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Synergistic Flame Retardant Smoke Suppression Mechanism of Sepiolite and APP on
PVC /Bamboo Powder Composites
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(1. College of Science, Central South University of Forestry and Technology, Changsha 410004, China ;
2. College of Material Science and Engineering ;. Central South University of Forestry and Technology, Changsha 410004, China)

Abstract : The effects of sepiolite (SEP) and ammonium polyphosphate (APP) on synergistic effects of flame retardant and
smoke suppression and mechanical properties of polyvinyl chloride (PVC)/ bamboo powder composites were investigated by add-
ing SEP and APP. The results of the cone calorimeter experiment show that the peak heat release rate decreases by 42.8% relatively,
the average heat release rate by 29.5% relatively and total heat release by 25.7% relatively, compared by a relative decrease of 12.2%
in total smoke production and of 42.0% in the average yield of carbon monoxide. SEM analysis demonstrates that APP promotes
catalytic charring and the formation of expanded carbon foam layer, and that SEP has a capability of adsorption and aggregation
induced carbon. The flame retardant mechanism of APP is mainly gas phase flame retardant, SEP flame retardant mechanism mainly
belong to condensed phase flame retardant. Bending test indicates that SEP and APP have synergetic particle reinforcing effect on the
composites while tensile tests implies that SEP can cause less damage to the plastic deformation ability of the composites than APP.
Therefore, SEP and APP can be used together for effective flame retardant and smoke suppression, and to improve the mechanical
properties of the composites.
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PERERIRL AR PERE , 76 e Al LT TG S
APP X} PVC / A7 #3 52 & 4B B[] BELZR 40 400 4
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1.3 PVC/ #r#y B A AHRAR 0 4] &
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/NF0.125 mm KR, T 105 CHEF T 4E 2 h
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F1 PVC/ MIMEAMHMES g
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% BRI/ % (kW - m™) (kW - m™) (MJ - m™) (m* - m™) (kg - kg™ (kg - kg™
S-1 89.71 30.46 398.82 183.10 110.63 45.80 0.1396 0.8869
S-2 76.25 4452 276.12 152.91 93.48 4375 0.0973 0.8526
S-3 72.16 47.85 22821 129.15 82.18 40.19 0.0809 0.7575
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RAEZETT T =R B pe i 7 5 — NGl B K
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PVC / M 52 G AR 83 BRI 5 5 — > e s LA
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ks 52 A F1 R B A APP B 7S , 3k S—2
i) HRR #h4k I A P4 Fe 4 W A HRR 1, 55 —
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FEHARAEH, (i PVC/ ATk G A R A be ot 2 51 m
&, HRR #E—25 %I

M 3R 2 °] J, PVC/ M7 ¥ B & MR b om A
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ks 5 A BRI A APP BHIA RS, 1 FE S—2 11
CO,Y & s J [FAAAK T1aUkE S—1 5 1] SEP &
AR 5> APP J , 1FE S-3 1 CO,Y Ml £k it 5 i )2
W AN, T S AR P52 456
RK2ALLE W, PVC/ 1Tk B & 4 K in A APP
iy APP+SEP J5, i £ ) mCOY F1 mCO,Y #F I
/N, 2R W] APP Fll SEP HY AN 1 2k R B3 fé
F R S-1, S-2, S-3 1Y mCOY 43514 0.1396,
0.0973,0.0809, #H XJ ik A S-1, X A S-2, S-3 Y
mCOY [ i 43 %11 ik 3] 30.3% F1 42.0%, mCOY [
IGIR B LR, mCOY YRR AIG IR i e KT dE
WA MR 5 B2, 3 RE S-1, S-2, S-3 1Y mCO,Y 4%
5 4 0.8869,0.8526,0.757 5, A ¥R AL S—1, iR AL
S-2, S-3 i mCO,Y P& /51 R A 3.9% Fl 14.5%,
mCO,Y MFFIRAR/IN, KU PVC/ M G A K
B APP 1 SEP J& , $443 fiff 7 4y vk 2 14 W] I, DA
CO MARF I TEPEAXS LRI SR SR ) =
KM B AT, B3 it i A = W 4 R 43 FR e A A
T HEPEARXT FL /I CO,, BRI AT A R0 R (R ok
BN KA R BIEE
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] 7 AT S S AR A (R RS R

(a) (b (©
a—8-1;b—S-2;¢c—S-3

P07 MR RIS 5% A S B

N 7a 0T LB H AT BRI B iabRE S—-1 11
wIERMARK L H SR T, X 2R A TE,
SO 2 N LR T 55 L AR
TR R T R IR AR ST IREE , o0 A () v R SRS 5
i R HR G TN APP AUIREE S22 YR )Z
T SR E /D (B 7b), X & T APP fERRIEAT T
IR B SR 1 2 — PR B A Y A, %o T e b L
AAGEEVERL, BB TE WU R S8 B ok 75 . SR ] SEP
B APP BYIREE S-3 F i ok )2 2 1 die M S K
(&l 7¢),iX [k SEP 5 APP (WP [FIVEHT, A AL TE
BT B 2R, RSN S A A R TR

FHRHRRRE , o4 55 B RO
Kl 8 BT Bl S AR AR SEM fi .
T lé ' 4

@ G ©
a—S-1 ;b—S-2 ;¢c—S-3

B8 A RIS 5% A SEM BE

H I 8a I LI Y iFE S—1 B2 /A7 K isE
B AIFLATR , 33k B 4% B R LI A4 7770 23 11 55 ¢ J2 06 1
RIS ER . W T APP A9IRAE S-2 1 i
JEREAAAEM ARG (E 8b), ik 2R uER 5
BRI RO BR B4 7 APP 43+ 7= A i 2 SR
PVC Zfift = A i SR TR B T IR BT 35, MBI ]
DA 2] H 5 B S8 A REERK S0 TR, T RS2 B 0 T e J2 1 28
JE/N SRS R R B R, HA 5 F 1 B A 4R
YEFT , BERG SR B A s i, X A4 Rt N LA AR AT
AR VE I . WA SEP 193k AE S—3 2 EK M
IR VR Z HORPURE Y (& 8c), iX & Dl SEP it
R ISR AT SRR L 765 APP BA T A 15
T AES PVC/ TR E AR AR T Z 0 s, T
L3 B A v T BB A5 A SR LR o, PRI T RE A%
TE L% 5 G 12 | 3P e J2 RE R B 246 At 1 1
T, SREHI ] AT RE S A RS HORIAL R

Hy 32 2 W0, V8 I APP FH R Ay RE S—2 7F
300 s I A 5% B % i 30.46% 14 3] 44.52% , FH %t
BT 46.2%, % B APP 7EMARGHE T 2= A=
R BEIR IS T PVC AT #3000 it FSR B S 1y
WA ML PVC R R AR TE ) T 38 21 e s R
SEP ¥t 3 4> APP )&, il B S-2 7 300 s 4 5% ¢
AR LN 2] 47.85% , AHXFBEIN T 57.1%, F W
SEP TERRGEITFE AT LUVE At o R i 5 e ) 3R
ARV, T LA R A e B 22 b A Ak R E R AR T
7D TR R W . DR, SRR B AR
SRR A R A AR, SEP L2 B R rp iy — A
R AAE AR B AR PR
2.5 AFHERRSHT

PVC / ¥ 5 G A BH A i R A Rl i 4
HRANTHK 3,

#£3 PVC/ MHEEHRIINET M Fihi R RELE

FEf BORBEREM /N HlsRIE /MPa SRR /MPa KA /N PIMHGEEE /MPa FffEAitE / MPa
s-1 19.5 6.86 589 238 4.668 161.0
S-2 235 8.71 812 227 4.367 187.1
S-3 24.0 8.39 819 239 4.677 259.4
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FE S—1, B i APP BHAA R J= i i S—2 1Y e Kl
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o7 A B A R R 1S K 16.2%, FE W VR AN APP 5,
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(1) HEIE e AL I0 25 F LI, SEP A1 APP ] i
IMAB] PVC/ P id &k, iFE S-3 1 pHRR
A X I8 20> 42.8% , mHRR FTHR A4S ik 2D 29.5%
1 25.7%, TSP HIXTFEAR T 12.2%, mCOY HH X %
T 42.0%. FH] SEP #l APP Wi [F]/E AT LA BH A%
PVC/ A1 ¥3 5 G R BHE 7 FUBRIE RN, D/ $A g
TR 5 5 S, AT 25 0 BELAR AR 5 1

(2) Fl SEP #4380 APP Ji7, il FE S-3 Ay &
Rk D F] 72.16%, sk = ) iE— 25 s AN SEM
W A PR 7k 2, B SEP B A7 W [ 2R 4 7%
SERLAEIAEIT; A APP J5 19 RE S—2 19 TSP [
IR B R 4.5% , 376 328 /)N 2k T 645 2k R A1 s 3 11
15.0%, 1fii FH SEP £ X 73 APP J& 11 LA S-3 119
TSP it — A BEARAY IR BE R 12.2%, S5iFEAY 2% R
PR FEARIR B 1Y 19.6% HeAR— 3, KB APP [BHIA
PLBE @ TR HLEE, SEP AYBHAAHLEE 322
J& FEERARBHAABLIE

(3) 25l P A I K 25 R e B, RE S-2 F S-3
V18 fe R DR 2R A e 5 5 e LA A 3 B A
FW] APP Xf PVC / 71Hy & A MR A FUks 4 5 1
FH, 1 SEP 5 APP Xf PVC/ 71 ¥ & &+ kB A th
[ ISR AE FH 5 Pk B LS BB, B APP J5 i

FE S—2 e KBz A 7, F A 5 B AR X RE S-1 43
BIRBET 4.6% F1 6.4% , (HF7 A g PR AL i AR X4 K
16.2%, U APP 22 8L PVC / T ¥ & & 41 KL
¥R AR L BE ) T B 5 I SEP BURER 4 APP J5 1Y
TR S=3 BB R A 38 I, Fir o oie JB AR 25 1 6
WELH 9 T T 0.4% 1 0.2%, hifii sk A i |- 7
T 61.1%, 2 SEP X PVC / 7k &2 G4 R B
L HE T E L APP /)

S % 3 ok
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