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Application of green functionalized heavy calcium carbonate in rigid PVC

foam sheet with high dimensional stability
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Abstract : Polyvinyl chloride (PVC) foam board is prepared by extrusion foaming of PVC with low polymerization degree,
and the PVC foam board is prone to curling movement along the force direction of the molecular chain due to environmental
changes, resulting in shrinkage and deformation of the board. Heavy calcium carbonate (HCC) was used as raw material,
polyvinyl alcohol (PVA) and tannic acid ( TA) were used as modifiers to prepare modified HCC. It was combined with PVC
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to prepare PVC foam sheets. Infrared spectrometer, differential scanning calorimeter, scanning electron microscope, Vicat

softening point tester and universal electronic stretching machine were used to characterize the foamed board, and the
effect of modifier dosage on the dimensional stability of the foamed board was discussed. The results show that when the
TA content is 3% of HCC, the glass transition temperature of PVC foam board is 88.1 “C, the temperature of Vicat softening
point is 75.21 °C, and the PVC foam board has excellent dimensional stability, and the cell structure is stable and uniform,
and has the best tensile strength of 6.17 MPa. Modified HCC particles have good dispersion, strong binding ability with
PVC, and high dimensional stability of PVC foam board can replace the use of wood in home decoration boards, which is
of great significance to protect the environment.

Key words : polyvinyl chloride; extrusion foaming; filler modification; dimensional stability; hydrogen bond self-assembly
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AR R R A TR AR IR R, TE A AT A 52 TR 2 PVC A FEER A AR (700 £
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SAFERERE(APS) B CaCO4, APS FAYFFAEZIEXS PVC A HGRIEM STl CaCO, 5 PVC JeAk 2 ] FL i 45
A B G AR R ST R MR 2 P RE XA 2] T $2 T Mallakpour 2561 fifi FH 5 2 0% 2 (PVA ) B0k
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(TA) (FZGREHL A A ) B ZHRE PYA (2GR A R A ) |
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2.2 HCC HIRMEBEF PVC &ZiERAH &

FRELHCC JRE 0403 % 4 % .5 %10 TA F13 % 4 % .5 %) PVA 43 5T 300 mL Z€08 /K b, Holf PVA
BAE 95 C LA kb Ve AR B A 35 . % HCC A s IR G AL IR EE 60 °C 5434 10 1/,
IR e 8 A 22 12 S 7E HCC 3R TE , 76 SR S AL AE R it HCC R 20818 % HCC i+ 30 min
JEHE HCC HEH & 1, Ab B By B e 43 B 2878 0 TA1@ HCC (3% TA) \TA2@ HCC (4% TA) . TA3@ HCC
(5% TA) .PVA1@HCC(3% PVA) PVA2@ HCC(4% PVA) PVA3@ HCC(5% PVA) .

FRECPVC 100 44 .Ca~Zn 5/} PE-108 24 0.73 £} \H1-200 4 13 /¥ AC 0.53 {4 \NC 2.4 14}, 5 120 #y ekt
JE I HCC IR A 415 3 SURFTH i ALH % PVC AR . PVC A RN 1 R K45 4 53
RA B2 E 5 AL 5 PVC MR

# 1 &P PVC LM BT

Tablel Formula of PVC foam sheet BT Ay
o PVC-F/TA1 PVC-F/TA2 PVC-F/TA3 PVC-F/PVAI PVC-F/PVA2 PVC-/FPVA3
PVC-F
@ HCC @ HCC @ HCC @ HCC @ HCC @ HCC
TA 0.0 3.6 4.8 6.0 0.0 0.0 0.0
PVA 0.0 0.0 0.0 0.0 0.03.6 4.8 6.0

T :PVC-F 2N PVC &b,

2.3 XINEFEEF

T ReH F PR AL GT-TOS-2000 #Y (fe kA A s A PR W ) 5 4R ik s B I 5 . HDT/V-3216
(PR 4 BRI AR AT R 7)) 5 BT S o i e L XJTD-5 (CRAETT 4 @G T 3G B ] ) 5 DU AT
FHHL RM200C ( F RIS L AR A BR TR A 7)) 5 48 L AR 3 2T SR04 1520 (FEERCHER) s H
BE JOEL-JSM 7500 F( HAH F/A ) ; 2R A Y 200 F3 (7 FE NETZSCH) ; BB [CAE B 1 SLX-D (it
L BEAY B A BRAA D) 5 e IR AL SHR-10B IR R s i THUARA 7)) |
2.4 MM ERIE

PLARSEE . F2 IR GB/T 1040.3—2006¢ BRHAFEREIR I 75) = Mk, T R 23 °C ,iRFE AL /Y, K
JE 4 150 mm, 58 FE N 20 mm , FifH# 44 10 mm /min,

HERFRALTLSE 4% 08 GB/T 1633—2000( A8 1 B8k} 4l S A 3 B (VST) [ 22 ) 2 ik, I 10 N9
J1, FHEEFE N 50 C /h, WEERSERS 10 mm 10 mm,

it 4 B GB/T 1043.1—2008 ( fifl J5t 8k 7 37 2 vh i i 80 i) P4 Mt R R 23 ¢ iR R
4 80 mm x10 mm,

ZLAMEIE A BT D 5 HCC B R AR i TR AL SR (KBr) Hr , Z8WHE J5 A 5 2040 AL A
R I EE R AR VE FIE 4 000 em™ F] 500 em ™ Z[H], HHHEFH 4 em™' /s

AR A4 P A < SR FH 1 e R 2 e TR0 AR it 2R 4 G DB, P X0 A T 4 5 Kb 3
1E ST WS — IR, IE RIS 4 BFE] 50 s, 0 TR 8 4 B 8] 30 s,

KA R R E PR B A 100 mmx40 mm AYRESSTE 80 °C B KUBLAR N INFA 2 h JE L, FRRE
NGl F AR RO LA B RN 5

ZEn AR PRI E ST 10 °C/min FHEE T2 180 °C LRI s R Z RS 7ELL 10 °C/min
THZ 180 C I,

ARES D BRI . AR R RE B 5 Ao 45T A G T 15 s BR800, BUT-391H,
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3.1 BUME HCC 40

M1 AT RAE 76 1433 em™ 871 em™ 712 om ™' B H B0 HCC SRR AE Mg i ) A3 5I%F 1 T €O
(14 ST Bk i 41 20 T 4/ 25 4 30 R i P 25 IR 30,3 450 em ™! BRI & F—OH 14 1 46 4% 3 e i i, T 1A
EFNGE PVA TA BPER Y CaCO, HY—OH WSt e {58 22 B 34 /i, 76 2 938 em ™' Ab A —4>—CH, JEX}
s 4 S g > 3 J@ T TA R PVA b f—CH, 2544, {8 HL A5 2. 21 0 % 3i% ( Fourier transform infrared
spectrometer , FTIR ) Jll i 15 FH S0 PERE Jin T HCC | 9—OH %t , HCC 8% AL sie i

Bl 1 HCC MEtE HCC fy i B AR S 2T S i
Fig.1 Fourier transform infrared spectra of heavy calcium carbonate (HCC)and modified HCC

3.2 PVC XM RMILESHOH

PVC KM A 094348 B T 2 19085 (8] ( scanning electron microscope , SEM ) Fl10 FL B 428 20 A 1 /& 2 7R .
MK 2(al) ~ (a2) fizn , HCC R PR /D | RTINS S50 it 9 THI - 0P AH ST A7 B R B, i FL &5
FIZE 5 7E PVC I HCC 254 155300 K A i 4R I |, iX 2 S 8O0 % B (i 5 . {5 B Nanomeasure #X {58114
HOHOR I FL ELAR 530, ] 2(a3) o PVC RIS I AL FRERIR A2 R 5

TA 5 PVA 2tk HCC J5,PVC Xttt HCC BARGRMES GER, BGE T HCC 5 i fLEE (40 BAE A
SyHLtE . B 2(b2) FI(b3) s, PR HCC ¥5) 53 BI7E PVC HISLEBE I JRBLIZE TR A5 B 10T, TA 5035
PVA il 5 PVC E—Cl AR 46 HCC 78 PVC ¥ FLEE bR #4 [F A0 B 20 2454, /0 IRk PVC 5
HCC FHEZE AN R 51 A FLIE 2400 B AL S M TP AR R i AR A R, S SRR T B T PVC IR &
RAKT LI HCC DA% 7 IR, M S e ZFLAS R IR | BUE R PG Ja SR I ik 3 HeC B
WAL K E A ALEE |, el WA HACIRZS T PVC X HCC R PRl | — 34 fnk i BB, 76 v AL [ 4k
Jo B HREE R [ OB G R A A T A B AL A B R BG . DAL 2(b3) | (e3) ML S A T
LRI, PVC-F/TA3@ HCC Fl PVC-F/PVA3@ HCC ¥ fLA2 4341 i 58 3078, eePE A 2 4 KR 3 HCC, TA 8¢
H PVA Fiil HCC A E 75 [ 10 B 4R g A a1 /N AL 45 1 T8 AL, i LAL AR R/ NGB A A 145
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Fig.2 Scanning electron microscopy (SEM) image of three PVC foam sheet and distribution of pore size

3.3 PVC &A% BN E S
9 A i PVC ARBT PERER B EES 4L, 4 TA PVA BehE e, Motk HCC kAT 58 4R 1) 5t i 6
Al AR R TR FL I BE R AR 18 Y SR A A, AR CQBE B TR AT A PVC IR, i) LAHEAE 4R
FHEAGIUZRASIE NI PVC i AR b R FE 3G Inr B4, 3K 2 W] LI 3| PVC-F R 2l 28.3 HD,
PVC-F/TA3@ HCC FIREFERT ) 3A%) 32.8 HD,PVC-F/PVA3@ HCC AYBEE A E31.3 HD,
F2 WFAAR HCC B PVC &AM AT R Fis i
Table 2 Hardness and density of PVC foam sheet filled with different HCC

il R & /HD /(g - cm™)

PVC-F 28.3 0.544
PVC-F/TA1@ HCC 30.5 0.541
PVC-F/TA2@ HCC 32.4 0.533
PVC-F/TA3@ HCC 32.8 0.528
PVC-F/PVA1@ HCC 29.3 0.542
PVC-F/PVA2@ HCC 30.8 0.540
PVC-F/PVA3@ HCC 31.3 0.537

FEWE SR ALITRAZE K PVC A HCC 45 A3 RB AL 5 PR A HE R AL R 7 N, L CO, Ik
WK 7 AL SRS 1 LB SRR it 2 5 R EIAL IO E K A 2 T BT



# PVC-F BA B B (0.544 ¢/cm) stk HCC BURLY PVC HeAR 2 ] il T 2B P ARG 1 5 4 1) St T
FEAER], 38456 A0 (W55 T AE s D AR Z AR A AL AR 13Kk T SR 2 BER o LGS R 14 o
Z RS S 5RMFLAE KSR PVC-F %5 B Bl 2 i 70) A 398 o i SR T R A1
3.4 PVC ZBHMMHR~TIZESESS

PVC &ttt B it B v PVC 43 FHEZ 2150 I A0 FHOMRAS v 2058 LS B 1R 58 4 T bR, B2 5t
Wi 2 B B AR BE LU R 2 BEAEAE B A S St 3 G B R RTRLEE AR Ak | PR g 43 A R ARkt P
[ PVC 43 FIFHI A P AR R TCF 20 0 - R AR I AR A5 T | & AR 7E DA 1n) 132 3 42 5 HLRL )
YRR B 1) 132 305 W5 6 046, ) i g 83 K F R a1 19 1 7, PVC 434 32 20RO ) O [ g
i, PR 1) Wi 4 S5 B0 i TR I i %6 . A T4 FTeleE HCC X PVC & AR M RTH RS GE PRS2, PVC &
HIAF7E 80 CHEFR 2 h J5 M RSF Il R an & 3 7, ROSH e M 1 s 2 R R etk HCC sl id—OH 5
PVC b R—Cl I RS, WHHE R E HCC R MRS PVC 20 FHEHES N 5% | Y PABE T > T4E 0T 0
A PLMHCIRES B R KR A A PRSI, SR R PVC 4> F8E B2 shi s TAOR B R Rese vt TR
i, BetE HCC % [ AE 0 FLBE TR e S 10 B 2R 45 4, 0 AL &5 W B3 TE i 24, 224 34 L 9 MR I Bk B0 i 4
B ATE AT DAGRARI FLAS R e , NI AE 5 00 T 3R 78 et HCC 1 PVC R AR B A B A 0 RO e

K3 HFEAE HCC i PVC &AM R i s %
Fig.3 Dimensional shrinkage of PVC foam sheet filled with different HCC

AR A SR EE 4 B SR MR G AR AR (R BE | AR TC T B3R SR (R EE  (ER 4 R fb AR
JF e 1 A R A2 Pt RSP R E My, 18] 4 02 PVC-F bt B 4R i i . el Hee 5 Pve 4y
THEIE S, 90T PVC 4 FEERYIZ )1, PVC 2 FAEFE TR R v o xfE e A W s e . P I 2 ], ek
PE HCC #4821 2 [ B 2R 5 AT BT L ) v L, RRE i Y FL 25 A B 1 JE 92 Sk R AHROMA 1) 3 3, 4
= T PVC KM AT B 2 8tk SR E . PVC-F /Y 73.63 °C #27+%] PVC-F/PVA3@ HCC ¥ 75.03 °C LA K&
PVC-F/TA3@ HCC 1Y 75.21 °C , 4R F AL SR i 3 FHIAAIE 1 et HCC 7T DLk 5 PVC 73 755 iy 2
VEFH B il 4% B 4 45 32 21y, DA SRS S A LR g e 2 O 1) B R 25 AT AR R F LS A 1 O X3 7 PVC &
TR B R R Pk
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K4 HFEAR HCC 1) PVC K AR 4 AL IR T
Fig.4 Vica softening temperature of PVC foam sheet filled with different HCC

PR M AR A TEAEROUL 3R IR 73 FRER G iz 30, B 5 F13R 3 Wos B9 2 28 /s $ 4 2 X ( differential
scanning calorimeter, DSC) MK PVC A& i tobt % Be iz sh a9 i SR —— 3 s b AR R . BA 1 700 24
PVC 555 A MR FKTE 5 & A is gl 178 HCC AT LA/ ) i AR RGBS Ak e AR L PV C-F
(R B 35 A2 AR R B 2 86.9 °C, it HCC AU AT LUE FEAE PVC 43T BE & Bt a] Bl /b PVC 4355 8] F R AR FR
OB IETT LLGE L S PVC _E—Cl RS EEE RS PVC 2 FBE R A 4> EIVEF J1, 24 8 BBl IR B IR B & A AR
b, 53 FHEIT A b oIR8 i s R S iz shint, PVC BE BT B L2 1Y e (% BeF il HCC (o sl =
Az gl B4R TE T PVC R IR B RE AL5% A2 IR B, PVC-F/TA3@ HCC 13 AL 5% 258 1 2 72 88.1 °C
PVC-F/PVA3@ HCC HYBEIEALHE A0 2 87.8 °C , 120 CHETAEAE—S PVC YA A4 Bl e | HOkS
AN 3 R, Btk HOC il 5 PVC E—CHIE B SR 7EAR S8 PVC 8] AR T ARSE PVC Jd it B B 245
TE U T A BB |, HS Rl 2 T AR AT

F 3 HFAE HCC 1Y PVC K IARB B 5 A 5% A5 IR BE FJa Rk
Table 3 Enthalpy and glass transition temperature of PVC foam sheet filled with different HCC

i BB AR IR/ C KRk () - g7

PVC-F 86.9 0.081 8
PVC-F/PVAI@ HCC 87.2 0.073 4
PVC-F/PVA2@ HCC 87.4 0.063 0
PVC-F/PVA3@ HCC 87.8 0.054 8
PVC-F/TA1@ HCC 87.5 0.069 6
PVC-F/TA2@ HCC 87.9 0.059 2

PVC-F/TA3@ HCC 88.1 0.050 9




K5 HHFEAR HCC B PVC LAY DSC Hhek

Fig.5 Differential scanning calorimeter curve of PVC foam sheet filled with different HCC

3.5 PVC &RitRAH 1FERE ST
PVC AR ) 15 PERE AN SR 4 FT7R , PVC-F B B2 A oot o B2 WY S A s e ko Mk HCC A RE i
DR R HCC 1B —FheHLICR R G >, 5 PVe FHimss A s WL aE S e PVC 5
HCC = H G55 Wi b S A e 58 E 98 A R R ot bt it FLES R e 31— < S FE AR VR, 52 T ad R rp i FL &5
PR IR 5 B A L BRI 2 MR ) — D BN R PVC-F 52 J1ad B b 7 J Lk S8 07 25 Hy B g 4 vp
fEEA S e I fe 25 DR URE IR | PRl b R fofroie 52 R0 v o 5 B2 O A1 5 ek HCC 3 3 S0 SR ) 2 42
[ 7E PVC HFLEE b /b 35 456 59 3L B AL 24804 Wl /D 10 ) 4 h 7 v FL i 2 8 B0l
DT 2L [] s 2 [ B 24 85 4 9 /0 A 4 S B AR R AT ORI AL, S FE M HCC /9 PVC R EAR A B 1L
PVC-F 5] (3 £L B AR 3 A, K/INIE A0 (8 £ LA 32 0 I 1] T AR AR T | 435007 g B0, DAL 33 5 el v
HCC 1Y PVC &I BA AR HAR R B v s B, 55, SOk HCC 76 FLEE b A4 El 242 8 1Y) 15 4R 45
TESE A AL i 2 R o 5 8 N 2 (AR P3G A, B AR 1 A () B R4 %
4 HIFEAR HCC B PVC Lkt Ji4pdE
Table 4 Physical and mechanical properties of PVC foam sheet filled with different HCC

R PIMBREE/MPa ohiliBRE/ (J - em™?) Wi 2%/ %

PVC-F 5.28 0.332 4.58
PVC-F/TA1@ HCC 5.89 0.364 4.28
PVC-F/TA2@ HCC 6.11 0.401 4.33
PVC-F/TA3@ HCC 6.17 0.418 4.31
PVC-F/PVA1@ HCC 5.51 0.352 4.56
PVC-F/PVA2@ HCC 5.96 0.376 4.28
PVC-F/PVA3@ HCC 6.08 0.391 4.15

4 "E\ZE

1

(1) AT LRI LR AR TA (PVA St 205 A 41877 00 HCC R et , 5 PVC il 5 i
RALHI T PVC Kb, it SEM A5 & BLECE HCC 5 PVC W45 A YRS b, (0 6 FL 45 F4 AR 15 1 2
Bj—,

(2) PVC Jititibt i BEE s R RO AR e M A B, B Tkt HCC 5 PVC Z (] S0 VE IR
il T PVC o FHEBLWIZ 8, PVC R HARA A RST RS e MEAS B0 O FLAR & T B 38 A2 20 R 3 A e - i fk
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(3) etk HCC T AL PRl 1 242 o ) B 2R A5, (AL S AL 2 — i Lz b ) TR ie o
BN, S RE I ER T, 03 T PVC R AR - (15 3 o s B
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