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PE-UHMW /PE-HD/ 5@ =B xESH T &

EiBE, LHEA, R, KF, TN
(RERARL KRR 5 TR B B 210037)

FE . S # M55 TR H (PE-UHMW) 4= & % I LM (PE-HD) 2 RAL, #) A SURATHr B AU ) i %
T B EAGAT RIS A A A AT L AR AT T oA B AR AR BRI E A SRS T, ReMA
R F THAFRAILIRLEM P, B H R m 2R BT, 32PNl iX R PASH R RS A RA B35 3gRIEA,
PE-UHMW /PE-HD / #4#F % ( i &+ 20 / 10 / 70) &4 1 fth 3 B Ao by ZAd K 55 % 48.5 MPa #= 16.3% ; /i &+t 30
/0 /70 #9354 MRk K B AR B Ab R F Ao B EELE 5 5] B35 77.8 MPa A= 3512.2 MPa., # A #AARSHT 7, PE-
UHMW /PE-HD / #&#4F 5 5_&HH#H9 B Ik £ B B AGAF #dg m Nt 22 I8, E A TR B R Rk &, 2 A #
HARDHT £ A, 2 b T 45 PE-UHMW, 4847 R 69 e A 2038 3 T MA@ T 2 4R & MALR T
RF T, AR R F 24 T RAA ARG EFE, AR B AT A GRMAIG A B AR 69 Lo+
BH RIS,

KW : AT R B0 T ER UM B F R U RIS e 7

RESHES . TQ325.1  XHMHRIRAS: A XELHS: 1001-3539(2020)11-0008-06

Preparation of PE-UHMW /PE-HD / Highly Filled Rice Straw Charcoal Composites
Wang Haiying, Shi Kangjie, Song Wenyu, Zhang Lei, Li Dagang
(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract : The rice straw charcoal, ultra-high'molecular weight polyethylene (PE-UHMW) and high density polyethylene (PE-
HD) were used as raw materials to prepare rice straw charcoal reinforced composites by twin-screw extruder. Field emission scanning
electron microscopy observation show: that the polymer matrix is easy to penetrate into the pore structure of charcoal powder at high
temperature, and the interface bonding effect is good. The tensile test show that the rice straw charcoal has a significant reinforce-
ment effect on polymer matrix. The tensile strength and elongation at break of PE-UHMW /PE-HD /rice straw charcoal (mass ratio
20 /10/70) are 48.5 MPa and 16.3%, respectively. For the mass ratio of 30 / 0 / 70, the tensile strength and Young’ s modulus
are 77.8 MPa and 3 512.2 MPa respectively. Static thermal mechanical analysis reveal that the thermal expansion coefficient of PE-
UHMW /PE-HD /rice straw charcoal composite decrease significantly with the addition of rice straw charcoal. The thermal stabil-
ity of the composite is greatly improved. Dynamic thermal mechanical analysis show that compared with pure PE-UHMW, the addi-
tion of rice straw charcoal effectively improve the rigidity of the composite, significantly increase the storage modulus and decrease
the loss factor. The results of this study can provide new ideas for the resource utilization of agricultural and forestry waste biomass,

and provide theoretical guidance for the manufacturing process of composite materials aiming at saving polymer resin.
Keywords : rice straw charcoal ; ultra-high molecular weight polyethylene ; high density polyethylene ; charcoal-plastic com-

posite ; performance analysis
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FEBERE 1 AR TG Y R IRIR 2 L AR AR
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TRA L I |, S5 7K FE P R i/ B g Ok A R R)
FHAEPE b5 FEAT B A R 14 5 A SBL 8 1R TR 70%~
80% , nI L I W 7 A AE Y, JEs B, B ARRiAS; H
FF A it e dl L AN A2 00 T BE BRI 5 22 A v T
700°C, B —E ) i

VE R A= o1 52 5 MBS, 3R & 0 02 v FH Hx
TSR —. 5 LR O, B
53 ¥ 8 R L4 (PE-UHMW) AHX 737 B, 7 F
TR S A 058, 7R AR 22 07 T azs p -5 3 VR A
PR, GnAR R 2 e ne e M R S 1 Tk
Ve AR A A AL U, H R F PE-
UHMW 53F 1 B K, (11592 58 6 W 10 165 1A 85 B A
15 I T 5t B A S 00, i L A i T =X
HCRIECHE  WNBRANKAS A 880 w5 1Y
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PE-HD Z [lf45G =0 5 fg5c s . PE-HD Z ][4
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ST B3R T R IR T Aok — ELEON TR R
IRIBIZ A WY 5 (BT T REAT A A 1G5 AH (1)
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JE SRR AT SR A AR AR 0 SRR, 4t DA A
RYRRE R B bR G AR 7 0 R RE A
FE R BRI RO DT Re B2 & AR i I
1 EIERS
1.1 ZZRAMA

FEFF ¢ B2 298 20 ~ 50 wm, H il ;

PE-UHMW : GUR , 43Tk 800 J7 , E[EZ#F}
ELNER

PE-HD : H[E Ak Tedn A FRA R4 5308
Al
1.2 ZENELHLE

ALK : OTF-1200X &Y, 5 HERF AT B A H
FRAH]

XUAZAT 5 H HL: HAAKE Minilab 11 £, 78[5 %%
B RAEBR A

F PP IR 85 XU T 4246 . DHG-9070A &I, F ks
TR AT

Yk A L 4% (FESEM) : JISM-7600F %, H
A kA stt

JTfE TR B L : CMT4204 1Y, I T8 = 8
ARG IA B2 7 5

RS PHL BT : TMA 402 %1, i 3 AL AL
A BR AT

BIAIHIR ST BT (DMA) 1L : DMA 242D A, Tiif
S ML AT IR A F]
1.3 XAEH &

I R A A Ry W ML RS TR RS, B i s
FEAT TR B T e o fl . & E TR
A 10°C /min 3 IR FHRE] 400°C, iR
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2 h; BB GRS THEF] 700°C, 515 2 ho; fE IR
| 50°C, FE MR . RIS RO RS AT oA AR 22 K
WEHLITHE ZRAR 2 R 20 ~ 50 pm. SR B REHT 7%
PE-UHMW }% PE-HD i A i A MEAH N 7843 T 4.
¥ T J5 19 PE-UHMW, PE-HD A8 AT % 43 51l 4% I8
30/0/70,20/10/70,10 /20 /70,0 /30/70 HY
i IR A, AN A B GRER GRS 0 k17,27,
3,4, B T RSV IR A AT K T AR TR R N
A B RCERFF B B L & B AS R L PE-UHMW /
PE-HD / g E Gk, BRFF4% 8l 7 101 1% R A
], Y Bl 190°CL 53 R 20 1/ min. SR AR
[ T. 2l $&2li PE-UHMW 2341 (45K 57, 48

1.4 PEREM X

FIFH FESEM XE% o 88 52 5 BB HALAd T T 11 f
SRTE A o K- For A T [T AR ot 77 05 4 Ah BB, 5% 4 i 1]
440 s, WA 10 mA.

FIRT R 12 LA TR e R I, 1%
JRAREAEE A 1 KN, P APEE S 10 mm /mine A
FHRES P A 50 mm x 3.8 mm x 1 mm AR,
T I SRR i B BB AN 0 i o R R = /D,
5 AT B O {ES

K FH 75 25 AU 53 BT AU S e ey 2 1 i
i ik 2 B0, R, SR A R s =, SR K B
20 mm : JRJE TG —30 ~ 80°C, THEH N 5C /
min,

K DMA {SGHAT S ASHIMPERE /0T . BT
FES AR BURE RS 40 mm x 3.8 mmx 1 mm,
K =52 A IR —150 ~ 150°C, TR R
k1 5°C / min, MRS K 1 Hz, MR i e
e FURE R S R PR AR D
2 HER5VHE
2.1 FESEM &%#1

B 1 EREFF R B TOWIE S, 28 e, A
FF o6 RSF RN Hg 20 ~ 50 pm 5 DA R 1 Ji K &
AL, AR IS R o LA — AL IR ES 4, (45
LR TBIE K KA B T8 InAgAT o 5 5k A
%54, K 2 2 PE-UHMW /PE-HD / F3#TF ¢ i &
A 20 /10 / 7027 B2 A A BB Wi, T L AS AT
HRMBE Y IR Z R IR 5, Rk 5 5k 2
[ AR R Ar. K 3 J& PE-UHMW /PE-HD / 74
FRR T LG R 30 /0 / 70(17) B 52 G A R T T , )
MELRREHT % 5 PE-UHMW 22 [8) BRI 455 4805 A

& 3b Jif K& I I AT 0L, PE-UHMW BE A 5 58 F
FEFF R P FLBRZE R rh , SR 25 Ul R iR B
RN T2 A R ) SR B W g A AU A T
Gy AFEFF LR Z5 46 5 #5322k PE-UHMW 32
Jyelih s REAT 2% PE-UHMW AR R]IE 5 T HL
MREA A BT A RN 12 RE .

5 Wik o

©)
T RATH - a— x 2000 5 b— x 10000
&1 %‘Eﬁﬁi%‘ﬂ’aﬁim%_%ﬁ FESEM 4]

) (b
TR RATH - a— x 600 5 b— x 3000
2 PE-UHMW /PE-HD/ FE#T#% (2") & &k b i ]

(@) (b)
FRABEL: a— x 600 ; b— x 3 000
&3 PE-UHMW /PE-HD / FgFF 5 (1) & & AR ir 7

2.2 FRAPHERE AT

PE-UHMW / PE-HD / % T sk & & #4 ¥} Fn 4l
PE-UHMW R pERE W&l 4 1k 1 i, th
4 3% 1 AL UL FERF B SR -G W SR 1 3 s R A
FHo VERREIEZH , 4 PE-UHMW F 7 i 85 i e
L3 91 9 18.6 MPa Fil 605.1 MPa ; PE-UHMW
/PE-HD / F&HF 7% (0 / 30 / 70, B 4%) {4 A 538 JiF
h 32.8 MPa, v 5 P45 5y 2035.5 MPa, W%
K F R 6.2%. 78 U8 ARG AT 5 . PE-HD (¥ 3 i
I, [A B} %8 i PE-UHMW, PE-UHMW / PE-HD /
FEFT B¢ (20 / 10 / 70) A 7 el 5 Ji 11 7 24 e 4 33 43
SN 3] 48.5 MPa Fil 16.3%, ¥ 4" ¥4 K43 548 7
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FERNAS o FEFT A ARG W WA IR RSB AL 34 5], iR
ARG YT D) AT I Z LA
TE R =4k 5 2R 450, TS S KR . Ak,
TEBF v, 2 B4l PE-UHMW (945 ) oA
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T
30—,;1;;,7"/': L3t o
20 //,’ 4% ' 7
10l
0

1#

NH7 / MPa

0 5 10 45 2025 30
WA/ Yo
<4 PE-UHMW /PE-HD / FaF-5 & A RHGHLARB T7 — 1 28 2%
% 1 PE-UHMW/PE-HD/ W& E & RIBH f1E4E
PR /

T TR 0V L T TS
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VE: o FoRbIER
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5358 4R IO B Lo, PR M 9 k)
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SRS Y . IAEAT o B = 4ELIR S, 5
REYIEAR AL A R, HH SR AW 5s
PR, S A AR RS R o BRI ik
AEARME T AT B, 2 M AF LT PE-UHMW
/PE-HD / FEFF i 52 G b R 1 26 1% $4RE fik 3R 2K
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R A TEAR = BR il 5, [F] I 58 G ) B A 5 R ¢
FHE 2858, 1% AR BRI R T e Y8 52 6 M RH
Pz . I TP RRIRER G 9 0y I ik 580, R AT
TS Tl B () 3L
2.4 DMA 247

DMA BT 2 58 4 DR 3L FIAR A5 4 A8 i
BEFB B R R M A A R LR [ R B A
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