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Study on Expandable Graphite / Ammonium Polyphosphate Synergistic Flame Retardant Polyurethane-Imide
Bai Jinglan, Zhang Qi, Sun Lijing, Sang Xiaoming
(Hebei Provincial Key Laboratory of Inorganic Nonmetallic Materials, College of Materials Science and Engineering, Hebei United University,
Tangshan 063009, China)

Abstract : Flame retardant systems of polyurethane-imide(PUI) were prepared by filling single or composite components of
expandable graphite(EG) and ammonium polyphosphate(APP), the flame retardant properties, thermal degradation, morphology
of surface layers after burning and mechanical performance were investigated. The results show that the LOI value of compound
flame retardant system is higher than that of single flame retardant PUI in the same amount of flame retardant, the LOI value of PUI
/ EG / APP increases from 18.6% to 30.9%. Thermal gravimetric analysis indicates that the thermal degradation rate reduces at
high temperature and the amount of residue significantly increases due to the interaction between EG and APP. SEM analysis shows
that PUI / EG / APP system generates more continuous and dense carbon layer after burning. Under the same addition amount of
flame retardant, the combination of EG and APP reduces damage on the compressive property of PUI compared to use EG or APP
individually.

Keywords : polyurethane-imide ; expandable graphite ; ammonium polyphosphate ; synergistic flame retarding

REN - B (PUI) IR IR T AR K R
KB —RIoE RO IR SR, B IR T R AR (PUR) 2>
THEPRYER AEELEH, XTI T B R A R AR
450, 58 T PUR IEIRIERLRIR B (P1) 7K 28
O rERE B, PULILIAEL FEIR T PUR i i
PEZEFN PN TR 22 55 8k i, A 8007 1 22 PR RE LA
R T | T 0 2SR R TR A = 24 i JE kP | 6
PERE (T B 5 A 5, R AR AR SRR AR (R
BE AR TE ARS8 i i T AU RAT Iz
(ELIRL G BATE R 1, B R BR ) 5 O, B LA e
PUI [ BHAATEBE , 9 K HL HI e H g — >t
FEHRA

W H RGP B 5 vk 2R B AN I EEAA

7, AR I A Y B AR 70 2R S Rk oA R4 A B
BRBCR &1, WAk AT AR (EG) 2 —Fh ARG
Yy A S0 b 2 AT 48, 4 8T5E EG IR
Y BIFAIR ARG AK , 76 5R G W) R IR
Py BREL )2, e SRS W R A LA R4 B BEAA T
AE. RWEHREL (APP) BA S K & AU R
SEVELF YRR LF FEVEIR SO0 AL, BERE R (2R 5 W)
T I B4 B0 K A AL, B e B MU R R
DL EG y Ly BRI K AR A% ) ©# FLL APP

Ay 2 1 12 N K R BELASA ) 1O T BELIR R 5 W b

* b A AR RS ITH (E2014209280)

PR F0e0], W, FEAHE S h R

WicHi F Y - 2014-12-15



杨超


I S5 A A/ SRR B ABELIER PUL LIRS SY 31

AR AL A PR AACR I B TR AR R A
Yokt ke BT RAF B RIVE . PR, EG 5
APP & FL RS R HILE 3R 2.0 U2 FsR 3Lk ™
FRAL B KA BEHARE S35 15 9% R BEIA T, B
PR 48 F5 5 (LOI) ARAT AR K42 , e BRI 4 V-0
Y%, CHTHE T REIREZ B 1 Meng Xianyan %
B %k EG F1 APP BRI BHAA PUR 7K 381 EA T T4
KT, K I APP 5 EG B FLAEAE 1+ 1 FFFaz i B
[ISCR A, LOI 343 30.5% , H: H X HLHA A K2 4k
BT T 9T EHE 4 T EG F1 APP &K i
FEEA PUI YW IRYERL, Jf-0F9E T EG F1 APP X PUI 1Y
N EL
1 SEES
1.1 EZRMA

Z W W R Z RS S IR R (PAPI) : PM=200, L1
IR G TR AT AR A PRAF]

Bk 4110 : $21H (430+30), 7 5 0 52 520
AR

3,3,4,4— — 2R W Y R i 26 > 99.5%,
At GRAERH A RAF

WERGKE - A3 al, R AR & A 7 5

SR Ay al, R R R

FRN A . 4y b2, 1 25 52 Ak 2E a0 A R A
GiF

TR - ATl R RO AR

N, N— ZFURE R BEE : bl , K e =R e
WA

P = A3 ATk, REETT R Ak sl PR A
Al

EG : ADT802, i ik £ % 2 230 cm® /g, i
80 H , A KRS BHAAA L

APP . A AT 1000, b gt i HE R SR Z2 b T
P A B AT
1.2 MBEREE

LOI MHAAY - IF-3 Y, R BT TXAS )

LEGIYHTAL . STAAAQ | 7 [ it B {7 il 12
AR

BT 7 RERL AR B ML : AGS-X HY, By vt/ w) b
Jg /N

1 7 R (SEM) « S-4800 AU, H ST %%
NI
1.3 XAEH &

¥ 3.3,4,4- R W PO R — I m ACE N, N-

FE L kR AR IS S PAPL R AE K PI
TR A 5 7F R ik 2 oo R i A & 7] e 1 Sk
F AT, BEPER S5 20 PRk B EG AR Uk
i PE )5 5 P IURARTR &, PO 8 15 AR
H.,80°C F#fk 24 h, 155 PUI /EG il 7K 38k} ¥
EG F1 APP M A Z P i FE 21 J5 5 PI R IR
RA, P £ AR E,80°C F 24k 24 h, 155
PUI/EG/APP JIi£¥K}
1.4 MgEMX

LOI % GB /T 2406-2008 | &,
125 mmx 10 mm x 10 mm ;

W (TG) 43 Hr: AU, THEH R 10°C /
min, SR 50 mL /min, Tl 50 ~ 800°C ;

JE 45 fEe GB /T 8813-2008 Ml i, 1A K ~f
50 mm x50 mm x50 mm,JE45H#% 5 mm/min ;

SEM 341 : WS RRLE T A0 1L FLES ) R e
JE R IR =254
2 HER5iTe
2.1 EG/APP [}k PUI #) %A Beib

1 A A BC H AY EG 5 APP BH X PUI 1Y
L O {EL 1 FE 45 1 BE 0 38 485 5, BELJOR 700 60 50 8 o i
B1oh 10%( Fi s34, N A D). R L ATLUE 7
EG:APP=3:1,2:1f11:1mf, HEKIEKZ Y LOI
(HAREANZ (HEAEERE A — & 2200, JE48tEfE
& EG LI nmike(k, X4 EG : APP=1: 1 &}, [k
45 R 0.234 MPa, R4 N 4.377 MPa, & it
RER AR 22 A A AR R i RE . 27 % TR AR TS
ML TERE , 2 EG 5 APP & B PUI 11 5
FERCEE R 1 : 1,

%1 EG 5 APP SFEBEMKIIEDLL
EG 5 APPTCLL LOI/% ME4§H% /MPa [E45HirEiiE / MPa

R

3:1 26.3 0.184 3.300
2:1 26.4 0.222 4.192
11 26.3 0.234 4.377
1:0 23.6 0.175 5.770
0:1 22.8
1:2 245
1:3 25.0
2.2 LOI

B 1R ARG N &t i EG 5 APP B B4
PUI 1 EG / APP & it BH#X (EG : APP=1: 1) PUI i1y
LOI . ME 1 AT LIFE H, LOI A k25 FHAA I
YRGS R 5 7EAH [RIFEEA I H & , 55 EG #i APP
B BHER PUI A1 EE, EG / APP 3 [H] BELAA PUI 1A &
AT A LOI 5 5 52 e FHAR R I 5 15% B4R &


杨超


32 TSR

2015 4F 45 43 % 455 3 W

(1) LOI {E. 5 i fdi ] EG 1 APP 42l 20% K1Y
LOI {40 24 ; 4 FHEAFI EG / APP B & h 20%
fif, LOI i4 %] 30.9%. LRI UL, EG F1 APP 7EFHAR
PUI I A77E i 2 A U RIVE T, X4 & LOIL E A W

0 5 10 15 20
BEAASRIAR I / %
s—PUI / EG; e—PUI / APP; ~—PUI / EG / APP
B 1 BHEAFIAS AN LOI (521
R T B UE EG F APP 1 Pk [ R, A
SORTRNGS e T AR BHAR IR R 19 A LOI B 55 5%
{E LOI(LOL,) FIFE L LOI(LOL,) 1925 {f U4, Hovpr
ALOI BRI N
LOI,=3 W, x LOI, 1)
A LOI=LOI—LOI, )
Hor Wi S RHIAR | AR AR I E L,
LOI, A A [F % i K PUL/i B J5 16 LOI fi., 24
ALOI > 0 B}, Ui B EG Fl APP fEE W [RI1E ;4
ALOI < O, MIAFAE S M RN o
2 ASFI BRI & T ALON ., HIAl 2
ATLEH, ALOHEART 0,3 H ALOI{EHRiE T
i p 3 RGO, 22 B T EG M APP FERH
BE PUI _EAFAEDMEIVE T, ELIX R b ) 4 FH B 2 BELASK
FI P o R B T T 3

40

4 8 2 16
FHIAFIEG / APPHRAINE: / %
&2 BHAEFIA XS A LOI B2

2.3 R4t

[ 3 7 H BELA R0 S i 12 % PUIL R 46 1 E 1Y 5%
i), & BCBHIR AR 2 7 EG - APP=1: 1. JIK ¥Rl
FEAEPEREAR R AR Aol 2 1 7, S i Ak
Wk (40 £2) kg/m’. NI 3 AT LA Y, 7E PUI

/EG, PUI/APP Fil PUI /EG/APP [k & v,
R 4 5% J3E X2 i 2 L 790 P 2 1 454 o g /0N, BEL %
FIES IRy 20% B () 46 5% i 43991 o4 0.14,0.16,
0.17 MPa. J& 453 FE [ I 2 F 2 EG 1 APP 5
EYFAR A AR 2E, EG I APP 7E LA T 3L
ANBIEIIE R AR 3k S AT SRR 2 A AR PN T ol e
B, 2452 B N I BT, S50 B ¥4 67 2 2P 8 i IR T T i 24
S0 AERRHG FEAR R T R AR B 1A R AH L
B, TEAR [RIBEAA S &, EG / APP & LB A% PUI
b BB AR I EG R APP /Y PUI R 48 5% 5 5, 156
EG / APP % it FH A fig 08 [ Ik EG XJ PUI s 45 Pk fig
BP0 E . X FEE RN APP BALER 4 EG R fiElg
I/ EG X FLES A IR, H APP R BENE IR 25
EG 54l , X 5ifLEs i b & — 2 .

022 [
020 -
0.18 -

0.16

FE4a5m %/ MPa

014 ¢

0 5 0 15 2
BRI I / %
o—PUI / EG; o—PUl / APP; ~—PUI / EG / APP
3 BEIASRIGR I Xof 1 445 B %) S )
2.4 AMERRATH

K 4 45 TR SASUR PUL, PUL/EG, PUL/
APP, PUI/EG/APP {RZ ( FHEAA R b HAEA T & &
#h 20% , &2 BCBHIAA R 1 EG « APP=1:1, F[d])
() TG #h£k. MIE 4 nTLUE HY, 52l 40 A A e BELAR
FIEY I AR 2 T BORE Y W) 16 I IR (R
T AR 5% B IRLEE ) BEAR, X & T EG Ml
APP (I EFAS i BE YR T PUIL, BHARIA FR A58
ORI HE R PRI A B B S A Y, DA T 3
WA IR A . 800°C I AY 5% 53R i v B

100
90
80
70
60 r
50+
40+
30+

TR /%

160 260 360 460 560 660 760 860
L/ C
1—PUI ; 2—PUI /EG ; 3—PUI /APP ; 4—PUI /EG / APP
B4 RFEFIRERZRD TG fhzk


杨超


IS 45 IR R/ SRR B A R PUL IR IB RIS 33

B A PUIL/EG / APP > PUI/ APP > PUI/EG
> PUI, it B APP Fl PUI 2 [a] iY £k 2% il 2% 4 e
EG 1 PUI Z [a] () 47 24 BH & B ¢ A FH B 5[] Bsfh,
UL T EG / APP TEAE Ak FH AR 1A F B J5 TR AE R
G E RV B,

&l 5 R AT BHAR AR R s 4k 5 ((DTG) it
2. MK 5 Al LIE i fEAR BT Be 50 ~ 350°C, PUI
/ APP Fl1 PUI /EG / APP [ FA 5 fift 18 5 I \ed 12 T4
PUI, X =22 i T APP ZEAR IR B BEAS 5 i) SRS fit
F1 APP BRI A A 1 i) 22 B IR (2 1E 2R 5 W I 3R A
AT 5B BELIA AR 8 118 R 3 i 3 23 R AP e K AR i
RN R TR

o

160 260 360 460 560 660 760 860
R / C
1—PUI ; 2—PUI /EG ; 3—PUI /APP ; 4—PUI /EG / APP
5 AR AERT DTG fhik

T R WY BE 350 ~ 500 °C ), A% T4l PUIL, A
[7i] BELIA AR 35 (1% A5 ik 1 A 341K 20 PUL, HL IR £
2 12 2B i Sk PUL/EG / APP < PUL/
APP < PUI/EG < PUI, =%l T-FHIAHI EG 52 #h
R A B T IR 7= 5 AE PUN R 1HT, T2 UM
W)z, N8 ZE T PUI A AR A s APP 43 fif A 1Y
ZWEIRAE PUI = A 2051 4 TC LI B, I T Ik b
PEAAR I A i, (i BRI K RN AS R IE b Aa e (1)
W AR AR s EG I APP [ (1 B[R/ 7 5
3 EG / APP / PUI 14 Z2 1E (i ik B B 114 FR 03 ik ok 236 I
iK%,
2.5 BEMHSH

&1 6 Skl fe A [ BHIAA R 28 S8 iR 3R
Tk )2 2544 1) SEM IR o MR 6b FIE] 6¢ AT LU H
PO ABRIAT EG, JE A%, “U% HUR” IR AK 2 5 5
TERGYIFRT , 2 B2t il RIS, 80Uk
LRSS s B A APP IS, APP 7E1E THLIE 2
6], SRR SR TE A, B 4R S5 M B 2 A 2 L. Al
XFFASIN e —BHIAF] , EG / APP & FCBHI PUI 1A £
TE U IR S S AR 5 Ry SR ARSI, HL28 BRSO/ IN , f2
KR HE APP VB R T AR FE A 2 1HT TP 1 A4 475 il R e

JERERE RS EG 2K AR LR i B RAR R 0
TR, T ¢ 2% 1) B P AT P i s
FHAATE RESR w5, R B RAF A BRI VR AT, X 5 LOI
{ERIE 5 R B SRR 25 RANAT o

a—PUI ; b—PUI/EG ; c—PUI/APP ; d—PUI/EG / APP
K6 ARFIFAAE R SEM BT

3 it
(1) #4 LOI R4 PEBE , B E EG / APP FHAK
PUI By EE FL LGN 1 1, LOI {HRER BB
DI R i o, BEAATRIAS AR IR, PUL/ EG
/ APP 1A Z i LOI {EL B . 15 T° PUI/EG il PUL/
APP, G ity 20% ik # 1 30.9%. JE4A 1 REHD
Wt BELIA R A I A TR AF , EG / APP A2 il fif
FHREMEREAR EG X PUI 45 Ve A4 3 , BEIATRI I
Jilt Ay 20% I 452 0.17 MPa.,
(2) TG Zr#r R B, BRI B i ARG 1 BELAR A
ZA 00 i A0 el BE  BELIA A 2R 1) R e o JRE A M1
LB B R T4 PUIL, A Rl B BE AR T4 PUIL, B R
= % )¥ l PUL/EG/ APP > PUI / APP > PUI/
EG > PUI,
(3)SEM 73 #r % Wi, 5 EG A1 APP it FH 44
PUI AL, EG / APP & ICBHIARERS (A bE 5 R M A
J2 BB B AR R
5 % 3 i
[1] Liu Dan, Zeng Shaomin, Hu Qian, et al. Synthesis and properties
of highly branched poly(urethane—imide) via A2+B3 approach[J].
Polymer Bulletin,2010,64(9):877-890.
[21 LS BREI, ety 45 . KON 0T 2R U — IR Y e TR FLAG
Hy S PERERIA [0]. B} TR, 2013 (4):39-44
An Man, Chen Xinggang, Hou Guixiang, et al. Effect of water


杨超


34 TR

2015 4F 45 43 % 55 3 W

on cellular structure and properties of rigid polyurethane—Imide
foams[J]. Jounral of Materials Engineering, 2013 (4):39-44.

[3] Qiu Fengxian, Yang Dongya, Cao Guorong, et al. Synthesis,
characterization, thermal stability and thermooptical properties of
poly(urethane-imide)[J]. Sensors and Actuators B:Chemical 2009,
135:449-454.

[4] JRALEARYY, W, 4. SO, RBEIK / PUI & ATl i 4 S It

FHHEDITT [3]. 2B R 53445, 2010, 36(7):24-26.
Zhou Chengfei, Zhai Tong, Cao Wei, et al. Preparation and study
characterization of rigid SiO, aerogel / PUI composite foam[J].
China Rubber / Plastics Technology and Equipment, 2010,
36(7):24-26.

[6] ZEPile, i, IR, A5 SRR / LM S S AR WF TR e [9].
A APRHS TFE, 2008, 28(8):13-17.

Li Zaifeng, Xu Tao, Sun Jian, et al. The synthesis of polyurethane-
imide polymer composites[J]. Polymer Materials Science and
Engineering,2008,28(8):13-17.

[6] Modesti M, Lorenzetti A, Simioni F, etal. Expandable graphite as
an intumescent flame retardant in polyisocyanurate—polyurethane
foams[J]. Polymer Degradation and Stability, 2002, 77(2):195-202.

[71 BSRoR, B Tmi , G5, 55 A 5T R A BRI IR 52 A O PE RIS R (D],
TRRSR L 2013,41(2):111-114.

Ying Zongrong, Huang Ruijiao, Shu Fang, et al. Research
progress on composite modification of rigid polyurethane foams [J].
Engineering Plastics Application,2013,41(2):111-114.

[8] Hu Xiangming, Wang Deming, Wang Shuailing. Synergistic
effects of expandable graphite and dimethyl methyl phosphonate on
the mechanical properties, fire behavior, and thermal stability of a
polyisocyanurate—polyurethane foam[J]. International Journal of
Mining Science and Technology,2013,23(1):13-20.

[91 Hu Xiangming, Wang Deming. Enhanced fire behavior of rigid
polyurethane foam by intumescent flame retardants[J]. Journal of
Applied Polymer Science,2013,129(1):238-246.

[10] SRIB, B2, ROAR AR, 45 . 5 S A X 3R PO A 2 ke BELAA 1 2%

FHAAPERERYRZIA [J]. 712441, 2009(12):1 205-1 210.
Wu Na, Yang Rongjie, Hao Jianwei, et al. Synergistic effect of

metal oxides on intumescent flame-retarding PP systems[J]. Acta
Polymeric Sinica,2009(12):1 205-1 210.

[11] Tarakcilar A R. The effects of intumescent flame retardant
including ammonium polyphosphate / pentaerythritol and fly ash
fillers on the physicomechanical properties of rigid polyurethane
foams[J]. Journal of Applied Polymer Science, 2011,
120(4):2 095-2 102.

[12] &=, BomR e, BRI IR, 55 . AR A / SRR B 11 1] BELAA
IR IR AR PERERTSY [J]. %80k Tl 2012, 40(8):89-92.

Ge Lanlan, Duan Hongji, Kang Haiquan, et al. Property study
on synergistic flame rRetardant of EG / APP on LDPE[J]. China
Plastics Industry,2012,40(8):89-92.

[13] EMS, EHF, XIRE, 4 BTN 2 MK A0 A ] A BLOA SR FLIR
FHRE[3]. 988}, 2013,42(2):22-25.

Wang Peng, Wang Xinping, Liu Ke, et al. Preparing in flame
retarding PLA composite based on low-temperature expandable
graphite[J]. Plastics,2013,42(2):22-25.

[14] W 240 R AR . AT R K A1 A A AT 2R SR T TR BELR P RE TP 11y
WFFE [3]. ¥4, 2004, 33(1):45-47.

Hu Xingsheng, Hao Jianwei. Flame retardants study of expandable
graphite in rigid polyurethane foams[J]. Plastics,2004,33(1):45-
47.

[15] VR4, RBER g, ) L Pk, 45 . RS A BEL AT [ 2R U v VA M e 4

FRA SR BEr= MBI [3]. 50 F=F4f , 2013(7):832-840.
Xu Dongmei, Hao Jianwei, Liu Guosheng, et al. Thermal
degradation and smoke production during combustion for
intumescent flame retardant rifid polyurethane foams[J]. Acta
Polymeric Sinica,2013(7):832-840.

[16] Meng Xianyan, Ling Ye, Zhang Xiaoguang, et al. Effects of
expandable graphite and ammonium polyphosphate on the flame-
retardant and mechanical properties of rigid polyurethane foams[J].
Journal of Applied Polymer Science, 2009, 114(2):853-863.

[17] Bian Xiangcheng, Tang Jianhua, Li Zhongming, et al. Dependence
of flame-retardant properties on density of expandable graphite
filled rigid polyurethane foam[J]. Journal of Applied Polymer
Science, 2007,104(5):3 347-3 355.

3D FTENEBRIMMEAR R A F R EEEHIME

S FEPAF 2 7K (PSU) FRE 4R B — R Jr %2, m]
i Bh 0 BY SEAE A2 rh g A0 i

e [E FE A2 I Ta M7 R (Nasa) 78 PSU TR A4
MUB e g 18 7 A L6 23 0o 22 VR 206, 28 [ B s 1) 3 i
PR e R T SRR T

B T A2~ 247 Mark Weislogel X H = 4 R AE 511
DR T ARG LA, il 72 E S SRR AR FH b

TCROMMERR T ARG — A SR ) B LT, SRR R

BT RFRERL Y5 WS s R i BAR Tl & i, &
0 1A I BT, VR 3k 25, B B — /N — /N T
WK P

“FARE AT R T P — 8, e R
MR EREE, T R mak R E VR XRE VR RE I
I EIMME T, Weislogel 1638, “JRBRARE 7 24, RS H T

H RS AR AEMARA Be , 3% B %84 3D FTERTI AL,
AR hy 500 ZETT. (PHBAEXK)


杨超




