Polymer{Korea) Vol. 18, No. 4, pp 463—472(1994)

W94 Ethylene-Vinylchloride 5349 {43
dEA ] A3 AF

N P R E R

g}

QAsbalg, *adustn sttt Hawnsy|sd HerEsty
(19943 44 214 B4

=Y BAFYREY

ol

Studies on the Synthesis of Heat-Resistant Ethylene- Vinylchloride
Copolymer and Their Thermal Properties

Taek-Sung Hwang', So-Jin Park*, and Jung-Ki Park**
Dept. of Industrial Chemistry, Cheonan National Junior Technical College,
Cheonan 330-240, Korea
*Dept. of Chemical Eng., Chungnam National University, Daejeon 305-764, Korea
**Dept. of Chemical Eng., KAIST, Daejeon, 305-701, Korea
( Received April 21, 1994)

2 ¢ : ST-DVB F53H 0l tinhydrideE 143 QA8 PVCE 2235t EV copolymer
£ FAsAct. A EV copolymere] $%2& FT-IR Ba#og #elslgon, EV copoly-
mer®] Z244W3, T, £ 2 I8 5 AR EV copolymer®] 482 32 %-57 %
R, THYTF FAREE 3mole% DVBE &#3t polymeric hydride S & AHE-3H ¥Hg-9]
A% 1.41-1.65 X 10 0]9]al, 5 mole % DVB A $-oll= 1.61-1.68x10% ojgit. SAEe] =7}
o] w} EV copolymertie] ethylene unit®] mole% = Z7}slg e, FHul 23.74 mole% o2
o, 844N DVB @32 3mole% ¥ w7k 5mol% Bt ¥ ¥tk EV 3FHA T, &
ethylene unite] FAJd we} 2-37§2 Jeltow, PVCe) T ot @3k, 22 = block 3
B g IRAF 5 ot EVESEAY 27 d&8) 255 240-248TCol9lod, ¢j5& PVC
o] Z7|EEs Mt BF Z9ir).

Abstract : The ethylene-vinylchloride copolymers(EV copolymer) were synthesized by partial
reduction of PVC using the ST-DVB copolymer supported organotin hydride as a reducing
agent. The basic structures of EV copolymer and reducing agents were studied by FT-IR
spectroscopy. The mole ratio, the glass transition temperature(Tg), the molecular weight, and
the thermal stability of copolymer were investigated. The yield of EV copolymer was about
32-57 percent. Weight average of molecular weight(M,, ) of EV copolymer which has 3 mole
% or 5 mole% of DVB as a crosslinking agent was 1.41-1.65x10* or 1.61-1.68x 10*
respectively. Ethylene unit in the EV copolymer was increased with increasing the amount of
reducing agent, and their molar content reached to 23.74 mole percent. The reduction ability
of redcing agent indicated that 3 mole% DVB was better than 5 mole% DVB involved reduc-
ing agent. According to the content of ethylene unit, two or three T, were observed in the
EV copolymer, and their values were lower than that of homo PVC. This indicates that EV
copolymer has a structure of block copolymer. Initial thermal degradation temperature of EV
copolymer was located between 240 and 248°C. All these temperature values were higher
than that of PVC.
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Table 1. Conditions for Synthesis of ST-DVB Copolymers and Their Functionalized by Witting Reaction

DVB Styrene Sulfuryl-  Chlorosulfonic = PPh, NaOH Bu,SnH
mole % ml ml chloride(mole) acid(mole) (wt%) (g) (mmol/g)
3 5.76 70.24 0.20 0.10 4.50 1.90 1.28
5 9.60 70.40 0.30 0.30 5.00 1.80 1.17
7 13.16 66.84 0.20 0.10 3.40 1.90 1.00
10 18.80 61.20 0.20 0.10 4.50 1.90 0.79
20 36.00 44.00 0.20 0.10 4.50 1.80 0.64
* Conditions of Polymerization;
1) Reaction temperature of bound polymer : 80C 4) Reaction Time : 8 hrs.
2) Poly(vinyl alcohol) : 0.75wt% 5) Atmosphere . in nitrogen gas
3) Benzoylperoxide : 0.2wt% /Styrene 6) Solvent : 100ml toluene
2| 4184 A435 19943 7Y 465
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A : N2 Gas Bomb F : Thermometer

B : Pressure Regulator G : Motor

C : Flow Meter H : Stirrer

D : Regulating Valve 1 : Reflux Condenser
E : dropping Funnel J : VWater Bath

K : Heater

Fig. 1. Synthetic appratus of polymeric hydride and
EV copolymers.
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Gel Permeation Chromatography(GPC) o &
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7 8t 100 A-500A-10° A-10¢ A-10° Ao
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Fig. 2. FT-IR Spectra of bound and gunctionalized
polymer.
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Fig. 3. Change of chlorine content in EV copolymer
against reducion agent contents by partial reduction
of PVC using the 3 mole%, 5 mole%, ST-DVB poly-
meric hydrides.
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Table 2. Synthesis Conditions and Characteristics
of Ethylene-Vinylchloride Copolymer by Partial Re-
duction of PVC using Polymer Supported Organo-
tinhydride

Synthetic Condition Properities of EV Copolymers

DVB Reduction on. Ethylf:ne o
(mole%) Agent tent(%) Unit Mwx107*
(Wt%) (mole% )
3 1.00 54.50 8.34 16.54
3 3.00 52.25 16.03 16.20
3 5.00 51.17 19.48 15.60
3 7.00 49.77 23.74 14.10
5 1.00 55.52 441 16.80
5 3.00 55.24 6.31 16.63
5 5.00 53.75 12.41 16.32
5 7.00 52.23 15.88 16.10
* Synthesis Conditions;
1) PVC : 1.33g

2) AIBN : 1wt%/PVC

3) Temperature : 60°C

4) Reaction Time : 14hrs.

5) Atmosphere : in Nitrogen gas

T HHE 2T E 60CE st R2FYAA EV
TEEAE A=l 2 27 3 mole%, 5 mole
% DVB 7haA g x33 44| o] F715te
wet EV A e d4e] e T4
ooy, DVB7} 3mole% ¥3E IUAS ALL3
74%7F 5mole% DVBQ ZL-uwth EV FE3A
e dashe Aol A Jehgtt. o)#g
ol YA Well DVBE] gefol Z71ghol ua}
7t £7F S7ks o] ool thd B gAdo] wolx
a1 pore size7}t ZolA A1 g9 PVC7} A1)
35719 AEo] o9 3H BVt vkg
stod HhE-AJo] AetEy] wEeE AZEJow,
o] 59 A E Fig. 30 EAISHSITE

Fig. 4= DVBE] Ev8]7} T8 YA R PVCE
FEEAAA 4% EV F3EAe 24g9siet
A wE FrAAY HEE Yolry) S5y
IR ~#HEY Az, FE ethylene 5433 in-
tensity H]ZX-E] ethylene unite] Al ©is &
23 A2 SAA Y o] Fvigel wet 5
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Fig. 4. Change of ethylene units in EV copolymer
against reducion agent contents by partial reduction
of PVC using the 3 mole%, 5 mole% ST-DVB poly-
meric hydrides.
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Fig. 5= PVCE R EIYAA 4% EV 35
Ao BAA 9 Foll W ExlF HEE Ve
Aojth. Fig. 5ol|A] Bienle} go] 27| 9] o] =
Vet weh FFHTF FAKM,,) & 2Aasa, po-
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Fig. 5. Change of molecular ‘weight of EV copoly-
mer against reducion agent contents by partial re-
duction of PVC using the 3 mole%, 5 mole% ST-
DVB polymeric hydrides.
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1255cm™o)| 4} C-H deformation, 960cm™] C-H
rocking @ 615-690cm™ef] 4] PVC2] E4J01 C-Cl
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Fig. 6. FT-IR Spectra of EV copolymers by partial
reduction of PVC using 3 mole% ST-DVB polymer-
ic tinhydride.
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635cm™le] C-Cl A%A% 727 Uehje Ao
Z ¥o} EV copolymer®] T2& ERIZ 4 U
t}.

&3t long polyene sequenceE 2z ethylene
unit®] §4 2 =(1473cm™, 1463cm™, 730cm™)
£ B X ¢k, short polyene sequencegl
-VEV-, -VEEV- (V=vinyl chloride unit, E=
ethylene unit)9] -CH,- rocking S¢3%< 750
em3} -E-, -EE-9] methylene 232A%90
1460cm ™ol A Ve, 2iix9) w7t 371
+% olge] AEE F7laA0.

Fig. 82 tacticity ®18& #&3}7] 9ot &
4 33 FES st £A43 hEAA ~"wE
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Fig. 7. FT-IR spectra of EV copolymer by partial
reduction of PVC using 5 mole% ST-DVB polymer-
1c tinhydride.
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Fig. 8. Enlarged FT-IR spectrum of EV copolymer

obtained by pratial reduction of PVC using the poly-
meric tinhydride.

Foltr}.
Fig. 804 R v}e} 2ol 693cm™'9] isotactic

469



BAE - kAR

C-Cl A& % 1329} 614cm™ 9 syndiotactic C-
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Ao) syndiotactic Bt} Ittu 4#A qo, H
go] APl wt polyethylenedl| 7H7he EV
copolymer7} AJAJE 7 foll= 1426cm™ 2} 1434
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£9) C-C A&A% FA50] 719cm™ ¢ 730cm™
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2.

DSC ¥4, 844 7tk 2 A 4o ¥
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HPAE AHER A T 3F8A HY ethyl
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88 zta, 1 ol idlAMe 3709 T, & dehd=d,
o] chain termination 8-go°) #x Ex}gFo] 7+
Ast1 e @4o] gojur) MEe g AT
ok o374 #AA ] ol wek 3709 T,7F e}
e AL BgA 9 gk i) ofs) FAFE
7b AJste] e 2xef fixIg 2709 T,7h A48 €
A%z 2t 28|31 834TCAA EHole T,=
homo PVC ¥-22] Ho|ZHE Al AFdHEo|
PVC gtz Z4al 98 ¢ + glon 13
= B3t PVCY T, Rt @ &FA 27Y
o] T7b wagrks A& EV copolymerd] 4]
Fx7F ARE Eadst] dEe® AAEUH.
Minsker® 5o} Bu,SnHE A}g8le] A3 ran
dom EV copolymer®] fa]jdo)ex ZHue}t vl
135! Tg 21.3°C= 24 mol% & PVC7} ethylene©
2 39 F 9 feldel 2501, T, 40.1C+=
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Table 3. Glass Transition Temperature(T,) of Syn-
thetic EV Copolymers by Partial Reduction of PVC

Gl Transit
DVB Reduction ass ransition

Temperature (Ty)
0 Agent(wt9
(mole?%) Agent(wl%) =1 o ) THigh T(C)

PVC 82
3 1 23.4 81.6
3 3 23.2 82.1
3 5 225 42.1 82.8
3 7 21.3 40.1 83.4
5 1 37.0 77.0
5 3 32.4 80.5
5 5 28.3 81.2
5 7 24.1 82.2

30 mol% 9] ethylenez4 (o]t X;) & 7Fd #
Z3A9) fHo] %ol sFeet. Minsker® 52
o] %A (Xg =15.7 mole%, 29.3 mole%, 38.5
mole% )& zZte= EFFAANAM 2719 FelHol2
3 v} 913, Millan'"5-& 3483} THF
S Z33 S E AMESled 80CelA A4 EV
copolymerdl] that 7ol A1, Minsker® % 2742]
T, & 233 Zoy X =30 mole%d &%
A7 7P F& @4 NS 7RI 2%
uh Qltt.

Naqvi®= % Z3g Etj2 3l EV copoly-
meroll A= vinyl chloride segment2] polardt 4
Z3} ethylene segment®] nonpolardt A2 W&
o 427} YojuA o, ethylene unite} 24
o] 30 mole% Bt} BolX|A HWH o3 &
aNg Qs FekgAel any] ARkt £
g iot. o| 2] Zx9} Table 39 A#E vl
& 2™ DVBe geko] 3 mole%, 5 mole% ¢l 3
Ao A BE 20 w=E= Y T, & 7HAH,
BAA Y go] 3 wt% o]l 2709 T, & H
B Aoz Hol o) A A} T FF
o] AZS ¢ T UNLH, ol FHE FEH
Ao HAGLe dX o HYF EV copolymerE
gstr] S8l 3 wt% 7 AP E I

EV 3539 934, TGA 24 E F3ld

[ 1
il
L
Y
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