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Study on Synthesis of New Charring Agent and Its Application in
Flame Retardant Polypropylene Material

QIAO Jin-lian
(Xinyang Vocational and Technical College, Xinyang 464000, China)

Abstract: A new charring agent poly-2-amino-4,6-piperazine-1,3,5 triazine was synthesized, and the infrared and thermal
stability of the charring agent was tested. Intumescent flame retardant (IFR) was prepared by the new charring agent and
ammonium polyphosphate. The effects of IFR on oxygen index, vertical combustion, thermal degradation behavior,
combustion behavior and carbon layer morphology of polypropylene (PP) were investigated. The results show that when
the mass ratio of the new charring agent to the ammonium polyphosphate is 1 © 4, IFR-4 makes PP flame retardancy best.
When the added amount of IFR-4 is 25%, the oxygen index of PP/25%IFR-4 reaches 29.4%, and the 1.6 mm vertical
combustion passes the V-0 rating. The thermal stability of the new charring agent is high, the initial decomposition
temperature reaches 285.6 °C, and the char residue rate reaches 32.8% at 800 °C. The maximum thermal weight loss peak
temperature of PP/IFR-4 is 481.6 °C. the char residue rate is 7.6% at 800 °C, and the thermal decomposition rate is
decreased. When IFR-4 flame retardant is added, the maximum heat release rate of the composite is 435 kW/m?, and the
total heat release is 3 827.3 MJ/m’. The addition of IFR-4 makes PP material form dense carbon layer. Therefore, IFR-4
improves the thermal stability of PP. The carbon layer formed on the surface of PP is heat-insulated and oxygen-insulated,
which plays a flame retardant effect, and reduces the heat release rate and total heat release.

Key words: New charring agent; Polypropylene; Intumescent flame retardant
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SRS TR E296.5%
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I AT A L ALALE 185 °C F 4 R R, il b RDEHE
80 *CHMAT P2 h. 7E 195 °CHI R HERLE SR,
FlE&IAFESR . & 1HIFRAVECT .
k1 IFR&EF
Tab.1 Formula of IFR

B-2-Z -4, 6 WRIGEAL-

b 1,35 =Hlg Fpeiy A
IFR-1 50.0 50.0 1:1
IFR-2 333 66.6 1:2
IFR-3 25.0 75.0 1:3
IFR-4 20.0 80.0 1:4
IFR-5 16.7 835 1:5
IFR-6 14.3 85.8 1:6

45 IFR-4 FELKA 7 LL A ] 75 I 2 I PP, 1| % PP/IFR-4
Habtel, BRI T T2 5 1FR M, #2 A PPAFR-4H &
FHEHIEC T -

#£2 PP/IIFR-4 A &#H#Hah BLh
Tab.2 Formula of PP/IFR-4 composites

FEih w(IFR-4)/% PP/g IFR-4/g
4 pp 0 100 0
PP/18%IFR-4 18 72 18
PP/20%IFR-4 20 80 20
PP/25%IFR-4 25 75 25
PP/28%IFR-4 28 72 28

14 PERENNS 5 RAE

FTIR 5347 : 3ASEE 500~4 000 em™,

3 PRI, : 35 GB/T 2408—2008 MEFTINA, FEARR
24 130.0 mm=130.0 mm»3.2 mm fi! 130.0 mmx13.0 mmx
1.6 mm,

LOLIR - 3 GB/T 2406.2—2009 #HAFIIR, #E5 RA
#7130.0 mmx6.5 mmx3.0 mm.,

TG i s N SR, BT B 3~5 mg, 1420 °C/min FF
TEUHCE , M 50 °CTHE 3 800 °CHEFTINA.

RS T IR : $ 1S0-5660-1: 2015 HEF TR, P
4 50 kW/m®, B R ST 100.0 mm*100.0 mm=<4.0 mm.

SEM 47 : BUHETE S AT 5 O RE Bk ¢ i SE S 1
5y IS AbTE, BT RN RIS .

2 ER5ite
2.1 B4 6WRMERE-1,3,5 =MEFTIR 714

B 1 B2t -4 6 WRIESL-1,3,5 =W FTIR i .
ME T ATLLE L3 320 om™ Abigid s N—H B 4R3I
Wil , 2 945 oo 12 871 em Ak e o 3IF 1 K B9 C—H il
GRAR AN , 1 562 o AbAIE R =WEFRAY AR SIE
1 335 em™ LbAYIE ) I ERFEREAY) N—H iR 310
1 168 e Abiyidhy C—N et shii o, 815 om™ 4bH)
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Fig.l FTIR spectra of charring agent

2.2 4l PP J2 PP/IFR-4 B FTIR 43#f
[#] 2 %48 PP HI PP/IFR-4 19 FTIR i 2 . & 2 0T LI
iH, 54 PP AHH: , PP/IFR-4 7 3 342 cm™ b H BURH i MR i
U, AR e AR ) N—H i iR s i i, £ 1 562 em”!
Ak B Ay 3 TR e R =R R A 2R BN, 1 168 em!
AU APE R R T C—N R E g, 1 207 em”
Ab iy I 0 TR DR B 1Y) P=O BRI IR BN, 1 075 em™ ik
B R B TR £ 1) P—O BEBO A B (4R sl . PP/IFR-4
R A R SR A e AR TIE A, 2N PP/IFR-4 i 45
IR
aipp .

Vol 12
Y

AN 3000 2000 1000
He#vem™

E2 # PP#=PP/IFR-4 ¢ FTIR & A
Fig.2 FTIR spectra of pure PP and PP/IFR-4
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KA [ EUREE BY TER I PP, il # PP/IFR 1K, IFR
BRI R 28%. %3 4l PP FIASE PP/FR & S8R
EEMRBEIRGS B, MR I T LIF Y, 40 PP A4 LOLE K
B 17.0%, AR5 28 SR I TFR BOE S41EH) LOL{ELER
HA—E R a. HAG SR iRt 1
fif, PP/IFR-1 & A4 EHS LOTETE B 24.5%, 3.2 mm B 5%
ATLLRE| V-1 2. X ATRERE T4k PPl 3| kot , 540 H
Pl b S R, 7 R ) TR S be , B S ek oe s R
IFRJ5 , i F R R e 2 T A AR TR L AR k(b
RIS RFTE PP R AT RRZ BRG] PP APEMERS 2
BEARAERE

L R S R R e i BT R L 2 1:4, PP/IFR-4
AR LOME RS, 55 30.8%, 1.6 mm AE 0] LLik
FIV-02% ., AR R R R R A R R L 106, PR/
IFR-6 5 &8 EHH LONME A 26.4% , 1.6 mm FES2 (W ik 51 V-2

S, X BHEAY RO S R R e A TE A R T
FFREB i PP HLA L EERTBILIAMERE . TFR-1 S ARXE PP HAT
—E BIBELBRTE AT, HA Hh T BB A N B i oK, SR
gy fEPE AL M ARSI ON 5 B 0 S e R e R A
Bt Ak 2 B ST R 3 , 4 B R R EL B A, 2R
W LB RE ST . TFR-4 P S HOR M 8 o e
HE (R LRI, BRAE AL 58 10 e ) &t R Ak R 7 28I
o JERH B Z O BT AR PERE R . TFR-6 oYk
SR ik 20 | R SRR e it e K O B i
1% 553 P50 R e 0 K A R A B R AR B e, {ELA: Hh T#RY
sl R b, R R TR, R ARECE | P AR 2
A3 shPPAPP/FR 5444 a0 & A el i34k 1

Tab.3 Vertical combustion test results of pure PP and

PP/IFR composites

B LOI/% = i

] 5 il 51
aipp 17.0 7 i b e
PP/IFR-1 245 & V-l #hbe Mt
PP/IFR-2 262 % V-1 He V-2
PP/IFR-3 28.8 % V-0 & V-0
PP/IFR-4 308 il V-0 & V-0
PP/IFR-5 29.2 FiE V-0 & V-0
PP/IFR-6 264 i V-0 2 V-2

2.4 IFR-4 RIS PP/AFR 8 At BIBH B AE G010
Hi PP/IFR & & i MRS Z SR n T o, 28
B R AR U L A 1 - 4 B, PPAFR & A bR BE
PRVERE R B LIS IFR-4 FE AR DI T 6 PP AR
PELEAEREND NG . &4 R4l PP #I PP/IFR-4 & 5 b EH)
FRRBEINASE S
A4 4:PP#ePP/IFR-4 5441464 & A MM K25 R
Tab.4 Vertical combustion test results of pure PP and
PP/IFR-4 composites

- — 3.2 mm 1.6 mm
fEiw o HA W 2o
4 PP 17.0 B2 i i e
PP/18%IFR-4 25.1 & V-0 i e
PP/20%IFR-4 263 i V-0 £ V-2
PP/22%IFR-4 28.5 e V-0 i V-1
PP/25%IFR-4 294 i V-0 i V-0
PP/28%IFR-4 308 # V-0 7 V-0

MFEATTLUE 20 PP AP B AR . 24 TFR-4 1Y
RN 27 18%, 3.2 mm AEAE T LA S V-04% . 24 IFR-4 1)
TR 4 25%, 1.6 mm & HBREERE @ V-04%, & S 41E
3 ELALEIERERH BAR 1 . X n] RE LRk PP/IFR-4 A
BeIdF P IFR-4 AR A=A KA, HFE S O




FETE B2, BELLE R P S8 e A AR L, SRR B £
. B IFR-4 RN A, IFR-4 BRI E S PTEMA
SRR AR £ o b 2 2
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FhF PHAATERE U BE 2 42 . Al PP SRy LOT i X
17.0%, T i1 N 18% B IFR-4, & & #1 ¥} ) LOI & ik 5
25.1%, 2 IFR-4 FE BT R4 50k 28%, A BPEH LOT
SR IAF30.8%. X BRI IFR OFINEEE A A
SR IR B i e 2 N | bR S
52 B, LONFIREE .
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Fig.3 TG and DTG curves of charring agent

M3 TLUE R I 2 MR B, 51
BrEL, B s RIS 0 S AR BT 2 285.6 °C e RIIUR
W MBI A 346.2 °C , AR B 3.4 %/min; #
SRR SR 2 [ Bdw A R R B Ry 494.4 °C
500 °CHIFE B 7 32.8%.. 15 HHHTRY A S I 2 45 7 AR
S, e AR E R B T PP AR I B
R | PR E P E o R A TR R

[ 4 40 PP PP/IFR-4 B TG I DTG #h£E. M 4 ]
LLE Y 4 PP AR B 2 RIELRE 4 320.5 °C, PP/IFR-4 B
TOMRE R 292.1 °C. XA T IFR-4 BARFI NN
PP IFR-4 Je o MK 78S B UAU5F  ITLL PP/IFR-4 ()L
STRRBLEE R, Al PP SR A T TSR R IR
#434.2 °C, 800 °CEEMETR 0.7% , PP/IFR-4 B kA e T
EE R (I I AL 481.6 °C, 800 SCHEH % 7.6%., X i%iHH PP
1IN TFR-4 BILAA R, 32 355 PP AL A BAuRS 2 1, 18 I e
=, PPAPRIFE M )2 PR e B ] PP BTN TG4
iR
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4376.2 MI/m*, {HJEHIN IFR-4 BEL# ), HRR F THR Hh £&
SRRk . PP/IFR-4 45 185 s, PHRR 435 kW/m’,
THR 33 827.3 MI/m®. ML IFR-4 [ 0], 52 & b EHE
HRR 1 THR Ko TP, X iiHA TFR-4 BELAA AT LIAT 20 PH
1 PP AT}, 3 L K]y TFR -4 BELA R 23 il T O AN T A 04 NH,
FIN,, 3 FLFLIA A 4 A L 8006 OB , 76 PP AR
TR — R EUE MR 2 IR JERIP R o] PP A %
0 KoAG B AT ARt () 9 e L BELJZA PP A Y HRR R
THR A EFEAE.
2.7 4l PPHIPPAFR-4 & SR IS 73R

[%] 6 Y4t PP Fl PP/IFR-4 8 S FT IR e TS . M
[ 6 AT LU 40 PP Bk i LT A R 2 LRz
T4 T M TFR-4 ) PP A EHE TR B R 2. Xn]
B th T TFR-4 BIUEKFIBO NN , 0 PP ADEHERA e FR PP 3R
Bl R e 0 e A I A B R A L SEERTEE I
B B R AR PR S 1R 1 XL PP TR AATERE
PR

(a)# PP

(b)PP/IFR-4
B6 #PPA=PP/IFR-4 7 & A @R
Fig.6 Char residues surface morphology of pure PP
and PP/IFR-4
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285.6 °C, AT R PR sE i A2 PP DI TR

(2) 234 BEL A% 30§75 Tk Ay 28% , 357 700 p o 75 5 SR W A
o fk b o 104, PP/IFR-4 & & 41 A LOT R 5 i, 15 5
30.8%, 1.6 mm S ] LLEE] V-02,

(3)TFR-4 FLERFIE DI, , 2472 PP AARH P R L 2
FHEH R RS S RS REREAIT, 155 202.1 °C  bPEHR KRR T
U (AT L B 481.6 °C, IFR-4 41 PP AL A3
FEEER R, TR R Ok TFR-4 BLERFIBY I TFR-4 52
S AE PP AR R i 2 , BRA A 6 PP AR

PopaEtER .
(4)TFR-4 BELIR G I PP DI PARE RS AL,
SRR il 5 BH B F %, PP/IFR-4 5 & B B ) PHRR [ K5
435 kW/m?, THR 34 3 827.3 MJ/(m*-kg), HRRFI THR A
F & 35 W] IFR-4 FELER 16t PP AHEHELA BILAATE A, ZE PP
PELEEE R 23R Z LR KR ] PP Y
o, I AR SRS ) K | I PP A A bR
() HRR 1 THR B S
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