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Flame Retardant Properties of Cotton with
Chitosan-Graphene-Ammonium Polyphosphate Coating
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Abstract: In this paper, graphite nanoplatelets (GNP) are used as synergists to compound with intumescent flame retardants
(ammonium polyphosphate and pentaerythritol). The synergistic effect and flame retardant mechanism of GNP in halogen-free
flame retardant polystyrene were investigated. The polystyrene composites were prepared by powder-composite method, and the
amount of the intumescent flame retardant was 25wt.%. The effects of different GNP levels (0, 0.5wt.%, 1.0wt.%, 2.0wt.%) on the
flame retardancy of composites were investigated. The flame retardant composites were characterized by limiting oxygen index
(LOI) and vertical combustion. The effect of GNP on the morphology of carbon layer was studied by scanning electron
microscopy. The effect of GNP on the heat release rate of the composite was investigated by a cone calorimeter. When the amount
of flame retardant in PS/IFR composite exceeded 25wt.%, the flame retardancy of the composite material was significantly
improved. When the amount of the flame retardant reached 30wt.%, the limiting oxygen index reached 37.3, and the vertical
combustion reached V-0. GNP can significantly reduce the amount of intumescent flame retardant. For GNP/IFR/PS composite,
when 24.5wt.% IFR and 0.5wt.% GNP were used, the limiting oxygen index reached 36, and the vertical burning reached V-0.
The mechanism of GNP on flame retardancy was discussed. The results showed that GNP can promote the compaction of the char
layer during combustion and the heat release rate was reduced, which brings a better synergistic flame retardant effect.
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RIK L (Polystyrene, PS)H& H B =& KiY
FA R —, PO EAA RAF a1k 2z 24 S
Ji2FPERE . FRAZPERERUIN T MERE, HANHEAGEE
RAMRRILR, TZNAHTER, BT, i, &
BLORES ML, ki, PS MEA—FAHLIRER
REY, ARG 18%, BT SR, Wbk
ARG MR, IRAERE R Rl TR B
BHRROIGMRI T Z R, B G R0) KCR
Jolh N R AR A () A o R 7= 2 4, L ik [ B 4R
19 2R 2R M T A BELIA 00 ok i HLR B 1k i 2
PAMIFIE ) % Rt 3B

IR B I FH A58 22 0% BELR 70 AR i BEL A LB AT
by o Z BRI | i AR BRI OB R
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s RELA S5 3l FH B A )37 o 3K R T 10 2R BRI
TERHIA SRR s T B A U= Ak . BRI
(455 . Fernandes 55K H T IREALY) 5 = AL
FEIREE R 3 1 1 B BHARIAR R, (V5 B AR H77E 7.5%,
B A MEHR A M REAS 23R, I Hid il UL-94
M, k3] V-0 ZeRIU SR, AR BRI AR A
PeRd R R KA #E AU, 1) R AR A 1
TEE NI B BRI . ARPTE A, B
BH 4 55] (Intumescent flame retardant, IFR)H T EA
A0 55 R EE M R DL s T 8% T iz VR R B W RH
JRU Yan %5 5% FH AR b 551 60 508 i 2 2 A2 LI 586
IR, R B R Ak R0 A9 75 12 430l A
22.5wt.% Ml 7.5wt.%Mf, PS/IFR &A1k LOI
HILE] 32.5%, HARKHbAMG] TR Be A ) 40 25 11
FrAE

SR, IR B RR R AE AR RS I R . AT
2GR, AR A T S i At DR fe i
2 Ji BELAR 590 %) BELA PR BB o & FH A9 IR 2K LA ¥ B 4
e TTIARLIE ¥ < =1 1y = AV AT -3 L= S O
LIS 2 A B IR A PR R R IR L 2R
PRV R IR, A MR BRAR T REAE 2L -2 A
S N AR Bl N (R ESIE 753 AR 2P S A A= -3 )
AN 2.2wt. %, &6 PPBHK PR A 4540 B Al 42
= E] 39.4%, FrfE PI ke R 525 KR
BEAEREN, AR, ARSI, BRE T H:
JZ N .

A BT 9K A 5 L A (Graphite
nanoplatelets, GNP)/: A IFR WJEMSGH] . 5 A 2k
FHEG, GNP MragfiLhE . &, HRARMA
R ) 2R PO e Fe i AR S5 5 . K GNP

5 IFR ElHTRAKR OGS, PS/IFR/GNP B4
PRHE I K E A A, IR T 2 AR RE
R e R HLBH R B

1 FEBRHL5F*

1.1

YR AT SRR AR 2 s R R BRA
At RBBERRE (Ammonium polyphosphate, APP)
PR R YN R R A R A BR s wl B R 5 2 R I e
(Pentaerythritol, PER)FH KEETTEE K 4016 TSR
Pt JROR & M b w1l 8 R R T A RR
ANCIE7 S
1.2 PS/IFR/GNP

PRI PS bi & T2 I Re M EHLH B #% 1 min,
K 40 BARMERG TR PS By . 25 i Y
PS ¥y K5 APP, PER F1 GNP %M 45E e
BT REM ML TS 1 mine fJ5, WIRAE
M AR ET 10 mmx10 mmx3 mm R H., 78
190 °C, 15MPa F, R FHaRALHLES] 5 min,
3R1% PS/IFR & & M ELFI PS/IFR/GNP & G418} .

1 4 PS/IFR B MBI AL L, $% BE AT
ST 45 9% APP FI PER I E R 10 1, =%
58 FC 3RS TFR BHARF, PS/IFR &4 418 IFR H
B 15wt.% . 20wt.% . 25wt.%F1 30wt.%.

1 PS/IFR
Tab.1 The Composition of the PS/IFR composites
Sample PS (wt.%)  APP (wt.%) PER (wt.%)
PS/IFR-15 85 7.5 7.5
PS/IFR-20 80 10 10
PS/IFR-25 75 12.5 12.5
PS/IFR-30 70 15 15

R T PS/FR/GNP SAHPEHT GNP (5 RExT
FREARBAPERERIEMR , AR 2 2.
SRRSO 25 5K APP R PER BCHCREE R 11 1,
ZHSICAG TFR BHIAHI, PS VAT 2 75wt %,
GNP RIS 310 0wt %, 0.5wt.% ., 1wt.% . 2wt.%.

2 PS/IFR/GNP
Tab.2 The Composition of the PS/IFR/GNP composites

Sample PS APP PER GNP
(Wt%)  (Wt%) (wt%)  (wt%)
PS/IFR 75 12.5 12.5 0
PS/IFR/GNP-0.5 75 12.25 12.25 0.5
PS/IFR/GNP-1 75 12 12 1
PS/IFR/GNP-2 75 11.5 115 2
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SR I R A A8 E A (R e T VL7 XA H Y
), JR-3)M T A A R B PR AR HE 21 (limit
oxygen index, LOI), MHXZE K% GB/T2406 tx
WEDEAT o SR FH R B BEIRAN (R 5 T VLT X A #r
AR, CZF-3)Mik T & & A kY I B betERE
FAE ML T RS MR8 SRR S H IR A X D)
FLRE e EIRE ST UL-94 ARt scss, 5o
TR IR GB 2408 FRifEFEAT I

FIH 7 A (SEM) N H AR H 728 wl il
ISR S-3400, TAEHE 20 kv, HTRIEE S
AR b 5 F T a2 ES . HEIE 2 #L (CONE)
SRR A E TR AR 0 SR R, R
PEAE B IR PR RE SR ARk, TR A Rk be it
T2 BRI H 2R (HRR) , A SCHK B 1SO5660 Frifis
AT IR K

2 #RE55

2.1 PS/IFR
Kl 1 i ASTR] TFR FH &l £ 1% PS/IFR & & 44 %L
I BRAEFE R, I 1 ATRAEH, 4 IFR b
N 15wt.%F1 20wt %}, PS/IFR & & #1844 R 42
SR HIN 23.2%F0 24%., ARTEAT, PS B R
AFERCH 18%., TTIL, TFR ¥hNiE 15-20wt. %15
B AR BHBRROR FL s, B AR T il
IR . dRSE4E 5 TFR MOUR IS 2 25wt %0, &
B AR SR EFE B LT, M E AR
hOIFR BN A 3] 30wt.% 0, R FE A 5 5k
37.3%, MCETEYE A MEHREEICHAE] B1 95,
J& T MERR AL L
Pl SR LLE B, TFR B9 275k 5
30wt.%, EAHRA AR Bl 9259, SR, ki IFR
40
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28t Q
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IFRA(wWt.%)

1 PS/IFR
Fig.1 The LOI of PS/IFR composites

MIEINIR T EZ A AR 124 R T R, PRI T
PS/IFR & A #AARHAN H o
2.2 PS/IFR/IGNP

A TR IFR FH i, WF5C T PS/IFR/GNP &
A BRI K 2R B R g . & 2
PS/IFR/GNP & & FHEA I &0 25wt %, AR
GNP & F PS/IFR/GNP & & ka9 FR % 45
B K 2 afLIE Y, GNP BN AXT PS/IFR/GNP
MR BR A HE BE BE . 24 GNP
IR 0.5wt.%HT, & A ARk i BR 4 48 %1
KFNT 36%, H PS/IFR ZAHEHEE T 27.6%.
Al hL, 0.5wt.%HA9 GNP 5 24.5wt.%HY IFR & Bt f#
M, BAEMERINBRAEIE GRS T IFR S na
30wt % B A MBI, BRBRYHAE] B1 9051,
JE& T MERRALRE . SR, dksLiR 2 A AR Y
GNP IR 2 1.0wt.%H1 2.0wt. %, 5254 FHY
e FR A G HOE A R, M PLX R B il BE et T
GNP H A RAF 1 SRR, GNP i m 238
IR R P BRI, SR R BUR R R g
R oM, FRAR T A MR A R AR HE 40

36 L 8
34 [
g 32t @
4
30 b
28 &
0.0 05 1.0 15 20
GNP/(wt.%)

2 PS/IFRIGNP
Fig.2 The LOI of GNP/IFR/PS composites

% 3 4 PS/IFR/GNP & & BH A7) &
25wt. %M}, AN[E GNP F& T PS/IFR/GNP & & ¥
B TE EIRREE R . WK 3 LIRS GNP
WINEMLT 1.0wt.%0, Z54EHRY UL-94 559
Pk B] V-0 S5, BRBERTBEA TR AR IETE . 24 GNP
BN R 2.0wt.%0EE, ZA BT UL-94 559X
B V-2 G, I HRBERT PR AR VAR o X Rl BESR
T GNP HA R4FH S, 4heedsinad &1
GNP &= SHE S MBIV TR, BUiRK S
IRz IR, HEAEE, SEEASMEER
WREETERE T %
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3 GNP/IFR/PS

Tab.3 Level of GNP/IFR/PS composites on vertical burning test

GNP (wt.%) First fire Second fire UL-94
0 Quench in 10s Quench in 10s V-0
0.5 Quench in 10s Quench in 10s V-0
1 Quench in 10s Quench in 10s V-0
2 Quench in 10s Quench in 30s, dripping V-2
2.3 GNP HURARR AR R, 0 SRR BT G A B

KHHEMHR T RS2 T PS/IFR E6#
ELF PS/IFR/GNP E A MR RZIES, it T
GNP X A58 5 o )2 1520 . [#] 3(a)°h PS/IFR &2 &
MR ZES . HE 3 LAE+, PS/IFR &
MBI R ZECREER 2, FRERZHLIR, X
LA AT e R R e i B v R AW o A R AR
L . 18] 3(b) A PS/IFR/GNP-0.5 & & R 7%
B, ATLAEH, 0.5wt.%[F) GNP S3E & #t
RLR R Z BRI, REoR)E TR, L
AR, B EAR GNP A5 A AT L 2 4 A
e it A v B K BELAR S i B ik J2 B B 1 o k)2

3 PS/IFR

PS/IFR/IGNP
SEM
(a) PS/IFR; (b) PS/IFR/GNP-0.5
Fig.3 SEM images of chars of IFR/PS and

GNP/IFR/PS composites
(a) PS/IFR, (b) PS/IFR/GNP-0.5

WA, FEMmEM N PS/IFR/GNP & 44 BHBHBA
PEREATHE 5 o
2.4 GNP

&l 4 & PS/IFR & & #1ELF1 PS/IFR/GNP &
A FRFHARE I H K (Heat release rate, HRR)ZE I
TEBRBER) I, PS/IFR/GNP & & M R $R I HE
Fim T PS/AFR B A MR, X2 i TR w) 81 i
WK #JZ IR ERIE I, GNP 1Y RIS ke
T ZEMER b . SR, BEE R
47, PS/IFR/GNP & & AR ABEHGE BRI G T
V&, Wi ALTF PS/AFR B &M, JLHE
500-800 s ], PS/IFR/GNP & & 1 i PR ik
HORIEAE T PS/AFR & A AR $ORE i R
PS/IFR/GNP & & M ki #0826 B 2 i LA
T JE B B A 7E 500-800 s W], K % 2 F A
e ; ERE5H GNP 1951 A FE PS/IFR/GNP
B A MR 2 S0R MR m (L' 3), i
PS/IFR/GNP & & #1 #ix J2 4 S BH IR T 48 SR
L, AR T R, R
T R BRI

140
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- 100
r:g 80
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40
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0
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[ 4 PS/IFR & & F1 KAl PS/IFR/GNP & & 41K
Rl

Fig.4 HRR of PS/IFR and PS/IFR/GNP composite
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Al UL, GNP 5| AR E T PS/IFR/GNP
52 AA MR BEIA I fIE L 0.5wt. %) GNP 5 24.5wt.%
) IFR & Bt , & A MR R S8 B = T 36%,
JFH L T UL-94 Mk, A% V-0 . EEME
REAAPE R I S I R R R DU . — &, AR
FKHTHMAE AL RENEGMEL, %k
T GNP F1 IFR BHEAF L AE R LIdki 3R 1M,
I B R LAY S B A AR BRI R R
£, BT EEDRIEN; —&, F2MR GNP 5]
AR T 52 BB I RRARARBIGE R

/N

& B

3

(1) X4 PS/IFR B &K IFR Wi
30wt %l , & A ARk AR PR S BT 3 37.3%,
T FLRBE A B V-0 B .

(2) A TRAL IFR A&, KR 2R GNP 5
IFR B, KRB KRE AL 4 PS/IFR/GNP, A
W] GNP & AR rE R R4 R, IFR ¥m
BN 245wt% . GNP ¥ hn & 0.5wt.% B,
PS/IFR/GNP & & MK BR AT EGA R 36, TE
WREE N V-0 9%, GNP 5 IFR £ H T BRI
RH AR

(3) WIZIEHME T S AR R A 5T R W,
GNP 15| A3 TR 2 ECEL, St e 1%
JE XTI I BH R RCR , FEAIK T PS/IFR/GNP
AWM GES . 15 GNP 5 A, #42
i J2 B R, T B A PE R T R .
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