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Fire Retardancy and Thermal Conductivity Properties of PP /GNPs Nano-Platelets Composites

Wei Liuyang, Liu Dingfu, Liang Jizhao

(School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract : Polypropylene (PP) / graphene nano-platelets (GNPs) composites were prepared via melt blending. The effects of

different GNPs mass fractions on the fire retardancy and thermal conductivity of the composites were discussed. The results show

that the oxygen index increase, while‘the horizontal burning rate decrease, but the smoke density fluctuates but increases overall

with the increase of the filler content. As far as specific surface area of GNPs is concerned, the smaller has greater effect on slowing

the horizontal burning rate. Samples with different thickness have great influence on the horizontal burning rate. With the increase

of filler mass fraction, the specific heat capacity of the composites decrease slightly, and the thermal diffusion coefficient increase

obviously. As for specific surface area of GNPs, the larger has more significant influence on the heat dissipation capacity of the

sample.
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coefficient

RN (PP) = —Fh PRI IEIRL, HEZR G PEREIL
R, B RAFATE P I o R bt ok
RESFOL R, JE W ULA R 70 TR Z — Rl HR IR
VORI, BT 2 N TR K AR
AT M AR, PP SR, HARBRIS K K A,
FRAERAR BT, FECK K HE X AT AR
AN i AR R B2 AR . NI, 5 24 0G% PP
(FBERAMERE 7

A8 H TR S R 22—, B
F— B2 B 1 SR AU — > e s A
TERE Y IR L TR R A%
HRRVERAS A1 820 ] LUSCN I S R S AR
AR Y. WEFERW, i 47 S0 (— B
IPEAE 5% AN ) IR GG bt n] B4
¥ 2 tkRg ), e g U R 2R 1,

Huang Guobo % " 3 i i i ML TR Bl A 28 0
F (GNPs) AR ZJalE (PVA) Hilf3 9K & A4
It IR OO A R R T SRR e PR i, 25
SRR, FEAN I AR R A O T, 2 3 g oK 5
JI RN 2 BERR A K AS KT PVA $Ea E PRI 5200, R 0
GNPs [P BHIAPERE S E— 25

B F MR AR E HE A9 GNPs X PP/ GNPs
A B EE K S R BRGS0, FRR T A SR
FHEHTE L, A S5t 2E B 5 G b b i A
HEA R

* ERHRPHEATH (51073021)

RN X, W R R, 2B R S 2 A0 ]
F GRAEIT RIS

Wk H: 2016-07-17


杨超


TR, 5 M / A7 800 ORI B S 3P g 99

1 SCIES
1.1 JRAt#
PP : CJS-700G, #& 4 i 8l i % (MFR) 47 8.0 ~
15.0 g/ 10 min (2.16 kg,230°C ), %54 0.910 g/
em’, JTHIAAR)
GNPs : JCGNP-15-10 %!, ] IC % /R, M & %
CHKBHATIRA A
GNPs : SGNP-F01005 %1 /b J2 1 B 4, I S 5%
I, B RO F AR PR A A
F 1 0 Fh GNPs 119 3 B4
*1 GNPs IEZ4iE
GNPs KM #lifif /% HRMA/ (m*-gh) B /nm 28
JC 99.5 40~60 5~25 >10
N 99.5 >200 <5 1~6

1.2 BBELHXE

[F] [ A7 AU AT HE AL . SHI-26 L, 24T F 4%
g 24.5 mm, KAEHN 40 < 1, B GU N LA BR Y
GF

B2 A - ZK 0258 AU, i SEue (U1
HBRA T

TEYAHL: UN120A Y, A 11 oI 7 DA 2 2% 4
AL PR

e B AL F6 %5 (LOT) e A%« JF-3. 28 g BL VLT
LA

I3 R BEI E A : CZF—6 B, 1 7LV 7243

M) ;
B8 B 52 A . JOY -2 B B U VT AN 2%
I

IRk S R 1Y . LEA447 / 24 R, {6 [ i
IS s il 1 A PR A

AL R E (DSC) 1Y% : DSC204F1 A, ff
I i 3t S5 o s A PR 7
1.3 XAEH &

T Ad GNPs figtis 1 5] 85 55 76 PP b, 4 PR
Flt GNPs 43955 PP HEA TR A, B i i AL
HAEPE 10 min, HH PP/ GNPs B &4 KL H GNPs
) J5 R 2 K043 53R 0.1%,0.2%,0.3%,0.4%,0.5%
T BIHE TR A e 389 0 11 T Ak 48 A ] i) P-4 7 XU
FFBT ML, 15 B IRATF 46 30k 100 1/ min, $F H R
190~215°C IR RIS B o XT8F HRER FH UL
PEATYIRL . PR FL RS TR o B A b R
BRI T T IR R 80°C, B IAI & 4 h. 54 aE
SRR A5 FI T R

1.4 Magmx

LOI # GB /T 2406.2-2009 iz, it #E K ~F R
125 mmx 13 mmx3 mm ;

TRk e % 3 GB /T 2408-2008 I3, kL
SR 125 mmx 13 mmx (1.5,3,6) mm ;

M %% BEHE GB /T 8627-2007 iz, i ke R ~F
54 mmx54 mmx3 mm ;

P I 38 s AT B G A R 2% DB i o
20 mg A2 A BYREE, LA 52 A o L IVE R Y,
DSC MR 303 ~ 348 K MYiE L LA .

PR BN TR BT RO RR 5 D) R
10 mm x 10 mm x (2 ~ 3) mm £ & F 2 a0l eE, 4%
JEIMARIREELE 30°C P B 250,
2 ZR5iTe
2.1 LOI

K1 AR A 45 RHEY LOT 5 GNPs Jifi & 53
LGP
19.2 ~
19.0 -
188
18.6
18.4
18.2 -
18.0

17.8 L

9
760001 02 03 04 05

GNPsJTE= 4L / %
v—PP /JC; «—PP /S
1 WiRPE SRR LOT 5 GNPs [l 050 56 R Hh 2k

HH 1] 1 AT, B GNPs 435 asm , wif
A MEHY LOL 5 b ss, B2 AR,
GNPs Z T LLfEHE &1 PP Y LOL, JE R 272 2 A R
PRSI RE T, GNPs 7 B FAE8ERARSTE s |
BISI0 2 X B Z e e — e B IR A Y
i — 20 B A A BLRR /N3 T R e DX R 15, t g BH
B BRI X 8l 2B B R — 25 IR IR AR o, A 3]
TELRIRBEVE . FEUEEIR e b, 4 PP 235
HPIRAS , R TCEE M, B GNPs i it 735 4G
i, beum 4 e 2 (BRI, Xl REREN
“k GNPs Zs 7/l , 24 GNPs [T 340k 0.5% B
PR A MR R LOT AN 19%, 53R4T 55 %
E S
2.2 RFBRBRIRF

B2 AR R A M RHE R RE R B 3 mm )
A MRMREE R 5 GNPs [l 0556 R ih<k .

LOL/ %



杨超


100 TRRVERLN 2016 4F, %5 44 4,55 10 11
oo STBGLE R | PP/ IC B AR i S R b 2
E 30| GNPs & 3 Inm A WL & ; PP/ S &4 kG
= 2 5 1 S5 % i % GNPs 3 ik (9 38 BT 45 BT 30 fHL
% 26| Tk AR RS R . 5 2, ki GNPs 7 PP/
ﬂgg 2l GNPs & Z Fhrs A & 2 P ARFEF .
= 2.4 PP/IC 5L AMAHE B AT K T MR ik 5 60 o
® 220.0 01 02 03 04 05 Kl 4~ PP/ICE G M EBHERE 4350 15,3,
7P§iﬁfﬁf§// . 6 mm I (/KPR B % 5 GNPs Jit /M4 5 &
E 2 PR A PERNR KA beH R 5 GNPs i 438U O R 28 LIS
WAIEL 2 0T LA L, MR AT A bR KO R e _ S0
Wl GNPs 27 R0 AR, TR, RN
A\ GNPs % PP 51 1 1be i S (0 1 ALl L0
F GNPs i Ik 40 B0 2 FR 2 M 0.1% 51 0.5% , il ik <5
AR AL IR FE B/, B %5 GNPs it 40 i 3 o, 5 oon
AR KTk R R IR RN, 5 £ - m
S GNPs 450N 0.5% I, PP/ IC 2 & HH R Z 2

7K A B BE 3 K i 31.2 mm / min [ & 22.6 mm/
min, FFET 27.6% ; PP/ S &AM EHR KA b
2 31.2 mm/min f& £ 26.07 mm/min, F T
16.4% ; Al WL, GNPs BUIIAA B T EZE PP HYARS
I H., 5 R AT GNPs FHEHE, H FmfF N R
PP HBHIARICR B 4f .
2.3 WMEEFR
Kl 3 AN A AR B R SE 0 GNPs it

i GIP SIS

56 ¢

54t

52r

50 -

LEEAES 2/

48 +

46 | | | | |
00 01 02 03 04 05
GNPsJTi 050 / %

A—PP/JC; «—PP /S
3 PR SRR 59 GNPs Bt /3 HOC R 4]

Hi & 3 ] L& 2, PP/ GNPs 2 & 1KY JH
WAL PP AH L, A BRI . B R B
G SRR R, 21 PP R BE I B e i 0 TS T
GNPs J = T8 2 %5 . BARKEE GNPs & &
LRSS TN, GNPs HYHEZE A HTZ# R B T i
K AR D TR A (B SRR
BT AR H s AT R, X5 A ST B TR R R
B JZ I PR EAR S PRI, A e mi R 2T o %

00 01002 03 04 05
GNPsJBTtE 728 / %
JEJE: m—1.5 mm; e —3 mm; o—6 mm
[ 4 ORIFEELR PP/ IC AR PR pe R
GNPs it 735U C R £k

1.5 mm JERYEAE LT, T GNPs fES N
TR SRR AT 0k JE AT REMEAR )N, Bl
& GNPs JF i 0B, /KRR s 22 sh ARk,
X AHE A GNPs 7E PP / GNPs H [ HUHE A 52
SEOUEE SRR A& E R FIBEAAAE TR 1
ek Rt EA T A e, Bt 1,6 mm &
IRFESE G BE HVE HI N 1 Z B i (H S, il TR
PP G ™ 5 XA AN BRI S b HEA T AR, I
T PR Ay 8 T 1) S S T I pe 1 R B 4%, 3 ] i 2
GNPs =28 T EZ/ERH. X F 3 mm 8K
FE RS ZBEATH I BABEREAE S 5] & 4, (4] 4
AL, B GNPs T 70 B934, 3 mm Rk K
SRR B R S A IR FTRESE , GNPs &2 iY
B ISR pe R R LAY I 2 R R B 22, AT AR
2.5 LA

K 5 s G BHE A 5 GNPs Tt 70 20
KARML.

HH & 5 RIHL, B GNPs J e 20800 38 , A
KA PR FE A A B R R 3 (0T R
BN, I HARAH 22 A K JEI Sl . —J7 T, GNPs
(LR R 202 PP 1Y —2F M E R A , 540 PP


杨超


TR, 5 M / A7 800 ORI B S 3P g 101

- Ky
&

(g

A /() -

1.50 . | . . \
0.0 0.1 0.2 0.3 0.4 0.5

GNPsJIi 7040 / %

=—PP/JC; e—PP /S
s PR G RPRI LA S GNPs Bt 7p 806 R ik

FAEE, A MBI O FAR TR 5 — 5, i 1
I GNPs (20 53 /05U S BRI LA BRI 7E
I e 1Y B A1 IO 0.5% BF TR R REAN K. H itk
AT, 5 AR LU B X A gt o e 1) 532 e
ARFERER,
2.6 I AL

Kl 6 PR S OEHAY B R AL GNPs i
IR AR
028
0.26
0.24
0.22
0.20
0.18
0.16
0.14

0.12 . . . . .
0.0 0.1 0.2 0.3 0.4 0.5

GNPsFT 4L / %
=—PP/JC; e—PP /S
6 #Y BURES GNPs Ft i 4oe R &

P B AR ECRAE AR B ES m, PriA
A5 B o3 il B 0] T —EABE T, B AR G
NS FEME. WAl 6 AT, B GNPs it 2 43 4111
S, MRS R P IR EEAR 2 ETHE
#0F B R I AV AL, R TR B GNPs
BEOMRCRE W SR s GNPs B JT 1 A 2R
IR T26 PP 1Y, BN 81 GNPs, &5 #HEHE
Y R BARA BRI S . B2 R B S
GNPs Ji1 55 70 ZU 5 0, 526 4R N E RS HCHAGE
BN 2, BOARE ) o s A TR R, R0, ()4 R
GNPs, LRI BUR Y 7R ECE 2, 7252 S AR R Y
SY B R B R, S S AR I BRI 4. PRI
TER G AR Z G F v, phy HER T R I AR B R
AR LR, T T 03 A o 3 Y B AR X
T/, TN SE G A 5 L RA T 18], A B T RAIE PP Y

YR/ (mmes?)

KR SER M
3 #ig

(1) LOI Fifi5 GNPs J5t 434 34 i m , 45
RORANA

(2) BAE KRR A REE GNPs JiT it /341
(A3 TIAT A, H. GNPs B AT ZE S 4R 58 3 2R (1Y)
YRR i s

(3) GNPs 7£ PP (AR E AN B I .

(4) X TR B A2, 5 L R AR Y GNPs
AEE, FR RN BEBR SR B4

(5) 52 G A BHR) LU HRZ 0k LA A i ) 2 11 52 i)
AREFERE,

(6) BifiF GNPs i 0 E s, 52 65w Rk 34
PR BN, 5 R AV NG GNPs AL, L
AR XA FEHEARE T B2 B 2 3%

5 % 3wk

(1] . et SR PR AT ARE (M. bRt - Al Dol A, 2010.
Zhao Min. Modification of polypropylene materials[M].
Beijing:Chemical Industry Press,2010.

[2] VR, ARk, XA R B AL DTk e 0], BT,
2004,33(6):329-330.
Xu Pu, Li Zhiqiang, Liu Huijie. Research progress of flame
retardant polypropylene[J]. Contemporary Chemical Industry,
2004,33(6):329-330.

(3] JRWIFH, F4, REbRA: . S BB i 157 BR R BIT 7 ik
&I, 44T, 2015,44(1):114-116.
Su Mingyang, Wang Haijun, Tang Linsheng. Application situation
and research progress of magnesium hydroxide flame retardants[J].
Contemporary Chemical Industry,2015,44(1):114-116.

[4] BRBER, TR, 0=, 5% RIS R / R S AR
GMEMERRRYSEM [J]. S0 TRk 5 TR, 2006,22(5):170-
174.
Chen Xiaolang, Yu Jie, Guo Shaoyun, et al. Effect of surface
modification on the properties of PP / nano magnesium hydroxide
composites[J]. Polymer Materials Science and Engineering,2006,
22(5):170-174.

[5] MM, 2 e ATl . K T LA SR DR I 1 1 9 e P BB 50
[7]. ¥8 FH 2B, 2015(5):49-52.
Lin Songbai, Li Yunlong, Ke Airu. Preparation and properties of
intumescent flame resistant polypropylene[J]. Journal of Putian
University,2015(5):49-52.

[6] U, XL, Bt , 55 . AL ERZIKBILIA SR VIR IR 2 P ik
PEAERT (). @4 TR 5 A%, 2009, 25(6):63-66.

(THE 15TT)


杨超


AT, S DR E SRR C 5 ] ot SR B A e g 1o 115

2010(10):87-95.
Zhang Yanming, Liao Xianfeng. Plastics injection process and
defect analysis[J]. Plastics Manufacture,2010(10):87-95.

[6]  BITIZRE . DRI S ) iy S0 ik BREE IR 08T (0], BEEEAR,
2012(1):61-63.

Zhang Tianrong. Analysis on the cause of formation of typical
quality defects in plastic injection molding products[J]. Mould
Technology,2012(1):61-63.

[7] SRR . AR IR BRI AT [M]. dEat : Bl i, 2010,
Zhang Junzhe. Non-destructive testing technology and its
application[M]. Beijing:Science Press,2010.

(8] sk Ihnl . BRLE] b UL IR BT (1. 55 PRI B AR 2 B 24
2008(2):29-31.

Zhang Cicheng. Analysis of common problems in plastic
products[J]. Journal of Yiyang Vocational and Technical College,
2008(2):29-31.

[9] XHE X GFLR S R R GE Y K R (). HUAE BT &% , 2006, 89
(2):7-8.

Liu Yan. Development of X-ray real time image system[J].
Mechanical Management and Development, 2006, 89(2):7-8.
[10]  J B X 5F £k S I A 18 2R 48 /Y N [0]. C AR I, 2004,
26(6):218-340.
Jing Feng. Application of X-ray real-time imaging system[J].
Nondestructive Testing, 2004 ,26(6):318-340.
(] E) 3, FA TR R, 5 XA DR HORTERR G 45K

TR [9]. BRI, 2012(6):47-55.

Wang Guangkun, Wang Hualong, Fan Chunlei, et al. X-ray DR
technology in the detection of aluminum alloy castings[J]. Camera
Technique,2012(6):47-55.

[12]  Z&5eAl, $LA e X ST BT AR B AR TE B9 G b i 1z T
X BT 2 B AR B T A I Y A 0], R, 2013,
36(10):47-50.

Qin Keli, Zhu Shaohua. Application of X-ray digital radiography
technology in steel pipe detection[J]. Welded Pipe and Tube,2013,
36(10):47-50.

[13] FERZ ARER M . PR DR 87 UGB AR AT
BN [J]. 1545 ,2014,37(12):52-57.

Wang Changan, Yu Guomin, Wei Yabo. Application of flat panel
digital radiography imaging technology in welded pipe industry[J].
Welded Pipe and Tube,2014,37(12):52-57.

[14] XU ALIERS, SKIE S A BRECT R (DR) Kl R G A i il
TEH YN (7] # i L 2015(3):62-64.

Liu Chuan; Du Yanwei, Zhang Xuchang. Tube screen digital
imaging (DR) detection system applied to the manufacture of
boilers[J]. Boiler Manufacturing,2015(3):62—64.

(5] farsmise, A, VI8 00 45 A CT 2Ry AR T BB Hh (0 1 [1].
BRI SPERRES T, 2011, 16(3):418-422.

He Xinbo, Fang Wei, Xu Junli, et al. Application of industrial CT
in powder injection molding[J]. Materials Science and Engineering

of Powder Metallurgy, 2011, 16(3):418-422.

HIBUERIEEMEEKHESTEERT
AR HIEXE A, TL R A TINHOE X
BRI AR K E & TR R DR & e, T
T ¥ AR 72 AL T Zytel"PA B WE M JE JE | Crastin®PBT W JIE
Delrin® 28 H RIS R4S “(Bynel™) K& PR IS LR ML
I (Fusabond”) R AEFE P Y — FR 0 7= it o =8 B2 18T 1) FR [ AIE.
KX BIEAE Tl A b idg .

B R EBRAIE, A 58 R 15 R A
RetRe, B —" o A, U S AEE B RE——AE
s IF R 7T AL IR IE 5 2 8T R A A i T RS D) A AE,
P A T KRR R 917 i 22 [6] ) ao 315 A T Ak
PR M A B R, B2 i Al R M AR X % H 25 2728 (1)
(ZAEBHK)

(E#E 101 17)

Wu Na, Liu Guosheng, Miao Xian, et al. Catalytic effect of bismuth
oxide in the expansion of flame retardant polypropylene system[J].
Polymer Materials Science and Engineering,2009,25(6):63—66.

[7] Tsai K C, Kuan C F, Chen C H, et al. Study on thermal degradation
and flame retardant property of halogen-free polypropylene
composites using XPS and cone calorimeter[J]. Journal of Applied
Polymer Science,2013,127(2):1 0841 091.

[8] Sengupta R, Bandyopadhyay M S, Bhowmick A K. A review on
the mechanical and electrical properties of graphite and modified
graphite reinforced polymer composites[J]. Progress in Polymer
Science,2011,36:638-670.

[9] Wang Jingchao, Wang Xianbao, Xu Chunhui, et al. Preparation
of graphene / poly (vinyl alcohol)nanocomposites with enhanced
mechanical properties and water resistance[J]. Polymer

International ,2011,60(5):816-822.

[10] Kim H, Miura Y, Macosko C W. Graphene / polyurethane
nanocomposites for improved gas barrier and electrical
conductivity[J]. Chemistry of Material ,2010,22(11):3 441-3 450.

[11] Ansari S, Giannelis E P. Functionalized graphene sheet-poly
(vinylidene fluoride)conductive nanocomposites[J]. Journal of
Applied Polymer Science,2009,47(9):888-897.

[12] Ramanathan T, Abdala A A, Stankovich S, et al. Functionalized
graphene sheets for polymer nanocomposites[J]. Nature
Nanotechnology,2008,3(6):327-331.

[13] Ghosh S, Calizo I, Teweldebrhan D, et al. Extremely high thermal
conductivity of graphene:prospects for thermal management
applications in nanoelectronic circuits[J]. Apply Physics Letters,
2008,92 (15):151911-151913.

[14] Huang Guobo, Gao Jianrong, Wang Xu, et al. How can graphene
reduce the flammability of polymer nanocomposites[J]. Materials

Letters,2012,66:187-189.


杨超




