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B #4012, BhAh, Liang 251 3 — 25 e N 1] 4%
TR R OR 5 2 2 BH R R (F-lignin@APP) , 3 H T
BE R R SR AR o 24 0 N 5 5 23 25 20% 1 BRI R S
RS I (4 LOI A 7T 3k 31 36.1% , FLAMHH 280 R4 o

BT, ACiES Bk & T S HERM TR
(Si) 0 Bk B BUEHE PR A ST 26 B s e 91, xof HG &5 ) %
e € VERE AT T SRAE s K e AE S R R, T
B T LI UG BEL R 5R TR A A B SR A B B AR HE L
BRIpe I 58 AN < T3 RE 7257 MR AN S5 %t BEL K PP 1 BHL A £
RE T 2B MR SR AT T AT

1 SLEES
1.1 RKFIEE

PP: T30S ¥k, Bk 7 & K 41 vl (4R 1) A R 53 4F
N BRR B R (Lig): T %%, Frig ik TAH R
AFE] s R BT Al (37%) 5 B 25 4 [k 2% 3R 7
HIRAE A7 G A AL (NaOH, 43 B 4l | y- F 3
T 0 T S 56 T 25 = W SRR R b L R B IR B (APP, T
v 20 < VLT e A LR A R A A 2R kDY
(PERD: 7y Mréli, b ifg v Ve Ab 2 X A A R A F .

WL US-70C 24, 8 M 75 WF R A PR & 7] s °F
BRERALHL: XLB AL, M i 38 — R B &
12 KRZWEK

TR R R I R TE P TR A A R A )
BIF 55 B filt b ORE R BT 3R 2R AT FR T AL AL BN, RRIX
20 g AREMNIS gHAEMMEARCKRTERS
NaOH ) Jii &t 4y 241 1), [A) B & B 23.2 mL FF 7%
WOR R ZE S FEE R R & N 60 DI K # U B 28

L R IR G A S S, N e I (80 C,
100 “CH1 130 “CO By s MM AR S N 2 ho [ B 45 3R
JEAMEZR, YA XS TR B L, FE
2 ERBEI4R, BE LEERpHE E . %
Fif3UtiE Y E T80 CEMA T e =, 115
WA 2, K HooR B L BF B8 5 i 100 mesh 0, B T
FHaR PR . BB FTAR 3 s AR R 4 il
Lig-Al, Lig-A2 fl Lig-A3, Ji it 21 4 2 52 87415 37
FE R AR B &40 8 0.81, 0.95 F10.88 .
1.3 KRRZE R % (MLig) Bl &

FREL 0.5 g - HY 2 T I Mok 4 ik 7 6k = WP SR B ek
B N 2 100 mL A4 B 73 £ 95% 1 £ 1 /K 3 i I
1) A5 BB R VA R, AR K 10 g TR S IR AL R R &
(Lig-Al, Lig-A2 1 Lig-A3) 43 5l i X\ 2] L iR e & 1)
ik Ao A8 B0 )0 R, A R S A IR 3 h G 7
240 kHz) , 55 5 X 70 v W 35 5 Hb 2% BH 75 A i 3
Tl SRKM G, HEKCBERE, g, EE
BAE 23 WK, HEIM . R E T80 C AU
bR EE, B4 H 557 % MLig-1, MLig-2
MLig-3, ¥} i #f % J5 ik 100 mesh 7 , JBCE T T 15 28
g H .
1.4 PAMRERGERS &

W 13 B B A 5 2R B RO 7 FH T B2 K LA 3R
#5 B 1) 2%, BiC 7 WL Tab. 1, 13 21 B FE & S5 &N 70 g.
S BT 7 MORE R N 80 °C i F XUBE AF T4 24 ho
W 55 I AL T B BN 180 °C . % 1 % B N 30 r/min, %
B 75 ok B3R A 7E 25 L P Rl VR S ming 2R )5
PR AL LK B £E R 77 09 10 MPa, i 4 180 C

Tab.1 Formulation of flame retardant PP

Mass fraction/%

Samples
PP APP PER Lig MLig-1 MLig-2 MLig-3
PPO 100 0 0 0 0 0 0
PPI 70 18 12 0 0 0 0
PP2 70 18 0 12 0 0 0
PP3 70 18 9 3 0 0 0
PP4 70 18 9 0 3 0 0
PP5 70 18 9 0 0 0 3
PP6 70 18 9 0 0 3 0
PP7 75 15 7.5 0 0 2.5 0
PP8 80 12 6 0 0 2 0
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A 1) 2 mm A1 3 mm 5 AR A7, 5 4 E B (8] 5 min,
SR 5 ¥ TR 3 min, AT RM 7E = IR E 24 h 5 i
AT ARHE W

1.5 FIESMK

1.5.1  £9h k 3% (FT-IR)D 447 : K A 92 B NICOLET IS
10 e B i AR 46 21 A Ol B A0 RE S 0 45 K AT R
fiEo FT A A 5 2 SR BRI KBr J& 1 il FE . 3 IK
A6 K, 7 HEE 4 em”, FHi U Fl 400~ 4000 cm'
1.5.2 M FR A 45 4 (LOD M) 4K : #% I8 [E #% GB/T 2406-
2008 ZBRL FH A R H0E W E MR be AT A1), KL T &
Gy HTACES T JF-3 AL S 48 Ho Bl 4O 2 PP A BHL A
PP AR PR A HE 2. FE R STN 125 mmx6.5 mmx3
mmo.

1.5.3 & A KB (UL-94) M) 3K : 1% 8 [ b5 GB/T 2408-
2008 € B RL PR B 1L BE B9 E KPR A EE BHILD K
FAVE 5= B4y BT A28 T 16 CZF-2 4 3 B R 58 0 52 3
5E PP AL PP (1 3 B MR B S5 40 . FF f ST 125 mmx
12 mmx3 mm.

1.5.4 # X F (TGA) % #7 : X i 3 [H Perkin Elmer 22
] ff] STA 6000 A # # J3 #r A 3E AT # 73 f Mal o R
B 5~10 mg #f i, TR 3 2 20 “C/min, 7 & 425 16 75
30~800 ‘C, KA VAL & N 20 mL/min, £ 2% S A& SR
Bl A ) A

1.5.5 3549 3% & X : % 18 [E bR GB/T 1040.2-2006
R b e B W 52 ), R A CTMS5504 1 75 fig 7
22 AR ML CERIN T B = A R BR 2 =) I &
PP Jz B K PP (1) 4 55 5 o BE B JE N 2 mm, Fi
% 10 mm/min .

1.5.6  #& 2 o & 3% & W X % M E FR GB/T 1843-

Mass/%

.SOOI
t/°C

100 300

2008, K A I = B ke BB A R A R
PTM1200-B1 %Y & & %2 o o L 58 AL I 52 PP % BHL 14
PP 1) o B FE o FF 4 S B2 N 4 mm, SR IR BE N 2
mmo.

1.5.7 124 % 52 (SEM) 447 : K FH JSM-6360 %Y SEM
CH A7k 202 4D X B 8K PP g 2 v o SE 56 /5 1)
HTHFEAT W5 .

2 HR50E
21 KREREEMRTIWEWRERDGEN

2000 1000

o/cm’

4600I '3600'
Fig.1 FT-IR spectra of (a)Lig, (b)MLig-1, (¢)MLig-2 and (d)MLig-3

Lig f1 A i & % i & 7] (MLig- 1, MLig-2 Fl
MLig-3) ¥ 41 4} ) 3% & WL Fig.1. Lig 7€ 1512 em™ &b
IR SR b C=C ()4 45 3% 2 4R AiE IR AL U 5 76 3436
em AL AT 1701 em! 4b 4 ) H B TR R R Bl B )RR AE
W AT W ;7 2835~2970 cm' A1 1459~1599 cm™' 73 il
Bl 7 —CHs, —CH,— [ RFAE M U e o et 2 ), 3
AR 2 FE R FIAE R AL B BT A TR IR R AE R

DTG

ISOOI
t/°C

100 300

Fig.2 (a) TG and (b)DTG curves of Lig and MLig in N,
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W s kA, 76 830 em 75 A7 FH 1031 em™ A A IR T
B RFAE W SO, 43 9] A & T MLig HH ¥ Si—O—C %
A Si—O B C=C XUHE ¥ RF AiE T W I 7E 1636 em™! /i
i, 5 Lig A EE M ES . 28 LTk, 3 F AR SR
2R ORI & T i A%, BT AR 404 R A R
KZ 5

I I g HO6 Lig AR J5T 3 J ko 7 (MLig-1,
MLig-2 Fl MLig-3) I #Fa 52 B EAT T 0 70, B S
AR TG i 28 F1 DTG i 28 WL Fig.2, £ E VR &
Z 4 W, Tab.2 . W46 B AR B (T B0 KA R H R
B8 LR FE (T ) FIHR I B8 A2 H7 B A1 RL FA AR 8 1 e
M FESH . 3 Fh UM A T 2 R 77 (MLig-1,
MLig-2 1 MLig-3) & 5k 111 T 1) #4 B% i i 72 o
250~400 C 2 [B] [ % fif Bt Bt 55 Lig B Towa AH B, FEAR
130 ‘C/eAa, Ui B MLig B8 W 7£ UK IR B2 R A R A
T B AR 58 R 2 DR3P B A MRS 3l R 58 S A K J Ak
MR o f it TR . 5 Lig M E, 3 A st R R &R 1
To, Y6 $& 5, Hooh MLig L J+ 7 25 °C; [ Hf 800 C
I () % ¢ B ¥ A 40% LA 1, B R 5 T Lig 1 28.9% .

Lig Ml AR it 2 £ B 7% 771 (MLig- 1, MLig-2 Al

MLig-3) £ == S A5 B TG #h 25 F DTG #h 28 W
Fig.3, T E AL HSH N Tab.3. 3 FhoAR T & 3 R
FIIE 2SR AR iR I FE E 2 N 2 A B,
23 918 300~450 °C F1450~550 °C, 5 Lig #H kb 55 A B
BARHH T WAHWH BT . Lig 78 550 C. A%
T ILFA K B ok AN 1.8% , 1M o 1 J& 1 AR
Jii 2 S R R AE MR B IS ) B R B T IR 34.3% , 0X
B A R T 2 ROR TR IR A T BARE R TR
RS AR B RE 0 KR B B, AT DL R AR B R 09 AT %
P, T RE 19 J5 DR 2 9 5 7E R 0T 26 3R T I ook ) v
A 1 Si—O £ 1 C=C XL e 75 A o 72 2 33 ik
. i LT, WK MLig £ A s R 77 A T I K BE
AP E i
22 FEBAMEES

i T MLig B A 8o 0 5 1) #4 A € P s A RiCR
RE 7, BB ST 2 AR 7 I R A SR, R # MLig {F
Sy il % HEZ K BEL IR 55 A 0 10 B 770 5 9 oF G BHL R 2 e
BEAT T W IE . AR PR A FR Z (LoD Fl AR B B2 (UL-
94) J& VT BH A 4 B8 LL i I 10 S 40, FI X 2 Fh &
BR T T A F B B I AS TR BUAR 2 5 2 K FH

Tab.2 Thermal degradation parameters of Lig and MLig in N,

To/C
Samples Ts,/°C Residue at 800 °C /%
Tmax\ ]:nuxZ
Lig 225 355 572 28.9
MLig-1 239 326 44.0
MLig-2 250 325 45.2
MLig-3 227 336 47.7
(b)
100 pssomsegs,
80
= L
3 60 8
< A
S 40+
20
ol

Fig.3 (a)TG and (b)DTG curves of Lig and MLig in air



Tab.3 Thermal degradation parameters of Lig and MLig in air

T/ C
Samples Ts0/°C Residue at 550 °C/%
T T
Lig 211 274 478 1.8
MLig-1 182 406 501 343
MLig-2 213 381 480 23.2
MLig-3 213 351 489 28.6

Tab.4 LOI and UL-94 testing results of PP and flame retardant PP

UL-94
Samples LOI/%

Rating Dripping t/s t/s
PPO 18.0 NR Yes
PP1 32.0 V-0 No 0 0
PP2 21.0 NR Yes
PP3 29.0 V-2 Yes 3.2 10.0
PP4 31.5 V-0 No 0 2.8
PP5 31.0 V-0 No 0 2.1
PP6 32.0 V-0 No 0 0
PP7 29.5 V-1 No 0 15
PP8 275 NR Yes I3

PREIEI M ISR o O 1 8 T L BE, i) 4% 1 AR IR Jot
TR R A% G K BE A 5 4 )7 CAPP/PER/PP)
& & . H Tab.4 7] &1, PP ff] LOI{H 1Y M 18.0%, I A
BHPA 77 2 5, PP &2 & A RLF) LOIH 36 W] 2 48 & .
9 i JiK B4 BH K 1) CIFRO 1) J5i £ 43 #0h 30% , Lig 58 42
HUAR A% 48 TFR 44 % 1) PER I}, PP2 (Lig/APP/PP) (]
LOI {4 21.0%, ¥4 M B MR e 25 245 24 Lig ¥ 4> B
£ PER, m(APP)/m(PER)/m(Lig)=6: 31 It} , PP3 (Lig/
IFR/PP) ] LOI N 29.0% , {H T B ¥k k¢ UL-94 1 it
V-2 4%, I B AEA T E R E AT 9, Be % RO e
M. ¥ MLig BU AR Lig LA J& , PP4 (MLig- 1/IFR/PP) ,
PP5 (MLig-3/IFR/PP) 11 PP6 (MLig-2/IFR/PP) [ LOI
fH 375 31.0% LA b, H & @ 1 2 B A ke UL-94 V-0
Y. Horpr, PP6 (1) BH BAVE fE i A, LOITME N 32.0%, I
SR E AR E RN R — 8. Bk
FAfE 2 N AR SOME R BT & 5 PER AE il 5 A
FH A 3 1 B TS v 5 APP (R I8 RIS U 2 it
O M R A A S B K TR Ay R HEAE A, 4 MLig [ E

Lig 5 PER 1 APP #J & %7 78 IFR 1k R I}, 3L . C=C
BUERE | C=0 XL 2 Si Je & 1) 75 & 5 APP ik B84 1)
Bic & B B2k R . [A B, MLig & 4 1 C=C WU fl
C=0 XU 7] BE 7E B b ik 72 b 55 56 4 b4 k) R A= 30 4y
AC Tk, HE— D 3R B s 4 T A ORI BE R P R 0
T34 A AR RE AR [R] BELA 700 BT LG 09 2% 4, 2 B 7
Ji By B4 N 25% B, PP7 (0.251FR/PP) () 3 L #R b
UL-94 g3k 2 V-1 2475, BHBRYE RE 5 A0 T A B R 8
3%  BH % 771 5T 5 43 20 30% (Lig/IFR/PP) i BH 8% 14
fit, ¢ PP3 (Lig/IFR/PP) A3 W] i B 3% .
23 FEMBARBRIMRIZEERE

A RE I B0 AR S 14 8 A 52 e SR P R Y = L [
%, % % PP6 (MLig-2/IFR/PP) () #4 F4 5E L R #EAT 1
W 5T, PP 5 B PP 72 = AU I TG il 26 5 DTG
i £ W Fig.4, BT 43 32 B2 40 B4 fif 2 40 0L Tab.5. 41 PP
(R AT G 5% i T, 55 ( T ) M 268 °C, {E 400 °C I J1 T 4
BB % fi# . PP3 (Lig/IFR/PP) ] Ty, %% PP W& 4 P& AR, AT
AE 10 J5E R S 0N R R 7R 2 5 T SR AR A R 4 i, £
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B AR R IY A 0% J2 M BE b J5 44 B T A4 11
Re, it — B ik BRI B AR M OB H 1) . PP6
(MLig-2/IFR/PP) ] Ty, 55 ot P 5 ¥ BEL#& PP AH L 1L °F-
AR, WA K, X — S5 R, Si gt F A C=C WL
) 51 N AT DA A Jit 3% 2 AR 77 AE 56 A 6 kL R B
B v RS SE P BE . G0 Figd (b) Tz, PP3 (Lig/IFR/
PP) Fll PP6 (MLig-2/IFR/PP) ff] #4 [ fi# 3= B & 2 My
B, i) 2 T E X [E] 250~450 °C Al 550~650 C . H
o, PP6 (MLig-2/IFR/PP) B U i I Fa s ML fE , T
F1550 C I} 1 5% ok & # B 75 T PP3 (Lig/IFR/PP) , 43
Bl H 272 °C R 22% . k4L, 5 PP1 CAPP/PER/PP) AH
BU , o501 A 5T 26 6 s e 77 B0 00 N e % 1 2 4 TH A R
[ Bk ok 5, 42 e B AR BRI ROR e 7, X — 25 IR R

B, MLig 1E M % 771 32 - BELR PP o, ] DL3E /& FH
1% PP [ Fa e P B8 AR RE
24 FEMBRGHHFMERE

BEAb AT R TR i 3R B X6 B PP ) 2 1 g
DRCA 6 I e AR AT T K, 45 R L Tab.6.
4l PP () 7 H 98 5 A2 32.7 MPa, BEL#A 5 (1) 0 N 38 3 2>
i 77 25 PERE BEAIG, aX — &5 1 5 SOk R A — B0
5 OR B i K 5 & (Lig/IFR/PP) AH EE , 75 b AR [ J5i
0 B K BE A 79 IS, PP6 (MLig-2/IFR/PP) ] $ii
15 5 VAL A N AR AL o i RN BT SR K B
e X A B TR BT &R HSi gt 3 I C=C R AE
JE A 4 B A1 0 51 N A 2 T B AR AR M B e, s T
IFR 5 PP 2 [A] () FH 25 P, A 0 3R & 3o 501 ) 7E PP

100 —==—FE
—s— APP/PER/PP
—=—Lig/IFR/PP
80 —s—MLig-2/IFR/PP
S 60F
= 401
—a— PP
201 —s— APP/PER/PP
v/ —s— Lig/IFR/PP
or @ - (b) ——MLig-2/IFR/PP
1 1L 1 1 1 1 1 1L 1 1 1 1 1 L 1 1 1 1 L 1 I 1 1 1 1 1 L 1 L 1
100 300 500 700 100 300 500 700
1/C 1/C
Fig.4 (a) TG and (b)DTG curves of PP and flame retardant PP in air
Tab.5 Thermal degradation parameters of PP and flame retardant PP in air
T../C
Samples T/ C Residue at 550 °C /%
]:vm 1 1 yyyyyy 2 1 ...... 3
PPO 268 302 0.5
PP1 276 333 391 628 17.0
PP3 267 306 344 598 19.0
PP6 272 296 336 615 22.0
Tab.6 Mechanical properties of PP and flame retardant PP
Samples Tensile strength/MPa Impact strength/(kJ- m”) Elongation at break/%

PPO 32.7+0.5 3.5+0.2 14.2+0.7
PP3 20.6+0.5 2.3+0.1 7.9+0.3
PP6 20.7+0.4 4.2+0.2 9.9+0.8
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Fig.5 SEM images of fracture surface of flame retardant PP after impact
(a)PP; (b): Lig/IFR/PP; (c): MLig-2/IFR/PP

(149 73 HOSE 35 50, WA A8 45 BELA PP 1) ) 2 Mk e 4 s .

PP6 (MLig-2/IFR/PP) /3 2% 14 B [) 42 /&1 v] fE /2
T IFR A F7E FE A4 o B R AF I 43 0T F0AE 254 .
SEM J& WL 8 4 RO 45 A8 die EL WL 0 5 325, T DAY 2
Hby W %€ B B4 R TR A AE 25 M BT LRI SEM X 46
PP, PP3 (Lig/IFR/PP) Al PP6 ( MLig-2/IFR/PP) #f if J&
[ A T HEAT T RAE, 45 B WL Fig.5. PP3(Lig/IFR/PP)
{1 W 2R T oK HH I EA R 0 SRR TR A (B B R e
5 25 K R K 1) FLIR, 2% B B2 JIK B MR 1 R 5 PP ¥ AH
AR . 1 PP6 (MLig-2/IFR/PP) ) W 24 1 55 i ~F
B Oy B T N4 A, B AL R R /N A A
/1N, G AT DUIE B TFR 48 &R 76 PP B 547 1) 4
HCVE AAH 25 1%, X 3 — 22 48 78 T PP6 (MLig-2/IFR/
PP) A R 1 7 2 M g A 6T 3 i 1 S 1A

3 i

C1) Ly~ 2 T s T A 266 T 5 — R S R ek o A
WA 9T 2 (Lig) Ay Rk, 8t — Bk sy 3R 45 1 3 Fl
A SiJCE I C=C XUE A i R Lok ), HERA
AR I FAAR E T B RN UK BE

(2) ¥ A B 3 B R T 21 = B 75 T i & 1
i BELIR 56 TR M v 23 1 2 G P RE, 24 BELR ) ot £ 23 4K
4 30% « APP/PER/MLig ] Jii & th o 6130 1 B, [H#
PE RE &% H: . PP6 (MLig- 2/IFR/PP) Y #2 [ %8 45 %
(LOD) 9 32% - HE FL #R % 55 ¢ UL-94 i V-0 2% ; 7£ #H
[ 7 TFR AC Bb i 6 Al B, 2 BE R 77 2 20 200 25%
i, PP7 (0.251FR/PP) (1 BH#& P B8 73 418 T 25 oK o1k K
Ji 7 HLIFR 5 & 57 208 30% 1 K BRI PP 2 &
# ¥} (Lig/IFR/PP) o

(3) 5 Rk Mt K & PP3 (Lig/IFR/PP) 4 EL , PP6
(MLig-2/IFR/PP) 1) J3 2% 1 g BH AR T 1 2, Ho il
o R T T 82.6% . HH PPy J5 B9 SEM B B Rl A,

PP6 (MLig-2/IFR/PP) H1 43 B S N34 &), & & 5 B4k
V6] P A 25 Y 5

A UL, MLig 15 2 Js e 75 B A 50 10 B FH i 5%
NG SR Th RE A SR At T B AR B, J5 oK 4k 2RO
J R 5 L B A ML R (9 FH G TAE

S 3 Hk:

[1] Vahabi H, Wu H, Saeb M R, ef al. Electrospinning for developing
flame retardant polymer materials: current status and future
perspectives[J].Polymer, 2021,217: 123466.

[2] Huang P, Wu F, Pang Y, ef al. Enhanced dispersion, flame
retardancy and mechanical properties of polypropylene/
intumescent flame retardant composites via supercritical CO,
foaming followed by defoaming[J]. Composites Science and
Technology, 2019, 171: 282-290.

[3] Zhao W, Kundu C K, Li Z, et al. Flame retardant treatments for
polypropylene: strategies and recent advances[J].Composites Part
A: Applied Science and Manufacturing, 2021, 145: 106382.

[4] Ma Z, Wang X, Wei H, er al. Flame retardation of
dibromoneopentyl glycol on intumescent flame- retardant/low-
density polyethylene composites[J]. Journal of Applied Polymer
Science, 2014, 132: 41244.

[5] Prieur B, Meub M, Wittemann M, et al. Phosphorylation of lignin
to flame retard acrylonitrile butadiene styrene (ABS)[J]. Polymer
Degradation and Stability, 2016, 127: 32-43.

[6] Ma D, Li J. Synthesis of a bio - based triazine derivative and its
effects on flame retardancy of polypropylene composites[J].
Journal of Applied Polymer Science, 2020, 137: 47367.

[7] $463E. FORTLTC s PR SR WG I B2 4 F0BHII BT (D] M L 95

BB, 2021,
Jiang M H. Research on environmentally friendly halogen- free
flame retardant polyamide composites|[D]. Changzhou: Jiangsu
Institute of Technology, 2021.

[8] Yao Z, Qian L, Qiu Y, et al. Flame retardant and toughening

behaviors of bio-based DOPO- containing curing agent in epoxy



thermoset[J].Polymers for Advanced Technologies, 2020, 31: 461- 11: 1505.

471. [13] Liang D, Zhu X, Dai P, et al. Preparation of a novel lignin-based
[9] #MiE, BEEHFS. ARG 375 R A WAL b S B 0k e [J]. = 20 1 flame retardant for epoxy resin[J]. Materials Chemistry and

FERIAL: 5 TR, 2021, 37(5): 141-148. Physics, 2021, 259: 124101.

Sun N, Di M W.Research progress on the application of lignin in [14] R, SR, K38, 45, KPGER] % 12 L AR 5 T 209 [0).

polymer materials[J]. Polymer Materials Science & Engineering, WK (A AR IR), 2021, 33(2): 8-16.

2021, 37(5): 141-148. Song Y, Zong X, Zhang X, et al. Study on the preparation of
[10] Yoo C G, Meng X, Pu Y, ef al. The critical role of lignin in hydroxymethylated lignin by hydrothermal method [J]. Journal

lignocellulosic biomass conversion and recent pretreatment of Changzhou University (Natural Science Edition), 2021, 33(2):

strategies: a comprehensive review[J]. Bioresource Technology, 8-16.

2020, 301: 122784. [15] Mallakpour S, Madani M. The effect of the coupling agents
[11] 520, R, AR, & SR PEAARRRBIKLIRER G E KH550 and KH570 on the nanostructure and interfacial

AR ) 2% B BELBR I RE[I]. 0 2 T A0 RL R 22 5 TFE, 2020, 36 interaction of zinc oxide/chiral poly (amide- imide)

(11): 56-63. nanocomposites containing - leucine amino acid moieties[J].

Zong X, Song Y, Bai Y L, et al. Preparation and flame retardant Journal of Materials Science, 2014, 49: 5112-5118.

properties of intumescent flame retardant polypropylene [16] kA, & BB, S, &5, BHAR SR &P 7o dt e [J].40 g 2

composites containing hydroxymethylated lignin[J]. Polymer kL 2020, 48(10): 40-43.

Materials Science & Engineering, 2020, 36(11): 56- 63. Wu S J, Zhu Z Q, Liu C, et al. Research progress of flame
[12] Song Y, Zong X, Wang N, et al. Preparation of y- divinyl- 3- retardant polymers [J]. New Chemical Materials, 2020, 48(10):

aminopropyltriethoxysilane modified lignin and its application in 40-43.

flame retardant poly (lactic acid)[J]. Materials and Design, 2018,

Preparation of Lignin-Based Char-Forming Agent and Its Application in
Intumescent Flame Retardant Polypropylene

Xiaohan Yang, Yan Song, Ken Lin, Jinchun Li
(School of Material Science and Engineering, Changzhou University, Changzhou 213164, China)

ABSTRACT: The lignin-based char-forming agent (MLig) containing silica element and carbon-carbon double bond
was successfully synthesized in one step using alkali lignin as template and y-methacryloxypropyl trimethoxy silane
as modifier. The results of thermogravimetric analysis (TGA) show that MLig has the better thermal stability and
charring ability, which is significantly better than the unmodified alkali lignin. MLig was used as car-forming agent
for the preparation of intumescent flame retardant polypropylene composites (MLig/IFR/PP). The flame retardancy,
thermal stability and mechanical properties of flame retardant polypropylene were investigated by limiting oxygen
index analyzer, vertical burning analyzer, thermogravimetric analyzer and electronic universal analyzer. The results
show that when the mass fraction of flame retardant is 30% and the mass ratio of MLig to pentaerythritol is 1:3, the
limiting oxygen index (LOI) value of MLig/IFR/PP could reach 32% and vertical burning UL-94 is over V-0 rating,
which are significantly better than intumescent flame retardant polypropylene with unmodified lignin (Lig/IFR/PP).
Meanwhile, the flame retardancy of MLig/IFR/PP is still better than Lig/IFR/PP with 30% flame retardant when the
total mass fraction of flame retardant added is reduced to 25%. In addition, the thermal stability and mechanical
properties of MLig/IFR/PP are improved compared with Lig/IFR/PP, in which the impact strength is improved by
more than 80%. It can be seen that the lignin-based car-forming agent has good application prospects in the field of
intumescent flame retardant polymers.

Keywords: alkali lignin; char-forming agent; polypropylene; flame retardancy; mechanical properties



