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Determination of Natural Rubber in GR-S- Natural 
-Rubber Vulcanizates by Infrared Spectroscopy 

Max Tryon/ Emanuel Horowitz/ and John Mandel 

;\ rap id method for t he estimation of natural r ubber in vulcanizates of GR-S and 
nat ura l rubber by means of infra red spectrosco py is reported . Sampl es were carefully pre
pared to co ntal!1 known amou nts of .natural and GR-S rubber; the samples \I'ere v ulcan ized, 
extracted wL t h acetone, and dn ed III a vacuum oven. Specim ens from eac h sam ple were 
pyr olyzed in a combust ion furn ace at 5500 C. and the liquid pyrolyzates were analyzed by 
mfra red absorptLOn spectroscop y . An empLL"lcal relationship was developed in which thc 
band in te nsit ies at 11.02 and 11.25 mi crons were r elated to natural rubber content . The 
exp erimental error of .the method is characterized by a standard deviation of a s ingle d eter
mln atLO n of 0 .023, \I'hlCh represents a pprox imately 3-percent natural rubber. 

1. Introduction 

Rubber ch emis ts h ave long b een aware of th e 
limi tations of curren t methods for th e quantitative 
determination of rubber content of v lllcanizates. 
For na tural rubb er , th e direct, m ethod of analys is 
[1] 1 involves digestion of th e sample with chromic 
a,cid, dis tillation of th e acetic aeid formed durincr 

oxidation, and titration of the dis tillate with stand~ 
ardized sodium hydroxid e. This m ethod r equires 
considerable time and a large correction factor. In 
addi tion, unreliable res ul ts are often obtained for 
mix t ures of natural and synthetic rubb er. In th e 
indirect method [2], all the constituents other than 
rubber hydrocarbon ar e d etermined, and th e rubber 
contenL is calculated by differ ence, The procedures 
in this mdhod are long and Ledious, and th e valu e 
ob tained for rubber content reflects th e cllmlllatin' 
error imTolved in th e separate a nalyses for lllO non
rubber cons tiLuents. Synthel ic rubber wheLher 
alone or mixed with na l m al rubber , is ~ot differ
entiated as such, but is merrl)T determin ed as rubber 
hydrocarbon . 

Burchfield [;3J r eport ed a qllalitativ(' nWlhod 0 [' 
analysis for naLural ancl synth et iC' J'ubb el' ill whi ch 
the l'ubbpl' YldcanizaLc is p,vrolyzed, ancl Lhe vo lat ile 
proclucLs arc collected in ,til indicaLing sol ulion. T ht' 
polymer Lype is then identifi ed by Lh e change ill 
color of Lhe solution . A sup erior Inelh od for t he 
idenlifi.caL ion of nat ural and synLIH'Lic rubber was 
r eported by Harms [4], in which the l'ubbCl' is 
pyrolyzecl in a test tub e wiLh a B unscn burn e1' ancI 
a portion of the decomposiLion prociu cLs is a nalY:6ed 
by infrared spec troscopy. Bentley and R appapor t [5] 
applied a modifi ca tion of Harms' method to th e semi
quantitiLtive d etermina tion of nitrile rubbel' (BUlla 
N) in mixtures with a phenolic r esin. 

Th e work described in this paper was under taken in 
order to develop a rapid and r eliable m ethod for the 
quantitative estimation of natural and synthetic 
rubber in vulcanized r ubb er compounds. ' I t was 
found in this work that most of th e spectral absorp
tion bands of pyrolysis products obtained from 

I Figures in brackets indicate the literatur'c references at the end of this paper , 
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vl~lcaniz ed samples of na t ural rubber, GR- S 2, and 
mIxtU!'CS of the e two polymers, are r eproducible 
bo th III th e wavelength of p eak absorption and in 
r ela tive intcnsi ty, H ence, th e pyrolyza te lends itself 
to qu a ntitative analysis for th e original polymer . 

]n agreemenL with Harms [4], it was obser ved , 
early in this work, that the pyrolysis products of 
natural rubb er showed a sLrong, d istincL absorp tion 
band at 11.25 J.L,while th e products from GR- S 
showed a similar strong absorption band at 11.02 J.L. 
The r elative intensities of th ese two bands varied as 
Lhe relative concen trations of th e two rubb ers were 
varied , in mixtures of the two materials. As Lhese 
two bands are ch aracteristic of th e two polymers in 
(~u estion , an~l arc adjaeen t to on e anoth er , allowing 
Simple base hn e corrections and r a tio m easurem ents, 
the poss ibility of using th e r elaLive inLensiLies of th ese 
banns as a m easure of th e na tul'all'ubher co nten t was 
invesLigated . :;\Jo atLemp t was m ade in Lhis work to 
define the s tru ctures r esponsible for lh ese bands . 
It was noted, however, that the band at 1l.02 J.L is 
a lso found in polybutadi en e pyrolysis produ cLs . In 
qualitative analysis 1'01' OR- ti, bands oth er th an th e 
11.02 J.L band arc n ecessary to dis tinguis h the m aterial 
from polybutadiene. Th ese bands in GR- S as 
noted b,v Harms, nt'£' Jo und nl G.22, 6.66, and 14,34 fl' 

2. Method 

Six samples of na tural rubber, GR- S, a nd mixLlll'es 
of ~hese ~wo P?lymers were prepared , accord ing to t.he 
reCIpe gIVen I II table ] , using 100, 80, 60, 4.0 , 20, 
~llcL 0 percent of naturalruhbet'. They were vulcan
Ized at. 140° C for one hr. Th e indiviclual samples 
were then separately millecl and extracted with 
acetone for 24 hI' to remove soluble nonrubber con
stituents that migh t complicate th e infrared spectra. 
The rubber samples were dried in a vacuum oven at 
50° C for 2 h r to r emove the solvent, and the samples 
wer e s tored in an airtight container . The milling, 

2 G R-S is a synthetic rubber made by copolymeri zing butadiene and styrene in 
the approxI mate proportIOn of 77 to 23 percen t by weight, respecti vely, The 
G R- S sample used ill this work contained 22.9 percent bound styrene. It is 
cstim atc~l , from .work wi th similar mixtures of natw'al rubber and polybutadienc, 
that van atlODs 111 the 5tyrene content of GR- S of as much as I-percent bound 
styrene 111 the polym er WIll not affect the ealcnla ted natural rubber content in a 
mixture by more than ± O.3,percent natural rubber. 

I 
; 

-------' 



TABLE 1. Vulcanization recipe 

Parts by 
weight 

Total polymer _ __ _____ _ ___ _ _ __ ___ ___ _ _ _ __ _ _ ___ ___ _____ ___ ____ 100 
NBS standard channel black _ _ _ _ _____ _ _____________________ _ 40 
Zinc oxide _ _ _ _ __ __ _ _ __ ___ _ __ __ _ _ _ _ __ _ _ _ ___ __ __ ___ ___ __ ___ __ _ _ 5 
Sulfur _____ ___ _ _ _ _____ _ _ _ _ __ _ _ _________ _ _____ _ __ _ __ ____ ___ ____ 2.5 
Stearic acid_ _ ______ __ ___ __ _______ ___ __ _ __ __ ___ ____ ____ _____ __ 2 
Altax (benzothiazyl disulfide) ______ _ __ _ ____ _ __ __ __ ____ _ ____ __ 1. 5 

Total compound __ ___ ________ __ _ __ _ _ ___ ___ ___ _____ _ ____ __ 151. 0 

extraction, and vacuum drying are necessary steps 
in both of the usual chemical procedures [1, 2]. 

Four 0.5-gram specimens of each of the six rubber 
samples were weighed in 16 X 150-mm tes t tubes. 
The order of test of the specimens was according to 
a statistical design, that is discussed below in greater 
detail. Each specimen was pyrolyzed in a modified 
combustion tube furnace, figure 1, that was main
tained at 550° C, and the liquid distillate was col
lected in a micro test tube_ In a preliminary 
study, the temperature was varied between 400° 
and 550° C, and only a small effect on the analytical 
results was noted_ 

A portion of the pyrolyzate was placed between 
two sodium chloride windows, using a lead spacer 
0.025 mm thiclc The infrared spectrum was ob
tained for each of the pyrolyzates in the 10.0 to 
] 2.0 /10 region, using a Perkin-Elmer, model 21 
recording spectrophotometer with sodium chloride 
optics. 

Typical spectra for the pyrolyzates, obtained 
from the six samples of vulcanized rubber, are shown 
in figure 2. The time required for the six separate 
pyrolyses and infrared analyses is of the order of 
one hr. 

An empirical relationship was developed for the 
quantitative estimation of percent natural rubber. 
Ratios of the transmittances at 1] .02 and 1] .25 J..L 

FIGURE 1. l'vlodijied combustion-train furnace for pyrolysis of 
polymers. 

A, Transite sheet; B, furnace from combustion train; C, stainless steel tube; 
D, steel plug with hole for thermocouple; E, thermocouple; F, heater leads; 
G, test tube; E , heater coils. 

wavelengths, corrected for background , were used to 
minimize variations in cell thickness from run to 
run. It was found that the logarithm of this ratio 
was very nearly a linear function of the concentra
tion of naturall'Ubber in the total polymer. This is 
demonstrated in figure 3. In order to avoid negative 
values, the ratios were multiplied by 10, prior Lo 
taking the common logarithm of the ratio. 
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FIG URE 2. I nfral'ed spectra of a series of pyrolysates obtained 
from vulcanized mixtures of GR- S and natttral j·ubber. 
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The data listed in table 4 for the 24 specimens 
furnish the basis for the calib ration curve shown in 
figure ~, relating logarithm R to percent natural 
rubber, where 

R = 10;1l ·02 
Tll . 25 

and T is the transmittance at the designated wave
length , corrected for background. 

3. Results and Discussion 

The type of design used in this inves tigation is 
gi ven in table 2 [6] . The six If'tters in the body of 
Lhe table can be identified as the six concentrations 
of natural rubber . By letting each row represent a 
complete run in whi.ch the six determina tions are 
mad e in a preassigned order, associated with the 
columns of the table, errors resulting from instru
men tal instability, or similar systema tic sources, can 
be compensated . To eliminate bias, randomizations 
were carried out, and the actual sequence of the de
terminations is shown in table 3. The results are 
tabulated in table 4, in terms of logarithms of R, as 
previously defined. 

A statistical analvsis of the data revealed no de
tectable trend of the instrument within each run , 
but a small amoun t of instability was ohserved from 
one run to another. This small additional variability 
does not affect the precision of th e resul ts, as each 
r un included a complete set of concentrations of 
natural ruhber. The standard deviation of log R, 
refl ecting the precisio n of a single random determi
nation , was found to be 0.023, which corresponos to 
about 3-pel'cent natural rubber . Thus, it can be 
stated \'{ith abou t 95 percen t co nfidence, that a 
single meaSllI'em ent will not bf' in el'l'01" by more 
than ± 6 percen t. 

T A BLE 2. ExpeTimentaL des'ign [61 

Col umns 

Rows 
1 2 3 4 5 6 

---------------------
I a b c d c f 
2 b a d c [ c 
3 c [ a b c d 
4 [ c b a d c 

T ABLE 3, OTder of analyses· 

Pcrcen t natural rubber 
I Run 

_ 2 -'_3 _ 
1 4 5 6 

1 60 100 80 40 20 0 
2 40 SO 100 60 0 20 
3 100 20 0 80 60 40 
4 80 0 20 100 40 60 

a '1' he numbers in the body o[ the table rcpresent the six concentrations of 
natural rubber, ex prcssed as percent. 
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T A RLTC 4. Experimental values for log 10 R· 

NaLw'al rubber- pcrcent 

20 40 60 80 100 
1----·------ -·---·1----1---·- ----

O. 727 O. 884 1. 073 
. 721 . 880 1. 050 
. 742 .885 1. 045 
, 746 . S90 1. 033 

1. 194 
1. 184 
1. 205 
1. 180 

1. 350 1. 442 
1. 291 1. 369 
1. 291 1. 458 
1. 323 1. 459 

1. 314 l .432 

a R = lOr'lIl.OZ; P =Ll'ansmiLtance at ind icated wavclcn gtll in microns, 
I I.2~ 

A calibration curve was obtained by plotting the 
average values, shown in table 4, corresponding to 
the various concentrat ions against the known con
centrations. The data are represented satisfactorily 
by the following quadratic equation 

Y = 0,730 + 0.0085 1 X - 0.000015 X 2 (1) 

where X is the concentration of natural rubber in 
percent by weight, and Y is the logarithm of R, 
defined earlier . This equation fits the data within 
the experimental error , 

If the sligh t curvature is neglected, the equation of 
the best straight line fitting the data is 

Y = 0.755+ 0.00692 X. (2) 

This fit is shown in figure 3. 
The use of the linear equation introduces an addi

tional error of a systematic type. This systematic 
error varies according to the natural rubber content. 
A veraged over the entire curve, it is of the order of 
± 4 percent natural rubber. Unlike experimental 
random errol' , the systematic error cannot be reduced 
through repeated measurements on an unknown 
sample. If, in the analysis of such a sample, a 
total uncertainty 3 not exceeding ± 6 percent natural 
rubber is required, triplicate determinations are 
necessary when the linear relationship is used, while 
single determinations suffice when the quadratic 
form is employed. A comparison of the two m ethods 
of fit is shown in table 5. 

T ABLTC 5. Comparison of calibration function s 

Y=!og R 

Natural 
rubber Observed Straight Quadratic 
concen· val ue a line fit fit 

tratioD X 

0 0.734 0.750 0.730 
20 ,885 . S91 .894 
40 1. 050 1. 031 1. 047 
60 1.191 1. 172 1. 187 

180 1. 314 1. 312 1. 316 
100 1. 432 1. 453 1. 432 

aA verage of foUl' determinations. 

3 Using a 95·perceot confidence interval. 



4. Conclusion 

The method utilizing the infrared spectra of py
rolysis products to determine natural rubber and 
GR- S content, respectively, in their vulcanized mix
ture, has been found to be more rapid than existing 
methods, without appreciable loss in precision. It 
is entirely possible that refinement of the pyrolysis 
procedure and the use of a sealed absorption cell in 
the analysis, might lead to greatly improved preci
sion of test. It should also be possible to develop 
a method in which the bound styrene content in the 
GR- S could be estimated at the same time by utiliz
ing the band at 14.3 jJ. for styrene. 

Acknowledgement is gratefully given to James 
Stewart of the Gas Chemistry Section, for his interest 

and assistance in obtaining the infrared dat.a for this 
work. 
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