO coepxalee
60 % peincrteywwero Hadana (NEVIREX 60 EC) wu 6byio onpobtoBa-
HO Ha OMbITHbIX Monsax lccneposaTenbckoro VHCTUTYTa OCHOBHOW
XuMmnyeckon [MpOMbILWIEHHOCTN, CpaBHAB €ro C HECHOMbKMMW Mpo-
M3BOAHbLIMM TpuasnHa wn mouyeBuHbl. CpepgctBo NEVIREX 60EC npe-
Bblla/l0 AeiCcTBME BCEX OCTaslbHbIX MNpenapaToB, MpyM 3TOM He Ha-
HocvB Yyuiep6 Ky/IbTYPHbBIM PacTEHUAM .
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PREPARATION OF THE ACTIVE INGREDIENT "GARDONA"™ AND ITS
INTERMEDIATE PRODUCT AT PILOT-PLANT SCALE

J. BESAN and N.A. GESZTELYI

(Research Institute for Heavy Chemical Industries, Veszprém)

The active ingredient of the "Gardona" trade
marked pesticide is " tetrachlorvinphos preparation
of the latter was studied at a laboratory and, later,
at a pilot plant scale in the last few years. The pro-
duction of this preparation in Hungary was deemed pre-
ferable due to its advantageous spectrum of action
- as apparent from data published in literature - its
very low toxicity towards warm blooded creatures and
seemingly simple preparation.

In the course of these investigations, the opti-
mum parameters of the Friedel-Crafts reaction of 1,2,U-
-trichloro benzene and dichloro-acetyl chloride were
determined. The pentachloro-acetophenone obtained was
dried by azeotropic distillation and the condensation
was carried out with trimethyl phosphite in light pet-
rol. The raw technical active ingredient was separated
from the petrol solution by cooling; after washing and
drying it can be formulated.

“"Gardona'" 1is a pesticide introduced by Shell [1] in 1966. It
aroused considerable interest, which can be accounted for by its
excellent selective insecticide action and its low toxicity towards
mammals. The chemical denomination of the active ingredient is
cis-2-chloro-1-(2,4,5- trichlorophenyl)-vinyl-dimethyl phosphate,
the common name of the compound being tetrachlorvinphos = The
technical product of 98 % purity is a white, crystalline product
of a melting point of 95-97 °C [2]-
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Cl

pi
It is hydrolysed rapidly in an alkaline and slowly in a neut-
ral or acidic medium.

Its toxicblogical data are the following; acute oral LD50 on
a male rat: 1500- 5000 mg active ingredient/body weight kg; on a
mouse: 5000.

Acute dermal LD50 on a rabbit: 2500.

The active ingredient can very well be used against various
fruit tortricidae moths and flies; it can also be used shortly be-
fore harvest [3]-

On the basis of the favourable information mentioned in the
active ingredient within the countary was considered. The chemical
processes to be carried out are illustrated by the following reac-
tion symbols:

0 Al1C13
ClaCHC/* -Cl
~C1 catalyst
Cl
Cl
dichloro acetyl 1,2,4-trichloro 2,2,2,,4",5% ,-pentachloro
chloride benzene acetophenone
o] |

Cl- (0 -C-CHCIz + (CH3O)aP

\ O trimethyl phosphite
Cl
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According to the example presented Iin the patent CI], the
procedure is the following: 99 g of anhydrous aluminium chloride
is added to 109 g 1,2,4-trichloro benzene and 88 g of dichloro
acetyl chloride is added dropwise to the slurry, formed by the
first two compounds, within a period of 10 minutes. The mixture is
slowly heated to 90 °C and kept at that temperature for a period
of 4 hours. The aluminium chloride complex formed is poured on a
mixture of ice and hydrochloric acid, extracted with ether, washed
and eventually distilled.In this manner, 134 g of 2,2,2%,4" ,5"-pen-
tachloro acetophenone was obtained, whose boiling point at a pres-
sure of 0.05 Torr was 103-105 °C.

The above distilled product is used for the preparation of
tetrachlorvinphos : to a 50 g portion of 2,2,2",4" ,5"-pentachloro
acetophenone, 25.5 g trimethyl phosphite is added within a period
of 30 minutes, while the temperature is kept at 30— 50 °C. The
mixture thus obtained is heated to 110 °C for 30 minutes, where-
upon it is cooled and mixed ether in order to start the separation
of the precipitate. Tetrachlorvinphos was obtained with a yield
of 79 %; the melting point of the product was 97— 98 °C.

The most difficult step of the procedure according to the
patent is the distillation of pentachloro acetophenone at a pres-
sure of 0.05 Torr. Accordingly, the necessity of the distillation
of pentachloro acetophenone was checked and it was found that the
purity of the product depends, First of all, on the circumstances
of the hydrolysis of the aluminium chloride complex. Conditions
could be determined under which it is not necessary to distil the
product, but it can directly be applied for the preparation of
tetrachlorvinphos. The essence of the above-mentioned procedure
is that the maximum temperature of hydrolysis, when making the
complex to be decomposed, should be around 40 °C. A procedure for
drying the water-containing raw pentachloro-acetophenone by azeo-
tropic distillation was developed; the operation was carried out
in a petrol solution and the remaining petrol solution can directly
be used for the preparation of the active ingredient. From the so-
lution remaining after condensation with trimethyl phosphite, the
active ingredient is directly separated by cooling; its quality is
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not inferior to that of the product obtained from distilled penta-
chloro acetophenone.

In addition to determining the optimum parameters, corrosion
tests were also carried out and the structural materials suitable
for the individual technological processes were determined. Accor-
dingly, the reactors, their fittings and accessories (condenser,
and product recipient) should be of enamelled finish, whereas the
pipelines, their Fittings and the intermediate storage vessels are
best made of stainless steel type KO-35.

The production process that was developed will be described
in detail in the following. A reactor of 30 £ capacity, provided
with an enamelled finish, was equipped with a stirrer of the speed
of 100 r.p.m., a glass condenser and feeding funnel. 80 moles
(9.86 £) of technical-grade trichlorobenzene and 88 moles (11.76
kg) of technical grade aluminium chloride were weighed in and a
slurry was produced therefrom by stirring the mixture for 5 minu-
tes. Hereupon 80 moles (7.60 1) of dichloro acetyl chloride were
added within a period of 15— 20 minutes. The reactor was carefully
heated to 90 °C. The evolution of hydrochloric acid gas became in-
tensive above 40 °C. The temperature was kept at 87— 93 °C for 4
hours and thereupon the complex was discharged and slowly brought
into an autoclave of 250 £ capacity, containing 120 i1 water that
had been cooled to 1 °C. The highest temperature observed in the
course of the hydrolysis was 45 °C. After additional stirring for
half an hour, the product was allowed to separate for 2 hours. He-
reupon the oily liquid forming the lower layer was separated. The
supernatant aqueous solution was discarded. The product was washed
with 40 £ water of 45 °C temperature. After separation (the weight
of the raw, water-containing product was 26.3 kg) the substance
was returned to the reactor, mixed with 40 £ of a petrol fraction
of an initial boiling point of 90 °C, and freed of water by azeo-
tropic distillation. In this manner, 4.7 £ of water was removed by
distillation and 21.6 kg of petrol solution was obtained. From the
latter, 1.37 kg solid product was separated upon standing. This
was separated by filtration and its pentachloro acetophenone con-
tent, or more exactly, the amount of trimethyl phosphite necessary
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for the condensation was determined by the thermoindication tech-
nique .

The above-mentioned techniques developed iIn this Institute,
is based on the fact that the reactions in which technical penta-
chloro acetophenone is used up are highly exothermic. Consequently,
when carrying out a titration under isothermal conditions using
trimethyl phosphite as titrating reagent, the end-point can
be indicated by cessation of the change in temperature. Thus to 10
litres of the petrol solution (according to our analysis, the pet-
rol solution contained 62 % pentachloro acetophenone) a further
portion of 5 £ petrol was added, and with cooling applied, so as
to prevent the temperature rising above 50 °C, 20 moles (2.5 £) of
trimethyl phosphite were added with continuous stirring, within a
period of about 50 minutes. Having finished the addition, the so-
lution was heated to 110 °C in 25 minutes and kept at that tempe-
rature for 1 hour. The solution was, with continuous stirring, co-
oled to 15-20° in about 2 hours, and the separated product was re-
moved by Ffiltration. The filtrate was twice washed on the filter
with 3 litre portions of petrol and dried at 70— 80 °C. 5.4 kg of
product was obtained, its melting point being 92°C, and its purity
98.1 % (by gas chromatography); accordingly, the yield was 72 %,
as calculated on trimethyl phosphite.
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PE3IOME

JelicTByWNM Ha4ya/loM MHCEKTuUuMga Mapky TappoHa” saBnsa-
eTcs TeTpax/op-BUHPOC, MOyyYeHMe KOTOPOW 6bUsi0 aBTOpaMn Wn3y-
YeHo B npowsnbix rogax B fabopaTopHoe, 3aTeM U OMbTHO-3aBOAC-
KOM MacwTabe. OTeyeCcTBEHHOe MPOU3BOACTBO [AHHOrO CpeacTsa
000CHOBbLIBA/IOCb  NIMTEPATYPHLIMA  AAHHBIMA MO NPEUMyLEeCTBEHHOMY
CMNeKTpy ero [elicTBMS W BeCbMa HWU3KOW SAO0BUTOCTU Ans Tennio-
KPOBHbIX, & TakKxe W Mo MNpPOCTOMY €ro Mnony4vyeHuio.

Mpn uccneposaHMsaxX OGbIM aBTOpaMy YCTaHOBJ/IEHb ONMTUMasIb-
Hble YCnoBus peaHuun Opugn-Hpagua gns 1,2,4-Tpuxiop-6eH3ona
n anxnop-aueTun-xnopuga.flofydyeHHsl npy 3TOM MeHTax/op-aue-
TOEeHOH ObU1 BbICYWEH a3e0TPOMNHON AUCTUNNAUMeli, a KoHgeHcaums
C TpUMETUN-POCHUTOM OGbUia BbINOMHEHA B Nerkom 6eH3uHe. W3 O6eH-
3MHOBOIrO pacTBopa MNpV OX/TaXOEHUN BbIAENANOCH Cbpoe TexXHU4Yec-
KOe [elCTByllee Hayasio, KOTOpoe MoC/e MPOMbIBKU M BbiCywWMBa-
HUA MOXHO (hOopMMPOBATb .-
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ERRORS IN THE MEASUREMENT OF HEAT QUANTITY
TRANSMITTED BY STREAMING LIQUIDS

A. ALMASY and J. FARKAS

(Research Institute for Heavy Chemical Industries (NEVIKI),
Yes zpr ém

During studies concerning measuring instruments
that are qualified for the determination of the quan-
tity of heat transmitted in a given system by a
streaming liquid, it was shown - in addition to a de-
scription of the errors of the usual measuring in-
struments - that the latter are burdened by a syste-
matic error originating from their operating prin-
ciples. After a detailed examination of the "delay
time", the cause of systematic error, and the prin-
cipal layout of the QM-221 type digital heat quanti-
ty measuring instrument are presented. The instrument
developed at the NEVIKI - is free of the error men-
tioned .

In addition to the temperature, pressure, flowing quantity
and other physical and chemical parameters, an important charac-
teristic in chemical, pharmaceutical and energy industries - as
well as in other industries, producing or consuming thermal en-
ergy - iIs the quantity of heat transmitted.

The present paper deals with the errors of heat quantity
measurements and the methods aimed at decreasing these errors
in the case of instruments capable of measuring the quantity of
heat introduced into or removed from a system. The principle of
the measurement is 1illustrated in Figure 1. The NEVIKI QM-121
type digital heat quantity measuring instrument also operates
along this principle .
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This instrument measures me

0+n () input temperature,

the °out () output tempe-

rature and the V() volu-

metric Tflow rate of the

flowing medium. The heat

quantity absorbed or re- Fig.l. Principle of the measu-

leased by the system can be rement of the heat quantity

- - transferred or taken up by the
determined on the basis of liquid Fflowing through the sys-

the following Equation: tem

= 3600 .V(t).y .c.Aqt) [kcalsh] (1)

whereas the heat quantity absorbed or released by the system
during a time ti is determined by Equation:

,,.F V(L) .Ae(t)dt [kecal] 2

The following conditions mus be fulfilled iIn the measure-
ment of heat transfer:

1. No process involving the liberation of heat (e.g. change
in state, and chemical reaction, etc.) may occur in the heat
transfer medium.

2. The specific heat and the density of the heat transfer medium
can be regarded as constant, or their temperature dependence
can be ignored by considering a mean value. It is apparent
from the functional equations that the Eq error of the in-
struments is composed by two components:

- the error of flow measurement (Ev)
- the error of tempeyature measurement (ﬁ;)

in the following manner:

In practice, this value usually varies in the 1 to 5 %
range. Generally, the error Ev of the flow measurement cannot be
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influenced; it is a value characteristic of the flow meter, as
specified by the manufacturer, generally 0.5 %. The error of the
temperature difference measurement can be influenced by linea-
rization of the characteristic curve of the heat sensing element
(e.g- platinum ) .Considering the aforesaid, an accuracy of 0.5 %
could be attained by this method; however, it is self-evident
that the method can be applied only in a stationary state and
when also taking the time dependence of the ein () iInput tem-
perature iInto consideration it becomes apparent that in a tran-
sient state the method is burdened with a systematic error, if
the value of o is calculated as the difference of %in and Ssut
values measured at the same time. Naturally, the systematic
error disappears or is limited to a known error value if o”n is
constant or can be regarded as constant within a given margin of
error. Similarly, the heat quantity calculated from simultane-
ouslx determined O.in and °out values is lower than a known limit-
ing error value, if the measuring interval is a large multiple
of the delay (transport) time, i.e. of the time needed for a
volume element of the liquid to pass the system. The error is no
larger than the error made at the intervals corresponding to the
first and the last delay time.

The systematic error is eliminated if the temperature of
the same wlv,ue element of the liquid will be measured both at
the input and the output, and the difference in these tempera-
tures will be applied for the calculation of the heat quantity.
However, the solution of this task is not simple, especially be-
cause the delay (transport) time is a function of the V(t) vo-
lumetric flow rate. The problems connected with and the solution
of the general case is presented in Figure 2.

The Figure shows the input and output temperature of the
flowing medium of the heat transfer system, plotted against time
The delay (transport) time was chosen as the time unit. Curve
0. shows variations in the input, and curve OQut those in the
output temperature, both in accordance with time scale @) .
Curve 0™ is shifted compared to curve Oin by the transport time
T (time scale (@ The temperature differences free of systematic
error are obtained as the differences of the 0”n and the Oout
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Fig.2. Timg dependence of temperatures Oi and 6 ,
I;Lespect i\?é']:y ,

measured at the input and output points,
of the%ystem- 9in and 0in corrected with the delay

time (

values pertaining to the same abscisse value.
The mathematical model corresponding to the considerations

described in the foregoing can be constructed on the basis of

Figure 3.

Fig.3. Elimination of the systematic error brought about
the delay time.
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The system according to Figure 3 is a tube section not ne-
cessarily but without any branching off. There are two tempera-
ture sensors at cross sections'0" and "K', where:

K is the volume of the system between O and K
Kj is one volume element of the system
vV t is the volumetric flow rate of the liquid flowing

through the system

and it is assumed that the liquid is iIncompressible, i.e. its
volumetric flow rate 'V is identical at any cross section of
the system, moreover the mixing and heat transfer in the direc-
tion of flow are neglected. The volume elements are chosen so as
to have:

(4)
in which case we can write:

K = K.=n .K (5)

The volume element designated by "1" in the Figure 3. of the
volume K/n is transferred to the volume element designated by k&
if the following Equation 1is true:

and, in general, from the "j"-th volume element to the "j+I"-th
one, if Equation:

Kj “-H"+¢+ V (O dt @D
Tl

holds.

The liquid is presumed to be incompressible and consequent-
ly Equations(6)and(7)also mean that a liquid of unit volume en-
ters at point "0" and is descharged at point "K' at the same time.
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If the "vA)" volumetric flow rate of the flowing liquid is
sensed at an optional point of the tube section and the sig-
nal furnished by the sensor is used to produce the "k~ values on
the liquid in position '"1" to be transferred into position '2”
can be expressed; thés happens, when a volume

sp + 12 K = K + “n )

of the liquid has passed through the system, or, of the frequency
of the passing of unit volumes is counted, after the "n+l-P-th
step.

Accordingly, if the measuring system operates in such a man-
ner that the enthalpies of the unit volumes passing through the
input are determined and the values thus obtained are stored in
their sequence, and the enthalpies of the unit volumes at the
output are also determined and each value of the latter set Iis
compared to that of the former set preceding it by 'n+l" steps,
the algorithm described as the aim In the introduction has been
realiaed.

If the liquid volume elements passing the output of the
system are counted with index "i"", the following Equation may be
written for the value of the sum:

©)
and for the instantaneous values :
3600
. [kcal/h ] 10)
At aQ1a t'i'_tt(i—l)
However, since:
t1 Tt K (11)

Equation (10 ) can be brought to the following form:
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At 3600.c. Y-vi] Oin[i_(n+ig - W ¢ y }kcal/hJ a3

Equations™?) ., (il) and (12) represent the functional Equations
of the heat quantity measuring device operating on the basis of a
delay algorithm. From among these, it is Equation (7) that the
functioning of the flow meter and of the integrator coupled to it
in the general case. The output signal of this unit gives
the frequency of the passage of the liquid elements of unit vo-
lume. In practice, this is most preferably realized by a turbine-
-type Fflow-meter with a counter connected to it.

The above model eliminates the systematic error brought
about by simultaneously measured input and output temperatures ;
however, it unvariably is burdened by random errors and, further-
more, by the error of the measurement of the new parameter appear-
ing in the new model, the volume of the system (K) as well as by
errors originating from neglections taken in establishing the mo-
del (assuming incompressibility, neglecting the possibility of air
pockets; mixing and heat transfer in the direction of propagation).

This error analysis presents the possibilities of applica-
tion and limitations of heat quantity measuring devices that today
can be called classical; at the same time, it defines those meas-
uring assignments where it is preferable to apply the new heat
quantity meter capable of eliminating the systematic error brought
about by the delay time. It has so far not been discussed, but
nevertheless it is self-evident that - for all tasks, where the
parameter to be measured 1is 2 the heat quantity transferred
during unit time, it is the new technique that supplies a more
adequate information.

The development of the QM-221 type digital heat quantity me-
ter at the Department of Air Pollution Control and Control Engi-
neering of the NEVIKI Institute is almost concluded. The instru-
ment is capable of eliminating the transport error and at the same
time, it solves the linearization of the response of the platinum
resistance thermometer. A detailed description of the instrument
is not presented here, it is sufficient to remark that it is of
micro-programmed design and also contains a channel-controller unit
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which enables it to be connected to a computer,

Symbols used

Q heat quantity, [kcal]

t time [s]

% volumetric flow rate of flowing liquid [ ﬁ sfi

VC t) volumetric flow rate as a function of time t[m3 S_l]
0 temperature [°C]

Joct) temperature difference as a function of time t [°C]
Y density of flowing liquid [kg/m3]

c specific heat of flowing liquid [kcal/kg °C]

E error of the instrument

error of flow measurement
error of temperature measurement
K volume of the system between O and K [m ]
K3 one volume element of the system [m3]
Ki one volume element of the flowing liquid [m ]
Oout£Q output temperature of i-th liquid volume element [ C]
Sin[i_Cn+1)]inPut temPeratture °f same liquid volume element [ C]
Qi heat quantity transferred to ~taken up from) the system
[kcal]
tT-t. ~ time of passage of i-th volume element from volume element

"n" to volume element "n+l+ [s]

n number of elementary volume elements of the system
V. volumetric flow rate during passage of the i-th element
[m3.s-1]
PE3IOME

MpeaMeToM COO06lWeHVs ABMSIETCA WUcCCnefoBaHWe OWWOOK K3Me-
pUTENbHLIX YCTAHOBOK MPUIrOAHbIX H OMpefenieHnio Konuyectsa  Ten-
NoTbl, NepefaBaemoli TeKylel XWAHOCTb0 B OnpeesnieHHoW CcucTeme.
Mocne o3HaKoOMNEHWUs uuTaTeneil ownbkamu TpPagUUMOHa/IbHbIX — U3Me-
pUTENbHBIX YCTAHOBOK [MOKa3biBAETCA aBTopamu, YTO MocnefHue no-
FPYXeHbl CMCTEMaATUYECKON OWWMGKOM, npoucxoddawein u3 npuHumna ux
paboT. [ocne nogpo6bHOro WM3y4yeHWsA TaK Ha3blBAEMOro BpeMeHW 3a-
JEPXKN, Bbi3biBAKIWENO CUCTEMATUYECKYI0 OWMOKY, OnMcaHo asBTopamu
NpYHUMNUasibHoOe YCTPOCTBO W3MepUTEeNIbHOro npubopa  KonuyecTsa
TennoTsl Tvna QM-221 , uck/yawwero YnoMsHyTYI0 Bbile OWWOKY W3-
MEPEHNS M Haxoddweroca HoHe B cTagun pa3paboTku B Mccneposa-
TeNbCKOM WHCTUTYTEe OCHOBHON XMMUYECHOW [1pOMbILIEHHOCTW .
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HIGH ACCURACY DIGITAL/ANALOGUE CONVERSION
J. FARKAS

(Research Institute for Heavy Chemical Industries, Veszprém)

The most_ important apPIicagions_of digital/ana-

logue conversion in chemical engineering are briefly

summarized.

After this summary, the mathematical model of
the D/A converter developed at NEVIKI LIFO is descri-
bed; the factors influencing the accuracy of the D/A
converter are discussed on the basis of the model.

The field of application of D/A conversion mentioned in the
title as well as that of D/A converters is rapidly expanding. In-
stead of presenting an enumeration of all the possible applica-
tions, an example taken from the narrower field of operation of
this Institute will be applied for the verification of the above
statements and for summing up the present situation.

The example comprises on-line computer control of a conti-
nuous chemical industrial technology; the latter can be characte-
rized by the general flow diagram presented in Figure 1. There 1is
a part of continuous operation in time, comprising the process
proper and the part of the control device operating in an analogue
manner, and there is an other part of discrete operation, compri-
sing the computer and the auxiliary units necessary for its opera-
tion.
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Figure 1. General flow diagram of the computer controlling of a
chemical engineering process

The computer obtains information on the continuous-operation
part of the system at discrete time instants and it sends informa-
tion, similarly at discrete time instants, towards the controller
governing the process. In addition to the selection of the adequa-
te channel, two signal transformations are necessary for this ex-
change of information. First the analogue signals of the sensors
have to be transformed into digital signals, understood by the
computer, this process being termed analogue/digital conversion.
Secondly, the digital information supplied by the computer has to
be reconverted for the controller, this being digital/analogue
conversion. Accordingly, a D/A converter transforms a digital sig-
nal into an analogue one. The digital signal is in the present
case a binary or binary coded numeral, whereas the analogue signal
is a voltage or a direct current.
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As it is apparent from the above example, in addition to
their other fields of application, D/A converters are also impor-
tant elements of on-line control systems; in fact, even a medium-
-size on-line control system needs a fair quantity of them (gene-
rally as many as 10- 20). It is characteristic of the D/A conver-
ters available at present that their design is complicated, they
are constructed of special or carefully selected components and
consequently their production and calibration is time consuming
and cumbersome.

In the following, a description of the D/A converter desig-
ned at NEVIKI is presented. , This converter overcomes the draw-
backs described in the foregoing. The design of this D/A converter,
from the point of view of systems engineering, 1is shown in Figure
2. The digital information to be converted - designated by N in

Figure 2. Design of the D/A converter from the point of view of
systems engineering

the Figure - is conducted to one input of a digital comparator,
whereas the other input of the latter is connected to a counter
which continuously counts the pulses of a free running oscillator
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The comparator compares these two signals and at its output there
is a logical level of 1 as long as the content of the counter is
lower than or equal to N and there is a logical level of 0 if the
content of the counter is higher than N. Accordingly, the content
of the counter periodically increases from zero to a maximum value
determined by the capacity of the counter and it reaches and sur-
passes the value of N in every cycle. Consequently, a periodic
square wave signal is produced at the output of the counter. This
square wave signal is brought to a uniform shape by a limiter
stage in such a manner that its amplitude is either or zero.
The shaped signal is hereafter brought to a low pass Ffilter at the
output of which a DC voltage proportional to N appears.

In order to construct nin~n>
the mathematical formulae de-
scribing the operation of the
converter let us start from
the periodic square wave sig-
nal designated by Ube ,applied
to the input of the Tfilter.
It is easy to draw this
square wave signal on the ba- Figure 3- Time function of the in-
sis of the aforesaid (Figure put signal of the filter
3). The figure shows the time
function of the square wave
signal applied to the input of the Ffilter. The cycle of this sig-
nal 1s designated by T. If the capacity of the counter is designha-
ted by C, and the time of one cycle of the oscillator signal by x,
we can write T = C T-Ure”™ designates the accurate reference vol-
tage and N the number to be converted. The Equations characteristic
of the operation of the converter can be obtained from the Fourier-
-series of this signal.

in(t)= rif N + EI sin (oot + @) (1)
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where
CT 2tt=K =N cCr2
ref
_ 5  C0S ( ) + ( 2
Ak = KT * C k=2ir “
ref
K max K i (€)

arc tg - i (@)

T (0574 ®

The Fourier series is shown in the upper line, whereas the
coefficients and are shown below. It can be concluded on the
basis of the series that the component of zero frequency (fQ, the
first term in the series) is proportional to N, i.e, if the Ffilter

cuts off all the upper harmonics - which are given by the expres-

sion after the summation sign - the network structure described

above is able to perform

UIH D/A conversion. The
max F)

further Equations are ne
cessary for dimensioning
the filter; these will
not be described in de-
tail here. Instead, the
frequency spectrum - or,
more exactly, the loca-
tion and maximum amplitu-
de of the harmonics - as
determined from the
Fourier series, are pre-
sented iIn a Figure (Figure 4). Accordingly, the task of the Tfilter
is to transmit the component of O frequency and to cut off all

Figure 1. Frequency spectrum of the in-
put signal of the filter
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other frequencies. It is apparent from the Figure that the ampli-
tude of the upper harmonics decreases as a monotonie function and
consequently it is sufficient to design the filter for the second
harmonic and prescribe its damping for this one, i.e. the  break
point frequency of the filter has to be selected adequately lower
than the frequency - fi - ot the second harmonic.

The final result is presented iIn Figure 5 which shows the
connection between the input and output signal of the filter. The
Bode diagram of the fil-
ter characteristics, de-
termined according to

H(F)CdBI
the aforesaid, is drawn ®
|nt? the Flg?re-_ On the U. 40 dB/dec out
basis of this diagram, 201g K /
the final form of the f
output voltage (of the fo\ B

filter can be written,-
this 1is, at the same
time, the output voltage
of the D/A converter.

Figure 5. Connection between input and
output signal of the Tfilter

G VretK N o <h ©®

It can be concluded from the mathematical formula describing the
output signal of the D/A converter that the accuracy is determined
by the fraction standing before N. From this, C, the capacity of
the counter 1is an absolutely definite constant without any error
and accordingly the error depends only on the numerator of the
expression. From the numerator, Uref is a reference voltage- which
- when appropriately designed - is of adequate accuracy and accor-
dingly the error is principally determined by K, i.e. the transfer
coefficient of the filter in the region of transmission. This can
also be brought to an adequate accuracy.
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Finally it can be concluded that the output signal of the
D/A converter is influenced by only a few parameters, moreover,
all of these can be selected appropriately and consequently an ac-
curacy of 0.1 %, or even 0.01 % can be reached, as was originally

aimed at.

PE3IIMVE

B paboTe pfaH HpaTKuii 0630p BaXXHEWLMX MPUMEHEHUA B
XUMUYECHON MNPOMbILLIEHHOCTM KOHBEPCUU LUUPPOBBLIX BESINYUH Ha
aHanoroBble. [lanee aBTOPOM oOnuMcaHa MaTemMaTMyeckass Mofesb
LM(poBOro-aHa/0roBoro KoHBepTepa, paspaboTtaHHoro B Wc-
cnepoBatenbCkKoM  WMHcTUTyTe OCHOBHOM XuMUUecKoil  [MpomblL-
NEHHOCTU, W Ha OCHOBE MOfenu W3M0XeHbl (PaHTOPbl, OKa3bliBa-
IOlLMe BSIMSIHME Ha TOYHOCTb LM(PPOBOro-aHasoroBoro KOHBep-

Tepa.
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FIVE-PARAMETER MICRO-CLIMATIC MEASURING
STATION

E. CZEINER

(Research Institute for Heavy Chemical Industries, Veszprém)

The micro-climatic measuring station is capable
of performing, simultaneously with the determination
of harmful air polluting components, the measuring and
recording of five meterological parameters (atmosphe-
ric temperature, humidity, absolute barometric pressu-
re, wind velocity and direction). The apparatus can be
regarded as a hybrid single-purpose computer, because
it optimally combines a high-precision analogue meas-
uring technique with the considerable resolving power
of digital technique.

One of the basic and vitally important elements of human en-
vironment is air. The earth 1is surrounded by 6x1015 tons of air
and the filling of this vast amount with pollutants is, according
to various opinions, impossible. However, the pollutants are not
distributed evenly in the atmosphere. The presence of air pollu-
tants at the one-millionth level may be very harmful to the orga-
nism. Consequently, the determination of the distribution of air
pollutants in space and in time is of major importance. In additi-
on to the concentration of air pollutants, determination of their
propagation also represents very important information.

The Department for Air Pollution Control and Control Engi-
neering of the Research Institute for Heavy Chemical Industries
(NEVIKI LIFO) developed the DAPOMAC NORX 211 data collection equip-
ment for the purpose of air purity control. The equipment enables
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complex measuring tasks to be solved. Simultaneously with the meas-
urement of air polluting components, the meteorological characte-
ristics of the environment (micro-climate) of the measuring stati-
on also can be determined. The micro-climate parameters present
information on the propagation of the air pollutants; furthermore,
they are of importance in connection with the repeated determina-
tion of the data.

Electronic circuits coupled as accessories to the data col-
lection equipment enable the determination of the following mete-
orological parameters: air temperature, humidity, absolute baromet-
ric pressure, wind velocity and direction.

Technical Probleme of the Measurements

The meteorological parameters were determined simultaneously
with the measurement of the polluting components, with the appli-
cation of measuring techniques that are usual in meteorology. The
measurement of the atmospheric parameters was not aimed at deter-
mining the micro-climate iIn the meteorological sense. The data ob-
tained are of importance from the viewpoint of the pollution con-
trol. in the case of repeated measurements, micro-climatic changes
in the given environment and their effect upon the distribution of
the pollutants present in the atmosphere can be taken into consi-
deration.

The measuring range and accuracy of the instruments enabling
the measurement of meteorological parameters are fixed by interna-
tional regulations and recommendations. The measuring range and
the accuracy are determined by the transducers (transmitters). The
transducers used in the present work transfer non-electrical quan-
tities (e.g- wind velocity) into electrical signals with the pre-
scribed degree of accuracy.

The information content of the measured values is also of im-
portance. Accordingly, the measuring equipment is capable of pre-
senting the instantaneous, mean and integrated value of the infor-
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mation obtained from the source of information. The user can de-
cide which value to use in his calculations.

In a complex measurement carried out in a given environment,
the amount of the measured data is very large. The manual pro-
cessing of a large amount of data is time-consuming and consequent-
ly computer processing of the data has to be provided for. However,
it Is often necessary to draw certain conclusions while the meas-
urements are in progress and partial results - integrated or mean
results pertaining to a certain time - are necessary for this
purpose. In on-line computer processing of such data is no problem;
however, a computer is not always available or not at the given in-
stant , and consequently in the case of automatic data recording it
is preferable to equip the measuring station with an arithmetic
unit and a adequate capacity memory. In this way, it is possible
to acquire partial results even while the collection of the data
is In progress.

The recording of the data supplied by the measuring system
is carried out by a tape puncher combined with an electric type-
writer. This enables the checking of the measured results, while
the data are being collected. The figures recorded on the punched
tape can be processed by a computer, by means of an appropriate
mathematical programme.

Measuring Methods and Transducers

The non-electrical quantities to be measured are transformed
by transducers (transmitters) to an electrical quantity for the
electronic unit. This transformation may be analogue or digital.

In analogue transformation, a current proportional to the
quantity to be measured and changing in the range O ... 20 mA is
obtained.

In digital transformation, a series of discrete pulses or a
position-code is obtained.
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Temperature measurement. The measurement of atmospheric tem-
perature 1is carried out in an analogue manner, by the application
of a Pt 100 DIN type resistance thermometer. The main characteris-
tics of the platinum resistance thermometer are the following: re-
latively high temperature coefficient, a resistance value constant
in time and well reproducible in production. In the transmitter
developed in this work, a double-thermometer system was applied.
The advantage of this system is that transformation is linear in
the -30 to +50 °C temperature range. It can be verified both by
calculation and measurement that the error induced by the thermal
radiation of the environment of the sensor is a multiple of those
originating from causes of electrical origin. Consequently the re-
sistance thermometer was surrounded by a protective screen.

Measurement of air humidity. The humidity content of the air
is determined on the basis of the psychrometric difference. The
transformation is of an analogue nature. The psychrometric meas-
uring technique is based on the high heat of the evaporation of
water. The air sample to be examined is made to pass a resistance
thermometer surrounded by moist material and two other ones sur-
rounded by dry material. The resistance of the moist thermometer
is decreased on account of heat loss. The absolute or relative hu-
midity content of the air can be calculated from the psychrometric
difference of the moist and dry thermometers.

Barometric Pressure Measurement. The pressure measurement is
based on an analogue transformation.Changes in barometric pressure
bring about minute movements of a membrane chamber. A ferrite core,
secured to the membrane chamber, moves iIn a coil excited with an
AC current. At the movement of the core, the mutual iInduction coef-
ficient of the coil system changes. After rectification, an output
current proportional to the pressure is obtained.

Part of the analogue transducers described in the foregoing
is a commercial construction. A measuring head for the measurement
of wind parameters that can be coupled to the data processor was
developed in the Institute. Commercial measuring heads could not
have been used without considerable modification.
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Measurement of Wind Parameters. The wind velocity and wind
direction transmitters are of identical mechanical design. Trans-
formation is digital. The wind velocity transmitter is essentially
a turbo-type anemometer. In the wind direction transmitter, the
sensing of the direction with reference to the points of the com-
pass is carried out by a wedgeshaped wind flag. The rotation of
the wind velocity meter and the instantaneous wind direction are
forwarded to a code disc by a magnetic clutch. The marks, brought
upon the code disc iIn 4-bit Grey code, are transilluminated by
photoemitting diodes. In the wind velocity measurement the pulse
number per unit time is obtained, whereas in direction measurement
the angular rotation, with an accuracy of 1/16 of the points of
the compass.

Description of the Complex Measuring Station

A data collection and recording apparatus, also suitable for
the purposes of air pollution control - DAPOMAC NORX 211 (DIGITAL
AIR POLLUTION MEASUREMENT AND CONTROL) was completed in this In-
stitute in 1973. The equipment is capable of performing the fol-
lowing assignments:

it is compatible with the instruments used in air pollution con-
trol and in addition to industrial selfcontrol it enables the
automation of the measurements carried out in any field and the
recording of the data thus obtained;

it transforms analogue electric signals, with the application
of an input driver, into impulses corresponding to the O0— 1000
mV range, and thereupon; by means of a high-precision analogue-
-digital converter (digital voltmeter) it displays them in di-
gital form;

the digital signals are, with application of a Signal shaper,
stored in a number chain of the capacity 105 during the selec-
ted period of measurement;
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in predetermined time instants, the time of the measurement,
the denomination of the measuring places and the results of the
measurements are printed (or punched on a tape);

the operators carrying out the series of measurements are con-
tinuously kept informed of the measurement process by a special
"dialled result display' operation mode;

by merit of the built-in arithmetic unit, it is capable of pro-
ducing mean values or extreme values;

the basic unit enables the measurement and recording of signals
arriving through 32 analogue or digital channels;

data recording on tape puncher, electric typewriter, telex, or
teletype;

- iIn order to perform different measurement tasks, additional
measuring circuits can be connected to the measuring equipment.

Setup of the Micro-Climate Measuring Station

The block diagram of the micro-climate measuring station is
represented in Figure 1. The sensors are, iIn the case of analogue

Figure 1. Micro-climatic measuring station equipped with a DAPOMAC
NORX 211 type data collector. 1 - wind direction sensing
electronic unit; 2 - DAPOMAC NORX 211 type data recording
equipment and collecting equipment.
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signals, connected galvanically, in the case of pulse transmitters
by photo-electric coupling to the data processing equipment. The
values measured during the sampling periods selected by the opera-
tors are integrated by the data collecting and recording equipment.

Electronic Unit Processing Wind Direction Data. The electro-
nic unit carrying out the processing of wind direction data is an
accessory of the DAPOMAC NORX 211 apparatus. Its main functions
are the following: determination of the wind direction most fre-
quently occurring during the sampling period and the determination
of the instantaneous values of a given direction in degrees. The
resolving power of the wind direction transmitter is 22.5°, which
corresponds to 1/16 of the points of the compass. The following
angular positions were assigned to the main direction of the com-
pass: North = 360°; East = 90°; South = 180°; West = 270°. The
display of the 16 directions obtained by the 22.5° resolution is
carried out by a 4-bit Gray code disc. By transformation of the
4-bit Gray code into a binary number, a binary address can be as-
signed to every 1/16 direction. The position of the angle trans-
mitter is checked every 15 seconds. In a sampling time of 30 minu-
tes, this means 240 samples. The number of occurrences of the meas-
ured directions is stored in a memory bank. After the sampling pe-
riod, the electronic unit, in its extreme value seeking phase,
examines the contents of each memory section and notes the sum of
the maximum contents. The multiplication corresponding to the
noted sum is carried out by the arithmetic unit. The result of the
multiplication is a binary number, which is made suited for display
and recording by the binary-decimal converter. After the printout
phase the content of the memory is zeroed.

The measuring station described in the foregoing was prima-
rily designed for the purpose of air pollution control; however,
it solves measurement and evaluation problems occurring not only
in air pollution control. Its design enables any high-frequency
industrial or laboratory measurement to be carried out with the
equipment.
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PE3FQVE

MWHPOKNMMATNUYECKON M3MEPUTENbHOW CTaHLUMe BbINOMHSA-
eTca OAHOBPEMEHHO C onpefeeHVEM BPeAHbIX KOMMOHEHT, 3a-
rpA3HAWMX BO3AYX, W3MEpPeHMe U perucrtpauma nsaTM MeTeopo-
NOTUYECKUX napameTpoB (TemnepaTypa BO3AyXa, BaXHOCTb U
abCconTHOe fJaBfieHMe BO3JyXxa, CKOPOCTb W HanpaBfieHUe BeT-
pa). [aHHyl0 YCTAaHOBKY MOXHO CUMTaTb UeneBoir OBM, TaH Kak
OHa OoNTUMaNnbHO CcOeAMHSAeT B Ceb6s aHaNOroBYH M3MEPUTENbHYIO
TEXHUKY BbICOKO/A TOYHOCTM C BbICOKOW pasnarawwen cnocob-
HOCTbIO LUUGPOBOFr0 M3MEPEHUS.
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RELATIONS ENTRE LES CARACTERISTIQUES ELECTROCHIMIQUES
DES ALLIAGES ET LA TENDANCE A LA CORROSION PAR PIQURES

G . KEMENY

(Institut de Recherches Chimiques des Industries Lourdes,
Veszprém)

On a examiné par voie potentiostatique et chro-
nopotentiostatique la tendance a la corrosion par pi-
qlrés de divers aciers austénitiques,dans des solu-
tions aqueuses, contenant des chlorures et des acides
organiques communiquant a l’air. On a étudié les
valeurs de certains paramétres éléctrochimiques des
alliages susceptibles a la corrosion par piqlres et
celles des alliages qui sont exempts de cette ten-
dance. .On a observé des relations qualitatives et gé-
nérales entre les propriétés et les parametres élec-
trochimiques des alliages. En partant de ces bases on
peut comparer la tendance relative a la corrosion par
piqdres, dans tous les cas. Pour qualifier toutefois
certains alliages on doit avoir plusieurs parametres
précisément définis. Apres avoir défini le potentiel
de rupture, on peut bien profiter I’essai chronopo-
tentiostatique fait au potential convenablement
choisi.

INTRODUCTION

Ceux, qui ont étudié le processus de la corrosion par piqQ-
res, sont nombreux, d"une part a cause de I"importance pratique,
d"autre part de son intérét théorique. Le probléme principal pro-
vient de ce. que des endroits se corrodants tres vite et des end-
roits exempts de la corrosion existent simultanément a la sur-
face du métal.

Un partie des études traite le mécanisme du processus et
les facteurs, qui influencent le processus (1-8), I1Tautre par-
tie de celles traite [I"influence des composants d"alliages

et de solution (9-19).
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La différence des propriétés de celles de la corrosion uni-
forme nécessite l"analyse complémentaire des méthodes expéfimen -
taies a appliquer. Les méthodes d"immersion antérieurement appli-
quées avaient des inconvénients, et exigaient du temps d"études
bien long.Le point de départ des méthodes électrochimiques cTest
I"observation de BRENNERT (20), qui a constaté le premier, qu” il
est possible de déterminer la tendance a la corrosion par piqdres
d"un acier allié dans un milieu de chlorure stagnant aux poten-
tiels, ou I"intensité du courant, avec la polarisation simultané -
ment produite, montre une augmentation brisque.*

Jusqu*au potentiel de rupture, ER I"acier ne corrode pas,
mais a un potentiel plus positif, dans une solution contenant de
chlorure, elle subit une corrosion par piqlires. La résistance a
la corrosion de l"acier dépend donc du potentiel stationnaire (&)
qui peut atteindre la valeur du potentiel de rupture. La valeur
possible du potentiel stationnaire est décisivement déterminée
par le potentiel d“oxido-reduction de la solution parce qu"il y a
une relation fondamental entre les deux valeurs:

N
EC 4+ ERedox ag Corrosion
- . par
Sur la figure 1. on représente -réE) piqares
la forme schématique des di- D0
iy T G
agrammes de densité de courant )
r 1- Tpotentiel

- potentiel des aciers in- Ci Redoxi R Ci Redox3
- . i Redoxi i Redox
oxidables, dans des solutions  gjg . La relation parmi le potentiel

neutres ou Taiblement acides. de rupture, potentiel stationnaire,
o= le potentiel oxydo-réduction.
Il est évident, que

ERedoxl < ER" C"eSt a dire eci1 < ER

Dans ce cas la corrosion par piqlres est exclue. Par contre en
cas de

E >
Redox2 R

«Selon certaines études (22) le potentiel de rupture n’est pas ca-
ractérisé par un potentiel bien précisé, mais par un intervalle
étroit de potentiel,ou 1’adsorption aes ions activants est bien
forte.
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E_  peut atteindre le domaine du potentiel de la corrosion par

piglres.

Pour déterminer 1la valeur du potentiel de rupture et des
autres caractéristiques électrochimiques des alliages, les mé-
thodes a appliquer sont les procédés galvanostatiques et le
tracement des courbes de potentiel - temps (23). Les méthodes
plus précises sont les mesures potentiostatiques et potentio-
cinétiques (24-28). Les méthodes appliquées sont tres variables,
parmi lesquelles surtout la vitesse du changement de potentiel
influence considérablement les valeurs obtenues (29, 30). Cer -
tains auteurs ont appliqué des examinations chronopotentiosta-
tiques a un potentiel constant pour déterminer ,la tendance a la
corrosion par piqdres et ils ont analysé la considération pra-
tique des caractéristiques obtenues par les méthodes différentes
(26, 31-33). Pourtant il semble, que I"analyse de la tendance a
la corrosion par piqlires, le role des caractéristiques électro-
chimiques n"est pas déterminé unanimement.

CONDITIONS EXPERIMENTALES

Pour déterminer les relations entre la caractéristiques et
les propriétés corrosives nous avons fait de différents examens
électrochimiques. D"abord nous avons tracé des courbes de pola-
risation potentiostatique par une vitesse de changement du po-
tentiel relativement grande, 50 mV par 2 minutes. Nous avons di-
rigé le changement du potentiel toujours dans le sens positif.
Avant le tracement des courbes les échantillons étaient activés
au potentiel -600 mV (E.C.S. ).

Plus tard, nous avons Tait des examens chronopotentiosta-
tiques au potentiel +100 mV ( -C.S.). On a fait un examen durant
de 30 minutes en registrant simultanément les valeurs de la den-
sité du courant.

Nous avons déterminé des potentiels stationnaires, des po-
tentiels d"oxydo-réduction, et on a fait des observations vi-
suelles .
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On a pratiqué ces déterminations sur des alliages d"aciers
austénitiques variés. Nous avons précisé la composition chimique
des aciers par le tableau 1. 1l y a 3 alliages contenant du mo-
lybdéne, 1"un de ces trois,signé par "A”, ne contient que de 2,4 %
de molybdéne, ITautre, signé par "K' est stabilisé a la fois par
niobium. Le troisiéme,signé par 'B™ contient 4,5 % de molybdéne.
Il y a quatre alliages de chromo-nickel différents par leurs te-
neur en nickel, c"est a dire par la présence du stabilisant de
titane. Dernierement, on peut observer deux aciers de manganese-
azote appartenant a la série de teneurs différentes de manga -
néese.

Nous avons poli les échantillons blogués dans une résine
poliacrylic, puis on les a dégraissés par 1"éther-diéthylique et
par 17alcool absolu. La surface libre, ronde et polie des échan -
tillons avait la superficie de 0,25 cm .

Nous avons fait les examens dans cing solutions des acides
différents. Chaque solution d"acide a 5 % (acide formique, acide
acétique, acide oxalique, acide maléique, acide citrique), con-
tenait encore 3 % de chlorure. On fait continuellement circuler
les solutions pendant les épreuves.

RESULTATS

Sur les figures de 2 a 6 on présente les courbes des résultats
particuliers de quelques alliages des aciers immergés dans des
solutions d"acide formique, contenant aussi du chlorure.

La figure 2 présente la courbe de polarisation d"un alli-
age contenant 2,4 % de molybdéne. Pour faire la comparaison on
présente aussi la courbe expérimentale dans un milieu exempt de
chlorure. On peut constater, que la couche se rompe aprés un
temps de repassivation relativement court.

La figure 3 présente la courbe de polarisation des alli-
ages contenant 4,5 % de molybdene. Dans ces cas la rupture des
couches passives se retarde jusqu aux potentiels positifs bien
élevés. Le potentiel de rupture est plus positif que le potentiel
d"oxydo-réduction du milieu (+220 mV).
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mA/cm2

densite®*de courant,

T . 2. L"alliage "A". Fig. 3. L"alliage '"B".

mA/cm2

densité* de courant,

-500 0 500 TO00
potentiel, mV/E.C.S.

Fig. it L’alliage "E" Fig. 5. L’alliage "G"

Les courbes de polarisation des alliages A B. E et G dans une solu-
tion d’acide formique a 5% (0), et I’acide formique a 5% + chlorure de
sodium a 3% X)
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Sur la figure 4 on voit [la courbe d"un alliage de chromo-
nickel non stabilisé. On constate une section courte passive de
courbe aprés un maximum de courant, puis on observe une augmen-
tation brusque de la densité de courant a un potentiel relative--
ment négatif.

La figure 5 présente une courbe de polarisation d"un acier
de manganese-azote faiblement allié au nickel. Cet alliage se
comporte analogment comme le précédent, mais la couche se rompe
a un potentiel encore plus négatif.

On peut voir sur la figure
6 une courbe d"un alliage faib-
lement allié au molybdene,
stabilisé par niobium. On peut
constater de nouveau un do-
maine passif, large de 200 mv,
puis la rupture de la couche
qui arrive aux environs de la
valeur du potentiel d"oxydo-
réduction.

La Figure 7 représente
I"état de surface des échan-
tillons d"alliage aprés un
examen chronopotentiostatique
effectué dans un milieu con-
tenant de 17acide formique et
du chlorure a un potentiel de
+ 100 mV E.C.S. . Dans ce mi-

Fig.6Ej L?s ??urbes de golarisa— lieu tous les alliages sont
tion de I’alliage "K" dans une S A - -

solution de 1’acide, formique a 5% Ssubis a une corrosion par pi-
(0), et l’acide formique a 5# + gires exceptés les suivants:

+ chlorure de sodium a 3% €9 I"alliage fortement allié au
molybdéne signé par '"B",lI"al-
liage signé par "K' stabilisé, contenant du molybdéne, et I alli-
age signé par ''C" stabilisé, contenant du chromo-nickel. Cepan-
dant le taux de corrosion par piqldres est bien différent. La
corrosion par piqlres est bien répendue sur la surface des alli-
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ages mangeneses-azote, par contre sur la surface des autres alli-
ages il n"y a que quelques piqtires.

Le résumé des résultats d"espériences exécutés dans une so-
lution contenant de I1"acide formique et du chlorure, selon les
caractéristiques électrochimiques et I"appréciation visuelle ,
est présenté dans le tableau 2.

Tableau 2

Les caractéristiques des alliages dans une solution
d’acide formique a 5 % contenant 3 % de chlorure

de sodium
Le signe EC Er L apparition des
de I1’alliage mV/E.C.S. mV/E.C.S. m:&'/cm2 piglres sur la surface
A -221 +150 0,008 +
B +171 +550 0,001 -
C -177 +200 0,680 -
D -38l1 0 0,81*0 +
E -h2h 0 2,880 +
F -1*1*7 -100 17,200 +
G -1I*61* - 50 T+, 100 +
H -208 +200 0,280 +
K -182 +300 0,018 -

On a considéré pour potentiel de rupture, la valeur de poten-
tiel appartenant a 50 yA/cm de densité de courant.
La densité de courant (1) est mesurée a la fin de 3o minutes

de I1"exament chronopotentiostatique.

Selon les donnés ainsi obtenues, il est évident que les
alliages peu sensible ou non sensible a la corrosion par piqdres
ont un potentiel stationnaire (Ec) relativement positif qui se
forme tout de suite apres I1"immersion. La valeur du potentiel
stationnaire de I"alliage signé par 'B" prouve la passivation
spontanée de [1"alliage. Le potentiel stationnaire des alliages
signés par "F' et "G, bien attaqués par la corrosion par piqdres,
a la valeur la plus négative.
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G H E

Fig.7- La surface des alliages aprés les examens chronopotentio-
statiques exécutés dans une solution contenant de 1 ’acide for-
mique a 5 % + chlorure de sodium a 3 %.
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Fig.8. La surface des alliages aprés les examens chronopotentiosta-
tiques exécutés dans une solution &ontenant de l’acide citrique a
5 % et chlorure de sodium a 3 .
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La valeur du potentiel de rupture (E ) est relativement po-
sitive en cas des alliages résistants, et relativement negative en
cas des alliages susceptible a la corrosion. Il y a un écarte de
trois d"ordre de grandeur entre les densités de courant chronopo -
tentiostatiques des alliages résistants et sensibles a la corro -
sion.

La Ffigure 8 présente la surface d"une échantillon d"alliage,
aprés avoir traité dans une solution, contenant d"acide citrique
et de chlorure de sodium, et effectué un examen chronopotentiosta-
tique. Quatre aciers se corrodaient intensivement, ce sont deux
aciers de chromo-nickel sans stabilisation et les aciers de man-
ganese-azote. Sur les autres échantillons il n"y avait pas de cor-
rosion.

Nous avons résumé dans la tableau 3 les caractéristiques
formées dans un milieu d"acide citrique et de chlorure. Dans ce
cas les alliages attagués sont caractérisés par le potentiel de
corrosion et de rupture bien négatif et par une grande valeur de
densité du courant chronopotentiostatique.

Les observations sont pareilles en cas des échantillon im -
mergés dans les autres milieu examinés.

Tableau 3

Les caractéristiques des alliages dans une solution
contenant de 5 I d’acide citrique et de 3 x de chlorure de

sodium
Le signe EC Er m&/ _ L~apparition des
de 1’alliage mV/E.C.S. mV/E.C.S. cm piqdres sur la surface

A +195 +225 0.360 .
B +222 +1*5 ojooi -
C -2 +225 0,020 -
D =1*77 - 25 1,120 +
E 35 - 25 ¥.800 +
F -1*50 -125 23,600 +
G -350 - 75 8,800 +
H +100 +225 0,002

K -160 +325 0,232 -



h2h G .Kemény Vol.2. Suppl.

On voit le résumé des résultats d"investigation exécuté dans
le tableau 4, qui sert a établir le rapport entre les caracté-
ristiques électrochimiques et la tendance a la corrosion par pi-
qglres .

En comparant les caractéristiques des alliages susceptibles
et non susceptibles a la corrosion, on constate, que le potentiel
de rupture des alliages susceptibles a la corrosion se déplace vers
les potentiels relativement négatifs. Cette valeur est relativement
positive aux alliages résistants a la corrosion.

Le potentiel stationnaire est aussi bien négatif, (environ

-400 mV/E.C.S.), dans les alliages susceptibles & la corrosion.

Tableau ¥

Le rapport entre les caractéristiques é-ectrochimiques
et la tendance a la corrosion par piglres

Caractéristiques Alliage susceptible a Alliage relativement
électrochimiques la corrosion par piqldres resistant a la corrosion

Potentiel de . +
rupture
Potentiel +

stat ionnaire

Densité de _ )
courant chrono- i >1mA i —>» 0
potent iostat ique

Forme du courbe
de polarisation /

En faisant la polarisation a un potentiel constant, par
exemple a TOO mV positif, la densité de courant atteint la valeur
de 1 a 10 mAZcm’ aux alliages susceptibles a la corrosion. La den-
sité de courant est tres petite dans les alliages résistants a la
corrosion, ces valeurs ne dépassent pas quelques pA--

Sur la courbe de polarisation d"un alliage susceptible a
la corrosion on apercoit un maximum de courant, qui est caractéris-
tique a la solution active, dans un milieu investigé, et qui ne se
montre pas aux alliages résistants a la corrosion.



1971* Corrosion par piqdres 1*25

CONCLUSION

Selon I"appréciation au-dessus décrite et I"analyse de tous
les résultats - malgré les relations qualitatives et générales -
on constate, que la discussion d"une caractéristique isolée n"est
pas suffisante dans l"évaluation de la tendance a la corrosion. Il
est nécessaire évaluer ensemble les caractéristiques recues des
courbes de polarisation anodique et des mesurements exécutés au
potentiel constant pour qu“on puisse qualifier les alliages selon
la tendance a la corrosion par piqlres. Mais le potentiel de rup-
ture se montre exeptionnel, s"il a une valeur plus haute que le

"redox" potentiel car dans ce cas la corrosion par piqdres est
exclue.
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PE3IOME

ABTOpOM 6blla WCC/eAOBaHa CHJ/IOHHOCTb pas3HbiX ayCTeHU-
TOBbIX CTa/lbHbIX CM/IABOB H TOYEUHO/ KOppo3uu, MNpUMEHVB KpaT-
KOBPEMEHHbI MOTEHUMOCTATOBLI M XPOHOMOTEHLUMOCTATOBLIA METOZ
B pacTBOpax COAepXalux OpraHM4Yeckue KUCMOTh U cornpuKacan-
WMXCA C BO3AYXOM. V3y4a/nCb 3HAYEHUs] OTAE/bHLIX 3/1eKTPOXN-
MAYECKMX MoKasaTeneil npu CrfaBaxX CK/IOHHbIX W HEEHSIOHHbIX K
TOYEUHOW HOppO3uM. KauyecTBEHHble COOTHOWEHWs1 OGWEero AelicT-
B/ GbUIM OGHApYXeHbl Mexay CBOWCTBaMM CMaBoB UM UX MoOKasa-
TensMu. Ha OCHOBe 3TOro BO BCEX C/lydasiX MOXHO OCYUWECTBUTb
OTHOCUTENILHOE CpaBHEHWE CBOWCTB pPa3/IMYHbLIX CM/JaBoB MO TO-
yeuHoli Hoppo3un. [ns KBaMUKauMM OMpeaesieHHoro cryiasa,
0fHaKo, Heo6XOAMMO TOUHO OMPEeAenNTb BEUYUHLI BOOGWE He-
CKO/IbKMX MoKazaTesnei. [MoMuMo onpejeneHust noTeHusana npe-
fiova nosy4yaeTcsl Mofie3Hasl WMHpopmauus Ha OCHOBE XPOHOMOTEH-
LMOCTaTOBOIO WCMbITAHNsI, BLINO/IHEHHOTO MpY MOAXOASAWEM MO-—
TeHuane .









CORRIGENDUM

In HJIC Vol. 2. Suppl. 2. the title of G. Kovats®™ article was
published wrongly. The correct title is:

"Problems of Securing Monomers for the Production of 1,4 - cis -
- polyisoprene Caoutchouk™ .

A kiadasért felel6s: Dr. Nemecz Erné
Felel6s szerkeszt6: Dr. Bodor Endre
Példanyszam: 950 +_ 250 kulénlenyomat cikkenként
Készult a Vaci AFESZ Sokszorositoélzemében
Engedélyszam: 52 478
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