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HE . R E TH (PS) 44 89 B BAL B Z M [(GO-KHS570)-g-PS)]. B &k B2 4 (APP) 4 [L¥X 7], Kk m F] PS +
B & PR IS M A, ST A M AT 34T 12 4%  F 24845 (SEM). # & £ (TG) MR AFE 4 (LOI) . & A M54
ks ik & (MFR) Mk, 2R AV, (GO-KHS570)-g-PS 5 PS A 44 4 40 20k , 2 75 hm 5 BAK BT 2 FLIKAE A 2.3
A B E KA S R A AR st £ 6 FIAE, (GO-KH570)-g-PS RAUAA MMk AE B fo LA A 3 AAEA ., % (GO-
KH570)-g-PS ST & %44 7.5%, APP Ji & 43 2.5% B, Bk &A1 4149 LOL T34 ) 27.8%, & AR5 K48 3] V-1
R, £ T00°CHE 64 7% % 3K 9.30%, 42 250°CHT 49 MFR # 31.27 g/ (10 min), 5+ B FEXX B &F4 ) F AT 2] K &,
oo £iREH 271 kI /m’, 354 5% B A 34.643 MPa,
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Preparation and Properties of Polystyrene Flame Retardant Composites
Wang Yazhen', Meng Shuang’, Xiao Tianyuan', Zhu Meng', Zu Liwu'}, Lan Tianyu'
(1. College of Materials Science and Engineering, Qiqihar University, Qiqgihar 161006, China ;
2. College of Chemical and Chemical Engineering, Qigihar University, Qiqihar 161006, China)

Abstract :Flame retardant composites were prepared by adding modified graphene oxide (GO-KHS570) grafted polystyrene (PS)
[(GO-KH570)-g-PS] and ammonium polyphosphate (APP) as flame retardants to PS. The flame retardant composites were charac-
terized by scanning electron microscopy (SEM), thermal gravimetric (TG) analysis, limiting oxygen index (LOI) analysis, vertical
combustion grade and melt flow rate (MFR) analysis. The results show that (GO-KH570)-g-PS has good compatibility with PS. Not
only the effect of flame retardancy but also the poor compatibility between the flame retardants and polymer has improved obviously
when the amount of addition is low. When the mass fraction of (GO-KH570)-g-PS is 7.5% and the mass fraction of APP is 2.5%,
LOI reaches 27.8%, the vertical combustion grade reaches V-1 grade, the carbon residue rate is 9.30% at 700°C and MFR is 31.27 g/
(10 min) at 250 °C. . The mechanical properties of the flame retardant composites can be improved, the notched impact strength is
2.71 kI/m” and the tensile strength is 34.643 MPa.

Keywords : modified graphene oxide grafted polystyrene ; ammonium polyphosphate ; flame retardant ; polystyrene ; flame

retardant composite

RN (PS) R PANELF LR 2k RE TR KRR A AR N T
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M2 TR R BT Y R T RO R SRR SZ BT ST B
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LR AR HL R T AL b IR P BRI JEWLBELIA 1 45 ), 3 2 BELIA ) oK 22 DAL TR
AR R KGRI AL, ANTR A A e Ml Jr s IS R A W 360k oh, R B ) 5 R &
W= B R . N, B FURPERERY PS X LM77 AE A 25 M I 81, Wang Zhengzhou % © fif
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FH Si0, 94 K w3k / Ak A7 5545 (GO) (SNGO) F1
o W BHA R L BB R — W IR (DMIMP) il %% JC
RELIA 58 S BE 0 7K, 24 SNGO it Ky 4%, DMMP
WS A 16% B, B R 48048 28 (LOT) M 24%. A.
Edenharter 25 ' fifi FH 2 IR SUE A L4 (LDH) fil GO
il £ FHAR PS &2 G418}, X LDH FH R 5%, GO Hi
TN 1% B, LOTEE] 20%. BRIAFI A N5 K hT,
BHIAH 55 R A W AR 25 PR m) 0 (2 3%, 5 e [T
NI =R I R € R N T Pl s B S (RN
Tt L RELIA SR B 5 0 BELRR S AR TN B2

EH R O HR T & T ROR IR AL
F O B A A AR K [((GO-KH570)-g-PS] BHBAF, 18
PS HFlILA (GO-KH570)-g-PS FIEE R 5 (APP),
2 BEBR AL AR RE, AF 5T BELIGA TR X &2 G A L BELIGA 1 i
(R EZ N o
1 EIERS
1.1 E=&ZRM#

PS : Bycolene” 158K, 1T 1 fk — [ 3 K A7 BR
THEAF];

APP ;. AN 1000, 25 54 1T 80, 5 55 - kG
L T AR

(GO-KH570)-g-PS : Tl ™.
1.2 FZ2EELEME

IR AL : GRH-10 U B AR &5

SUE K5 HL: SHI-20B U, 1 50 A AR B
FBRAF]

S SSF380-K5 M, 7 I8 S 45 T MR ALK
FBRAF

FH e 7 W BE (SEM) : S-3400 1Y, HAS H 57
N

A (TG) 23 BT : STA 449C %, 1 [ fiif 5 {X
il AT PR A

LOI{Y: JF-3 B 7RAE T R4 BRA 7 5

K/ e R : M607 L, 11 AR 1L 27X
A BRA

gL : 1020 A, KBTI & A
FRF]

T HEIRIGHL . WSM—20KN B, K i B e i i
WA AT

Y45 1A 5 38 % (MFR) 1% : SRZ400E %I, K &
TR B IR AT
1.3 #5h&

P4 BHAA 7 (GO-KH570)-g-PS, APP 5 PS F4% I

F 1B BN & RS YIRS YA, R
TR SUEFFET AL T ESH 55800 11.6 1/
min, HLSLIREE A 190°C , ERHEE R 4.9 r/min,
4fi PS ARV , PRI 25 58 BR 9 JC e 44 T, 7 1k
ZR B RIS S 2R . SRS ARG 1kt
[F] B Jes VDR AL FH AU AT 55 11 ML il 5 o v 20
TR, PR AT 0 R RHE A MRS T 7E S0°CTR LT
2 he FFBEEIL, IFRE TESE: BIREE N
200°C, 73 10 65 MPa, JTI4 PS W& BEE S HLH
5% FE A=t HUHR 28 J5 moReokl R o A
BLH, VG RS B RHAR S S R R R 2%

F1 PSS REMEMEGHMRIER %

FE SO PS (GO-KH570)-g-PS APP

1’ 100 0 0

2! 90 5 5

3" 90 10 0

4 90 0 10

57 90 2.5 7.5

6 90 7.5 25

1:4 “PERR XS 25 H R AR

SEM 437 : BUBH A 52 5 MR 2%, fiT I AN
W, X T T 2R T A A0 FE ] SEM R4 TSR

TG 4381 : BUEES 5 mg, S i/ S ARD, FHEE
A 10°C / min, PHRIE LR 0 ~ 800°C..

LOI #% B8 GB /T 2046-2009 I iz, /< i i %
A~ 10 L/ min, 3 # R 5} 25 130 mm x 10 mm x
4 mm,

T MR EREFZ IR GB /T 2408-2008 i, i
FER S 130 mm x 10 mm x 4 mm,

PSR BE IR GB /T 1040.1-2006 3, 37 i
WK 20 mm/ min,

Bl wh s B IR GB /T 1043-2008 3k, V
AUELE, e 1 TG

MFR #1% GB /T 3682-2000 iz
2 HR5ITE
2.1 SEM &#f

Kl 1 ABHIASE G4 K SEM BE .

M 1a AT LUE Y B ES I (GO-KH570)-g-PS
i BEBRSZ G kL (3" FENL ) FRIEF-2E, T2, B
SR, 26 8] (GO-KHS570)-g-PS 5 PS 4 # -1y
AN, 76 PS WA e A A R B4 HAr 25 I
1b A LLE AL APP i), BHBR & & 44 KL (4
FE S ) A R 2R 5 1M B4 I A7 76 BT 58 1Y) B
2, LT S AN, 2B APP A R TCALBHIA I i
MEEREG YL, 5SREVAES AT EREY
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a—3";b—4" ;5" ; d—6
B 1 BHERE AR SEM BE R (K 1000 £ )

o KR S A ARG, Bt X 1e
I 1d /T UR L, I 1e FRBRIRE A AT RL (57 e )
FE U BSRATAE L AN LE TG, (HALA I APP (1)
BEIA A & 0L ( ILIE 1b) B 4A FrelcE , W2 i i
W/, B — A B (GO-KH570)-g-PS JH 4 1fij ik /b
APP R, IR G MR (67 FE &L ) 1 BT S
U i3 (DL 1d). H IR BT, GO 248 KH570 B
PR AR LR AL PS J5 , BB ASAR b b ol 35 H 5 28
SWHIA A, NI (GO-KH570)-g-PS 768 &
AN 78 2 B, 1 EL AT LAY R 3G 25 7] ok ol
APP 5 PS JEM IAHZ M

2.2 TG o #7

&l 2 Ryl PS K IBHIRE A APEHY TG k.

100 ¢
80
60
40
20 +

Biie BRIFE / %

6
3#
0 + 1*

100 260 360 460 560 660 760
W/ C

2 4l PS FOHBRE SRR TG 2k
RE W AR M 5 B M e B % R AT 4
FIKFR . MIE 2 AT RUE Y, 4l PS (1F #R5h ) #E 320°C
FEUR B W, MR IR B 420 CREC 458 0 ;
1 BELAR B2 4 L B4 T 2 4 fie T 42 5 3] 340°C, 5%
EORIRE IR EE] 450°C . 546 PS ) TG Bk AL,
U INT BEAR R 9 A AR B A R . B R
A I AN, 524 MR IR i SRR ], X i
PRI BEIA N () 52 64 8E TG #-h v LU, B3
10% B APP [ FHEASE &5 MK (4" BESL ) 78 700°C
(1) 5% ¢ ZALh 2.25% , TN I 45 & 114 (GO-KH570)-
g-PS BH B 7 #1519 B IR 52 & b BE 37 FE ) 7E

700°CHIFE RN 8.36%. 341, X HAR 1 FhAf b FH
BRE A FRHET I () SEM B8 F 1] IS, BELER I ER 0
S AR R BEAT 5 2R G W A A M A 1 2 S R
LA T A i AR R L 4 A T BELAR B
(GO-KH570)-g-PS 19 Jii 12 43 %4 Ky 2.5%, APP Jii &
YN 7.5% B, BHERE A B RE (57 BES ) 78 700 °C
BRI 2R 6.34% , B I A5t B — (GO-KH570)-
g-PS FEIATAIIS (9 52 A5 A E (3" B ) HBR IR A e
A X2 T APP & JCHLBLIA S, i m &t £
SR EOLER AW R B A AR R AR,
L AS BB RS AR I Mo A 1 3R A5 0 o0 fff B R0 . T Y
(GO-KHS570)-g-PS Jit & 73 50~ 7.5%, APP Jit it 43
Bk 2.5% i, IR A B RL (6" B 5L ) 7E 700 C
(5% A R i, iR 3 9.30%., X2 T APP #s e
A IM H (GO-KH570)-g-PS HA M AAEH], BEfg 4R
1o BELBR ) S5 25 6 D AR 25k , 7 Tk 3 v s BELJA 511
53 i B BH B 2R 5 0 4o fik PO R T P AR i A% 3, 41
REWIN) 3 o
2.3 FARRBEAL A A 0
(1) FEIATERE AT
FEIASZ A AP BRI 25 551 4% 2.,
#2 4 PS REMMEAMRIBME LN &R

AE AT

RS EEE EE LOL/ BrahideR RrsRE /

g AL TR % B/ (kI -m™) MPa
1" 18.1 2.39 33.258
2" V-2 I 26.5 2.32 33.736
3* V-2 s 229 3.13 35.410
4 V-2 I 23.7 1.77 31.342
5* V-2 2 24.2 2.06 32.137
6" V-1 w5 27.8 2.71 34.643

% 2 \TLLE L, 24 (GO-KH570)-g-PS 5 APP
TS A 53 50 10% B, T i 5 1 7 F BELBR 2 6 4
R I ELR PR S R AGA B V-2 G, Rt AR
PEA ™ TR V& LS5 AU I (GO-KH570)-g-PS
B BELA 52 45 b1 REEY LOT B AR T 43 n APP 1 BHL
B A MR, X2 T (GO-KHS570)-g-PS Hrt B
BEVE HI GO & HE3CAIR, 11 APP W 5% 4= BH A1
Ho XFEEE 1 H ) SEM B A 0] UL, APP 78 s il i
BB S PS SRR R AR M 22, N e ¥ A1 4 A
REWH, KBRS A4 EHG LOI JEAS LUl
R4 (GO-KH570)-g-PS 1 BRI 4 b ks &
Aol TN R — BEAR R Y BRSO AN AT, o ks
(GO-KH570)-g-PS 5 APP #H i 52 it ik & v % PS
X ER 2 TR e AT A 2 (GO-KHS570)-g-PS TR
Tt 7.5%, APP AN 2.5% I}, & A8 (67
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FEML ) AP ES R E] V-1, HGTHTE B, LOI
(R 27.8%, i5BIMERRGL ], ILAS 52 G AR 5% i %
4 9.30%. (GO-KH570)-g-PS & A K& 1Y B,
APP M EARRIFIAIR, 7E 2 gt B rh 27 4k
MR AW BERR FIK , o3 A 7™ A B BETR IR B TR AR A2 1
i (GO-KH570)-g-PS JE A 1) 1 J22 75 15 76+ Ok
F, PR S8 ST AR B BT A I TR AR
Ffile, 35 21 [FAH BER 5 =ORH BELIA 10 LT BELBA A,
A MRHG BRI TERE B 18 P LA R bras Rk
], (GO-KH570)-g-PS 5 APP HA5 {p [l BHAERVE H .
— B, 1R 22 AR BRI v B -, AF S B
TEOLIFAE AN L . Ar R Ny FH SRR, BEAA S5 S AR ) 4
BT APLE . Flan, fEFR Lol 85 L, SR
BLEA P ISR , SR ] V=2 S5 A BE
BRIAARLKE 28 F V-0 SR MERL, X EFE N V-2
GO EEAR A VR R IR S f R S5 45 DT
AR T 25 KR RTRENE , 1T V-0 S84 By S8R} 52 i 777
FBAATRENE . 2B A I RHEA S 5 R 22 B
LS A BTSN 2 A (IR REAZ IR 3] V-1,
T EHMRBEEHANT V-2 5 V-0 5z i), RIerE
A A R A A A DO

(2) T2 PERE ST

B 52 G M4 Rk A e 11 ok i 85 A i 132 1)
T3 20 X R 2 b ny 8Os Al SR I 10% 1Y
APP B, 5 A AR it i B RN 7 A i B A 46 PS
YA AR, X J& i T APP 55 PS JE (K AH 25 1
2= FUI O SR AN G T O TN 10% 1 (GO-
KH570)-g-PS i, BEAA S A B4 RE B Bl 11 ot 5 B2
frfm B A B A . R BT (GO-KHS70)-
g-PS 5 PS ] % P 4, 1 H (GO-KH570)-g-PS /&
H GO A HLECE A, f- 8 T GO I A 7S 1 1
W B8 A AR ), (T AR 52 5 A RE 32 B A Bl
s s RE 8 43 ORI A AH 0L ) BE i, AT R
MR F1 25 e e T e M. 24 (GO-KHS570)-g-
PS SNt N 7.5%, APP S HNEE A 2.5% i), BHEA
A A Ak i 5 B RN R AR B 45 R 2.71 kI /m®
34.643 MPa, ¥/4240 PS Ay , i ELBHIATEREIL
2.4 MFR 5 #f

KRG W) R R R B R 5 ) e 2 T8 1
BHNERZ —. HTIHIRFEE S MFR U L, B
i 3 I 7 MFR AT LS B 52 A5 b 0 9 A 8 o 1),
4l PS J FLRHIR S A A RHE R [R) IR B2 T 19 MEFR i
LR 3 s .

80
70 -
60 -
50
40
30
20 -
10 -

MFR /[g+ (10 min)™]

260 2‘10 ZéO 230 24‘10 250
W/ C

B3 2l PS KBIRE A PHRHER IR EE T 1 MER 12

i & 3 " LLE Y, 4l PS 7E 250 C i MER iy
4.14 g/ (10 min), 7£ 250 °C i} () MFR 4 45.98 g/
(10 min) ; 1 % /il 10% B (GO-KH570)-g-PS J7,
BEL#% 52 & #4 B B9 MFR 7E 250 °C I 4y 28.42 g/
(10 min), #: 46 PS 2 & K&K, £ B (GO-KH570)-g-
PS HAMZAVER ", M RE N TS, MFR &
B, R VSR EITERE N, KRS B R, Rt
AT DAHED , S BEAR5E G A RHIA be 52 o3 BT AR el
JEEAR L P AR VR G s X 53R 1 Al g R
U (BRIBE] VAR 6 BURE A MRS, e
FHAAE GA B E R be it B rh AP A VR AR ). HH
T GO H A WAR 4544, Fifi % B 6 4 kL (GO-
KH570)-g-PS ¥ il 2 i 38 i, MFR % #7 FRAIC, 16 44
B ET TR Y — T R R A R A A
TBHRESE & MEHR e 2 J5 1 )2 TE WG o5 — 5 T
S VR ZE B2 B , BEA 52 6 A1 ORLA 58 s 40 17 7% e
#GE, 4 (GO-KHS570)-g-PS ¥ il & 4 7.5%, APP
WS N iR 2.5% B, PR A A MR (6" BE L) 7R
250 °C B} () MFR iy 31.27 g/ (10 min), ¢ 4f PS #1
PHUT S REAIG PRI o T T ARG B L BR AT 1
R M), NI = AT 5 B o
3 #ig

(1) (GO-KH570)-g-PS 5 PS #HZ M R 4, A H
BABRAVE R BB A 2SR, Ao 4 FHAA
GPPRHR 25 R

(2) (GO-KH570)-g-PS & fi. APP FHAA R HA
PR IAZN , e W] b 4 s BEA 2 & M BHY LOL,

(3) X4 % fn 7.5% #) (GO-KH570)-g-PS,2.5%
i) APP B, BHRASE & A1 KEE) LOI 35 27.8%, Jf H 1
BB BE A5 Gk B V-1 9, 7E 700 °C 1) 11 5% o % 3K
9.30%, MEHF e 1 s Bk 2,71 kI /m?®, Fr i
k1 34.643 MPa, %4l PS H4 it .
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