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Flame retardancy and smoke suppression modification of PVC composite materials
based on white graphite—based flame retardant

LIU Xiaohui, LI Di, ZHANG Qiuyan

(School of Material Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract: In order to solve the problem of releasing toxic smoke and poor flame retardancy during pyrolysis or combustion
of PVC, a white graphite—based flame retardant BN-GP-PMA was designed and synthesized based on Lewis
acid—base theory. Namely, boron nitride (BN), known as "white graphite", was modified with guanidine phos-
phate (GP) and phosphomolybdate hydrate (PMA). PVC composites were prepared by blending modification
method. The structural composition of flame retardant was investigated using Fourier transform infrared spec-
troscopy and X -ray photoelectron spectroscopy. The thermal stability and flame retardancy of PVC composite
materials were analyzed using thermogravimetric analyzer, critical oxygen index analyzer and cone calorimeter.
The flame retardancy mechanism was speculated. The results showed that the limiting oxygen index (LOI) of
BN-GP-PMA/PVC composite material with 6.5% of flame retardant was 28.5%, which was 14.0% higher than
that of pure PVC  (25%). The peak heat release rate, total heat release, and total smoke production of BN-GP-
PMA/PVC composite materials decreased by 28.6%, 24.1%, and 13.1% compared with those of pure PVC, re-
spectively. The residual char content of BN-GP-PMA/PVC composite material under nitrogen atmosphere at 800 °C
increased by 179.7% compared with that of pure PVC. The above data indicate that the white graphite —based
flame retardant BN—-GP-PMA endows PVC with good flame retardancy and smoke suppression performance.
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1.1 SEIHKFIFA{L SR

A Z AR (BN) B ER /K & 90 (PMA) FIBE R
WCGP), 115 AL H ARG BRA A i A b A, R
R AR R A BRA 7] s R LA (PVC) (BR
H R g E A ERES B A5 R AR 3— 2 JE N 3
= LESERE e, BB T A LR A BRA 7 A HL
BFsE R, ILARFTE IR BR A A

4% : Nicolet iS50 HUE B AR LT A MGG (FT-
IR), & EFEBR i /REHE A F] ; AXIS UL TRA A XS
LOLH FREIE{L (XPS), % [F Krator /A A ; STA449F3
TIP3 AL (TG ), 7 R B2 7] 5i-Cone HBI4EIE 2
PAL(CCT),JE[E Fire Testing Technology 2\ ] ; JF-3%4
Il AR O 2 A (LOT) , B B VL T IX AU ER ) o
1.2 FE#F BN-GP-PMA HI#I&

4 2 g BN INAZI TR ECH 30% A9 S8 L K
W BEPE 5 min ELHIY S, R EHR A VR S
2 hy B S R I BT 2R K R, 2R TR,
FRUSCEE T 5 R B TS A oK T, 15 2 2 346 BN,
B34 BN 43 HUFE 300 mL 28487k H, #7710 min
AT HEL, FRELS ¢ GP AT 1,90 C T 8 h, 4
I B - UE - D ) R A5 8] BN-GP, )5, BN-
GP #7543 HU7E 300 mL K H LA 2 ¢ PMA, 765 R 4%
PR RN 12 h, Zead BB - 5.0 - TR A 245
B P2 BN-GP-PMA
1.3 PVC EEMRIHH&

AR FFRERL il & T PVC BA MR Bk,
H5 100 g RA LN 40 g HIEFNLHR Wi g 3 ¢
BRI R ER 1 g B 3-F RN = 2 E b
0.5 g TEARHR 0.5 ¢ BEARHRES A 10 ¢ BIAFITR A¥92),
FILE 140 C P RRBEE AZ AL % 10 min 5,44
HAEABHA, 7L LT 160 CHUE 5 min,
&1 5 min, 152] PVC E &M%,

1.4 HEEMEK SR

I FE AR B I 2T A GRS BELIA TR 11 1 68 A 2R 4 7
I, 43 AT BELAR 0] Hh Al 2 B A g X, G000 91 A 400~
4000 em™; FIFH X-F4 0 H TR 3B BEIA I 9 1k
HOCE, FHEERE 0~1200 eV R HIE TS
PVC K 2 A RPBHE 35~800 CF BB EE, fink
AN 10 C/ming SR FHHEE E A0 PVC 2 A4
BHIRBERT PR FH 25 B, PRaE &R 50 kW/m?, A
R SEA 100 mm x 100 mm x 3 mm; KA TS
B AR PVC KL A AR ERE AR Y
51K 130 mm x 6 mm X 3 mm.
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Fig.1 FTIR spectra of flame retardant BN—-GP-PMA
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Fig.2 XPS diagram of flame retardant BN—GP-PMA
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Fig4 TG curves of BN—GP-PMA/PVC composites
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Fig.5 DTG curves of BN—-GP-PMA/PVC composites
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Tab.1 TG and DTG data of BN—-GP-PMA/PVC composites

B bt Ts/C  TwdC  TwdC  FRRFUR%
PVC 2380 2897 4505 6.4
BN-GP-PMA/PVC 2395 2949 4379 17.9

M 4 & S e 1 g, AT, 4l PVC
() T Fl T 53914 238.0 F1289.7 °C., 4li PVC #KHK
WM 2 20 5 1 PR RIERAE 200~360 °C
Z 8], 2R E R M TR Y 73% 5 47, S E R =
TR G YB3 22 A0 i LA I PVC 32 AT B Sk
UGS 2 R IEAE 419~500 CHYTREE LRI,
BB T PVC Bt F2 v A sl 206 & B 30k 7=
A AR BRI G 5 57 B ik
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GP M J5 1) BN BETE— 0 BRI 4 oy 2R A B A T
fit. BAN, M EEI 6.5%(Fi /050 PMA B}, PMA/
PVC AR LOLE N 27.1% , 3K B ARAEHY 5
XU PMA HA B BE R PERE . R, #R
GP F1 PMA [l 2tk BN, 25 FHAA S BN-GP-PMA,
WA FIT PVC BHEAERE R E— 2542 T . LOT 255056
WET 3K —W a5 2478 PVC HPEIN 6.5% (5 5050 ) BN-
GP-PMA i} ,PVC & & # EHY LOI {E 2 = 2 28.5% -
LT LU PVC B A AR LOT, E B BN-GP-
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Fig.7 Heat release rate curves of PVC and PVC composite
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Tab.2 Cone calorimetric data of PVC and PVC composite dhisE T
: i : AR v
. SPVBEICER PR SR I R FIARRGR R B R S YiE
(MJ-m?) (kW +m?) WEfERTHIBRls m?
PVC 49.3 315.1 65.0 40.5 g‘ | ') )
BN-GP- XN, w &
37.4 225.1 75.0 35.2 o o © .%o 5% 0 00
PMA/PVC ‘ + o , e0_9%co Hg
o

2 2 Al %0, BN-GP-PMA/PVC & & b Bk 4
FE A ARG E i FH GBS [R1 A 75 s, Hegli PVC it F B[]
(65 s)K, 158 BN—-GP-PMA/PVC &4 FHRHE I H B
HIABEIH A #H L T4l PVC, BN—-GP-PMA/PVC & &+t
BRI T 179.7%, KIAMBI R PVC B4
AR S A B 220 S T AR AP B s, BEL L AR 58

SR AR TG SR E 2 PEH KR G PE
EESR— K 7 FIK 8 Won T PVC M HEE G41R
FAIAARE ORI (E A AR 4R, 40 PVC (3R
HRIEE A 3151 kWin?, iR SR TIM:, MiBN-GP-
PMA/PVC &AM BB HGHE SR IEE N 225.1 kW/im?,
MPUBE R 49.3 MJ/m? &R 37.4 MJ/m?,  $URE
JHAC TR 3R B AR ¥ e A T A, D PRI T BB AR
WRbeid #2H BN-GP-PMA {23 PVC A= il Z 11 5% 1k
X I S AT AR S R o B, B 24 B R, BELE
TRIIRE o KIS T8 B (PRl T e (i /38 31 AR
A AR AR BT PR ) ) 2 PR TPAS A e} Ak IR )
BESHU, KIS R FRBORAR , B AR KPR
4l PVC 1Y KA RAGEUE N 49,117 BN-GP-PMA/PVC
HA MR K BIG KA EE S 3.0, X BEW] BN-GP-
PMA/PVC & GBS A SURAR K TR

M & 9 AT 10 AT, AH HEF 4 PVC,BN-GP-
PMA/PVC & A BB 77 0 S 2 RS = R e ) 2T
FEmRas, WA= R TR T 2.9%, S= MM
40.5 m*> FF&F) 35.2 m?, £ BN-GP-PMA/PVC & &
PORMIRGE = A T/ D R SS . X FEEZR T BN-GP-
PMA 7ERAbert b A R4 B, BIR il R 25 R, [
At 25 BRSO TR ASCAA , B T R R v B, AT
FAR BB %, fif PVC JRBSIH B /0 2
25 LTk ,BN-GP-PMA ELA3 {15 5 5 BHAA P i 5 4 4
fEJ1.
2.4 FEHBANIBESHT

I 0T PVC KSR A R B R 1 e FTRE
WRVERESE T 7RI HEN BN-GP-PMA/PVC & &4 R
FHARHILEE , 4l 11 Fis.
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Fig.11 Flame retardant mechanism of PVC composite
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WEAR IR IR 45 B R PR ) oA R AR K, 7 %
R IZ . S 7 IEAE S AN TR
BT TRB RN FARZ A1 . S ARIE P Z e
AR ALY, 7 55 e SR 0 e U R PR 4 R s, BEL
PR L IR B . R, BHARF] BN-GP-PMA
AR T PVC BYRHIEME , AR 55 Bk

3 4 g

ARSI LT AR BN-GP-PMA, JfHil45 T
BN-GP-PMA/PVC & &40k} i 1 Z2 Rl 2, 5%
T BRI A AR BEAR A I M RE A R, 25 R
.

(1) BHEAF BN-GP-PMA #8540k o

(2) PVC EAEMAEHZIH L2250, BRI BN~
GP-PMA BEWS AR ES PVC MBI B e, 4Edy
R FR R R, 800 CHY, FRAcHMIT PVC 2 T
179.7%.

(3) BN-GP-PMA BERZE R PVC M BHERMERE , 24
RELIA G N 24 6.5% (i 43%k) B, BN—~GP-PMA/
PVC A ARk B AR T3 S50 U (L B IR il £ 4 )
TR T 28.6% Fll 24.1% , LOI {H M 25.0% & &5 3
28.5% K TR PVC ABHETH AT R, IF HA
SN T KH S R

(4) BN-GP-PMA TEBHIA PVC MR AT REAAAERY
FERPLIE 5 BN—GP-PMA/PVC & & M RHR B I 23T
BB e )2 78 AR SRR, BHY K T4 R YRl
AL, MRS PVC EA MR R TERE , 3T
=5/
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