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Ih«« b«a «Md« o« vukMiad oMml rabbir mt «r»- 
dMic n M m  «  a widi im«* of w h o a .  Mid «■!«« for X (orii), tiM i l i r t lod pw ^ 
M iv . dwiyd ky iw»t o ik» oT dia Flofy-IUlMHr tiMory. P raa  m  w h « i i  •# * « i  
le l* ,  cohmm w rgy deeiltai h m  b w  eeiewd lo Uw n*ben. Tlw liw ifrio i wi 
dM amitmi cohwiy* «Mrgjr dMMite for dH pradictioa of poly— r + soIvmk bifctviiwr

For the mixins of liqukk in wbfch only interrootocukr dkpenion foraes an 
opentivc. H ikkbn iid>• > la d  StM Om tdi have deduced ttaM the heat A IT . at 
miidim per uoit vokime it poeitiwe, avd idaled lo the coheehw eneriy deMMo 
of the iiquidt, that is, their cnergiet of vaporiiatkMi per unit volume at the reimranl 
tcmperatiire, by

(I)

irfwreri and 02 are the volume fraotiaos and ft| and S| a n  the square roots o f the 
cohesive energy densitiee (c.e.d.). As cc.d. terms customarily involve these squat* 
roots, they have been termed for convenience the “  solubility parameters ~ of the 
liquids. The analysis leading to (1) lavfrfves a simplifying assumption and so it 
is not surprising that it is found to gh« calculated heaU o f m ix ^  only in fkir 
agreement with experiment However, due to its form and the relative magnitudes 
of S| and &i, the equation gives in many caaes values of 82 from measured A A « 
and S] values doscly in accord with direct measuMOisat

Since the behaviour at polymers in liquids reflecU in part their heats of mixii^, 
the c.e.d. of liquids have been taken as a guide to liquids whkfa are likely to be 
solvents for a given polymer or which will swsU cross>linked networks of the 
polymer. In first suggesting an anakigy of polymer + liquid and liquid + liquid 
systems. Gee treated the former by assigning a cx.d. to the polymer

The c.e.d. of a high polymer cannot be obtained directly from vaporiaUion 
experiments. From vapour-pressure measurements on volatile compouods. 
Small i  has assigned c.e.d. terms for various molecular groups, and used these to 
estimate c.e.d. values for high polymers. Experimental procedures used to dale 
have been interpretations of degrm  of swelling of rubber networks in ssveral 
liquids of known c.e.d.< * Since Gse's early work the Flory>Huggins ^ * treat- 
meitt of polymer solutiotu in which polymer-solvent interaction is described by 
aparameter X(or/x) has been extended by Fk)ry and Rehner ^ >0 to enable polymer 
swelling also to be described by thb parameter, or conversely to provide a daiei  ̂
miiuUion of X from swelling. A necessary preliminary 16 obtaining rsUable vakiss 
of X from swelling measurements by the Flory-Rehner treatment has been the 
determination of the degree of cross-linking o f the network. Methods for this 
purpose have recently been d escrib ed .'»

This paper presenU extensive series of swelling measuremenu on networks
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1732 c o iiu iy i  iN isoY dik m tiu  or a u M itf
ol Mlunl M i lyiillMik rabfem. Tht iw nt ttMtanli lun* bM  irtIM  to 
fhft m Im  fer X for «mIi of * •  polyoMr -f liquM nbcturat. Ao kmnmMkaa 
of X «  bMb of oumet (iMt «boHjr latiafactory) polywr +  ttquid thaonr, 
tiM yiMi wtiMlN of tho toMIBtr poruMter S3 for dM pdyoMr.

EXPERIM ENTAL AND RESULTS

N Brm ua.—A Mmple at higli-grade (Yellow-Circte) imokad riwet w u liglMir 
10 inww  to mpttneity n d  abMocc of fci. In  otmotic nwiecolar wdfht ia 
ma 2’23 x 10*. Tb* mwIm^ ihMt w u U m  cw-W ntod by incorporatioa of 

)  % dkunqrl p m d ii  00 a twi»foM aUl foOoweA I9  fcwrtag at I40*C for 50 min in a 
nM arao v ld . Tha In n a  thick ilHMi to  obtaimd w m  axtnciad with boilinc aoMoae 
for 34 h tfan driad for 24 h at 40*C oadar a pw— w of 10-> am  Hg. The denity of this 
m e n * l i i* 0» l gmh«.

ili flv» vahm of 1*37 aad (MO x 10* dyne car* for the
alaiddljr Ci aad Cb iMpaeth«iy.» Thavahwrorthaoooitaiit C («r.«]n. (9)
iww«alii>aa<iMriNdywviouily,»*a«C, Porlhaeyatfwtienibbenthe coa-
■im  C mm «|M*ad to d »  alMbeity eoaalant Ci, ainoe the poariMe anon at tae  ftma 
OHM twtrodMced iato * •  rakw  of x by thii apfwa«hnlk» ware too anall to caoae 
aigaiiawt deviadom ia the vahiaa or l 2 which were aoofht

Botyl 400 af the Polynar Corporatloa, Sainia, waa mixed with the vutcanization 
racipe ̂  pacta par haadied by w e i^  of the rubber) stec OKide 3.

diaulphkle 1, Mearic add 1-3, and phaayi-^«aphthylamine I, and vukanbeed as 
24M  tbick aheet la a rubber mould under preMm for SO min, at 140*C. The deasHy 
and ebwtidty oonalatt C | of the aoetone-extnctad aad dried vulcaaiiate were 0^1 g ml~< 
arid X lOa dyna cm-> wapertivety.

Neoptaaa WRT of DuPont de Nemours aad Co., was vukanizsd by adding the raeipe, 
fiac okM  s. magaaahm oxide 4, antphar 05, dipbanyl guanidine 0*3, tatramethyl thiunun 
moooeelpbide 0-3 aad BMcaptoiaiidBxoliaB 0>3, aad heating for 20 min at I40°C to give 
aliamabattha»lBfcaHwaigwM aiiiM tiBa.adaBaityofi a4gm l-«aadC |ofl-38 x 10* 
4yaecai->raapaetfvaly.

Batadiaaa +  atyiaaa oapolymar aamplaa contalaing 96, t7-3 aad 71*3 % polymerind 
butadiaai, aad butadiene 4- acryloaitrila samples havii« 12. 70 and 61 % butadiaaa 
wan Uadly aappUad by Dr. U  WObHM of the Potyawr Corporation, Sarnia. Vdcan- 
intkM waa eMHlad by the additilQ of dae orMb 3, aulphur 2, mercaptobaBEthiazole 1-5, 
aad latnMweibirtdyiraia MadpiBi ^13. foOowad by haaHi« ia the moidd for 40 min 
atlSSX l Tba daaridaa aad CivakM  of the v^caalBaiaa were, in the aune order ae that 
givca abova, 0471. (HM. l-OOl, i<tM, l-OSI. f<«71 gm l-i and 1-29. I 30. I-633, l*«S5, 
M l , 2^  x  lOidyM car*. ,

SoLVBtn.—Tba aohaala wan naapalgradi maiariala which w m  dried aad re- 
dWUad. Solahility u raaialin  »  at 23*C waw obtatoed from

wiMup iaibew »aar I I I I I I I I I aad Fi ifca aaolar ^olaaaa at 2S*C Vahies for at 
arC w eaa pbiabiad altbsr ftwa filiiilin  or ftcai la #  i^aiMt l/T p io tt The ^
If adbiiHna BOitaeliaa fccaor y  was eealaaiad by ■aihod wad by Pee.* As theae 
tah alarinaa tm m i f  m*p« . aaid rnhariw mmg daaitiea of Mqaids way be of aaort 
gaaaNlbM rtataadaBt^valBM ftBrltaadealBiaidaM aM givaabiiabls I.

for tl« 
c a iactioa.* Vahx*
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Tahj I.—SoLUMinr rA«AMmM mm tovm m  at 25*C
t m

tepcnune
2:2:4-iriiM tliy| 
2:2:3^riinetltylbM (am 
M -p o tta n e  
«MieiaiK

iKictane 
«Mlecane 
diethyl eihcr 
nMT^l cydotwune 
te»bu<>l M-butyraie 
«-dodecue 
tMieudecaiie 
cydobexane 
cUiyl »-biityrate 
»-butyl aoeiate 
1 : 1 : l-tridiloroethane 
cvbon tetracMoride 
«-propyl aoeute 
♦•butyl formMe 
toluone
*-propyl fonraie 
ethyl propionuc 
mcth)^«lhyl ketone 
ethyl aoeiMe 
1 : 1-dichloroethaiie 
ethyl bromide 
di4ioprof>yl katofie 
methyl »«ny | ketone

meiityl oxide 
chktrofonn 
cydohexanone 
ietrahydFofuran 
ethyl iodide 
chlorobenzene 
methyl iiebutyl ketone 

: 2: -didiloroethylenc 
1 : 2-dibromocthane 
acetone 
dioxane
methylene dilorMle 
1 : 2-didilaroethane 
methyl iwpropyl ketone 
methyl a-bolyl ketone 
methyl «-prop>l ketone 
diethyl ketone 
mtrobenKne 
broanfomi
pyr
methylene iod dc 
aoetonitrile 
aRyl akoiiol

i j m
M96
7,637

M I 6
7 ^
1,735
9,915

12,270
«,9t4
M 5I

10J60
14,574
19.090
7J95
9,619
9 4 3 0
7,949
7.770
9 4 1 3
9,273
9 jm
M M
9,93*
7,910
•,672
7,617
6,719

I2JI0
12,340
t.090

I0J90
7JI0
9JI3
i j m
7.W9
9JI0

12,050
7,746
•,715
7.4«0
8.715
7,004
S.422

11,000  
12,120
lU IO
11,300
12.000
10.385
9,656

7.976
10.920

117-4
IM-O
146-I 
114-2
131-6
147-5 
163-5 
195-9 
104-7 
121-4 
167-t 
22S-5 
294-2 
lOt-7 
I33<l
132-5 
1004 
97-1

115 7 
115-3 
106-9

115-5
90-2
9t-5
•4-1
751

141-7
140-B

115-6
tO-7

104-2
51-5 
•I-I 

1021 
1 3 4 ^  
76« 
•6^  
7 4^) 
•5-7 
64-5 
79-5

105-7 
124-2 
107-5 
M6-4 
102-7 
»7-9 
•09 
S I O
52-9 
6S4

0 ^ 5
0 9 M
0-997 
0 « 1 
0«93 
»998
1-000 
i-000 
o m
»9M
1-000
! « »
1-000
0-997 
I<I00
1-000 
^ 9 9 6  
0-996 
0-999 
0-999 
0-9*9 
O W
0-999
1-000 
(Hm
0-915
1-000 
1-000
0-997
1-000 
O W  
l-flOO 
0 9 9 5
(ms
1-000
1-000
0 « 3
!-«»
0 9 9 3
0999
0 9 * 2
O W
0-999
l« »
(V999
0999
t-000
i < n o
<►999

0997
0999

6-625

fr942
7-012
7-242
7-423
7-554
7-722
7-743
7-116
7-S22
7132
7-930 
t-lS2 
S-231 
t-2t3
8-544 
8-582 
8-678 
8-696 
8-907 
8-925
8-990
9-038 
9-044 
9-073 
9-119 
9-123 
9-134 
9-147 
9-207 
9-240 
9255 
9-317 
9-490 
9-505 
9-577 
9-667 
9-687 
9-712 
9-732 
9879 
9 ^ 1 0  
9917 
9-923 
9-900 

1003 
104 
1056 
1058 
1 1 8 *  
1180 
12 30

• C i t in g  by Hildebtand.1
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Tahi 1—SimiiMo or rimmr vuLCAMOAit m aoLwm

i m - p m t a m
2 : 2 : 4-triiMdiytpMnam

d M M a d M r  
■Mtayl cydohnane 
/ M u t y l  w -butynM e 
iHtodeame

•fdohenne 
cihjrl »biityrate 
••tatyl aoelau 
1 : 1 : l-trkUonMihuK
G W O O  liCfBCMOfjOC
• i f M p y i a o a l M
»tatyironMla

•dqrl pnipioMtt
■wdiylw M

1 :  M tc U o fM llH M e  
MkylbraoMt 
«4»pcopylkMow 
nwdiyi II ■ wyl katooe

M nlQ K iniA M M B 
o M d ty ) «w 6«t7<
d l i » l : J  * i W n t i i i * i | l i «  
I:

I:
nwrtiyt iwprofyl iMofie 
■Httgrl kMoae
■Mtfqrl »profi)rl ketone 
dtatfiyl ketone

m »
0-3390 0-585
0-3003 0-513
0-3I6S 0J«5
0-2S06 (MM
0-2326 0433
0-2710 0475
0-2723 0450
0-2899 0-545
0-1901 0-374
0-2770 0481
0-2S74 0448
0-3226 0458
0-1866 0-399
0-3175 0-555
0-3236 0561
0-1799 0-396
0-1308 0-334
0-4063 0-649
0-3335 0-606
0-1837 0-391
0-3676 0-612
0-5794 0-833
0-5282 0-771
0-2155 0482
0-1984 0.463
0-3322 0-365
0-3610 0-594
0-1931 0437
0-1558 0-383
0-1923 0452
04184 0456
O'1876 0452
0-2886 0-337
M307 1-361
»2347 0-325
0-3401 0408
0-5492 0-794
0-3599 0̂ 918
0-4403 0494
04098 0436

for

D ISCU SSIO N
Gm 4ooadiidii t o c q n .  (1) ikM niniMBaOTilii««aiild«wrar wtacnSi 2^ S2 
ttqpMi Boii^ potnacn wfthoat ipcaific iaiefactiaa. H aw  •  pk« of 

<1 tm M iiwdi iM h m iiv  i r n i l i t  to (1) i h n M  gb «  •  MMOlfa 
M h — < e fc rih e « « B c tflf— l i r i ^ n l n .  K m iik a ■ if fc w im  

a t l t * a | .  CkMM Kkcliw  «r n h o to  a M a ii tc l j r  ^  M> n d i  HMOtfa 
oHm*. Gee ifcwrfnw i l r i c l r f  tm — inly lo < m n —< a f c r  fhapfe

ir ir t hr tr H  T—" Hrrlriff I t t  my yrrifc- rtirrtmt
........................ .. .. l i l t  t i F ------ l a v i e w o r t l c l i M l p d M M b c r o r n d i
i o h w H a f k M » i » » c < i l . C w M — » * > r w w i i i  * i | i i  f a r * c i w r « t  i p i t l i  
4Mm t a  «hkk •• MitaMe ^  H e  ■MiMical th m y  tfm lo M  d i v  0«*t 
««fk lirikMBi dMi hdon «MMB or «qa. 0 )  • «  IB
t n m  t y N r i i l i i H i t h M t i c f « M t * l * i i t » f w i a i r i,y i t i a ( I X
piqr c f  iheae variooi fcdO B l i  « d l  d 0 « m  ia  Ike mmB iv  «r  pa% M S W
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H ere  p l o u  o f  c c .d .  s w c lh n t  (fig. I) thorn mudma d o t e  to i h r  ta m e  c .c .d .
vaKic f itr  ch rm icfilly  difT crrnl r u b b c n .  a n d  w h ich  h a v e  w idely  d i f l r r m t  b rh a v io u r  
in  (>thtfr liq uk ls

S w elling  b e h a v io u r  is pcncrally cx p rcv icd  a t  prcscn l in  te rm s  o f  X o f th e  nkn lif ird  
FW y-R eh iH ;r cqua tlon>  *«

-  i ? r | l n ( l  V2)  1 V2 f  X tJ l  ‘ 2 h C ( i J i2)

M>)ubil>t> parameter of i»-pandAn (cal/cm>)i

iHi. I. Swelling o f ru b b c n  in /pparafflns.
2 butyl ru b b e r; Q  natural ru b b e r; 0  70/30 butadiene * styrene ru b b e r . ^  

p rc n e ; #  rad iation  croM>linked polythene.
nc(»>

^herc C  is  a  c o n s ta n t  a t  co n & u n t te m p e ra tu re  w hich c a n  be o b u in c d  frt>m ?ktrc»s- 
t ia in  m casurcn icD ts a n d  th ^  v a riab les  h av e  been  defined  p rev io u sly . T h e  
n te ra c tio n  ;>aram cters re c o rd e d  in  tab le s  2, 3 a n d  4  w ere c a lc u la te d  fro m  e<|n. (2) 
X's k)w er by  so m e  (H)24H>4 u n it a re  c a lc u la ted  f ro m  th e  u n m o d ilied  M o ry -R e h n rr  
q u a t io n ,  ’  tb e  eflect o f  su ch  difTerences o n  d e riv ed  62 values is  sm all.)  T h e  
e f t 'h a n d  side o f  e c n . (2> g ives th e  difTerence in  p a r tia l  m o la r  free  energy  betw een  
he so lv en t in  th e  SN^oUen n e tw o rk  a n d  th e  p u re  so lven t. T h e  first tw o  te rm s  
c i t a in  to  th e  ra n d o m  e n tro p y  o f  m ix in g  a s  g iven  by th e  M ory  U ttic e  tre a tm e n t, 
n fo r tu n a te ly  X t ,  c a n n o t ^  ta k e n  a s  w holly  a  h ea t-o f-m ix in g  te rm  d u e  to  un - 

j r ta in t ie s  in  th e  cak ru la ted  e n tro p y  o f  m ix ing . F 'rom  a  re fin em en t o f  th e  la ttice  
Kxlel, H u g g in s  * ck d u ced  th a t  X sh o u ld  be ex p ressed  a p p ro x im a te ly  by

X  B  ( V i  R r n h  -  ^2)2 H i

ith  ^  ~  ’ w here z is a  c o -o rd in a tio n  n u m b e r a n d  m is th e  c h a in  k n g th
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oftlwpolyBBir. Z iM iX ooaoh idM firoaitttU lM snrafliltd  model that ^ahould 
hâ Ri •  vakM p w l«  thaa t te  (M-O*! p n d k led  by HuKiM  for pteiMibte values of z.

Eqn. (3) oootaint both p u t d l i u  unkoowni, and heooe teparale values for 
thcM paraiM ltii GMuwi be eelfanakd wiHiout •ome ftirtbcr aasumption as to 
their ralathw nMnnitiidii. The moet unsatisfactory aspect o f this neoesstty is that 
the daU cannot provide a  critical test o f the v a lic ^  o f (3) or of the assumptions 
involved in drterrainlnf vaJaea for it-  Aa with the calculation of either A//* or 
Si from eqn. (I) the form o f eqn. (3) ia likely to lead to a  more reliable calculation

(» ,-li)(cai/aB > )l
Fio. 2.—Predicled nudliiig curvts for a  hMmt of gh«a for variout values o f  >i, y, 

and fi. (Only hatfoT sach ly— MtrirsI curve is diown.)

potyner by t f l irint  eqn. (3) h m  to be it pard td as dependent on pment, in- 
cam pirte, theory or the experimealal vald hy o f an empirical equation o f  the 
fcim  o f eqn. (3) and so must be p«t foraw d with th b  proviso.

I f  M ii accepted that equiMb r iu a ia iir i lts  can be expressed in terms o f  eqn. (2) 
and (3K then I f .  2 ihs>tisfci the dependeaee o f swelling on the three parameters, 
t( . ^ aad Ki for a  nibber o f pven S2> VahMS o f — (K9I and 2C/JfT «  1*14 y  
H ^ c o r >  aR  cboaeii to corwspoiid with these mtamred quantities for the natural 
rubber nt twort f w n inid. It is dear that all three paiamesen arc important in 
im tipretint sweOinc data. Only i f  fi and K] were constam would maximum 
swelKng occur when S| •='£2-

Soott and Magat * utiliard eqn. (3) to imerpict their swelHng data by assuming 
a constant value of ̂  0-3 in all sohcnls. The above considerations suggest that
this proordure b  unlikely to yield reliable values for &2- Again. Scott and Magat 
had no nncans at that time o f determining C  o f eqn. (2) and so had U> analyze th«.ir 
results statistically, a vahie of S2 being choscn so as to givr a minimum ikviation
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in the oakuktrd C  for the Kvcral toiventi. TMt n ty w i  k oat wry tmtMvt 
to the v»hic of S]- For their resulu with natural nkbtt, any vahic fruM S'O to 
1*6 givtt ahnoat as unall a  deviation in tbe cakukM d C  aa the 1*35 which they 
fkvour.

Aooeptint that eqn. (3) lepRacnta a  valid meam ot aaaicnmeat of a cooaiant 
Si to the polymer, rearranfcment o f this equation fhnra

* 1
K T

M a
R T

.  «! (4>

fotubilHy parameter of totveni (cal/Gmi)*

Fu. 3.— Determination of the solubility parameter for natural rubber.

Now, assuming that ^ is o f the order o f oMgnituda sugtcsled by Zimm and is, 
in aooordance with Huggin's derivation, not a function of c.e.d., fit Vi is only some
3 %  or kss of h\iRT  for rtawoaabte vahxs of Sj o f ^10. Hence a<tn. (4> gives
&2 froni tlic skipc and inieroept on plotting the left-hand-side against i , .

Fig. 3 shows this plot for natural rubber with all the sdvenu listed in UMe 2. 
This method of representing the data, whkh minimizes the influence o f otJicr 
than c« 4L terras, enables soh«en<s such as chloroform, in which spedltc intrr- 
actioa effccts induce very high swellings, to be recorded on the same plot as other, 
idattw iy pror. solvents. A  value of S2 ~  1*1 ±  005 u  obtained from the tiope. 
The mean inlcrcept gives Sz ^  S‘06 and 8*12 from its identification with 
(M /irr +  00 takmg A  K, •= (Hi02C and 0003$ fcspectively. The d au  iirc
therefore conststem with etin. (4).

The f»od linearity is not in ite tf remarkable, for ncgiM  of X/ K| yields a gently 
carving section o f a  parabola over the ran^e of 5- considered (hg. 3), the snull 
X/K] term merely straightens out the two ends of the parabola around the &2 of
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the vMm  w hM  tte  lk>f» at Hit t>tp<rinwnm  plot ii  flit nm e u  that of the 
pm bolft.

T in  ytitm  o f <1 - 1 * 1  ooofMUM with thM o f 7*94*0 obt*ined by Gee by a 
judfckmi chokt o f  lohicots. It k  oonsldcrably kmer than that of Scott and 
M aftt, whote iM lto  cm , hoiMmr, b« noondlcd with it as noted above. The 
ahamttivB approach to the catinalkm o f the cx.d. o f pdym en, the uw of addi­
tivity tenm for the vaiiout froupe in the polymer as tugfested by Small.) given a 
doiely similar vahie o f 8*15 for natural rubber but in other cases, nouhly neoprene, 
th0 aficemeiit is Jess satiActory.

•ohibility pafamcia' of ■otveat (cai/an>)*
Fw. 4.—Detcnninatioa of the solubility panuneter for synthetic rubbers.

A, butyl rubber; B,71-S/2t-5 butadiene +  styrene rubber (ordinate displaced by I (H)2);
C, neoprene (ordinate disphoed by + <MM); D, 70/30 buudiene + acrylonitrile rubbci

(ordinate displaoed by + 006).

Similar lineiu- plots a t «in. (4) were obtained from the daU o f tables 2, 3 and 4 
for the synthetic rabbers; typical examples o f these plots are shown in f ig .  4 
Table S preacnts the Sj values obtained from them. The error in the Sj values 
oMalned from the slopes is ±  0-1.

The sotofaiMly parameters are is  atM canut with general expecutions based 
osi the chfuiical stnictyre o f the n M e n . Butyl rubber has the lowest c.c.d.. 
■aturml and bwtadiene +  styrene rakben am comparaMc. neoprene is markedly 

Cm distinction from Gee's cstiaaleX and boladiene - acrykmitrile rubbers 
aic yet higher and depaid on the aorykmitrie content as would be expectcd for 
such a higfaly polar constituent.

As an appcaiaal o f the present position, solubility parameters can be auigncd 
to polymers bgr measurement o f swcllinc in a random selection of solw-nt  ̂
Howwcr, owing to the lack o f a priori knowfedfe o f non^.e.d. factors, such values



of 8j  cannot (ubtcquently be uacd to otimatc the nvcltinf in oihcr *<>lvcnti wiih 
»ny d eem  of accuracy. N cvnthclm , «• c.«.d. it the only available guide 
potymcr h liijuid inleractioa. it is useftil, for exaoiple, for sucfcsttnB p«w.<iiblc 
solvtnts for p o l y m e r s .>7 The above discuMkm siiows that this guide in, himrvcr 
very approxin'ate as in general other impoctant facton are invoNeU.

TAitt 5.—CoiifCTtn VAUies or the solumuty PAaAMrrra •< ro« ni'urK.t

rabbar
f t s f t

S co u m id ShmU*

natural rubber I I t-064 12 79 835 8 M
butyl 7-t 7gS-7-77 805 770

t -6 t-«74-57 8 18 9 25 9 38
96/4 butadiene/styrene t l t*13404
S7-3/12‘S bwadieae/ityrene SI r  10401 809 86 8^
7I-5/28-5 bMadieae/Myiene 91 t ‘17409 8-67 • 8 56 .
«2 1̂t  butadiMe/hcrylonitrile «-7 ••754-66
70/30 botadieae/terykiaithle 9^ 9-90-9-83 9*38 9 5 1 9-25 t
61/39 butKHMw/aorylonitrile 10-3 m s - i o ^

•  for 60/40 copdymer. f  ^5/23 copoly (ner.
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