
AD-A023 113 

DIFFUSION ANO PERSISTENCE OF SILICONE OIL 
IN RUBBERS AND LOW DENSITY POLYETHYLENE 

C. A. L. Westerdahl 

Picatinny Arsenal 
Dover, New Jersey 

March 1976 

DISTRIBUTED BY: 

National Technical lnfnatiln Senice 
U. S. DEPARTMENT OF COMMERCE 



me4i
iii0

m

4

ik^'.!i-'
.ii:'■”?; .

DFFUSK)N/im PERSISTENCE OF 

Oft. IN RUBBERS AND 

LOW DENSITY POLYETHYUE



.■f/-I
jt « *

■;^:> -;‘-

’ "f-^^ ‘

■ ' •, -Vv’

. ' '. ■ ■ ?’“ftj^.-.-'-'- ■ ■ ' , ■ ■•'.* ■ . t:.--y:

''^S&aiiS ;■'.? ^ ...'-b#?

i •
^ -
%

mmmnmm
likiAm iii'wp<aft wkffiB ae 
iwlaaa te yw ax4^4»r.

Beaet

■iU
■a> ^ ^ m:-

' r-
;.-."rf‘.>

t * -. ■ ' ■-, *-

m.

./ r ■•4-

V

■S

V‘-‘ •

• - iC"; V- - mi ■'

'**«

• ,



llnclassified 
SllCUIIITY CLAllll'ICATlON 01' THIS PAOll tw.- -• s,,1~ 

REPORT DOCUMENTATION PAGE auo DflT1tUCTIONI 
BltFOIIS COIIPLltTUfO 1"011111 

1. •"'°"T NUMel'" r C.OYT ACCllUION NO I . .. llCIPIENT'I C AT ALOG NUMall .. 

Technical Memorandum 2185 

• · TITLI: (- -Ill•) 
I . TYPE 01' "llPO"T a Pl:11110D COVE,.llD 

Diffusion and Pcrsistenc J f 

SiL,icone Oil in Rubber s and ,. PE,.l'OIIMING 0 .. G. "EPO"T NUMeE .. 

Low Density Polyethyl ene 

1. AU THOll(•J 
I . CONTIIIACT 0 .. GIIIAN T NUMeEll(e/ 

C . A . L . W sterdahl 

I . PE .. l'OIIMING 0"0ANIZIITION NAME AND AD O .. EIS 10. PIIIOG"AM ELEMENT. Pi.0JECT , T ASt< 

Pica tinny Ar s nal 
A .. EA • WO"I( UNIT NUMell-S 

Feltman Rt!search Laboratory OA 1T1621 0SAHB4 

Dov er , NJ 07801 
A~1C 1S Cod 6121 . 05 . llHB . 4 

11. C0NT"OL L ING 0 l'l' IC E NAME "NO "00 .. 1!:SS 12 . "EPOIH 0A' I: 

Marc h 1976 
I] . NUMl'lE"//,,PAGES 

1•. M0N IT0 .. ING "GEN C Y NAME a A00 .. Ell(ll • t-1 ,..,,.. CPftlro/llnt Olll c• J 15 SEC-U AIT Y' C t..OS. (o l IMe ,_,,, 

Un la sificd 
15a. 0f:CL ASSI l'IC A TION/ OOWNGIIAOING 

ICHEO\JLE 

"· OIST,.teUTION STATbllNT (ol dlle It-I) 

Approv d for publ ic r elease; distribution unl imited . 

17. OIIT .. leUTION ST ATl:MllNT fol Ill• ••Ir.cl Ml•r•d In 81oclr 20, II dllte,_ , ,...... Reporl) 

11. SUPPLbENTAIIY NOTES 

It. KEY WOIIDI (Continue on re••••• elde II nKHe-, - lffntlly ~ bloclt _,._,) 

Silicone oil Butyl rubber Urethane rubber 

Buna N Hypalon Polyethylene , low density 

Buna S Na tural rubber Diffusion 

JO. AeST,.ACT (C_,_ • ,.••oo .,. II 11•ce- - ,_,,,, ~ tloclt -) 

Experiments with a C - 14 tagged silicone mold release have given no evidence of it s 

diffusion through polyethylene or the elastomers Buna N, Buna S, butyl, Hypalon, 

natural, or urethane. Hexane rapidly removed the mold release from rubbers which 

it did not swell (urethane, Buna N, and Hypalon) . Buna S, natural, and butyl rub-

bers retai ned a low level of the mold release agent, even after repeated treatment 

with hexane . Th is is presumably r elated to the fact that th,i latter three rubber s 

DO I ~=-11 103 llDfTION 01' I NOV .. II oelOLllTll 

I 
• 

Unclassified 
MCUM (~ C _ '\llll'ICATION 01' Tltll PAGE,.._ O.• ... ,....,, 



I lrcl1ssified 

20 ABS TRACT (contd) 

sw II in the silicone . Removal of the silicone from polyethylene which lild been 

mold@d against a surface coated with the mold release proved difficult . 

•• 
II Unclassified 

• 

' t 



The citation in this report of the names of commercia l firms or 
commercially available products or services does not. constitute official 
endorsement or approval of such commercial firms, products, or services 
by the US Government . 

... .,, 

ACCES 111 fir 

•ns 
11C lltt S•11N 0 
lk .. OVllCU 

JISTU l"IIII 

" 

D 

1rsr•11t1TIN 11Hlllll11TT llN9 

1111.- UAll. u•, w srfltAL 



TABLE OF CONTENTS 

Introduction 

Discussion 

Elastomers 

Polyethylene 

Experimental Materials and Procedure 

Experimental Materials 

Mold Release 

Rubber 

Polyethylene 

Counting 

Removal of Silicone 

Hexane Extract 

Results 

Diffusion 

Cleaning 

Conclusion 

References 

Distribution List 

Page No . 

2 

2 

2 

3 

3 

3 

4 

4 

4 

5 

5 

5 

5 

6 

6 

7 

9 

Table 1 Removal of silicone from rubbers and polyethylene 8 

• 
IV 



• 

I 

• 

INTRODUCTION 

Silicone release is used extensively in molding polymers. When it 

is used on the mold i t gradually becomes incorporated into the polymer 

being molded. If the silicone can migrate it can change the bulk propertie 

of the polymers . Even if it does not migrate and remains primarily at or 

near the surface, it will change surface properties, ch as printability, 

coatability, and bondability . Therefore , it is of interest to know how much 

!'>ilicone remains within the polymer, whether it migrat sand how easy i t 

is to remove. 

DISCUSSION 

Elastomers 

The silicone oil was brought into contact with the ela tom r in a 

hexane solution . Although the total volume of the drop was I ss than 0. 1 

ml and the hexane e·1aporated in less than a minut , it i s possibl that 

there could have been local swelling of the elastomer network . In thi s 

case some of the si Ii cone could have penetrated into the swoll en rubber 

and remained trdpped UFX)n the subsequent evaporation of the hexane . 

Paul and others (Ref 1) found that no separation of components occurred 

in hydraulic permc .. i.11.m of a binary mixture into a highly swoll n, lightly 

cross I inked natural rubber . 

Polyethylene 

When the oil is first dropped onto the aluminum sheet before mold ­

ing the polyethylene, there is an excess of the silicone oil . This excess 

is incorporated into the bulk of the plaque to a considerable degree, in 

some cases being visible .-~s a cloudy area in the polyethylene . On sub­

sequent pressing, less, though a still detectable amount, is removed 

from the surface of the aluminum {Table 1). An effort was made to clear 

the oil from these plaques to see how firmly it was bound to the bulk of 

the polyethylene. For this purpose a reflux vapor degreaser was used 

with hexane. Th "s cleaning was followed by hexane soaks . 

It is believed that the occluded oil is not chemically bound to the 

polyethylene, though there is some Van der Waals attraction . It is, 

therefore, able to show mobility within the polyethylene, being mainly 

limited by the pore sizes and by the balance of forces of attraction and 



repul '.~ion within the bulk of the material . If the balance is wrong the 
molecule cannot even enter the pores. even th ugh it could physically fit . 

The silicone oil used in this work was polydimethyl siloxane (POMS) 
(- O- Si(CH 1 ) 1 - )n. Th~ methyl groups are the entity primarily exposed 
when the molecule is in the coiled position . The oxygen atoms tend to be 
sterically shielded by the bulky m thyl groups so that they show little 
hydrogen bonding ability. A methyl group has little tendency to interact 
with other groups and has a critical surface tension of about 22 dyne/cm 
(Ref 2) . I some configurations, all th methyl groups ar arranged 
along ones de of the molecule , I aving the - Si -O- Si - O linkages exposed 
along the other side. These exposed oxygen atoms would then be avail ­
able for electrostatic interactions with their surroundings . A the mol e­
cules straighten when going thr ugh n rrow pores. more of th .:; oxygen 
atoms become exposed . Normally steric hindrance o th methyl groups 
tends to coil the molecule , leaving the methyl groups e po ed . The sur -
face tensitm of dimethyl siloxan is 19 dyn s/cm (Ref 3) . 

The size and shape of the silicone molecule play a major role in its 
diffusion through the polyethyl ene matrix . A long chain moll~ule can move 
through a tortuous path with much more facility than can a rounder mole­
cule of the sam weight. On th other hand, in a long molecule the seg­
ments move semi - independently, restrained only at their ends . The longer 
the molecule. the less likely that all of its parts are going in the same 
direction at the same time (Ref 4) . If there is no dri v ing forc e (electricity. 
pressure) . a segme 1t jump can be either forward '1r backward . The driv ­
ing fore in diffusion is entropic , !.e . . a backward jump is precl11ded 
because there is another segment or mol cule occupying that spot . Each 
segment acquires the energy necessary for a jump independently . At 
higher energies, the probabi lity is greater that s veral adjoining segments 
will have sufficient energy for a coordinated jump . After the first 10 or 
12 monomer units. the effective shape of the PDMS mol ecule does not chang 

PDMS forms a helix with a large (about 5. 3A) diameter in the crys­
talline state (Ref 5) . This helix probably does not exi tin solution . Flory 
and Shjh (Ref 6) have published a value of 3 . 36A for the radius in solution, 
based on "geometric considerations . " Tancrede. and others. found that all 
linear dimethyl siloxanes ac as chemically identical species which disorder 
the n -alkanes similarly (Ref 7) . The methyl exteriors of the dimethyl 
siloxane chains are chemically similar to those of the alkanes . The large 
size of the POMS molecules in the coiled state makes it difficult for them 
to diffuse through a polymer . In solution, the PDMS molecules are probably 
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more ext nded, and thus find it mewhat i!a i r to diffu . In add ition , if the solvent swells the polymer network , the path through whi h dif­fusion may oc,:ur are larger and more acces ibl . 

Cicchetti and coworkers (Ref 8) found that th nergy f , ctiv tion for diffuc; \on of hydroxy- alkoxy- benzoph nones in polypropyl n vari 
with the number of carbon atoms in the diffusing mol cul es, reaching a maximum and then declining . They attr :buted th d cl in to incr a ing chemical compatibility betwe n th penetrant and pol ym r which ov rcom the ster ic effect of the larger vol um of the pen tr ant . If th pe tr ant is incompatible with the polym r, th effect of th m I ular iz predominate . making the en rgy of diffu ion high r for the larger m I ule . 

EXPERIMENTAL MATERIALS ANO PROCEDUR 

Experimental Materials 

Rubbers: Buna . compound BA - 722 . boncta I . Bun S, com -pound BR - 14720; butyl grade··CR- 115; Hypa lon gr 1 !1 - 22 - 20; natural. compound BR - 2582; urethan . comp und RS - ;201 0 -6 . A ll r 1/ 16 inch (0 . 16 cm) thick and from Minor Rubb r C mpany. In . RI om i Id . w Jersey . 

Polyethylene: Ethylene but ne B )5 65 , 01 - 2- 1750, fluf . melt index 6. 5 from Phill ips Chemical Comp ny, Bartl 111 • Oklahoma . 

Radio Active Silicone: Synth iz by Do - Corn ing Corporation , Midland, Michigan . Polydimethy l silo ne with th C - 14 in them thyl group , viscosity 10,000 cp s, sp cific activity 1. O me/ . 

Mold Release Agent: Ecco I ip H- 48, batch 114878 11. _ i I icon in hexane from Emerson and Cuming s, Canton, Massachu s tt s. 

Mold Release 

El even ml of mold - release compound wa s poured into a mall vial with a polyethylene- I ined cap . Then 0. 01 ml of the rJdioa tive oi l was removed quantitatively from its s plum - topped bottl with a syringe and ej ted into the vial . The mixture was allowed tc sit at least ov rnight . 
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Rubber 

The rubber w r cut int 2 inch 2 inch (5 cm x 5 cm) squares 
nd washed v ra l tim with h xa n -:ioaked tissu s . They w r 

allowed to dry v rn ight . ft r which th y w r bonded to a 3- 1/ 4 inch 
2- 3/ 4 inch (8 cm cm) lum ·num count ing plate which had a 1- 1/ 4 

inch (J . 2 cm) d iam t r c ntral hol . A drop of th radioacti v mold 
r el a was placed in th enter of th hol nd al low d to pread (Ref 
10, lll . Th as embly w snot n, ved until th n x t day . A small squar 
of cardboard w att cl" d to th plat y str ip ot t th t it could 
cov r the hol or could b flipped out f pl c to I lo radioactivity 
to be counted . In om ca noth r c untin pl t wa put on th 
ba · k of th rubber , at right angl to th first . 

Polyethylene 

The entir m lding pr cedur had t t ke pl ,n glov bo to 
avoid contamination of th r t of th r m . A h a y ir n hot plate was 
used a the ourc of h at w i th thick lumirium ! b pl t . r iousl y 
heated on the hot- plat . pro iding heat fr abov . An 8 inch x 6 inch 
x 1/ 32 in h (20 . cm 15 . c. m 0. 08 cm) h t f luminum wa covered 
with inactive mold r el a e and n al um inum . 4 inch 4 inch 1 / 32 inch 
(10 cm x 10 cm x 0. 08 cm) with a 1- 1/ 2 inch (3 . 8 cml diam tr circ le 
cut out of it c nt r . wa placed on 1t . A dr p of r di c t ive oil • de ­
pos i ted in th c nt r of th hol . nd m II mount of pol y thyl n fluff 
(about Sml)waspour don top . hen th ht - pl t nd labw rat the 
cnriect t mp ratur . 150'1C. th la s momentarily r moved fr m the 
hot - plate . the aluminum . mbl y wa plac n th plat . and noth r 
8 inch x 6 inch (20 cm x 15 cm) al um inum he t co ted with inacti mold 
r lea - w s put on top . The sl w r placed with a 2 . 26- I d w ight 
put on top . At th is point , t im ing an . Aft r 3- 1 /2 m inutes th a embly 
was removed from th hot- plat . Th two aluminum h ts. i th th shim 
and th poly thylen . w r laid dir tly onto th fl r f th bo'< and th 
s lab put back onto th hot- plat . Aft r a half hour. th upper h t w~ 
remov ed and th shim picked up . It wa s p ibl to r m v th poly -
ethylene p laque from th him ith tw er . Th inacti id wa put 
over the hole in counting plate . p i ce f aluminum foil w placed 
over the act iv id and fa t ned to the pl at with dh ive tape . 

Counting 

A thin window counter was used to measure th level of radioactivity 
in the samples . Th tub w s mounted ertically , looking down on a sample 
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holder which had slots that accepted the rectangular plates at several 
distances from the window . Most of the counting w21s done using the center 
slot. The counting on other shelves was correlated by counting standard 
samples on both shelves and taking the ratio of the two counts, thus obtain­
ing the necessary multiplication factor . Most of the counting periods were 
three minutes, although some weak samples were counted for longer times 
to improve th statistics. Background counts were taken for at least ten 
minutes . 

Removal of Silicone 

Circles were cu t out of the rubber and PE by u sing the center holes 
of the counting plates s pattern . Each rubber was then compl etel y im ­
mersed in h xane for two minutes . After removal from th hexane with 
tweezei· ~. the rubber was air dr ied (a bout 30 seconds) and counted on 
bo h sides . The process was rep ated n each of the next two days . After 
the three immersion ex tractions, th sample was placed in a Roweg extractor 
in such a way that it was immersed in the vapor but was not covered by 
the refluxing hexane I iquid . Th rubber r ma ined in this ex tractor f'lr 
one syphoning . after wh ich it wa r moved and counted . This was repeated 
twice , or unti l the count w r at a background level . Rubbers which 
still showed substantial activity wer put in indiv idual glass bottles and 
allowed to soak in hexane for ex tenrled periods . Both th circl e and the 
hexane extract were counted aft r each soak . 

T he polyethylenes were treated similarly, t!xcept that the first 
treat'Tlent was the Roweg extract ions . 

Hexane Extract 

The hexane from the sample soaking was evaponted to dryness in 
polystyrene caps . A simple rinse wa s also included . The caps fit into 
the central holes of the counting plates . 

RESULTS 

Diffusion 

The mold release agent was placed onto one side of the rubber and 
allowed to evaporate. The opposite side was radioartively counted. In a 
few cases, there was a small initial increase in counting rate on this 
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opposite side. After the first few days there was no increase, and in no 
case was the level more than eight counts above background. This was 
presumably due to contamination of some sort since diffusion would have 
caused the counting rate to gradually increase . 

The molded polyethylene plaques were thinner than the rubber ones, 
and some of the oil was incorporated into them by wicking when the poly­
ethylene fluff first came into contact with the coated sur face before mold ­
ing . Thus, some of the polyethylene plaques showed a fairly high initial 
counting rJte on the side not directly in contact w ith the oil . This rate 
did not change significantly for any of the plaques during thee ' periment. 

Cleaning 

Much of the oil was loosened from the surfaces during the course of 
the diffusion experiments and was easily removed by the first attempt at 
cleaning (Table 1) . However, some of the oi I was much more tightly 
bound. The counting rates for the rubbers declined with repeated hexane 
soaks, but those for the polyethylene remained approximately the same 
after the initial surface cleaning. 

CONCL SION 

No evidence has been found for the diffusion of the silicone oil 
through polyethylene or rubbers (Buna N, Buna S, butyl, natural, 
Hypalon , urethane) . Oil placed on the rubber's surface is not ea sily 
removed from rubbers (Buna S, natural, butyl) that swell in the solvent 
(hexane). The mold release agent taken up by polyethylene is held 
tightly, and is therefore difficult to remove . 
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