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INTRODUCTION 

Althougb the thiokening of oils with and without 

the presence of air and catalysts has oconpied the attention 

of chemists for many years owing to its recognizee industrial 

importanoe. the s~lphurization of o1l~ has, on the other hand. 

been praotioally neglected. Since sulpbur and Qxygen are 

very similar elements~ especially as regards the oompounds 

they form, it appeared that the changes taking plaoe daring 

the sul~hurization process would be analogoQs to those in the 

oxidation process t and quite recently (1) this was shown to' 

be the oase. The sulphurization process has the advantage 

in that it takes place much more quickly, the setting-point 

is more sharply defined. side-reactions occur to a smaller 

extent owing to the lower temperatures Qsed. and the experi

mental conditions oan be standardized more easily as a 

definite quantity of sulphur can be added all at once whereas 
only 

oxygen or air can be introduced into the oil~gradually. 

The object of the present investigation was to 

stuay the effeot of accelerators in the salphQrization of 

01ls as it seemed likely to throw more light on the mechan

ism of rabber vulcanization. Vegetable drying oils were 

oonsidered a satisfactory starting-point as they oombine 

with sQlphQr at oomparatively low temperatures yielding a 

substance of rnbber-like oonsistenoy. 
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HIS TOR I C A L 

Vegetable oils are mixed glyoerides of organio 

acids, both satarated and nnsat~ated, and are usually 

classified according to their power of setting to a solid, 

witho~t loss in weight, when exposed to the air in thin 

films. 

Three main groups are reoognized: non-drying oils, e.g. 

olive oil. semi-drying oils, e.g. corn oil: and drying oils, 

e.g. linseed and china wood olls. The drying properties 

of the last group were considered due to the presence of a 

considerable quantity of the highly unsaturated fatty acids, 

namely, I1nolic and linolenic acids, but it has reoently 

been shown that the alcohol in combination with the fatty 

acids is very important as the methyl and ethyl esters will 

not set. The drying of an oil is due to its combination 

with oxygen, but the drying 1s possible in any other atmo

sphere which allows of combination with the gaseons medium 

and coagulation of the prodnct. 

Although the drying properties of oils have been 

found to depend upon their content of ansatQrated acids, 

and. benoe upon their iodine nQmber, the latter is not aluays 

a criterion of the rapidity of setting. China wood oil 

with an iodine number of 160-1~O dries more qnickly than 

linseed oil with an iodine number ot 175-200. The iodine 

number does serve to distinguish between the three main 
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classes of vegetable -olls as non-drying oils have an 

iodine nwmber of 80-100, semi-drying 011s from 100-120. ana 

drying oils over 120. 

Owing to the complex na ta.re of oils and the faot tba t 

the composition depends on the maturIty of the seed and the 

plaoe where it is obtained. only a few investigators have 

attempted to determine their composition. Their work has 

served to indioate the oonstitution ot the unsaturated acids 

which are fOllnd. Ot the numerous possible isomers ot oleic 

acid depending upon the position of the double bond, the one 

generally considered as being present in, say. linseed 011 

is : 

Linoleio aoid is ~ssigned the formala: 

OR3- (CH2 )4 .CH:.CH.CH2.CH=CH- (CH2 )'le'COOH (2) 
13 12 10 -9 

The formula given to linolenic acid by Erdmann, Bedford and 

Raspe (3) Is: 

CH3eCH2eCH=CHeCH2·CH=CXeCH2-CH=CH.(OH2)7eCoon. 
16 ~5 13 12 10 9 

Lino1eio acid absorbs four atoms of oxygen from the air 

when exposed as a thin film, and is oonverted into a solid 

resinous substance (a linoxyn) which is insolnble in ether 

(4) • No volatile prodQots are formed. Coffey (5) showed 

that linolenic acid absorbs nine atoms of oxygen to give a 
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peroxide linoxyn ana volatile produots consisting of oarbon 

dioxide and acids (acetic acid). His scheme for the oxidation 

ot lin~lenic acid is! 

C1SH3002 + 90~ 1inoxyn -t CO2 + CH3COOH + H20. 

(volatile) 
(aoids ) 

When the oxidation ot linolenic acid was carried out 

with hydrogen peroxide or perbenzoic acid, Baller and Klltscher 

(6) fOllno that the amoant of oxygen taken llP varies with the 

experimental oonditions. With hydrogen peroxide only part of 

the double bonds disappear, the iodine number beooming 91.5 

at room temperatllre and 55.9 at 100°0. In both oases molecll1ar 

weight determinations in benzene indicate that a bimoleclllar 

compound has formed. Perbenzoic acid callses the linolenic 

aoid to become satQrated, and the iodine number falls to 3.45. 

The ethyl ester of linolenic acid does not react with hydrogen 

peroxide, and although perbenzoic acid does oxidise it the pro

duot formed is monomolecular. Oleic acid and its ethyl ester 

are not acted on by hydrogen peroxide, bat perbenzoic acid 

canses the acid to absorb two atoms of oxygen per molecale with 

increase in molecular weight, whereas the ethyl ester absorbs 

only one stom ot oxygen and remains a simple mo1ecQ1e • 

Linseed oil is considered to consist ot mixea glycerides 

of linolenic, 1inolic and oleic acids, together with glycerides 

of the saturated acide. palmitic, stearic, and possibly small 

qQsntities of myristic and arachidic. The following mixed 
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triglycerides have been identified and isolated in the form of 

bromo-derivatives:-

(a) dilinolenylmonolinoly1 glyceride, 

Cb) 25 per cent. of the trilino1eic glyceride or an oleic

linoleic-linolenic glyceride. 

(c) dio1eopalmitin (O.6 per cent.) (7) 

Very recently Eibner, Widenmayer, and Schi1d (8) have isolated 

dilinoleno-mono-olein. They also consider that dil~noleic

monolinolenic glyceride is present. They believe that (a) 

abovels the chie:f drying constitllent of linseed oil. 

China wood oil, on the other hand, contains 

glycerides of ~- and $- elaeost-earic acids together with 

small qnantities of olein (10 - 15 per cent.) It is almost a 

simple one-acid glyceride as compared with the mixed glycerides 

of ot her drying oils. Elaeosteario acid (also called 

margario aoid) was considered to be isomeric with linoleic 

acid and given the formn1a: 

CH .(CH ) .CH-CH.(OH ) .CH=CH.(CH ) .COOH. 
3232227 

14 13 10 9 

Now,however, Boeseken and Ravenswaay (9) believe that the 

elaeosteario aoids have three ethenold linkages and are 

stereoisomeric with the linolenic acids, and in this way 

they apcotlnt for the great reaotivity ot china wood oil. The 

same ~llthors have shown that the rJ.....- and .s - elaeostearic 
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acids are themselves stereoisomerio by determining their 

mo1eca1ar reactivity. By analogy with oleic and elaidic aci~s 

they are oonsidered to be bi-cis and cis-trans respectively. 

HC.A 
11 

HC.CCH2 )2·WH 

B .CH 
Ei-cia form 

HC.A 
11 

HC.(CH2 )2· CH 
1/ 

HC.E 
Cis-trans torm 

From speotographical observation of typical acids and oomparison 

of their absorption carves Manecke and Volbert (10) decide in 

favour of the opinion that elaeosteario acid has three doable 

bonds, but have no definite in1ormation as to their conjugation. 

The cI:....- aoid can be converted in'tio the IJ- form by the 

action of nitrous acid or by iodine and salpbur (11) 

Drying at Room Temperature 

On exposure to the air in thin films at room temperature 

raw linseed oil sets within 3-~ days to a smooth glossy film. 

This relatively hard, tough, elastio substance is known as linoxyn. 

The chief ohemical ohanges whiob are apparent are: absorption of 

oxygen; evolntion of volatile deoomposition products, drop in the 

iodine nnmber. increase in the amoQfit of combined oxidized acids, 

and inar.ease in density. These changes depend apon the absorption 

of oxygen, and it is fonnd that there is a distinct induotion 

period. 

The absolute ohanges that t"ake place vary with the 

conditions. Gentbe (12) noticed that linseed oil which absorbed 

22.6 per cent of oxygen under ordinary conditions would absorb . 
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25.8 per cent. when exp'osed to the light ot a meroQry vapor 

lamp. At 95°C~he gain in weight in air corresponded to an 

absorption of 26.8 per oent.whereas in an atmosphere of 

oxygen it was 54.~ per oant. For a rise of ten degrees a 

red~otion by a halt in the time of drying was obtained. 

Also the final hardening of the film took place more rapidly 

in dry air than in an atmosphere saturated with moistQre 

owing to the faot that in the presenoe of mOisture there is 

a second great rise in the weight time oarve (13). This 

second maximum is often greater than the first. whereas in 

the presenoe of dry air it is usually slight or even entirely 

laoking. 

Effect of Driers 

As has been mentioned before. there is an induction 

period in the absorption of oxygen daring the drying of an oil. 

Driers were found to remove this indaotion period, and also to 

affeot the percentage of oxygen absorbed and the final behaviour 

of the solid film. When driers are nsed the oxidation carves 

do not run parallel to that for linseed oil alone. Ingalls 

obtained the following res~lte with linseed oil films (0.001-

0.003 inohes thick) containing 2 per cent. of rasinatas of the 

follbw1ng metals. 

Linseed 011 
oontain1ng 

Drying time 
(hoars) 

Peraentage 

MD Pb zn Ca Cu Fe Al 

12 26 30 52 46 60 85 

Or Linseed oil 
alone 

95 121 
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Marked variations are observQd in the speoifio 

action of metallio driers. Manganese and oobalt are looked 

QPon as prodQoing superfioial oxidation, whereas lead driers. 

althoagh muoh slower in their aotion. favour the produotion 

of a more uniformly oxidized film. Very small amoants of 

manganese and cobalt (a.p to 0.2 per oent.) prodtloe almost 

maxtmnm aooeleration. whereas in the oase of lead and others 

a ma.oh larger quantity of drier is necessary. Combinations 

of driers. e.g. lead-manganese. are better driers than the 

individual metals. The aotivity of lead driers is less 

sensitive to temperature variations, whereas manganese driers 

are peo~liarly sensitive (14). 

Reoently it has been foand that small qQsntities of 

solid substanoes, whioh oan have little or no ohemioal effeot 

on the properties of the film, nevertheless exert a strong 

influenoe on the setting of the oils even in the presenoe of 

metallio driers. Ortho-amidobenzoio aoid and sa1ioylio aoid 

are suoh substances. They produoe a softening action, and 

~so aooe1erate the rate of absorption of oxygen with oonsequent 

reduotion in the time of setting. This is espeoially noticeable 

in the oase of tang oil, where the hardening is very slow indeed. 

Rogers and Taylor (15) bave fo~d that substanoe such as 

"hydroqainone, beta-naphthol. and diphenylamine aot as inhibitors 

in the oxidation of linseed 011, and that they are more effeotive 

at lower tempera tares 3ast as is the case with driers. They 
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believe that the inhibitor does not aot solely by sappression 

of the oatalyst but that both may exert their influenoe 

independently. 

The oatalytio aotion of the metallio driers is oonsidsred 

by Ingle (l6) to be dne to the formation of an intermediate 

substance between the trig1yoeride and the drier. and this then 

aids ln the aotivation of the 011 or the oxygen or both with 

formation of a peroxide of the oil. Carbon dioxide is evolved 

f~om linseed oil whether driers are present or not, but no 

hydrogen peroxide is formed when driers are employed (17). 

Rhodes and van Wirt (18) made a systematic study of 

the inf1uenoe of pigments in the oase of linseed oil. Their 

aotion was found to be varied, some aocelerating the setting 

and others retarding it. In most instanoes they affeoted the 

qnantity of oxygen absorbed and volatile prod~Qts formed (generally 

decreasing them), and sometimes rednced the period of indnction. 

As a whole the pigments were not found to act like true driers. 

From an exhaustive investigation of the oxidized film 

E11is (19) confirmed Mnlder's {20) work as regards the composition 

of the oxidized film of linseed 011, and states that the formula 

oorresponds to a mixed glyoeride containing two molecn1es of 

linolic aotd and one moleoale of linolenic aoid. This composition 

does not oorrespond with that of Eibner obtained by direct analysis 

of the 011. 

The researohes on the oxidation of linseed 011 indicate 

that the initially formed peroxide is not a permanent snbstanoe. 
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Wolff, Borries, and Morrell (21) consider that it gives ri~e 

to monoxides which polymerise. Rochs. and Salway (22) believe 

that deoomposition of the monoxide ooours with formation of 

aldehydes, acids. and oarbon dioxide. and that polymerisation 

of the aldehydes takes plaoe. 

China wood oil, otten oalled t~g oil, drie~ in from 

one to three days, b~t the film, nnlike that of linseed oil, 

is dull and frosted in appearanoe. It sets in about half the time 

required for the weight of the oil to rise to a maximam, whereas 

in the oase of linseed oil setting ooo~rs when the weight of the 

011 has reaohed a maximum. The aoid nQffiber increases daring the dry

ing, bat not to the same extent as in linseed oil. China wood oil 

~daed to other less rapidly drying oils decreases the time of setting 

of thin films of the 011. 

Boiled and Blown 01ls 

Similar changes oocur during the oommeroial prooesses 

of boiling and blowing oils with the addition of driers, air 

being present when boiling. In both cases oonsiderable oxidation 

ooo~s, and thin films readily set in a muoh shorter time than 

is the case with raw linseed oil. Blown china wood oil is not 

prepared commercially beoa~se of the danger of its setting daring 

its preparation. 

Another -important commeroial prooess is that of beating 

the oils to a high temperatare in the absence of air. The prodnat 

is simply a thickened oil and is oalled polymerized oil. In an 



-11-

experiment performed by Slansky. linseed oil, set after heating 

in a carbon di,o%ide atmosphere at a temperature of 280-300D C. 

for 115 hoarse The iodine nu.mber dropped from 174.6 to 105.5. 

and the viscosity increased steadily Qntil within an hoar of 

setting. At the settidtpoint the Viscosity rose saddenly and 

the material, instead of being completely sol~ble in ordinary 

solvents. beoame partly insolable. 

011s are also thiokened at comparatively low temperature, 

e.g. 800 e., by exposing the oils to nltraviolet light and blowing 

air throtlgh them. 

Theories 

In order to explain the phenomenon of the thiokening 

and gelling of oils. many theories have been pat forth. some 

ohemical and some physioal. 

Kronstein (23) distinguishes in general between two 

kinds of polymerisation whioh he terms enthomorphio and 

mesomorphic. In enthomorphl0 polymerisation a solid polymerised 

body is formed in a non-polymerised mediam and immediately 

precipitates oat. In mesomorphic polymerisation a polymerised 

body is formed whioh is at first solable in the non-polymerised 

meditlm. bat which. when it reaches a certain peroentage 

conoentration, saddenly oombines with the medium to form a 

solid mass. If the heating is interrupted before gelatinisation 

OOQ~rs a solid body may be isolated which is a polymer of the 
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original snbstance. This polymer cannot be isolated from 

the g~l finally formed. and Kronstein therefore considers 

it an intermediate prodnct. This kind of polymerisation 

is very wide-spread. 

He pOints ont that China wood oil. on heating 

either in oontact with or in the absence of air, exhibits 

the series of changes characteristic of mesomorphic poly

merisation in that it thickens and then ohanges to the 

gelatinoas state. All the other oils thicken in the ab

sence of air and. if not heated too long, do nQt set. 

Hence he considers that China wood oil is either a poly

merisable body or a gelatinisable mixture. Hence the other 

'oils are cOnsidered non-gelatinisable mixtnres of poly

merisable and non-polymerisable glyoerVl esters, and there

fore he conclndes that 1f their peroentage content of poly

merisable bodies was inoreased they woald also set. 

In order to prove this Kronstein made a vacuum 

distillation of numeroas oils. He foand that distillation 

began about 300°C. Suddenly it stopped. and the oil in the 

distilling flask foamed and became more viscons. On oooling 

the mass was found to be gelatlttDus. The percentage that 

distilled over he called the distillation nwmber of the Oil, 

and fonnd that the distillation number varied between 0 - 25% 

for drying oils, 25% - 43% for semi-drying oils, and aroQnd 

50% for non-drying oils. 
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~ oarrying out the distillation to within about 

6% of the distillation number he obtained a· thick oil. 

which t· on hea ting in a sealed ttlbe, gela 1iinised similarly 

to China wood oil. 

Since the second reaction, namely that between 

the intermediate product and the Qllcbanged monomer, is 

so rapid. Wolff (24) and others have oritioised the theory 

on the ground that it is difficult to understand why the 

second reaotion does not commence as soon as some of the 

intermediate produot has formed. He points out that it 

is only when the second stage is slow that the first part 

of a two-stage reaotion oan proceed alone. Moreover, 

Kronstein stated that in a typical mesomorphic polymerisation 

the intermediate product combines with the unchanged 

monomer to form a solid mass, but several workers have 

found it pOSSible, by prolonged extraction, to separate a 

considerable quantity of oily material from the end-produot. 

Wolff obtained as much as 80% from a solidified China 

wood oil (26). 

Turning now to the drying process, that Is, the 

setting of oils through the action of oxygen, Slansky (26) 

says that the in~ortant point to notice is the ooagulation 

of oxidised glycerides in non-oxidised or perhaps non

oxidisable glycerides. This he considers to be a colloidal 

change as will be seen from the following table in the oase 

of blown linseed oil: 
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No.of 
sample 

Time Consistenoy 
of of the oil 

Iodine 
No. 

% 
Oxy-aoids 

Soltlbility 
in ether 

heating 

1 2 hOllrs somewhat vis- 145 9 Soltlble 
COllS 

2 4 viscotls 123 20 " 
.3 9 " 106 33 tr 

4 12 very viscotls 97 35 tf 

5 15.5 rr 88 39 " 
6 18 solld 80 40 partially 

The visoosity is seen to inorease with progressive 

oxidation. Sample No.5 with 3~ of oxy-acids Is a liquid 

still soluble in all the ordinary fat solvents (ether, 

chloroform), whereas No.6 with 40% of oxy-acids is a solid 

elastio boay that is only partially soltlble in the tlsaal 

solvents. Hence only a small ohange in the degree of oxl

dation results in a sadden change .in the state of aggregat

ion and in the solability of the oxidised oils. Obviotls1y 

11noxyn owes its main characteristics - solidity t elasti

city, and Insolu.blllty in organio solvents -not to the 

oxidation of the linseed 011 btlt to the ooagulation of 

the oxidised glycerides,as sample No.5 is a sol and No.6 a 

gel. Consequently the drying process inoludes two pro

cesses; firstly, oxidation of the glycerides, and secondly, 

ooagulation of the oxidlsed glycerides. 

Farther, Slansky states that of two olls, eaoh 

oxidised to the same extent, one can be a fla1d and the 

soluble 
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other a solid. Hence the ooagulation point depends apo~ 

other factors besides the proportion of oxidised glyce

rides. Therefore the oxygen absorption can give no 

conclusive indication of the drying power of a sample 

of linseed oil. The moleoular weight of linoxyn is not 

the same as that of the oxidised glycerides since 1inoxyn 

is formed by the condensation of two or more molecules 

of the oxidised glyoeride. 

By heating linseed oil at 280-300~~ in an 

atmosphere of oarbon dioxide Slansky found that the 

polymerisation prooess proceeds similarly to the drying 

process. 

No. of Time of Iodine ConSistency Solubility 
sample heating No. in Org.solvents 

Raw oil 0 1'14.6 fltlid solable 

1 16 hrs. 153.9 " " 
2 32 127.3 rr " 
3 50 125.8 " "" 
4 114 105.5 " " 
5 115 lOa.9 solid partially 

Between numbers 4 and 5 the polymerised oil coag

ulated. and merely to this is dlle its insolllbility in ether 

and its solid state of aggregation. 

Many investigators noticed that the final product 

of the thiokening of linseed oil is insoluble in light 

petroleu.m, whereas the intermed.iate product is soltlble in 

light petroleum bat insoltlble in aoetone. Similar inter-

solllble 
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mediate products were obtained from poppyseed and tang oils, 

bait in the oase of poppyseed 011 the temperatllre must be over 

290°0. Olive oil doe s not give th is insolllble prodllc t. 

Morrell (2'1) observed tm t a tall in the iodine nllmber is 

essentially a function of the temperature,snd so assumed that 
< 

at each temperature a definite change in the linseed oil 

occurred. Molecalar weight measllrements in benzene indicated 

that the acetone-insolllble material ot the thiokened linseed oil was 

at least a dimeride,whereas the acetone-soluble part was practically 

all llnpolymeriaed oil. The iodine va1Qe of the two parts was 
• practioally identical indicating that the changes taking plaoe 

in the oil affects every molecule. He found tba. t the iod ine vallle s 

of linseed or tung oils are practically llncmnged even when the 

oil is left in contact with the iodine solution far hoars or even 

days, but the iodine values of the thickened components may vary by 

thirty to forty tlnits under the same oonditions. This variation 

he explains as dlle to a slow disrllptlon of the polymerised mole-

cules. 

From a consideration of the solubilites ot the barium 

and lead salts of the acids derived from each tractiori, Morrell 

concladed that all traces ot linolenic and linolic acids had 

disappeared. 

On further heating of the acetone-solable portion 

ox linseed oil it changed into an acetone-soluble and acetone

insoluble traction similar to the one already ~escribed. The 

moleoular weight ot this insoluble fraction represented four 

and five molecules joined together. 
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Later (28) Morrell decides that the use ot benzene 

in the determination ot molecular weights is unreliable since 

assooiation of the fatty aoids and oombination of the esters with 

the solvent will oocur. He consid era that acetic acid or 

stearic aoid give better results. 

In 1915 Sohumann (29) carried out a series of experiments 

on China wood oil, and oonoluded that the polymerisation was 

mesomorphio. Investigating the action of oxygen on the time of 

formation of a gel he observed that China wood oil solidified in 

2-1/2 hours when blown at l50~and in less than an hoar when blown 

at 200°0. Heated in an open dish but not blown it did not 

gelatinise for thirty hours. Further experiments indicated that 

it was the oxidation produots.and not the oxygen itself ,which 

oaused the increased rate of polymerisa.tion. He oonsidered that, 

I~pon heating at suffioiently high temperatLtre,two e1aeomargaric 

acid triglyceride molecules united throQgh diasolntion of one-halt 

ot their double bonds. The rate ot formation ot this intermediate 

prodact depends apon the temperature as well as QPon the presence 

of catalysers. Under favorable oonditions this intermediate pro

dact forms molecalar oomple¥~s that oonstitute the gel, the 

colloidal state of which is apparently the main oauae of its 

insolubility. The formation of these complexes is largely 

dependent QPon the conoentration, ana is influenoea by the presence 

of oertain substalwes acting as retarding or aocelerating 

oatalysts. In the preSGllCe of a small q-Qantity ot deoomposition 

produots or in the presenoe of a d11~ting solvent we may have 
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oomplete polymerisation of the elaeomargario acld to the 

dimoleoular intermediate prodQot wltho~t gel formation taking 

plaoe. 

The absence of gelatinisation in the s~perheated product 

upon heating afterwards to polymerising temperatures must be due 

to the presence of the deoomposition prodaots formed during 

the s~perheati~ because the formation ot the intermediate product 

was complete. On the addition of 25% raw tang oil to a superheated 

oil the mass readily gelatinised at polymerising temperatures. 

Therefore he claims it is apparent that a minimum concentration 

ot deoomposition products are required to prevent gel tormation. 

Marcusson (30) put torth a hypotQesis to explain the 

fact that blown oil,in ~ite of the polymerisation that has oocurred, 

has no higher molecular weight than unblown 011. He states that 

the polymerisation of fatty oils oan occur in two ways. Two 

triglyceride molecules can·Qnite because the unsaturated fatty 

acids ot one molecale link ap with those of a second molecule with 

consequent disappearance ot the double bond. Also the reaotion 

can take'place intramolecalarly if the fatty acids of one and 

the same glyceride oombine together either directly or by the 

addition of oxygen. The polymerisation which occurs during the 

blowing of fatty oils proceeds in the latter manner.and aocordingly 

the molecular weight of the resulting product is not increased. 

Sometimes the molecular weights are lower than that of the original 

oiltbut this can be explained by a aeeomposition 01 high moleonlar 

weight fatty aeias unaer the action of oxygen as in blown oils 

there are consiaerable quantities of water-solable and volatile 
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acids present. 

Bimo1eoular formation OCCUXS, on the other hand, 

daring the heating of fatty oils withollt the presence of air 

as it is technically oarried oat, for example, in the production 

of lithographic varnish. In that case the polymerisation in

oreases with the duration and the degree ot heating. 

In the case ot China wood oil bimolecular polymerisation 

occurs wi th exoeptional ease. The polymerised prodllct at fir st 

remains in solation; then separates out to form an insolable 

portion. A China wood oil whioh had been heated by Marcusson 

to 200-250°0. until gelation -was fonnd to contain 40% of ether

solable material. This ether-soluble material consisted of 12% 

aoetone-inso1able material which was a thick, oily, viscous 

mass and 88% of acetone-solable material not mach more ViSCOllS 

than the original oil. Judging by its iodine number (89) and its 

molecllla.r weight (16'70) the thick oil consisted of a bimoleoular 

elaeostearic tr-iglyceride ,whereas the aoetone-soll~b1e 

prodac t was a mix-tare of u.ncmnged oil with a small qu.ant ity of 

thiok Oil, the mo1ecu.la.r weight of the mixtllre being 985. By 

warming, and even by standing in the air, the thick oil.whioh 

was still solable in benzene, ether, and chloroform,changed over 

into an insoluble solid mass. 

Conseqaently Maroasson concladed that in solidified 

China wood oil there are,besides oxidation prodacts and 

anhydrides, three components: unohanged oil, oily polymerisation 

proddcts. and solid polymerisation prodacts, the proportions of 
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which are variable and depend ~pon the conditions of heating. 

The oily ana solid polymerisatio~ prodQcts are not chemically 

difte-rent btlt are to one another as a sol is to a gel. 

In the case of linseed oil bimo1ecalar prod acts 

are also formed,btlt they have a tendency to remain in the sol 

stage beostlse, during the heating process, 'Nhioh is oarried 

oat at a higher temperature than it is for China wood oil, the 

linseed oil splits off free fatty acids which oppose gel formation. 

By removing the free acids as soon as formed b~T heating in vacuo 

or by blowing throtlgh a rapid stream of an indifferent gas,gel 

formation sets in. according to Schapringer and Kru.mbhaaT. ~ust 

as in the case of China wood oil. 

Woltf (24) determined the drop in bromine nll.mber (whioh 

corresponds to the iodine ntlmber) tlpon heat treatment, and the 

increase in viscosity. These shotlld be proportional to one 

another if the bodying is dtle merely to polymerisation, that 

is, to the formation of a dimoleca1ar triglyoeride. The bromine 

number was foand to drop rapidly in a straight line,then more 

slowly, and finally rewBin constant. As long as the bromine 

nnmber was dropping the viscosity inoreased only slightly, and 

then rose with increasing rapidity. The rapid rise oocnrs 

when the bromine nnmber (and incidentally the refractive index) 

has reached its minimam valae. From that point the shape ot 

the viscosity 'ourve is that tor a typical colloid. ThllS it 

follows th&t the collo~a reaction prooeeds when the chemical 

change has already oootlrre.a, and it is the former vb ich callses 
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gel formation. 

The same author also investigated the extent to whioo 

polymerisation actually occurs. He points out that the ob

served drop in the bromine number in the case ot China wood oil 

corresponds to the forw2tion of about 50% of a polymerisation 

product on the assumption that only one of the two double bonds 

in each acid radicle is affected. The actual increase in the 

molecular weight was so much larger than expected that he 

suspected they were in part due to association of the material 

taking place in the sOlventJss the association weight of a compound 

varies witb the conditions used. 

To verify the above point he determined the molecular 

weight by Rast's camphor method (31). He found that the molecular 

weights of the thickened oils and of the fatty acids derived from 

them were no greater than those of the priginal oils and ot the 

corresponding acids, his work covering China wood, linseed, 

and soya-bean 01'18. 

Wolff therefore concluded that polymerisation can 

occur only to a very small extent in the bodying of an oil, and 

in no case can this amount of polymerisation accoant tor the 

considerable diminution in the bromine number (or iodine number) 

which actually occurs. He suggests that the change need not neces

sarily be a chemical one as an aggregation of oil molecules 

might be so arranged as to retard the addition of bromine. 

In reply Marcusson (32) pointed out that his molecular 

weight determinations oI the liberated acids trom blown oils were 
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carried out in acetic acid w1 th the ptlrpose of avoid ing 

asaoc ia tion. He also stated that the molec111ar weights ot the 

acids trom a China wood oil and a linseed oil gel were determined 

in camphor as well as in acetic aoid, am in both cases they 

were found to represent a dimeride. 

Wolf! (33) then sQggested that too high a concentration 

had been used by Marousson in his molecular weight determinations, 

but the latter (34) then showed that the concentrations used by him 

were.- no greater than tbose llsed by Wolt! ,- and that moreover his re

sults QSing two different methods agree and thus prove that the 

liberated acids are bimolecular. 

Later work by Woltf (35) showed that linseed oil 

varnishes will dry slowly in an atmosphere containing so 

little oxygen that the drying process must be essentially of the 

colloid type, and is possibly independent of the oJridat ion 

reaction. Also (36) the gelatinising of China wood oil by a 

few drops of ferric chloride solution, hydrochloride acid, or 

SQlphur dioxide changes the iodine number very little when 

compared with the considerable decrease of the iodine number by 

heat. 

Sahmidt (37) apho1ds Wol£f's·coagulation theory by 

tinding that in the absence of moisture tang oil dries com

paratively slowly, ana believes that the commonly observed drying 

consists ot a colloidal coagalation with water as the floccnlating 

medium. Bauer ana Hugel (38) consider colloidal changes to 

fanction in the drying ot peril1a 011 and Stadnikoff (39) in 
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that ot suntlower oil. 

Nagel and Gruss (40) also incline partially to the view 

et Vlolff vilo regards the gelatinise tion prooess as one of 

aggregation as has been shown to be the oase for shellao (41). 

Using the methyl ester ot elaeostearic acid.which does not 

gelatinise and in which intramolecular condensation would hardly 

take place,they found a drop in the iodine number of one-halt 

whioh corresponds to the formation ot a dimeric methyl ester 

having a formula such as the following: 

CH3 (CH2 J
31

H - ,H.CH2.CH2.CH =CH(CH2)7·COO.OCH3 

CH3 (CH2 )3CH - CH.CH2.CH 2.CH =CH(CH2)7·COO.OCH3 

In the oase ot China wood 011, assuming that the 

ohanges there are parallel to those oocurring in the methyl 

ester, the drop in the iodine number at gelation corresponds to 

the formation of about 60% of a dimerio product. Consequently 

they believe that the dimeric trielaeostearate which forms during 

the heating 1s colloidally dissolved in the unchanged 011, and 

whEn it 1s tormed in suffioient quantity it changes.through 

aggregation,into a solid. 

They toaM that China wooa oil oou1d be gelatinised 

by the action of s,10 per cent .solution of hydrochlorio acid 

in ether by caretnl regulation ot the conditions,usually re

quiring about seven hours in the oold. The same solution dissolves 

China wood 011 gels,so that the reaction is reversible. Hence 

they consider that tbe gel formation is dne to the tendency ot 

the heavy dipolymer to torm aggregates. Hence they agree m.th 
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Woltt only as regards the last stage ot the process. 

They explain the tact that China wood oil gels while 

the methyl ester does not,slthoagh both undergo polymerisation, 

by assuming that the setting or gelatinising power of an 011 

is determined by the size or constitution of the alcohol with 

which the acid radicles are combined. 

On oxidising the methyl ester of elaeostearic acid, 

lii11er and Claxton (42) obtained two distinct tractions from 

the end product by extraction with petroleum ether. The in

soluble traction was a simple polymer of the soluble one as it 

had a molecular weight 3.86 times that of the latter even though 

it showed only slightly greater oxidation. 

Farther support for the views ot }jolff is given by 

~uer (43) who states that the formation ot boiled oil and 

the gelatinising of wood oil are of a colloidal na tare ana are 

part of the phenomenon ot a coagulation. The determination 

ot analytical constants appear to be influenced not only by 

chemical structure but also by colloidal reactions. Hence 

neither the moleoular weight determinations,iodine numbers, 

viscosity,or refractive index are final proof for polymerisation 

during the boiling of tatty oils or during their film formation. 

A final proof. he claims, would be a demonstration ot the 

pre.sence ot the 4-carbon-atom ring and a molecalar weigbt 

determination in a true solution. He adds further that it 

seems improbable that a dimoleoular polymerisation would oocur 

in the presence ot high molecular colloidal media. He considers 

that many so-oalled polymerisations are simply the ooagulation 
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ot an isocol10id ot a l~ophilic nature. 

Later (44) Auer showed that linseed oil dries in an 

atmosphere of carbon dioxide or in a partial vacuum dne to 

a primary coagula tion of the oil by gas sin'ilar to t hat of 

a lyophobic sol by an electrolyte. J:Io drying was observed in 

a high vacuum. He says that when drying occurs in the open 

atmosphere the adsorption and coagulation are concurrent, 

chemical combination succeeding the adsorption. 

Slansky (45) doubts the validi ty of Auer' s Tf dry· ing 

in vacuo" exper iments and his conseQuent gas coagula tion 

theory because he obtained no drying in vacuo over a period of 

16 days. He mentions that the ooagulation prooess leading to 

the solidification of drying oil films are subse~uent to purely 

ohemical reactions. 3cheiber (46) and Scheifele (47) also oppose 

Aner's view. 

Calderwood, ~/[ebb and Reihl (48) th ickened oils wit hou t 

oxidation by heating and cooling in a filled, hermetical1y 

sealed t vessel connected through a sealing trap ~i th supply and 

expansion vessels. This seems to support the ooagulation theory. 

Fonrobert and Pallauf (49) showed the pos::1ibillties 

ot intramo1eoular and extramo1eou1ar polymerisation ot the 

gly~erides ot elaeosteario acid by means of graphic formulae, 

and conclu.de that the reactivity of the partial valencies of 

~laeostearic acid leads to the formation of moleoular complexes. 



The same authors state (50) that the thiokening 

and gelatinising of wood 011 is a prooess involving re

esterification and polymerisation, the latter of the 

order of formaldehyde and phenol. It is, therefore, 
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mainly of a chemioal nature in whioh the visooslty incra~se 

is partly dae to the glyceryl radicle as shown by the lowering 

of the viscosity when it Is replaoed by a monohydrio alcohol. 

By a determination of the molecula~ weight ohanges 

Which take place during the boiling of linseed 011. QsIng 

the freezing-point method in benzene (the same concentration 

bei~g Qsed throughoQt). Long and his oo-workers (51,52,53) 

found that the apparent moleoular weights inorease tremendously 

depending upon various factors, e.g., the presence of oriers. 

In one case the moleoular weight rose from 722 to 3053. In 

general he noticed that the increase was much greater When 

air was allowed to enter than When it was excluded. They 

oonsider that intramolecular reactions with sabaeqaent 

aondensations are tundamentals of the obanges taking plaoe. 

They farther fOQnd that the presenoe of SQlphur, seleniQm, 

or tellariQm sQPpressed the oondensation tendenoy. 

Batler -(54) observed that the molecalar weights 

of polymerised linseed oil and peril1a oil in camphor 

indioated a monomolecQlar componnd and in benzene a dimer. 

He heated the 0(- and .J3-elaeoatearlc acids separately at 

200oC.in an atlnosphere ot oarbon dioxide. The molecular weight 
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ot the polymerised ~ -form was 4588 and of the /3 -form 

985.6 when determined cryosoopiaally in benzene solQtlon, 

and half those ValtleS in camphor. Long and Wentz (53), 

however. obtain comparable results using various solvents 

both in the oase of llnse~d and China wood 011s. 

Long, Egge and Wettersu (55) found that in the 

case of linolenio monoglyoeride, blowing at lower tempera

tures favors reaotions which decrease the unsataratlon 

w~th relatively small attendant increase in molecQlar 

weight. Heating at 293 0 C. favors oondensation reactions. 

Eibner and Munzert (56) establish that, in the 

usual process of setting of a drying oil, extramolecQlar 

polymerisation, whioh ocours during the thiokening of 

011s by heat, is absent. The changes ocouring during 

boiled-oil drying are more complex, not because of the 

formation of anhydrides or lactones but becanse of a 

rearrangement within the moleo~le of the fatty acids of 

the glyceride. In the films formed by the nat~ral drying 

of the fatty oils the Rast camphor method showed no 

intramolecalar aatopolymeriaatlon, bat this is shown by 

boiled oils before drying. Hence they conclude that 

aatoxidation, and possibly intramoleoular polymerisation 

co~pled with oolloidal ohanges, comprise the stages in 

the normal process of drying. They consider that molecalar 

Weight detarminatlons are dependent apon the degree of 
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dispersion. the concentration of the solQtion. the character 

ot the solvent. and the nat~ra of the substance under 

examination. Furthermore they believe (5~) that the dried 

films of linseed and China wood oils are solid solutions 

formed by a tlocQulation reaction. The amo~nt and nature 

of the gels formed vary with the oil, the sols being glycerides 

of -B -elaeostearic aoid in the case of China wood oil and 

of ol-and ..8-linolio acids in the case of linseed oil. 

Marcusson (58) holds the same view as the above 

authors as he considers that unsaturated fatty acids unite 

at room tempera tare intramolecularly. whilst heat oauses 

the reaction to beoome polymolecalar. Isomerism is considered 

to occar before polymerisation. particularly in the casa 

of tung oil (halogens and sulphur being catalysts for this 

isomerism). From determinations of the molecular weights 

of fractions isolated from linoxyn by the use of chloroform. 

acetone. and light petroleam. he finds that a linseed oil 

film consists of 55% of solid polymerised and oxidised gel. 

40% of polymerised and oxidised sol, and 5% ot Qllchanged oil. 

In the case of tang oil. varloQs investigators have 

f ou.nd tha t so-lid masses are prodtloed by hea t polymerisa tion, 

freezing, and the aotion of light. According to Rasquin (59) 

the latter prootloas the trtle cJ...- to $-ohange. As a gu.ide to 

drying ability the iodine nwnber Is unreliable as Merz (60) 

has shown that ol-elaeostearln is a better drying constitnent 
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of fatty oils than is linolanin. That fact shoQld enhance the 

work of Boeseken and Ravenswaay (9) who showed that ol 

-e1aeosteario acid has three ethen6id linkages. 

Morrell has criticised both the views of Salway (61) 

and ot Wo1ff as regards the changes which take place during tbe 

thiokening of drying oils by heat. The formation ot a dimeride 

on the one hand and ohanges ot aggregation ot sllspensoid material 

in a dispersion mediQm on the other are inslltticient to explain 

the faots, and hence Morre1l has stated that a compromise between 

the two theories should be considered. He bases this decision 

on two facts: firstly, the viscosity ot the oil increases 

tremendoQsly at the gelation point with hardly any change in the 

bromine vallle,thlls emphasising the 00110idal aspect; seoondly, 

the speoial chemical characteristics ot drying oils when heated. 

Poppy-seed oil and tung oil oontain glyoerides of llnolic and 

elaeostearic acids respectively,differing only in the arrangement 

·of the ethenoid linkages, yet the difference in the ir behaviol.lr 

towards beat is very marked. Also in the thickening of linseed 

oil, whioh reqllires prolonged heating, there seems to be a 

shifting of the ethenoid linkages as he was nnable to identify 

1inolenio or linolic acids in the depolymerised oil. Using tang 

oil,where the heating is for a shorter period, the prOdllOts 

obtained oOllld easily be transformed into derivatives ot the 

original elaeostearic acid. 

Many .of the phenomena whioh OOCllr when China wood oil 

is thickened and coagulated by heat are comparable with the be

havionr of a gelatin-water system. In tang oil the eqailibrillm 
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ot- the tbickened oil wotl1d seem to be at 50 per oent. ot 

associated components, ana any increase in the amount of these 

C8tlSeS the system to set to a jelly. The gelation can be 

prevented by the presence of smeli ~tlantities of apparently 

inert stlbstances, rosin being the one most generally u.sed. 

In other words, the 'rosin aots as a peptising agent. The ad

dition of snbstanoes like glyoerol or snlphar has a marked effeot 

in preventing ooagulation, one per oent. of salphtlr and five 

per cent. of glyoerin being snffioient to prevent solidif-ioation 

at 280°C,. 

In coagulated wood-oil jelly, which is formed, like all 

jellies, with an evolntion of heat, the jelly is either a sponge 

or a honeyoomb strnctnre oontaining nnchanged oil. 

Summarising brieflY,it is seen that the thickening of 

oils- is, conneoted with the presenoe of ethenoJa linkages in 

special positions in the long carbon ohain. Snoh nnsattlrated 

oomponents have the power of forming aggregates,adsorbing the oil 

which is the dispersion medinm, and remaining in a flnid condition 

depending on the temperattlre ana the presenoe ot small ~tlantities 

of peptising agents. 

The Action of Sulpbllr on Unsatu.ra tea Or,-:;anic Compounds 

This subJect is one Vvbich has received only a very slight 

amount ot attention :from organia chemists. What work there is 

shows that the reaction of sUlphur wi th organic compounds does 

not always run smoothly as a~aesired by-products may be formed 
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and so the reactions are often quite complicated. For example, 

tetra~henylthiophene (62) is formed by heating either 

pheny1acetio acid or desoxybenzoin with sulphllr at 220 to 260°0. 

Stilbene (63) is otten formed as an intermediate oompound, 

and it is able to torm tetraphenylthiophene on being heated 

with slllphur at 250°C. or by passing in hydrogen salphide at 

260°0. In an analogous way cinnamic acid or styrene with sulphur 

yield two diphenylthiophenes,whiob Baumann and Fromm (64) 

consider structural isomers but \~ich 3teinkopt (65) believes 

are physical isomers. 

By passing acetylene or ethylene through boiling 

stl'lpbtlr Meyer (66) obtained a small quantity ot thiophene, the 

main prodacts being carbon, hydrogen sulphide, and carbon 

bisulphide. If, however, t~ sulphur is replaced (67) by finely

divided pyrites so that the reaction can go on slowly, a distillate 

is obtained containing about 40 ,per cent. thiophene. Th3 formation 

of homologous thiophenes from homologous batadienes, for e~ample 

the tbiotolenes from isoprene (68)Jproceeds only at higher 

temperature in the manner indicated above by Meyer (66) and gives 

poorer yields. 

In the case of acetylene the reaction is only one of 

addition, btlt in the case of butadiene and ethylene simultaneous 

oxidation is necessary_ 

Friedmann (69) made an investigation of the action of 

s~lphur on indene, hyarindene, and oyolopentadiene. He heated 

one gram molecule ot indene and one gram atom ot sulphur at 180~C. 

and obtained two oompounds, a dUndenethiophene in which two 

moleoules of indene were condensed with one atom ot sulphur yielding 



-32-

and also a 

four indene molecQles condensed with one atom of atlphur. By 

heating one gram moleoule of indene with two gram atoms of 

sn1phur at 180
0 e. a black oompoQnd CZ6H24S3 was obtained, and 

at 210°0. a compound C27H20S. When one gram molecQle of indene 
o 

and one gram atom of sulphur were heated at 250 e •• and then 

mixed with iron filings and heated to redness there collected 

on the upper part of the retort a compound C44H24 S or C45H24St 

while the distillate contained a compound C44H32 S or C45H32S. 

The compounds obtained from indene ana sulphur are asphalt-like 

in character. 

The same author also found that hydrindene heated in 

a sealed tllbe with sulphur gave a compollnd (OgH6)2S. and 

cyclepentadlene a compound ClOH12S. These also seem to be 

condensation products of the original material with slllpbllr. 

The Sulphurization of Oils. 

Turning now to the setting of oils tlnder the inflnenoe 

of sulphur and heat we finii. that Whltby and Chataway (1) have 

made the first systematic investigation, their "ork being carried 

out on linseed oil. They found three well-defined stages 

succeeding each other, namely, chemical combination of the sulphur 

with the oil, formation ot an acetone-insoluble liquia. ana 

gelat ion. With sIIBIl proportions of sulphur Caoout 6%) too 
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combination of the sulphur may be oomplete before the second 

stage begins. They observed that the rate at whioh the 

acetone-insoltlble mater ial forms EUld the maximum qtlant ity 

obtainable at gelation inoreases with the proportion of- sulphtlr 

present and with the temperattlre, and gelation takes place when 

a stltficient proportion ot tpe stl1phllrised oil has become 

insoltlble in acetone. Presamab1y during the heating the acetone-

insoluble materiai gradQs1ly aSStlmes colloidal dimensions, 

the colloidal material imbibes the acetone-soluble 1iqtlid and 

any portion of the acetone-insoltlb1e portion which is still non

colloidal, ana a gel then appears rather suddenly. 'The polymerising 

reaction, that is, the formation of acetone-insoiable material, 

was tOtlnd to be irreversible. The 21lthors also believe that the 

various species of triglycer ide molecules present in linseed 

oil will undotlbtedly behave differently with respect to the rate 

at whicb combinat ion with sulpbu.r and polymer isation of the 

stllphurised triglyceride takes place. 

Moleclllar weight determinations,of the acetone-soluble 

and acetone-insoll1ble fraction showed that the former was ot the 

same order as that ot the original oil t bQt that the latter 

indicated that polymerisation bad occurred. This is similar to What 

is obtained in the blowing and beating of oils. 

From a consideration of their resal ts they decide that 

the mechanism of the setting of oils under the intlaence of air 

or beat or salpha.r and heat are, in their main features, similar. 
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In all three cases an intermediate liquid product is formed 

whic h is soluble in ether or light petrolellID, bllt is only partly 

soluble in acetone. The acetone-insoluble part was found to ha ve 

a higher molecular weight than the acetone-solllble part thus 

indicating that polymerisation has occurred. 

Fnrthermore, the taking up ot oxygen or sulphur by 

the glycerides of drying oils greatly increases the polymerising 

tendency oj~ snch glycer id es, so that, for example t polymer isst ion 

may ocaQr in sulphllrised linseed oil more quickly at l60tthan in raw 

oil at 280°C.. Just as different Sllph~ised glycer ides appear to 

reqtlire different temperatures in order to cause them to polymerise 

at an appreciable rate, so do the glycerides o·f raw oil possess 

different critical polymerisation temperatures as found by Morrell. 

The ant hors further state that the ·views of Wo1ff 

ana of Harries and Nagel that true chemioal polymerisation in the 

case oi the beating or blowing of oils does not oocur t or at the 

most to a very small extent, and that the changes in molecular 

weight and -iodine namber are aimply due to association is quite 

tenable owing to the disturbing way in which the mo1ecalar weights 

ot the ao-called polymerised oils vary with the concentration of 

the sollltion.lt seems possible t they say, that the aggregates 

andargo aisrnption to a greater or less extent in different solvents. 

Again, the authors point out that tbe gelation of 

the sulphurised oil is essentially ~ colloidal phenonenon as all 

the eu.lphtlr has reacted long befor e gela tion occurs. Slansky t 
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Sohamann, and Marousson have observed'that the mere solid-

ifioatlon of an oil, e.g., its transformation dllring the 

ooarse of drying from a very visoous liquid to a solid, 

involves no ohange in the iodine number. The exaot nature 

of this colloidal obange is not yet known. 

Reoently Stamberger (70) haD made several 

observations on the vulcanisation of oil. Using rape

seed oil and 20% sulphur he notioed that the reaotion 

is strongly exothermio. the rise in temperature amounting 

to 5°C. Also a very small amoant of hydrogen slllphide 

and sulphur-oontain"ing oil are given oft. 

He fOQnd that the vuloanisation of triolein 

prooeeded the same as for rapeseed oil, and yielded a 

solid, sticky, very elastic mass. This could be divided 

into three parts, an aoetone- soluble. a benzine-soluble. 

and a part insoluble in both solvents, bllt he observed 

that the aoetone and benzine extraotion oOllld not be car

ried to a very sharp end-point and henoe variations in 

the moleClllar weights of these fractions would OOOllr. 

Their oomposition were identical and in close agreement 

with that of the isolated fatty acids. The molecular 

weight of the acetone-solable part indioated a QllimolecQlar 

size, that ,solable in benzine corresponded to a dimeride. 

and the moleClllar weight of the fatty acids obt~ined 

by aold saponifioation of the benzine-insoluble part 



-36-

amounted to three times that of a sul~hQrised fatty acid. 

Hence the author considers that polymerisation has occared. 

!he benzine-soluble fraction swells in benzene before it 

dissolves, whereas the insoluble portion swells abont 700% 

without dissolving. The acetone-soluble and the benzine

soluble tractions become insoluble on long st~nding, by 

healing at 120-130°0., and througb the action of sunlight or 

ultraviolet rays. 

The sulphur content of the tatty acids obtained 

by saponification was about 2.5% lower than that in the 

glyceride. Hence ha assQmes that the difference was 

bound in the glyceryl residue. 

From the above results the aathor st~tes that 

the vulcanisation of oils prooeeds in two sharply distinct 

steps: firstly, the formation of a ~Qlphur compound of the 

oil in which the sulphur is chemioal1y combined both in 

the fatty acids and in the glyoeryl reSidue, and secondly, 

the polymerisation of this compound by farther heating 

produoing a oorresponding change in its p.hysiosl properties. 

The above two-stage theory ot vnloanisation is 

seen to bear ont the work of Whitby and Obataway. and the 

thlra stage is laoking from his theory dna to insuffioient 

experimental data. 
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EXPERIMENUL 

Appa:r:attls 

For the purpose of oarrying ~n this investigation 

a thermostat was made whioh oould be regulated at any temperature, 

and was oonstant to ± 0.1 0 C. The heating elements were 

plaoed at the bottom of the 011 bath and gave 14 amp~res 

when oonneoted in parallel and 3.5 amp6res in series. 

It ·took one hour and a half to heat the bath u.p to 160°0. 



ProQ.edure 

Samples ot approximately 20 grams of the oil were 

weighted into stout Pyrex test-tubes, 25 cm. long, 3.4 cm. 

internal diameter, and having a 2. mm. wall. Definite peroent

ages of sQlphQr were then put in and. when used, other materials 

SQch as accelerators, zinc oxide, etc., added in tllrn after it. 

The tubes were then plaoed in the oil bath, the surface of the 

oil in the tQbes being about 2 inches 'below the surface of the 

oil in the bath. The oxygen of the air was excluded by the 

passage of a stream of carbon dioxide into the mouth of the tubes, 

the carbon dioxide being dried by bubbling it through conoentrated 

sulphuric aoid. The mixtures were stirred by means of heavy 

glass rods. thickened at the lower end, and conneoted to a small 

rotating wheel on a hot-air motor. At each rotation of the 

wheel the plangers touched the bottom of the tQbes.. The wheel 

was allowed to make about 130-135 revolutions per m~nnte as 

faster stirring oSllsed splashing. The temperatu.re of r&he oil 

in the thermostat was kept oonstant to within ~ 0.2°0. 

At definite intervals samples of approximately one 

grs!Jl were rem.oved from the ttlbes by means ot small glass ladles. 

Eaoh sample was plaoed in a weighed beaker and its weight de

termined. ~wenty times its weight of acetone was then added from 

a burette and the mixt~re thoronghly ·stirred daring the first 

half boar or ·so by means ~f a small glass rod, the beaker being 

oovered with a watoh-glass when not being'stirred to prevent 

evaporation. One hour after the acetone was~aaael the SQper

natant aoetone was poured off and the beakers rinsed with 2 co. 
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aoetone. In the case of the samples taken very near gelation, 

espeoially when acoelerators 'were Qsed, the aoetone was left 

in oontaot with the material an additional half hOQr with 

stirring as it seemed that a longer time woald be needed tor 

the extraotion beoa~se of the dense character ot the material. 

The stirrer Was then washed ott with ether into the viSCOQS 

liqQid or solid which remained in the beaker. This was allow

ed to stand overnight in an electric oven at 75°0., and then 

cooled and weighed. 

The weight of this acetQne-insolQble material was 

calculated as a percentage ot the wei5~t of the sample taken. 

This percentage is m~rely an empirioal valae as will 

be seen trom later remarks. 

It may be stated that the aoetone nsed was commer

cial acetone whioh was dried over oalcinm ohloride and 

fractionated twice. 

Accelerators 

During the oourse of the work the following aooel

erators were employed: 

1. Piperidiniam pentamethylenedlthlocarbamate 

2. Zlna 

3. Zino phenylmetbyldlthlocarbamate 

4. Zlna diethyld1thioaarbamate 

5. Zino salt ot the linseed oil fatty acids. 



6. Isopropyl dixanthogen 

1. Isopropyl monoxanthogen 

8. Captax (meroaptobenzothiazol) 

9. Grassell1 808 

10. Zino isopropyl xanthate 

11. Dlphe.D11gtlanidine 

12. Aldehyde ammonia 

13. P-nltrosodimethylanl1ine 

14. Hexamethylenetetramine 

15. Tetramethyl thiaram disulphide 

16. Piperidine 

1 '1. D i benzy1amine 
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Of the above aocelerators only a few were prepared 

by the writer as most of them are oommercia1 samples. 

P1peridininm pentamethylenedlthlocarbamate was pre~red by 

dissolving 17 grams of piperidine in 150 c.c. of ether. the 

solntion cooled, and a cold solation ot carbon bisulphide 

in ether adaed to it with cooling. The product was filtered 

and dried. o M.P. 162 C. 

Zinc isopropyl xanthate was prepared by dissolving 

10 grams of soliQID isopropyl xanthate in 100 c.c. of water 

and adding a di1llte soltltion ot zinc acetate. Attar filtering 

tbe material is washed well with water. 

For the preparation of the zinc salt ot the linseed 

oil fatty acids about 100 grams of tbe oil was hydrolysed with 

a slight excess of alcoholic potassiam hydroxide. It was then 
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acidified with dilute hydrochloric acid, SIll the fatty acid 

layer washed seversl times with hot water through which carbon 

dioxide was being babbled. The fatty acids were now sap\onified 

again with a slight excess of alcoholic potassillm hydroxide) 

and a dilate a1ooholic solation of zinc chloride added to it • 

. The na tar isl VlTaS f i1 tared and washed well wi th alcohol and then 

with water. 

Charaoteristics ot the Linseed Oil 
linseed 

The characteristics of the second batch, of~oil (from 

experiment 65 on) were 1ihe only ones d61;~l"Llilled ~s all of -une 

first batch was used tlP in trying to get the most rapid time 

for gelation. In the case of the acid namber eqlla1 quantities 

of benzene and alcohol were ased to dissolve the oil as 

that is consi<iered to reduce the degree of hydrolysis to a minimtlm. 

Saponification nwmber 190 

Acid number 3.53 

Abb.reviations 

To facilitate the writing-llP of the tables it was thought 

best to abbreviate three words as they occurred so often. They 

are as follOWS: 

P.P. 

Zinc P. 

G. 

Nota: 

Piperidinirum pentamethy1enedithiocarbamate 

Zinc 

Gelled 

Sulphar separated ont on cooling (llnless otherwise 
stated) 

Quantity of base tlsed in the. following experiments 

is eqQivalent only to the zinc salt of the 

accelerator (Qnless otherwise stated) • 



RESULTS 

The first few experiments were really in the 

natare of trial runs in order to_become ·acquainted with 

the procedure. However they proved of value in serving 

'bo indicate the following points: 
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1) Large stirrers with. a flat bottom (three-quarters the 

diameter of the widest part) produoe splashing unless slow 

stirring is employed. If small stirrers of a similar shape 

are used, more rapid stirring can be carried on, but the 

stirrers are not heavy enough to sink to the bottom of the 

oil with each rev6lution ot the wheel when the oil becomes 

more viscous. Consequently long heavy plungers with a rOQnd 

thickened end were made, and the motor rotated at 130-135 

revolations per min~te. This was found quite satisfactory. 

2) In a few samples, after the initial quantity of acetone 

added had been poured off, the same quantity of fresh aoe

tone was added, a oontrol sample in each case being treated 

only once with acetone. The drop in weight was found to 

vary between 13 and 20% approximately when the qnantity of 

acetone-insoluble material present after one extraotion 

was over 45%. In the case of earlier samples, containing 

less acetone-insoluble material, the quantity dissolved 

by the second treatment was as high as 35%. This variation 

indioates that the smaller aggregates are more solable 

in acetone than the larger ones. Also the fact that· so 

muoh will dissolve oat during the seoQnd treatment pOints 
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OQt how essential it is that the quantity of acetone added 

be exact, and shows why the percentage of acetone-insoluble 

material obtained is only an empirical valae. stambergern~ 

has fOQnd that complete extraction with acetone or benzine 

oo~la not be obtained within 48 hours. 

Also, in a tew osses, a sample was left exposed 

to the acetone for two hoars instead of an hoar. Instead 

of the expeoted deorease in weight on longer extraction 

there was an increase of 1.5 to 3J~ approximately. It was 

noticed that in ~he samples containing a large qllsntity 

o~ acetone-soluble material, 60 to 80%. a ring of acetone

solllble material always formed a short distance above 

the aoetone. This mast be dae to a oreeping of the ace

tone solution IIp the side of the beaker, and the evapor

ation of the acetone leaves this ring. Henoe the increase 

in weight recorded above on longer extraction is dlle to 

an increase in this ring. At the start no special pains 

were taken to remove this ring dllring the rinsing. bat 

from now on praotically all of it was removed, the 2 cc. 

of aoetone being run in slowly around the side of the 

beaker from a pipette. 

3) In the oase of the samples taken near the point 

of gelation the acetone-insolllble material was very 

viscous, and henoe they were given a longer extraction, 

wi th stirring, in order to make sure tha t the maximtlm 
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qQantity of aoetone-sol~ble material was removed. Generally. 

in these oases, an extra half hOQr extraction was allowed. 

Very little creep was noticed in these samples, so no 

appreciable error co~ld be introduced. 

The following table is given to illastrate the 

second point mentioned. namely, that extracting once with 

acetone only gives an empirical relationship. 



Table 1 

Linseed oil + Sulphar at 160°0. 

-% Acetone~insolQb1e 
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Expt.1 EXI't.2 Ex:pt.3 Expt.4 Expt.5 Expv.6 E:x:pt.7 

Sulphur 14% 14% 14% 12% 12% 12% 12~ 

Minutes 
45 A·31.1 30.5 

13 20.8 
10 A 41.'1 
95 A 48.5 45.9 

B 36.6 
126 A 54.1 

B 47.5 
C 54.9 

130 A 
A 

140 A 56.2 56.6 
B 49.8 48.'1 
C 57.9 

156 A 
13 
C 

191 A 
13 
C 

211 A 
13 

30.'1 
22.1 

46.4 
3'1.0 

55.8 

60.0 

G.1n G.in G.1n 
159 m. 161 m. 163 m. 

19.2 19.3 

43.1 44.0 • 

46.9 47.3 
40.6 
48.1 

51.6 51.8 
44.4 

53.0 52.0 
53.6 

18.3 
11.6 

50.6 
40.5 

52.3 
43.6 

G.in G.ln 
246 m. 250 m. 

A. Normal prooedure. Acetone added in way described. 

19.5 
12.4 

43.3 
43.2 

51~1 
42.3 

13. After decanting aoetone, same quantity of fresh acetone 
added and stirred well. 

C. Original acetone left for an additional hour with stirring. 

Having obtained satisfactory stirring and an 

idea as to where the cbances for error lay, it was now 

possible to begin a stQdy of ,the effect of acoelerators. 

Sinoe nothing was known regarding the optimum temp'eratu.re 

and the optimum proportion of materials to use in the oase 

of 01ls, it was necessary to grope around in the dark for 

a time. The results obtained with a few common nltra

accelerators at 160°0. are as follows: 
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Table 11 

Linseed oil + 12%·Stllphllr + Acce1era tor at 160°0. 

% Acetone-lnsoltlble. 

Expt.8 Expt.9 Expt.lO Expt.ll Expt.12 

Zinc P. 2% 
csptax 2% 

21!0 Grasse1li 808 
P.P. 2% 

Minutes 
90 3'7.6 40.5 3'7.4 31.0 42.0 

150 48.0 49.5 46.5 43.1 51.0 
210 54.8 54.8 52.5 49.1 58.2 
240 58.5 56.'1 55.6 51.8 
2'10 55.4 

G.in G.in G.in G.in G.in 
248 m. 269 m. 278 m. 334 m. 208 m. 

As seen P.P. is the only one of the above ~ltra

accelerators to prodtlce an acoeleration at 160°0. The 

accelerators do not se~~ to change the qtlantity of ace

tone-insolable material presant at gelation. In the case 

of Zinc P. the retardation in the time of gelation seems 

to be atlS to a dispersive aotion which prevents the acetone

insolnble material from forming stlffioiently large aggregates 

to enable gelation to occar. This dispersive effeot may be 

dae either to the aocelerator itself or to its aecomposition 

prodtlcts. With Grasselll 808 the retardation appears to be 

c8tlsed chiefly by a slowing-~p in the rate of stllpbur combination. 

In experiments #9 and #12 a white sublin~te began 

to form aroana 'the top of the tube in about 6 to 8 min~tes. 

It increased in qaantlty for a while t and than slowly passed 
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away. It seems likely that the white sablimate is a carbonate 

of plper~dine as it was later foa.nd that it did not form 

if the oarbon dioxide was exclnded from the tube. 

The Zinc P. caused the material to aSStlme a reddish-

brown colo1'. 

Since, in the case of rtlbber. bases are known to 

enhanoe the action of accelerators, it was decided to try 

one here. The boiling-point of piperidine is 106°0., ana 

so dlbe~Bylamine which has a boiling point of 300~was tlsad. 
are 

The repu1ts obtained~compared'with later results a.sing 

piper'idine. 

Table 111 

Linsee! 011 + l~ Sulphur + Accelerator + Base at 160°0. 

% Acetone-lnsola.b1e 

Zino P. 
Zino:salt of 

l'inseed oil 
fatty acids 

P.P. 
Piperidine 
D 1 benzylamine 

Minlites 
45 
90 

135 
l~O 
180 
210 
240 
2'10 
2'13 
305 

Expt.13 Expt.14 Expt.15 

~ 

1 Equ1v. 1 Equiv. 

31.'1 

39.6 

44.9 
46.2 

48.8 
50.1 

G.in 
455 m. 

31.0 

43.1 

49.1 
51.8 
55.4 

G.in 
284 m. 

1 Eqa.iv. 

4.9 
29.6 
42.3 

53.2 

G.in 
185 m. 
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The resQ1ta are surprisihg in that the same 

quantity of acetone-insolnb1e material is obtained in 

each case at the end of 90 minutes, and yet there is 

a tremendotls variati-on in the time necessary for gelation 

to oocux. By comparing with table 11 we see that the 

quantity ot acetone-insolltble material present at the end 

01 90 minQtes is less when the dibenzylamine is present. 

It appears likely that the combination oif the sulphur is 

not the stage atfected. and that the retardation is due 

to a dispersive influenoe exerted by the dibenzylamine 

which slows up the formation of aggregates necessary for 

gelation. This seems eviaent trom the fact that the 

formation of acetone-insolnb1e material in the latter 

part of the s~lphltrization is very slow, and there is 

approximately the same amount present at gelation in 

each oase. The material formed in experiment #11> is 

reddish-brown in color whioh is the same as was obtained 

in the absence of the base. The presence of the dlbenzylamine 

does not prevent the formation ot a white sllblimate along 

the top of the tQbe in experiment #14. 

Experiment #15 shows that piperidine does not 

exert a dispersive effeot, and it will be shown later 

that piperidine enhanoes-the aotion of the zino salts 
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of the acoelerators. 

TABLE IV 

Linseed oil + 12% Sulphnr + P. P. + Zinc oxide at 160°0. 

% Acetone-insoluble 

Expt.12 Expt.16 Expt.1'l Expt.18 Expt.l9 Expt.20 Expt.2l 

p. p. 
ZnO 

Minu.tes 
90 

1-20 
150 
180 
194 
210 
240 
250 
BJte-

~ ~ 2~ 
10% 

42.0 45.8 44.0 

51.0 5'1.6 
58.0 §'1.9 

58.9 
58.2 

G.in G.in G.in 
208 m. 199~. 19'1 m. 

14.2 

38.6 

51.4 

1~ 

51.1 

59.'1 

39.4 
44.5 
48.1 
51.2 

55.'1 

G.in G.in G.in 
293 m. 233 m. 234 m. 

* In experiment #20 the sulphur and accelerator were mixed 
together before adding _them to the oil. In experiment #21 
the sulphur. accelerator, and zinc oxide were mixed together 
before adding. In all other experiments, unless otherwise 
mentioned, the sulphur. accelerator. and zinc oxide were 
added in turn. 

Large qnantities of zinc oxide are thu.s seen to 

slightly aotivate .P.P., bat later it will be shown that 
to 

1 per cent. of zinc oxide is the optImum quantity ~ nse. 

Five per cent of zinc oxide alone prodaces a retardation, 

bat this may be due to a deorease in the quantity of 

effeotive su.1phur either throngh OCC.lllsion of the slllphu.r 

by the zinc oxide or by reacting with it. Ten per cent 

1"'.0 
25.3 
33.2 
38.8 

42.4 

46.6 

G.in 
3'1'7 m. 
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of zinc oxide shows a slight accelerat~on of its own, b~t 

this mnst be dne to its action as a filler. 

Experiments #20 and #21 show the effect of mixing 

the materials before ad61ng it to the oil, a retardation 

being observed. The marked retardation in the case of 

experiment #21 mnst be d~e to the occlnsion of some of the 

snlph~r by the zinc oxide, a slight deorease in the qaantity 

of available sulphur being saffioient-to increase the time of 

gelation by the amoQnt observed. Also the mixing would enable 

more sulphur to combine with the zinc oxide whl~h would also 

cut down the concentration, bat it seems that the first 

explanation is-the main one. 

No gas seems to be given off and no white sublimate 

is· formed when 5 per cent of sine oxide is present with the 

accelerator. The presence of the zinc oxide makes the 

material assume a brown color whereas the accelerator alone 

produoes a oherry red oolor, a lighter cherry red calor 

being obtained when only sulphur is used. 

The effect of zinc oxide on captax was also 

determined t the sulphur., cap tax t and zinc oxide being mixed 

before adding them to the oil. At the timet the harmful 

effects of the mixing was not known. and experiments #20 

and #21 in table IV were later r~n as a check on these. 
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TABLE V 

Linseed oil + 12% Snlph~r + Captax + Zinc oxide at 160°0. 

% Acetone~insolQble 
EX];)t.1O *Expt.22 *Jbpt.23 

Captax 2% 2%. ~ ZnO 5~ 

Minutes 
90 37.4 43.3 18.0 

120 48.0 25.1 
150 46.5 50.6 
180 54.8 33.4 
210 52.5 5'1.2 
240 55.6 38.6 
2'13 
300 42.6 

G.in G.in Haa -not G. in 
2'18 m. 252 m. 440 m. 

*M8ter1al mixed before adding. 

ZinQ oxide is observed to cnt down the retard

ation proda.ced by captax. althollgh its effeot is only 

slight. No apparent. r'eason can be given for ,the great 

re~araation obtained with 4 per cent captax. 

Itnmight be mentioned that the 011 asswnes a 

light ohocolate c'olor dne to the oaptax and zinc oxide, 

whereas captax alone do'es not affect the color waich 

ordinarily is cherry red when s111phar is nsed alone. 

From the above results it seemea that the 

accelerators whioh were nsed ,with rubber, were· not going 

to work well in the oase of olls. Consequently lt was 

thought desirable to try the effeot of driers when 

sulphur was present as tb'ey are known to have a' tremendotls 

effeot in aocelerating the drying of an oil with oxygen. 
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TABLEVl 

Linseed oil - 12% Stl1phu.r - Drier at 16~C .• 

Expt.24 *Expt.25 Expt.26 3x:pt.2'1 Expt.28 Expt.29 

MnO 0.12~ 1.63% 
0.16% 2% Mn Ol. 

2.1'110 2.1'1% Mn resinate 

Minu.tes 
90 3'1.0 36.3 33.9 28.4 34.1 24.9 

150 46.4 45.7 45.8 45.0 46.1 42.9 
180 49.3 
210 50.4 54.5 53.9 51.8 50.6 
240 61.2 61.6 56.2 56.4 
273 74.4 69.8 

G.in G.ln G.in G.in G.in G.in 
292 m. 305 m. 245 m. 24'1 m. 255 m. 266 

* Sulphur and manganese resinate mixed before adding them to 
the 011. 

In the first fOtlr experiments the quantity of 

drier used oontained 0.1% of manganese as this had been 

found to give almost maximum restllts with oxygen. As 

seen, small amoQnts of manganese oxide and dioxide have no 

apparent effeot on the time of'gelation, whereas larger 

amoQnts exert a very slight retardation. Manganese resinate 

exerts a dispersive ao.tion as evidenoed by the large 

m. 

amotlnt of aoetone-insoltlble material present when gelation 

ooours. and this aoootlnts for the longer time needed for 

gelation. Hence driers are of no va1tte when stllpher is employed. 

A oOtlple of qualitative observations may be of 

lnteres~. In the oase of experiments #24 and #25 oontain

ing manganese resinate, it was very diffictllt to .aecant 
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the acetone from the first two samp1~s as "the lnsolable' 

material had a tendency to run off too. The acetone

insoluble materi~l of the last sample behaves like rubber, 

and the large qaantlty o~ insoluble material at gelation 

mal be one of the reasons for this behaviour. 

It has so far been shown that at 160PC •• p. p. 

is the only accelerator that produces an acceleration in 

the time of gelation. In the oase of rubber. acoelerators 

have been found to work best at lower temperatures. Generally 

1250C~0 1410 C. ls the optimum temperatQrs. bat in some 

instances, as in the dixanthogans and monoxanthogens. 1100 -

o 
125 -;0. is best. Also some aoce1erators exer,t their effect 

over a wide range of temperatares whereas others are onlJ 

ef1eotiv~ over a very narrow range as in the dixanthogens 

and monoxantbogens. Consequently"lower temperatures were 

no" tried. 

TABLE Vll 

Linseed oil + 20% Sulphur at variousu!emperatures 

% Acetone-insoluble 

Expt.~O Expt.31 Expt.32 Expt.33 

femp. 



M1nates 
63 51.9 25.6* 
90 3.40~ 

115 58.9 
194 D 
255 56.2 *' 2'13 58.1 
330 0 
3'15 42.4 
420 48.0 

.. 465 56.1 
490 57.2 

G.in G.in G.ln G.in 
81 m. 120 m. 276 m. 505 m. 

* Indioates sulphur has separated oat on oooling. 
~ All stilphu.r ..... / Separa ted out when sample oooled. 
D Material has assumed a oherry oolor. 
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The above results indicate that a rise of 10°0. 

reduoes the time 01 gelation by almost a half. The amoant 

01 aoetone-insoluble material at gelation does not appear 
~ 

to inorease appr~~ bly wi th the tempera ta.re. A t lower 

temparatares there seems to be a prono~nced indnotlon in 

the rate at whioh the salphar goes into combination, and 

no acetone~1nsolt1ble material appears to form antil a 

definite quantity of salphar has oombined. That all th~ 

B~lphar does not have to be oombined before aoetone

insoluble material torms is indioated by ~ample 1, 

experiment #31. The formation of acetone-insolable material 
o 

proceeds very slowly as the gelatin point is approaohed, 

and this woald indioate that aggregation or polymerisation 

was taking plaoe slowly. 

It must be pOinted out that the taking oat of 
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samples before the salphar is all dissolved chan68s the 

ooncentration of the mixture somewhat and hence the time 

of gelation. However these early samples are needed for 

oomparative purposes. and may be made usa of just as well 

as the time of gelation. This applies espeoially when 

aocele~ators are used as it is desirable to know just 

what stage of the prooess is affected. In any oase the 

removal of these early samples oan only affeot the time 

of gelation very slighly When large proportions of sulphur 

are employed and a moderate amonnt of acetone-insoluble 
a/readY 

material hasSformed indicating that a considerable 

quantity of sulphar has alpeaa, oombined. 

At the same time as the above oontrol experiments 

were carried out a similar set were run using an'aooelerator. 

The results are as follows: 

TABLE Vlll 

Linseed oil + 20% Sulphar + 5% Zinc pbenylmethyldlthiooarbamate 
+ 3% Piperidine (ll· E.qt1i "alents ) 

~ Acetone-insOluble 

Expt.34 Expt.35 Expt.36 Expt.3'l 

Temp. 160
0 c. 150

0 c. 140
0 c. 1300 c. 

Minates 
45 69.2 
63 69.9 60.8 49.6 45.3 
'16 
83 64.3 
90 60.9 50.0 

100 '13.3 
120 55.5 
135 62.'1 
150 64.'1 58.3 
166 59.6 
195 60.2 



G.ln 
88 m. 

G.in 
109 m. 
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G.in G·. in 
170 m. 216 m. 

The reslll ts obtained her'e are best realised 

by oomparison with those of table Vll. The most obvioas 

resa1t is the ~rked decrease in the time of gelation 

at lower temperatllres, whereas at higher temperatllres 

the aocelerator actually has a retarding effeot, perhaps 

due to decomposition produots. The effeot of the aooelerator 

appears to be twofold. It first increases the rate of 

sulph~r oombination at all the above tempera tares , as is 

evidenoed by the q~antity of acetone-insolable material 

formed at the end of 63 minQtes and the faot that no slllphQr 

separates from any of the samples on oooling. The seoond efteot 

is a retardation in the time of gelation from this point to 

the end as the oontrol samples gel more quickly than the 

aooelerator samples from the time they oontain as mach acetone

insolable material as the latter do at the end of 63 minQtes. 

This is proPably dlle to the dispersive aotion of either the 

aooelerator itself, its decomposition products, or the zinc 

soaps formed by a reaction of the aocelerator with the free 

aoids present, and the faot that there is an increase in the 

qllant1ty of acetone-insoluble material at gelation, espeoially 

at 1500 and 1600 e., wOllld seem to prove this. 

In most oases the decomposition produots mllst exert 

a greater dispersive effeot than the aooelerator itself and 

more must deoompose at higber temperatures as the differences 

in tbe qllsntity of Qcetone-insolable material at gelation 

between the samples oontaining an aooelerator and the oontrols 
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are mlloh greater. At those higber temperatu.res the increase 

in the rate of snlphar combination may be practically equal 

to the dispersive effect, and so the aocelerator indioates 

little aotion 1f gatlged by the time of setting, At lower 

tempera.ttlres this increase far overshadows the dispersive 

action. 

Another striking point is the increase, with the 

temperatures, of the quantity of acetone-insoluble material 

present at gelation as compared to no appreoiable variation 

in the oontrol samples. 

It may be mentioned that the sample containing an 

acoelerator always looks muc~ more viSOOQS than the correspond

ing control sample. Alsothe material around the gelation 

point is generally somewhat elastic when hot, but its 

elasticity decreases greatly on cooling. Other polymerisable 

materials, snoh as meta-styrene. behave similarly. The 

elasticity of the material deoreases on continned heating 

after gelation. 

A white stlbllmate fo·rmed at the top of the ttlbes 

in the above four experiments. It formed more quickly and 

in greater amount at the higher temperatures, and in the 

next series of exper iments it was ah·own tba t the amount Is 

increased by nslng larger qtlsntities of accelerator. When 

1 per cent of zino phenylmethyldtbiooarbamate and one 

equl2B.lent of piperidine are nsed there is only a smail 



-58-

amonnt of white sublimate, b~t if only 1/2 eq~ivalent of 

piperidine (or no piperidine) is present there is none 

at all indicating that piperidine is the cause of the 

formation. 

The above results showed that with oils, as with 

rubber, accelerators do not produoe good results at higher 

temperatures, and that above a oertain temperature, whioh 

may vary with the accelerator, it is ineffective. At 1600 

C. a retarding effeot was even observed. Consequently 

f~ther work was now oarried on at 1400 C. t and 20 per cent 

of sulphur was used in order to get rapid gelation. 

The optimum quantity of piperidine was the next point 

determined. 

UBLE U 

Linseed oil + 20% Sulphur + Zinc phe~lmetbyldithiooarbamate 
+ Piperidine at 140 C. 

% Aoetone-insoluble 

Expt.38 Expt.39 Expt.40 Expt.41 Expt.36 Expt.42 Expt.43 

Accelerator 1% 1% 1% 5% 5~ 2% 2~ 
Piperidine 1/2equiv.lequiv.l-1!2 lequiv. 1-l{2 lequiv. 1-1/2 

equiv. eqlliv. eqtliv. 
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Minl1tes 
45 50,5 
63 0.4 5'1.'1 49.6 l~1tO 1.1 
'18 6~.6 
90 0.9* 8.8* 0.4 60.9 38.0 1.1 
98 65.0 

105 65.6 
120 58.2 
135 3.2* 33.0 '1.0* 62.'1 0.9 
141 60.2 
144 60.9 
160 64.9 
165 14.6 4'1.1 16.5* 3.1* 
19'1 26.1 57.'1 26.4 9.4* 
202 60.0 
255 55.9 
269 58.6 
300 55.5 28.0 

G.in G.in G.in G.in G.in G.in G.in 
260 m. 204· m. 308 m. 108 m. 1'10 m. 145 m. 443 m. 

* S111phnr present in aceton~insoluble material on drying. It 
.did not separate Ollt from the sample on oooling. Part of it 
may be zinc stllphide. 

It is readily seen that, regardless of the Qtlsntity 

of accelerator tlsed, one equivalent of piperidine gives the 

optiml1m results. Having less than one eql1ivalent of base 

is not as detrimental as having mODe than one equivalent, 

but no reg111arity is observed in the effect of the exoess 

base with increasing amoa.nts of accelerator. Fllrtbermore, 

two per cent. of accelerator pIllS one equivalent of piperidine 

1s seen to be the most economical proportion to llse for the 

restl1ts obtained. 

The etfeot of increasing amoQnts of the accelerator 

plus· the optimum quantity of piperidine is to increase the 

rate at which the stllpbnr combines with the oil. This in 

tl1rn determines the rate at which acetone-insoluble material 
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is going to form, and thas the- time of gelation. The qaantity 

of acetone-insolnble material at gelation also seems to increase 

slightly with increase in the QQantity of accelerator. The 

effect of an excess or deficit of piperidine is to decrease the rate 

of oombination of the snlpbQr, and also to decrease the qaantity 

of acetone-insolQble material present at gelation, althongh 

this resQlt is more prononnoed with lower proportions of 

aooelerator. Hence piperidine differs from dlbenzylamine by 

retarding the snlphQr combination and by exerting no ~ispers1ve 

action. 

The following table is presented in order to com~are 

the effeot of zino phenylmethyldith100arbamate when nsed alone 

and when one eqaivalent of piperidine is added to it. 

TABLE X 

Linseed oil + 20% SQlphnr + Zinc pbeny!methyldithlocarbamate 
+ Fiperidine at 140 C. 

Accelerator 
Piperidine 

Expt.32 

~ Aoetone-insolnble 

Expt.44 Expt.45 Expt.39 E:x:pt.42 Expt.41. 

1% 51' 1% 2% 5% 
1 eqaiv. 1 eqnlv. 1 e~niv. 
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Mintltes 
45 50.5 
63 2.94* 36.4 1'1.0 5'1.'1 
'18 61.6 
90 3.4* 10.3 0 44.'1 8.80 38.0 
98 65.0 

105 65.6 
120 58.2 
135 34.1 53.2 33.0 
141 60.2 
144 .60.9 
150 55.6 
165 46.'1 4'1.1 
180 61.8 
19'1 5'1.'1 5'1.'1 
202 60.0 
255 56.2 
2'13 58.1 

G.in G.1n G.in G.in G.in G.1n 
2'16 m. 210 m. 210 m. 204 m. 145 m. 108 m. 

* Sa.lphllr separated Otlt on cooling. 
o Sulphur did not separate out. Present in acetone-insoluble 

material on drying; may be all zinc sulphide. 

The most striking observation to be noted here is 

the ma~ked aotivation which the piperidine exerts on the 

accelerator. This is not so obvious in the case of the 

one per cent. sample. but it seems likely that in this case 

there is a defioit of the aooelerator, and if it is nsed 

up very qtlickly at the start the piperidine cou.ld not have 

much effect on it. The plperidineseems to aid the 800el

era tor in still turther otltting down the indtlction period 

for sa.lphtlr oombination or 8lae in increasing the rate ot 

stllph~r oombination, either restllt being obtained by an 

aotivation ot the accelerator itself. 

By compariaoA with table lX it is seen that a 

detioit or an excess of piperidine. with small amoQnts of 
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acoelerator, will retard the gelation as much, if not more, 

than the aocelerator inoreases it. 

Another interesting point in table X is the fact 

that the time of gelation in experiments #44 and #45 is 

the same, and yet there is a tremendoQs differenoe in the 

q~antity of acetone-insol~ble material at the end of 63 

minntes. Henoe the presence of excess aocelerator seems 

to exert a dispersive action in retarding gelation, and 

this view is f~ther borne out by the fact that the 

q~antity of acetone-insoluble material present at gelation. 

when·~~ of aocelerator is ~sed, is greater than with only 

1%, this res~lt being verified by experiments #41 and #42 

when piperidine is ~sed. It takes 120 minutes for the 2% 

sample to have as much acetone-insoluble material as the 

5% sample has in 63 minutes, and yet there is only 38 

minutes difference in the time of gelation. Consequently 

it seems that there is an optimum oonoentration of 

accelerator which would give the best results, that is, 

deorease the time for sulphur combination considerably and 

yet exert little dispersive action afterwards. 

Sinoe one ~qn1valent of piperidine was found to 

aotivate the zinc salts of dithiocarbamic acid, it was 

decided to try its effect on P.P. and on mercaptobenzothio

zol, commeroially known as captax, and the resQlts are 

compared with those later obtained using zino isopropyl 

xanthate and other bases. 
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TABLE Xl 

Linseed oil + 20% SulphQr + Accelerator + Base at 1400 c. 
% Acetone-insoluble 

Expt.46 Expt.47 EXJ>t.48 Expt.49 Expt.50 ExJ;t.5l 

Mercaptobenzo .. 
2% thiazol 

P.P. 2% 2% 
Zinc isopropyl 2% 2% 

xanthate 
Fiperidine 1 eqtliv. 
Dibenzyl-

1 ef'!tliv. 

amine 1 er~tliv • 
Aniline 1 eOlliv. 

Minutes 
63 5.8* 9.6 '1.5 0.9 
90 20.'1* 25.3 31.5 10.8 

135 44.9 53.9 5'1.2 29.6 
145 60.6 
152 59.5 62.3 
154 61.9 
166 55.5 
1'15 5'1.'1 
181 59.3 
202 62.1 
265 Some had 

formed 

G.in G.in G.in G.in Removed at Removed at 
183 m. 154 m. 154 m. 204 m. 318 m. 318 m. 

* SulpPtlr separated out on cooling. 

Piperidine aots as an aotivator for mercaptobenzo

thiazo1 t btlt not for P.P. In eaoh case the presence of 

piperidine does not change the qQsntity ot acetone-insoluble 

material present at gelation, btlt it does affect its rate 

of f~matlon during the process. This may be due to an 

increasei rate of sulphur oombination in the case of mercapto

benzotblazol and a decreased rate in the second case. 

Using .~ same proportion of sulphllr and the same temperature 
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different accelerators seem to prodQce approximately th~ 

same qaantity of acetone-insol~ble material at gelation, 

Piperidine has been fOllnd t.o activate in those 

asses where it can react with a zinc salt or can form an 

addition compound. as in the case of zinc isopropyl xan

thate and oaptax respeotively. With P.P. neither of 

these oonditions are present. 

DIbenzylamine and aniline both have a tremendous 

retardIng effect. This is sarprislng in the oase of 

dibenzylamine as it is qQlte a strong base. A large 

amount of sulphur was found at the bottom of each tube 

when they were removed indioating that these bases retard 

the sulphur combination greatly. The material in both tubes 

was muoh more visooas than the original oil showing that 

a ohange was going on. and it seems probable that both 

samples wonld have gelled if left long enongh. By 

comparison with table III it appears likely that these 

bases cause more reta.rdation at lower temperatnres. 

It seems a striking fact that no sulphur separated 

out from any of the samples which oontained a base. and 

yet after five hOQrs a large amoant of salphur WaS fOQnd 

at the bottom of the t~bes containing aniline and dibenzJl

amine even in the presence of a powerfQl acoelerator s~oh 

a8 zinc isoproPl1 xanthate. Hence the obvioQS conclQllon 

to draw is that the aniline and d1benzylamine decrease ~he 
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solnbility ot the salphur in the oil to a very marked 

extent at low temperat~reSt and thus the sulphur combination 

is retarded. This in turn retards the gelation. In 

the cs·se of piperidine .. one would aSSllme from the resul ts 

that it also affects the solability of the snlphllr except 

in those oases where it oan work in conjunction with the 

aooelerator. 

It might be mentioned that no white sublimate 

was formed when oaptax was present alona or with piperidine. 

In the experiments listed in tables IV and V. 

~ of zino oxide was added as an aotivator because it is 

one of the usual quantities used in rubber, but as shown 

it did not give the same results as obtained with rubber. 

Since the experiments in table X seemed to indioate that 
-Ji:4,1~~ k~,;X~~~ 

an opt1mwm :;:~.Qa Q~ 81AQ ox149 weals 'PgeQg~ ~Qt1vati9a 
~.~~~.f~~~~~ 
of an accelerator. This is now shown to be the case. 

TABLE Xll 

Linseed 011 + 20% Salphur + P.P. + Zino oxide at 140 0 c. 
% Aoetone-inso1able 

Expt.48 

p.,. 2% 
Zno 

Expt.52 Expt.53 Expt.54 Expt.55 Expt.56 

2% 2% 2~ 2% 2% 
0.33% 1.0% 1.5~ 2.0% 5.0% 

I 
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Minu.tes 
45 2.3 '1.'1 2 .• 0 
63 '1.5 7.9 44.8 20.0 2.3 2.6 
90 31.6 28.2 5'1.5 3'1.3 4.5 2.4 

100 60.1 
115 63.8 
120 47.9 64.0 
130 51.'1 
135 5'1.2 16.8 
145 60.6 59.9 55.! 
150 61.9 63.2 
163 58.4 42.3 
180 -36.1 
195 58.5 
199 63.1 
221 55.1 
226 62.5 

G .. in G.in G.in G.in G.in G.ln 
154 m. 151 m. 126 m. 166 m. 226 m. 199 m. 

From the above it ls seen that P.P. is qllite a 

powerful accelerator for linseed oil as it cu.ts down the 

time of gala tion at 140<> C. by almost one half. About 

1~ of sine oxide enhanoes the aotion of the accelerator 

somewhat. whereas larger qllsntities prodlloe a retardation 

in the time of gelation. 

The qllsntlty of acetone-inso1llble ma tar la1 pre sent 

at the 63 minute period indioates that the activation 
a 

p~oduced by one per Qent. of zinc oxide is dtl9 to further 

redllotion of the induction period or an increased rate 

of slllpbar. oombination. A comparison of experiments #48 

and #54 shows that the exoess zinc oxide or the zino soaps 

formed may exert a dtsperslve actlon,as experiment #54 

has muoh more acetone-insoluble material at the ena of 63 

minutes and yet takes longer to gel. The q~antity ot 
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acetone-insolable material present at gelation varies 

somewhat with the proportion of zino oxide used. One per 

cant. of zino oxide causes more -to be present than is 

formed in the presence of the aocelerator alone, whereas 

larger amoa.nts of zinc oxide show no difference. In the 

oase of experiments #55 and #56, it is fonnd that there 

is a sadden increase in the quantity of acetone-insolll.ble 

material at the gelation point, the increase being muoh 

greater than daring a corresponding time just prior to the 

gelation. Other experiments might have given the same su.daen 

inorease if samples had been taken at the gelation point. 

A white au.blimate began to form in everyone of 

the above cases in about 7 or 8 minutes. 

When excess zinc oxide was u.sed a hard cake was 

found at the bottom of each tube. 

A lower temperatu.re was next employed in order 

to see how P.P. acted at lower temperatu.res. At the same 

time the work woald show whether the optimum proportion 

of zino oxide changed with the temperatu.re. 

TABLE nIl 

** Linseed oil + 20% Sulphur + P.P. + Zinc oxide at l3oPC. 

~ Aoetone-insoluble 

Expt.5'1 

P.P. 2% 
Zn 0 2.8% 

Expt.58 Expt.60 Expt.61 

2% 2% 1.2% 
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J41nu.tes 
1.'1* 4.8* 63 4.4 15.8 5.5 

90 10.4 26.1 18.3 3.9* 
135 18.2 38.8 12.4 
155 3'1.0 24.5 
185 26.1 49.6 48.3 42.6 
222 55.'1 49.8 42.0 
232 56.5 
238 58.3 
243 58.'1 
256 55.'1 
2'16 54.4 
285 56.1 
308 5'1.8 

G.ln G.ln G.ln G.ln G.m 
310 m. 244 m. 242 m. 265 m. 28'1 m. 

** Fresh 011 a.sed. 

These res1l1ts show the great'effeot whioh small 

Variations in the quantity of zinc oxide exert on the 

rate of gelation at low temperat~res, and it is strange 

that aboa.t one per oent. 1s the optimam quantity, and 

that slight decreases or inoreases in that amoQnt should 

affeot the rate of 'gelation so deoidedly. By oomparison 

with ~ble Xl and Xll, it will be notioed that a rise 

of 100 C. decreases the time of gelation by about half, 

and that the amount of aoetone-insoluble material formed 

at gelation inoreases slightly with the temperature. This 

is exactly what has already been observed in Tables VlI and 

Vlll. 

The white sllblimate mentioned previoQsly takes 

a.boat twelve minutes to ,start forming instead of eigh,t 

minates at 14dP C. indicating that the acoele~ator aots 

more slowly at lower temperatures, and this partly aOQoQhts 
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for the increased time needed for gelation. At 160 0 c. 
it begins to form in aboat 5 minates. 

The material at this temperatu.re remains tacky 

for over half an boar after gelation. whereas at 1600 c. 
the material is non-tacky and brittle in aboat ten minates. 

~he material at the lo\ter temperatllr,e seems to be more 

spongy and rubbery. 

The speed with whioh the final gelation takes 

plaoe. after the material seems to be on the point of 

gelation, varies with the materials added. their pro

portions. and the tem.peratare. At 130 0 c. the sample 

containing 0.8 per cent. of zino oxide goes through 

this final stage more quickly than the 1 per cent. sample. 

~.BLE XlV 

Linseed oil + 20% Slllphur + Aocelerator at ,140° -0. 

% Aaetone-insolubl~ 

P.P. 
Zino oxide 
Zino P. 
Piperidine 

'Mina. 1;e s 
45 
6S 

':90 
120 
12'1 
144 
149 

Expt.52 

2% 
0.33% 

2.3 
7.9 

28.2 
4'1.9 

59.3 
62.6 

G.in 
151 m. 

Expt.62 

1.5'7~ 
0.69% 

'1.8 
21.3 
43.3 

61.'1 

G.in 
132 m. 



The materials ~sed in these two experiments 

are exactly eq~ivalent as regards the q~antitf of zinc 

and piperidine present, but the results obtained are 

not the same. At the time the above experiments were 

ran it was not known that one per oent. of zino oxide 
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was the optimum quantity in the presence of two per cent. 

ot aooelerator. With one per oent. ot zino oxide instead 

of 0.33% on the one hand and an eq~iva1ent qaantity of 

material in the following experiment, identioal results 

might be obtained. 

Several experiments were now carried o~t 

to see if driers such as manganese oxide and manganese 

resinate would enhanoe the aotion of an accelerator 

at a low temperature. Also an attempt was made to 

aocelerate the gelat.ion after the st11phur was oombined 
11' 

by using a p'o"ymerising agent stloh as zino chloride 

aniline. 

TABLE XV 

Linseed 011 + 20% Sulphtlr + P.P. + Drier at 13QP C. 

% Acetone-insoluble 

E:xpt.58 

PeP. ~ 
Drier 1% 

zno 

Expt.63 Expt.64 

2% 2% 
0.8'11& 15.6% 

Mn 0 Mn·resinate 

Expt.65 

~ 
Zn 0 

Expt.61 

2% 



Minlltes 
63 15.8 
'15 
'1'1 

90 26.1 
120 
136 38.8 
155 
162 
180 
185 49.6 
195 
203 
218 
225 
238 58.3 
240 &O.V 
243 S~·7 
249 
2'15 

G.in 
244 m. 

5.8* 

19.9* 

35.5 

G.1n 
284 m. 

15.4 

2'1.3 

44.4 

56.4 

60.2 
62.3 

G.1n 
230 m. 
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4.8 
22.8 
1% zino chloriae(ID __ P .. ~CM.I.&s) 
aniline QdJed ~ -'-r -

38.6 

45.0 

51.3 

56.5 

i9,6 

3.9 

12.4 

42.0 

sr., 64.2 

G.in 
255 m. 

sAf_ 2. 

G.in 
287 m. 

B.B.- The amount of manganese oxide and resinate (lsed 
above oontained a qllantity. ot manganese equivalent to 
the quantity of zino in 1% ot zino oxide. 

By comparing experiments #61 and #63 it is evident· 

that manganese oxide does not activate the action of the 

aooelerator. Manganese resinate produoes the same aotivation 

as zinqbxide as indicated by the quantity ot aceton-insoluble 

material formed at the end ot 63 minates, although it doas 

cut down the time ot gelation slightly more than the latter. 

This experiment also yielded some very interesting 

q~alitative observaiions which might be mentioned here. 

On sticking a stirring rod into the tllbe, and withdrawing~ 

an ordinary sample gives a long, stringy'material during 

the five minutes prior to gelation, yet in this experiment 
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this long, stringy material was obtaiOed tor one hour and 

ten minntes atter gelation. Dnring a portion of the period 

the material was extremely elastic and could be stretched 

into a very tine thread about ten feet long without breaking; 

it was also practically non-tacky, seemed ruite rubbery, and 

bad considerable strength. Furthermore, it could be squeezed 

between the fingers without beooming taoky. Hence toe manganese 

resinate must exert a softening effect, and this may be con-

sidered due entirely to the rosin it contains. 

Sinae the accelerator seemed to aid the aowbinat1on of 

the stllpbur and had very little effect on the gelling of the 

prodtlct, jt was thought likely that a polymerising agent might 

have SOIOO effect. Hence one per cent. of zinc ohloride 

aniline was added after most of the stllphtlr was in combination, 

but a negligible result was obtained. 

Using manganese oxide as an activator a large amount 

of the white sublimate mentioned previously formed at the top 
with of the ttlbe, whereas ~ zinc oxide or manganese resinate only 

a small amount was observed. 



TABLE XVl 

Linseed 011 + 20% Sulphur + Acoelerator + Ziilc-~oxide at 1300 

% Acetone-insoluble 

Expt.66 Expt.61 Expt.6"1 Expt.6S Expt.69 

Iso:proPll 2fI, 2fI, 
diDnthogen 

Isopropyl llono-
xantbogen 

Zinc d1etbJldi-
thiocarbamate 

PeP. 
Zino oxide 1% 1,& 

Mlnu.tes 
63 4.8* 4.a* 
90 "1.3* 3.9* '1.2* 5.1* 

135 12.4 12.3 lS.1* 9.'1* 
180 '1.0* 31.1 23.6* 
220 41.6 3'1.5 
240 45.0 39."1 
2'16 19-.S* 54.4 50.8 
285 51.6 52.2 48.5 
300 54.5 
304 54.6 
309 56.2 
31'1 53.9 
330 36.4* 
395 50.1 
420 54.9 

G.ln G.ln G.ln G.1n G.in 
422 m. 28'1 m. 311 m. 308 m. 325 m. 

At any temperature all acoelerators do not 

show an eqllal acceleratlve act"1on~ and of OOllrse the 

~e thing has been found by other investigators to 

apply in rubber. The presence of zinc oxide cuts down 

the time of gelation when isopropyl dixanthogen and 

monoxanthogen are used jllst as hae already been shown 

with P.P. and oaptax, ba.t the actlvation produced in 

o. 
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the latter is not as great. The isopropyl monoxanthogen 

Is slightly better than the dixanthogen, and the same thing 

has been founa to hold in rtlbber.- The Qt1antity of aoetone

insoltlble material at gelation in the above experiments 

is appro~imatelY the same. 

It was stlrprising that isopropyl dixanthogen and 

monoxanthogen did not prodtlae greater aooeleration than they 

did since they are very powertQl aocelerators. But in the oase 

ot rtlbber it has been tOllnd that they are effective over a very 

narrow range of temperattlres, namely. between 110°- 125°C., as 

above that temperattlre they decompose. Conseqtlently it -was 

decided to try their ·effeat at l160 C.)tlSing 1% of zinc o~ide 

as an aotivator in one aase and 1 eqnivalent of piperidine in 

the other. At the end of eight and a half hours the experiments 

were stoppe~ as the materials were tar from the gelation point, 

althotlgh they had ta.rned cherry red and were more viscotls than 

at the start. Henoe we see that the temperattlre plays a very 

important role in the stllphllrization of oils, more so than it 

does in rtlbber t and that below a ··oertain temperature rapid 

gelation will not occur even in the presence of an accelerator. 

Considering the fact that solution ot the sulphur takeS place 

very slowly at l.ow tempera ttlres and the observation that the 

aacelerator aids ohiefly the aombinat ion of the slllphtlr, we can 

tlnderstand the above resalts. 
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TABLE XVll 

Linseed 011 + Sl1lphtir + Aocelerator, eto. at j.'2500. and 140°0. 

% Aoetone-insoll1ble 

Expt.70 

2 of, 
5.3~ 

S111pba.r 
Isopropyl 

dlxantbogen 
Zinc Isopropyl

xanthate 
Zinc diethyldi

thiooarbamate 
Zino oxide _ ' I 70 
Piperidine 

Mintltes 
90 

136 
186 
210 
255 
2'10 
330 
359 

12.2* 
24.8* 

3'1.4 

61.1 
-54.0 

G.1n 
36'1 m. 

16.6* 
28.4 

G.in 
368 m. 

Temp.1400C. 

Expt. '12 

~ 

1" 
10.8 
2'1.9 

43.4 

51.4 

G.in 
318 m. 

Expt.'13 

1 equlv. 

1.4 
"15.'1 

3'1.6 

~'1.8 

G.in 
358 m. 

Sinoe the res111ts obtained at 116°.0. using 

isopropyl dixanthogen were not very enoonraging. a tem

perattlre 01 125°0. was next employed as the aooelerator 

deoomposes above that temperature. By oomparing with 

experiment #69, ~hle XVl. it is seen that the results 

are not as. good ee at 125 0 C. even though there is more 

acoelerator present. In experiments #70 and I'll. 3~32% 

of isopropyl dixant.higen plus 1% zinc oxide are eqt11va

lent to 4.l~ zino isopropyl senthate. 

Seeing that isopropyl d1xanthogen gives better 

resl1lts at 130°0. than at 125°0. even though 130°0. is 
above the tamperatllre at which it begins to deo·ompose. an 
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experiment was run at l4cPO. Althoughzlno diethyldithio

carbamate, even without piperidine, was shown to work 

better than isopropyl dixanthogen plQS zino oxide at 13oPC., . 
's the latter is more effective at l4oPC. This~very stlrprising 

as isopropyl dixanthogen will not work at all in the oase 

of rubber at that temperature. 

Since zino oxide was found to aotivate P.P •• it 

was thought that zino in a more soluble form would give 

even better results. Hence the zinc salt of the fatty 

acids in linseed oil was prepared. 

TABLE XVlll 

Linseed oil +. 20% Sulphar + P.P. + Zinc salt of the fatty 
acids in linseed ·oil at 14Q) c. 

% Aoetone-insoluble 

Ex}) t • '14 EX}) t .• '15 Exp t • '16 Exp t .48 Expt. '1 '1 Exp t • '18 Ex}) t • '19 

P.P. 
Zino 

salt 

M1nIl.tes 
45 
63 
90 

110 
11'1 
120 
129 
135 
145 
151 
1'10 
1'1'1 

~ ~ ~ ~ 2% 
1% 2% 5% 

20.0 40.0 1'1.6 
43.0 52.9 38.0 

55.9 4'1.4 
55.9 
5'1.6 58.8 

58.9 

G.in G.in G.in 
138 m. 136 m. 1'19 m. 

'1.5 
31.5 

57.2 
60.6 
62.1 

G.1n 

l%zino 
salt, 
l%zino 
oxide 

'1.6 
1'1.3 

29.3 

55.2 

G.ln 
154 m. 182 m. 

~zino 
salt, 
2eqtliv. 
piper
idine 

44.8 
53.6 

55.2 

G.ln 
136 m. 

2%zlnc 
salt, 
lequiv. 
piper-

idine 

38.8 
49.5 
54.8 
5'1.9 

G.ln 
12'1 m. 
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This table brings oat several very interesting 

points. Two per oent. of the zinc salt of the linseed 

oil fatty acids prodtlces the greatest initial activation 

of the accelerator as evid'enced by the qtlantity of acetone

insoluble material at the end of 63 minutes, and yet 1 per 

oent. gives the same time of gelation as 2 per cent. Also 

1 per oent • and 5 per cent. produoe the same re sill tat the 

end of 63 mintltes. bllt the 5 per oent. sample takes much 

longer to gel. These restllts indioate that the zino salt 
The ()..cceleraTtJr 

has a twofold effect. It first ehhances the action of a*e~; 

and then serves to disperse the acetone-insoluble material 

and thtls retard gelation. If the zinc salt is tlsed tlp daring 

the activation of the accelerator we can see why 1 per cent. 

of the zinc salt has little dispersive power as it may be 

almost all used up at. the start. 

As shown previotlsly. and also as indicated by 

experiment #~?t having too much zinc present is worse than 

having none at all. Its main effect seems to be a retardation 

of the sulphur combination. 

The presence of piperidine seems to have little 

effect, 1 equivalent prodtlcing a slight activation, whereas 

2 eqaivalents have no effect whatever. This 1s especially 

remarkable as a considera'le excess has been tlsed. and it 

was shown in !able 111 that an excess of piperidine exerted 

a oonsiderable retardation. 
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Since the zinc salt of the linseed oil fatty a'cids in 

the presence of piperidine is shown in Table XII to be just as gooa 

an accelerator as P.P. itself, the results here show that a oom

bination of accelerators is better than each aocelerator alone. 

The combination of accelerators, in all cases shown, seems to 

aid chiefly the combination of the snlpbar. 

Gelation oame very slowly in experiments #75, #V8, and 

#79 after the material was exceedingly viscous, and an examinat10n 

of the amounts of aoetone-insoluble material present during those 

experiments as compared with some of the others .bears this out. 

In the last set of eX]eriamtns it was shown that the 

zinc salt of the linseed oil fatty acids did activate P .P., 

bu.t the activation is not as much as tha t prodnced by zinc 

oxide unless. one equivalent of p1peridine(~alculated on the 

amonnt of zino salt) is also present. The next point to 

determine was whether the zinc salt won16 act as an accelerator 

alone. 
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UBLE XIX 

Linseed oil + 20% Salphur + Zinc salt of the liuseed oil 
fatty acids + Piperidine at 140°0. 

% Acetone-insoll1ble 

Expt.80 

Zinc salt 210 
Piperidine 1 eql1iv. 

Minutes 
45 
65 
75 
90 

138 
145 
178 

1.1* 
5.5 

20.0 
50.0 

G.in 
160 m. 

~:xpt.81 

3.5% 
1 eqaiv. 

3.3* 
14.8 

38.5 
5'1.6 

G.in 
146 m. 

Expt.82 Expt.83 

5.15% 7.'% 
1 eqaiv. 1 equiv. 

1.0* 

5.6 
22.1 

55.3 

G.in 
160 m. 

3.6* 

10.0 
28.1 

53.2 
58.6 

G.in 
188 m. 

These results indicate that the zinc salt 

of the linseed oil fatty acids is a very good acceler~ 

ator when 1 equivalent of piperidine is present. 

Whether it would work just as well withou~ the piper

idine has not been determined. In the above, 2 per cent. 

of the zinc salt contains a quantity of zinc equivalent 

to the acid nwmber of the oil. 7.7 per cent, the same 

quantity as 1 per cant. zinc oxide, 5.15 percent. re

presents a ql1antity of zinc equal to the zinc present 

in 1 per oent. zinc oxide lesS the quantity of zinc 

necessary to react with 2 per cent. P.P. i1 all the 

aooelerator is used l1P in that way. 3.5 per cent. of the 

zino salt represents an intermediate amount. As seen, 

this intermediate qaantity of zinc gives the best result. 

Since the zino salt is entirely solnble in the oil ana 
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the zinc oxide not nearly so solQble,lt appears that some 

of the zino oxide is not nsed np dnring the reaction or 

else it has an additional fnnotion saob as reacting with 

the P.P. 

B.1 comparison with Tcable XVlll a striking observation 

is the fact that the formation of acetone-insolnble material 

proceeds at the same rate in experiments #48 and #al. and that 

the initial formation of acetone-insolnblematerial here 1s 

much slower than in, say, experiments #~5 and #~9. Hence 

the indnctlon period for salphnr combination does not seem 

to be entirely removal in the former experiments, or else the 

rate of sulphur combination 1s much smaller. The latter 

explanation seems the more likely one. 

The experiments recorded in the following three 

tables endeavonred to show if the accelerators aided the 

sulphar combination more at lower temperatnres. 
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TABLE .xx 

Linseed oil + 20 % Snlpb~r + 2% P.P. + 2% Zinc salt 
of the linseed oil fatty acids + 1 eqaivalent Piperidine 

Expt.'19 

Minutes 
30 
45 38.8 
63 49.5 
'13 
81 
84 
90 54.8 

102 
110 5'1.9 

G.in 
12'1 m. 

% Acetone-lnsolable 

Expt.S4 

15000. 

Expt.85 Expt.86 

·46.5 

57.9 

G.in 
109 m. 

140oC.for 1/2 
br.Then rais
ed to 15000. 
in 12 min. 

11.68 
35.'1 
51.8 

60.6 

G.ln 
93 m. 

1400C.tor 1/2 
hr.Then raised 
to 1500 0. in 
12 min. Then 
raised to 160°0. 
in 12 min. 

14.9 
40.8 
5'1.8 
63.0 

G.in 
84 m. 

These resa1ts indicate that the aooe1erator 

prodaces more rapid combination of the su1phtlr at a 

lower temperatQre. bat that the ftlrther changes which 

lead towards gelation take place more rapidly at a 

higher temperattlre. Howevel", by oomparing with Tables XX1 

and XX11, we see that this is not an1versa11y trtle of 

aocelerators as in those cases the ~1gher temperatQr8 

is conducive to more rapid combination of the s~lphur 

as gauged by 'he qaantity of acetone-insolnb1e material 

10rmed at the end of 30 mingtes. 
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TdBLE XXl. 

Linseed oil + 20% 8~lpbur + 2% Isopropyl dixanthogen + 
2% Zinc isopropyl xanthate + 1 eqQivalent Piperidine 

% Aoetone-insolQble 

Exp~.87 Expt.88 Expt.89 Expt.90 

Temp. 140°0. 14cP O.for 15cP C .for 160°0. 
1/2 hr.Then 1/2 hr.Then 
raiged to raigea to 
150 C.in 12 160 C.in 
min. 12 min. 

Minu.tes 
30 2.8* 19.6 53.4 
40 67.4 
42 69.8 
45 5.5 51.1 
6'1 68.3 
63 14.9 28.'1 
90 35.2 55.4 

116 48.1 

G.in G.1n G.ln G.in 
140 m. 97 m. 60 m. 43 m. 

TABLE XXII 

Linseed 011 + 20% 8a1phur + 2% Zinc salt of the linseed oil 
fatty acids + 1 eq~iva1ent Piperidine 

Temp. 

lliillltes 
30 
45 
63 
90 

138 

% Acetona-1nsolable 

Expt.9I 

1400 c. 

1.1* 
5.5 

20.0 
50 

G.1n 
140 m. 

Expt.80 

150o C.for 1/2 hr. 
Thee raised to 
160 O. in 12 min. 

8.3 
40.3 

G.ln 
65 m. 
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As regards the experiments recorded in the last 

three tables. it may be stated that gelation came very 

qtl~akly only in the case of the foar experilJlents listed 

in Table XXl, tha t is·, the ma te;rial gelled in a very 

short time after it became extremely ViBCO~S. 

A study was now made of the affect of varying 

the proportion of sulphur 011 the stllphu.rlsatioh·of linseed 

oil·. 

TABLE XXlll 

Linseed oil. + Sulphar + 2% Isopropyl dixanthogen + 2% Zii::8 
isopropyl xanthate + 1 equivalent Piperidine at 160 C. 

% Acetone-inso1Qble 

Expt.92 Expt.93 Expt.94 Expt.95 Expt.96 Expt.90 

Sulphur 12% 14% 14% l6~ 18% 20% 
No isopropyl dixanthogen in exper1ment#i7 

M1nu.tes 
30 8..0 13.3 2.2 38.6 53.4 
40 6'1.4 
42 69.8 
45 2.6 21.2 21.6 14.'1 53.3 
49 
59 58.3 
64 60.1 
90 26.1 45.5 46.9 46.7 

102 59.8 
123 55.5 55.'1 
lJ35 40.2 
180 49.0 
204 53.3 

G.1n G.in G.in G.in G.1n G.in 
209 m. 130 m. 126 m. 102 m. 65 m. 43 m. 

The great decrease in the time of gelation with 

inoreaslng proportions of su.lphur is very noticeable. The 

Expt.97 

20% 

51.3 

65.4 
66.6 

G.in 
51 m. 
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quanti tl of acetone-insoltlble material formed at gelation 

increaee slightly np to 18% salphQr, and then rises more 

sharply. The 16% snlphur experiment does not seem to fit 

in the series as regards the quantity of aoetone-insoluble 

material formed after 30 minutes, b~t the 14% snlphur sam

ple was cheoked and gave quite ooncorant results. 

A very striking point is the tremendoas increase 

in acetone-insoluble material formed at the end of 30 minates 

in the case of the 18~ and 20% s~lphQr experiments. 

Experiment #9'1 again shows that a s·ingle accelerator 

is not as effeotive as a oomp1nation of two acoelerators. 

As before, the added decrease in the time of g,elatlon due 

to the second acoelerator. is nOli very great. 

In order to speed up the work several sa~ples were 

weighed np the day before making the r~n. However, one of 

the resplts did not fall in line with previous results, 

and on checking these experiments it was foand that allowing 

the material to stand over-night had an effect in some cases. 



TABLE xnv 

Linseed oil + Salphu.r + Acoelerator + Piperidine 

~ Acetone-inaolnble 

At 1400 c. At 1600 c. 
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Expt.98 Expt.80 Expt.99 Expt.95 Expt.l00 Expt.96 

Sulphur 
Zino salt of 

linseed oil 
fatty acids 

Piperidine 1 

~f11, 2J! 16~ 16~ 18% 18~ 

eqt11v. 1 et!lliv. 
~ 2% Isopropyl 

dl:mnthogen 
Zino isopropyl 

xanthate 
Piperidine 1 eqa.lv. 1 eQLliv. 1 eqtliv. 1 eqtliv. 

Kina.tes 
30 
45 
59 
63 
64 
90 

102 
110 
128 
138 
140 

1.2* 1.1* 

8.9* 5.5 

20.0 

50.0 
5'1.1 

0.9 
'1.4 

18.1 

36.8 

55.9 

2.2 
14.'1 

46.'1 
59.8 

55.5 

G.in G.in G.in G.in G.in 
155 m. 160 m. 131 m. 102 m. '14 m. 

38.6 
53.3 
58.3 

60.1 

G.in 
65 m. 

N.B. Experiments #98. #99. and #100---material weighed ont. 
added to the oil, and lett over-night. 

The reslllts indioated by this table are very 

interesting as we see that in one oase weighing OQt the 

material the previolls day has no effeot on the time of 

gelation. whereas in the other two it has. Now, in 

table XVlll, it was shown that piperidine did not seem 
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to aotivate the zinc -salt of the linseed oil -fatty acids 

appreoiably. whereas it. was previoQsly fo~that P1.eperidine 

di~ enhanoe the action of the zino d1thioca~mates, and 

hence it mast activate zino isopropyl xanthate. The activation 

seems to be d~e to a reaction between the two, and sach a reaotion 

taking plaoe over-night WOQld, in all probability, affect the 

qaantity of acoelerasor available when the heating was 

carried on. 

Another explanation appears likely. It was toand 

that when the samples were left corked over-night that 

the inside of the tQbes were sticky. A thin film of 

piperidine there WOQld oaQse that stiokiness, and it seems 

possible that some of the piperidine eVaporated from the 

oil and condensed along the side of the tabe. Since it 

has already been shown that anless exactly one equivalent 

of piperidine was present the optimnm results would not 

be obtained. exoept in the oase of the zinc salts of the 

linseed oil fatty aclds, it is evident why a variation 

WOQld OOOQr in one sample on standing and not in the other. 

Several experiments were now oarried out at 180°0. 

to see if gelation would occar with low percentages of sulphur. 
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TA. BLE .xxv-

Linseed oil + SalphQr + Isopropyl dixanthogen + Zinc isopropyl 
xanthate + Piperidine at 180°0. 

% Acetmne-insolQble 

Expt.lOl Expt.102 Expt.103 Expt.104 

Sulpnllr 12% 
Isopropyl 

12~ 
2lfo 

8% 6% 
d1:xanthogen 

2% Zino isopropyl 
xanthate 

Piperidine 1 eqlliv. 

Minu.ies 
30 28.0 0.4 None None 
46 41.2 0.3 
'14 54.0 
90 21.3 None None 

145 51.8 
180 17.5 12.1 
360 40.3 28.'1 
480 46.8 34.6 
520 50.5 

G.in G.1n G.in Had not G.in 
82 m. 153 m. 537 m. 638 m. 

Raising the tempera tu.r e 26>0. cuts down the time 

ot gelation of a 12 per cent. sample from 248 minutes at 

160°0. to 82 minutes at l80~ O. The accelerator must 

decompose very rapidly at that high temperature. and its 

decomposition produots greatly retard the gelation. They 

appear to dm that by retarding the oombination ot the 

stllphar as the qasnt1ty of acetone-insoltlble mterlal 

formed in experiment #101 and #102 at the end of 30 minutes 

and 90 mlnQtes respectively are approximate11 the same, 

and the material in each experiment gels in abont the 
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same time from this point. 

~eriments #103 and 1104 are interesting in that 

they show that gelation will ocallr with small ~tlantities of 

sUlphur. The 6% slllphar experiment was not carried to 

completion, bat it is very probable that it would gel if 

heated long enoagh. A very rapid stream of oarbon dioxide 

was passed into the mOllth of the tubes to make sare that no 

appreciable quantmtlesof air wOtlld enter. When the tabe 

containing the 6% stllphllr sample was rem6~ea from the bath 

and cooled, the material was found to be extremely visoous. 

At gelation the 8 per cent. stllphllr. sample bad 

hardly any body ;g •• in contrast to what is obtained at 

lower tempera tares, espeoially in the presenoe of 

aooelerators. Heating the material eontalning 8 per oent. 

stllpbur after gelation catlses it to become denser and to 

have some bu.lk, bat the material is very taoky. The aoetone~ 

insol'I'ble material of all the s~mples taken in eJqleriments 

1103 and 1104 were solllble in ether. 

As observed previotlsly. over 50 per cent. of aoetone

insoluble material must be formed before gelation oocurs. It 

mllst be remembered that 'his is simply an empirical valne. 

A number of oontrol experiments for those listel in 

table XXlll were now to be rlln, bat anforttlnately the oil 

and sulphur gave out. When the new materials arrived it was 

dec1ded to spend some time in sttldy1ng one set of experiments 
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in detail,in order to see whether the accelerator only 

affected the sulphur aomblnation or also the last part of 

the process. 

The first point to be determined was at what time 

in the process at 1400 c. the sulphur was all oombined, both 

.in the presence of an accelerator and in the aontrol. 

Cbatawa~~had fonnd that at 1600 C. all the sa1phur was 

combined in 45 mintltes. Sinoe P.P. 'is a powerftll aocelerator 

and leaves no residne it was considered a satisfactory one to nse. 

Table XXVl gives the restllts obtained the first time. 

mBLE XXVl 

**Linseed oil + 20% S~lphur + P.P. at 1400 c. 

P.P. 

Minutes 
45 
55 
63 
90 

123 
131 
143 
155 
1'15 
210 

% Aoetone-insoluble 

Expt.105 Expt.106 

7.0* 
14.9* 
22.0* 
44.2 
56.7 

G.in 
128 m. 

10.4* 
16.6* 
25.1* 
36.8* 
52.0 

G.1n 
225 m. 

% Ether-insoluble 

Expt.105 Expt.l06 

2.2* 
1.4* 

.a* 
None 
28.5 

1.43* 
0.6* 
0.2* 
Negligible* 
12.1 

* Sulphur separated ont on allowing sample to stand for some time. 
** Fresh 011. 
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The ether-insolll.ble material was obtained by addi.qg 

twenty times its weight of ether to the sample, stirring well 

several times. deoanting at the end of an hour, and then 

rinsing tWioe with 2 c.c. of ether. It was found to be very 

jelly-like. 

No ether-insoluble material ls obtained ~ntil almost 

50% of acetone-insoluble material has formed. Hence at the 

start all the ether-insoluble material present represents 

dissolved sulphur. Therefore in the tube containing the 

accelerator dissolved sulphur is present in the oil for about 

80 minutes whereas in the control it is present for 175 minntes, 

and it -nay be pointed Otlt tha t the ditferel10e almost corresponds 

to the difference in the time of gelation. 

The faot that there is dissolved sulphur in the oil 

when over 30% of aoetone-insoluble material is present 

indioates that aoetone~insoluble material oan begin to form as 

soon as a definite peroentage of sulphur is oombined. 

The variation in the time of gelation obtained here 

and those given previously may be dae either toaohange in the ~on

centration of the mixtures due to the removal of so many 

samples before the sulphur is all dissolved and oombined, or 

else to the fact that the fresh 011 ~~s a slightly different 

compos1t1onfrom the prevlol1s one. _oomparison with table 

XXVIII 1t is seen that the seoond assamption 1s the main one 

as the oontrol given in that table takes less time to gel 

than before. Hence the restll ts shown in this ta ble ana in 
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ErrlJr in N",.,berm9 

Pa.!le5 

later experiments cannot be compared with.previolls results. 

In exper iment #105 it was shown that when 20% 

of sulphur is used in the presenoe of an acoelerator, 2.2% 

of lissolved sulphur is present at the end of 45 minutes. 

Consequently it was thought that by starting with 16% of 

sulphur none would be uncombined in 45 minutes, 

TABLE xrnl 

Linseed oil + 16% Slllphur + P.P. at 140
0 c. 

P.P. 

Minlltes 
35 
45 
55 
63 
80 

105 
127 
138 
152 
165 
180 
240 
26'1 

% Aoetone-insoluble 

Expt.l07 Expt.108 

2% 

2.5* 
2.8* 
3.3* 
'1.9* 

16.3 
30.0 

55.2 

1.8* 
2.9* 
6.6 * 

16.9 
46.9 
55.'1 

G.in G.in 
177 m. 275 m. 

% Ether-insoluble 

Expt.107 Expt.108 

1.3* 
1.7* 
0.8* 
Neg1igib1e* 
None 
* 

14.6 
None 
" 

20.6 

~he result obtained was unexpected as dissolved 

suipbu.r was present in both samples almost as long am before. 

Henoe this indioated that the sulpha.r oombination was a 'time 

reaotion, the rate varying with the temperat~re and with t~e 
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amonnt 01 s~lphur. 

The qQsntity ot aoetone-1nso1Qble material present 

when all the s~lphur disappears is much less than when 20 per 
and 

oent. ot- s~lphQr was_ Qsed;.J,is not ohanged by the presenoe 

01 an aocelerator. 

Having found the point at which only a negligible 

q~antity of sulphur is dissolved in the oil, 2% of an 

aocelerator was added at that point. A oontrol e~eriment 

was rQn at the same time. 

UBLE llVlll 

Linseed oil + .20 % SulphQr at 1400 C. 2% of P. P. added 
166 minu.tes after the atal:t. 

% Aoetone-1nso1nble % Ether-insoluble 

Expt.109 Expt.110 Expt.109 Expt.1l0 

M1n~tes 
11.1* 143 0.06* 

165 25.0* 0.05* 
166 2% 01 P.P. 2% ot P.P. 

added added 
180 55.0 33.9 1.9 None 
195 63.0 33.'1 
205 6'1.4 42.5 
212 45.5 
225 55.2 1'1.5 

G.in G.in 
212 m. 234 m. 

Fo~rteen minutes after the accelerator was added 

the appearanoe of that sample -bad o banged tremendously compared 

to the control. It had. more b~lk than the control sample 9 



-94-

minutes before gelation. Contrary to what happens when the 

aocelerator is present right from th8 start there was a 

great inorease in the quantity of aoetone-insoluble material 

at gelation in this case. As seen. there is a hastening of 

the gelation. b~t -the deorease is not very great dne chiefly 

to the slow rate at whia-h the last part of the prooess takes 

plaoe giving a very indeterminate end-point. This may be dae 

to a dispersive effect exerted by excess accelerator. Very 

likely 1f only. say. 1% of acoelerator had been added the 

slow rate of gelation after the material beoame extremely 

viscous would not have been so prominent. 

After about 50 per oent. of aoetone-insolQble 

material has formed the formation of ether-insoltlble 

material takes p~ace at a very rapid rate. and so it is 

the main faotor in the produotion ~ a gel. 

Before drawing the ooncl~sion that the aooeleratar 

aids the last part of the prooess as well as the oombination 

of the sulphur, it was decided to try a few mare experiments 

on similar lines. In one experiment 4% P.P. was added at the 
.1~ ~ ~ aX xL. ~c.,w{ 

start: in the other+two per cent. more when the SQlphur was 

all combined as found in experiment #105. 



p. p. 

Mina:tes 
45 
55 
76 
98-
~t{o 
±a&ilr 
1-3&12.0 
~/2.' 
1:Q131 
~/'f' 

153 
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Linseed oil + 2Q% SQlphur + P.P. at 140 0 c. 
% Aoetone-in.soltlble % Etber-lnsoltlble 

Expt.lll Expt.112 

5.7 
13.5 

48.0 
59.4 

74.7 

G.1n 
128 m. 

2% at the 
start 

210 after 76 
minll.tes 

2% of aooel-
era tor added 
53.5 
61.3 

G.1n 
148 m. 

0.17 
Negligible 

2% of aooe1-
erator added 

0.6 2.5 
28.4 27.3 
32.3 
39.4 
49.0 

41.9 
52.2 

The oonoltlsions arrived at here are obtained by 

comparison with tables XXVl and XXVIII. AlthoQgh 4 per oent. 

of the aooelerator oa~sOs a disappearanoe of the dissolved 

sulphu.r abotlt25 milllltes before t·hat in the 2 per oent. 

sample, yet the two samples have the same time of gelation. 

Furthermore there is a marked inorease in the quantity of 

acetone-insoltlble and ether-insolu.ble material at gelation 

in the case of the 4 per cent. sample, and bence it seems 

that the additional 2 per ceat. of accelerator or its 

decomposition prodtlctsmast exert a dispersive effeot and 

thus retard the gelation. This seems to be borne 011t by 
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experiment #112 as the addition ot 2 per oent. ot aocelerator 

attar there is no lissolved sulphur present causes a retardation 

ot 20 mintl tes in the tin18 of gelation, wi th oonseqtlent increase 

in the Quantity of acetone-insoluble and ether-insoluble 

mate~ial. Also in experiment #109 it seems that the addition 

of 2 per cent. of aocelerator after there is no dissolved 

sulphur left is an excess as a marked slowing up of the gelation 

ooours after the initial accelerating effect. Hence a smaller 

q~antity of aoce1erator in t-bat experiment would likely produce 

better results. 

It may be pOinted out that the initial aoceleration 

produced in experiments #109 and #112 on adding 2 pe~ cent. 

of acoelerator after the dissolved sulphur has combined 1s 

approximately the same, ~ In both oases the end-point is 

very indeterminate and gelation OCQUXS extremely slowly, the 

result of this being a large increase in the amount of acetone

insoluble and ether-insoluble material at gelation. 

Experiments #105 and #111 whioh have 2 per cent. 

and 4 per oent. of aocelerator respectively also have the 

same quantity of aoetone-insoll1ble material af'tar 55 minl1tes, 

and yet in the 4 per cent. sample there is no dissolved 

sulphur present at that time. Hence within certain narrow limits 

tbe rata of formation of acetone-insolQble material ,does 

not seem to depend on the quantity of s~lphar combined. 

Attar gelation the amoQnt of acetone-lnsolQble 
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and ether-insoluble material oontinueto inorease. 

More white s~blimate is formed aroQnd the top of 

the tabe in the case of the 4 per oent. sample than in the 

2 per cent. sample. 

For the purpose of getting more information as 

regards the 8~lphnr combination experiments #107 and #108 

were repeated, and a determination made of the ~uantity of 

nndissolved and dissolved sulphnr present in the tubes at 

various periods of time. The procedure followed was as 

follows: Two tubes were placed in the bath. At the end 

of; say; 25 minutes a sample was taken from one tube for 

the determination of aoetone-insoluble and ether-insoluble 

material. A minQte later the tube was removed, a layer 

of liquid sulphur being found at the bottom. The bottom 

of the tabe was OOOl~ oausing this sulph~r to solidify 

in one mass. On allowing the material to stand for a day 

or two the unoombinad sulphur~ which had been dissolved. 

orystallized out, and on extraoting the material with ether 

-the undissolved and anoombined sulphur remained. The 

undissolved ~ss was in one solid lump and oould be removed 

from the orystalline material. After washing well with 

ether the weight of each was determined, and a oorrection 

added to the amoQat of dissolved sulphur owing to the 

sample removed. A similar prooedure was followed at other 

periods of time, the results being reoorded in the next table. 
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TABLE .xxx 

Linseed 011 + 16% SQlphur + P. P. at 1400 c. 

% Acetone
insoltlble 

·fa Ether
insolllble 

% ·S~lpbu.r 
llndissolved 

% Sulphur % of original 
dissolved b~t/ S~lphar 
~ncom~ined combined 

EXpt. Expt. Expt. Expt. Expt. Expt. Exp't. Expt. Expt. Expt. 
113 114 113 114 113 114 113 114 113 114 

P. P. 2fo 

Minutes 
25 2.?6 1.25 
27 7.00 2.25 42.2 
35 2.11 0.92 
45 1.55 0.07 
46 5.42 2.46 50.8 
60 0.06 None 
61 4.10 1.44 65.4 
82 2.92· None 
83 3.78 0.86 71.0 

138 5.6 0.09 
139 1.15 3.24 72.6 
163 15.8 None 
165 0.36 1.13 90.8 

N.B. The s~lphar remaining at the vario~s periods of time 
is calo~lated as a percentage of the original oil. 

These reslllts are very important as they show that 

the oombination of the snlphar is a time reaction regardless 

ot whether an acoelerator is present. At the start, in the 

presenoe of an acoelerator. only 42fo of the sulphllr combineS 

in 2' minutes, 51% in 46 minutes, 65% in 61 minutes, and 71% 

in 83 minutes. QQDsequ8At." af~9~ a rapia ~ta~t, taeze seems 

1;8 118 8 188 iB the ~aiJe ei sJ',Jpbn:D ee&eiR8t19A. In 83 minu.tes 

the sample oontaining the acoelerator has as much sa1phar 

oombined as the control in an hoar longer. Ent it was shown 

previol1s1y that the difference in the time of gelation was over 

1 boar and a half. Hence this indicates that the acoelerator 



-99-

.40es aocelerate the last part of the process. and table X]1Ol 

appears to bear this OQt. 
oF-

It may be notioed that+the uncombined sulphur there 

is always more of the sulpbQr andissolved than ,dissolved when 

the acoelerator is present. whereas ~he reverse holds true in 

the absence of the aooelerator. It appears probable that 

solution of the sulpha.r Is the slow process I and that the 

aocelerator only aids the oombination of the sulphur. In 

doing so. however. it oontintially destroys the eauilibriwn 

between dissolved and undissolved sulphur. and hence the 

aooelerator increases the whole prooess. Further work along 

this line would be very helpful in drawing a oomplete pictQre. 

Seeing that there was still 1-1/2 per oent. tlncombined 

s~lphnr present at the end of 165 minQtes when only 16 per cent. 

was Qsed at the start, it seems that more might have been present 

at that time if 20 per cent. had been used instead. Henoe 

the acoeleration obtained in experiment #109 when 2 p~r cent. 

of accelerator was ad4ed after the sulphur was thou~ht to be 

all combined may have been due to a more rapid combination 

of this uncombined s~lphur. Since Chataway had found that 

all the salphar was combined in 45 minates at 160 0 e. , it 
was deoided to repeat experiment #109 asing DnlY 14 per oent. 

01 slllphu.r and hea ting at 1600 C. until all the slllphur was 

combined. Then the material was to be cooled to 140 0 C. and 

2 per oent of accelerator added. B.y rann1ng a oontrol at the 

same time it woald thas be possible to,see if the aocelerator 

aided the last part of the prooess leading to gelation after 

all the slllphar was oombined. 



In order to see how soon the s~lphur would be 

oombined two tabes oontaining linseed oil and 14 per cent. 

of B~lphar were plaoed in the bath at 1600 C. Atter 45 

minutes a sample was removed from one tube, th~ tube 

removed the next minute, cooled,and the proprot10n of 

undissolved and dissolved sulphur determined as before. 

At the end of 80 minutes a slmila~ prooednre was followed 

with the material in the second ttlbe. 

The resul ts obtaineo were a s follows·; 

TABLE XXXI 

Linseed oil + 14% Sulphar at 1600 c. 

-100-

% Acetone- % Ether- % Slllphu.r % Stllphtlr % of original 
insolllble insoluble tlndissolved dissolved Stllphtlr com-

bat not bined 
combined 

Expt.115 Expt.l15 E:x:pt.ll5 Expt.ll5 Expt.115 

Minates 
45 6.4 None 
46 5.01 0.008 64.2 
80 30.0 None 
81 0.23 Hone 98.4 

By oomparison with e~eriment #114 we see that the 

rate ot salphur combination is muoh greater at 1600 c. than 

at 1400 e. , but even at the higber temperature it takes 

oonsiderable time. Contrary to what was fOQlld at 1400 a •• 

very little dissolved stllphtlr is present even though there 

is a considerable quantity of andlsso1ved sulpbar. This 



-101-

leads to the oonolasion that at 1600 C. combination of 

the sulpbur tak.es plaoe as soon as it dissolves, and that 

solution of the sQlphnr is a slow prooess even at t~mt 

temperatnre. At 1400 c. oombination of the sulphur takes 

plaoe much more slowly. and so there is always a oonsiderable 

amount of dissolved sulphur present. The accelerator seems 

to ai4 only the, combination of the ~tllphu.r. but by producing 

a faster removal of the sulphur more is caQsed to go in·to soltltion. 

Having found that practi8~11y all the sulphur 

oombines at 1600 C. in about 80 minutes when 14% of sulphur is 

used, it was now poseible to determine if the aooelerator 

aids the l~t portion of the proo~ss by adding. ~Y. 2 per cent. 

atter the ltlJ)bu.r was all combined. a control being run at 

the same time. Since acoelerators work. best at lower temperatares t 

140 0 C. was oonsidered a satisfactory tempera tare at which to 

add the acoelerator. Consequently experiment #115 was repeated 

ana the oil heated with 14 per cent, of sulphur for 109 

minutes. The tubes were removed from the bath,and the latter 

oooled down to 140 0 C. in one hour. They were then replaced, 
l' 

and five minutes allowed for the materials to heat up again. 

Atter an additional 11 minutes heating 2 per oent. of P.P. 

was added to one tube with stirring. The results obtained 

were as follows: 
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TA BLE XXXII 

Linseed oil + 14% S~lph~r. Heated at 160°0. tor 109 minutes. 
T~bes removed and then heatea further at 140°0. 

Minutes 
108 
109 
120 
135 
168 

% Aaetone-inso1able % Ether-insoluble 

Expt.116 Expt.ll'l Expt.116 Expt.ll'l 

35.7 None 
~bes removed and bath cooled to 140°0. 

2% P.P. added 2% P.P. added 
45.2 53.5 Hone 30.'1 
49.3 64.8 None 35.7 

G.in 
228 m. 

G.in 
193 m. 

When the t~bes were removed from the bath-a 

very small amount of sQlpbur was noticed at the bottom, 

but the q~antlty was negligible as it was much smaller 

than that fotlnd in eXperiment #115 after 81 minutes. 

An extremely small amount of sulphur was noticed at 

gelation at the bottom of the tube which comtained no 

acoelerator,whereas in the other tube none coula be seen. 

The aooelerator does seem to have an immediate 

effeot on the material when added as seen by the increased 

formation of acetone-insoluble and ether-insoluble mater

ial and by the greater bulk of the samples as compared 

with the corresponding control samples, but it CSQses the 

material to have a very slow and indeterminate end-point. 

It does make the material less tacky and more elastic at 

gelation. The time of setting was reduced one-third from 

the time the a-oael.era tor was added. This result was -also 

obtained in experiment #109 using 20 per cent. ot sulphur. 
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** EXPERIMENT 118 

Although the resQlts of experiments 1109 and 

111'1 seeme.r to prove that the accelerator dId prodtlce 
f- ~ 

a notie~ie effeet on the slllphllrised oil after the 

sulphur was all combined. there was always the possibility 
"ave. that a small amount of free sulphur might., been present, 

and this of course would affeot the result. ConseQtlently 

a large batch of linseed 011 was heated with 20% of sulphur 

at 140 O. for 186 minutes, and the sulphurised oil extracted 

with dried ether in order to remove any uncombined su1pbar 

(only a very small quantity was found). The ether was then 

removed in vacuo, and portions of the residue heated as follows: 

**Fresh 011 used. 

Temp. 

P.P. 

Kinu.tes 
o 

10 
15 
20 
31 
35 
41 
66 
'16 
90 

TABLE XXlll1 

% Acetone~inso1uble % Ether-insolable 

Expt.ll9 Expt.120 

1% 

46.0 
50.9 
53.3 

5'1.1 

63.1 

G.in 
35 m. 

49.9 
51.0 
54.4 

65.4 

G.in 
23 m. 

Expt.119 Expt.120 Expt.121 Expt.122 

0.0 
2.6 
8.1 

30.2 
41.'1 

49.3 

1% 1% 

J.:'l .0 
38.5 
43.1 

57.1 

G.1n 
50 m. 

G.in 
26 ~. 
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The above resQlts are very important as they 1u;nish 

positive'proof that the accelerator does hasten the last part 

of the process after about 46 per cant of acetone-inso1nb1e 

material has formed, even though there is no free slllphur 

p~esent. Although a decrease of one-third is obtained at 

l4cPC., the actual shortening in the time of setting during 

this part of the prooess is very small. The main effect of the 

aoce1erato'r at this stage is in prodlloing a tremendotls increase 

in the rate of formation of the etber-insolttb1e material, that 

is, the large aggregates. Experiment 1120 was as far adva~oed 

one minute after gelation as experiment #119 was 15 minutes 

after setting as regards bulk. taokiness, eto. 

A rise of 10°0. does not obange the effect of tbe 

acoelerator during the last stage, and hence in the presence 

of an aooelerator changes ot temperatllre mainly affeot the 

rate of combination of the sulphur and the rate of formation 

of the ace,tone-inso111b1e material. 

The solability in benzene and in ether of the prodacts 

obtained in table XXXJl1 was as follows: 

TABLE xxxlV 

SolQbi1ity in Benzene Sol~bility in Ether 

Minu.tes 
23 

Expt.119 

35 Completely 
solable 

Expt.120 Expt.119 

Almost oompletely 
soluble 

Expt.l20 

(Jonslderable 
',uantlty 1nso1~ble 

Considerable quantity 1 
lnsolllble 

Considerable 
qQantity insolQble 

50 Almost oompletely 
solable 

95 Cons1aerable qaantity 
insolable 
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~he ma tar 1sl inso.ltl ble in benzene was in a swollen 

oondition, whereas that insoluble in ether was not. In the 

case of experiment #121, the material was still oompletely 

soluble in benzene atter 125 minutes, i.e., 75 minutes atter 

gelation. This is a ftlrther example of the effect ot temperature 

on the last stage of the process. 

It has just be.en stated that the material in experiment 

#120 was as far advanced one minute after gelation as the 

control sample was 15 minutes after gelation as regards btllk. 

tackiness, etc •• and an inspection of table XXXlll indicates 

that at those two pOints the Qtlantlty of ether-insoluble 

material was of the same magnittlde. Also the solubility 

in benzene at those two periods was shown in table XXXIV to 

be about the saree. 

EXPERIMENT 123 

The next point to determine was whether the accelerator 

would have any effect on the acetone-soluble portion ot the 

Stllphtlrised oil. Hence another large batch of linseed oil 

was heated with 20% o~ stllphur at l40~C. tor 186 mintltes; ana 

this time the sulphurised oil was well extracted with 

stlccessive q~antities of acetone. fhe acetone-insoluble 

material remaining was a spongy solid. It may be mentioned 

that the acetone-insoltlble material Was now partly insoluble 

in ether, whereas before the extraction it was completely 
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Soltlble. The acetone was removed in -vac~o trom the 

acetone-insoltlb1e material, and the latter heated as follows: 

~BLE XXXV 

Temperattlre 140°0. 

% Acetone-insolt1ble 

Expt.124 Expt.125 E:xpt.126 Expt.12'1 

Stllphtlr 
1% 

10% 1<2% 
P.P. 1% 

Mintltes 
60 49.4 58.3 

2'15 43.9 3'1.5 
360 50.'1 43.2 

G.in G.in G.in G.in 
378 m. 480 m. 96 m. 69 m. 

The acetone-solable material must have contained a 

considerable amoQllt of snlphnr in oombination to enable 

gelation to oocnr. A surprising feature is the retardation 

produoed by the aocelerator. Again it is observed that 

over 50 per cent. of aoetone-inso1Qb1e material must be 

formed before gelation takes p1aoe. 

Experiments #126 and #12'1 indicate that the 

sulphurised oil oan take up sulphur at a rapid rate, and 

the accelerator 1s again observed to function. The final 

and-point aame qtlick~y in these experiment-s. whereas it was 

very slow indeed without the additional 10 per cent. of 

su.lphu.r • 
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E.n>ERlMENT 128 

In order to get a large quantity of sulphur in 

oombination qlliokly so as- to _avoid, as mu.ch as possible, 

the changes taking plaoe in the sulphurised oil during the 

heating, it was decided to heat linseed oil with 30 per cent. 

of sulphtlr at 160°0. Gelation ocours in this case in 34 

minutes, and preliminary work indioated that 20 per cent. 

of stllphu.r was combined at the end of 29 mintltes whereas 

only 11.5 per cent. was combined after 22 minates. 

A large batoh ot linseed oil Was heated with 30 per 

cemt. of sulphur at 160°0. tor 25 minutes, and oooled 

quickl1-. This material was then extracted with dried ether, 

and 15.2 per oent. of sulphur was foand to be in combination. 

The ether was removed in vacuo, and the residue heated as follows: 

fa Aoetone-insoluble 

Expt.l29 Expt.130 

P.P. 1% 

Minlltes 
15 
60 

120 
150 

18.6 
31.2 
42.3 

G.1n 
24'1 m. 

23.2 
35.8 
43.2 

G.1n 
24' m. 

% Ether-insolnb1e 

Expt.129 Expt.130 

1% 

None None 
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Althoughthe· material in e~eriment #130 appeared 

much denser than the control at the end of 15 minutes. 

nevertheless there is veri littla difference in the 

qnantity of acetone-insolQble material present at that time 

in the two experiments. Also we notioe that the rate 
-Formation 

of £e~miftg of acetone-insoluble material in the control 

is slightly greater than in the experiment oontaining the 

P.P •• and so it seems that the aooelerator slightly retards 

the formation of-the aoetone-insoluble IJlaterial. However 

its retardation daring this stage is offset by the greater 

rate of formation of the ether-insoluble material daring the 

following -stage, and so in this oase the time of setting is 

the same. 

EXPERIMENT 131 

Part of the eth8r-sol~ble material prepared in experiment 

1128 was heated in two tubes (30 grams in eaoh) for 70 minutes 

at 140°0. so that about 33 per cent. of acetone-insoluble 

material would be present. It was then cooled and extracted 

well with aoetone using suooessive quantities of 150,150,75. 

'15. and 50 0.0. in eaoh tllbe. that is, 13 times its we~ght. 

The aceton6-insol~ble material remaining was jelly-like in 

c·haracter and extremely viscotls. It would barely flow. 
o 

Tube I -- Heated to 140 C. 

A~terial did not liqnefy on heating, and in fOQr 

minQtes it had taken the appearance of the ordinary 

gelled material 10 minQtes after setting. It was t~cky. 



T~be 11 - 1% et P.P. added - Heated to 140°0. 

Material beoame non-tacky immediately (within two 

minQtes) and dia not ahange in appearanoe on con

tinued heating for 30 minutes. It could be rubbed 

to soft separate partiales throughont that period. 

The material in tube I reached that non-tacky ana 

powaery stage in 50 minutes. 

EXPERIMENT .132 
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The last ex:Per iment was repeated, but this time less 

acetone was employed for t he extraction (100 0.0. ana '15 0.0. 

aeed successively. which represEnts about five times its weight 

of acetone). The1 acetone-insolable material this time was 

qui te "flt1.id. 
o 

l!llbe I - Heatea to 140 C. 

Gelation occurred in about '1 minutes. 

TUbe 11 - 1% P.P. added - Heated to 140°0. 

Material gella d in abollt three minu:~es. 

The material obtained in the last experiment at 

. gelation is more tacky than that in experiment #131, espeoially 

so in the presenoe of the aooelerator • 

. EXPERIMEIIT 133 

Experiment #131 was again repeated, but this time only 

50 0.0. of aoetone was llsed for the extraction of 16 grams of 

material, that is. 2.5 times its weight of aO'etone was employed. 



There was only enou.gh materiallett for one 1nbe. 

Tu.be I - l%P.P. added - Heated at 140°0. 

-110-

Gelation occurred in 78 mintltes, an indeterminate 

end-point being obtained. The material was extremely taoky 

at gelation as a sort of flllid gel was tormed. 

From the last few experiments it is readily seen 

that the acetone-solable material plays a great part in re

tarding the setting ot the sulphurised oil. Simply extracting 

with 2.5 times its weight of acetone produces a reduction in 

the time of setting of _almost two-thirds from that point, whereas 

using tive times its weight in two suocessive quantities 

cstlses almo~t instantaneotls gelation at 140°0. 

It was thoaght desirable to carry ou.t a tew more 

experiments on similar lines. 

EXPER IM2NT 134 

Experiment #128 was repeated, linseed 011 being heated 

with 30 per cent. of sulphur at 160°0. for 25 minutes. On 

extraoting with dried ether it was fou.nd that there was 16.2 

per cent. of combined salphQr present. The ether was removed 

in vaCllO, and the residae hested as tollows: 
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TABLE .xxxvll 

% Aoetone-insolQble 

Expt.135 Expt.136 Expt.137 Expt.138 

~emp. 14()O o. 14000·. 160:> o. 16000. 
P.P. 1% 1% 

Minu.tes 
15 25.9 26.5 
60 3'1.6 

'G.in G.in G.1n G.in 
1'19 m. 202 m. '11 m. 80 m. 

The results shown verify those in table .xxxvI 

by proving that the aooelerator does not enhanoe the 

forma tion of the aoat one-insolu ble ma tar ial even though tRaWl 

there appears to be a marke~ inorease in the bulk. The 

re.tardation produced during this stage is greater than 

the aocelerating effeot it exhibits during the su.cceeding 

stage in whioh the ether-insoluble material is formed. 

and so the acoelerator. on the whole, shows a slight 

retardation. 

A rise in temperature produces a marked deorease 

in the time of setting of the sulphurised oil. 

EXPERIMENT 139 

Part of the ether-soluble material prepared 

in the previous experiment was heated for 1 hour at 

140°0. in order to inorease the quantity of acetone

insoluble material. It was then oooled and extraoted with 

2.6 times its weight of aoetone. The insolu.ble material 

was plaoed in two tllbes and heated .• 



P.P. 

Mintltes 
15 

~BLE XXXVIIl 

~elllpera tare l4Qo.0. 

% Ether-insoluble material 

Expt.140 Expt.141 

1% 

None None 

G.in G.in 
35 m. 31 m. 
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P4,ei-

!he acetone-insolllble material remaining above 

after extraotion had aoetone dissolved in it. When only 

'1.3 times its weight of aoetone had beentBdded a Qomogeneolls 

solation was obtained. Hence this seems to indioate that 

salpharised linseed 011 has a two-phase structllre, and that 

when aoetone is adaed it inoreases the proport~on of one 

of the phases antil the oritical amount is reaohed. Further 

addition of aoetone then oanses a separation of the two 

phases, the oompleteness of th~ separation depending on the 

proportion of aoetone added. 

EXPER Il\[ENT 142 

Experiment #128 was again repeated, but this time 

linseed oil was heatedwltb 30 per cent. of salpbur fmr 

29 minutes. and cooled q1l1ckly. The mater~al was extracted 

with dried ether, the amo~nt of combined snlphur thlls 

foaM to be 18.2%. The ether was distilled in vacuo, and 

the s1l1pharised oil heated as follows: 



~BLE XXXU 

o Temperature 110 O. 

% Aoetone-insolable Ether-inso1nb1e 

Expt. Expt. Expt. Expt. Expt. Expt. 
143 144 145 143 144 145 

P.P. 1% 1% 

)[i.nu.tes 
15 36.3 3'1.9 None None 
60 4'1.4 51.'1 1% P.P None 1.1 1% P.P. 

added added 
'15 53.8 0.4 

G.in G.in G.1n 
125 m. 122 m. 124 m. 

Temp. 160°0. 

Expt. Expt. 
146 147 

G.in G.in 
50 m. 50 m. 

Even thoagb there is a higher proportion ot oombined 

su1pbnr present this t1me the result obtained 1s no 41fterent 

from that obtained in the last three tables. This indioates 

that the aooelerator does not aid the gelation of the 

st11phu.rlsad 011. Bu.t it wa,s seen in table XXX1ll that the 

aocelerator does aid the formation of ether-insoluble 

material which represents the last stage before gelation. 

Henoe it seems that in experiment #118 the prolonged beating 

at 140 C. mast have enabled some ohange to take plaoe in the 

011 thus making it more subjeot to the presence of an acoeler-

ator. 

However, in experiment 1145 no increase in the 

formation of ether-insoltlble material is observed. and in 

that oase the aooelerator wasaddad after the heating bad 

been oarried on at 140
o
C.for soma time. Conseq~ent11 the 
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beating at 160~~. may have prod~oed some retarding effeot. 

No definite aonal~Blon can be drawn as regardd the effeot 

of the aocelerator on the later stages of the sulphurisation 

prooess until some farther experiments are carried oat. 

It might be mentioned here tha t the ma ter ial in 

experiment #145 appeared markedly denser after the acoeler-
Dr 

a·tka was added even thotlgh there was no inorease in the 

qaantity of ether-insoluble material or any shortening in 

the time of gelation. 

Determination of Molecular Weights 

Moleoular weight determinations were made of the 

material daring experiment #119; this material· having been 

obtained by heating linseedc!()il with 20 per oent of sulphur 

at 140°0. for 186 minutes and extracting with ether. 

fime of beating 
(nn. after 

extraotion) 

o 

15 

28 

Cono. 
% 

2.66 
3.48 
6.10 

2.02 
2.84 

1.9'1 
4.28 

TABLElL 

Depression Molectllar wt. 
(in Degrees) 

.101 1314 

.131 1330 

.239 12'1'1 

.0'12 1400 

.099 1432 

.063 1565 

.13'1 1600 
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The molecalar weight of the salphQrised oil is 

observed to increase slowly on continaed heating, and does 
ullcenTra.tion 

does not vary with the Qoa1;i'Il*,i811. The restllts indicate 

that polymerisation of the stllpbtlrised oil has ocoarred. 

TABLEXLl 

Expt. No. Time of heating 
(Minu.tes) 

Cone. Depression Mol. wt. 

129 15 1.94 .08'1 1114 
129· 15 3.99 .175 1140 
*130 15 2.01 .082 1226 
*131 (tube 11) 2.5 1.84 .07'1 1194 

152 C " 1) '1.5 0.645 .0145 222'1 
132 C " 1) '1.5 1.86 .040 2330 

*132 ( 'f 11) 3.5 1.82 .113 806 

*Indicatas that P.P. was present dtlring. the heating. 

Again we find that the molectllar weights do not 

~.~ ; appreciably with the concentration. This seems to 

be further evidence of polymerisation. The fact that #4 
and #'1 have sach low moleotl1ar weights compared to 16· must 

be dne to the presence of the accelerator in the benzene 

sollltiono 

The acetone-inso1tlble material obtained in 

experiment #123, which was a spongy solid, was dried in 

vacao. Only a part of it dissolved in benzene, the 

remainder being in a swollen state. The mo1ectllar weight 

of the solable part was 1555, the conoentration of the 

solation being 0.96%.. 

In addition to this instanae it has been observed 

a namber of times that extraotion with aaetone makes the 
p«rt')' 

resldne~irisolQble in other solvents. 
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At this stage it Was thought des~able to examine 

the effect ot sulphur on China wood oil with and withont 

an aooelerator. and some very int-eresting results were ob

tained. 

TABLE .xLll 

China wood oil + Stllphur at 140
0 c. 

Expt.No. % Slllphllr Minutes 

148 12 102 
149 14 82 
150 16 88 

China wood oil is thtls seen to produce more ra:pid 

gelation than linseed oil even using much smaller proportions 

ot salphur, Also th' effect of varying the proportion of 

sulphur does not produoe snoh marked differences as in linseed 

011. 

TABLE lLl11 

China wood 011 t 8tllphur + Acoelerator at 140°0. 

Expt.No. % sa1phtlr % P.P. Minutes 

151 10 2 123 
152 12 1 108 
153 13 1 93 
154 14 1 13.5 
155 l4 0.5 39' 
156 16 1 14.5 
15'1 16 2 14 
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By comparison with the previons table we see .. 
that the accelerator shows a markea effect only when 14 

per cent. of sulphur is present. but that then there is 

an enormous effect qnite com~arable with the acceleration 

produoed in rubber by the same acoelerator when zinc oxide 

is not present. A definite amoQfit of acoe1erator is needed 

to produoe the best results, but this amount is muoh lower 

than when linseed oil is used. Whether a large excess 

would not give as good results as the optimum amonnt was not 

determined. 

In the oase of experiment #154 the material was 

very fluid at the end of 12 minutes, and looked no different 

than the original oil in this respeot. and yet one minute 

later it had considerable body and appeared on the point of 

setting.~ little sulphur was fOQlld at the bottom of the tube 

at gelat1on~ but not nearly as muoh a-s when 16 per oent. of 

sulphur was used. 

The material in experiment #151 oontaining 10 per oent. 

of sulphur had a muoh darker cherry red oolorin ~ minutes 

than the 16 per oant. oontrol bad in 65 minu.tes. and yet 

took much longer to gel. It was qQite visoous after 20 

min~tes and near gelation, but the last stage took plaoe 

very slowly and gave an indeterminate end-point. The material 

was also very tacky when it gelled. Using 18 per oent. of 

stilphtlr w1 th an ~coelera tor the final gala tion point comes 
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oomparatively quickly, btlt the material is still very 

tacq. 

When 14 or 16 per cent. of· sulpbu.r is em})loyed 

in the presence of an accelerator the material not only 

gels so muoh faster due to the additional 2 pex cent. 

of sulphnr, btlt is also non-tacky at gelation. Furthermore~ 

it is practioally non-elastic as it cannot be stretched withotlt 

breaking. Hence the tackiness is either a fnnction of the 

uasaturation; the time of heating; or the size of the aggregates. 

Using only 0.5 per cent. of the accelerator takes the material 

three times as long to gel, and it is quite tacky at gelation. 

With 14 per cent. of sul~hur and 1 per cent. of accelerator 

the material is transparent at gelation, whereas if heated 

with 12 per cent. of s~lphur pllls accelerator it is much darker 

in color and not apparently transparent. 

When 12 per cent. of slllphur is used with and without 

an accelerator at the end of 45 minutes the mixture conjainlng 

the accelerator is quite viscous whereas the control is very 

fluid. At the end of ~5 minutes it was only slightly more 

viscons than the oontrol. Nevertheless the oontrol sample 

gelled sooDer. and the final gelling came very ,'tlliokly in it 

and much more slowly in the mixttlre containing the aocelerator. 

The work on China wood oil was halted for abont 

five weeks, and then it Was tound that the oil had become 

partially oxidised and that slightly over 12 per cent. of 

sulphur~ instead of 14 per cent.}was satfioientto give 
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optimum results. The effect of adai~g varioQs materials 

and varying the temperat~re was now stQdied. 

Expt.llo. 

158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 

TABLE XL1V 

China wood 011 + 10% Sulphur at 140°0. 

P.P. 
% 

Zn 0 Piperidine Misoellaneous 
% % 

1 
1 1 
1 5 

5 
2% 

l~ Zinc P. 
1 Equiv. 1~ " n 

2 " l~ " If 

~ 018io aoid 
tf ,If 

Time 
(Min. ) 

100 
98 
90 
44 

105 
127 
81 

102 
121 

91 
96 

The results tabulated above are difficnlt to 

anderstand. Using 10 per oent. of sulphQr. that is. 

an amoQnt of sulphur less than that required to give the 

optimum results, it is found that the addition of an 

aooelerator or its activator has very little effect. 

The only real aotivation that is obtained is by the use 

of a large qa.antity of zinc oxide with P.P. Even t he 

presence of one equivalent of piperidine does not enhance 

the action of zinc P. Hence the results obtained tlsing 

china wood 011 with a deficit of sulphur are not. on the whole. 

in agreement with those of linseed oil ander the same oandltlons. 
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TABLE XLV 

China wood 011 + 15% Sulphur at 140°0. 

Expt.No. P.P. ZnO Piperidine Misoellaneous Time 
% % % (lvlinJ 

169 68 
1'10 1 13.5 
1'11 1 1 13.5 
1'12 1 5 18 
1'13 5 70 
1'14 2% 10.5 
1'15 1% Zinc :Pip. 17.5 
1'16 1 Eqniv. 1% " " 11.5 
1'r'l 2 1i 1% " " 9.5 
1'18 1 " = " " 9.5 
1'19 2 " " " 9.5 
180 ~ oleio acid 65 
181 1 ~ " ~ 12.5 
182 2% 1inoleio acid 64 

With an exoess of sulphur,that is, 15 per cent.,the results fall 

more in line with those obtained using linseed oil. P.P. and 

zino P. are observed to prodtlae a marked ac·celeration. However 

the effeot of the accelerators are muah more striking with 

ahina wood oil, the results obtained approaching the acceleration 

prodnced in rtlbber. The presence of an exoess of piperidine with 

zinc P. does not exert a retardation, bllt the reason is apparent 

as piperidine alone acts as a powerful accelerator when an 

excess of sulphur is present. Why it should not do so with a 

deficit of salphtlr is Qllexplainable. The presence of oleic acid 

does not affect the result obtained withotlt it. The oil is not so 

sQbjeot to variations in the per oent. of zinc oxide added when 

an excess of SQlpbur is used. whereas zinc oxide alone shows no 

effect in either case. 
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China wood oil + Snlphur at various Temperatdres 

183 
184 

185 
186 

18'1 
169 
189 

188 

i~8 
158 
191 

159 
192 

Temp. 

140 
140 

140 
140 

130 
140 
160 

130 
140 
160 

140 
160 

140 
160 

Snlphur P.P. 
% % 

12 
12 

::!~l '1 
1'1 

15 
15 
15 

15 
15 
15 

10 
10 

10 
10 

1 
1 
1 

1 
1 

I 
1 1 

Miscellaneous 
% 

Time 
(Min.) 

18 
18 

10% oleic acid 66 
10% linoleic" 59 

144 
68 
20 

18 
13.5 
18 

100 
3'1.5 

98 
54 

In the eontrol samples there is a noticeable reduction 

in the time of setting with rise in temparatu.re both in case cl 

an excess and a deficit of sQlphar. The effeot is quite 

comparable to that found with linseed oil. When an accelerator 

is present with an excess of sQlphur very little variation with 

the temperature in the time of gelation is observed, b~t with 

a detlcit of sulphur the results again are similar to those 

obtained with linseed 011. 

Large quantities of oleic and linoleic acids do not 

affect the rate of gelati.on if sufficient excess sulphar is 

present to take care of their unsatuxation. 
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In the case ot experiment No.192, the sulphar 

combined very qaickly but the formation ot acetone-insoluble 

material was observed to be slow. 

TABLE XLVII 

China wood 011 at.140oC. 

% acetone-insoluble 

Expt. 193 Expt. 194 Expt.195 Expt .196 

Sulphur 15%. 15% l~ 10% 
P.P. 1% 1% 

Minutes 
08 19.5* 
10 34.6 
11 48.4 
22 29.2 
35 9.2* 
45 36.8 5.3 
50 25.4* 
60 41.4* 
65 50.5* 
75 45.5 28 .5 
88 49.4 -+6.£ 
96 4-1,,2. 

g.. in G.1n G.1n G.1n 
11 m. 66 In. 88 m. 98 m. 

* Sa1phar separated ont on coollngo 

These experiments indicate that the Quantity of 

aoatone-lnso1uble material reqaired before gelation ocours is 

of. the same order as that for linseed oil, although the 

actual amount is somewhat lower. 

Having observed marked variations in the re8ults 

obtained with china wood 011 nsing an excess ana a deficit 

of snlphar, a set ot similar experiments were run with linseed 

011 to see if the same cOMi tions held there. 



Expt. No. 

19'1 
198 
199 
200 
201 
202 
2(5 
204 
205 
206 
20'1 

TABLE XLVIII 

Linseed 011 +.20% Sulphur at 140°0. 

P.P. 
% 

1 
2 
2 
2 

Zono 
% 

1 
5 
5 

Piperidine 

1 Eoaiv. 
2 " 

Misoellaneou.s 
% 

2~ Zinc P. 2% n n 
2% n n 

2% oleic acid 
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Time 
(Min. ) 

215 
134 
129 
136 
130 
201 
134 
144 
119 
133 
224 

Altbollgh a defioit of stllphttr has been used above the 

resal ts obtained are praotiaally identical with those in table 

XLV aSing an exoess of sulphur with china wood oil, althotlgh, 

as mentioned previously, the magnitnde of the effect of the 80-

eeleratars and their activators is not nearly as great with 

linseed oil. The only difference noted is the fact tha~wo 

eqt11va1en1is of piperidine is not as efficient as one equiv~lent 

in the oase of linseed oil , whereas no variation was observed 

with ohina wood 011. 
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TABLEALll 
\ 

Linseed oil + 25% SU~hur at 140°0. 

Expt.No. P.F. ZnO Piperidine Miscellaneous Time 
% % % (Min. ) 

208 166 
209 1 95 
210 2 89 
211 2 1 76 
212 2 5 74 
213 5 164 
214 ~ 89 
215 2%. Zinc P. 80· 
216 1 Bqulv. ~ . " " 68 
21'1 2 n 2ifo " " '15 

The results obtained in the above table Qsing an 

excess of sulphur are prac tic·ally ia en t iea! wi t h t hose in 

tab19 XLVIII where a deficit ot sulphur was employed, whereas 

this similarity was not obtained w1 th china wood· oil. 

Expt. 

218 
219 
220 
221 

222 
223 

TABLE L 

o Linseed. oil + Sulphur at 140 O. 

No. Sulphur 
% 
22 
23 
30 
35 

30 
35 

P.P. Time 
% (Min.) 

2 
2 

184 
1'14 
157 
160 

'16 
'13 

Even when an excess ot EUlphttr is present the time Msettihg 

,5 observed to decra~e slightlY with increasing proportions of 

salpha.r • 



-126-

TABLE LI 

Corn Oil .... Slllphu.r + 'p.P. at 140"0. 

Ex,pt. No. Slll~hiU' P.P. Time 
% (Min. ) 

224 15 600 (not gelled~ 
225 20 392 
226 23 349 
22'1 30 28'1 
228 35 274 

229 20 2 311 
230 23 2 22'1 
231 26 2 223 
232 30 2 190 
233 35 2 174 
234 40 2 161 

A ttent ion was now turned to semi-drying oils in order 

to see how they wOllld react with sulphllr. Corn oil reClaires 

an exa8SS ot stllphu.r in order to gel. Q'omparatively c:!llicklYt and as 

fOtlnd in the case ef linseeaJotl the gre,ater the excess the 

shorter the time ot setting. The rate ot sulphur C ombina ti on 

was observed to be much slower than with linseed oil, and the 

long time required for gelation to occur was' partly due to that. 

The formation ot acetone-ilisolublena terial also prooeeded slowly. 

P.P. produaes ~lmost the same absolute amount of 

decrease in the time of setting ot corn oil as it does in linseed 

oil, namely about 80 to 90 minutes. 

The pr od 110 t obtained at gelation is 1ui te similar 

to that produced by linseed 011 with the same quantity of sulphur. 



E:xpt. No. 

235 
235 
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TABLE LII 

Perilla oil + 20% S~iphur + P.P. at 140°0. 

% P.P. 

2 

Time (lvIin.) 

189 
119 

Perl11a oil, a.nother good drying oil. was foa.nd to 

give resQlts that were quite comparable with those obtained 

in the case of linseed oil. A very taoky produot was 

obtained at gelation both with ana without the accelerator. 

UBLE LIII 

** China wood oil t SQlphur + Various Accelerators at 140°0. 

Expt.No. Slllphllr Acoelerator 
% % 

23'1 15 ~ P.P. 
238 20 ~ P.P. 
239 1'1 2% P.P. 
240 1'1 l%P.P. 
241 1'1 e% Captax 
242 1'1 2% Grasse111 808 
243 1'1 ~ Aldehyde-ammonia 
244 1'1 2% D Iphenylgu.anidine 
245 1'1 2% P-nitrosodimethylaniline 
246 1'1 2%. Tetramethylthluramdlsn1phlde 
24'1 1'1 2% Hexamethylenetetramine 

** Fresh 011 

Only a slight difference is notiaed in the effeot 

Time 
(Min. ) 

lS 
11.5 
11 
1'1 
67 
13 
14.5 
1'1 
16.5 
19.5 
40.6 

of several of the accelerators. and their action 1s fo~nd to 

be quite pronounced as in the case of rubber. Hexamethylene

tetramine is only toand to show a moderate eftect, but this was 

observadto be due to the slow rata of stllphu:r combination. 
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As soon as a dark cherry red oolor formed the actaal gelation 

occurred quickly just as it· does with P.P. Captax did not 

produce an acceleration at a~l. In the case of Grasselli 808 

the material was on the point of setting in 1'2 or 13 minutes, 

b~t it remained in that state for an additional 12 minQtes 

whereas with the other accelerators it takes only a minQte or 

two. 

TABLE LIV 

Linseed oil + China wood oil + 25% Sulphur +P.P. at 140°C. 

E:xpt. No. Linseed oil China wood oil P.P. Time 
% % % (Min. ) 

2(8 90 10 13'1 
249 90 10 2 '14 

260 '15 25 112 
251 '15 25 2 5'1 

In the above exper imen ts China wood oil was added to 

linseed 011 in order to see whether small increases in the 

qtlantity of the easl1y-polymerisable material w'otlld hasten the 

setting of linseed oil. By comparison with experiments #208 

and #210 it is seen that an appreciable decrease in the time 

of gelation was obtained. 

EXPERIMENT 252 

The ether-solQble material prepared in experiment 

#118 .was mixed with its own volume of chloroform, and about 
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10 per aent. of Its weight of 3b C15 added (a 10 per cent. 

sollltion of Bb Cl" in chloroform was naed). The material vas 

tOQnd to gel immediately in the cold, the heat of reaction 

driving oft a great deal of the chloroform. The same result 

was obtaine4 with Sn Cl~ when it was used instead of Sb OlS. 

When the Sn Cl~ solution was added to China wood oil 

(the oil is partially oxidised as it only re~uires a little 

over 12 per oent. of sulphur in order to give optimnm results) 

gelation again occurred immediately in the cold. Raw linseed 

oil treated in the same way did not show any signs ot thickening. 

A determination of the qtlantity of acetom-insolu.ble 

and ether-insoluble material present at gelat ion in the above

are noted in the following table. A correction was made for 

the qtlsntlty ot Sb 015 or Sn Cl~ used, bu.t the results may be 

taken as only approximate. 

Bb C1S 

55.4 

~BLE LV 

%Acetone-1nsoluble 

Sn Ol't 

54.0 

Sn Cllf on 
Chira wood 011 

60.6 

% Ether-insoluble 

Sb Cl..;-

5'1.3 5'1.0 

Sn Cllf on 
China wood 011 

68.4 

The Qtlsntity of acetone-insoluble material present at 

gllation in the above experiment ls of the same magnitQde as 

that obtained ordinarily at high temperatures, but the amount 

of ether-insoltlble material is greater. Hence the prodllcts 

obtained above may represent a more advanoed state of the gelation 
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prooess. This is probably the case as the produots 

obtained are brittle and can be rubbed to a powier. and 

a similar brittle (although softer) material is generally 

obtained on oontinued heating of the sulphurised oil for 

a long time after gelation)as in experiment #120. 

Since SnCIJt and Sb C15 are well-kno.m polymerising 

agents t it appears likely that some polymerisation does oocur 

on heating 011 and SUlphur at high temperatures. This will be 

disollssed la ter. 

EXPERI~r T 253 

Crotona1dehyde was heated with one ana with two 

gram atoms of slllphur both vdth and withollt 2% P.P. on a boiling 

water bath. a long reflux tnbe being attached to each test-tube. 

The samples oontaining the accelerator showed a muoh more rapld 

rate of SUlphur combination t being as far advanced in three hOllrs 

as the oontrol samples were in twelve as regards oombination 

of t ha rulphur. No evidenoe of thiokening was apparent. 

Vihen the P.P. Was added to the crotonaldehyde there 

was an immediate change in color indicating a reaction between 

the two. 



-131-

D I S C U S S ION o F RESULTS 

Since most of the work in this investigation was 

oarried out with linseed oil, only the resalts obtained with 

this oil will be disoQssed. A note will be made at the end 

of any ditte~ences between this and other oils. 

The results obtained during the course of too work 

indicate that the sulphnrisation process consists of five 

stages: solution of the sulphur, combination of the sulphur. 

the formation of a liquid intermediate acetone-insoluble 

fraction, the formation of a solid ether-insoluble traction} 

and finally gelation. None of these stages is separated by well

defined boundaries trom the others. Solntion and combination 

of the sulphur prooeed conourrently, acetone-insoluble material 

begins to form as soon as a definite quantity of sulphur has 

combined, ether-insoluble naterial forms atter abotlt 48 per 

cent. of acetone-insoluble material is present, and gelation 

occurs when there is a sfltficient quantity of the former. After 

the setting the amoQnt ot acetone-insoluble and ether-insolnble 

material increases with prolonged heating. 

The temperature and the percen tage of slllphur were 

observed to be the two main factors in the mole process. 

Combina tion of the su.lphur is very slow at -low temperatures, 

bllt very rapid at, say, 160°0. As ooon as a definite quantity 

of salphur is combined the formation of acetone-insoluble 

material takes place qllickly at the start. even at low 

temperatllreS t bat its rate of fornat ion increases with the 
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tempera tu re and depends t fuxthe rmore t upon the qusntit y 

of combined sulphur present. This in turn depenas on the 

proportion of sulphur used. After a time the rate af formation 

of this acetone-insoluble material slows up, and when about 

48 per cent. has been produced etr.er-insoll1.ble material forms 

very rapidly. Gelation OCCtIrS when a definite amount is 

present, the ~uantity depending on the temperature, the 

percentage of sulphur, and the proportions of other materials 

added. Continued heating after setting produces an increase 

in the Quantity o:f acetone-insoluble and ether-insoll1.ble 

material. and to this fact may be dlle the change from a tacky, 

elastic product at gelation to a non-tacky and non-elastic one. 

Judging by moleca1ar weight determinations the acetone

insoluble material appears to be at least bimolecular, and 

since no appreciable variation in the molecular weights occurred 

on varying the concentration, polymerisation may be considered 

as ha ving occurred. 

On the other band. the formation of the ether-in

soluble material appears to be a colloidal phenomenon in which 

the polymerised acetone-insolnble material has aggregated. 

The fact that it torms so quickly after 48 per cent. of acetone

insoluble material is present, that geTa-tion depends on its 

presence, that the amount necessary varies with the temperature 

and the materials added, and that the quantity increases 

markedly on prolonged heating attar gelation indicates that 

colloidal changes are at the root of +,be setting. Contintled 
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hea ting after gela tion causes the sulphur ised oil to becoJOO 

partly inso1ll.b1e in benzene, thus showing that larger 

aggregates are being formed. 

Now turning to the effect of added materials, suoh 

as accelerators, it was found that most of the accelerators 

llsed appeared to have a ver y narrow ral'ge et maximum effective

ness, whereas the ott:ers have a slightly greater range. 130 

to 14ODO. seems to be the optimum temperature for most of the 

accelerators examined, a higher temperature, say 160°0., 

producing a retardation instead of an acceleration. Since the 

rate ot sulphur combination does not seem to be affected, this 

must be due to a dispersive effect ot the aCQelerator or 

its decomposition products which slows up the formation of 

both the acetone-insolnb1e and ether-insoluble material, es

pecially the latter. P.P. t the zinc salt of the linseed oil 

fatty acids plus one equivalent of piperidine, and a combination 

of isopropyl d1xanthogen and zinc isopropyl xanthate plus one 

equivalent of piperidine produced an acceleration at 160°0. 

At any temperature the same quantity ot different 

accelerators, when used alone, produce the same amollnt of acetone

insoluble material at gelation, but they show variations in 

its rate of formtion. P.P. and zinc P. decompose during the 

reaction as a white sublimate forms at the top of the tube, and 

it hegins to form much more quickly at higher temperatures in

dicating that they act more quickly then. The quantity of white 
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sublimate increases tor some time showing that the action 

of the accelerator is not instantaneoas. The white sublimate 

is consiaerea to be a carbonate of piperidine as it does not 

form if the carbon aioxide is exclQded. 

An optimum qllantity ot accelerator appears to be 

necessary in order to get the shortest time of setting, 

because a large amount exerts a twotola action. It first 

marked1y increases the rate of sulphur combination. and then 

exerts a dispersive etfeot which retards the formation of 

the large aggregates essential for gelation. Hence if the 

optimum Quantity was used the il~reasa in the rate of sul

phur combination woald overshadow. to the greatest extent. 

the effect ot the dispersive action. In most cases the 

decomposition products exert a greater peptis1ng action than 

the accelerator itself. and since the difference in the 

quantity of acetone-insoluble material at gelation between 

the sample containing an acoelerator and the control is more 

marked at higber temperatures, more must decompose. 

Two per cent. of the zinc salts of the c1ithiocarbamic 

acids pltls one equivalent of piperidine t althongh not 

giving as good results as 5 per cent., is still the most 

economical proportion to nse. However it must not be considered 

the optimnm amoant. 

Zinc oxide was found to enhance the action of P.P •• 

isopropyl dlxanthogen and monoxanthogen, and captax, b~t the 

aotivation was not very great. In the case of P. P. an optimum 



-135-

amOQnt, 1 per cent., was observed to give the best results 

when 2 per cent. of the aocelerator was present, smaller 

or larger proportions (except within narrow limits) pro

dacing a retardation which was greater at lower temperatures. 

The activation seems to be due almost entirely to an increased 

rate of sulphur combination. Having too much zinc oxide 

present also produces an initial increase in the combination 

of the sUlphur (not as much as when the optimum amount is used), 

but later it exerts a dispersive action which overshadows the 

initial activation, and hence the time of setting is increased. 

5 per cent. of zinc oxide was shown to enhance the 

aotion of captax. Conseauently every accelerator may not re

quire the same optimum proportion and may not be so sensitive 

to variations. Also the action of each accelerator is not 

enhanoed to the same extent, isopropyl d1xanthogen being activated 

the most. In the case of the zinc dithiocarbamates the opt1mnm 

proportion of zinc oxide was not found, all proportions used 

giving a retardation. 

Mixing the sulphur with the accelerator or with zino 

oxide retards their effect~ Consequently it appears that the 

aoce1erator mast exert its effeot on the 011, and mixing it 

with salpbur perhaps enables it to be decomposed before it 

oan e~ert its inflaence. 

Large amoants of zino give the material a brown or 

reddish-brown colour whether present as zinc oxide or as the 

zino salt of a dithiocarbamic soid. 
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Driers such as manganese oxide and manganese 

resinate produce a retardation when used alone. With F.P. 

manganese oxide shows no atfect whatever, but the resinate 

produces the same initial activation as zinc. oxide as re

gards the sUlphur combination. However it later exerts a 

dispersive_ effect which greatly increases the quantity 01 

acetone-insoluble material at gelation. When the resinate 

is used both alone and with P.P. the material tor some 

time atter setting is very elastic, Quite rubbery, and 

practically non-tacky, these oharacteristics being more 

notioeable when the accelerator is present. 

In the presence ot an accelerator., piperiaine only 

shows an activation when it can react with a zinc salt or 

form an addi tion compotlnd as with t·he zinc sal ts of the 

accelerators and captax re~ectively. One equivalent ot the 

base is the optimum quantity, less than that amount not 

being as detrimental as more. The effeot of an exoess or 

a defioit is ohieflY to deorease the rate of sulphur com

bination. Piperidine alone produces an aoceleration cuite 

comparable with that shown by the same ~uantity of P.P. 

At 140°0. aniline and dibenzylamine decrease the 

solability of the snlphur tremendously, and thus there is a 

marked reduotion in the rate of sulphur combination. This 

is ''Verified by the fact that a polYltlerising agent suoh as 

zinc chloride aniline .had a negligible effect when added after 
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the sulphur was all combined. At 160°C. d1benzylamine did 

not affect the combination 6t the sulphur but did exert a 

great dispersive action. Piperidine was also found to de-

crease the solubility of the sulphnr,except in those cases 

where it enhances the action ot the accelerator, as no sulphur 

separated out from any ot the samples containing it even when 

only a trace of acetone-insolltble ffi9. terial had f crmed. 

The zinc salt of the linseed oil tatty acids plus one 

equivalent of piperidine is 0uita a good accelerator, but 

a,gain there is an optimum quantity to give the best results. 

In this case it is about 3.5 per cent. Less zinc is re~llired 

when it is in the torm of soluble zinc salt than as zinc oxide 

in order to give the best re sill ts. '~7hen used with 2 per cent. 

ot P.p. between 1 to 2 per cent. of the above zinc salt will 

enham e the acti on ot the aocelera tor to the grea test ex-tent. 

that is, have the largest ditterem e betwesn its initial 

activation and its final dispersive action. Piperidine has only 

a slight etfeot in this oase, even when present in exoess. 

Thus it is seen that a combination of aocelerators 

give betterreslllts than each accelerator alone, the increased 

effect being exerted ohiefly at the beginning. 

In those cases where piperidine markedly enhances the 

action of the accelerator as in zinc isopropyl xanthate~ 

permitting the material to stand overnight caases a decrease in 

the ettectiveness, whereas with the zinc salt ot the linseed oil 
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fatty acids no reduction was noticed. This is considered due 

either to an escape of piperidine or to a reaction between 

it and the zinc isopropyl santhate. 

It was fonnd that low percentages ot sulphur will 

prodaae gelation if heated at a sufficiently high temperature. 

With 8 per cent. gelation occQrred at 180°0., and 6 per 

cent. would have csuaad setting if the material had been heated 

long enough. At that temperatt1.rs the deoomposition products 

of accelerators exert a marked retardation. This material 

has ve~ little bQlk at gelation, but it becomes denser 

on continued heating. However it is still extremely taoky 

after two hours. 

All the evidence so tar pOints to the fact that the 

combination of the sulphur is a time reaction, the rate in

creasing with the temperature, the amount of accelerator. and 

to a lesser extent with the proportion of sulphur. Using 16 

per cent. of sulphur at 140°0. a sample containing 2 per oent. 

ot P.P. has as much sulphnr combined in 83 minutes as the 

control in an hour longer, blt the difierence in the time 

ot gelat ionwa s over one hOlll' and a halt. Also with 20 per cent. 

ot sulphur it remained in solution 95 minutes longer without 

the accelerator. Hence the accelerator appel's to have a twoiold 

tttnction as it increases both the rate of oombil~tion of the 

sulphur and the later stages of the proaess. the former being 

the more important. At 160DC. the second function may be almost 
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negligible. 

That the accelerator does not aid the s'olu.tion ot 

the sulphur seems to be best indicated by isopropyl dixanthogen. 

This accelerator exerts a powerful action in the case ot rubber, 

btlt shows its effeot only over a narrow range of temperature 

from 110 to 125°0. YJith oils, however, it is only slightlS' 

effective at that temperature, and as SOl11.tion of the sulphur 

is very slow at 116°0. the reason tor its ineffectiveness is 

apparent. 

The same accelerator has no effedt at all when used 

with rQbber at 140°0., bu.t with oils it gives 1uite good 

results. Henae this is evidence of differences in the effect 

of aocelerators in the presence of oils and rubber. 

Any activation of an accelerator, either by the u.se 

of linc oxide or piperidine or the presence of a combination 

of aocelerators,seems to show its action mainly in an inareased 

rate of sulphur combination. It is a striking fact that at any 

temperature, asing a definite percentage of su.lphur and 

approximately eqaivalent quantities ot seve~al accelerators, 

there is a limit to the amount of reduction attainable in the 

time of gelation, even with activation, ana no further decrease 

can be obtained by using a combination of them. 

Of the Qncombined sulphur present during the sul

phurisat10n at 140°0 •• there ·1s a1vays more of the su.lphtlr 

undissolved than dissolved when the accelerator is present, 

whereas the reverse holds true in its absence. Henoe this 
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further shows that the aolution of the sulphur is the slow 

prooess}and that the accelerator does not aid it directly. 

It does so ind i'reotly by causing the stllphur to combine more 

q~iokly and thus destroying the equilibrium constantly. 

contrary to what was notioed at 140°0., very little 

dissolved stllphur is present at 160°0. after 45 minutes even 

thou.gh there is a considerable qua.ntity of undissolved sa1phur. 

Henoe it seems that at 160°0. combination of the s~lphur takes 

plaoe as soon as it dissolves. and that the dissolving of the 

sulphar is the slow prooess even at that temperatu.re. USing 
o 

14 per cent. of sulphur at 160 C. practically all the sulphur 

is combined in 80 minutes, whereas Ohataway Cl} fonnel that it 

took less than 45 minQtes. Considering that she obtained this 

result by finding no ether-insoluble material present after 45 

minutes and not by removing the tube from the bath, the reason 

for her erroneous conclusion is apparent. 

Besides catt'ing down the time of gelation as alreatly 

noted the accelerators also improve the material at gelation 

by making it denser, less tacky, and more elastic. The speed 

with which the actaal setting takes place, after the material 

seems to be on the point of gelation, varies with the material 

added, their proportions. and the temperattlre. As a rule 

the higher the temperature the sharper is the end-point. At 
o 

140 O,the material may remain taoky for over half an hour after 

gelation,wbereas at 160°0., in the presenoe of an accelerator) 
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it becomes non-tacky and brittle in about ten minutes. 

At the lower temperature it seems to be more spongy and 

rtlbbery. 

A rise of 100e. was fOQnd to reduce the time of 

gelation by about a third or one-baIt with and without the 

presence of an accelerator, and the quantity of acetone

insoluble material at gelation increased somewhat with the 

temperature only when an acoelerator was present. Regardless 

of the temperature. the proportion of sulphur. or the amount 

of adaed materials. over 50 per cent. of acetone-insoluble 

material mtlst be present before gelation occtlrs. It must 

be remembered that this statement only applies when 20 times 

its weight of acetone is used for extraction. 

There is ~ great decrease in the time of setting 

with increasing proportions of s.tlphur. The quantity of 

aoetone-lnsoltlble material at gelation increases slightly 

up to 18 per cent. ot snlphur,and then rises more sharply. 

A ver y marked increase in the amount of acetone-insoltlble 

material formed at the end of 30 minutes was observed when 

18 and 20% stllphnr were nsed in the presence of an accelerator, 

and the same thing might apply withoQt it at a longer period of 

time. The qu.antity of acetone-insolllble lIB terial formed by 

the time no free sa.lphur remains depends on the proportion 

of stllphur tlsed. 

Adding an accelerator after no dissolved su.lphu.r is 

present bnt while some is still tlndissolved causes a 
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tremendous change in the appearance of the materia1,as it 

becomes extremely balky within a tew mintltes and looks like 

the oontrol sample near gelation. The ,~uanti 1U ot acetom

insoluble material at the setting-point was markedly increased 

thereby. Only a small decrease in the time of setting was 

obtained, but this is due to the slow rate at whioh gelation 

ooourredand the produotion of a ve~ indeterminate end-point. 

It appears that a smaller amOtlnt of accelerator wOllld have 

given betterresnlts. When the accelerator was aaded after 

the salphnr was all dissolved and combined the same changes 

took place as described above, a decrease of one-third in 

the time of gelation from this point being obtained. 

This time,however, the initial change in densl.ty was not so marked 

as only 14 per cent. of sulphur was used, and a lower pro

portion of sulphtlr always gives a less bulky material. 

Since the above experiments tended to prove that the 

accelerator did aid the later stages of the sulphnrisation 

process there was always the possibility too t some tlncombined 

sulphur may have been present, and this wonld have tended to 

affect the result. Consequently a nmmber of experiements 

were performed in whioh the su1phurised oil was extraoted 

with dried ether, the ether evaporated in vaouo. and P.P. 

added to portions of this material with heating. The results 

indioated that the accelarat.or markedly inareased the rate 

of formation of the ether-insolnble material provided that the ) 

acetone-insoluble material had been formed during a long 
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period of heating~ ana only a slight variation in its 

rate of formation was fonnd to occnr on varying the 

tempera tare in the presence of an acoelera tor. 'ifi thOll t the 

aooelerator the rate aoubled for a rise of 10 degrees. 

When the linseed oil was heated with a large 

exoess of sulphur at 160°0. for a short time in order to 

CQt down the time of heating of the salphar1sed oil, and 

the material then extracted with ether, it was found that 

the accelerator did not aftect the setting of the sulphurised 

oil appreo~blYt regardless of the temperature. 

The acetone-solllb1e fraction of slllphllrlsed linseed 

oil was observed to set on heating for a long period of time; 

bat the presence of p.P. caused a marked retarding effect. 

Hence it seems likely that prolonged heating of the a11phurised 

oil enables snfficient cmnge in the acetone-soluble material 

to take place to permit the accelerator to show it s effect 

in increasing the rate of formation of the ether-insoluble 

material. The acetone-solllble material was shown to be the 

faotor which slows np the setting of linseed 011. 

The accelerator does not seem to produce any 

positive increase in the rate of formation of the &eetone

insoluble material, although indirectly it does ao so as its 

rate o~ formation depends on the percentage ot oombined 

sulphllr t anl the rate o:f sulphur comb111a. tion is greatly in

creased by an aocelerator. 
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The slllphurisation ot china wmod oil was foupd to 

vary oonsiderab1y from that of linseed oil. Without an 

acoelerator china wood oil, with an excess of sulphur,gelleo 
in about half the time renuired for an excess of sulphur to 
produce gelation in the case of linseed oil. and it was 

not so subject to variations in the proportion of sulphur. 

Whereas the effect of acceleratorsand their activators was 

avident in the case of linseed oil regardless of whether 

an excess or a defioit of su.lphur was employed, the same 

condition did not hold in china wood oil. With an exoess 

of sulphnr the latter gave almost identical results with 

those found for linseed oil. exoept that the aocelerators 

showe! a much greater effect with china wood oil (quite 

comparable with that foand in rubber) and did not vary much 

with the temperature. However, with a defioit of SQlphux, 

only one example of appreciable acceleration was fonnd. 

China wood oil required a smaller quantity of acetone

insolnble majerial to be present before gelation occQrred, 

but even then the amonnt was in the neighborhood of 50 per 

cent. 

A drying oil SQch as perilla oil gave resQlts that 

were qQite oomparable with those obtained llsing linseed oil, 

as did also a semi-drying oil snch as corn oil, but it was 

observed that in the latter case the rate of sulphur 

combination was slower. and hence a longer time was reqnired 

for gelation. 
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Stannio ohloride and antimony pentaabloride. whioh 

are well known polymerising agents. cansed salphnrised linseed 

oil (formed on prolonged heating at l40QC. and containing 20% 

of stllphur) and slightly oxidised ohina wood oil to gel 

immediately in the cold yielding a material which was 

oomparable to that'obtained at high temperatures by heating 

tor a long time after gelation. This wOllld enhance the idea 

that polymerisation takes p1aceo 

Although thickening did not occur • P.P. was observed 

to prodace a marked acceleration in the rate of combination 
J& of orotonaldehy~and snlphur. 

It is believed that evidence was obtained to ig~~ 
that stl1phtlrised linseed oil bad a two-phase oomposition. 

was 
Oxidised linseed oil~shown by Eibner and Greth (?l) to also 

have a two-phase composition which could be separated by 

formic acid. 

It ~s also been found that different samples of 

linseed 011 gave a differnt time for gelation, indicating 

differenoes in their oomposition. Slansky (26) observed 

this same featnre during the oxidation process. 

Most investigators are agreed that the meohanism 

of the drying of oils under the in1luenoe of air and the 

thiokening or setting of oils nnder the influence of heat 

are analogo~s. and Whitby and Chataway (1) believe that 

they both appear be similar to the setting of oils under 

the intluenoe of s~lphur and heat. In all cases an 
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intermediate l1qnid fraction lnsolable in acetone b~t 

solable in ether is first formed, then a solid fraction 

insolable in ether forms, and finally the viscosity of 

the material increases very rapidly from th~s point to 

the setting. Slansky (26) fOQnd that when 40 per ce~t. 

of oxy-acids had formed in oxidised linseed oil the 

material became solid and was partly insolQble in ether. 

In the snlphurisation process about 30 to 40 per cent. 

of ether-insoluble material had to be present before gelation 

oocurs t the amoant varying with the materials added and 

the temperature. 

Molecular weight determinatlons of the aoetone

insoluble material from sulphurised linseed oil indicate 

that it is a bimolecular comp0Qnd. Only a few investigators 

are o~posed to that view in the oase of the blowing and 

boiling of oils. Colloidal changes are generally assumed to be 

be responsible for the actual setting of the acetone-

insoluble material, and indications are that the same thing 

applies in the sulphurlsation process. 

Tnrning now ~o a comparison of the sQlphurisation 

ot_ oils and the vuloanisation ot rubber it is fonnd that 

the main chemioal ohange whioh takes place is the addition 

of sulphur at some of the dOQble bonds. In both oases this 

causes a marked change in the phySical proporties. The oil 
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beoomes more viscons and finally sets to a gel, which in 

some cases may be somewhat elastio and only slightly tacky, 

while the rtlbber shows a great increase in its elasticity, 

tensile strepgth, and ageing properties. The rate and the 

amoant of these changes depend on the proportion of snlphur 

and the temperatnre. 

The use of organic aooelerators canses not only a 

great shortening in the time of vQloanisation of rubber bat 

also a tremendous improvement in the physioal properties. 

especially as regards ageing. These improved characteristics 

are considered dQe to the lower content ot- snlphur c~pable 

of being used, the lower temperature possible, and the 

shorter time of heating. and so the effeot of the accelerator 

is indirect instead of direct, With oils~ as with rubber, 

the presenoe of the accelerator generally necessitates the 

nse of a low te~peratnre~ say l40'C.,in o~der to get the 

best resnlts. also, in both cases,some of the accelerators 

prodnce their effect over a wide range of temperatnre whereas 

others do so only over a very narrow range, and variations are 

found In their relative effeotlveness. However. the decrease 

in the time of- beating and the improvement in the physioal 

proporties which they prodace are not nearly as great in 

linseed oil as in r~bber; althongh the material does become 

denser, more elastic, and lesstaoky at gelation. China 

wood oil. with an excess of sulphur. gives results oomparable 

to those of rubber as regards the reduction in the time 

of setting and the non-tackiness of the material. 
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The addition of zinc oxide. bases, etc.~ is 

known to enhanoe the aotion of many organio accelerators 

when used in rubber. The same thing, with limitations, 

has been fo~nd to hold in oils, although, as before. the 

activation is not nearly as great in the latter. 

Both in the case of the sulphnrisation of oils 

and the vulcanisation of rubber the presence of the 

accelerator~ either with or without its a~tivator, markedly 

inoreased the rate of combination of the sulphur. but 

whereas in the case of rubber the rate increased with 

increasing proportions of aooelerator, an optimum proportion 

was found to g~ve the best results in linseed oil. The 

effect of the aocelerators on the changes whioh take place 

after the sulphur oombines is no~ery apparent in the case 

of oils except that it makes the sample containing the 

acoelerator appear denser, whereas with rubber we have a 

great improvement in the physioal proporties. 

~bat there should be differences in the effect 

of acoelerators and their activators in the two prooesses 

is quite understandable, as on the one hand we start with 

a very fluid oil and on the other we have a material whioh 

is already in a high sta te of aggregation. 

As to the mode of action of the accel.r4to~at most 

authors oonsider that they do not exert their effect dir,eotly 

upon the rllbber~ but act on the salphnr and ohange it into a 
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more active modification capable of reacting more q~ickly 

with the r~bber. Varioas theories have been put forth by 
~(7"'JJ~~~(7.)))~4-wI. ~(7'J) 

Dtlbosc ('12) Ostr8mysslensky ('13) ~~ Twiss ('1'1) J and others 

for the aotion of any one class of accelerat.ors, b~t most 

of them have exceptions or are in opposition to other theories. 

The main trend, however, is the illitial formation of addition 

or reaction products between the snlphur and the accelerator, 

and the oonseouent deco~osition of these give an activated 

form of sul~hur which they consider to be the true vulcanisation 

aocelerator. Most of the investigators say it is thio-ozone 

(53)' while Bedford and Sebrell (78) even claim it is trithio

ozone. The enhanced activity given to the organic accelerators~ 

whioh may form addition products such as polysulphides, by the 

presence of zinc oxide: lead oxide, etc., is considered dlle 

to the decomposition ot the addition products by the zinc oxide. 

RecentlY,Whitbyand Cambron ('79)- introduced a new 

view-point into the theories of aacelerator action by 

suggesting that their action is not dQe to the activation 

of the snlphur but to an effect on the rubber itself. They 

oonsider that the" presence or the formation of soaps during 

the vuloanisation prodnces an increased dispersion of the 

rubber. This causes a greater reactivity in the latter, 

tqereby making it combine with sulphur more ~uicklyo 

The result s obtained during the sulphurisation of 

011s does not seem to throw any furtlwr light on t he mode 

of aotion of the accelerators. 
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Ta 0 kd.ness 

The snlpmtrisation of linseed oil at a temperature 

of 140~C. insteaa of 160°0. using the same percentage of 

sulphur, say 16 per oent., g~ve6 a less tacky, denser, and 

more elastio material at gelation. However it takes mQch 

longer for the taokiness to disappear at the lower temperature, 

and the material has oompressible elastioity for a large part 

of this time. Increase in the proportion of slllphl1r also 

deoreases the taokiness at gelation, and it does not take as 

long for the taokiness to disappear. Using 8 and 12 per oent. 
o 

of snlphtlr at 180 C. setting takes place,· verY~tlick1y in the 

latter oase, but the material is extremely taoky even three 

hours after gelation and has little bulk. 
o 

In the presence of the aocelerators at 140 C. a 

muoh denser material is obtained~ and it has more compressible 

elastioity and is muoh less tacky. The addition of manganese 

resinate greatly enhanoes these features and, in addition, 

the material assames extensible elastioity. 

Now it was found that the aooelerators inoreased the 

quantity of aoetone-insol~ble and ether-insoluble material 

at gelation, and that contintled heating atter gela tion both 

with and withoQt an a08elerator inoreased the quantity of 

eaoh, espeoially the latter; and also oaused the formation 

of larger aggregates which were insol~ble in benzene. 

Daring the additional hea ting the IIB terial beoame non-tac.ky 

and oo~ld be rubbed to a soft ~owder. 
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In determ1nating the acetone-1n~olQble material it 

was observed. towards the end of the extraction, that the 

acetone-insolQble material oonsisted of s.l1d partioles .-if 

it oontained a large proportion of ether-insolnble material, 

that it was a very spongy taoky gel if it contained only a 

small proportioL. and that it was a very viscous flaid if the 

ether-insloable material haa not started to form. Also, even 

if a large proportion of ether-insol1lble mterial was present'. 

extraction with acetone caQsed it to pass throQgh a stage in 

which it was a very tacky spongy gel which~ on further extraction, 

beoame solid particles. 

Conseqtlently it appears that the disappearance of the 

taokiness and elasticity depends on the aggregation of the 

aaetone-insolable material to form ether-insolnble material; 

and then farther aggregation to form benzene-insoluble 

material. Hence a material to be elastic must contain a 

proper proportion of a solid disperse phase and a liqQid 

dispersion medium. 
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SUMMARY 

Tbe salphurisation of oils has alIa 888 been shown 

to consist of five stages: solntion of the sulphur, combination 

of the snlphar. the formation of a liquid intermediate 

acetone-insol~ble fraction, the formation of a solid ether

insoluble fraction, and finally gelation. None of these stages 

were founa to be separated by well-defined boundaries from 

the others. Solation ana combination ot the sulphur proceed 

concarrently, acetone-insoluble material begins to torm as 

soon as a definite quantity of sulphur has combined, ether

insoluble material forms when aboat 48 per cent. af acetone

insoluble material is present (empirical value)~ and gelation 

ocoars when there is a (efinite amount of the former. 

The rate at which these stages proceed was found to 

vary with the temperature, the percentage of sulphur, ana the 

natare and amount of added materials sncb .as organic accelerators, 

zine~oxidet baseSt and driers. 

Molecular weight determinations indica~e that the 

formation of 'acetone-insoluble material is dne to polymerisation. 

but that the formation of ether-insoluble material and the 

actual setting are due to colloidal changes. However this 

cannot be considered as definiteJr settled. 

Linseed and china wood oils were shown to respond 

similarly to the effeot ot organic accelerators and their 

aomlvators~ provided, thaian exoess of s~lphar was present 
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with the china wood oil, bat the ~elative acoeleration 

produced was m~ch greater in the latter and is auite 

comparable with that obtained with rubber. With a defioit 

of sulp.Qur china wood oil showed an apprec ia ble accelera tion 

in the time of setting in only one instance, although the 

rate of sulphur combination was markedly increased in mosi 

cases. 

In the stllpharisation of oils organic aocelerators were 

found to prodace a marked increase in the rate of SQlphtl~ 

oombination and in the rate of formation of the ether-

insoluble material, and not to affect th~ rata o~ tor~tion of 

the acetone-insoluble material. With rubber they are known 

to produce an increased rate of sulphur combination, and a 

tremendous improvement in its tensile strength~ elasticity. 

and ageing properties. Variations in the relative effeot ot 

various accelerators with oi-ls,were fou.nd, and similar 

variations ocour with rubber. 

Taokiness was shown to be due to th~ presence of a 

relatively large proportion of the visoous li0uid aoetone

insoluble material as opmpared to the solid ether-insoluble 

material. 
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