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BIPE. Liu L. 45 P 38 778 PVA IR {0 P-Sifk
AW, iS5 PVA WFRIERON, A BELA R [ o e fi
BIZI b, DT ARAS T BHAA PVA B, HLBERY UL 94
KB T V-0 S, SR, T PVA BRI RGF,
PVA RAE A7 J5 75 5 2 B BE IR 52 ), 3 ™ 5
BRI T W A . =S mBE (POCL, ) AR R R BHERH,
FRIARCR m, BVEUEME RAF, Hol Y5 PVA JE RS
HIBEIRIRZS T, X ANESG )y 2k 1 BHAR R T R Bl
Brif, SO IR R E . 34, TEA BRI
FIEBLR , SRR ERE RS I AT /0N, e AR
PERE A ] B BB 2t A R K

ARWFFEIET POCL 5 PVA & 4> 755 bR SEE

TR, Ko RIS ) PVA Ml8E b, & Ak
B ARAETY PPVA BT, 3 o {8 B nf AR e 2T APk

(FTIR) | 2&nffiail (DSC) . AL E (TG) |
T RS (SEM ) 55 20 Bt elo it J5E 1) 45 #4 Ak
RE, HRITARIRIBE & X PPVA BEPERERZmT, LAY
1 PVA MBI e ERE ST 152

1 SEIGERS

1.1 EEFEESE

1) Ukl

PVA, 1788 B, [INARIMERL TR A PR F;
POCl;, AR, #lif% AT 99.0%, [ 254 A7k
FA RS 5 (CH,CN) , AR, 4liJE AT
99.9%, KETTIH LA A RAF; & H
$i( CH,LCL, ), AR, RHEETTH 244k 2 R il A PR wl;
AEAH (NaOH) , AR, fafR (KH) b2l
BRI A R e TR 280 TR Ak 2

2) U

i B HR LT AMEREY, Nicolet 380 %I, SE[H )@
mIER A F . R iR, DSC25 Y, E[H
TA N H]; [FAOHL, Q50 %Y, ff [ Linseis 23 Fl;
K3 BRI E AL, CZF-3 Y, B 5UVT T /iR
A R AR B EAL, JF-3 5, B RUVLT )
BrA s A R 7 2 8%, ZEISS Sigma
300 A, FEEZEE]AE; W JTREIREAL, CMT4104
R, BRI = BRI AR BRA F
1.2 W4k PVA BERYBI&

FREL 20.0 g PVA A E] 90 mL £ & F K, &
TR 30 min, HHEFMAMK, SRIGHE 95 C M HiH:

2 h, 153%] PVA B ; EFSHER, $EINM, & PVA
WEWOR I, T, 13EE2°8 0.15 mm 1) PVA i,

TEN, (RIP . #EIHEHE T, O PVA R T
HH LR R POCL W (POCL, BIMARFR 7345043 5]
H 2.5%, 5.0%, 7.5%, 10.0%, 12.5% ) , 60 CJZ¥ 1 h,
F CH,CL #E Tl SR A etk IEAE 60 CF LA T
J# 36 h, 19 PPVA JIi, #l8 iR EE, Hl15AS R
H 1Y PPVA I (43 545iC iy PPVA-1, PPVA-2, PPVA-3,
PPVA-4, PPVA-5) o 3t 78 J5 o5 1 W ) Jo k2%,
ot 5 A JERE S BT 5 (43 510k 0.81%,
1.44%, 2.03%, 2.87%, 4.14% ) .

1.3 i 5RE

1) FTIR FRAE. R H A2 LA O A
PREE R UEAT AL . FIFESS 16 I, JGi%Ar RN 4
em™', JLFEN 400~4000 cm ™',

2) DSC ik, N, 5T, Jekf 3~5 mg FEdh M
FIPLE TR 220 °C, FELL 10 °C /min (ERREE
i, PR FIHES T 2 220 C.

3) TG M, SRR FE ST AR G i T TG
M, B 3~5 mg BIFE L E T N, SE R, ik 50
mL/min, P20 °C /min AT HEE A Z R 600 C.

4) BHEAVEBEI . #% br 1 GB/T 2408—2021

CoR AP tERE I E A FITE EE ) Thry ik
XPAE St A T 2 BRI, AR S RSTR 125 mm x 13
mm x 0.15 mm. $% GB/T 2406.1—2008 { ¥ ¥} 4%
FEBOEI EBREAT R 55 1385 ) ik et
FE SR T PR A B0, FE A RS 140 mm x 52
mm x 0.15 mm,

5) SEM Ak, FI R T B 1)
BRFE A iEAT SEM RAE . SERERTFTA FE S A0 2EA 75T
SAPRLSER LT, MH R 10 kV,

6) JIFMERENE . S HEARIE GB/T 1040.3—2006

CHBRRE AR PERE RIS 26 3 5043 MBI A 144k
BSAcE ) TR R S T ) SRR A . PRI
FETPERE L3R 50 mm x 9 mm BOMEARIRESS, DL 10
mm/min A PEL T

7) KD E, FEA CRSE S 10 mmx 20
mm x 0.15 mm ) JelET, AR5 T B B AR A
80 mL ZE IR /K BRI, AAHIR] ) e S e R 4
PET B EETHE M, 10 sEAN TR POCI, 75 sl e 5 1Y
IKEEPEAEOL . B REAPATINE 3 Ik, BOFHIME.
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2.1 FTIR 447

&1 1 2 PVA JBE KSR £ 5 PPVA IR FTIR [
Hy 81 7] 41, PVA F1 PPVA 1E 3286 cm™ 1 3324 cm ' 4b
HI—OH 4R AE I W%, #E 2928 cm ' A1 1370 cm™!
Qb fy C—H B gEIRSM, 1726 cm™ 1 1720 cm™
Abfy C=0 [IFFIEM IS, 1640 cm™ kb h—OH [y 25
Hi R 3l W g, 1425 em™ Ab Sl C—O A4 1 P9 R
FIIW I, 78 PPVA 19 FTIR [ of H B0 T 357 A i
e, o 1133 em™ 4 XF )Y F PPVA H P=0 [4F1E
Wi, 1001 em™ KL P—Cl H:A1 5 PVA fill
HE—OH K A BUR Sy A B P—O—C AYAFAE IR AL I
DL EgE SR, LR S PVA IBE 23L& A R,
PVA &5 FHE Ik b .

3324I ' 1720 .164.0|1133
\ . NG

111370\

VA

1726 !1‘:425

1 1 ' 1 L 1 1
4000 3500 3000 2500 2000 1500 1000 500
wavenumber/cm™!

1 PVA [&#0 PPVA &/ FTIR
Fig.1 FTIR spectra of PVA film and PPVA films

2.2 DSC ##hF
[l 2 A PVA J K AN [R5 1 PPVA 1) T L A
FiR DSC gk, X EEHBRINER 1 iR,

endo—

1 1 1 1 1
40 60 80 100 120 140
temperature/°C

a) FHEMhZ

—endo

4060 80 100 120 140 160 180
temperature/°C

b) Rzt
2 PVA [RF1 PPVA [RRIFHR th & Fnp% iR th 4%
Fig. 2 Heating curves and cooling curves of PVA film
and PPVA films
F 1 PVA R PPVA B FHRE R EE RN
Table 1 Key data of heating and cooling curves of PVA
film and PPVA films

FE b T,/°C T,/C T,/°C

PVA 63.6 168.9 120.8
PPVA-1 65.4 148.4 116.7
PPVA-2 64.4 149.2 1159
PPVA-3 57.7 152.4 —
PPVA-4 55.8 152.9 —
PPVA-5 48.7 156.7 —

H DSC M £k 25 & 35 1 54l vl M1, PVA Y T,
63.6 °C, T H PVA ik H BB W45 404, PVA 45
il Ui B 06 {1 4 120.8 °C. 5 PVA #f Lk, PPVA-1 fll
PPVA-2 HREI IS b AT 185 i 45 e, B 533
116.7 “CHI115.9 °C, HAFE S BAT H B 1945 i
W, RUIBEE WL MG, PPVA Y45 ShEE T
R85 . id b4 PPVA [ T, Al 1, PPVA-1 K3
WY T, N 65.4 °C, PPVA-5 KIUH AR T, A
48.7 °C, ULWIREE B R AYEM, PPVA 1Y T, M2
FEAR, XJECh PPVA ZrF i B H b, Bz
SRS,

2.3 NFEHEELH

[ 3 2 PVA & Ko AN [R5t PPVA R J 224k
g HIEIATAN, PVA A58 B2 R A 1 232 43 J31)
A1 27.2 MPa 1 499.0%. 5 PVA # L, PPVA-1 14
i i FNT R R 5351 26.6 MPa Fl 667.5%, Hir
fiiism B BEACOR R, WL R A & T 33.8%, X ATfiE
JEH TAE PPVA (KRR, B LSCES 1 PPVA 5+
HE RIBH D, TR AR E S, BEBGE
RS, 115 PPVA-1 BRAGIT 2L R e, 7
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o ESEA R YT . BEH W AN, PPVA IEAYHL
e AR 2 AT TR IR . X2 PVA S5k
SR Z e T 2, BEBaa shIRE, A2 fi
56 B L W R R AT BT T e

1700
281 —=— tensile strength;
% —*— elongation at break .

4600
gur §
= * 1500 2
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5 20F s
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3 PVA BRF1 PPVA IRRYHL(RIEREFIET R M E
Fig.3 Tensile strength and elongation at break of PVA
film and PPVA films

24 TG &9H
&l 4y PVA JIE 2 AN [a] 8% 7 5 PPVA A9 TG #1
DTG HHZk, i) 25N 2 iR,

100

80
Q\Q 60-
=
=) TR
L
® 40f —=—PVA;
—o—PPVA-1;
—A—PPVA-2;
sl T PPVA3;
—+—PPVA-4;
—<—PPVA-5,
0 100 200 300 400 500 600
temperature/°C
a) TG &
0.2
OLQ&:W . W
~ RS, k /v
% 5 {
S 202 ¥
1 g/
s -04
=Y
2
° 06 _aPVA;
5 —e—PPVA-1;
2 -0.8F —A—PPVA-2;
3 —v—PPVA-3;
Lol T*PPVA-4;
- PPVA-5,
12 100 200 300 400 500 600
temperature/°C
b) DTG &

4 PVA &1 PPVA BEf9 TG #1 DTG
Fig. 4 TG and DTG plots of PVA film and PPVA films

F2 PVAETI PPVA M TG 1 DTG EEHHR
Table 2 Key data of TG and DTG for PVA film and

PPVA films

K T,/C T/ C T/ C 600 CHEHER /%

PVA 175.0 351.1 4463 5.7
PPVA-1 1443 276.8 455.9 20.4
PPVA-2 141.4 251.7 458.6 24.1
PPVA-3 148.2 243.7 461.8 25.9
PPVA-4 138.2 220.5 464.4 30.8
PPVA-5 144.8 2159 466.0 33.0

VE: Ty RRTE 5% WHHIREE; T, M Ty 53510 DTG 2k
A — AT AR (R

E A1 4a 532 2 W[40, PVA Fl PPVA 194k & 5
P2 R 3 BB, S —BrBoR =R E] 220 C,
W A B g SRR, AR RKZE A B
FEARBARIRLE . 55 BT BOR M 220 CHY 400 °C, B
BORFESL R M BB BL, PVA i T ik i)
REGK, FEAF R, T PVA R REAR
PPVA Jfi izt T BRI RERE N T-57,  BEAR R A X 44
15, ULHIIZ BB PVA K0Tl 24 32 31— 8 B 1Y)
. S =BrBUE 400 CLAE, Hirh 400 € 520 C
S PVA B0 FREE 2R, C—C Bz, #%
k4 CO il CO, AR, PVA JETE 600 °C 5% 5éF Ky
5.7%, FRIRFEAL, P PVA MIRURRCR 2, &
PRI , PPVA BYBR R B 3G, [FIEF7E 400 °CJ,
PPVA JEFE IR IGAR T PVA BERFR R . Horr,
PPVA-1 JEETE 600 “CHYGRH A 20.4%, 5 PVA JEAH
I, $25 T 257.9%; PPVA-5 IHAE 600 °CHIFEHE Rk
F T 33.0%, 7L T PVA JEAE 600 CHY 5.7% 5% R,
PE T 478.9%, XA N BRI e TR O
B A7 A e AR B TR A IR B R S TR M I, b
RHRA RS, BELIE T AR JE— 2L R kb &1,

1 € 4b i DTG i n] AW £ 5], PPVA 55 —
AN R TRLEE BT, WE(E SR B BN F PVA, HI
AW R EI G, AR T BAR 2 25
T PVA 43fi, Rt PPVA 15 i i X 38 1 #ka 2 v: He
PVA i, A BTt gEm R
2.5 PRMAMERESHT

PVA JI5 K AN [R5 25 1 PPVA A4 2 1 08l it i)
gERANE S M 3 Fion. 45& RIMER A, PVA 1E
A F BRI R T 58 R besin RO A AT R T
SIBRIERERR , PVA FHMRTERER2ZE, LOLI N 19.6%. £
WAk 2Pk 5 PPVA (Y LOI A1 UL 94 #4545 A 5 .
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PPVA-1 (31T % T IR K, A JARR e a1 4 4
PRS0 R R V-1 905 PPVA-2 BEAE S EZ 1 IR 10
s IRIE, JHEETEE, SRVAKE, TEERbR O
7% T, LOI K 26.1%, UL 94 5%k 5] V-0 £54% ;
Bifi 25 W o (4RSI TN, PPVA I LOT{E4k ST

PPVA-3~5 [ f) UL 94 ¥y V-0 4%, H. PPVA-5 JIi ()
LOI fHIAH] T 33.1%. iX AT A& PR Ry BHERFIES 323 5
T PVA Z G BT A R oL, A B R K
B, IRz B Wy B R VR PR AR TR, AT
PPVA (B #kM: RBAS 21 B 2 2l

first ignition
5 PVA IR#1 PPVA RERYEE B RANE it
Fig.5 Vertical flame test for PVA film and PPVA films

F*3 PVA B0 PPVA REROBRRKtEAE
Table 3 Flame retardant properties of PVA film and

PPVA film

FES, LOI/% SEAT TR UL 94

PVA 19.6 Yes NR
PPVA-1 22.3 Yes VIM-1
PPVA-2 26.1 No VTM-0
PPVA-3 27.5 No VTIM-0
PPVA-4 31.7 No VTM-0
PPVA-5 33.1 No VIM-0

second ignition

2.6 BEMMAM

AR i PPVA A% i BE R &l 6 IR . #
FEIRTAL, #REES I PPVA-1 BEEE B /D HIRBE 5 w2
R ALELE, TERAB R b U O T DL
IXSERE R AL B N, BT & i PPVA
JBE ) LR R 22, AN REAT RUBH AL KA R be . Bl
WS AY N, PPVA-3. PPVA-4 fil PPVA-5 A KE)5
B 5% % A S T PPVA-1, HZEREHEIE M T 20%
BIIRIZ A RPHT T B bed B A RN i 1356
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a) PPVA-1 b) PPVA-2 c) PPVA-3
d) PPVA-4 e) PPVA-5

6 PPVA EBHRRRA
Fig. 6 Photograph of carbon residue of PPVA films
T HE— 2 1R 5T PPVA B BLIR AL, Lok
SEM H& - 4nfel 7 s .

o gy Taig )
& éﬂ'(f!‘mw“?f

b) PPVA-2

B 3y A & 4 :' Py
Sie g"'ng‘ ﬁ"?
. s

S SO A

d) PPVA-4

B :‘;};‘3! 52
e ) PPVA-5
7 PPVA EM% % SEM BB R

Fig. 7 SEM image of carbon residue of PPVA films
oI 7 mln, WS AR, PPVA-1 24h b
B 5k e SR THRURS FL Y RVF 2 /N — B9 AL, X R]
B PPVA AR ARSI A v 3 5% W7 860 3 A 25 Uik

W2 BT, T BURALESRBE I A RE AT %5 b 48 it
A, TOIABH LR BE— DB . T PPVA-4
H PPVA-5 RS2 RMDEH , BANISAFELEV AL, 2
D JZFE g BRI SE, m e — P U B
M, A B RCR BT, AR ] R R A
PPVA KAk [a] il id , X S04 BA S 4 n (R
Pk, BEEIIABEREAT A TE SR e, RAFHBESR
FHBEERAIME AT, SR Ah R BEAATERE .
2.7 KBHR

% 4 N PVA IR S AN [R5 4 PPVA R ) fi fIR K
WIERE . R LUE H, BREs ks XT PVA BRI 7K
A B A2 R . PVA BRI T ReVA AR, H
Ve BEARAR, T PPVA R % B 2t (B kv
BORBRINE, B PPVA BRI K PESESE . X ] g A
B B BRI N, PVA 54> TR B R A H
D, SEOKTEREAR, T HAR R A T ACER, B R
SCHRRERE Ry, KIS

F4 PVAEF PPVA BEHRIEKEERE
Table 4 The lowest water-soluble temperatures of PVA
film and PPVA films

FE AR /¢
PVA 25.0
PPVA-1 45.1
PPVA-2 75.6
PPVA-3 98.2
PPVA-4 R
PPVA-5 R
3 &g

A5 3% F POCI, XF PVA JIE 9 47 4k 24 ol 1,
& T — RIS R B & 50 PPVA B, Jf@ i
FTIR. DSC. TG. SEM %5/ Hr el vk IR 4 b A g
REILUTEEE

1) &R REAIIN, PPVA BEMY T, B2 FEAK,
ET Y AN A e I KB W N TR S 2
e NFE, {H PPVA BEZE R B iR e vhede s, i
FKPEG 5

2) B W AN, PPVA IR Y 5% ik K E
W 4G K, PPVA-S I i 5% ok K HL PVA IR $8 & T
478.9%, PPVA-2 (¥ BHIASE 95 %) UL 94 V-0 4%,
LOI ik 26.1%, BHIATERESER .

3)#EXT I PPVA 195% < B 5 F1 SEM & - ml i1,
WG B S RS, PPVA BABSS By 5% ¢ R o it = 4
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Preparation of Phosphate Polyvinyl Alcohol Films and Their Properties

WANG Kemeng, JIANG Xiaolong, LIAO Yuyuan, WANG Wenguang, ZHAO Xiaoyu, GAO Wenwen,
WEI Shanshan, CHEN Xianhong

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Phosphorus oxychloride (POCI;) was selected to chemically modify polyvinyl alcohol (PVA) films to
prepare phosphorylated PVA films (PPVA), and the structure and properties of the resulting films were characterised
using Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), thermogravimetry
(TG), scanning electron microscope (SEM). The results showed that some of the hydroxyl groups on the PVA polymer
chain were phosphorylated. With the increase in phosphorus content, the 7, of PPVA film gradually decreased, and the
crystallization ability gradually weakened, the tensile strength and elongation at break of PPVA membrane gradually
decreased, while the membrane thermal stability, flame retardant properties and water resistance were improved. When
the phosphorus mass fraction was 1.44% (PPVA-2), the flame retardant grade of the modified film reached the UL 94 V-0
grade, and the limiting oxygen index (LOI) reached 26.1%. The residual carbon rate of PPVA film gradually increased
with the increase of phosphorus content, when the phosphorus mass fraction was 4.14% (PPVA-5), the residual carbon
rate reached 33.0%, much higher than the residual carbon rate of PVA film at 600°C of 5.7%, indicating an improvement
of 478.9%. After phosphating treatment, PVA changed the chemical structure of its polymer chain, and the structure
of the aggregation state was also altered, so that the membrane thermal stability, flame retardant properties and water
resistance, etc. were improved.
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