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NR LATEX APPLICATIONS AND DEVELOPMENTS 
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O n e result o f the rapid advances in po lymer technology in recent years is that the 
n u m b e r o f compet i t ive materials which the manufac turer can use instead o f N R latex, 
i f he wishes, is cont inual ly increasing. D e p e n d i n g on the appl icat ion, compet i t ive 
materials can be styrene-butadiene laticcs o f var ious types, nitrile o r neoprcne latex, 
po lyacry la te emuls ions, urcthanc po lymers, synthetically produced poly isoprene 
latices and several others. T h e biggest compet i tors to N R latex over the last decade 
have been S B R type laticcs. T a b l e I shows the consumpt ion o f these latices and N R 
latex in the U S A , the U n i t e d K i n g d o m , and wor ld -w ide since 1958. 

TABLE 1 

CONSUMPTION OF NR AND SBR TYPE LATICES 

(IN THOUSANDS OF METRIC TONS, DRY RUBBER WEIGHT) 

USA UK J World 

NR SBR NR SBR NR 

1958 71 61 30 177 

1960 51 88 26 7 170 

1962 43 103 23 8 172 

1964 49 112 26 13 186 

1966 49 122 27 28 205 

1968 59 137 29 36 237 

1969 * 52 134 26 43 236 

X Including neoprcne and nitrile types 

* Estimated. 

I n the U S A , the d r o p in N R consumpt ion and the increase in S B R usage between 
1958 and 1962 was largely due to the advent o f high solids S B R latices o f app rox ima te ­
ly 6 0 % total solids which could part ly replace N R latex in some o f its ma jor appl ica­
t ions, such as latex f o a m . A similar exp lanat ion accounts for the increase in S B R 
latex consumpt ion in the U K dur ing the per iod 1 9 6 4 — 1969. 

Since 1962 the consumpt ion o f N R latex in the U S A has increased on ly slightly 
and the rate o f increase in S B R latex usage has slowed d o w n due main ly to compe­
t i t ion f r o m other synthetics such as the polyurethanes. T h e figures for wor ld con­
sumpt ion o f N R latex are more encouraging and show a 37 % increase over the seven 
years since 1962. 
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I n the compet i t ion between N R and synthetics, technical advances play a highly 
impor tan t role and the remainder o f this paper is concerned wi th some o f the advances 
in the N R latex field. 

High DRC latices 

T h e p roduc t ion o f N R centr i fuged concentrates w i th a substantial ly higher D R C 
t h a n 6 0 % has been carried ou t in L i be r i a fo r a few years n o w , a n d at the R u b b e r 
P lanters ' Conference in M a l a y s i a in 1969 G o r t o n & Pi l lai (1969) presented some o f 
the w o r k o f the R u b b e r Research Inst i tute o f M a l a y a on this subject. 

T w o methods o f concentrat ion were described by G o r t o n & Pi l la i . I n the first, 
field latex was passed th rough the centr i fuge at a fast rate to give a concentrate o f 
just over 5 0 % D R C . T h i s part ial concentrate was then di luted w i th water and re-
centr i fuged w i th different centr i fuge settings to give a concentrate o f at least 6 6 % 
D R C . I n the second m e t h o d the field latex was creamed wi th a m m o n i u m alginate 
f o r 18 hours to give a concentrate o f 5 0 % D R C . T h i s was di luted wi th water a n d 
centr i fuged w i th suitable feed tube and sk im screw settings, wh ich again enabled a 
concentrate o f at least 6 6 % D R C to be obta ined. B o t h these methods , as they s tand, 
invo lve increased p roduc t ion costs but w o r k is being cont inued to m a k e them more 
economica l . O n e o f the m a i n advantages o f an ext ra h igh D R C concentrate in m a n y 
latex appl icat ions is the higher product iv i ty , wh ich shou ld be obta inable as a result 
o f a reduct ion in the t ime required to d ry the p roduc t . Shor te r vu lcan izat ion times 
m igh t also be possible in m a n y cases fo r the reason that vu lcan iza t ion cannot , in 
effect, be carried ou t at higher temperatures than 1 0 0 ° C , whi le the product is still 
wet . T h i s effect o f faster processing and higher product iv i ty is emphas ized because 
o f its potent ia l impor tance in more than off-setting small increases in raw mater ia l 
costs. 

A well k n o w n feature o f natura l latex is its w ide versati l i ty, but there are five 
ma jo r outlets wh ich , between them, account fo r rough ly 9 0 % o f all natura l latex 
used. These five outlets are in the adhesives industry , the carpet back ing indust ry 
and in the p roduc t ion o f d ipped goods , latex thread a n d mou lded f o a m . 

Moulded foam 

U n t i l recently the latex m o u l d e d f o a m industry was b y far the largest user o f 
natura l latex. I t is still a b ig user, wor ld -w ide , bu t in m a n y o f the highly industr ial ized 
countries there has been increasing compet i t ion f r o m S B R and po lyure thane. T h e 
m a j o r markets fo r m o u l d e d latex f o a m are in the au tomob i le and furn i ture industries, 
as cushioning materials. I n practice, S B R is very c o m m o n l y used in blends w i th 
N R , and fo r price reasons there has been a tendency to use as m u c h S B R in the blend 
as possible. N o w one o f the characteristics o f latex f o a m is that the shr inkage o f the 
f o a m o n d ry ing depends on the p ropor t i on o f N R to S B R latex which is used. H i g h 
propor t ions o f N R give high shr inkage, high propor t ions o f S B R give appreciably 
lower shr inkage. T h e result is that f o a m manufacturers using compounds wi th a 
high S B R content m a y find it difficult to increase the p ropo r t i on o f N R in their c o m ­
pounds , when the price o f N R latex falls, w i thou t p roduc ing unacceptable changes 
in the dimensions o f the finished article. H o w e v e r , it has very recently been shown 
at the R R I o f M a l a y a that the shr inkage o f f o a m conta in ing high propor t ions o f N R 
can be appreciably reduced so as to br ing it much closer to S B R in this respect ( G o r t o n , 
1969). O n e o f the most effective ways o f do ing this is to use a N R latex o f extra 
h igh D R C o f the type referred to above . 
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Dipped goods and thread 

B o t h latex thread and most d ipped goods must have , as a pr ime requirement, 
h igh extensibi l i ty comb ined w i th h igh tensile strength and elastic recovery. These 
are some o f the propert ies in wh ich natural latex excels, wh ich accounts fo r its in­
creasing usage in these fields. A l s o impor tan t is the fact that in recent years improved 
fo rmu la t ions based on N R latex have been developed. F o r example , it has been 
s h o w n that the stabi l iz ing agent, potass ium capry late, is very effective in increasing the 
stabil i ty o f latex thread c o m p o u n d s and d ipp ing c o m p o u n d s , thereby reducing var ia­
bi l i ty in processing behav iour . A n o t h e r deve lopment makes use o f th iourea to 
accelerate the rate o f vu lcan iza t ion o f latex compounds by organic disulphides such 
as T M T D . I t has been k n o w n fo r a long t ime that T M T D vulcanizates show excel­
lent heat-ageing resistance bu t in order to m a k e practical use o f this fact in d ipp ing 
o r o ther latex processes it was necessary to find some means o f speeding up the rate 
o f vu lcan iza t ion by T M T D at temperatures in the region o f 100° C . Ph i lpo t t (1969) 
at N R P R A showed that this cou ld be done by the add i t ion o f smal l amoun ts o f 
th iourea to the latex c o m p o u n d . T h i s deve lopment is part icular ly relevant o f course 
in cases where very g o o d heat-ageing resistance is required as fo r example , in the 
p roduc t i on o f steril izable surgeon's gloves. 

Adhesives applications 

I n this field latex compounds are of ten in compet i t ion w i th solvent-based adhe­
sives o f var ious types. Genera l l y speaking, latex compounds tend to be used fo r 
bond ing materials such a textiles, leather and fibres whose surfaces are readily wet ted 
b y latex adhesives. W i t h i n this area N R meets wi th strong compet i t ion f r o m S B R , 
carboxy la ted S B R , po lyv iny l acetate, polyacrylates and neoprene. Somet imes N R 
latex adhesives are c o m p o u n d e d so as to be vulcanizable but very often they are n o t ; 
this simplifies b o t h c o m p o u n d i n g and processing, and fo r some appl icat ions one 
does no t require the higher strength and resilience in the b o n d which vu lcan iza t ion 
w o u l d give. T h e propert ies required o f a latex adhesive depend to a large extent on 
the appl icat ion, but there are some propert ies which are almost invar iably required 
and one o f these is adequate resistance to ageing. T h e w o r k done in recent years 
o n the ageing o f unvu lcan ized latex rubber is therefore part icular ly relevant and F i g . 1 
illustrates some o f the results obta ined by Ph i lpo t t (1969) . 

F i g . 1 shows that a convent iona l an t iox idant such as d inony ld ipheny lamine 
( D N D P ) , does not give m u c h protect ion against heat-ageing, but that a comb ina t i on 
o f th iourea wi th the ant iox idant gives very g o o d protect ion. L i kew ise , a 
comb ina t i on o f the ant iox idant wi th ethylene d iamine tetra-acetic acid ( E D T A ) a n d 
d i a m m o n i u m hydrogen phosphate gives g o o d protect ion. L a t e r w o r k has s h o w n 
that a m ix tu re o f th iourea wi th the ant iox idant phenylcyc lohexyl -p-phenylene d iamine 
is par t icular ly effective. These findings are n o w being put to practical use in a n u m b e r 
o f latex adhesive c o m p o u n d s . 

A n o t h e r latex appl icat ion which is essentially an adhesives appl icat ion is the 
p roduc t i on o f rubber ized hair as an alternat ive cushioning mater ia l to f o a m . I n 
this process, loosely or ientated hog hair o r coir fibres are sprayed wi th a vu lcan izab le 
latex c o m p o u n d a n d then dr ied and cured. In the finished p roduc t , h igh resilience 
a n d fat igue resistance are very impor tan t and fo r these reasons natura l latex c o m ­
pounds are ma in l y used. A substantial quant i t y o f rubber ized hair is produced fo r 
the upholster ing o f cars. 
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Fig. 1. Partially purified NR latex films—effect of additives on the rate of degradation 
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Fig. 2. Diagrammatic representation of a latex backed tufted carpet 
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Carpel backings 

O f the five m a j o r appl icat ions referred to previously, backings for tufted carpets 
is one o f the mos t impor tan t , and one which is g row ing mos t rapid ly. I t is also an 
appl icat ion in which compet i t ion f rom synthetics is very severe. T h e basic reason 
f o r this is par t ly the price factor and par t ly the fact that carpet back ing c o m p o u n d s 
d o no t need to have except ional ly g o o d elastomeric propert ies in order to meet the 
specifications required by the carpet industry. T h i s is s h o w n by the high levels o f 
cheap fillers (90 % to abou t 400 % on the weight o f rubber) which are norma l l y included 
in carpet back ing c o m p o u n d s . T h e g row th o f the tufted carpet industry is a pheno ­
m e n o n o f the last 15 years and in A m e r i c a today it is est imated that abou t 9 0 % o f all 
carpets made are o f the tuf ted type. In a tufted carpet the pile ya rn is s imply threaded 
th rough the holes in a length o f hessian o r po lypropy lene and some type o f latex 
back ing is then appl ied so as to b o n d the pile yarn to the hessian. T h e back ing also 
gives d imensional stabilt iy and the necessary degree o f stiffness to the carpet. A 
d iagrammat ic representation o f a tufted carpet is shown in F i g . 2 . 

T h e simplest type o f backing put on carpets o f this type is one in which a highly 
loaded latex c o m p o u n d is spread on to the back o f the carpet and then dr ied, and i f 
necessary vu lcan ized. T h e most popu la r type o f latex fo r these " p r i m a r y " 
backings is carboxy la tcd S B R . Its ma in merits are that it is very simple to c o m p o u n d 
— all that is required is the addi t ion o f a filler such as wh i t ing and a thickener to the 
latex — and secondly, that it can be processed rap id l y ; in part icular it requires no 
vu lcan iza t ion . A t N R P R A compounds w i th similar merits based on N R have 
been developed, and carpet manufacturers ' reports on them have been very encourag­
ing. 

H o w e v e r , there has been an increasing demand dur ing the last few years for higher 
qual i ty backings, and these demands have been met by latex f o a m backings which 
give a m u c h more luxur ious " feel " to the carpet. T h e t w o mos t impor tan t types 
o f f o a m back ing are the high density fiat f o a m backings (no surface pat tern) wh ich 
are part icular ly popu la r in A m e r i c a and the embossed f o a m backings which are 
popu la r in E u r o p e . 

T o produce embossed f o a m backings, N R latex o r a blend conta in ing a high 
p ropor t i on o f N R is usually emp loyed . T h e m a i n reason is that the wet f o a m mus t 
have very g o o d gel strength in order to get a sharply defined embossing pat tern on 
the surface, and N R latex is outs tandingly g o o d in respect o f wet gel strength. H o w ­
ever, to produce g o o d flat f o a m backings high wet gel strength is no t so impor tan t 
and most backings o f this type are made f rom S B R latex o r blends o f S B R wi th N R . 
Deve lopmen ts are tak ing place rapidly over the carpet back ing field as a who le , bu t 
the ones discussed below are part icular ly relevant to N R foam backings. 

T h e first concerns speed o f processing wh ich , qui te apar t f r o m raw materials 
costs, is an impor tan t overal l costs factor. O n e o f the relatively s low steps in f o a m 
back ing, as in m a n y other latex processes, is the vu lcan izat ion process, and new ways 
o f speeding up the su lphur vu lcan izat ion o f latex c o m p o u n d s have been studied at 
N R P R A . It has been shown that a simple w a y o f do ing this is to pre-trcat the sul­
phu r dispersion wi th a cheap water-soluble amine such as d ie thanolamine ( C o c k b a i n , 
et al., 1970) . A n il lustration o f this effect in the case o f a latex film is shown in 
F i g . 3 in which increase in modu lus is taken as a measure o f rate o f cure. Essent ial ly 
the same results are obta ined i f the swelling index o f the vu lcanizate in benzene is 
taken as a measure o f rate o f cure. 

A similar effect is obta ined wi th f oam c o m p o u n d s , and this has been conf i rmed 
by carpet manufacturers in product ion runs o f foam-backed carpets. 
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Fig. 3. Effect of diethanolamine on rate of sulphur cure of NR latex film 
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A second deve lopment is the recent in t roduc t ion o f the so-called non-gel f o a m 
backings. I n convent iona l f o a m backings the f o a m structure is " s e t " b y gelling it, 
either w i t h S S F o r heat-sensit ive z i n c a m m o n i u m salts. T h e back ing can then be 
dr ied a n d vu lcan ized w i t h o u t any significant b r e a k d o w n o f the f o a m structure. H o w ­
ever, means have n o w been f o u n d o f m a k i n g the f o a m e d latex c o m p o u n d so stable 
(as a f o a m ) that it can be dr ied a n d vulcanized w i thou t hav ing to gel the f o a m first, 
p rov ided the r ight types a n d the r ight amoun ts o f f o a m stabil izers are used. 

T h e m a i n at t ract ion o f this deve lopment is tha t the processing is s impler ; n o 
careful ly contro l led a m o u n t o f gell ing agent has t o be added and there is n o danger 
o f p remature th ickening o r destabi l izat ion o f the f oamed c o m p o u n d . F o r m u l a t i o n s 
are avai lable f r o m N R P R A f o r non-gel f o a m backings based o n N R latex. 

A th i rd deve lopment is the in t roduct ion o f f lame-resistant carpet backings. 
T h i s has assumed impor tance because o f the steadily increasing emphasis wh ich has 
been pu t o n safety in the h o m e i n A m e r i c a , E u r o p e a n d elsewhere. Indeed, the D e ­
par tment o f C o m m e r c e in the U S A has issued a m a n d a t o r y flame-resistance specifi­
ca t ion wh ich al l carpets i n the U S A wi l l n o w have t o meet, a n d similar specifications 
(even i f no t m a n d a t o r y ) m a y be expected before long in some o f the E u r o p e a n coun ­
tries. F o r t u n a t e l y , the exist ing specif ication can be met w i t hou t u n d u e diff iculty 
so far as the latex f o a m back ing is concerned. I n the case o f natural latex one o f the 
simplest solut ions is t o a d d a flame-retarding agent t o the latex c o m p o u n d , together 
w i th a suitable a m o u n t o f a n t i m o n y t r iox ide o r hyd ra ted a lum in ium ox ide. N R P R A 
has recently publ ished a fo rmu la t i on ( H a n n a m , 1 9 7 0 ) based o n the use o f p e n t a b r o -
moto luene a n d hydra ted a lumina as addit ives wh ich readi ly passes the A m e r i c a n 
Same-resistance specification. 
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