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Properties of Flame Retardant PP / PUR-T Composites Modified by Titanate-Ammonium Polyphosphate

Liao Yijun, Wu Xiaoli, Liang Haotian, Fan Chao
(School of Materials‘Engineering, Chengdu Technological University, Chengdu 611730, China)

Abstract : Titanate was used to-modify the surface of the ammonium polyphosphate (APP) to obtain modified APP (TAPP),
subsequently, TAPP and thermoplastic polyurethane (PUR-T) used as a synergistic flame-retardant to polypropylene (PP). The ratio
of TAPP / PUR-T with the best comprehensive performance was screened by testing impact strength, thermal deformation tem-
perature and limiting oxygen index (LOI). The influences of APP, TAPP and PUR-T on the structure of PP matrix composites were
analyzed by X-ray diffraction and scanning electron microscope. The effects of APP, TAPP and PUR-T on mechanical, flow, heat
resistance and flame retardancy of PP matrix composites were studied. The results show that the excessive content of TAPP or PUR-T
can reduce the impact strength or heat resistance and flame retardancy, the comprehensive performance is the most outstanding
when the mass ratio of TAPP /PUR-T is 1 / 1. The addition of PUR-T improves the impact strength and fluidity of the composite,
and reduces the strength, thermal deformation and Vicat softening temperature. The addition of APP leads to a great decrease in melt
flow rate and mechanical properties of PP matrix composites, while the surface modification of titanate can significantly improve
fluidity, mechanical properties and heat resistance. The synergic addition of TAPP and PUR-T significantly improves the mechanical
and flame retardant properties of the composites, the impact strength increases by 6% and 56% respectively compared with pure PP
and PP / APP composite, the thermal deformation temperature increases by 11.3°C compared with pure PP, the LOI value increases
from 19.2% of pure PP to 32.1%, and the level test of UL-94 reaches V-1 level.
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BRI, R A DR P - A B R B )L i
5 5 LT, PP A kR B AR 1T 5 [ 2K K, 3
KPR T HR AN e B

TEARZZBHBR 7, 33k w5 I BELIA 7] > 52 30 BH
RSRS8O . ARG Pk Z BRI
A T AR R i R R R BOR IR A
i AY pa AE S, BT U M B R B
2 BRI LTz 0 BEBR ), B A I S % BELR A
TSR, Hoh SR W R e (APP) 1 —Fh R4 U E AL
PR TR B BEAA T, B AL s ey, |z I T
Y IR TR AR . APP FEZ Ht 72
o AR TCHLIR , & AE BRI SN, e s il K oG
el , AR IR 0 e 2, BHL PR A i | B 3R 3 BHABR 1)
BT T, D. Hapuarachchi %5 ¥ 1 APP 1 & %
ARER PR R BRI NI AR B , 25 S 3R I, % APP
AL T ARG PR IE R T M8}
() AURAI TR, FESEPRBEIA T, APP i T 5 R G
AR HIHARER, ARG 58395, 5 %3
R EE Sy 2E PR AN TR BE %, IR, JT4F2k
W E AL T okl APP, B i HE 5 AR 2
Qin Zhaolu % ¥ % FHAK R g % APP #4724 1 Jf: 1L
HR PP, 45 JL R W, BK R I et J5 69 APP B PP I
R L TR M ) B RICR,

PIAVE R E R (PUR-T) 2k i BL LR Y, Bifi
B T e B AT, Rl S S B B R 4
()52 B AS B AT ml it PR PUR-T AL EAT AR
B BT RSN TR, 76 APP BHAR PP {4
AU R PUR-T AT DLEAGER R B o PR BE |
TR B T T A

PRIt , 25 25 R KRR IR A I T 6 APP R4 72 11
ek, A5 ER R S 2 APP (TAPP), 45 Hotk [ in
A PUR-T, il £ T PP/APP, PP/APP /PUR-T il
PP/TAPP/PUR-T Z &KL WH5E T APP, TAPP
PUR-T X} PP FHARTERE . 1 2V RE AN R A 520
FEXT G EHEOIE S T TS, e A5 81 )2
PEREIL S PP JEBHIASE A1 KL
1 SEIeERsy
1.1 EZRH

PP : KF06, 4 & FHE A A BR AWl 5

PUR-T : BTP-64D, JIM-STAR 45k A FRA 7 ;

APP : TY-423, = KIEAL TARAF

ERIR IR . TCA-KA41B, Fd 5L BB H bRl
ARARAF

1.2 FEMELEE

IR AL SHR-10A &, b st BRI LI ;

SUEATEE AL : SHI-36 T8, B 5t 5 B AL A7 PR
NGIE

L : TC=150-P 1, K pHLA A PR 5

X B 24t 4 (XRD) 1% : TD-3500 %, )7 i ik
BHEABR AT

TbLE il 7 7 BE S AL : WDW-100 7Y, ot
FRFARC IS

PRI - X335 Y, A AT WS A 5 2
RS

4 FL 7 i8S (SEM) = S-900 Y, H A [ 57
Nl

PASIE AE-R AR B 2 A . XWB-300B 74,
AT TS A R 78 A B A W 5

I3 VA B 33 & (MFR) 13 : XNR-400B %, 7 7l
TSR A PR A

BB S FE B (LON) e A% IF-3 Y, B 5t VLT
{ES A BR AR ;

K- R BAYL . CZF-5 Y, B mU i B A28 A
BRZSH]
1.3 &XAFH &

TSN R O RV ER R IR AT b IR — Y
Lo AR &, G B EE 30 min, im A — & & 1 APP,
WEFIPEFE 2 he HIERSVRIE LK, B0 R et i
APP JLA 120°C A T8k, 155 TAPP,

¥ TAPP, PP, PUR-T % F @ MR B ML IR &
15 min, SR J5 A SURAT 855 8 HLEA T 8% 1 15 kE, DA
BILET BB 4 5 B 53 391 3 o4 175,180,180, 180,
185,185°C, T HLE4 54 4 30 r/min, K JHFERER )7
EAT 2% APP, PP, PUR-T SRS Ik, R
FHIFERER J7 1228 APP Fil PP IR, B M i ks s A 3
JEE 43 W 170,170,175,175,180,180C .

¥ =41k 80°C AR Tk 4 h, IFH
SEMLIE S bR R . SRR W 1 TR

x1 M PP ESSMEIES 1

XG5 PP i APP f%  TAPP fil#& PUR-T fi#
PP1 100 0 10 20
PP2 100 0 20 10
PP3 100 0 15 15
PP4 100 15 0 0
PP5 100 15 0 15

1.4 WX E4E
13 2R UREAE XRD A L 47 20 B, >R FH %)
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FHE R Cu K, 914, HUER 40 KV, HLTEA 40 mA,
HFHEH A 2° / min, FAHTEE N 10°~25° ;

R MEfEdE GB /T 1040-1992 4zt , 7 {1 8 %
50 mm/min ;

5 i PEREFE GB /T 9341-2008 s, i 56 3 %
2 mm/min ;

a7 SR bl e GB / T 1043-2008 i ;

AL IR BE H GB /T 1634.2-2004 M4, FHE
B 120°C / h, BRI 5 AFATHE

AR AL IR E T GB /T 1633-2000 izt THE
HA50°C /h, ik 1 kg, BN 5 A FATHE

MFR #% GB /T 3682.1-2018 iilliz , i & 230°C,
1145, 2.16 kg ;

W T B R Y R O A7 L D TS 4, R
SEM 3ty Wi S OB S e R 5 KV

e PRSI B0 4% ASTM D3801-2010 # 17, i
FER ST R 127 mmx 12.7 mm x 2.7 mm, 55 28 ] 3
5 FATHE

LOI #% ASTM D2863-2012 il iz, ik £ )L~ 2
130 mm x 6.5 mm x 3 mm, &R 5 A THE S
2 ZR5iTE
2.1 ¥k PP A &4t4tes XRD B #%

& 1~ APP, PP/ APP, PP/ TAPP /PUR-T ix
FER) XRD &3t .

APP
PP / APP
 pleospns PPLTAPP / PUR-T
10 20 30 40 50 60
20/ (%)

%1 APP,PP/APP,PP/TAPP/PUR-T iXEEfY) XRD &l

i 1K 1 7] & Hi, PP/APP, PP/TAPP /PUR-T
EAFRIESH LT PP (1 EcH U2, S o M,
KA T 14.6°,17.4°,19.4° F1 21.9°, 73 S %F W o
A1 (110), (040), (130) I (131) fbim ™. 7£ 14.7°,
15.5°,26.1°,27.5°,29.1° [ {3 &, XRD & 3% i 3
TOBRAT TG, B APP 45 S ARAR I B HE SCRAE
A A A E] PP LR i 25 5 B 4G
At B AN o AU, ZE & 1 PP/ APP I PP/
TAPP /PUR-T E & ¥ £ XRD K% 4, 5 T APP Fil
o FHAGSE AT TSP IT AR T AR — b4 ST S 0

K APP, TAPP UL & PUR-T W/ A A i PP 7
RIS SAE . 4N, PP/ TAPP /PUR-T 441K
) o AHZE ST SIS A AR, 3X 02 PUR-T BY4E M
A8 Y, T APP 45 ST 516 B B AIK T PP/ APP
AR, XU EKRRTRTE APP K g .
2.2 TAPP #= PUR-T Bttt PP M 4569 % vh

2% 2 5 AN[A] TAPP 1 PUR-T it LAY PP YERE .
H#FE 20 LLEN, TAPP: PUR-T &N 1:2
I PPL whi MR, 2+ 1 IR PP2 il Ik g B
1%, 124 BB Fe oA 1 1 ARG PP3 s M RE A,
Fb PPLAR 1.9 kI/m? s X VAR TR FNBH AR BE
PP2 1 i T TAPP 1z 2, Tiif #4 1 BH BA 14 fiE 2% 9 I e
S, PVTE IR A LOI B 43 1) R 118.3°C il 32.9%,
M PP1 A VIS 5 A0 LOI {E #B % PP2 1%, 12 PP3
5 PP2 WA ZE(EANIH B, i AR RE AR 5 o PRI,
1E =ik FEh, TAPP: PUR-T ARy 10 1 1}
M Z5Ak e fe s 1, 45 R R W], TAPP 3 PUR-T 1Y
AR it i 220 1 Ty R sl B S B AR PR R )
FEEAR

27 [ TAPP #1 PUR-T E2EL I PP T8k
il / AL ik

RS - m? B/ C LOI/%
PP1 46.7+3.1 110522 253+12
PP2 36.2+14 118311 329+24
PP3 448+12 116.8+15 321+16

2.3 XK PP ARG &AM S AR

% 3% i 4 PP, PP/ APP (PP4), PP/ APP /
PUR-T (PP5) 11 PP/ TAPP /PUR-T (PP3) & & #1
B J12EbERE. IR 3 TLIAE H, APP, PUR-T &
TAPP & X} 52 & 4R o 5 B 7= AR T i 3B s
4fi PP () SR Bl 42.3 kI/m?, PP/ APP & 4 #t
%) e 8 B A A T4l PP s 8 B B4l PP
AR T 13.6 kI/m?, X & i T APP & & 5 i i 4]
R TE PP HR I A AN G, I 7E PP 3R A Hp = A
K, 432 BN A Tk, 56 b RHE Bl Fa Ak 7 AR 1V ) 4
v, AR YR, T REAR T 52 G b R b i
JE. X%} PP/APP/PUR-T E4&H KL, & G B
s o # 4l PP RS AT AR, {H 3L PP/ APP &2 5 b4
R hh R A B B 2T X H R T PUR-T A& )
P X%FT PP/ TAPP /PUR-T & & 1K, vhiioi
#5540 PP il PP/ APP & 4 # BHAR AT $2 5, 40 Tl 42
1= 1 6% F156% , X2 H oy APP R IHIMEMT 1 kIR,
s T APP 5 ILR I B 45 A, HY 5 APP 5 LA
PR B0 T T i i B
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R34 PP RFAS PP EE AWM NF AL

SR (ﬁg?ﬁﬁ)/ Mﬁ'aj%g; / %HH“Z%E /
4l PP 42.3+0.7 19411 245+19
PP4 28.7+0.9 14615 19222
PP5 396=+18 12312 183+05
PP3 448+1.2 15715 21508

BHAK PP JL45 G A A hir A ik 3 RN 25 ply 538 5
5 B (AR AL R A AL, PP/ APP 5 JE{H BH A
T4l PP, X i) fiE & APP 15 51 v 1 4E r i i Al
[, % PP/APP/PUR-T & &t RE, Hodir fd Ay
it B i — 2D RGO R PUR-T 5 PP LI
AHEE, 77 A ST TR BE, AT S e Je i g . %)
F PP/TAPP /PUR-T & &R, Fr AN S 5 5 43
1% PP/ APP/PUR-T & & M BHE B T 27.6% FI
17.5%, X2 [H R APP RIAMEM 1 EKIRER , Bk TR 5
SN S R N 1) (8 S NTT s AN =Lk
X 38 7 o 3 A5 30— S A e 2
2.4 THXR PP AR E 4469 MFR Fedit #okk 58

REVH TR T S A E A &R,
MFR J2& S Bt 3 8 1 1) — > B B8 A, % 40n il
APP, TAPP Fll PUR-T X 4% PP 22 & M8 MFR
FISZIR . 3 4 AT, 20 9y APPRYIINARRAR T PP
) MFR, 3% 3222 & APP #VRa e PRy 716 i R
H R JORLR 43 A 7 PP A H S {22 ] ) 4%
A RAAIER, AT T PP EIARI W s, xS
T PP/APP/PUR-T Hl PP/ TAPP /PUR-T & 4 ¥
#E, MFR % PP/ APP & A B E 45, KRGS
T PP/APP sk, X & PUR-T &tk
BILRY), E PP JA ML T o7 1a] 1 AU SRR
oy FEVER J180N, 2 F-55 5y ia 8, i T PP
/ APP i sl , Sailk T APP BHAE A AR St
2 1 i B0,

* 4 ¢h PP KPR PP EE AWM R MFR Fi#iviEae

g MFR / PRI AR AR
U [g- (10 min)?] JiE / °C Ji / C
4l PP 27.0+05 1055+1.9 1152+25
PP4 236407 1159+25 123729
PP5 284+0.9 1123+35 118.4+35
PP3 27.9+08 1168+ 15 1226+15

PRI B R A R WA R B O 25 1
—FhiERE . & 4 [ R 14l PP, PP/ APP (PP4), PP
/ APP / PUR-T (PP5) #il PP / TAPP / PUR-T (PP3)
EAEMEH AR, R 4T LIE H, TAPP
A PUR-T MBS INRE 35 20 PP VIR IR . 46
PP #IS I L Sl 105.5°C . X T PP/ APP & &1 K},
AR IE IR 115.9°C, #2400 PP A4 W I £ 5, i J2

APP S E MR = 1 2k, XFT PP/ APP /PUR-T
A RRE, VS IE IR B v T4 PP, TR T PP/ APP
AR, X EH T PUR-T [ B VS IR B AR,
APP M E TR, B 2R B EHIIRCR . X T PP
/TAPP /PUR-T & & kL, AR T8 R B 44 PP/ APP
/PUR-T E A MRS T 45C, B4 PP R T
11.3°C, 25 S Ul BHAK R TR 1) 2 T ke ME Rl 3% T APP 16
FEAR T B R 20, NI B 55 T 2 & M Rk
fifbERE . 3% 4 B RELIREE BT LI, PP
/ APP, PP/ APP /PUR-T #il PP/ TAPP /PUR-T &
bR AR R IR R 4l PP, AR RN
S PRI B AR A AL 7R LAl R,
PP/ TAPP /PUR-T & & M BHRA 2R AL IRE B s
B4l PP 4R AR B = ) 13.2%.
2.5 T[HMX PP 3R E &AAHe) BT I

[ 2 Jy 4l PP, PP/ APP F1 PP/ TAPP /PUR-T
52 RBL) s T TR SEM R F . Bl 2a ] E
2l PP 1) T T 2 WA AR TR 1 45 80, I
2b B[ F Hy okt F PP/ APP & & #1 kL, Hitr i | 4y
4K /N 10~20 pm (1) APP KRR, 45 I 63 .
APP JIURL 43 A AN 5], HERR — e, 3 20 PP LR
PR T K BIEE, hE 2c ATE W, X T PP/ TAPP
/PUR-T & & ¥ K}, Wrifl L 43 4 47 10~15 pm [
TAPP ik , UK 4 41 45 PP/ APP & & M R4 2
], ] WLEE 2] TAPP kL2 i MR |, X S SR R TR
FE APP R 1HT Il D% B2 B 1 . AE T T A
A WRZEH] 5~10 pm (1) PUR-T /NBURL , $0k: 4345 15
A, FEEW, X2 H PUR-T 5 PP M PEAZ K A
AT B o D3 A eI 38 2 A A /N, B
PUR-T Ui E 32 2|51 g vhiti B A PP JE44™ A= Bt ifi
JRE T A JR 1Y), BE RS TE — i R EE Bl b B o,
g AR s o B U Wi PP/ APP & & 41
B SR AEBR N S 7E R B A REZ 2140 ) a7~
AN IR ELG , SRS Y R NN FRILE &
T Ak ek 5 AR A B, 35K 55 I T AR 11 g 2 b
REMY S5 A —2.

(a) (b) (c)
a—4fi PP ; b—PP/APP ; c—PP/TAPP /PUR-T
&2 4l PP XBHEL PP A& ARk b5 B SEM B
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2.6 THXR PP A5 &APH 69 MR EAT

¥ 4fi PP, PP/ APP (PP4), PP / APP / PUR-T
(PP5) F1 PP/ TAPP /PUR-T (PP3) 4 & #1143 il i
1T TIEBEPEREIN, LOI Al UL-94 BHIASER I 25 R
MR 5 Frn. 4l PP BRBEARIZN , K v B v, Bl
AR Y PR Je i R R, AR B AT LR B,
LOI {H & 19.2%, A< if 1:F UL-94 il ik, X T PP/
APP AR, BRI/, J6 T B FE IR, LOI fH AT
BN R o3, A 19.2% 44 5 5] 26.5%, UL-94 I
IKF V-2 9, X 2H T APP FEI It 2 Bl
MUK ZES, A SR EE "7, {3 APP Bl
T 5, D BHAR RO AT BR . % T PP/ APP / PUR-T
AR, LOI iK% 29.9%, % PP/ APP & & #1
A IR, UL-94 ik 3 V-2 94, KB PUR-T
() B [ fig ek 2 A bR B BB PE . PP/
TAPP / PUR-T & & b LA JR 7 3 1 L1 21 PP 1 PP
/ APP /PUR-T &AM BHERIZ , KIEEL /N, Ji i o
B8, RIAGBRERIRAS, LOIE R 32.1%, L4l
PP #& T 12.9%, UL-94 Mk % V-1 2%, 25 %
B, K TR 16 35 T 2Pk APP B2 PUR-T B B [RT A0 A %5
K E T PP AL &M R BHBATERE , f H B
AETE ST A R AR BEA T T I8 B RAF)
FHIARICR .

F5 & PP KRR PP EE &R LOIF UL-94 MK R

G LOI /% UL-94 BHBRGESL RIS
4l PP 19.2 TCEH PR
PP4 26.5 V-2 rh VA
PP5 29.9 V-2 U YA
PP3 32.1 V-1 TR %
3 it

(1) PP/TAPP/PUR-T & 43 #4 ¥ i1, TAPP 5
PUR-T [ AH X 5 ko 2206 15 B et o 1 g i i
PG BHER M RE AR, 24 TAPP : PUR-T A9 Jii & Lt
g 1:1mF, PP/TAPP/PUR-T & & M k1 254 P

RER R

(2) PP/ APP & G # Kb APP by A1 5, 43 Bl
AN, 530 PP/ APP 52 G A BL A i i B RN A
25 i B B ] BRI ; PUR-T k3% T PP/ APP & & #
Ak By o 5 8 T AR AU T ek Rl iR 5 R R Bk
PR i 4T APP 2% TR0, o] 24035 APP 55 3644 i S 1ip
Sia L A T 2 A MR SRE I, PP/ TAPP/
PUR-T & & pPE 1 bl oi B 441 PP Fl PP/ APP &2
BRI BIEE R T 6% Fil 56%.

(3) APP i it AB#A% T PP A9 MFR, ifif PUR-T

fifi PP/ APP & AR MFR &35 #2555, KoKl s%
T PP/APP WY P, se ik T APP BEIR A 45 41 K
Uit Bl 22 Y Wk s APP Y TS N & 1 PP Y VR JE
FNAER AR , BRI TR 1) 2R M T APP 7
BRI B AR A5, e 3 T R A MR
M FAERE

(4) PUR-T B0 [N RE 238 52 6 B4 R BELRA

PERE, PP/ APP/PUR-T & 5 F1EHY UL-94 BHAASE

Gk P V-2 . BRRER R R E RS T RS

B BHLAATERE . LOI (B4 5 5] 32.1%, H4li PP 4

7 12.9%, UL-94 BHA 5906 3] V-1 29, 25 L %

A, KR R 2 1 i v B PUR-T B HIMEI AN A B KA

JEUE PP AL SRR BHAATERE .

5 % 3 W

[1] Chan Chiming, Wu Jingshen, Li Jianxiong, et al. Polypropylene
/ calcium carbonate nanocomposites[J]. Polymer,2002,43:
2981-2992:

[2]. Hasegawa N, Okamoto H;-Kato M, et al. Preparation and mecha-
nical properties of polypropylene-clay hybrids based on modified
polypropylene and organophilic clay[J]. J Appl Polym Sci, 2000,
78:1918-1922.

[3] ‘Saujanya C, Radhakrishnan S. Structure development and crystal-
lization behaviour of PP / nanoparticulate composite[J]. Polymer,
2001,42:6723-6731.

[4] Tk, AESEAE . BRI A G AR S T AR B [3]. B R
WG & 588}, 2004(6):67-70.

Yin Guogiang, Cui Yingde. Synthesis of flame retardants and the
applications thereof in polymer materials[J]. China Synthetic Resin
and Plastics,2004(6):67-70.

[5] LiuJianchao, Xu Miaojun, Lai Tao, et al. Effect of surface-
modified ammonium polyphosphate with KH550 and silicon resin
on the flame retardancy water resistance, mechanical and thermal
properties of intumescent flame retardant polypropylene[J]. Ind Eng
Chem Res,2015,54:9 733-9 741.

[6] Cayla A, Rault F, Giraud S, et al. PLA with intumescent system
containing lignin and ammonium polyphosphate for flame retardant
textile[J]. Polymers,2016,8(9).doi:10.3390/polym8090331.

[7]1 Gavgani N, Adelnia H, Gudarzi M. Intumescent flame retardant
polyurethane / reduced graphene oxide composites with improved
mechanical,, thermal, and barrier properties[J]. J Mater Sci,2014,
49:243-254.

[8] Hapuarachchi T D, Peijs T. Aluminium trihydroxide in combination
with ammonium polyphosphate as flame retardants for unsaturated
polyester resin[J]. Express Polymer Letter,2009,3:743-751.

[9] Qin Zhaolu , Li Dinghua , Zhang Wenchao, et al. Surface

modification of ammonium polyphosphate with vinyltrimethox


杨超


Bt 14, 4 BRIRPR OISR BERR S SR PP/ PUR-T S5 AP RLAVERE

33

[10]

[11]

[12]

[13]

ysilane:Preparation, characterization, and its flame retardancy
in polypropylene[J]. Polymer Degradation and Stability, 2015,
119:139-150.
g R, SR, 25 . ABS / TPU &4 PERE S oM a4 [3]. 30
FRIEHINL T, 2010, 22(6):21-24.
Li Lei, Zhou Jian, Wu Chengxu, et al. Properties and
microstructure of ABS /TPU alloy[J]. Modern Plastics Processing
and Applications,2010,22(6):21-24.
Liao Yijun, Wu Xiaoli, Zhu Lin, et al. Synthesis and properties of
novel styrene acrylonitrile / polypropylene blends with enhanced
toughness[J]. Chem Cent J,2018,12:78-87.
Shen Chungyu, Stahlheber N E, Dyroff D R. Preparation
and characterization of crystalline long-chain ammonium
polyphosphates[J]. J Am Chem Soc,1969,91:62-67.
Kubade P, Tambe P. Influence of halloysite nanotubes (HNTS) on
morphology, crystal-lization, mechanical and thermal behaviour

of PP/ ABS blend and their composites in presence and absence of

(EEF13T])

(71

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Chang C W, van Spreeuwel A, Zhang Chao, et al. PEG / clay
nanocomposite hydrogel:A mechanically robust tissue engineering
scaffold[J]. Soft Matter,2012,6:5 157-5164.
Boothroyd S, Saiani A, Miller A'F. Controlling network topology
and mechanical properties of co-assembling peptide hydrogels[J].
Biopolymers,2014,101(6):669-680.
Chen Qiang, Zhu Lin, Zhao Chao, et al. /A robust, one-pot synthesis
of highly mechanical and recoverable double network hydrogels
using thermoreversible sol-gel polysaccharide[J]. Advanced
Materials,2013,25(30):4 171-4 176.
Argun A, Can V, Altun U, et al. Nonionic double and triple
network hydrogels of high mechanical strength[J]. Macro-
molecules,2014,47(18):6 430—6 440.
Haque A, Kurokawa T, Gong J P. Super tough double network
hydrogels and their applications as biomaterials[J]. Polymer, 2012,
53(9):1805-1822.
Chen Qiang, Chen Hong, Zhu Lin, et al. Fundamentals of double
network hydrogels[J]. Journal of Materials Chemistry B, 2015,
3:3654-3676.
Sabzi M, Samadi N, Abbasi F, et al. Bioinspired fully physically
cross-linked double network hydrogels with a robust, tough and
self-healing structure[J]. Materials Science and Engineering:C,
2017,74:374-381.
Wang Xiangong, Zhao Fang, Pang Bo, et al. Triple network
hydrogels (TN gels) prepared by a one-pot, two-step method
with high mechanical properties[J]. RSC Advance, 2018,

[14]

[15]

[16]

[17]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

dual compatibilizer[J]. Compos Interfaces, 2016 ,23(5):433-451.
Wu Souheng. Phase structure and adhesion in polymer blends:A
criterion for rubber toughening[J]. Polymer,1992,29:229-335.
Mastan Saheb S M D, Tambe P, Malath M. Influence of halloysite
nanotubes and intumescent flame retardant on mechanical and
thermal properties of 80 / 20 (wt / wt) PP / ABS blend and their
composites in the presence of dual compatibilizer[J]. Journal of
Thermoplastic Composite Materials, 2018,31(2):202-222.

BN D WRAEAR, A5 L IRURCRE AL SR R R B N A AR TE R R
PR [39]. B Tl 2018, 45(11):31-36.

Han Shen, Jie Lyushao, Chen Zhilin.et al.Microencapsulated
ammonium polyphosphate and its application prospect in wood-
based materials[J]. China Plastics Industry,2018,45(11):31-36.
Shao Zhubao, Deng Cong, Tan Yi. Flame retardation of
polypropylene via a novel intumescent flame retardant,
ethylenediamine-modified ammonium polyphosphate[J]. Polym

Degrad Stabil, 2014 ,106:88-96.

8:6789-6 797.

Abdelrazek E M/, Elashmawi | S, Labeeb S. Chitosan filler effects
on the experimental characterization, spectroscopic investigation
and thermal studies of PVA / PVP blends films[J]. Physica
B:Condensed Matter,2010,405(8):2 021-2 027.

Ma Ruyin, Xiong Dangsheng, Miao Feng, et al. Novel PVP /PVA
hydrogels for articular cartilage replacement[J]. Materials Science
and Engineering:C,2009,29(6):1 979-1 983.

Yu Huiqun, Xiao Chaobo. Synthesis and properties of novel
hydrogels from oxidized konjac glucomannan crosslinked gelatin
for in vitro drug delivery[J]. Carbohydrate Polymers, 2008,
72(3):479-489.

Alveroglu E, Sézeri H, Baykal A, et al. Fluorescence and
magnetic properties of hydrogels containing Fe;O, nanoparticles[J].
Journal of Molecular Structure,2013,1037:361-366.

Wei Zhao, Yang Jianhai, Liu Zhengi, et al. Novel biocompatible
polysaccharide-based self-healing hydrogel[J]. Advanced
Functional Materials, 2015, 25(9):1 352-1 359.

Han Jingquan, Lei Tingzhou, Wu Qinglin. High-water-content
mouldable polyvinyl alcohol-borax hydrogels reinforced by well-
dispersed cellulose nanoparticles:Dynamic rheological properties
and hydrogel formation mechanism[J]. Carbohydrate Polymers,
2014,102(15):306-316.

Zhao Xin, Wu Hao, Guo Baolin, et al. Antibacterial anti-oxidant
electroactive injectable hydrogel as self-healing wound dressing
with hemostasis and adhesiveness for cutaneous wound healing [J].

Biomaterials,2017,122:34-47.


杨超




