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SUMMARY 

•j <s . 

An investigation has been carried out into novel systems for the 

vulcanisation of Viion A, in the hope that vulcanisâtes displaying improved 

properties at high temperature (especially with regard to compression set) 

would result. 
"f* ‘V P' »■ 

The following systems have been studied; 

1. P-xylylene dihalides in conjunction with sodium allcoxides. 

2. 4, 4'-dichloromethyl diphenyl oxide in conjunction with sodium 

allcoxides, 

3« Quaternary ammonium compounds. 

4. Dihydrlc phenols in conjunction with sodium allcoxides« 

5. 4,4'dihydroxynethyl diphenyl oxide in conjunction with sodium 

allcoxides. 

6„ 4,4'-diasidodiphenyl. 

7. 4,4'-diphenyl bis (diasonium fluoroborate), 

8. Pyromellitic dianhydride (dipotassium salt). 

9. Dihydrophenazine. 

Systems 1 and 3 above have been investigated in greatest detail. It 

has been,found that quaternary ammonium salts, both bifunctional and 

monofunctional, are effective vulcanising agents, the former being the more 

effective. The preferred vulcanizing system is comprised of a mixture of 

equal parts of calcium oxide and 1,4-phenylene dimethylene bis (triethyl 

ammonium chloride). This system gives vulcanisâtes with compression set at 

high temperatures superior to those given by dicinnamylidene hexamehtylene 

diamine. Other mechanical properties and resistance to a eing at 250°C in 

air are similar for vulcanízates prepared with 1,4-phenylene dimethylene 

bis(triethyl ammonium chloride) and with dicinnamylidene hexamethylene 

diamine. 

(This report contains no classified infonaation of overseas origin) 
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1. imODUCTION 

Fluorinated elastomers such as the "Vitons" and "Fluorel“, copolymers of 

vinylidene fluoride and hexafluoropro pene, possess excellent thermal stability 

in the raw gum state, combined with good resistance to many oils and 

chemicals. The structure of these elastomers can be represented as:- 

CH2“CF2”Ctf2 ^F2“CH2“CF2*“CF2“^F 

As the polymer chain contains no significant amount of unsaturation, 

the techniques which are used for the vulcanization of conventional elastomers 

cannot be applied in the case of Viton. Three general methods have been 

re¿Jorted for the vulcanization of elastomers of this type, namely:- 

(a) tne action of peroxides at high temperature 

(b) the use of high energy radiation 

(c) reaction with polyamines, or simple derivatives 

thereof. 

The last-named is the most widely used commercially. 

It has been fairly well established that cross-linking of Viton with 

amines takes place through a preliminary elimination of hydrogen fluoride 

to produce a double bond. This reacts with more amine to produce a 

saturated, unstable structure, which tends to lose hydrogen fluoride to form 

double bonds in the cross-link. The cross-linking reaction has been 

postulated1 as taking place in three stages:- 

-HF H2N(CH2)nNH2 

-CH2-CF2-CH2 -^ -CH2-CF=CH- __^ 

I II 

-CH -CF CH 

JH 

(CH2)n 
-2HF 
-> 
III 

-CH.-C-CH - 

N 

N 

I 
-CH -C-CH - 

2 2 



Concurrently with imine formation, carbon to carbon double bonds aw 

formed, and it has been suggested^ that the gain in mechanical properties 

observed when Viton compounds are heated in a ventilated oven at 200-205^18 

due to the interaction of neighbouring chains through these unsaturated 

centres, to form additional cross-links of much higher thermal stability. 

Amine derivativos which are, or have been, used commercially for the 

vulcanization of Viton include hexamthylene diamine dicarbaaate, ethylene 

diamine dicarbamate and dicinnamylidene hexamethylene diamine. In all cases 

a metal oxide (CaO, MgO or PbO) is added to the compound to assist the cure 

and to take up hydrogen fluoride which is eliminated. The dicarbamates 

present some difficulties in that they are inclined to scorch, and also tend 

to cause porosity through evolution of carbon dioxide. The curing agent which 

is currently preferred is dicinnamylidene hexamethylene diamine. 

The present techniques used for the vulcanization of Viton have 

deficiencies, in that they introduce centres of lower thermal stability, 

either in tho cross-links themselves or at the junctions of the cross-links 

with the main chains. This is reflected in lower stability of vulcanized Viton 

as compared with the raw gum, and some loss in mechanical properties (tensile 

strength and modulus, compression set, etc.) on prolonged ageing at elevated 
temperatures. 

The objective of the work described in this report was to develop new 

systems for the vulcanization of Viton which would produce vulcanizates with 

improved thermal stability. The guiding principle behind most of the work was 

to devise systems which would cross-link Viton without going through a stage 

which involved elimination of HP and formation of unsaturated centres. 

2. HIOGKAME 

The programme as originally planned envisaged that novel cross-linking 

systems would be devised on the basis of experiments with model compounds, 

representing parts of the "Viton*' molecule, and that such novel systems would 

later be applied to the rubber itself. In practice, the model compound 

approach proved to be unrewarding and therefore this aspect of the programme 

was abandoned, and effort was concentrated upon a study of the vulcanization 
of "Viton" itself using novel cross-linking agents. 

In this part of the work, swelling of the vulcanizates by solvent and 

solubility were used as the first screening criteria, and promising formula¬ 

tions were then evaluated with respect to thermal stability. Selected 

formulations were then tested with respect to mechanical properties of 

vulcanizates such as compression set at elevated temperatures, tensile strength 
and modulus, and elongation at break. 
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3. WORK CARRIED OPT AND RESULTS OBTAINED 

3.1. OtWl 

The novel oroea-linking systems evaluated In this work can be 

divided into three groups, based on the type of bond expeoted to be formed 

between the Viton polymer and the cross-linking agent. 

Cross-linking Agents 

p-xylylene dihalides 

4«4'-diehloromethyl diphenyl oxide 

quaternary ammonium compounds. 

dihydric phenols 

4,4' -dihydroxymethyl diphenyl oxide 

4,4* -diazidodi phenyl 

4.4 ' -diphenyl bis(diazoniunfluoroborate) 

pyromellitio diimide 

dihyd rophenazine 

3.2. Cross-linking systems forming carbon-carbon bonda 

3.2.1. p-xylylene dihalides 

3.2.1.1. Introduction 

The possibility that p-xylylene dihalides might be useful 

as cross-linking agents for Viton was suggested by the observation of 

Bergman and SzinaiO) that benzyl bromide reacts with ethyl fluoroacetate:- 

PhC^Br + FCH2.C02Et PhCH2CHPC02Et 

This suggested the possibility that the methylene groups of the Viton 

backbone might be sufficiently activated by the presence of the adjacent 

strongly electronegative 0¾ groups to make them reactive towards bifunc¬ 

tional compounds analogous to benzyl bromide. The type of reaction 

envisaged was as follows. 

Carbon-carbon 

Carbon-oxygen 

Carbon-nitrogen 

__ CP2_CHo CFg ___ 

- 2HBr 

CHoBr 
I 

__ CF2 —— C&2 -CP2 

--0¾-CH_0¾_ 

CH2 

I 

—CP2-CH -0¾- 
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Some initial experiments were done on the reactions between p-xylylene 

dibromide with simple model compounds representing the Viton chain, but 

these were abandoned in favour of an investigatit ; on the rubber itself. 

Studies were carried out on the reactions between Viton A and p-xylylene 

dihalides in solution, excluding metal oxides and fillers in order to avoid 

Qomplioation of the experimental conditions. 

Reaction of "Viton A" with p-xylylene dibromide in 1,2-dimethoxyethane 

failed to gel on refluxing at the boiling point of the solvent, the 

p-xylylene dibromide being quantitatively recovered. Viton A elastomer 

treated with p-xylylene dibromide and KP in 1,2-dimethoxyethane at 80°C did 

not result in gelation. After reaction, the polymer was precipitated with 

water and found to be still readily soluble in acetone. 68# of the 

p-xylylene dibromide was recovered unchanged, the rest of the p-xylylene 

dibromide being probably retained by the precipitated polymer, its presence 

being shown as sparkling crystals on the surface of the dried polymer. 

Attempts were then made to cross-link "Viton A" with p-xylylene 

dibromide in the presence of metals. It is known that p-xylylene dibromide 

itself oan be polymerised in the presence of metals, and 81# yield of poly 

p-xylylene has been reported by K. Sisido et al^). The polymerization 

appears to take place through the formation of p-xylylene biradicals as 

follows: 

Br Ca2~ ^ ^ —CH2Br ) CHp Jch2 A —/ 

It was speculated that if such biradicals were formed in the presence 

of "Viton A", interaction between them and the methylene groups in the Viton 

chain could be expected, with the consequent formation of cross-links. 

Two experiments were carried out in solution using dimethyl formamide 

and tetrahydrofuxan as solvents and iron powder as catalyst, but in neither 

case was appreciable cross-linking density attained as Judged by solubility 

tests in acetone. The insoluble product which was isolated in both experi¬ 

ments did not melt up to 350°C, was insoluble in most common solvents, and 

although it was not fully studied it was believed to be poly p-xylylene. 

3»2.1.2. Vulcanization experiments 

In spite of the unpromising results of the solution experi¬ 

ments with Viton and p-xylylene dihalides, some trials were conducted in 

which the rubber was compounded with p-xylylene dibromide in the presence 

of sodium ethoxide, giving vulcanisâtes with swelling ratios similar to that 

- 12 - 



obtained with dioinnanylidene hexamethylene diamine as vulcanizing ajent. 

It was found that solubility and swelling ratio decreased as the sodium 

ethoxide concentration increased, but more than 1<# (based on the weight of 

rubber) of sodium ethoxide gave compounds which were "scorchy" and difficult 

to process. 

The percent retention of vulcanizing agent in the systems "Viton AH- 

P-xylylene dibromide-sodium ethoxide and "Viton A"-p-xylylene dichloride- 

sodium ethoxide was determined by heating the compounded, uncured mixtures 

at 200°C for given periods of time until no more solid material sublimed, 

the results being presented in Tables 1 and 2. 82.75» of p-xylylene di¬ 

bromide was retained when no sodium ethoxide was included in the compounded 

mixture, and the retention rose to 93-95' when the concentration of sodium 

ethoxide was 0^. However, it should be pointed out that these data do not 

necessarily prove the unrecovered p-xylylene dihalide to be part of the 

polymer network. 

A comparative study of the thermal stability at 300°C of Viton A 

vulcanisâtes prepared with p-xylyl6ne dibromide-sodium ethoxide showed that, 

m the main, the thermal stability observed in air was maintained in oxygen 

(Pig-1). The thermal stability of Viton A vulcanisâtes prepared with 

p-xylylene dichloride-sodium ethoxide was also studied, the results being 

represented in Pig. 2 The weight loss of these vulcanisâtes at 3250 was 

higher than that of uncompounded Viton A itself and comparable with that of 

Viton A vulcanisâtes prepared with dicinnamylidene hexamethylene diamine, 

but at 300° they were slightly more stable than the raw polymer. 

Viton A vulcanisâtes prepared with p-xylylene dihalides in conjunction 

with sodium ethoxide dissolved in acetone to the extent of 8 to 2#, which 

solubility was considered to be high in view of the low swelling values 

obtained with this solvent. 

It had been observed that the mixture of p-xylylene dihalides and sodium 

ethoxide was not easy to disperse in the "Viton", and an attempt was there¬ 

fore made to find out whether the high solubility in acetone was related to 

inefficient dispersion of the cross-linking agent, due to an undue shorten¬ 

ing in the milling time, which is limited by the heat built up during the 

compounding. The results of this experiment are summarised in Table 3. 

Table 4 shows swelling, solubility and compression set data for some formu¬ 

lations prepared with p-xylylene dihalide-sodium ethoxide. 

Sulphur has been extensively used in the vulcanization of unsaturated 

elastomers, and inasmuch as it appeared that the cross-linkin- system formed 

by dihalides and sodium ethoxide produces double bonds in Viton 

to a certain extent, it appeared worthwhile to investigate its action on the 

- 13 - 



1 

Viton A vulcanizatea prepared with p-xylylene dibromide and sodium ethoxide. 

It was found that the addition of sulphur (based on polymer) appeared to 

diminish scorching and to increase the rate of cure during the press cure, 

giving no significant sacrifices in compression set (See Table 4). 

3*2.2. 4.4l-dlyhloromethyl diphenyl oxide 

A sample of 4*4'-dichloromethy1 diphenyl oxide was obtained from 

Dow Chemical Co. under the label "Chloromethylated diphenyl oxide CMDPO-25". 

This material was shown to be a complex mixture from which the desired com¬ 

pound was obtained by repeated recrystallisations from petroleum ether 

(b.p. 40-60°) until a white crystalline material with a constant melting 

point was obtained. 

,rViton A" mixed with a filler and a metal oxide acid acceptor was vul¬ 

canized with 4*4'-dichloromethyl diphenyl oxide in the presence of sodium 

ethoxide or sodium methoxide, and in all cases vulcanizates were obtained 

with rather high solubility (13*3 to 43.7/^) in acetone» the results being 

summarised in Table 5. 

Compression set measurements were carried out on the most promising 

formulation (as judged by the thermal stability in air and oxygen, and by 

the swelling and solubility tests in acetone), the results being also sum¬ 

marised in Table 5. 

3.2.3. Quaternary ammonium compourels 

3.2.3.1. Introduction 

Successful alkylation reactions of active methylene groups 

with quaternary ammonium derivatives have been reported (5), and it was 

originally suggested that the alkylation reactions proceed by the same 

elimination-addition mechanism as the alkylation with Mannich bases. On the 

other hand, it has been found (6) that alkylation reactions take place even 

with quaternary ammonium derivatives in which there is no possibility of 

decomposition to an olefinic substance. It therefore appears that 

elimination-addition is not the only path by which alkylation reactions with 

quaternary ammonium compounds may proceed, the alternative being direct sub¬ 

stitution by an ionic path. 

These ideas suggested the possibility of bifunctional quaternary ammo¬ 

nium derivatives acting as cross-linking agents for Viton in which the 

methylene groups Eire in such a position between two electronegative groups, 

that some degree of activation of the methylene hydrogens might be expected. 

The envisaged reaction is as follows: 
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CF2 
I c 

CIL 

CF, 

|iyî.R.N.n3 
+2 

CP, 

2X~ CH, 
I ¿ 
^2 

CF„ CF. 

CH - R - CH ♦ 2 

72 

I 

72 

R^NH 

It was originally thou,»h that tho tunino derived from the decomposition of the 

salt miffht be an effective catalyst, but thin wa 3 fouml to be not the case 

with the quatomaiy ammonium deriviitivea which were tested, and the assis¬ 

tance of a basic catalyst to initiate the crnos-linking reaction was found 

necessary. Mono functional quaternary ammonium salts wore also tested in 

this application and, somewhat surprisingly, were found to be effective 

cross-linking agents. 

Six quaternary ammonium derivatives have been tested as cross-linking 

agents, comprising both mono- and difunctional compounds: 

— -, +2 

(cn3)3 N.CH2.C6n4. CHp.N (CH3)3J , 2d" 

1,4-phen.vlene dimethylenc bis (trimetliylammonium chloride). (l^-FMMÀC) 

(ch3.ch2)3 H.cir2.c6n4-CH2.ii (ch2.ch3) 
+2 

2C1‘ 

1.4- phenyleno dimetl\ylene bis (triethylammonium chloride), 1,4-FDTEAC) 

-t -f2 

(CHr(CH2)2 CHjJj U-CH2C6ni1-CH2-ll(CH2(CH2)2CH3)3 

1.4- phenylenedime thy lene bis (tributylarunoniimi chloride) (l,4-FDTBAC) 

2C1' 

CH, CH, 

(CBj - CH206H CHj.N - CH, (CH ) CH, 

CH 
3 CH, 

+2 

2 C1‘ 

1,4-phenylene dimetliylene bis (dimethyl lauryl ammonium chloride) (1,4-FDMLAC) 

(CH.), N CH0-C, H- Cl' 
3 3 2 6 5 j ’ 

benzyl trimethyl ammonium chloride (BHIAC) 

ich3.ch2)3 n-ch2-c6 h5 

benzyl triethyl ammonium chloride 

, Cl' (BTEAC) 

All of the above when compounded with "Viton A", gave vulcanizates with 

comparable level of cure as judged by solubility and swelling experiments. 

The degree of swelling expressed as the volume fraction of rubber in the 

equilibrium swollen vulcanízate, and thr» solubility in acetone of "Viton A" 

vulcanizates prepared with quaternary ammonium compounds are recorded in Table 6. 
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Some of the quaternary ammonium derivatives were found to crystallise 

with several molecules of water and this led to trouble with blistering during 

the post-cure of thick slabs. The addition of calcium oxide in concentration 

equal to that of the cross-linking agent was found to alleviate this trouble 

to a considerable extent, but not completely to remove it. Some blistering 

was also obtained when using 1:4-PDTBAC, which does not contain water of 

crystallisation, but it is possible that in tl is case (and also in the case of 

other quaternary anmonium compounds which contain water) the blistering stems 

from water contained in the other components of the vulcanizate, e.g., the 

carbon black, or from water liberated by the cross-linking reaction. 

Differential thermal analyses were carried out on 1,4-PDTRAC alone and in 

admixture with calcium oxide. The quaternary salts alone gave two distinct 

endothermic peaks, Fig.3t the first at about 167°, which is probably due to 

loss of v/ater, and the second over the range 205-285°* which is probably due 

to melting of the salt. At higher temperatures exothermic decomposition 

occurs. In the presence of calcium oxide, Fig.3* the two peaks are almost 

fused into a single broad band and the point of maximum intensity of the 

second peak is displaced about 40°C towards lower temperature. The detailed 

interpretation of the role played by the calcium oxide in the vulcanization of 

"Viton A" with quaternary ammonium compounds is not clear, but there is no 

doubt from the experimental findings that the presence of calcium oxide is 

beneficial. 

3.2.3.2. Curing cycle 

In common with other curing systems for Viton, the quaternary 

ammonium salts require a two-stage cures a press cure followed by an oven 

cure. The necessity for the oven cure is shown by the data presented in 

Figs.4 and 5. In general a press cure of 45 mins, at 160-170° was employed 

followed by cure in a ventilated oven rising from about 125°C to 205°C, fol¬ 

lowed by a hold at 205°C for periods up to 24 hours. The effect of varying 

the duration of the final hold at 205°C on the mechanical properties of Viton 

A vulcanizates cured with bifunctional and mono.functional quaternary ammonium 

compounds is shown in Tables 7 and 8 respectively. 

Vulcanizates prepared with difunctional compounds show an increase in 

modulus during the first 7-8 hours of oven cure, after which time the modulus 

remains practically constant up to 24 hours cure. Elongation at break 

decreases to a substantially constant value over the same period of time. 

These results suggest that the oven cure is almost completed during the 

first 7-8 hours. On the other hand, tensile strength reaches a maximum after 

3 hours of the oven cure and then falls steadily. 
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j’ho offset of the st-'o-ovin cure on th" Physical properties of 4 ae for- 

ERilations prepared with ronofunctioml 'iuaternary ananonimn compounds is 

summarised in Table 9, in comparison with an oven cure in whicn the specimens 

were placed directly into an oven at 205°C. 

Both treatments gave comparable figures although slightly higher results 

were obtained for the step-oven cured formulations which, moreover, were com¬ 

pletely free from voids and imperfections. 

3.2,3.3. Physical properties of vulcanizates 

Formulations containing varying concentrations of the cross- 

linking agent, ranging from 1 to 4',- (based on polymer), have been evaluated, 

and the results of the measurements of tensile strength, modulus and elonga¬ 

tion at break are summarised in Tables 10 and 11. 

It was found that, in general, on increasing the concentration of the 

cross-linking agent, the modulus increased proportionally v/hile tensile 

strength and elongation at break decreased. 

The compression set properties of "Viton A" vulcanizates prepared with 

quaternary ammonium compounds are listed in Table 12, as compared with those 

of a vulcanízate prepared with dicinnanylidene hexamethylene diamine. 

The effect of a post-stoving for 24 hours at 250°C upon the mechanical 

properties of these vulcanizates is shown in Table I3. 

Stress relaxation measurements carried out by the Royal Aircraft Estab¬ 

lishment, on the vulcanizates prepared with the bifunctional quaternary 

ammonium compound 1,4-PDTEAC, showed these to be similar in behaviour to 

Viton cured with dicinnamylidene hexamethylene diamine. A post cure of 24 

hours at 250°C and solvent extraction both improved thermal stability. 

3.2.3.4. Resistance to ageing 

Long term heat-ageing studies of some vulcanizates prepared 

with quaternary ammonium compounds were carried out, using volume swelling 

and solubility measurements as criteria, or by measuring the variation in 

tensile strength and modulus at 100^0 extension at different intervals over 

the ageing period. In the first case, ageing tests were run for 25 days at 

250°C in a ventilated oven and the solubility and volume swelling results 

obtained are summarised in Table I4 and Fig.6 respectively. 

The change in hardness on agoing at 250°C v/as very similar when using 

either dicinnamylidene hexamethylene diamine or the quaternary ammonium 

derivatives as cross-linking agents. The results are summarised in Table I5. 
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The resistance to ageing at 250°C of soma vulcanisâtes «as also studied 

by measuring the variation in tensile strength and modulus, tests being car¬ 

ried out at room temperature. The results are represented in Table 16, and 

Figures ^ and 8. Tensile strength increased during the first 15 hours and 

then decreased continuously for the rest of the ageing period. With respect 

to modulus, a sharp increase occurred during the first 15 hours followed by a 

fall with a minimum value after about 25 hours, and then increased continuously 

during the ageing period. Dioinnamylidene hexamethylene diamine and quater¬ 

nary ammonium halide vulcanizates behaved similarly in this respect. The 

change in modulus between 15 and 40 hours during ageing might be interpreted 

as due to a rearrangement of the first network to a more stable seconl net¬ 

work. The resistance to compression set on ageing for long periods of time 

under compression was studied on vulcanizates prepared with 2$ of 1,4-FDTEàC 

and the results are shown in Table 17 and Fig. 9. Values are quoted at I60 and 

250°C for vulcanizates which had been conditioned for 24 hours at 250°C in a 

relaxed state. 

The long-term compression set results of Viton A vulcanizates prepared 

with 2# of 1,4-PDTEAC which had been oven-cured for only four hours at 200°, 

are also listed in Table 17 and represented in Fig. 10, as compared with a 

similar vulcanízate which had been oven cured for 20 hours at the some 

temperature. Both vulcanizates had been preconditioned at 250°C for 24 hours 

before the long-term test was carried out. The 24 hour compression set at 

160° of a 4 hour oven cured vulcanízate was in general higher than that 

obtained on a similar vulcanízate which had been oven-cured for 24 hours. 

3.3. Cross-linking systems forming carbon-oxygen bonds 

3.3.1. flydroqulnone-sodlum ethoacide and 4.4*-dihydroxymethyl 
diphenvloxlde-sodium ethoxide 

7 
Wall and his oo-workers have reported that tetrafluoroethyl phenyl 

ether, CgH^.O.CFg.CFgH, prepared by the reaction of sodium phenolate with 

tetrafluoroethylene, is very resistant to dehydrofluorination even by such 

reagents as molten NaQH at 250°C or KOH in boiling collidine. This indicated 

that the structures obtained by the addition of phenols to double bonds in 

the chain of ,rViton A” might also withstand dehydrofluorination, and it was 

therefore considered that the reaction of metallic salts of dihydric phenols 

with "Viton A" should be investigated. The envisaged reactions are represen¬ 

ted as follows: 
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The mechanism of this reaction is similar to that reported hy Tarrant 

(0) for his preparation of various substituted fluoroethylenes by Grignard 

reagents. 

Viton A vulcanizates prepared with hydroquinone or 4,4'-dihydroxymethyl 

diphenyl oxide conjunctly with sodium ethoxide showed high solubility in 

acetone, the latter producing vulcanizates with superior thermal stability 

(see Fig. 11 ), Compounds containing carbon black were more thermally stable 

than those without carbon black. 

Thermal stability measurements on the acetone-soluble matter extracted 

from "Viton A" compound prepared with 4,4,-dihydroxynethyl diphenyl oxide and 

sodium ethoxide are shown in Fig.11. 

Compression set, swelling value and solubility of some formulation» are 

given in Table 18. 

3»4* Cross-linking systems forming carbon-nitrogen bonds 

3.4.1. 4«4l-diazldor)henyl and 4.4l-dinhenvl bis (diazonium 
fluoroborate) 

The reactions envisaged in the cross-linking of Viton with azides 

or with diazonium salts would in all cases involve the evolution of nitrogen 

and could proceed by ionic or free radical mechanisms or both, as various 

investigations of the decomposition of these types of compounds have shown. 

Phenylazide PhN-, is known to act, particularly in the presence of 

catalysts such as AlCl^, as a source of Ph-N^ radicals. This radical 

readily extracts hydrogen atoms from a variety of substances. Although 

phenyl azide itself is a rather unstable liquid and explodes on heating, 
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4,4'-diazidodiphenyl is much more stable thermally and can be readily prepared. 

The envisaged reaction of diazides with Viton is represented as follows: 
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4,4'-diazidodiphenyl has been used alone or in the presence of benzoyl 

peroxide or AlCl^ in an attempt to produce Viton A vulcanizates, but in all 

cases very porous vulcanizates have been obtained with high solubility in 

acetone, (see Table 19). The system A^'-diazidodiphenyl-AlCl^ gave vulcan¬ 

izates with poor thermal stability, but the weight loss of Viton A vulcanizates 

prepared with 4,4'-diazidoipheny1 alone was comparable with that found for 

Viton A compounds prepared with dioinnamylidene hexamethylene diamine (Pig.12). 

Decomposition products condensed on the cold parts of the apparatus as a brown 

resinous material, and the internal surface of the glass was severely etched. 

Similar results have been achieved with Viton A vulcanizates prepared 

with 4,4'-diphenylbisdiazonium fluoroborate alone or in the presence of 

benzoyl peroxida, although their thermal stability was somewhat lower than 

that shown by the Viton A azide system (Pig.12). 

3.4*2. Pyromellitic diimide dipotassium salt and dihrdrophenazine 

In work carried out by Tarslev Research Laboratories under Contract 

No. KS/l/0108/CB 43A2 (9) the preparation of N-(l,1,2,2,-tetrafluoro ethyl) 

carbazole (l) was described. 

A-,n 
N 

cf2-cf2h 

I 

This compound proved to be resistant both to hydrolysis and to 

dehydrofluorination. The same compound had previously been reported hy 

England et al (10) but no comment had been made on its stability. These 

authors also reported the preparation of N-(1,1,2,2,-tetrafluoroethyl) 

pyrrole (ll) by the addition of pyrrole to tetrafluoroethylene. 

CH-CH 
Il il 
CH CH 

Íf2.cf2h 

II 
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This compound was shown to be stable to refluxing 20$ KOH. Addition of, 

for example, carbazole to a double bond in the chain of Viton should give a 

structure of the type III. 

Ill (R o carbazole group) 

By analogy with our earlier work and that of England ot al, such a 

structure could be expected to bo stable. It was therefore suggested that 

the reactions of suitable bifunctional nitrogenous compounds analogous to 

carbazole and/or pyrrole with "Viton A" should be investigated. 

Examples of bifunctional nitrogenous compounds of possible use in this 

application are:- dihydrophenazine (IV), tetrahydroquinoxaline V, 

pyromellitic diimide VI, cyclopentanetetracarboxylic diimide (VII) and 

di-pyrrole VIII. 

H 
I 
H 

^ ' Y 
A 
IV 

o o 
c_/\__c 

yHH 
o o 

VII 

Of these, only IV and VI were briefly studied. 

Both compounds produced Viton A vulcanizates with a low degree of cure 

as judged by their solubility in acetone, Table 20. 

It has been found that the thermal stability of a Viton A compound 

prepared with 5$ of the dipotassiura salt of pyromellitic diimide is com¬ 

parable with that found for a "Viton A" compound cured with dicinnanylidene 

hexomethylene diamine. 

This approach has not been fully investigated because priority was given 

to other systems which appeared to be more promising in the preliminary tests. 
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V. CONCLUSIONS 

The results reported shoe that quatemaxy ammonium compounds represent 

a useful new class of vulcanising agents for Vi ton, and the properties of 

vulcanisâtes prepared with such compounds are, in some oases, superior to those 

obtained by the use of a conventional vulcanising agent such as dioinnaray 1 idene 

hezamethylene diamine. 

Both bifunotional quaternary ammonium salts of general formula 

and monofuno tional salts of general 

formula jjtj N-CHg — O] * x" appear to be effective vulcanising agents. 

While a mechanism has been proposed for the oross-linking by the difunotional 

compounds, it is not clear how vulcanisation takes place when using the mono- 

funotional compounds. 

The preferred quaternary ammonium salt is 1 ^p^enylene dimethylene bis 

(triethyl aasnoniun chloride) and, by using this compound, vulcanisâtes have 

been prepared which show improved compression set oharaoteristies as compared 

with dicinnamylidene hexamethylene diamine as vulcanising agent. Ihe other 

mechanical properties which have been measured (tensile strength and modulus, 

and elongation at break) are not inferior to those given by dicinnamylidene 

hexamethylene diamine. On loi« term ageing in air at 250°C, the vulcanisâtes 

based on the quaternary ammonium salt and on the blocked diamine behave similarly. 

When using dioinnajylidene hexamethylene diamine as cross-linking agent, 

it is necessary to employ an oven cure of some 24 hours at 200-205 Ci» order to 

develop the optimun properties in the vuloanisate. There is some evidence that 

a high degree of cure is achieved in the case of vulcanisâtes based on quater¬ 

nary compounds when using a shorter oven cure at 205 C, e.g. 4-6 hours. 

This offers the possibility of significant saving in processing costa. 

The vulcanisâtes based on 1,4-phenylene dimethylene bis (triethyl «moni» 

chloride) ere easy to process and show no excessive tendency to scorch. It has 

been found advantageous, particularly in the moulding of thick sections, to pre¬ 

mix the quaternary ammonium salt with an eqpal weight of calcium oxide. B»i* 

eliminates any tendency to form voids in the mouldings. 



5* JSXPüHTM 

5.1. F^KPARATION AND PURIFICATION OF NOVEL CROSS-LINK DC AGENTS 

5.1.1. Xylylene dlhalldes 

The xylylene dihalides which have been used throughout this woA are 

commercially available materials and they were used without further purification. 

5.1.2. Purification of 4.4'-dichloromethyl diphenyl oxide 

A portion (10g.) of the commercially available crude material, consist¬ 

ing of a heterogeneous mixture of solid and liquid components, was filtered by 

suction in order to separate the yellow liquid from the white solid (6.2g., m.p. 

57-62 C), which was then bol?ed for 10 minutes with pet. ether (b.p. 40-60°C). 

Ihe olear solution was filtered while hot from an oily material which solidified 

after cooling, and this was extracted three times more with more pet. ether. 

A white crystalline solid (4.8g., m.p. 60-64 C) precipitated from the united 

pet. ether fractionsafter cooling to room temperature, the solid being collected 

in a sintered glass funnel and dried in a desiccator over silica gel-paraffin 

wax. Biis solid was recrystallised twice to a constant melting point 64-65°C. 

Yield 4.2g. Reported melting point 50-65 C (11), depending on the concentra¬ 

tion of 4,4,-dichlorometiyrl diphenyl oxide in the mixture of isomers. 

5.1*3. Purification of 4.4*-dihydroxymethyl diphenyl oxide 

•Die commercially available buff coloured, waxy solid (lOg.) was 

refluxed with benzene for 15 minutes, and the colourless benzene solution 

decanted while hot from a yellow oil idnch remained insoluble in the bottom of 

the flask. A white crystalline material precipi+ited at once from the solution 

as it was slowly cooled to room temperature. The solid was filtered and dried 

in a desiccator. 8g. of material, m.p. 110-120°, were recovered. This 

material was »crystallised three times to a constant melting point 135-136°, 

the overall yield being 5.4g. 

In another experiment, water was used as solvent and the material (10g.) 

had to be recrystallised four times to attain a constant melting point 136°C. 

Yield 5.8g. 

5.1.4. Preparation of the quaternary ammonium sflT 

Several quaternary ammonium salts of p-xylylene dihalides have been 

prepared. The following is a typical preparation. 

Preparation of 1,4-phepylene dimethylene bis (dimethyl pheryl ammonium 

bromide)• 

A mixturq of p-xylylene dibromide (1.32g.; 0.005 mole) «d dimethylaniline 

(2.42g.; 0.02 mole) in ethyl acetate was refluxed for one hour, The resulting 

precipitate was separated and washed three times with anhydrous ether. The 

solid crystalline material weired 1.8g. (71?S of the theoretical) after being 

dried overnight in a desiccator under vacuum, m.p. 145-146°C. 
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Purification of the sample for analysis: 

0«4g. of tile crude material was dissolved in boiling absolute alcohol 

(10 ml.) and the clear solution allowed to cool to room temperature overnight. 

A needle-like precipitate was filtered off, washed with a few drops of 

absolute alcohol and dried in a desiccator under vacuum overnight. The solid 

weighed 0.233g., m.p. 15M55°C. A second reciyatallisation was carried out 

with 0.20g. of product and 0.l86g. (93?*) of white crystalline product was 
o 

recovered. m.p. 154--155 U. 

0.182*g. of the product with constant melting point was kept in a drying 

pistol for two hours at 56°C under 0.05 mm. Over 6 hours the sample lost 

11.7/5 of its original weight, which corresponds to the loss of 4- molecules 

of water from hexahjrdrate. Hie same amount of water was rapidly absorbed on 

exposure to the atmosphere, to give the hexahydrate. 

Hie elemental analysis of the dried sample showed a bromine content 

corresponding to the dihydrate. ^ 

Calculated for ‘ 25.5 

Found 29« 6 

The following quaternary ammonium derivatives of p-xylylene dihalides 

with various other tertiary amines were obtained in a similar manner. 

1,4-Ehenylene dimethylene bis (trimethyl ammonium bromide) 

White solid, m.p. over 320°C 

Anal. Calculated for C^HggNgBrg 
Found 

% Br 

41.8 

41.6 

1.4-pherçylene dimethylene bis ( trlbutylammonium chloride) 

Anal. 

White solid, m.p. 196-198 C 

Calculated for ^32^62^2^2 

Found 

% C1 

13.0 

13.10 

1,4-phenylene dimethylene bis (2.2-dlethoxy)ethyl dimethyl ammonim bromide 
— 0 

White solid, m.p. 197 C 

Anal. Calculated for C aVWr2 

% Br 

27.2 

Found 27.3 

Preparation of 1 A-Phenylenedimethylene bia(triethyl ammonium chloride) 

p-Xylylene diohloride (3.49g.) and triethylamine (4.45g., 10J5 excess 

over the theoretical) were dissolved in acetonitrile and allowed to react 

for 48 hours at room tenperature. A fine ozystalline precipitate was obtained, 

which was filtered off, washed with acetone and finally dried in a desiccator 

under vacuum. Hie bulk product weighed 7«01g. (92.9^ of the theoretical), 

m.p. 230-232°C. A small portion was dissolved in a mixture of acetone and 

ethanol anl reprecipitated by adding dzy ether, this process being repeated 
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until a constant melting point 272-273° was obtained. 

% Cl 

Anal. Caloulatad for C^jH^NgClgAHgO 15.8 

Found 15.5 

Preparation of 1.4-pheqylene dimethylene bis (trimothyl f^oniua ohlorlde) 

p-Xylylene diohloride (3.5g.) and 5 ml. of a l*Qfi alooholio solution of 

trimetbylamina were dissolved in acetonitrile and the mixture kept for 48 hours 

at room temperature. A large excess of dry ether was then added to the solution 

and the crystalline precipitate was filtered, washed with acetone and dried. 

Yield 4*23g. (90# of the theoretical), m.p. oxer 300°C. 

Preparation of 1.4-pheuylenedimethylene bis( dimethyl lauryl ammonium chloride) 

p-Xylylene diohloride (3-5g.) and dimethyl lauryl amine (6.39g.) were 

dissoiled in acetonitrile and allowed to react overnight at room temperature. 

A white, crystalline precipitate was obtained which was filtered off, washed 

with acetone and finally dried in a desiccator under vacuum. 

Yield 7.7g., m.p. 230°C. 

Preparation of trimethyl bensyl ammonium chloride 

Benzyl chloride (6.25g.) was weighed into a 50 ml. oonioal flask and 

dissolved in 10 ml. of aoetonitrile. A 40# ethanolio solution of trlettylamine 

8.88g.) was added dropwise while the reaction flask was kept at room temperature 

ty cooling in an ioe-bath. The reaction was vexy exothermic. The mixture 

was allowed to stand at room temperature for 4 hours, but no precipitate 

appeared at this stage; seme dry ether was added in order to induce crystal¬ 

lisation, and a white crystalline material began to precipitate at once. The 

mixture was kept overnight at room tan per ature and the solid material filtered 

and washed with a small portion of acetonitrile, and then diethyl ether, being 

finally dried in a desiccator under vacuum. 

Yield 5.75g., m.p. 240-242°C. 

Preparation of triethyl benzyl ammonium chloride 

Bensyl chloride (6.3g.) and triethylaraine (5.27g.) were dissolved in 

acetonitrile (10 ml.) and the mixture allowed to react at room temperature for 

72 hours. An abundant, white, crystalline material precipitated and was 

filtered and washed with small portions of acetonitrile and then dry ether. 

Yield 8g., m.p. 195°C. 

5.1.5. Preparation of 4.4>-diazidodiphenyl 

Benzidine (2.42g.) was dissolved in oonc. hydrochloric acid (6.5 ml.) 

and 65 ml. of water. The solution was cooled to 0°C and sodium nitrite (1.8g.) 

was slowly added. The diazonium salt solution was mixed with a solution of 

p-toluenesulphonamide (4.6g.) and sodium hydroxide (4.8g.) in 50 ml. of water 
o 

at -5 C. The mixture was allowed to stand for 12 hours at room temperature 
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and after this period of time the orange precipitated produot was filtered, 

washed several times with water, and recrystallieed from ethyl aloohol. 

Yield 2g., m.p. 126-127°C. Literature m.p. 127° (12). 

5.1.6. Preparation of 4.4'-diphenyl biadiasoniua fluoroborate 

i*0^ Fluoroboric acid (19 ml.) was placed into a 100 ml. 3-neoked 

round-bottomed flask fitted with a stirrer and condenser. Vater (19 ml.) 

was added to dilute the acid, and then benzidine (3.7g.) carefully added to 

this solution which was previously cooled in an ice-bath. loe-oooled sodium 

nitrite (l.4g.) solution was slowly added to the stirred mixture, the tempera¬ 

ture not being allowed to exceed 10°C. 

On continued stirring the precipitate gradually thickened especially 

near the end of the reaction. The mixture was cooled in an ioe-bath and 

filtered. The precipitate was washed with oold % fluoroboric acid until a 

olear yellow filtrate was obtained, then oold methanol and finally ether. 

The powdery, cream i ah-yellow solid, after being dried in air for 3 hours, 
o 

weighed 6.5g. Decomposition temp. 137 C, which agrees well with the value 

reported in the literature. (13). 

5.1.7. Preparation of the diimlde of pyromellitio aoid 

In a Pyrex IX ml. round-bottomed flask were placed a mixture of 

pyromellitio dianhydride (2.18g., 0.01 mole) and 28^ aqueous ammonia 

(2.7ksl.; 0.04. mole). The flask was fitted with an air condenser and was 
o 

then slowly heated in an oil bath until the temperature was about 200 C in 

the bath. It was necessary, during the heating period, to shake the flask 

occasionally. The reaction was completed after 5 hours heating. After this 

period of time, the reaction flask was allowed to oool to room temperature, and 

the reaction mixture was washed several times with water to extract some 

unreaoted ammonium salt. The residue was dried and reory s tailla ed from 

dimethyl formamide. 
0 0 

Yield, 1.8g. m.p. 441 C with decomposition. Quoted melting point 440 C 

with decomposition (14). 

5.1«8. Preparation of the dipotassium salt of pyromellitimide 

fyromellitimide (2.l6g.; 0.01 mole) was dissolved in a solution of 

potassium hydroxide (1.12g.; 0.02 mole) in 10 ml. of water. The aqueous 

solution of the dipotassium pyromellitimide was poured into 30 ml. of absolute 

aloohol. A crystalline precipitate appeared at ones, which was filtered and 

dried overnight in a desiooator over CaCl2. Yield 2.2g. 

5.2. Cross-Linking Experiments in solution 

5.2.1. Attempted cross-linking of "Vlton A" with p-xylylene 
dibromide in the presence of metals 

•) Solvent. DMF "Viton A" (5g.) was dissolved in 100 ul. of 
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4ü.tl«rl foiraamld* (MT) «d P-xyiyl^e dlhrocid. (0.*,.) ... ^ rtth 

stirring «d finsl^ i,« Mt<a (JOO ..^)(0.,25,.) ... totIOÎU<1^ 

into ti» nixturs. B» re«tion mixtur. ... stin^l for on. hour .t roo. 

tMporature «4 Woyl proxid. 0.1g. », .dd«i .Ml. stirring. Itapsrstui, 

... ineznassl to 100 c «d rsaotion.as allo.»i to proo.M for four hours 
At this SU,., . s«ond portion bsnsojrl p.mxid. (o.ig.) ^ 

tomp.rature ». in.rs„«i to ,30°C, this t«p.„tur. bslng hsld for ,6 hour, 

fl» reaction nixtur. ... osntrifugM „4 the solid »a»d Mth „.ton. „ter 

«4 finally dllut. H/droohlorio „14. ft. ro.idu, ... . yMloM„ or^l» 

uat.rlal »ich did not nolt b.lo. 350°C, «tí .a. in«,lubl. in nost-,n 

oiganio solvents. TM. cfrUl thought to b, poly p-xylyl«». ». 

aqueous «tract, .era quMltatisely identified Br, t', t»~\ ^ B» 

fraction soluble in DMF ... fr.olpit.tM .ith »t„ «tí the in„lubl, »torttí. 

.„ unoross-linked -Vlton A- a. Judged by it. solubility i„ 

In «.other «perinit, oross-llnked 'Tfiton A- deposited „n the .all. of th, 

fl«it ..»n DMF .as P«tl.lly distillM off, but this .„ss-litíting due to 

ot r“1“8 P”“nt Ín tte D" itMlf’ “ by . blank .xp.nn.ut .lth DMF and Vlton A alone. 

b) SolTentjrKP "Vlton A* (5g.) .„ dissolved in B1F (50 ml.) .rtí 

P-xylylene dibronid. (0.4g.) „4 200 ».h Zn neul (0.125g.) »re added.’ Th. 

« ture ». stirred »U. b.nxoyl peroxide (O.lg.) ... added, «,d ti,„ aUo^t 

to re„t for 8 hour, under „flux. B» „„tion uixtu„ ». treafd as 1» . 

the „» products, except anine, being found. B» BIP solution of the „luM. 

portion .„ poured into .at«- and -Vlton A- .as „0or.red and found to be 

oonpíetely soluble in „.tone, Indicating that no cross-linking had Ukan pi«» 

5,í,2‘ ^ide.JLnJ^ 

Ptton A- (2.J5g.) .., dissolved in 30 ml. of 1,2-din.thoxy.thane, 
• 3g. of p-xylyl.n. dibronid. addM. the nixtu„ ». in . 100 

«Stic «tí „fluxed for 20 hour. Mth oenstant stirring. The cours, of the 

„action ... followed by passing any gas fron th. „action th„ugh a dilute 

. utlon of HaOH containing a drop of ph.nolphthal.ln. No „idio g„.s »1, 

to decolorise the Phenolphthalein »„ evolved. After 20 hour. ». ration 

L^idel'11"'* t0 0001 t0 2-3«- (1009£) of »-Wen. aabromide were recovered. 

_Reactlon of "Viton A" and o-xvlvlun» . 
õP potas alum -Pl^~~---rqilide 1x1 

50 nl f T,\T mU n“k PlaCed 2-358- °f ’ntm A* With 
30 nl. of 1,2-din.thoxy.thane, 2.3g. of p-xylyl.ne dibronid. end 0 2g of 

potassiun fluoride. The nixtu„ ». heated under „flux for 8 hour.: uttl. 

If ««r, evidence of „action ». observed, so the nlxtur. ... boiled for four 

day. under an ultraviolet lanp (Hanovia 200 watts). Again, th. „„tion .a. 
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followed by absorbing the cooled gases in a sodiun hydroxide solution contain¬ 

ing a drop of phenolphthaleln, but no change in the rad colour of the phenophth- 
o 

alein was obsenred. 1.57g. of aaterial m.p. 145 were recovered. "Viton A" 

dissolved in the 1,2-diaethaj^ethane was precipitated by pouring the solution 

into water. Ihe precipitated aaterial was ooopletely soluble in M.I.K. 

5.2.4. Reaction of *Viton A* with p-xyjylene dibroaide at 200° 
in a sealed tube 

"Viton A" (0.57g.) was dissolved in 20 al. of 1,2-dlaethaxyethane 

placed in a thick-walled tube and Ig. of p-xylylene dibromode added. Ihe 
o 

tube was sealed and kept at 200 C for 48 hours. After this tiae, the solu¬ 

tion had turned slightly red, but it was completely transparent. The tube 

was opened, and the contents poured into water. 1.12g. of solids were 

recovered. The recovered Viton was found to be ooapletely soluble in M.E.K. 

The water in which the Viton was precipitated gave a positive test for 

bromide, no fluoride being found. 

5.5. PREPARATION OF VULCANISATES 

5.3*1• Materials 

5.5.1.1* Fillers 

' Ihe addition of reinforcing filler to Viton is necessary to 

increase modulus, reduce elongation and increase the hardness of the vulcani¬ 

sâtes. MT carbon black has been found to be a satisfactory filler and was 

used in all vulcanisâtes, 

5.5*1*2. Acid acceptors 

It is common practice to add metallic oxides or salts to act 

as acid acceptors and neutralise acidic materials which may be evolved at the 

high temperatures of cure or in use. Such ingredients are essential to 

develop a high state of cure and maximum heat resistance in the vuloanisete. 

The type and grade of acid acceptor can exert a marked influence ou U*> 

properties of the end product. In Ihe work described in this report, a 

special grade of magnesium oxide, "Maglite I”, was used, and appears to give 

a good balance of properties. 

5*5*1*3* Calcium oxide 

When using quaternary ammonium salts as vulcanising agents, 

the salt was premixed with an equal weight of calcium oxide. A grade sold 

as "Calcium Oxide VC" was found to be suitable for this purpose. 

5*3.2. Milling procedure 

Typical "Viton A" formulât ions employing the novel cross-linking 

lye terns were prepared by conventional mill mixing techniques using either a 

4" X 2" laboratory mill or a 12" x 6" mill. After banding the rubber on the 
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mill, the motel oxide mee added, followed by the filler anl finally the 

▼uloenieing agent. In thoee oeaes where the cross-linking agent wee e mixture 

of two components, usually both components were mixed before being added to the 

stook; suoh was the ease of wuloanizates prepared with quaternary ammonium 

compounds and calcium oxide, hydroquinone and sodium ethoxide, and 4,4'-dihy¬ 

droxymethyl diphenyl oxide and sodium etioxide. In some cases the two compo¬ 

nents were added separately, the less active being added first. Thus, the 

preparation of vulcanisâtes containing p-xylylene dihalides and sodium ethoxide 

was carried out by adding to the stock first the p-xylylene dihalide, followed 

by the sodium ethoxide. 

In general, Viton A vulcanisâtes prepared with the novel orosa-linking 

agents were press-cured for 30 to 60 minutes at 140-170°C followed by a step- 

oure in a ventilated oven rising at 25°C/1u>ur from 125°C plus 17-24. hours at 

205°C. 

5.4. TEST PROCEDURES 

5.4.1. Swelling and solubility studies 

Samples of about O.lg.were out from sheets 0.020" thick and 

accurately weighed, then placed in about 70 ml. of solvent (acetone or MBK) 

and allowed to swell for seventy-two hours at 23-25°C. The swollen samples 

were airface dried and rs-weighed in tared stoppered bottles. Hie samples 

were finally dried in a vacuum oven at 50°C to constant weight. The swelling 

ratio was calculated from the fonnula:- 

Weight of swollen vulcanízate 
Swelling ratio, Q .... , -- 

Weight of dried sample 

The initial and final weights give the soluble fraction, and using 0.78 and 

1.78 as the densities at 25 C of acetone and Viton A respectively, the volume 

fraction of rubber VR can also be calculated. The weight of the extracted 

vulcanízate was corrected for the weight of insoluble compounding material 

present, prior to computing the volume fraction in the swollen sample. 

5.4.2. The mal stability 

Samples with swelling ratio below 10 and solubility less than 2% 

were chosen for the theroal stability studies. The weight loss on heating in 

air or oxygen for 6 hours at different temperatures was determined on single 

specimens of about 1Qng. in a quartz spring thermobalance. In an alternative 

procedure, several samples of about 0.2g. were heated in an oven, samples being 

withdrawn at intervals. The period of heating and the temperature were usually 

arbitrarily selected, but in some oases samples had been previously studied to 

find out the range of temperatures which should be investigated. All samples 

had been heated in vacuo at 140°C to constant weight before car lying out the 

tests. 

The experiments in oxygen were carried out using oxygen pressure of 300 mm. 
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5.4.3. Determination of the percent retention of vuloanlilng agent 
In the eyetea *Viton A"-p-xyjylene Alohlorlde-eodlun ethoadde 

Unou red eamples of Vlton A vuloanisatea prepared with p-xylylene 

dlohlorlde-sodlum ethoxide mere out into rery email pieoes after milling and 

placed into a tube fitted with a •sold finger and a side an through which the 

system was kept under slightly diminished pressure while heating at 200°C. 

The sublimed material was collected every two hours by immersing the end 

of the oold finger in ether contained in a small flask which had been 

previously weighed. Each experiment took about 18 hours to complete. The 

other solution was carefully evaporated and lhe residi* dried in a desiccator 

over CaCl2 and P^. 

The melting point of the recovered material and mixed melting point with 

authentic p-xylylene dichloride were identical with that of pure p-xylylene 

dichloride. The experimental results found for the samples are shown in 

Table 2. 

5.4.4. Compression set measurements 

Compression set measurements were carried out according to B.S.903» 

a6, 1963 at 160° and 250°. Discs 0.25tt thick and 0.55” in diametor were 

compressed by 25 percent of their original thickness mid aged under these 

conditions at the given temperature during the experimental period. On being 

releaaed from compression, the samples were allowed to recover for ten minutes 

at the experimental temperature plus ten minutes in water at room temperature, 

and their thickness measured with a B.S.907 domed surface thickness gauge. 

5.4.5. Tensile strength. elongation at break and modulus 

Tensile strength, modulus and elongation at break were measured on 

samples 0.05” thick cut with a B.3.903 type E dumb-bell cutter and tested at 

a cross-heed speed of 20 in./min. at 22°C. 

Reverences 
tabies 
FIGURES 
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TABU 1 

gfttfunon of p-qrlyltne. dlbronlde ln th> T.f ■ 
Titon A/p-JorlrltB» dlbroaldeAaCEt 

BmIo fonwlation« Titon A 5g, 

MT oazbon blaok lg. 

Magnesium oxide 0.75g. 

hb o.i9g. 
BaCEt ms table 



TABLE 2 

jUtnUop of P-xrlyl»n> diohlorld« ln th> «vtan 

Vltott i/p-xylylana dlohlorida^TaQBt 

BmIo fomalatlcni Viton ▲ 5g. 

UT carbon black lg. 

Magneaiun oxida 0.75g. 

X.D.C. 0.15g. 

NaOEt aa tabla 

Coapound 
Rafaranoa 

% NaOEt 
(baaad on Viton) 

X.D.C. recovered 
(g) 

X.D.C. retained 
of amount added) 

X«D*C«1 

X.D.C.2 

X.D.C.3 

4 

7 

10 

0.062 

0.040 

0.029 

59.7 

73.9 

60.6 



TABLE 3 

Efftot of ■illimc ti— upon ■•<?,•to«« Qf 

Viten A/p-xrlylen« diohlorlde/^iaOEt ▼uloanitat«« 

Pomalationi Viten A 100g. 

MT o&rbon blaok 20g. 

Magnesium oxide 15g* 

X.D.C. 3g* 

NaOEt 10g. 

Compound 
Reference 

Milling Time 
(minutes) 

Solubility (H) 

X.2.C.3 (15) 

X.D.C.3 (30) 

X.D.C.3 (45) 

X.D.C.3 (60) 

15 

30 

45 

60 

8.8 

9 

8.7 

9 
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TABLE a 
SgjlUmr, «olttbllity and oappreaalon —t Aat^ 

jnUoanigates of Viton/p-xylylene dlhuljdaaA^ 

Formulae 
Compound reference 

X.D.B.1 X.D.B.S X.D.C.1 X.D.C.2 X.D.C.3 

Viton A 

MT carbon black 

MgO 

X.D.B. 

HaQEt 

Sulphur 

X.D.C. 

100 

20 

15 

3.8 

10 

100 

20 

15 

3.8 

10 

1 
mm 

100 

20 

15 

4 

3 

100 

20 

15 

7 
mm 

3 

100 

20 

15 

10 

3 

Cure 
Press curst- 30 mins, at 

Oven cure i- Rise from IS 

_______ 17 hr a. at * 

150°C 

Î5° to 200^ 

»00°C 

2 

Swelling ratio 

Solubility (£) 

Compression set 
at 160ÖC (*) 

Compression set 
at 250°C (JÈ) 

I.05 

8.6 

51 

100 

30 

82 

1.48 

24.8 
1.37 

10.8 
1.35 

9.3 

31 

100 

Notest X.D.B. ■ p-xylylene dibromide 

X.D.C. . p-xylylene di chloride 
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TABLE 6 

Stalling and aolubilitj in acetona at 25°C of Viten 1 Yuloanized with 

quaternary aalta 

Conpoaitlont Vitan A, 100 

MT carbon black, 20 

MgO, 15 

Curing agent, aee Table 

When quaternary aammlnm derirativea were used aa curatirea, CaO was 

added in the same proportion as the curat lye 

Preea cure«- 45 mina, at 165°C 

Oven cure:- Rising from 125°C 

to 205°C 

24 hours at 205°C 

Curing agent Concentration 5¾ Solubility $e Swelling ratio 

Dioimamylidane 

hexamethylene 

diamine 
H 

N 

1 

2 

3 

4 

5 

5.1 

4.2 

2.3 

1 

0.4 

2.6 

2.4 

2.1 

1.5 

1.2 

1,4-PDTEAC 
N 

It 

N 

H 

1 

2 

3 

4 

5 

5.2 

3 

1.5 

0.5 

0.2 

2.79 

2.5O 

2.11 

1.31 

1.12 

M-PDTBAC 
N 

It 

It 

1 

2.5 

4 

5 

2.76 

0.77 

0.45 

0 

3.01 

2.81 

2.12 

1.81 

1,4-PD1UUC 
•t 

it 

it 

tt 

1 

2 

3 

4 

5 

11.42 

4.27 

2.51 

1.54 

1.63 

3.21 

2.63 

2.41 

2.15 

1.91 

Cent'd. 
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TABLE 6 (Contd.) 

Curing agent Coooentrâtion $ Solubility 9( Swelling ratio 

M-POTMAC 
N 

H 

N 

N 

2 

3 

4 

5 

6.1 

2.2 

2 

1 

2.61 

2.22 

1.51 

1.20 

TEBAC 

N 

N 

M 

N 

1 

1 

2 

3 

4 

5 

5.4 (with¬ 
out CaO) 

3.7 (with 
CaO) 

3.2 

2.6 

1.9 

1 

2.6? 

2.37 

2.03 

1.95 

1.88 

1.78 
« 

tmbac 
N 

N 

H 

N 

1 

2 

3 

4 

5 

4.8 

2.9 

2.6 

1.5 

1 

2.46 

2.31 

1.88 

2.04 

2.10 

38 



TABLE 7 

Effect of duration of oven cure on machanioal properties 

of Viton A vulcanized with l»4-phenylene dimethylene bie 

(triethyl ammonium chloride) 

Formula*- Viton A 100 

MT oarbonblaok 20 

M«0 15 
PDTSAC) J 1 
CaO )premil 1 

Press ourei- 45 mine, at 165°C. 

Oven curei- Rise from 125°C to 205°C at 25°C 
per hr. 

Hold at 205°C as shown in table. 

Miration of oven cure (hrs.) 0 3 7 16 24 

Tensile strength (p.s.i.) 

Ditto. (N/il2) (no5) 

100^ modulus (p.s.i.) 

Ditto, (n/k2) (no5) 

Elongation at break (£) 

2210 

152 

300 

20.7 

540 

2920 

210 

400 

27.6 

400 

2740 

188.5 

420 

28.9 

330 

2510 

173 

490 

33.8 

260 

2375 

163 

460 

31.7 

330 
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TABLE 8 

Effect of duration of oven cure on meohanioal proertles 

of Viton A vuloanleed with benzyl triethyl ammonium chloride 

Fonrulai- Viton A 100 

LT carbon blade 20 

%o 15 

BTEAC ) u . 2 
CaO ) Premil 2 

Press oursi- 45 mins, at 165°C. 

Oven curei- Rise from 125°C to 205°C at 25°C per hr., 

Hold at 205°C as shoen in table. 

Airation of oven cure (hrs.) 0 2 4 6 16 

Tensile strength (p.s.i.) 

Ditto (N/M2) (X105) 

lOOjÈ Modulus (p.s.i.) 

Ditto (N/fc2) (A105) 

Elongation at break (56) 

1970 

136 

675 

46.5 

230 

219O 

151 

1235 

85 

160 

2150 

148 

1300 

89.5 

ISO 

2215 

152 

1230 

85 

ISO 

2270 

156 

1490 

103 

130 
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TABLE 9 

Effect of type of oven cure on mechanical properties 

of vuloanlzates of Vlton A with mono-functional 

ouatomary ammonium salts 

Formulae 

Compound Reference 

B^AC 4 3UAC 4 

Viton A 

HT carbon blade 

%o 
BEAC; 

premixed 
CaO 

BkAC) 
premixed 

CaO 

100 

20 

15 

2 

2 

100 

20 

15 

2 

2 

Cure cycle 

Ultimate tens¬ 
ile strength 

(p.s.i.) 

Ditto (nAi2) 

(no5) 

100£ Modulus 
(p.s.i.) 

Ditto (N/H2) 

(no5) 

A B A B 

2460 2230 2550 2150 

169.3 153.7 175*7 148.1 

2180 2160 1360 1250 

150.2 148.8 93.6 86.1 

BEAC » benzyl triethyl ammonium chloride 

BIÍAC ■ benzyl trimethyl ammonium chloride 
Cure cycle Ai- Press cure 45 mins, at 160°C* then cure in a 

ventilated oven rising at 25°C per hour from 

125°C to 205°C, plus 20 hours at 205°C. 

Cure cycle Bi- Press cure 45 mins, at 160°C, then cure 20 

hours in a ventilated oven at 205°C. 
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TABLE 10 

Effect of concentration of aonofunotionel quaternary anmonlum ealta on 

mechanical propertiee of Viten A vuloaniwtea 

Formulae Compound Reference 

Viton A 

KT oarbon black 

UgO 

BSAC ) . . 
0,0 5 premixed 

BMAC ) . . 
G.0 ) 

BEAC 2 

100 

20 

15 

1 
1 

BEAC 3 

100 

20 

15 

1.5 
1.5 

BEAC 4 

100 

20 

15 

2 
2 

BEAC 5 

100 

20 

15 

2.5 
2.5 

BMAC 2 

100 

20 

15 

1 
1 

BMAC 3 

100 

20 

15 

1.5 
1.5 

BMAC 4 

100 

20 

15 

2 
2 

BMAC 5 

100 

20 

15 

2.5 
2.5 

Cure 43 mine, prese oure at 163°C» followed by oven 

eure rising at 25°C per hour from 123°C to 205°C, plus 

24 hours at 203°C 

Ultimate tensile 
strength (pel) 

Ditto (H/m2) (3Q05) 

lOOJt modulus (pel) 

Ditto (i/m2) (HO5) 

Elongation at 
break (%) 

1730 

119.1 

845 

58.2 

173 

1750 

120.5 

1430 

98.5 

116 

2450 

168.9 

2170 

149.5 

108 

2000 

137.7 

83 

2175 

149.9 

740 

51.0 

206 

2490 

171.5 

850 

58.6 

180 

2620 

I8O.4 

1350 

93.0 

180 

2000 

137.7 

2000 

137.7 

100 

BSAC ■ benajl triethyl ammonium chloride 

■ benayl trimethyl ammonium chloride 
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mpii 
of oonoontntion of vuloaniaiag agont upon tho manha ni oal 

proportiaa of Viton A vulcanizad with l»4-phanylana dimethylene 

Ma (triathylammonium chloride) 

Formulae Compound Reference 

Viton A 

UT Carbon black 

HgO 

D3 

100 

20 

15 

PDSAC 2 

100 

20 

15 

PSEAC 4 

100 

20 

15 

PSBAC 

100 

20 

15 
D 

PDTfiiC ) 
CaO ) 

3 

premixed 1 
1 

2 
2 

3 
3 

PDSAC 8 

100 

20 

15 

4 
4 

Prese cure 45 nine, at 165°C, followed 
by oven cure riaing at 25°C per hour, from 

125° to 205°C| plus 24 hours at 205°C 

Ultimate tensile 
strength (pai) 

Ditto (N/n^KxiO5) 

100* modulus (pai) 

Ditto (N/n^KnO5) 

Elongation at break 

Hardness 

2320 2375 2300 1880 1870 

(SÍ) 

159.9 

800 

55.1 

190 

75 

163.7 

460 

31.7 

335 

62 

159.0 

1090 

75.1 

180 

65 

129.5 

1660 

II4.2 

130 

70 

128.8 

110 

Weight loss during 
cure (*) 1.9 1.1 

Shrinkage during press 
ours (*) 

Shrinkage during oven 
aura (*) 

Compression set (¢) 
24 hours at 160oC 

24 hours at 250°C 

2.5 2.2 

1.7 1.3 

20.3 

97 

9 

45 

D . dioinnamylidene hexamethylene diamine 
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TABL3 12 

Compression set data on Viton A vulcanized with quaternary ammonium salts 

Formulae Compound Reference 

Viton A 

ITT Carbon blade 

D 

PDTEAC 

PDTBAC 

POIAC 

BTLiAC 

BT3AC 

D3 

100 

20 

15 

3 

PDEAC 4 

100 

20 

15 

PDRAC 4 

100 

20 

15 

PRLAC 6 

100 

20 

15 

BUAC 6 

100 

20 

15 

BEAC 6 

100 

20 

15 

Press cure 45 mins, at 165°C, followed by 
oven eure rising from 125°C to 205°C at 25°C 

per hour» plus 24 hours at 205°C 

Compression set 

at 160°C (£) 

Compression set 

at 2500C (50 

20 

100 

9.6 

45 

14.1 

37 

18.3 

93.2 

18 

100 

23 

100 

N.B. The quaternary ammonium salts were premized with a equal 
amount of oaloium oxide. The quantities shown in the table 

represent the weight of quaternary ammonium salt alone. 

2 

PDTBAC 

PDTPAC 

PDùiLAC 

BTLIAC 

BTEAC 

dicinnanylidene hezamethylene diamine 

1»4-phenylene dimethylene bis (triethyl anmonium chloride) 

l»4-phenylene dimethyls’’ bis (tributyl ammonium chloride) 

1,4-phenylene dimethylen« bis (dimethyl lauryl ammonium 

chloride) 

benzyl trlmethyl ammonium chloride 

benzyl triethyl ammonium chloride 
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T.'J'K] 13 

Effect of rost-stovinr: on ncchr.nical proDorties 

of Ylton A vulcanizod v/ith 1.4-r)honylono/dlEiothylone 

bis(trlethvl nrimoniun chloride). (Compni-e Table 11 ) 

Poinulae 
Compound Reference 

D3 PDEAC2 PDSAC4 

Viton A 

MT carbon black 

tlßO 
D 

PDT3AC) . , 
premixed 

CaC ) 

100 

20 

15 
3 

100 

20 

15 

1 

1 

100 

20 

15 

2 

2 

Cure 

Press cure 45 mins, at 165°C. 

Oven cure rising at 25°C per lir. from 

125°C to 205°C. 24 hours at 205°C. 

24 hours at 250°C. 

Ultimate tensile 
strength (p.o.i.) 

Ditto (llAl2) 
(XIo5) 

IOC' Llodulus 
(p.s.i.) 

Ditto (i:A.!2) 

(X105) 

Elongation at 
bréale (^) 

Compression set 

24 hrs. at l60°C 

72 hrs. at 160°C 

500 hrs.at 160°C 

2360 

162.5 

1290 

89.O 

150 

7.5 

20 

50 

2300 

I5O.4 

560 

38.6 

280 

3.6 

14 

42 

D = dicinnnmylidone ]ie:ca:.iOt]iylene dianine 

FDTUAC = 1,4-Flionylonc diriotliylcne bis(tricthyl orunonium chloride) 
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TABLE 14 

Effect of aneinr at 250°C on the solubility 

In acetone of Yiton A vulcanizates 

Formulât Viten A 100 

MT carbonblack 20 

MgO 15 

Vulcanizing See table 
agent:- 

Cure: Press cure 45 mins, at 165°C. 

Oven cure rising from 125c-C to 205°C 

at 25°C per hour. 24 hrs, at 205°C. 

Days heating 

at 250°C 

1 

2 

3 

4 
5 

10 

15 
18 

20 

23 

25 

# Soluble in acetone at 23-25°C 

D (#) 

6.7 
7.2 
7.6 
7.8 
8 

8.2 

9 
9.5 

10 

10.5 

10.8 

Vulcanizing agent 
PDTEAC (3¾ 

6.7 
7.6 
7.8 
8 

8.2 

8.2 

8 

7 
7 
6.5 
6 

PDTEAC (¢:) 

3.6 

5 
6.3 
6.8 

7.2 

7.3 
7.5 
7 
7 
6.2 

6.2 

D - dicinnamylidene hexamethylene diamine 

PDTEAC ■ 1 ;4-phenylene dimethylene bis(triethyl ammonium chloride) 

The quaternary ammonium salt was premixed with an equal weight of 

calcium oxide. 
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TABL3 15 

Variation in hardness during aceing at 250°C of vulcanizateo prepared 

with 1,4-PKnAC at different concentrations 

Fomxla Viton A 100 

UP Carbon blade 20 

llcO 15 

Vulcanizing agent:- see table 

Cure Press cure 45 mins, at 1650C 

Oven cure rising at 25°C por hour from 

125°C to 205°C 

Oven euro 20 hours at 205°C 

I.H CROHARDNJSS BS903 PART A20:1959 

Humber of hours 
agod 

D Concent! rations oJ : FDTEAC 
#/ 

20 at 205OC 
(nil ageing) 

24 at 250°C 

48 Ditto 

72 " 

96 M 

120 " 

168 " 

I92 " 

216 " 

240 '' 

264 " 

336 

360 »' 

384 

408 " 

432 

528 » 

552 

;?6 

600 " 

75 

76 

74 

73 

72 

74 

79 

78 

77 

78 

81 

86 

89 

93 

91 

90 

93 

91 

92 

95 

65 

62 

61 

59 
62 

65 

62 

65 

66 

66 

65 

75 

83 

80 

82 

86 

86 

84 

82 

91 

67 

65 
65 

67 

67 

69 

69 

74 
80 

78 

78 

76 

81 

90 

95 

92 

96 

99 

95 

99 

63 

62 

63 

60 

67 

63 

66 

68 

65 

65 

69 

80 

83 

87 

88 

86 

92 

90 

91 

96 

D = dicinnamylideno hox/irnothylene dirmine 
PDTRAC «= 1,4-phenylono dixtothylone bio (triothyl ammonium 

chloride ; 

The quaternary ai.u.ioniun salt was jjemixed with n equal 
v/oifjit of ealeixm oxido. 
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TABLE 16 

Effect of acoins at 250°C in air on the Mechanical proportios of Viton A 

vulcanizatos 

Formulae Compound Reference 

Viton A 

172 carbon 
black 

UgO 

D 

FLTK\C) 

CaO )pra"ix 

D 3 PDEAC 2 

100 

20 

15 

3 

100 

20 

15 

1 

1 

Cure Press cure:- 45 mins. 

at 165°C 

Oven cure :- Rise to 205°C 

at 25° per hr. 

24 hrs. at 205°C 

Hours 
acsing 
at 

250°C 

Tensile strength IOO5' Modulus 
Elongation at 
break (£) 

_D3_ PDEAC2 _53_ PDEAC2 D3 PDEAC2 

psi N/m^ 
(X 105) 

psi N/m2 
(X 105) 

psi N/m2 _ 
(X 105) 

psi N/m2 
(X io5) 

0 
15 
24 

210 

2320 
2610 
2510 
1950 

160 
180 

173 

135 

2430 
25OO 
25OO 
I94O 

168 
173 
173 

134 

850 
1440 
1290 
1910 

59 
99 
09 
132 

420 
65O 
560 

1190 

29 
45 
39 
82 

200 
180 
150 
110 

330 
23O 
280 

150 

D - dicinnamylidene hexaino thy lone diamine 

PDTEAC - 1,4-phonylene dimethylene bis 

(triethyl annonium chloride) 



TABLE 17 

Long-tern compression set data on Viton A vulcaniz.u with 

1,4-phenylene dimethylene bis(triethyl ammonium chloride) 

Foa¡ul& 

Cure 

Viton A 100 

MT Carbon black 20 

MgO 15 

> premixed 2 
CaO ) 2 

A. Press cure 45 mins, at 165°C 

Oven cure rising at 25°C per hr. from 

125°C to 205°C 

Oven cure 20 hours at 205°Cf followed 

by 24 hrs. at 250t>C. 

B. Press cure 45 mins, at 165°C 

Oven cure rising at 25°C per hr. from 

1250c to 2050c 

Oven cure 4 hrs. at 205°C, followed 

by 24 hrs. at 250°C. 

C. Press cure 45 mins, at 165°C 

Oven cuire rising at 25°C per hr. from 

125°C to 205°C 

Oven cure 4 hrs. at 205°C. 

Bays under com¬ 
pression at in¬ 
dicated temper¬ 

ature A 

Coo 
I6OOC 

B 

upressio 

C 

a set (fo) 

A 

250°C 

B C 

1 

2 

3 

5 

Õ 

15 

20 

3.2 

7.9 

14.2 

20.2 

3C.2 

38.7 

41.9 

9.7 

H.? 

16.2 

29.8 

49.7 

42 67 

92.6 

57 

62 

83 

100 

- 49 - 

ifi. ÆM 



TABLE 18 

Swelling. Solubility and compression set data on 

Viton A vulcanized with hydroquinone/NaOEt or 

4.4t-dihvAroxvmethvl diphenyl oxideAfaOEt. 

Formulae Compound Reference 

Viton A 

IJT carbon- 
black 

MßO 

Hydroquinone 

4i4'-dihyd¬ 
roxymethyl 
diphenyl cocñe 
NaOEt 

HI 

100 

20 

15 

1.25 

H2 

100 

20 

15 

7.55 

H3 

100 

20 

15 

11 

6.8 

DH01 

100 

20 

15 

4 

1.92 

DH02 

100 

20 

15 

7 

3.72 

DH03 

100 

20 

15 

10 

4.72 

Cure 
Prese cures- 30 mins, at 150°C. 

Oven cure:- Step-cure to 200oC, then 17 
hrs. at 200°C 

Swelling 
ratio 1.4 3.01 2.5 1.9 2.3 

Solubility 
in acetone 
at 25<>C(£) 

Compression 
set (^) 

At 160°C 

At 250°C 

ïïeiÿit loss 
over $ hrs. 
in air at 
330°CM 

15.6 21.4 

39 39 

96 96 

15.2 

36.9 

30 

80 

24.6 23.8 

30 

96 

12.4 
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TAlia 19 

Swelling and adlubility data on Viton A ruloanised with V.A'-diatide 

diphenyl or 4,4'-diphenyl bit (diasoniua fluo robo rate) 

A2 a 4» 4 '-diatidodiphenyl 

DDF a 4»4'-diphenyl bia (diaeoniua fluoroborate) 
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TAlIl 20 

a,MlMnf vri tilllM31ty <uta on vitan i 

with pyrotIXltto ilialde dlpoUaiiu» «alt or with 

dlhvdrophiaaiina 

Foraulaa Compound rtf arenca 

Viton 1 

MT carbon black 

M«0 

PD 

DHP 

NaOBt 

AZW 

PD1 DHP1 DHP2 

100 

20 

15 

5 

«• 

mm 

_1 

100 

20 

15 

12 

9.4 

' 

100 

20 

15 

12 

5 

Cura Tlraas curat- 30 aliia. at 13 

Oran curat- Bisa fron 125° 

17 bra. at 200 

0°C. 

C to 200°C. 

°C. 

Smiling ratio 

Solubilitj in 

acetone at 

25¾. 00 

1.6 

15*2 

1.5 

11.1 

4.1 

37.5 

PD ■ dlpoUstiua salt of pyroBillitic dUmld* 

DHP « dihydrophanaiine 

A2DW s aco bia (iaobutyxxmUrlla). 
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