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Mechanical properties of activated carbon/high density polyethylene composites

ZHANG Qingfa , REN Xiajin , WU Juanjuan , YU Wenfan , XU Hang , CAIl Hongzhen
(Shandong Research Center of Engineering and Technology for Clean Energy, School of Agricultural Engineering and
Food Science, Shandong University of Technology, Zibo 255000, China)

Abstract: Three kinds of activated carbon were prepared from rice husk with H;PO,, KOH, ZnCl, as activating
agents at 600°C. The biochar and three kinds of activated carbon were used to reinforce high density polyethylene
(HDPE) to prepare biochar/HDPE composites and activated carbon/HDPE composites. The mechanical properties
of the composites were tested and analyzed. The results show that higher specific surface area and more developed
pore structure are obtained in activated carbon than in biochar, and better mechanical properties are obtained in
activated carbon/HDPE composites than biochar/HDPE composites. Besides, the highest specific surface area of
714.27m?/g is obtained in activated carbon which is activated by H;PO, (activated carbon(H;P0,)), and better com-
prehensive mechanical properties are obtained for activated carbon(H;PO,)/HDPE composite due to its excellent
flexural properties, tensile properties, rigidity, elasticity, creep resistance and anti-stress relaxation ability. The
flexural strength, flexural modulus, tensile strength and tensile modulus of the activated carbon(H;PO,)/HDPE
composite are 38.66 MPa, 2.46 GPa, 32.17 MPa and 1.95 GPa, respectively. This study can provide useful experience
for utilization of activated carbon in composites.
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il 1% 2£ ¥ 5 /HDPE & & #1 %} . HAC/HDPE & & #4
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x*1 FEUERES
Table1 Number of activated carbon
No. Activating agent
HAC H,PO,
KAC KOH
ZnAC ZnCl,
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BE, BB LRI B LR O 175°C, RS A
HEE Ry 45°C
1.3 MiXE5R1E

K H 4 B 2l b 2% T AR R L B 4 AT 1 (ASAP,
Micromeritics) Ml & 2= 4 ¢ Fl =B i 4 2 1) L 2% T
FRAFLBREEYE ; R H FTIR(Nicolet 5700), # H KBr
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(OCA20, GmbH) i, HUEE 10s B [ 5% 7K 1 42 ik
FAAE A A

HDPE. ‘¥ 7% /HDPE & & 1 BF F1 = Fh 1% 1
% [HDPE & 4 M R 25 i1 4 58 Rz A 14 8 44 38 2o
HL 77 fE IR I HL (WDW1020, K FHRHHTA F)) 9517
Mk, P ESEE N 64 mm, 254 4 2 mm/min;
PrA N2 3 % A 10 mm/min, DA _E Y 7E = TR
NHEAT, BU5 UOF A AR R e A DA, R

FH B ZEHABUBIITIL (QB800, TA) HATENAR:
PR BT, BEBOMEE Je B, 3 RS2 60 mmix
10 mmx3 mm, W N 1 Hz, BEEF K E
H1-50~150C, FHik# %N 3°C/min,

HH 3 25 LA 73 A1 1L (Q800, TA) 47 ik 22
1 R8T, RHMGER Je B, %5 Creep TTS
X, fHEN SEE N 1 MPa, $FA8EE] 24 30 min,
U BE 152 30°C, ST AR 5 min, DLARUE M
HBENTR 7 3 52 B

FH 3 A5 LA 43 11X (Q800, TA) 47 1j 7)
P st AT S A B, R B ORUE R Je B, ik £ Stress
Relaxation TTS #i5X, fH & IV A8 % & & 0.05%, I
FI st [] & 30 min, IR E A 30°C, SLEHT
T4 5 min, DIPRIER R R FE 252 34

Xt A= ¥y s /HDPE & A B BFFI = Bl 16 4 ¢ /
HDPE & & A 8} o W T ik 47 53 4 4k 21 5 R H]
% & 5 SEM(Sirion 200) Wi 2 HAOMIE 57, A H
JE 4 3.0kV,

2 ZBER5WR
2.1 AR FLERSE

2 2 AW R = RS A R B R T AR L R
L ICER LA, I, RETRALI AP ok 3R
1 FL R 297.36 m®/g; HAC, KAC. ZnAC —FP{ M

F2 EWRM=FEER LIS
Table 2 Pore characteristics of biochar and
three activated carbons

Sample SBET/(mZ'gil) Vtolal/(cmqgil) Dave/nrn
Biochar 297.36 0.15 8.96
HAC 714.27 0.37 2.10
KAC 486.18 0.28 2.32
ZnAC 701.94 0.48 2.75

Notes: Sggr—Specific surface area; V,,—Total pore volume;
D,..—Average pore size.

s B b 3% T B 4 i A 714.27 m*/g. 486.18 m?/g.
701.94 m*/g, HHE & FAY KWL FRER, U
HH 3 b 350 X5F A6 0 e 1) FL B R PR 7R AR T S S
H;PO,. KOH. ZnCl, ¥t £ ¥4 T B AF %
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HPO, 43 TREFCIRAR N, I Ak 58 5 38 2 vk ¥
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) A I eV P A8 e 7 28 /N, TE RO AB Y
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T A6 58 BUR  3 Uk % 25 B K,CO5. CIRF R 24
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W I, 1608 cm™ Ab B T 2K B 1 46 Pk B 0
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800 cm™ &b 1y I 3 & AR W) e b IR 43 19 Si—O I
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KAC. ZnAC —Fpif Pk O—H W Y58 B 55 T A9
s, Ut TG AR PRI 1 36 1 e 1) 2 K M
2.3 &M% /HDPE € &M BB M
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A P ok /HDPE & & MBI #Efil /2 . FT 0L, HDPE
B 22 A5 4 fil £ 43 50 K 93.25°F 92.04°, i3 B HDPE
KBKYE LWy 5 /HDPE 4 W RH 2245 42 il £ 43
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Fig.1 FTIR spectra of biochar and three activated carbons
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Fig.2 Contact angles of high density polyethylene (HDPE), biochar/HDPE composite and three activated carbon/HDPE composites
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Fig. 3 Flexural properties of HDPE, biochar /HDPE composite and three activated carbon/HDPE composites
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Fig.4 Tensile properties of HDPE, biochar/HDPE composite and three activated carbon/HDPE composites
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Fig.5 Dynamic visco-elasticity of HDPE, biochar /HDPE composite and three activated carbon/HDPE composites
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