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1.1 KeEH

RE LM (PVC,S-1000) , 71 [E A Ak T Ay
AR E S E N Al B R R
(PMMA ,IF850 ,M, =8.0 x 10* , M /M =2.1) 5k
LG A B2 A &AL 5 (CaCly) , BTz T30 ( 1
W) A7 PR S s B OIS BR A4S ( CaSt, ) | B IE MR
(ZnSt, ) BE AR FR B (LaSt, ) , i N A 25 5 )5 A Bl
By RARES/BE AT = B0 A BR A 5 AR A
W, IEARARE AL 480K — H iR — 5 iR (DOP)
T T AR AR AL T A BR A D 5 B A R o H
MEE (GMS) , b M 1% kA BR 28 w5 35 %0 K &
(ESBO) W #§M2 — <Mk (TRP) , v [ [ 25 4 4]
1.2 H@RHE
1.2.1 h-PMMA/Ca(OH), % &¥ 6l %

¥ 5 g T4 1 PMMA 7£ 80 °C F i fig T 100
mL SEEL %A 0.4 mL(12.5 mol/L) & & 4k
B9 (NaOH) /K % W, 80 C F Iyt #k 1 h, fifi
PMMA 437K fiff (7 72 35 A5 K fig PMMA o R R
M H 0 0. 12 mmol/g) , 4R J5 ¥ it & CaCl,
KW (0.5,1,2 F13 g), I8 pH 27 &4, M HE
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FE 2 b B RSN A 1 BT H P A 8 R A
A2 LRE TR, ULvE, 98, Ve, [ & 3 K.

AR AR AT WA — & 5] h-PMMA/
Ca(OH), Z &5+ Ca( Il ) &4 70 5 o 2.81

FEWITE 60 C T B 25 T 48 h, B ZUIR ¥ B B8 JE wt% ,5.54 wt% ,11.47 wt% F1 16. 85 wt% .
#3. FH IRIS INTREPID II XSP %Y £5 B 1K % 5O
(‘3H3 ?13 c|H3
NaOH
+CH2—T+ OO AHCHZ—T—)—QCHZ—Tﬁ—]»
n x Y
C C C
Vi
o/ \OCH3 o/ \OCHgo/ \o-Na*
T
CaCl
ey ~HCH2—(|:—)—(CH2—(|:ﬂ + Ca?
X )
C C
o/ \OCH30/ \O‘Caz*cr
N
NaOH
el ‘HCHZ_TﬁCHZ_Tﬁ + Ca(OH)y
C C
o/ \OCH3O/ \O'Caz*OH'

Fig. 1

1.2.2 f#i i PVC B 4%

W PVC JEffi i 77 an & 1 iR, A BT h-
PMMA/Ca( OH), & & ¥ % PVC ) K33 & 1k
FH, e 5 6l BC J7 b 4 S A3 phr h-PMMA/
Ca(OH),,CaSt, ,LaSt, 5% ESBO ;% %< h-PMMA/
Ca(OH),BE&WXF PVC & B £ 1952 0, ] 3 phr
WA /B 8L 2 phr 5 B8R AR AL B
LaSt,/ZnSt, ; }1 % %% h-PMMA/Ca( OH), & & ¥ 75
PVC i 43 BCPE , 76 3L ik BE 7 w43 0 m A 3 phr
PMMA 5§ 0.5 phr Ca(OH),. ¥ F IR S ¥ IE
XSS-300 #1444 i A8 AL (1 g BHEIAR B LA X 7%
AIRAF) RS 6 min (180 °C,60 r/min) , % 4]
JEAEE 5 min(180 °C ,14.7 MPa) ,H 0.20 ~0. 25
mm JE R AT 8 B PR A O R M R R E AT
BB FARILEr W

Table 1 Formula of the basic compound

Materials PVC GMS Paraffin wax DOP  LaSt;/ZnSt,

Content (phr) 100 2 0.3 4 0.5/0.5

1.3 it
KX A VECTOR 22 % 2T 4 5% $& {% ( 4
Bruker) #f 17 f# 57 0 B #e 21 4b 56 3% ( Fourier-

transform infrared, FTIR ) i 3 ( KBr & K ) ; %

Synthesis of h-PMMA/Ca( OH), composites

RIGAKUD/MAX 2550/PC 1 2 i 117 44X ( H 4= 3
L) JEAT X-GHAT S (Xoray diffraction, XRD)
M3 (CuKa, 18 kW) 5 2R F Q100 11 22 /% 4 4 it £4
ISR E TA) PEAT B H AL 56 A8 B2 (T,) Ik 5 oK
F SDT Q600 Z1FAH 73 A7 A% ( 3£ [H TA) #EAT KK
H 43T (thermogravimetry analysis, TGA ) {ll] iz ( 20
K/min,N,) ;% CARY 100 Bio I 4 &h-1 I 53
JEIE R I (3 [ Varian) #4755 4b-1l WL (UV-Vis)
I 3% 43 A R B S4800 MY H L BE A (H A
Hitachi ) # 47 #9 #§ # 4% ( scanning
microscope , SEM ) /3 4 ; % F] Tomaszewska w07
1 PVC YBAL I ] 98 A 40 55 A d5e /LA

K JH XSS-300 £ 4 i A2 AP i PVC IR &
PAE 180 °C #5234 60 r/min T HYEBILAT N, & iR
B W) IT IR A2 B Y I (8] Sy 2 25 PASE I ) (time of
dynamic thermal stability,t, ). % ASTM D4202 %5
WEEAT W 2R 2000 3. FF 2.5 ¢ PVC #1 0.1 g h-
PMMA/Ca(OH), &2 &%) T W5k h 5870 & (X T
TR PVC, I B HEFRI S g B3 oK) B # AR i At
B THE 2.5 om L0 E MR 20040, F i
HHE T 180 C R A, AL MR 20 40T 4
78 Y R IR ] Al e 2 FAER 2 B ) (time of static
thermal stability,z_ ).

electron
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2 HR5i®
2.1 h-PMMA/Ca(OH),E &M &5 H#

2 % PMMA Hl h-PMMA/Ca(OH), & 4
Y XRD 3%, 5 PMMA JC & JE ¥R # W5 AH L, h-
PMMA/Ca( OH), & & ¥ 1 17.9°,28.6°,33.9°,
46.9°,50. 7°Hl 54.2° H B 6 AN 17 516 , 4 501 %t
(001),(100),(011),(012),(110) FI(111) & i
iy, 5 & A5 A M brfE XRD & (ICDD, 76-
0571) —3, W E S Wb & Ca(OH), 78 U5 s It
Hh,29. 3T (AN &l 1 v B S BT OR ) X R
Fif5 (104) & T 47 4+ (1CDD, 05-0586) , F /> &
Ca(OH) , W& W 75 =0 v S AR Btk S A s %) e 2 65
1.

Intensity (CPS)

6 12 18 24 3|0 36 42 48 54 60

20(°)

Fig. 2 XRD patterns of PMMA (a) and h-PMMA/
Ca(OH), composites (b)

& 3 &% PMMA 1 h-PMMA/Ca( OH),E &%)
f) FTIR }%. 5 PMMA # [t , 5 & ¥4 3642 cm ™' il
3436 cm ' HYER 2 SR UG 43 51 % R Ca(OH) , FI
W B K ) O—H B A 45 4R 311 78 1570 em ™' 5 1409
em I I I 43 1) S —COO0 T B K FR 5 6 BR IR 50
WU 9 3 B 244 161 em ™' /NF—COO " /Na*
(184 em ™)™ [ PiHI & & ¥ H A7 4E—CO0 ™ 5
Ca’ [ B T Ar 4547~ sk 2 frow, 5 4k
PMMA(T,,98.5 °C ) #f [t ,h-PMMA/Ca(OH), & &
W T I 5~7 °C,HBE Ca(ll) & 3 i wg A L
JF.—CO0 ™ /Ca®* & F X {fi h-PMMA 43 ¥ 5 3% 5)
SRR R T IR R

Table2 T, of h-PMMA/Ca( OH), composites with different Ca( II')

contents

Ca(ll) (wt%) 0 2.81  5.54 11.47  16.85

T,(°C) 98.5  103.6 104.3 104.4  105.1

E Eiid 2013 4F
b

g 3436

g | 3642 1570 | [\

E 1409

g

=

4000 3000 1750 1500 1250 1000

Wavenumber (cm ™)

Fig. 3 IR spectra of PMMA (a) and h-PMMA/Ca(OH),

composites (b)

2.2 h-PMMA/Ca(OH),E&# % PVC #FE
M 9 5 M
K 4 7% PVC 5 h-PMMA/Ca(OH), 5 &Y
TR G Y (2.5 ¢/0. 1g) M i Jiw PVC 45 it 1R
(5 ) TE 180 CH ¢ MR AW Ca( 1) & &
A 2. o B Ca (11 ) & & 39 nm 7h . % 3
ZEEVER B AL &R B AEE G Ny T A
FE R, AR iR miaEn™ . 24
Yirh Ca( Il) &N 11,47 wi% B, TR B ¢,
(62 min) 1L A WL (23 min) ,LaSt, (48 min) I
CaSt, (44 min) ;Ca( II ) & 503K 16. 85 wt% ¥, ¢
(83 min) # i ESBO (68 min) Fll i 1A £5/ %% (75
min). 7] I, , h-PMMA/Ca (OH), & & ¥ % PVC H
AL B PR E
90

75t a
60 b

45t

tys (min)

30F

15

Ca(1l) (wt%)

Fig. 4 Influence of content of Ca( I ) in h-PMMA/Ca
(OH), composites on ¢ at 180 C for PVC dry-blended

with h-PMMA/Ca( OH), composites (a) and for the melt-
blended PVC compounds (b)

KIS AT A [R] R AR 52 500 X B 5 PVCJ5 il
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REW o, M 2w, ZEYh Ca( 1) &8>

16. 85 wit% i} 5 jz PVC IR G 1Y 1, (29 min) #
it ESBO (23 min) , LaSt, (18 min) I CaSt, (19
min) , SRS/ B (27 min) A1, (OR T A HLE
(36 min) ;IR AW ¢ (70 min) &8 F ESBO (56
min) \LaSt, (30 min) ,CaSt, (41 min) Ffl7G {18} (24
min) , T 5 W A& 858 (64 min) A 4. 7T 0L,
Ca( 1) & BB =M, h-PMMA/Ca(OH) , & ¥ A
IXAE PVCIER I T b BA R 5 i A e 1B, iE
REFE = PVC M IR 7 M, Ho 25 & AERUE ROR
DT B R Ml A e )

70__ e ‘
60 | \ N s §

of 0B .

g .

~"30— § § §7/§ ...... %
s -ml
O E El T

CaStp  LaSt3 Liquid Ca/Zn Organotin

Fig. 5 t,, and ¢t of PVC compounds melt-blended with different

kinds of stabilizers

& 6(a) W st it PVC IR G WHAE N AUE h i
TGA HiZk. PVC o i A M A B Be 2 55 — By
BLAE 200 ~ 400 C, KL 60 wi% , F 2 A I
HCL, Az Ui S 58 200 2540 5 80 PVC B 6855 —Fy
BeAE 400 ~550 °C KRB 23 wi% , FE R EZM

a
100
98
S sof
ED 5 96
§ 60 1 94 I I I
ﬁg 220 240 260 280
%D 1) Ca-0
& 401 2) ca-2.81
= 3) Ca-5.54
| 4)Ca-11.47
201 5) Ca-16.85
200 300 400 500 600

Temperature (°C)

S5 A8 VR 41T A= /N3 R A I T e ke LR OR
M55, 32 3 F L PVC IR A 1 il BB fi e 4
T BE (T, ) F0 R i o R o RIRE (T, T R
T Y h-PMMA/Ca(OH), E &% Ca( 11 ) &
G &L T . Ca( 1) & & °H 16.85 wi%
B ARG T, T, iR sl PMMA B} 43 531
PE12.9 CH10.0 C. ® 6(b) B PVC RS
WAE N, B AT IR (180 °C) TGA k. ik &
Y Ca( 11 ) & & 3G, PVC BB fig 3 22 3% W e
k.

Table3 T and T, of PVC compounds with different Ca( II )

onset

contents

Ca(T) (wt% ) Ty (°C) T (C)
0 209.7 294. 1
2.81 212.9 296.5
5.54 214.8 299.9
11.47 218.4 303.5
16. 85 222.6 304. 1

PVC R M 5205 [ R B 2 A (s 79 28 & 0
AT RS #E HCL AL T 19 Piss X7 i, Hof
SEAL TR AR B s TR R R i B
HCI' 2 ZnSt, 3 B R WS E 242 85 PVC
AR E PEIT B oA 0 0w RV R0 4K,
ZnSt, 5 HCl [z b J5 & B Lewis 8 ZnCl,, 5 i& %
“Rppen PGB PVC W) G K G
PEAR 2%, CaSt, (5% LaSt, ) BE o] W e HCL i A2 i G
fEALTEPE Y CaCl, (8 LaCly) ™ g5 ZnCl, %
BT Ik “BE B8, % 5 ZnSt, PR 6 . CaSt,
1 Ca( 1) & ALK 6.59 wi% , i HCI iy 34
EEZ M 3. 3 mmol/g( LaSt, & 3. 0 mmol/g) ,ij h-

b
100
<
o 9t
?
] 5
8
5 o8t 4
= 1) Ca-0
5 2) Ca-2.81 3
2 971 3)Ca-5.54 2
4) Ca-11.47 1
5) Ca-16.85
96 1 1 1 1 1
0 15 30 45 60

Time (min)

Fig. 6 Influence of content of Ca( Il ) in h-PMMA/Ca( OH), composites on weight percentage as a function of temperature (a) and time at

180 °C (b) for the melt-blended PVC compounds
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PMMA/Ca(OH),Z &Y Ca( 1) & & Al R 4l 75
B AR S v B ik 16. 85 wi% , K HCL
F BRI 2y 8. 4 mmol/g, 7t CaSt, Fil LaSt,.
I, 7€ LaSt,/ZnSt, E AR @R R (£ 1) By 56 L
JMA h-PMMA/Ca(OH), & &%, Al #it Kl PVC
(0 A B0 7, AR A e i 0, 3 v R AR
FEME.
2.3 h-PMMA/Ca(OH),E&#>t PVC ZE R4
A

K7 Wos PVCIRG Y R UV-Vis 3. &
LaSt, Fll CaSt, ) PVC 3 Jy (19 3% 6 3 AL, X J2
U R ML AT Y S PVC MR 2, 5
TERE IR G 1 B8 b A A2 3T % (A SR R3O 12 Ik
B 5T PVC IR AW BAL” s e
Ca(OH), # K/ PVC i J 1 3% O 2 B8 i 2 31
F4f BT Ca(OH), MR % ™ &, PVC i i -
A RIR AT UL U BE. 2R ] h-PMMA/Ca(OH) , 2 &
YtaE PVC I, ¥ Fy 72 400 ~ 800 nm iy il N 1Y 125
R G ARG/ BEA Y IR T A LS.

100

Transmittance (%)

200 300 400 500 600 700 800
Wavelength (nm)

Fig. 7 UV-Vis transmittance spectra of plates of PVC
compounds stabilized with 3 phr CaSt, (a),3 phr LaSt,
(b),0.5 phr Ca(OH), (¢),3 phr liquid Ca/Zn (d),3 phr
h-PMMA/Ca(OH),-11.47 (e) and 2 phr organotin (f)

Bl 8 s i it PVC IR & W Wi i SEM &
PMMA 5 PVC H A R4 A A4 PMMA &
HRAKET, P A Al R R 2 & AR B A
LK 8(a) Frn;Ca(OH), EHLKL T-15 PVC AH
k2 HIE 8(b) Al L, Ca( OH), 78 Jeff & A
HR AR B AR LN 400 nm, i KR SFIA 2
wm; 76 8 (¢) 1, Ca(OH) K T 1 72 A #3200
nm, H 508 R4, g6 B 8 A %, UL B h-PMMA/
Ca(OH),Z AWl fEif Ca(OH), ki F1E PVC 1
i 53 5.

Vishwas %[32] KB, TE K VS IR DTTE 2% il £5 Ca
(OH) i FE b, SR Y AL W Ca( OH) , L5 11
B B A i S R R I B, B T VR 0 A A
& ,Ca( OH) ki T R <} /)y, Kontrec %[SHEH%
CaCOZ A KM B AR, ETFREYS
W B 75 CaCO, b 1A 2 1w, 40 ) B iF — 26 2k K.
Onofusa %5 5ty , &5 A #2221 (19 A g 1 0 3R
B Al 2 06 AR A K RS W AR SC AR 4y
KA i) PMMA (% 47 —CO0 ™ /Na™ ) kg )2 I A~ Jit
Flid i Ca® " BUft Na* |, 2 —CO0 ™ /Ca’" B F it
PGSR RN R [ Ca®™ , P9 fIE Bt NaOH /KA
W, UL BE Y h-PMMA/Ca (OH), E & ¥). 1&
Ca(OH), dh iR M) 4 K i F2 v, h-PMMA A {38 K
TR, B F—C00 ™ /Ca® " B e o W ft
fE Ca(OH), R T, 0 il T fi 1A i) 2E K, Bl fie 200
FRSFAR/N. 32 h-PMMA % B9 5 H 5 PVC A
AL A E B YR UEfE PVC h 35 i, =
FPVC IR G W) S b W PR3
2.4 h-PMMA/Ca(OH),E&8#Wxt PVC 81T
AW

B9 o PVC 144 fl Y8 1k 3 & b 1 98 £k it
[E] 3 fk 1 4 A fe /N B h-PMMA/Ca(OH) , &2
B CaC ) &t i 28 Ak 1 22 1l 2R 72 oy % 1o ik

Fig. 8 SEM micrographs of fracture surface of sheets of PVC compounds melt-blended with 3 phr PMMA (a),0.5 phr Ca(OH), (b) and

3 phr h-PMMA/Ca(OH),-11.47 (¢)
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Fig. 9 Influence of content of Ca( I ) in h-PMMA/Ca(OH),
composites on fusion time, and fusion and minimum torques of

PVC compounds at 180 °C and 60 r/min

RRECTT (R DIREY, Ca( 1) &40 0 R (i 2
RIC 7 IR G s gl PMMA. i [ R] 41, PMMA

(A PV C YA L B[] B dak sk 20> | 98 A 1 4 i
INFHL W AR 38 5 B h-PMMA/Ca (OH), & &9
Ca( I1) ¥ &2 3 i, ¥8 4k isf (0] 5 41 40 35 6 8 3% A%
fb. X 4 h-PMMA 56 F PVC ¥ fh 5 W% Fff 76
PVC RT3 101, 1 i PVC R ) B 88 F1 3%, AL
i B F PVC AL 55— D5, E AW Ca
(OH) , EHLAL T & 1%, Xt PVC ¥4k JC A 1 52
w0

3 #Hit

K 43 K fife PMMA i it —CO0 ™ /Ca’ " B
T HCALAE I H 4 T h-PMMA/Ca(OH), 25, 1%
AW PVC BA 589 THES & 7 L RE%
TEPRIF PVC 2 W] 4 ] ik fie 20 998 1 A il
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INFLUENCE OF PARTIALLY HYDROLYZED POLY(METHYL
METHACRYLATE)/Ca(OH), COMPOSITES ON THERMAL
STABILITY, TRANSPARENCY AND FUSION BEHAVIORS
OF RIGID POLY (VINYL CHLORIDE) COMPOUNDS

Kun Qiu, Yi-hu Song, Xiao-nan Zhu, Qiang Zheng
(MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract  Partially hydrolyzed poly ( methyl methacrylate ) ( h-PMMA )/Ca ( OH ), composites were
synthesized by partially hydrolyzing PMMA in alkaline isopropanol solution followed by precipitating Ca( OH),
in the solution. Composition and structure of h-PMMA/Ca( OH ), composites were characterized using X-ray
diffraction ( XRD ), Fourier-transform infrared ( FTIR ), inductively coupled plasma atomic emission
spectrometry (ICP) and differential scanning calorimetry ( DSC) , and influence of the composites on thermal
stability of PVC was studied through Congo red tests, dynamic thermal stability tests and thermogravimetry
analysis (TGA ). UV-Vis spectra, scanning electron microscopy ( SEM) and fusion curves were analyzed to
study influence of h-PMMA/Ca ( OH ), composites on transparency and fusion behaviors of rigid PVC
compounds. The experimental results showed that h-PMMA chains adsorbed on the surface of growing
Ca(OH), particles through —COO ~/Ca’>* bonds decreased the size of the final particles and make a better
distribution of Ca (OH), in the melt-blended PVC compounds. Compared with traditional stabilizers, the
prepared h-PMMA/Ca( OH), composites were able to quickly capture catalytic, highly mobile HCI so as to
improve thermal stability of PVC compounds during the melt-blending significantly. Furthermore, PVC
compounds stabilized with h-PMMA/Ca ( OH ), composites displayed an excellent long-time stability with
increasing Ca( Il ) content in h-PMMA/Ca ( OH), composites. At the same time, the h-PMMA/Ca ( OH),
composites could obviously promote fusion of melt-blended PVC compounds while maintaining their
transparency.
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