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Synopsis 

Terpolymers from l,a-butadiene, styrene, and vinylpyridine are importmt as rubbers, 
and, in latex form, as componenka of rubber-to-fabric adhesives. Three monomer mix- 
tures having the approximate weight composition butadiene/styrene/2-methyl-5-vinyl- 
pyridine 70/15/15, 25/48/27, and 38.5/49/12.5 have been emulsion-polymerized a t  
3OoC., and the terpolymer composition as a function of the conversion has been studied. 
The six monomer reactivity ratios have been determined by binary copolymerizations 
a t  3OOC. and checked by low conversion bulk terpolymerizations. Average and in- 
stantaneous composition-conversion curves have been calculated, on the assumption of 
a constant reaction volume, by numerical integration of the terpolymerization equations 
on electronic computer. Details, of general applicability, for calculations are given. 
The experimental results of the emulsion terpolymerizations fit satisfactorily the calcu- 
lated curves over a wide range of conversions. 

INTRODUCTION 

Elastomers from butadiene, vinylpyridine, and in some cases styrene, in 
latex form, have found widespread application as rubber-to-fabric ad- 
hesives in tire manufacturing.1-6 These elastomers show better elastic and 
fatigue properties, lower heat build-up, and considerably higher abrasion 
resistance than the conventional SB-R  copolymer^.^-'^ 

In  the present work we study the composition of the terpolymer buta- 
diene/styrene/2-methyl-5-vinylpyridine as a function of the conversion for 
three monomer feed compositions. This was done also in order to follow 
the difference in composition of molecules formed at  various conversions, 
taking into account the possible negative influence of the molecular hetero- 
geneity on the final properties of the product. 

In particular, terpolymers prepared in emulsion at 3OOC. starting with 
three monomer charges with approximate butadiene/styrene/2-methyl-5- 
vinylpyridine compositions (by weight) of 70/15/15, 25/48/27, or 38.5/ 
49/12.5 were considered. 
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The average and instantaneous composition curves were calculated for 
each charge by integration on electronic digital computer of the Alfrey- 
Goldfinger equations13 that relate, through the reactivity ratios, the ter- 
polymer composition to the feed composition. The reactivity ratios at 
3OOC.  were determined by us for the different combinations of the three 
monomers in binary systems. 

The integral curves were compared with the experimental results of poly- 
mer composition at different conversions, which were obtained by analysis 
of the bound vinylpyridine by perchloric acid titration and of the bound 
styrene by a quantitative infrared technique. 

INTEGRATION OF THE ALFREY-GOLDFINGER EQUATIONS 

The theory of copolymerization of vinyl monomers developed by Alfrey 
and Goldfinger" and by Mayo and Lewis's waa subsequently extended to a 
three-component system by Alfrey and Goldfinge1-1~ and to n-component 
systems by Walling and Briggs. l6 

Some methods of approximating the integral of the differential terpoly- 
merization equations were proposed by Walling and Brimsi6 and by 
Skeistl' which allow the calculation of the composition-conversion curves. 

Experimental verifications for low conversion three-component systems 
were also reported.16~1s-u' However, data which show the variation of the 
composition of high conversion terpolymers as a function of the conversion 
were obtained only recently by Kahn and Horowitz.zl These data con- 
cern the vinyl acetate N-vinylpyrrolidone dioctyl fumarate system at  76OC. 
They fit satisfactorily the predicted average composition-convenion curves 
which were calculated through numerical integration by means of a digital 
computer.21 

We detail here the procedure of the numerical integration. The Alfrey 
and Goldfinger equations were put in the following form: 

Here rf3 (i # j ;  i, j = 1, 2, 3) are appropriate reactivity ratios; Mf = 
N t / V ,  where N f  (i = 1, 2, 3) are the numbers of moles of the monomers, 
and V is the volume of the system, considered homogeneous, and defined 
as follows: 

3 

1 
v = c* (WJPI) + (W/P> + (WJPS) (2) 

W f  and pf (i = 1,2 ,3)  being respectively the weights and densities of each 
monomer, W ,  Ws, p ,  pa respectively the weights and densities of the poly- 
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iner which is being formed and of the solvent. In order to simplify the 
theoretical development, terpolymerization processes conducted at  con- 
stant volume were studied. 

This condition can be experimentally approached by solution polymeri- 
zation. In  particular the hypothesis of a constant volume allowed us to 
substitute in the system (1) N ,  in place of M,. 

Let fl(M1, Mz, M3) and fz (MI, Me, M3)  be the right-hand sides of eqs. 
(1); then we have approximately: 

where the 6 are small finite increments. 

allow us to ascertain the corresponding variations 6M1, 6Mz. 
correctness of eqs. (1’) increases as 6M3 decreases. 

Given a feed composition Mol, Mm, M03 and an increment 6M3, eqs. (1’) 
Obviously the 

Let us now define 

Mi’ = Mol - 6M1 

Mz’ = Moz - SMZ (3) 

M03’ = M03 - 6 k f 3  

Putting Mi’ (i = 1 ,2 ,3 )  and another 6M3 into eqs. (1’) we obtain the new 
increments 6M1‘ 6Mz‘ corresponding to the feed composition MI’ (i = 
1 ,2 ,3 ) ;  thus by iterative use of eqs. (l’), as many values as desired of M I  
and Mz,  considered as functions of M3, can be calculated on the basis of their 
initial values Moll Ma. 

This numerical integration of eqs. (1’) was programmed on a high speed 
digital computer (IBM 1620). 

The program foresees the use of the same increment 6M3 at  every step; 
the main input and output elements are as follows. Input elements are 
initial molar concentrations Mof (i = 1, 2, 3) (or number of moles as V is 
assumed to be constant) ; molecular weights P1, Pz,  P3;  monomer reactiv- 
ity ratios T ~ ,  (i # j ;  i, j = 1, 2, 3). 

Output elements are Mi.,, C t , ,  C,,,, and P,.,,  these being defined as fol- 
lows. Numerical values of the integral of system (1) : 

t t = 1, 2, ..., T 
Mi,, = Moi - C d M i , ,  i = 1, 2, 3 (4) 

1 

where M i , ,  are the unconverted molar concentrations (or moles accepting 
the hypothesis of a constant volume V )  &the tth step of the iterative cal- 
culations; 6 M f , ,  (i = l ,  2) are the variations at the pth step of the molar 
concentrations (moles) M i ,  for the independent variable M3 varying from 
Ma,,-1 = M03 - ( p  - 1) 6M3 to M3., = M3.p-1 - p6M3; the last term (t = 
T )  of the above succession corresponds to M03 - T6M3 = 0, that is, to the 
exhaustion of the independent monomer. 
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The instantaneous composition Ct,, of the polymer being formed with 
respect to each monomer, expressed as a weight percentage is 

3 i =  1 , 2 , 3  
Ct,t = 100 PdMt ,J  C if'iGMi,i t = 1, 2, ..., T (5) 

The corresponding polymer average composition (as weight percentage) is : 
1 

t f i = 1, 2, 3 
Cis, = 100 Pi C dMi,p/Pi C pSMi,p t = 1, 2, ..., T (6) 

1 1 

The conversion for each monomer (in per cent) is then: 
t 

Pi,, = 100 C dMi,P/Mot i = 1,2, 3 (7) 
1 

Only one out of K values calculated (K 2 1 being an integer given in in- 
put) may be actually punched. 

Incidentally we remark that Ci,l  = Ci, ,  (i = 1, 2, 3) are independent 
from the chosen increment 6M3. These values give the initial polymer com- 
position for 6M3 + 0. 

To attain a prefixed approximation a repetition of the stepwise integra- 
tion was foreseen. Subsequent integrations with increments 6M3/nR 
where R is a given reduction factor, n = 1,2, ..., are carried out. 

The iterative process stops at  the (n - 1)th iteration if, for every i and 
t, the corresponding values Cit(n-l), Ctr(n) are such that 

Air = ICt1(") - Ci,('--l)I 5 a (8) 
where a is a given tolerance. The tolerance was imposed on the instanta- 
neous composition being the latter of course the most sensitive. 

The theoretical values used in drawing Figures 2-7 were obtained for 
6M3 = 10-3ikf03; a further reduction of this increment to the value of 6M3 
= 0.5 X M03 did not lead to any actual improvement. Table I shows 

TABLE I 
Maximum Absolute Values of Ait for SM3 = low3 M03 and 0.5 X Moa 

2-Methyl-& 
Butadiene, Styrene, vin ylp yridine, 

Charge % % % 
A 3.89 3.17 0.73 
B 0.46 2.51 2.05 
C 1.07 1.95 0.88 

a See Table V . 

the maximum absolute differences between the two cases. 

represent the overall conversion. 
It can be noted that in our average composition diagrams, the abscissas 

This was done as the experimental re- 
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sults furnish with greater accuracy the overall conversion instead of a single 
partial conversion. 

Moreover in the particular case of our terpolymer it was seen from the 
results of the numerical calculations that total conversion is reached ap- 
proximately at the same time for all monomers; under such a condition 
these plots effectively represent the whole picture of the polymerization. 

EXPERIMENTAL 

Monomers 

Styrene (Soc. Edison) was distilled under reduced pressure (20 mm. Hg) 
in order to free it from inhibitor and was stored at OOC. 

2-Methyl-5-vinylpyridine (MW) (SOC. Edison) was distilled under re- 
duced pressure (20 mm. Hg) and purified by fractional crystallization (m.p. 
- 12.4OC.), the main impurity being 2-methyl-5-ethylpyridine (m.p. 
-70.3OC.). In  this way the purity (analyzed by gas chromatography) 
rose to 98.8-99% starting from about 95%. The monomer could be stored 
as a solid for several days at -20°C. 

l13-Butadiene (Soc. Edison) was distilled from the container a& the 
moment of the utilization. The purity (gas chromatography) was 99.0%. 

MVPStyrene Copolymers 

Mixtures of styrene and MVP of different compositions were introduced 
into glass ampules and 1% (based on the monomer mixture) of methyl iso- 
butyl ketone peroxide (MIBKP) was added. 

The ampules were sealed under slight nitrogen pressure after several 
washings with vacuum and nitrogen. They were then kept in a water bath 
thermostatted at 30 f 0.1OC. and rotated end over end for the time neces- 
sary to obtain a conversion of a few per cent; the time required increased 
as the MVP content in the monomer mixture decreased. The purification 
of the copolymers caused many troubles, as poly-MVP is soluble in almost 
all of the most usual organic solvents but the low-boiling paraffins (petro- 
leum ether, n-hexane). Unfortunately the most common peroxides in the 
latter products show limited solubility. On the other hand, as the conversion 
is only a few per cent, the peroxide is usually present in the reaction mix- 
tures in amounts which are of the same order of magnitude of the copoly- 
mer, causing in this way a troublesome puriiication. 

As an example, with the pair benzoyl peroxide-dimethylaniline as initia- 
tor, also after several puriiications from chloroform-n-hexane, the sum of 
the analyzed MVP and styrene was in general not greater than 90% of the 
isolated product. 

In  conclusion, MIBKP was selected as initiator in view of its fair solubil- 
ity in n-hexane, and the following purifxation method was adopted. The 
contents of the ampules were poured dropwise in n-hexane which contained 
a few crystals of hydroquinone, under strong stirring. The copolymers 
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were collected upon atration, purified by dissolving them in chloroform, 
precipitating in n-hexane and filtering. This operation was repeated 
five times. 

The copolymers were then dried at  5OOC. under high vacuum for 24 hr. 
over phosphoric anhydride; under these conditions the water contents 
(Fisher method) amounted to a few tenths of one per cent. 

The conversion was calculated from the weight of polymer obtained by a 
known amount of reaction mixture. 

The bound MVP content was determined by potentiometric t i t r a t i ~ n ~ ~ - ~ ~  
with perchloric acid (0.1N in dioxane) of the copolymer dissolved in acetic 
acid-acetonitrile (20/80). The errors of the results were estimated to be 

In a few cases the above analysis was checked for the bound styrene con- 
tent by spectrophotometric infrared technique as follows : copolymer 
solutions in carbon disulfide were prepared at a concentration of 0.52% 
according to the bound styrene content. They were examined in a Perkin- 
Elmer Model 21 spectrophotometer; the absorbancy at 688 cm.-' was com- 
pared with that of a polystyrene solution of known concentration. The 
errors of the results may be estimated to be +2% or lower. 

*I%. 

MVP-Butadiene Copolymers 

Cyclohexanone peroxide (CEP) was used as initiator at a level of 1% 
(based on the monomer mixture). 

Initiator and MVP were introduced into a glass ampule, the neck of which 
was firmly fitted with a PVC tube extending a few millimeters over the 
end of the neck. The ampule was washed with nitrogen and subsequently 
its contents were sol iaed at  -3OOC. 

Liquid butadiene in slight excess was then introduced into the ampule; 
part of it was subsequently allowed to evaporate, in order to help to de- 
oxygenate the system. The ampule was then closed with a rubber stop- 
cock which was firmly lked in the PVC tube with the help of a needle which 
crowed both. The ampule was then weighed to determine exactly the 
amount of butadiene introduced and subsequently put in a water bath at 
30 f 0.1OC. and rotated end over end. 

Even in this case the length of time required to obtain a few per cent 
conversion decreased with increasing percentage of MVP in the charge. 
The contents of the ampule were then poured dropwise with stirriig into 
n-hexane containing traces of hydroquinone. The copolymer was then 
collected, dissolved in chloroform, and precipitated in n-hexane to remove 
the unreacted monomers. 

In order to free it from the peroxide it was then dissolved in 5% sulfuric 
acid; the solution was filtered and poured dropwise in an aqueous solution 
which contained sufllcient KOH to maintain an alkaline pH value. The 
commercial CEP is actually a mixture of peroxides and hydroperoxides 
which can easily mutually transform.% It is known that, in the presence 
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of acids or bases, this equilibrium shifts toward the formation of hydrosolu- 
ble compounds. 

After prolonged water washing, the copolymer was dissolved in 95% 
ethanol and precipitated with water (in order to eliminate the inorganic 
salt). Finally it was twice precipitated from chloroform/n-hexane. The 
MVP content was detected as in the former case, the copolymer being dis- 
solved in chloroform-acetonitrile (l/l). 

The concentration of the latter solution was determined by drying a 
known weight of it in a high purity aluminum vessel at 5OOC. at  first a t  
normal pressure and then under vacuum. 

Butadiene-Styrene Copolymers 

CEP (1%) was used as initiator; the ampule and the charging operations 
were as detailed above for MVP-butadiene copolymers. 

The reaction mixture was poured in methanol contaiping hydroquinone. 
The copolymer was then purified three times by pouring its chloroform 
solutions in methanol, where CEP is very soluble. 

The product was then dried at 50°C. under vacuum, dissolved in carbon 
disulfide, and analyzed for bound styrene content via infrared spectroscopy, 
as described above. 

Terpolymers in Bulk 

Mixtures of styrene and MVP of different compositions were introduced 
into glass ampules, and 1% of CEP was then added. The procedure of 
charging butadiene, washing, and sealing was the same as described for 
MVP-butadiene copolymers. 

The ampule was then kept in a water bath thermostatted at  30 f 
0.1 "C. and rotated end over end. After a sufficient length of time to get a 
few per cent conversion, the ampule was cooled at -2OoC., then opened 
and the terpolymer recovered and purified according to its composition as 
above detailed for the three types of copolymers. 

The polymer was finally dried under vacuum over phosphoric anhydride 
at 5OOC. for 24 hr. and the composition was then determined as above. 

Terpolymers in Emulsion 

The emulsion terpolymerizations were carried out according to the recipe 
indicated in Table I1 in beverage bottles. 

An aqueous solution containing soap, glucose, and sodium pyrophosphate 
was prepared; to this, ferrous sulfate was added under stirring in very 
diluted aqueous solution in order to avoid $recipitation (solution A). 

Another solution, containing MVP, styrene, and tert-dodecyl mercaptan 
(solution B) was then prepared. 

The required amount of solution A was charged in the bottle, which was 
over a balance and subsequently, solution B was charged; cumene hydro- 
peroxide was then added, followed by slight excess of liquid butadiene. 
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TABLE I1 
Emulsion Terpolymerization Recipe 

Component Parts 

Monomers 
Potassium salt of disproportionated rosin 
Sodium pyrophosphate decahydrate 
Glucose 
Ferrous sulfate heptahydrate 
tertDodecyl mercaptan 
Cumene hydroperoxide 
Water 

100.00 
5.30 
0.95 
0.95 
0.10 
0.50 
0.17 

155.00 

After evaporation of part of the butadiene, as soon as its weight corre- 
sponded to the desired amount, the bottle was rapidly closed with a crown 
cap. It was then introduced in a water bath at  30 f 1 OC. and rotated end 
over end at 72 rpm. 

After the required length of time the bottles were extracted from the 
bath, opened, and 2 ml. of about 3% sodium diethyldithiocarbamate aque- 
ous solution were added. 

The bottles were then shaken in order to remove most of the unreacted 
butadiene; the resulting latex was weighed and coagulated by pouring it in 
methanol; the terpolymer was three times purified by chloroform-meth- 
anol. Part of it was dissolved in chloroform-ethanol (10/1) in order to 
analyze the bound MVP, as described above. Another sample was dis- 
solved in carbon disulfide and analyzed for bound styrene by infrared spec- 
troscopy as described above. 

The concentrations of the solutions were determined by drying part of 
them at  5OOC. under vacuum, a known weight for the chloroform-ethanol 
solution and a known volume for the carbon disulfide solution. To deter- 
mine the conversion, about 2 g. of the latex was introduced in a very pure 
aluminum vessel and a few drops of a dilute alcoholic solution of phenol red 
were added; the vessel was heated at  110OC. at normal pressure till dry- 
ness and for additional 20 min. under vacuum. 

In this way the total solid content is obtained, from which the conversion 
is calculated if the weight of the latex after venting of the butadiene is 
known. 

Repeated solids determinations showed reproducibility of about 0.1% 
absolute. 

RESULTS AND DISCUSSION 

In Table I11 data for styrene-MVP, MVP-butadiene and butadiene- 
styrene copolymers prepared at 30OC. in bulk in order to determine the 
monomer reactivity ratios, are given. 

The conversion was generally kept below 3y0, in a few cases below 40/,. 
The data have been plotted according to Fineman and Ross26 and Mayo and 
LewisI5 with almost identical results. 
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TABLE 111 

Monomers in the Feed ( F )  and in the Copolymer (f) 
Determination of the Reactivity Ratios. Molar Ratio of the Two 

- 
Styrene-butadiene MVP-butadiene Styrene-NVP 

F f F f F f 
0.685 0.519 0.742 0.478 0.269 0.306 
1.33 1.05 1.41 0.817 1.60 1.45 
1.36 1.01 1.42 0.825 2.87 2.41 
1.97 1.56 1.79 1.03 3.70 3.09 

1.81 0.992 
2.20 1.21 

In Figure 1 (F/f) (f - 1) is plotted against F2/f, where F is the molar ratio 
of the two monomers in the feed, f is the same ratio in the copolymer. 
Least squares straight lines have been drawn. The numerical values of 
the.monomer reactivity ratios are shown in Table IV; errors were calcu- 
lated by regression analysis. 

A_. . 
1 

1. 
2 

F2/ f 
L . __ 
3 
i 

Fig. 1. Fineman-Ross plots for monomer reactivity ratios: (0) styrene-butadiene: 
(0) styrene-MVP; ( 0 )  MVP-butadiene. 

The range of feed composition is not so wide in the case of styrene- 
butadiene and MVP-butadiene copolymers as for styrene-MVP copoly- 
mers, owing to the experimental difficulties met in obtaining polymers from 

TABLE IV 
Monomer Reactivity Ratios and Associated Standard Deviations for 

Butadiene (MI) Styrene (M*), and MVP (Ma) 

TIP = 1.39 f 0.15 Ti3 = 1.30 f 0.07 TB = 0.738 f 0.010 
rzi = 0.825 f 0.086 T ~ I  = 0.412 f 0.026 ~ 3 2  = 0.801 f 0.030 
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butadiene-rich monomer feeds. However the extrapolation is satisfactory 
even in these cases, as can be seen from Figure 1. 

Both r12 and rZ1 are almost identical to those determined at 6 O O C .  by 
Lewis and co-workersn (ru = 1.39, rzl = 0.78). This is not very surprising, 
in view of the slight sensitivity of the monomer reactivity ratios to changes 
in temperatures, especially when they are not very different from unity.2* 

In the case of styrene-MVP, experiments have been carried out over a 
relatively broad feed composition range ( F  between 0.27 and 3.70). The 
values we obtained for our reactivity ratios are slightly lower than those 
obtained at 6OOC.  by T a m i k a d ~ ~ ~  (723 = 0.812, r32 = 0.91) who also deter- 
mined the bound MVP by perchloric acid titration. 

In the MVP-butadiene case the value of r31 is different from the one 
determined at 7OOC. by Tsailingol'd and c o - ~ o r k e r s ~ ~  (r31 = 0.72, TI3 = 
1.32). A critical examination of the six reactivity ratios shows for binary 
copolymers an almost random distribution of the units in the polymer chain. 
An azeotropic composition exists only for the pair MVP-styrene for MVP 
molar fraction equal to 0.568. 

We tried to determine if the three-component system had an azeotropic 
composition, by numerical calculation according to Walling and Briggs.16 
However, within the limit of the experimental errors in the determina- 
tion of the reactivity ratios it was found that the sign of the determinants 
D, Da, Da, and D, cannot be unambiguously determined, thus preventing 
correct calculations. 

We checked the correctness of the monomer reactivity ratios determined 
by us by synthesizing a few bulk terpolymen at low conversions; this was 
done z1s we could not, in principle, consider a possible coincidence between 
calculated composition and experimental results of emulsion terpolymeriza- 
tions as a definite conclusion. There are in fact important differences in the 
latter case from the assumptions involved in the integration of the eqs. 
(1) i.e., ( I )  one of the three comonomers, M W ,  is partially soluble in water 
(about 1% at 3OOC. ) ;  (2) the condition of the constancy of the volume 
(see above) is not a priori fumled in an emulsion polymerization carried 
out at  high conversions. This owing to the facts that the picture of an 
emulsion polymerization is not the one of a polymerization performed 
under conditions of constant V O ~ U I ~ ~ @ - ~ ~  and also that, in general, the 
density of the polymer formed is different (greater) from the density of the 
monomer mixture. 

The results of the bulk terpolymerizations are reported in Table V. 
We give in column 7 the solvent-nonsolvent purification pair and in column 
8 the titration solvent. 

It 
can be seen that in our experiments monomer feeds with high butadiene 
content were not considered. This was due to the fact that starting from 
such monomer feeds only extremely small amounts of polymer were ob- 
tained in reasonable short time. These quantities were not sufficient for 
the analytical determinations. 

The agreement between found and calculated data is satisfactory. 
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I 

TABLE VI 
Monomer Feeds for Emulsion TerDolvmerisations 

W 
C a -  
4 
a. W 
> 

Charge Monomer Wt.-% 

1 .  

S T Y R E N E  
I I I I 

Charge A Butadiene 70.2 
Styrene 14.9 
MVP 14.9 

Charge B Butadiene 24.8 
Styrene 47.9 
MVP 27.3 

Charge C Butadiene 38.3 
Styrene 49.2 
MVP 12.5 

However the monomer reactivity ratios can be considered as satisfacto- 
rily confirmed taking into account the emulsion polymerizations of feeds A 
and C, butadiene-rich, MVP-poor, stopped at relatively low conversions. 
Monomer feeds having the composition shown in Table VI were used for 
the emulsion polymerizations. The reltltively low MVP content was se- 
lected for the fact that the practical interest of these terpolymers is mainly 
directed toward low vinylpyridine percentages. 

With our polymerization recipe (Table 11) we obtained satisfactorily 
high reaction rates and very stable latexes even at relatively low con- 
versions, i.e., in the presence of large amounts of unreacted monomers. 
Moreover the terpolymers prepared in this way show absence of microgel 
up to high conversions. It is well known that the presence of microgel can 
be detected in SB-R copolymers by observing the plot of V i ~ t e x ~ ~  intrinsic 
viscosity versus c o n v e r ~ i o n . ~ ~ . ~ ~  In our case it was observed36 that the 
curve was always rising at  least up to about 90% conversion for charge A, 

I 

a 
W 

B U T A D l E N E  
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Fig. 3. Average terpolymer composition as a function of overall conversion with 
monomer charge B: (0, 0 )  experimental points; (-) calculated from eqs. (1). 

100 I I I I 

M V P  

c o NVER s ION, ‘1. 
Pig. 4. Average terpolymer composition as a function of overall conversion with 
monomer charge C: (0, 0 )  experimental poibts; (-) calculated from eqs. (1). 

the Vistex viscosity being taken in 80/20 benzene-isopropanol at 25OC. 
Hence we could easily dissolve even the terpolymers prepared at very high 
conversions. 

In Table VII and Figures 2 4  the average composition of the terpoly- 
mers at various conversions are shown. Within the limits of the experimen- 
tal error, the agreement between calculated and experimental curves is 
satisfactory. The hlVP values show tendency to be low in the case of 
charge B for relatively low conversions. This can be possibly explained 
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Fig. 6. Calculated instantaneous terpolymer composition as a 
function of styrene conversion with monomer charge B. 

by the relatively high water solubility of MVP, which is in this case present 
in considerable amount in the monomer feed. With the aid of the differen- 
tial curves (Figs. 5-7) the heterogeneity of the terpolymers formed at  every 
stage of conversion can be easily obtained. 

If uniformity of polymer composition is desired the reaction must, of 
course, be stopped at the conversion where the curves sensibly begin to de- 
viate from horizontality ; alternatively proper amounts of more reactive 
monomers must be continuously added. 
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Fig. 7. Calculated instantaneous terpolymer composition as a 
function of styrene conversion with monomer charge C. 

The good agreement between experimental results of emulsion poly- 
merization and calculated data, although not predictable on theoretical 
basis, suggests the possibility of satisfactory predictions of the composition 
of these emulsion terpolymers, even for monomer feeds which are different 
from the ones studied by us. 

We wish to thank Dr. E. Gallinella and Dr. G. Carraro of the Bollate Laboratory for 
the infrared determinations, and Dr. L. Mariani, also of the Bollate Laboratory, for the 
titrimetric analyses. 
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RBsumB 
Les terpolymbres de 1,3-butadihne, styrbne et  vinylpyridine sont importants comme 

caoutchoucs synthetiques et, sous la forme de latex, comme composants de certains 
adhesifs caoutchouc-textiles. Nous avons polymeris6 en emulsion B 30°C trois melanges 
de monombres, dont la composition approximative en poid etait : butadihne/styrBne/2- 
mdthyl-5-vinylpyridine 70/15/15, 25/48/27 et  38.5/49/12.5. La composition des ter- 
polymbres resultants a Bt6 6tudiBe en fonction du degre de conversion. Les six rapports 
de rbactivite des monombres ont Bt6 determines au moyen de copolymerisations B 30°C 
des syst&mes B deux composants e t  essay& par des experiences de terpolymerisation 
arr6t6es B faible degre de conversion. Les courbes qui montrent la variation de compo- 
sition instantande et  moyenne avec le degre de conversion ont Bt6 calculees, en admettant 
que la volume de reaction soit constant, en integrant numeriquement les equations de la 
terpolymerisation avec l’aide d’une machine B calculer blectronique. La procede d’int6- 
gration est decrit en detail. Les resultats experimentaux des terpolymbrisations en 
emulsion s’accordent d’une manihre satisfaisante avec lea courbes calculbes dans un vaste 
domain de degrbs de conversion. 

Zusammenfassuog 
Terpolymere aus 1,3-Butadien, Styrol und Vinylpyridin sind als Kautschuk wichtig, 

und, als Latex, werden fur Kautschuk Gewebe-Klebestofiomponenten benutzt. Es 
wurde die Emulsionspoly Emulsionspolymerisationen von drei Monomerenmischungen 
bei 30°C durchgefuhrt : Butadien/Styrol/ZMethy1-5-vinylpyridin mit einem Gewicht- 
prozentverhaltnis von 70/15/15, 25/48/27, und 38,5/49/12,5. Die Zusammensetzung 
der Terpolymeren wurde als Funktion der TJmsatzes untersucht. Die sechs moglichen 
Monomerreaktivitatsverhaltnkse wurde bei 30°C. mittels Copolymerisationer der drei 
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binaren Systeme bestimmt und durch Blockterpolymerisation be1 niedrigen iiberpriift. 
Kurven.fiir die integrale und differentielle Zussammensetzung gegen dem Umsatz wurden 
unter der Annahme eines konstanten Reaktionsvolumens durch numerische Integration 
der Gleichungen der Terpolymerisation mit Hilfe einer elektronische Rechenmaschine 
berechnet. Hinweise auf die allgemeine Anwendung Berechnung werden gegeben. 
Die expenmentellen Ergebnisse der Emulsionspolymerisation stimmen mit den berech- 
neten Kurven in einem breiten Umsatzbereich gut iiberein. 
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