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abstract 

task 23 hÍTis«n^rR COVerS tí1®ad1ditional work that was done under Sub- 
T^a„l3Q'+T c Repair and Replacement, under Project 6-59-12-022, 

ic Surgery and Shock, leading to the improvements in the 
processing of foamed latex as they apply to the latex produced It the 
J.,a. Army Medical Biomechanical Research Laboratory. 



I. INTRODUCTION 

Continued interest in the acrylate-amide terpolymer as a bio¬ 
stable tissue substitute and repair material, and the requirement that 
or some applications it needs to be in the form of a sponge or foam, 

stimulated efforts to improve the reproducibility of the process for * 
its manufacture. 

-This .report deals with a summary of the innovations that were 
introduced to improve the stability, viscosity and general processing 
characteristics of the latex and foamed products therefrom,and applies 
only to the latex prepared at this laboratory. 

II. PROCEDURE 

The terpolymer was prepared by emulsion polymerization 
according to the procedure of Leonard, et alf with the exception that 
,1,? Parts29f surfactant were used and 1.0 part of polyvinyl alcohol 
(Elvanol 71-30) was added to the recipe. 

The following was a typical polymerization run: 

Ingredients 

Butylacrylate (distilled) 
Methylmethacrylate (distilled) 
Methacrylamide 
Water (demineralized) 
Santomerse SX 
Elvanol 71-30 
Potassium chloride 
Potassium persulfate 
Sodium thiosulfate 
Sulfuric acid 
Temperature 25°C, pH 2. 5 

Parts 

90 
7. 5 
2. 5 

155 
2.5 
1.0 
0. 344 
0.024 
0.0177 
0.0625 

parts by weight, based on the solid To this emulsion was added 37 
terpolymer content, of polyethyl methacrylate from an emulsion therec 
together with 1. 765 parts formaldehyde added as formalin. 

Even with the addition of polyvinyl alcohol to the polymerization 
recipe, the latex was still somewhat sensitive to the addition of compounding 
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ingredients. This was especially true of the freshly compounded latex and 
to a lesser degree with latex that has undergone a period of aging. The 
change in compounding characteristics appears to be associated with the 
degree of crosslinking, as are some of the other properties, Fig. 1, 
physical and Fig. 2, chemical. 
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This behavior of the latex to compounding was overcome by 
resorting to accelerated aging wherein the latex was subjected to a 
period (3 hours) of heating at 95°C in a reaction vessel equipped 
with a condenser and stirrer. Stability of the latex toward subse¬ 
quent compounding was thusly insured. 

. . 3, 4, 5/ 
W<5 T&? °rifinal í°am recipes were changed by substituting 

h thickening agents. This product is ammonium 
P y crylate having an average molecular weight of 250, 000 and it is 
a gel free solid. In use, latex viscosities can be regulated and 
repeated from batch to batch without any difficulty so long as the 

of" h measured from a known solution by means 
oi a graduated hypodermic syrirge. 

Thi= â S+0luti0n of this agent has a PH of 5. 7, practically neutral. 
Jh LB + rnta¿e°US because H may be added to the latex without the 
necessity for pH adjustment. Such was not the case with other thick¬ 
ening agents whose pH would range upwards toward 12.0. It also took 

LdTsm^ h S °f thÍtneW Pr0dUCt t0 achieve imparable viscosities 
and a smoother, more homogeneous emulsion resulted. 

^The other modification that was made in the foam reciñe was in 

ThisCtaanfdnn bf Se fr0m a1mmonium hydroxide to triethanolamine. 
Jí NnToh thresh feveralJhasons: variableness of concentration 
f NN4OH through loss of NHg by volatilization; its susceptibility to 

combination with both the citric acid and the formaldehyde forming 
ammonium citrate and hexamethylenetetramine respectively diffi¬ 
culty in controlling the drop-wise addition of it and the objection to 
its presence in the atmosphere by the operators. 

nf “ bettef ^oatro1 was obtained by the use of a 25% solution 

wa r rshrlarnine :/V>' PH 101- Here again' the amount required 
eifert of m<fasured accurately with a graduated syringe and the 

^m htdroxidSe îe 0n a611?8 tÍme WaS n0t aS Critical as wheR ammoni¬ um hydroxide was used. Adjustments in the amount of this ingredient 

temperature^ ^ 7 neCeSSary t0 c°mpensate for unusual differences in 
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The following is the revised compounding formulation: 

Ingredients 

X-10-E latex (USAMBRL) 
1-N citric acid 

Ammon.polyacrylate (WS-851) 15% 
Triethanolamine 25% 
Sodium fluorosilicate (50% suspension) 
Final pH at set point of batch 

£H 

3.9-4.0 
1.8 
5. 7 

10. 1 
7.4 
7.4 

Amounts 

200.0 cc/org. 
6.0 cc 

1.5 cc ± 0. 5 
3.0 cc ± 0. 5 
2.0 g ± 0. 5 

* 

The amount of this recipe can be increased for larger batches. 

To prepare the mixture, the first 3 ingredients were blended in the 
order given in the mixing equipment at a slow speed until a smooth homo¬ 
geneous mix resulted. For a guide to this speed, the number 3 setting 
- aa ®Unbe^ Mixmaster (number scale) could be used. Triethanolamine 
was then added and mixer speed increased to that represented by the 
number 7 setting and maintained until a three-fold rise in foam volume 

2a0r 3e ^ °f ^ Setting agent(Na2SiF6) containing 
2 or 3 drops of 18% SantomerseSX was poured into the mixture. Stirring 
speed was reduced to that of the point 4 setting, the mixing bowl was kept 
turning and a flexible rubber scraper blade applied to the sides of the bowl 
so as to bring the foam on the sides into the stirring mix. 45 seconds 

addedall0Wed ^ ^ mixlng of 016 settinS agent from the time that it was 

sniiHifw? minute8 were considered to be sufficient for the final 
solidification of the foam to take place. From the time that the setting 

h*d b+e®n ad1deud* there was a brlef period during which the foam was 
H became progressively more viscous from the 

during fluorotmcate* This is the Period or working time 
íam be maniPulated- After that, nothing can be 

done without breaking the cell structure. It is important in most cases 
to accomplish the intended work within as short a period as possible in 
order to preserve the uniform character of the foam structure. A pro¬ 
longed setting time causes coalescing of cells, which if desired to obtain 
a foam with larger cell structure can be obtained in this way, but is 
usually to be avoided. y 

One of the most serious objections to the original foam recipe, aside 
from its erratic and difficult processing characteristics, was its prolonged 
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eaic wet strength after final set. It was necessary to handle the foam 
t extreme care. After foaming, it had to be stored for long periods 

r,nr/rdltl0nS °f hÍgh humidity before ^ was safe to handle it. Rejects 
not bI°ma<STteanere ^ UnUSUal and' in SOme instances, a foam could 

WP+ otFlg'Í ®howsifraPhically the rates at which the two foams develop 

In h J1”16 they haVe acquired Permanent set onwards. 
In this test, foamed sheets were prepared that were 1/4 inch thick A 
determination of the maximum load that each could bear was mal by 

carefu?lvnoith^Tm Í"1/8 inCh ln diameter and weighing 1. 4 gram 
The rïnfn u heetS °f f0am Wlth added »eights at 10 minute intervals. 

Jf the new reem? ln °T abUity t0 SUpp0rt loads by 016 f°a”a 
c„, m „„ K P Waf a mOSl desirable characteristic. Foamed items 
. .. n°w be exposed to accelerated drying and curing without risk of 
failure, thus making the process economically feasible. 

thP nrXÍg’ A sample® A' B' C' D* were cut from foams made from 
ginal recipe. Sample E was taken from a sheet made from the 

freomfthmUla bUt Wi,thOUt the Citric acid- SamPle F represents an example from the new complete formula. P 

HI. SUMMARY 

formi,£ef„tain Cîang!! a?d substitutions have been made in the original 
íwn1 f ulng the foamed form of the acrylate amide terpolymer 
elastomer that have resulted in greater latex stabili+v reliahiiittr ___ -u-i-x sreaiei latex stability, easier processing, 
reliability and reproducibility. A new formula has been presented to¬ 
gether with instructions for its use. While it is presently limited to the 

there TnDe^rfrh0 ^ ^ U S' Army Medical Biomechanical Laboratory. 

nTndustrvLdon^ ^ Pr0dUCt bC duplicated 
for Drenar/na tbpT f ^ the proced^e is adhered to tor preparing the latex and making the foam. 

Additiona! surfactant was added to the polymerization recipe. 

usina ityafla!Crh+01 wa®empl°yed in the Polymerization recipe instead of 
heltfna th 1 ' Accelerated aging was accomplished by 

which madeThXUp ^ ab°Ut earlier -ossHnking 
of coa^latinl tbp i 'í reCeptlVe t0 compounding ingredients without the risk 
strenflSfnÎ I? f 1 X' A Very considerable increase in the initial wet 
strength of the foam was responsible for reducing the number of rejects 

a very significant extent. Using this formulation, it has been possible 
to prepare satisfactory foams in all cases. possible 
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