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FZE UMY B 7 B R ) R A 3 i 38y SR BER R T PV A JER T, HO B 5 3R 2 [B)R &
A AR 2E O AEEET S A BEAR R L S AL PR R B RS 2 ATk R 2 O AR R PVA &
A PR R T B LT L Zhang PV HIE 1 FORER AR T Ca(H,PO,), @ N FEIH =85 (HCCP) L i)
30wt % il B PVA & & B BRATE S0 & 35 % 1 TH T 2 & A BLIR R R . 5 4h, Zhang 267 i
T s R R A Y R B E G 1w 20wt % dil 4 PVA B & B, A 52 5 2 A B0
JE K A7) 1 14 TR B 1 5 T BHAEA P L 28 UL-94 Ik 3] V-0 9%, SR, AR AT 2208 I 8 2 4E 4 oK SR A RE
BUBHRE . — G T BUA B 3G, 53— J7 T 52 5 R 0 HILAR PR S ads B BE 7™ A 07 TET S ), 9 oK BELAR A R
W) & PVA BHBRBEFT 7087 A 0 R 1T, AR IR B 2808 9 48 oK BELR B4 B ED AT 82 35 FH I PVA 98K 2 &
FBEAR R L BRI L IR B AT B JC LN K A R AT A S PV A B R BELIR 550 L X T — 2 A BEL AR P B AR
PEREA L I TCHLAA KA R A3 AE T B HE AT Ko () S 7 A g 14 2 B AR A BELAR AR , 1IOK 2 ) PV A 59 335 W]
PELHESEPVA MY 2 . W Joulaei %7506 MgFe, O, 494 HiR 5 & H L7 4 2 4 (CMO) b 47
82 A DI B RE L 2 MgFe, O, iR 20wt % B L& & Ak UL-94 15 8] V-0 9%, HAE M R R,
[, A7 PVA BERESIMIL BN & ) MgFe, O, 9Kk, M 2 PVA BB, 540 T
PVA JEIKE R & A6 A 90 . BRI 5 ZEAE KIS WO A T s PVA & A B 105 4347 L% R Bk BH 4% 75
T M B oK fit B 5 45 &0 R A VR M BRI IR N E PVA B ALK B30 v, BHL AR 351
B 7] B8 EOUE I 5 B AS [ 50 22 BEBA AR 2 X R A BE MR AE A 25 57 . IR A SCF 2N PVA B TE L2 40 K
RELIA A LGOI S5 45 44 7 T 4 BEL A JEORE 2E 47 43 288, DN 48 40 oK SEORE R FE = 4 240 oK SEORE 9 > 5 T8 3 47 8%
LIRS RE T PVA FIRE & B Ak K Rt
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Ca(H,PO,),@HCCP

1 Ca(H,PO,), @HCCP 4 i (2021 John Wiley &. Sons, Inc. JRALZEA] )Y
Figure 1 Synthesis of Ca(H,PO,), @HCCP (Reprinted with permission from Ref. [21];
Copyright 2021 John Wiley &. Sons, Inc.)
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4w A A AR R Jo s R W WSO R [ BS  A KOPR R B TR AR R B L LR, B T LRR R I )2 R
SEA R AR 7 AR B i R TR A R AR DR A R R R N3 . BT UL, & A A AR PV A A R B
REMIAE T4l PVA B8] TAR KT . Yousefi %570 B K #4k IO A B IR O SR AR . 3078 PVA Z &
B AE UL-94 MR ik 2] T V-0 2, M KRB FEAY PVA JEBR B RA SA% it ol WL, FpH R MERER T
e K H T, Lokhande 255 R JH 7 T 250 M/ 8, HLAJ T R MU AR P2 9 AL 22 DT IR A 8 T B-Ni(OHD,
YK R #E UL-94 M5 28] 7 V-0 S8 9%, nT 0L, & )8 A E AP xF PVA Y BH A PE B A B 0 ol 3%
TEH.

HoA g R 5 RSF 2R S A ALY (LDHD 95K B 72 T PV A BEBHA Bt B AT K 48 1% BELR
ROR . Zhao UV i B VLI B4 T WA LDH (Ni/ALLDH. Zn/Al-LDH., Zn/Fe-LDH, Ni/Fe-
LDH) . % 0. 3wt % LDH F R B2 4% (APP) /PVA E &M (BB 45 LDH I 15wt %), i3 H
RHEAPERE (ILER 1), 4l PVA BEASHBR A8 E (LODE A 19. 7%, 15wt Y Bk iR 8/ PVA & & Bk R &
FRECH T 4l PVA BRI T 40% (A2 UL-94 MY AR S 4% .0 PVA/RBE R /LDH ik 3] V-0 4§
9, H A PR A HE BOR B Ll B4 48T 7 50 % DL by SR LU 3E R 7E & B LDH H S W IS I s 2 A M K 1
G AR HoiR T W R B (%) AS AL, BT A LDH B9 25 5 X DL L & i) LDH 99k B RSF AR 5), Zhou
AL A — R A 7 B A R T R SE A0 Y R 9 Mg/ ALFLDH, R & B, iR 5w % LDH,
PVA/LDH & & BB R I (PHRR) B FEAK 110 %, B IRE /1 (HRO) B#AI 110% . [A4F, Wang
2=Lg Ni/ ALLDH FH#5 R Ak 2F 45 2 46 )2 oot (PC-LDHD L R i 2wt % i ot LDH, & 4 i1 PHRR B
TRE 725 AR (THROBEML 59 % .t A LHGE R I, LDH X PVA 5 A B B A B B AR .
X LDH 76582 e mli 808 i B #42 BRI ER 20 B2 00 43 fifk 5 3, (] s 34 T 3850 48 e Bt s 1) 7= A=
NIRRTy

%1 PVA.PVA/APP.PVA/LDH(Zn/AI.Ni/Al,Ni/Fe,Zn/Fe) F % 71l i%t £ 8 (2008 Elsevier iR %% 7T )"
Table 1 Evaluation of flame retardancy of PVA, PVA/APP, PVA/LDH(Zn/Al, Ni/Al, Ni/Fe, Zn/Fe)
(Reprinted with permission from Ref. [31]; Copyright 2008 Elsevier)

RELJ% 44 BE
FE b
LOI(%) UL-94
PVA 19.7 N. R.
PVA/APP 27.5 N. R.
PVA/APP Zn/Al-LDH 30. 6 V-0
PVA/APP Ni/Al-LDH 33.9 V-0
PVA/APP Ni/Fe-LDH 33.6 V-0
PVA/APP Zn/Fe-LDH 32.8 V-0

1.2 ®&E

FHAE PVA BERHLIR BB AR BILA R £ B o BERRES (o-ZrP) (BB (BP) %, i 2 BHLBA 57 2 ST 43 it
h T IR IS W R 3 6 0y S 4 B8 M S M A LR T A B BRI B L B ok AT R SR B AESY L Ly
20 S AR IR 4 T PVA /o ZrP A, H PHRR MXF 4 PVA JEELE T 57% ., SR, FOIR o ZrP
TG 0 A 2 L DR R e AR PVA B RGBT . Xu 255 AN 2 B it 2 o ZeP S
R =W A= U (MAD B T IR A PR F (HAC) . SEM 45 & 3, K B o-ZrP 3% 18 B i T & 1fii
HROIR S B 0 S 3, BHAARCE W AR T, A LOT 2% 57% . T RIEH o ZrP S
KA M AR T IR )2 B BUE T S BB BOR PRGN Zhang 5700 o-ZeP 942K B 58 BB Al R
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Bl 2 HAC A WUk 2 & i (2016 Elsevier BRALZF A
Figure 2 Illustration of the synthetic route of HAC (Reprinted with permission from Ref. [36];
Copyright 2016 Elsevier)

Qiu %0l FI4E B T4 BP SEATH 2 Rl 48 FoR gk BP, B £ B (PDA) Xt BP #E47 3135,
At Bl otk BB AE 2 SO P AN BRUE STE PVA JEU R 5 - i A 8, BTl PVA &2 A ) PHRR f&
fi% 127 % , THR F&EAIK 101% . HBHLAHLEL A& 3 Fi . 78 BP-Li #4531 5 &0 Tt 2 W W38 s () B A
fift - Pt BP-PDA 7E UL B Bt 2R BHAAE . Bl A BE i 64T, BE 51 & By B A 10 A il 3k H - gk b it
B =R PO« FI HPO« S84k, T b Wrdik =X S ny . o5 b s R s SR I A 7= ) SR A2 7E BP-Li 442Kl )]
.5 PDA J Wi, 7€ BP-Li (&M _FIE R Z LK = 2 . H BP-PDA 78 3L 48 5 70 80, T i T 80%
(18 TR AR 285 460 ¢ )22 o AR T A e il B L e 203k B S R BELMR RECR . I 9 MR 3 BP 40K R e ok L i
THEPERE BP BR40K &2 4 B, S T a4
1.3 BRER

U AR AR B 3R ARE B R AR BT B T IL R SR s SRR SR A A TR I . A
Kt A RE R IR K3 T PVA RS A9 MR BEL B P Sl VR FBELBR P . Jeon 5 fE R AR T B
BREES A BB AKH (GnPs) 178 AlGnPs, ¥ PVA ¥ T AlGnPs KW P ##5 AlGnP/PVA & &
. A FH P e K TR B R BE 4 PVA AT PVA A, R B4l PVA BEAE 12s N E 58 2 BEBe . i il 15 1
HAMETE 125 R R E WA IF %A & K, "I AlGnPs 76 PVA Birh B B B TERE . B T4 B0
R AE K W R 3 51 TR TN TR 2 G i A W BT R — R 2 5T B TR UK U TG AR I L B R A
Chen %58 it o-n JEIMAVEA R T S8 EIL AP R EAL A BI5 (FGO) KA F I LRI B IE GO
e J2 L FF I8 B 50 BT R . R R R G AR A BB R A MR T R O T (PED A B ) PVA
A, BRI R IR B PVA A AR R ALY PVA B, THR F#K T 67% . Zamani 25 3 1 %
WALIRFIH T PVA/GO-PEI #il PVA/GO-HAP &4 M. WFh & A B FELEA PE BEAH L 46 PVA XA 1R
KEGIETE . HE A B 24k RE 5 L X n] g2 0K AP 880 B JE W K D) P R 2k 5 3 2 W d
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[l 3 PVA/BP-PDA 99K & £ B A BLIA HLEE (2020 Elsevier MLV
Figure 3 Scheme of proposed flame-retardant mechanism for PVA/BP-PDA
(Reprinted with permission from Ref. [34]; Copyright 2020 Elsevier)

1A 22 1] 19 S R A 3 IR . (E S SR N SR B Swi Y B B A TR Sy e RE R Al PVA JE—FE, il
AT UL B A SRR VSN T 5 B LA A 2 iR, P, T B AE AL A R LR 1 il 2 1] SR

MXene 7€ & il RS T S8 AE B C/TiO, {4972 (& 4 T 85 b , Kt MXene £ PVA & &
JE WA Tz W . Pan 265 8 i SRR B Ti, AIC, Z)phl 45 Ti,C, T, J& . F w3 R 6148 PVA/
MXene & & B ALE N 1wt% MXene, PVA & & B89 PHRR, THR 435I BEAK T 25. 7% F1 25.5%, Li
AU A A LRI LiF-HCL Z0 6l Ti, ALC, , 143 19 PVA &4 BEH0 & RE 77 1 35 14 9% . HLR Be i i)
MR T 2%, teAh.Jin Y 2R TS A T PVA/MXene &4 B (B 5) I8 BT 5 0 8% 1 3
B, HZ UL-94 MR H] V-0 20, 3% TAE Jy il & PR 52 & B4R AL T — Fhor 850 T 47 00 75 vk, S e b /s
TR T R R
1.4 BEFHLER

AL (BND 92K 7 B I 75 1 S 0 AR e M L R A 9 AR W A 5 Mk A 2 R A0S, R 1 2 G0 I
SEBHA DT A ) R A AT S (R Al BN AR BrE 25, HOAE LK e > BEAE PVA KB,
Ub W 5E F AT BN e 18 2E 47 2Pk DA AE PVA 2 4 B b K45 8 1 vk B2 9 SR 3 o DT 38 381) 5 47 174 BELJR
. Wang %" & HL T & EAL A Z LTI (FBND 49K R, 0] DAFE 7K v R BE 4 ORI A e R 2 il ok o 45
PVA/FBN &4, FBN ME N2 10wt Yo iF A7 8RBl ik, 45 5 o B S 0k 6 v JC s Wik ™ A . HLIR
PRt FR A FE o8 2 . Cai 17 H — B BB bE i 46 T B SL T RRAL A0 AL B 40 K A L 3l 5 3 S 9 il 45 T
BRI AT LBk B A, H PHRR R x4l PVA BEFEAE T 25% . Wang 255 K04 i i BN-
ZnFe, O, il T PVA QKB G, a5, BN BB AEH . ZnFe, O, W AL AR B ¢ J2 0 T2 AR, 38 5
TG, L PVA 40k 2 4 B PHRR, THR A1 TSP RV % 72 A2 B M 4l PVA 23 5 RS T
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C i Rl o B g
-l | = — ) (g g g
ookl oum ™o wn 5% 0

@ @ @ @ WA Ti,C,T, WMl C/Ti,C, o TiO,

Kl 4 Mxene/PVA 44K & bHRHRbe i B2 /R 3 K (2020 Elsevier BRI A

Figure 4 Diagram of combustion process of nanocomposites (Reprinted with permission from Ref. [43];

Copyright 2020 Elsevier)

. MXene

/“”ff;r ./ —> .

Substrate Substrate PVA/MXene .
Alternating multilayered film

B 5 ZZ#EILGI% PVA/Mxene 88 084 £ J2 15 (2020 Elsevier RALA AT
Figure 5 Schematic of the fabrication of PVA/MXene alternating multilayeredfilm through multilayered casting
(Reprinted with permission from Ref. [44]; Copyright 2020 Elsevier)

46.3% 14. 5% A0 13. 1%, 554 Mu 255 DI B B R 40 0 370 )2 500 340 5 1 4% 1 W/ 36 48 23 (BNOO 44
KA WAL S PVA/BNC 90k E A B, Hd, 4wt % BNC ) PVA 99K & & K, H PHRR M # 4t
PVA BERBET 139%.

BT —SERF 5 9K B+ PVA B A B AT BILIAAESE . Alshabanat 255 F &4k 75 Jot i i g 1
DU T 35 LA B o 409 K SRR 0 AT 3 B R VA TR AT R R B R AOR R AL B A R b it
b O JCMH 35 B PV A B BHIA T BE A B B 42 7T,

A SCHE ROR DR PV A B BELAA 45 52 Pk — 6 i R0 51 F 36 2. MR F Al &0 Zhou ™ & A9 Mg/
ALLDH, Zhang " & W H «-ZrP@CH@PA@Cu F1 Mu"* #1514 4wt % BNC Xf PV A [ (14 BELER &K 45H
5, PHRR #J[#A% 100 %0 LA b, o Mu 65 i 4 00 0 03548 24 8 400 K R AL i 4 %0 B nT 3k 21 68 53 19
FHAAZCA . B4 Mxene 18 PV A R 58 5 SRR R 38 R R A R 4R T

2 AF A HUKE R

PVA & & BB B sE b A 1R 2R B 2R gk bR I 7). Al 7 28R 0 99 K b R 32 2 48
REEIR VBB ERIR % . Swapna 255 FIAEIR G54 B K AR IR A RUZ R RE R ER) .+ 0 4E 1 15 5 £ 1 BN
KA A T, R FE G OK A X 3R M T 1 BELABR P L R L PHRR BEAIR T 19% . AR Mgk & BRI R T
BELRR A0 o 1 PVA B 5 $it [ JF L 98022 PVA (9 5 i, 0 o ol B2 R OB B B bl S5 /9 9 180, AT R I PHRR,
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Table 2 Flame retardant data of PVA composite film by nano lamel fillers

BELJ% P ik
HOBH 2% 3R
UL-94 PHRR # 7}/ % THR #7/ %
Ni(OH), V-0 [29]
5wt % Mg/ Al-LDH — 110 — [32]
2wt% PC-Ni/Al-LDH — 72 59 [33]
5wt % BP-PDA — 27 101 [34]
a-ZrP — 57 — [35]
a-ZrP/MA/HCCP V-0 — — [36]
- ZrPP@QCH@PA@Cu — 464 151.5 [37]
FGO/PEI 67 [40]
1wt % MXene — 25.7 25.5 [42]
BN-OH — 25 — [47]
7wt % BN-ZnFe, O, 6.3 14.5 [48]
4wt % BNC — 139 — [49]

Fang %) LA R B0 90 K e BEAR & B T A HLAK A - 22 LR 0K A, TR 2. 5wt %0 3 & B4 K A8 1Y
PVA & & B R A8 505 492, UL-94 MK #] V-0 9. dehb, HUBH R LR 3D W48 BEAS T PVA
k2 1) (0 5 H AL T B IR AR il T, B T T B AP RE .

Chen S55% f o DR TR 2 45 25 I SUEE R (PBO) - 4E A FI PR R W . 5 PVA KR ILIRZ
Ja B2 i s PVA/PBO A M. #ABE & B, R IE KB AR R Z G AR S 52 5. FLYG B
BES BT IR, JOIAL AR K . Pan 25 SR T XUZ A A H AR IS HERAE 6 B . i i i i W%
BB 20 W = 58 U AT R DU B 40 K 27 4 2 (CNE) L il MCNF, #1748 PVA/CNF &2 & . FE 5
e AR T I G 73 2 T REAIC 37 %0 PHRR A1 15% 9 THR, A WL7E PVA BErh@mek Py CNF,
REAT RLRRAR PV A BEAY m] SR 1

PEI PEI
+ +
Melamine P hyﬁc acid Melamine Phytic acid

— [E— —— I——

o o ¢ o

MCNF

6 CNF-PEI/ =R Sk /AR X2 H 4% 75 Z K (2019 Springer Nature BRALE A FY

Figure 6 Schematic diagrams of preparation of layer-by-layer self-assembly (Reprinted with permission from Ref. [54];

CNF

Copyright 2019 Springer Nature)

T ANERAIR G K BUR B B T PVA B E A BB IE 5T . Wang 255770 & 5B 40 K B0k S R 1k BE 1Y
PVA &4 W PR A8 BB o B B4R 25 17 45 % . PHRR FEMK T 36% . Zahid 5% & 0 T B4l ok
R (CNPs) , 38 1o {77 B 0 IR i 28 Ty ¥ 25 7 CNP/ R OB E G R I i 15, 94 oK &2 4 1S iy 0
(B RO R AR 32% . Hamciue 257 145 PVA/ R BERR G (PPH) / — % L&k (SI0,) Z &K, PPH
1 SIO, KRG 51 A B I T 42 5% 7= 2K, PPH A1 SiO, 802 43 51 10wt Y6 i, Bl #4445 4l
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TCHLGA K BELIR RN XT PV A BERRBETT A 19 300 1 4 P A (A IR 1 B — (1 BEL IR 80 T 2 4% ol BEL R ATL 7]
MILEA R . MR AR T R D0 R W BOU IR S S5 AR L 0 Qi 2565 i 5 BELJR 18 40 by B o8 2 A9 K 43
B A B ISR (DGNS) L BN 2wt %0 B DGNS il it DGNS/PVA &4, H PHRR &R T 60. 924, 1l
Zahid ZU Y HI 1 PVA /BB T2 A B (BRAKRLT & BN 3wt %) Y PHRR AR 32% . £ B4
A 20 KL F I BLIR T R 38 RT3 - T 88 2 2 R R a5 0 9 LA JHG L 8 S8 2R AR A T ke 4 oK R T
FEGE AR [) fOW I S B, 3 T S (] A BELIR O 2 LA AS ) B4 BELAR % SR L Chen 256008 Atk S Ak A 2805 0E
T AAG DI (FGO) , 5 R M4l E b A B85 (GO Hl 31 PVA/GO B & B H . PVA/FGO
AR PHRR Fl THR FREBRENA TS . GO 5 FGO ¥k AR TEHLH LR, FGO 78 BH A A FH Bif
Wi T SRk S50 2 1 BELIR B B A FH L 38 380 T Wl e 2 1 A2 1 e AR AR FH R 200 2 A N T AR R T R R
WA BERPEH . BRLLL PVA/FGO BIREARBEIATERE L T PVA/GO, I, 75 36 5 BE AR A1 ORL I, B 1% 32
BEA Z 07 H B BLE] , IF LR 5 7% 45 Oy TR RE EAT .

3 %iE

i 3 % FE AT JLAR BB 9T & B (O AR B9 98 >k PVA & 45 IR B Al 0 S 48 TH BELR R 2R . (2) — 4k
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Research Progress of Flame Retardant Behavior of PVA Nano-filled
Composite Film

LIU Meng', CHENG Guo-jun'**", XUAN Zi-yue', TIAN Shen', ZHOU Long-xuan' ,
DING Guo-xin', WAN Xiang-long'®*, GAO Jun-shan'
(1. College of Material Science and Engineering s Anhui University of Science & Technology s Huainan 232001, China ;
2. Anhui Province Key Laboratory of Environment- friendly Polymer Materials» Hefei 230601, China
3. Institute of Environment-friendly Materials and Occupational Health , Anhui University of
Science and Technology (Wuhu) » Wuhu 241003 China)

Abstract: With excellent biocompatibility, biodegradability, good mechanical properties and excellent barrier
properties, poly(vinyl alcohol) membranes are widely used in the fields of antibacterial and bacteriostatic, photoelectric
devices, gas barrier, etc. However. it’s easy to be ignited and will release unsaturated aldehydes and ketones in the
combustion process, leading to great safety risks during use, which limits its wide application. Therefore, it needs to suffer
flame retardant modification treatment. In recent years, the development of nano-flame retardant materials in PVA flame-
retardant composite {ilm is outstanding. The flame retardant effect of nano-PVA composite membrane with low load can be
significantly improved. The flameretardants with different micro-morphologies and different flame-retardant systems have
difference in PVA composites films. Based on the micro-morphology of nano-flame retardant fillers of PVA films and
system of flame-retardant, the development and flame-retardant mechanism of PVA composite film are summarized from
2D nanomaterials ( metal hydroxide, phosphorus, carbon, ceramic and clay) and non-2D nanomaterials, and the
development trend of flame retardancy of PVA composite film is also prospected.

Key words: PVA composite film; Flame retardancy; 2D materials; non-2D materials
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