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Synthesis of Vinyl Chloride-vinyl Acetate Copolymer Through
Batch Emulsion Polymerization

Sl 3 0 s ¢l ki 35 i il 45t s o
“"Q?O/\\a‘jﬁmfd)M:C,ﬁJUlSJrJlDajjf‘r}lPAMJJ‘E‘QlﬁlW}ﬂjM oli.i.&j};cﬁ)‘;@ﬁ

AVBINS =y (AYIIA + L 5

Onod OF A3 oo ol e 3 o s e saliiaud PVC G gl gl (slgin s 3 sae s shas J g ey (55518 o
QT‘;SGXQJ)LQI:,;J?IAA alla Ho 5 Gad J3 sles 58 2oy J\__s‘}(s‘g‘)lbsxYL:(s“\.&:\.&Jull‘ge\,&Gul.ad wod

Jrs resdgesS ol saddialy Gl s £l sl (oaeslin (355 Lo 55 50 5ol b SIS Ui g o 53 50 0 S ey oS e
22535858 e 53 W/ w18 i 5 o 5 50 (b ranly 55 (383 (ol 59 3 3 0 ol 93 0l B sk obal aels i)
S5 Jld ol il g5 IS 5 ol 518 59 5 K g SlaBie 5 el S aladl sl S gl (s, 4 bl S
"HNMR 5 FTIR (aiu i slgadigs 0 a5 aaly € S35 5 (laand Al 0 a5 QS5 Sitiacs 5y S5\2T

i s oS3l ol (sl s oS (sl 5o ol (S50 2 S (s 0l aSK o pineas aas S ey 53 5 (2lesli

NL sy gl (2l S Il aob
FEr oS Sk 5 il
Ale oo e sise S L1 (VEM) LS L
Sl Jz5 (VDC) LIS Ol s lenedl !
DA S o ey S e 2 5 (VAC)
Sl - S o s ok S et oS 3

Aol

2 Jle uglie o 3 S PVC (sbise Sl
Gt ol slae 5 WM ol
b oo dS (65 sl PN el OF 15,1 5 Jlazs!
03 (5 O 5ee YO LYY L e ol
Y] 5,05 51 3LDPE 31w a5 ool 515 ol
2l el Gl sl 02 J el

H.Salehi@jippi.ac.ir :JL<} §=Q L3 J s

GAAls sldojly




S sl el Lo ‘@)Jﬂ CS 5 5l Ao Ve o L
2333305 ol 35S 0S4 51 (THF)

(PTY UML)

0k oSty sleds i SIS 5 sleallans (rags opl o
5 slars i Al 9o b SOKe Ojen 4 gme VAL b b
Js5 <=l NMR TF 040 Jus S50 ol FTIR glealKans
.;MTG@&M;) FT-4*MHz J.te

lews)
}’SJ...;
Qlﬂ@dﬂ‘ Ji)m‘ ¢Ck.w).> Jl}d osle Q‘_},..C«‘UQLQS)M Jﬂ)_}j
a s Jo ol s BBl L Ol e 4 Slial s 5 Jablows Ay IS
5O g ks SET 5 VAC s 505055 Lol jon JJais ) g0 5 5551,
35,5 Jskoes Gas 310 Min Sode s 551, (Gl goma LS w3l Ol
‘))Tl" mmuﬂbdwiwwf)b.%bﬁ&)ﬁjﬂb4;
11 00°C 5 0T (6lad ¢ s 503555 @8 1O B ke &3 Jams 5Lo
LSS el Ao y3 5 S5l gline ke a3 2815 . 05 o3l
D51 05533 e Slas gladoli b 5 i S alnil o3 YO
O dg cdamea (glos )5 OUd S 5l ladd gad o (6515 05 sl
(X)) ek o3 5 Aol 13 F"C glos s 3 51 53 55 o

JA] s aclona Y dslae

PR 0)
1-P

X =

Rj(objgu:;;gljfj}jﬁQ}%)Q}@)b%&jj;kp QTJJ‘&S
KA BIPICIURTS PS P PPUREO

_ W0 4
W,

m
1-Cqg

()

)de__‘);dl,_é;\jﬁ ‘j_eb Cjw u‘Jﬁ £ o CS UU)&A&‘))

gl (gamlgel b poaly (59 &y sl Jalag - 39 I8 Jalag reslyeS siaw

VAc dos Ye 5l xS (5l Hhas ado oS -l .l (VE/VAC)
62318 VCIVAC oS 5 PVC ge (sl IS 51 DY 505
3 ekiSe el en 4 5y O 4o &S ol (plastisol) J g 2wl
(042 J5 sles) 53 slas 5l maS los 53 i 550 lein s 53l
Jlaslains oo basn; B O sy b les 3 5550 g0
ot ol g Sl g (5o (55518 30050 ) 9303 5 o
oo OF ol 48 Sl s 88 63 38 oS sl L
& VC/VAC o i sS 5 PVC lg ped sal o sl el ods 1) 5
(RIS g A Cad S RS 5 S S ol el s
53 Al ST ks (g xi 6551 5 ol 5 6518
D3VAC pa g0 S 5 guam L3 o3 IS L2 S NI S (6350
s o0 S ) 5, Tg 5 Ty les 655 A U ey sS i
Wil ogs 50 o 555055 ol el il o S s i3 o5 (531 5 2
¥+ LPVC olisasn Jsles VAC o3 10 L (6 ark S A5 s
SSSse 02 53 15 e 55,51,5 (DOP) VI Ll 65 Ao
ST LS R L VEM U2 ek 58 SIS ke o 2l
Fsn 035 4 Sl esls 0L 53,8 s 2 1y Ssmd sl o)
kS S 5 35 e e IO ST e (I L e S
S5 4 IS s O ads Cos s Sl 20 e sise g3 0ol OAS
29 53 o5 gn Sla okl a8 el 03,5 B1S en (S5
2L sl 2 5l O 5 o [O] 0 oo ol Loks Ao ja A
535545 Llesls 0L 563 8 I GPC KaS w51 ks jarls S 51
226 Bl ST s oo J S50 0 falS el i s 03 VAC
53 VAc dojs Vo a4 Wles S 5,158 5l 0a
G s s BB sk ol LSS gl il s S
oy Laysh 2alS O e 5 das o [2aS PVC olisasn
IF] sl 0 e S

gl 0 ek sagn o 5 St (555 4SSl 325 L
=S gbesls Lol VAL sl a8 ool (63L5 s8I IS L
Sl fes b A IS by Samd sol 000y S S o5l
Al s 0dd ey e 03 HLES Ol as L) (Gl )3 3513 352
ol 0 w2y St S5l

3
3lg0

uﬁ}lp-b.ifjlst}ﬁ) )‘ .,U.'}‘)L?P &A)}ﬁ L.Jf‘)" oslaial S)ee J‘jﬁ

WA OUT - sio € 0 Lah a3 350 Jlus ¢ posly 15505355 9 9l cohlid 34 - ol Ao YOA



gl Sgamlgol g3 poaly Yhg) Ay sl Jasg - 9IS Jalsg poalygS jilas

.Vb\éW‘j_}é‘J}lﬂbuﬂ—\JJJ}

(g)lﬁ-l Sl
NaAc SA SLS 1 VAc VCM
* Sl
Y0 Y/ \rAnd VAY 04 Y. \
Y0 Y/ \rANd YV 04 Yy
Y0 \A \ANZ \ANd 04 Y Y

S8 S Gl Jls asles 31 it ol (gl 3,8 acsle 3G
3 oo o3lil JTol 8

Z VEM G35 3 5 sle s VU 3131 o Vi il

e 3laasn Ja] /80 1 500°C slas ;3 VEM (s oS5 555

5 aML VL 5 S Jes JSse e Myey <VEM B

A 53 L oS sl VEM )35 51 3 ks 2 5 e
:@il;ﬁ\?‘sﬁ&oﬁ

VLEML=mH20+mVAc+mSLS+mSA+mI+mNaAc

= VA mL
Vg = A+ mL
Vp=VR-Vp = \+Ys mL=/".L

Y g VU3l o 53l g a0 o Sl miadslas il
il plo el 3,55 VEM

PV;=ZnRT Mycp = V0

N X VY= o8 (Wyepg/ SY0) /+AY (30 + YVY)

Wyem= YWYg

s SLOVY XVe0)/ ¥V 0,5 P10 L Jslas VEM liie -l
.:)b:;:.—;OJJ-MC)Jﬂi):&}\_fj&);«sw\Jl)jﬁ-VCM
S (V) sl @anb&‘ﬂl{v»jl‘VCM Gy fl.<.:.:uu.
WA O ijl,:J@}@bckﬁé‘ﬁhwwlﬁan};&
a3 55 oo ko 33 P10 5| xS 5 5B 5 VEM e case S j5 a8
0L oy los 53 581 aseds 5,53 VEM 5l s ;3 AY10 51 A
Qﬁﬂyﬁwélﬁoljmjﬁfu.w\@ut}ﬁg
IVl les S Jasl58 Aoy AV 3o VEM wls 2 2 PVC

PokgS Ao 3 S § 9 2l JUS Lo (g
b WPA em” e ) IS5 3 ask S FTIR Cibs s

o5 plonil Malr o5 YO L STy o *
wljﬁY)&bmwQ)jwjjmwijDj.bﬁl:na.lﬁjls

435
5 o2 (Jske - THF) IS 6 - M= iy 40 e el 1l
s THE 3 53 0 it 535 5l bidonls 13 30 53 Tsine
e S Cab S Jlsle w6l FTIR o8ais b 5 ags
3 S cpme sadls S s ps oS SNMRAA o&is SaS w3 5 Ola 3l
ASTM DOYVYY 5 Jslicd 3o 55w gl jads (K-value) K. ltis
IO VeemL s jallt $sas 310 g s, el o3 oA (5,5 051
L apes 38 YOC glos 53 5 3 8 Jo 0l S IS
T S35 S 53 4 ged J e 5 Gall IV 5 Ol (6 S o510
Gla e 515 5 5503 63518 oslie (6,5 63l S pme 3 5]
e el 0 ol ASTM D AYFF-OAT s jlilind il o i
o3 S aulbes ¥ dsle S0 K
o _Lslogn, ~L#[1+(2/C+ 2+15logn,)15logn,]¥?
0.15+0.30

)

)Jdﬂr;wﬁgj}l}mwc;wL;jjll_)fnr;ﬂ);é
M&w‘j)3|k‘)|m\JJJ}.-)J.CAAA‘JM}J;:)‘;:J\"

ol oJmT

o g b

gk 3B 93 53 VCM J395 32 comd
S5d- o JLaS e gles 3 ST 4 IS Ly B ) e
(VY atm) WA psi b ;L3 D0C b Loy 2l 531 L aS sy 0 PO psi

3355, VEM Jlie 015 o 5 551 o 0351 p skoa L35 oo U

qu WAY algT-)u‘Zo)M‘PA.))jbbdlm‘M $J9J9S5 9 pole ( ANDY Sy - el Ao



$ OblSen 9 A5 ko IO Sen

¥
Y. (8) S3ET la
- Y
Voo —2— Y)YF
= Yirs
3"
= ¢
172]
(=7
& i,
Yo
[ Yo Yoo fas
(min) oL

OloJ o 32 Jood ke 33 § L O gk () 2
s e 0LES STy a8l 1y Ol o LS I3 s ¥ IS
oS O 5Ld O 55 48 Bl 4B . lasU 55 (gl a1 sas
S el LS gl SLas O 3 a8l b s le o BU
AR bl ) Sl b il mbn ST ke s
Sl O e s e STsbaslLas cl ol e 35 S
.x:ﬁ@ﬂlﬁ‘fabﬁdujﬁ)ﬂbQ)J:@béuf)}yjuéli
3,05 638 56 43 3 4 50 VCM (b 5 s VEM chle JalsL
&ASJ}S‘)JL&%)JJJJS&&;SF&MMJJ)GM@LA
SEU sk e bl el axaal jLis 2alS ol izl s b e
Glae ks o 514 al o Glisl ol&im 3,50 cple b o il
Sl s L iy ST e a8 s e e o 5 s
YRSl s Selsls ke 53 ey ol 45 35 e i LS
NGOV T TRESY I oo

Sl O3 o o by jagise s deo s Sl s B IS

Voo
Ar
2 -
E . (8) ST s
; - Y
—3 ¥ - YV
- % = YIS
Yo

(min) oLe 3

.QMMM‘f)JQLGJWﬁdﬂ@“)})‘}w-\cJ.i.;/

Qg Hgaulgal O3 posly (9, &y calinsl Jada = 39S Jaiag reskioS siim

(7.))‘9-3-9[)‘}:.‘

Four YO VO e Ore

(cm") e S

yosk S od 5| FTIR i\ S

by WPV em” 5100 i LSy 5 (-C=0) s S o3,8
by aVFem S8 Gl il el N ol il A
Wl oy 55 S Lites 53 C-Cl b g a3 S5 5 o on slgal ]
;}?Ja.,b?js):ésﬁﬁﬁ&ljjrb&éu»ljsﬁ)jl
DY s,ls 55 65k

02488 Hsbolea e disS 53 VAC 055058 doys s (s
e S s Emlas Sless 8 ssdalin(Y IS2)'H NMR b
&ﬁwlﬁjwwtﬁ;upo/\‘ppm«?u);c;l;.ﬂldt:.u.u-lj
ol 5 e ¥10 PP 4L IS s o 58 50 s (e S
s O (335 ez 53 033,8 o o o s 50 o )5S0 50 0702
DYT el e

WOIT Ll edal vy VAC Hltis ¥ S 4y a3 L
VO/Y ) Jsdr 5ok ST 5o Sl L Hluie) ol Ao s

.(C,‘.,w‘u\.».a‘)b

YAQO

2 4
«{CHZ—?HHCHZ—?H}»
Cl o
n m

O(ppm)

DMSO N> ;5 ek sS 'HNMR b ¥ S

WAY GLT- a0 € 0 ploshs (023 33U Jus poaly 5 39J9iS5 9 pale oAby - ole alxo \"?-



Awgals Sgamlgol g3 poaly hg) Ay sl Jasg = 9IS Jalsg poalygS jiias

Qevnns
Avs AREEEE
Veras YOr
$ Tovres
= 0 — Yoo B
= =
Fooen > Yovean
\Ir (TN
Yoo Vovean
Yoans O
fo o Fo Vs As LY
K ,ldie

e S35 A e ) 53 SRes S bk e S s
Sy 54l als JUil bt leniSTy oS (g5 ska 255 00 YL
Sy J5 A aeday ol ol o Rl s pee sk LA
33,8 oo 3k iy oS Olay e 53 ks Ao s OF i s oS e
ol fl};.;‘ I 53 581y O ol gles 53 2S1y G [IY]
o 3131 gla 8 SSibled 5 581 oS s s s 2 S sl
S 4 00 J5 e s L Sl el 2S5 Cilin slgile s
S Sl A1y s ol sles (555 e L s
el G J§ el oS et YalS Lo ) ples 0 s T (gl

990059
Ol i 5 Jssm oo lpd (ol S0 w0 055 S 55418
5 30 055 o IS s jealisS 5 edkigesn 3Ll Al
Dis sl Bl sy cnl 51l (Ko Mg by 0 0f s
ol S e 55002 5l g obre S (Kvalue) K lide o J oS 50
ASTM D OYVYY 3 kil (slgdisy ub ot 535S [V 5 e
]l =4S 23S plouil Lk gad (55 ASTM DAYFYF-OAT

Yoo
WY —
Ar
3 "3
N 3
2
= -«— £ *_'é
= =
f.
Yo
Yoo Yoo Yoo oo
(min) Ole

X S5S15 (6l 0o o Ly ok dm s 5 SLES Sl 4a3 0 IS

aw 8 Gl s do 35 50 e sdalin &S sb Slea das o OLAS
(sl U S a0 0y b o331 il e Rl 31 OLes b ST
Ll e aelsl el 5 sl s Aoy Ol s O 55 &S
gy AL alie gl s s do s ST lds S5l
ot S o338 medalin ™ [5STy 6l e o 5VL oS (6 g
33 Gl 0l oy e 5 bl Aoy L ST, LS BLs )l e g
el 0 s 5T 2SNy 510 S 3 Do pet 5 ke el
wl&@)wgltjﬁ‘wl.@?a Ko slas jsbolen
&&M)s)filiuf|wl.wﬁw);9():}J\;-m.‘_}i.k::w):é
VP VLI [ SR - S Y [ PO EEP R - SPRCIUON B o
e Sl ks doss 5 oL & Ol Obey SSLT clale
STy a o (sl S LU s bds doys Slis Ll LS s
Lo 33 PO i 3 oL il ST ke 4 5 ol DL
e sl b oS ol [ESTy 5l sl e oS asiie s
wolsl gl o S ol 53 o ledds G me ol 56 )3 35 50 VEM
DA oy 5 S g0 3545 ST 5S040 (5318 5B a g Oy
4 ot LIS e 55 S o My aelsl VU glehis Ao s b

'S ss S YK ltis '3 8558 S5
B
(cm"/g) (cm"/g) Sy o sle
+/4) ZAIO AV \
/N 4% /VEA Ay

<ol el DOYVYY (1) s DIYFY - OAT (1) ASTM 31ilinl o Lge S o510

Y?\ WAY algT-)u‘Zo)M‘PA.))jbbdlm‘)q}g $J9J9S5 9 pole ( ANDY Sy - el Ao



358 moslu 3 Ko asles LIl p3aSs S kG o
v=—"" ®)

Rtl’
Jolse 5 ad, J 5o ey Clale 5l b Jlil 5 Lisl cs e
VAc 5 VEM (sl o 55 5o ool JUish Lol se « 3 b 31 5 el JUis]
s J b el s ol 52U LT 2 5 ey 40 Ui S s
0355 o sV dsles a0 a8 cles 3l sl o S

vee (—5) v)
tr

Sheasls (Ko oddsl slenl o (St i3 Jsb ot alslae s
Glos 53 3 e (2ST5an s 5 Llazasls Los w4 Lgnl -pl a8 bl
St 3 b ST B a3 ol 4 S plnil 2o

Wl 0T oS J 8 e Jab 93,1 (5 31 J oS50 0

S5 dd

Al g Samd el Gy bl fus - LS Loy el sS
35 ol doyn 5 5Lad )it sy ciliee clale s ST
oy 51 45 A S s J e J5SU50 035 55 5 RSy o
Olo - Lz (glasls gas ol Caels Kl cpoans 5 ozt (55515
S el ST Gl lgrale b O jady (2ST5 4 58 (ol 5
S L o5 Bl 4 USG5 is Lo 5 PO b 2l 4l
L Obojan 30 oo i O i Shlel clale 2l 31 L &S ol
P85 3303 5 2 3B 53 3 s VOM (las a3 LIS b as
g ool b e fals [Las WSSV Ous w38 56 s s s e
S ol mls g o 1 00s I s ae e ol JLos
SSsn o a5 s ST 4 das e 0L i 5518
e aS s o )l 3 56 Cos | (aSTy S e dais 53,106 el S
sl VAC 5 VEM 0 55 g0 ooy Jlil 28Ty VU e pan 0

&y

1. Wickson E.J.,, Handbook of Polyvinyl Chloride Formulating,
John Wiley, New York, 138-162, 1993.

2. Polyvinyl Chloride, 13A, Stanford Research Institute, 2002.

3. NassL.l., Encyclopedia of PVC, 1, 2nd ed., Marcel Dekker, New
York, 62-231, 1986.

Qiaognl Sgamlgol O3 poals (9, &g cslissl Jaiag = 34 IS Jaisg soalyoS jdius

~wee CH, = CH, 4+ CH,=C e
[

X ?

(4

C=
CH,

wCH, = CH' 4 CH,=CH ————— =~CH,— ?Hz +meeCH=CH

X (I) X ?
C=0 Cc=0
' () '
CH, - CH,
wwsCH, = CH, + CH,=CH
|
X ?
S5 ml G5l X ¢=0
(C> CH v

IVl Jaivs IS s porksS s JUisl sle2sls o) - b

.w“,\,\ia:)‘ﬂ\' J}J\}‘

pobas £ USE L OF aelie 5 Jsior ol 53 K lie oy 2 L
el 531 5 ol OLSC 5 ST (51 J ST gop 48335 0
o Ul ol L0 et LSS ey JsSUse g s 3 ST
S DOl VY L/molis 5 +/#PA 55 4 VEM 5 VAc s se
OMMJ.A}Q)J 45.,\4.34.5 eraLJ:.a;l &‘)MJ ;{.L:ALA ‘u_‘aj.la

JUal sty lial Loy LIS fsy o 58 50 O padds oS 55
d\f)lu;ﬁ;ﬂts.kﬁb&C)VAC)AJJ)A‘S))OM)}J@\CA&&JU&A
DPAVEs s o ol (=Y = Jb) gt 0355 (555 JWeEl Lo

Pl o ey O slas Sl e b (St iy Jsb

R
V= P )
R; + Ry

5 Ul e w3 3 a Ry 5 Ry 5 e SLE8 S R O 3 oS
.c,,.u|¢l.::>'l

4. Wickson. E.J., Handbook of Polyvinyl Chloride Formulating,
John Wiley, New York, 28, 1993.

5. Capek I., Emulsion Polymerization of Vinyl Chloride with Butyl
Acrylate, Macromol. Chem., 193, 1165-1179, 1992.

6. Edser H. and Farmer D.B.,Vinyl Acetate Copolymer with Ethy-

WAY GLT- a0 € 0 ploshs (023 33U Jus poaly 5 39J9iS5 9 pale oAby - ole alxo \"?\"



izl Sigaunlgol O 3b poaly g &g linsl Jakag = S9 IS Jaiag roalgS siin

lene and Vinyl Chloride, Polym. Paint Colour J., 4, 1051-1059,
1974.

7. Friis N. and Hamielec A.E., Kinetics of Vinyl Chloride and
Vinyl Acetate Emulsion Polymerization, J. Appl. Polym. i, 19,
97-113, 1975.

8. AlvarezA.E. and RessiaJ.A., Batch Emulsion Polymerization of
Vinyl Chloride, Latin Am. Res., 31, 217-323, 2001.

9. Neel L., Gas Encyclopedia, Elsevier Science, Netherlands, 437,
1976.

10. Hamielec A.E. and Xie T., Experimental Investigation of Vinyl
Chloride Polymerization at High Conversion/Temperature/Pres-
sure/Conversion Monomer Phase Distribution Relationships, J.
Appl. Polym. Sci., 34,1749-1769, 1987.

11. Haslam J. and Willis H.A., Identification and Analysis of Plas-
tics, Arrowsmith JW., 86-89, 1972.

12. Mark J., Polymer Data Handbook, Oxford University, USA,

929, 1999.

13. Hashimoto T.K. and lIkushige T., Sequence Distributions of
Vinyl Chloride-vinyl Acetate and Vinyl Chloride - vinyl Propi-
onate Copolymer, J. Polym. Sci., Polym. Chem. Ed., 19, 1821-
1834, 1981.

14. Megjs M.R., An Analog Computer Study of Polymerization
Rates in Vinyl Chloride Suspensions, Polym. Eng. <ci., 9, 141-
151,1969.

15. Nomura M.M., Rate Coefficient for Radical Desorption in
Emulsion Polymerization, J. Appl. Polym. &ci., 26,17-26,1981.

16. Bassett D. and Hamielec A.E., Emulsion Polymers and Emul-
sion Polymerization,ACS, USA, 455-470, 1981.

17. Davdenko N.V. and Minsker K.S., Thermal Degradation of
Copolymers oF Vinyl Chloride-vinyl Acetate, Polym. Sci. USSR,
23, 1678-1684,1981.

Y?r WAY algT-)u‘Zo)M‘PA.))jbde\mM $J9J9S5 9 pole ( ANDY Sy - el Ao



