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25 “C At ¥ M o 1 % B B R KA B 102. 04 mg/g.

AL 5 R B T R 0 43 35 4 R B i A O v AR
FMEEITE, ERMELEZET BB B R RS T
WORE 5 85, MR EKEMSTETRA S
&M, FEEFA HNO, , H, O, il NaClO &M,
ALCAN™IZ-MONGE et al"** 3@ 33 i 48 £k b 3848 4
RETEANSETERDSE, B T 6 & PR
TR, 7E 700 CTR Ak 1 h J5, 1 o 2 30 H A AL
ZEHE , I H X CO, 1 CH, 1 B UFHY /3 B350 2R .

BRARKMEH & TEEAEFEZHE. A
il 8 T 25 X e A Ak A W R BB RN IR R K
W AP TR B Y R . ALK SR A H.O, WA f#
Z R MR, SO B B KOH — 25 35 £k 5% 4k 8 i 5%
il 8 2 FL ok % SR A Th 3R LI LA ) LA K3 450
BB 25 L % B R B4 5 i, - A BRI B R S i) i
1L, 1) FH w7 i T A0 Ak 25 L ok b Rk 1 1 2% 24
DAY o i 2 4 £ AR SUAS | TR R PR R O 3 2 AL R
B B

1 ZkR#He

L1 E#

SEU ERE R 7 B A, BERE 0 Tl 4 A AT &
SMEERIE 1,
£1 BEMTUSFMTEINR(%")

Table 1 Proximate and ultimate analysis of samples( %)

Proximate analysis Ultimate analysis(daf)

M4 Aq Vi FCuat C H N S 0?

18.51 15.57 59.03 40.97 70.04 8.10 1.12 0.46 20.28

1) Mass fraction; 2) By difference.
1.2 SARMBHHEE

LIz R 4 B o JEORE, AL 2 R A, R R
H,O0, MR8 58 23 %, i A b S0 5 R R
B 6 1L, KB IMPGRE N 40 CHEMHT, KM
30 min, F & I F 5, B A 5 & 4 4 30 %6 A R TR
M 30 NMERMREN 12 h, AEBAKERE LEK
Jo e, R I TR A8 B AR AR IE (OO,

#EMH KOH 5 OC & 4 ik 1.0 ¢ 1,
1.5:1,2.0:1,2.5:1,3.0:1,3.5:1,4.0: 1,4
THEBATEBY S E TR, B85 A RE Rk
AR ERRF, 3B F WBFY-205 B R
N G — 1B AR R & A R A FD = Bk )
RN BN B [B) AT e Ak . R 45 RS 43 B 5%

(FRESBOWEMMER T RKERBRRY UL Z R
B, ELEUE WA P, 7E 105 CA&MFT T4 24 h 4
N Z AR B (PC) . PCHRITE AKX .

=2 X100% D
my

Ll PCUWR, Y%5m, Jy PC IR &, gsm: R
oC E@Jﬁ%’go

1.3 ®REMEHE

¥ PC #F B8 33 200 H x o 7, £ 8 X T 1R 48
150 CTFHEEETE, B 0.5 g BEM, Il A 5% b g
10. 0 mL, ALY I E ik 30 s HA I E=ZR,
A 50. 0 mL AR HER H (0. 100 0 mol/L) , ZE4E % 25
F¥RP 15 min, HE 8 ; B E 10. 0 mL I8 W
A 100 mL Z& 18 /K % B8, F B AC BE B2 4N A v W
(0. 100 0 mol/L)#E47 Vi & , B WK 2 IR B A B, n A
2 mL JEMIER IR, SR EETH € R WL A . PC AL
W B BB AR
. (50¢; —6c, V) X126. 93

m

q=D

X g PC B I &, mg/g; D AKIERF ;0
L1/ 21,) 5 HE ¥ WO B s mol/Ls ¢ A B AR B R
BABRUE VS TR BE , mol/ L V' Ry B AR i R 9 A v U TR
THFER R B, mL; m R AE T &, g5 126. 93
(1/21*) W BEJR [ & » g/ mol,

(2)

1.4 ZIRMFBIRAE

K H Quanta 250 & Hf B 7 8 7% (3 H , FEI
AEDMBEZ AR MRHIERMILGE . RA Au-
tosorb-1 #I L. & 1 L FL 42 W 22 X (32 B, Quanta-
chrome A ®]) , 7 —196 CHF #4748 N, W Fff
FUBE BRI 3, AR HE BET ¥5 F1 BJH A 2 %€ £ L &
Y L R TH AR LR .

2 HRE5#®

2.1 BREEXE

2.1.1 Mk h & PCKREFomkBE W8 YR
TEWEALET ] D 10 min, {4515 OC Ji & b
3+ 1 &M B Th R xF PC G e 2R 13 g B 2 G
LA 1,
1A, S sh &R i 100 W EFHE] 400 W
i, PC B3R i 10. 88 %038 I & 26. 31% . X J&H
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Fig.1 Effects of microwave power on yield and iodine

adsorption capacity of PC
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W B A% 4R AL B IR A 55, KOH 5 a] 3% 1k #4 ik IR
FRAERN % 1 PC MR F#2%, ] PC =4
FZYURFLERE R B PC XU B 88 h BT
YT R K TF 450 W B, 3 & M8 BE B 38 PC
B LA FLIE , 51w f & B AR . 254 PC W
S A A L O R A VR KT, 2 BRI T R 400 W AE
HEESE.
2.1.2 FEAEE 3T PC K & Ao st B 2 40 % R

MBI R 400 W IG5 OC i & Lk
3+ 1M, & AL [ X PC e R Al e B & 7 5%
e WL 2,

H & 2 AT 40, & AL B ] B 4 min b F+ %] 8 min
i, PC Uit 24. 03% M N & 26. 75% ., X&HTF
FRCIBE Jom BB ) 7 5 7 A D IR B RN B AR AN A
a3 IR R A TE AR AR, 3 PC MR 31K ; Bl & T
LB R FE K 2 8 min, [N 4 5 IR BE 2 W, B Rt
RBAS 9 58 15 fh AL, (148 PC 1 ORI N ; bl & 16
LB R 4k B2 T+, PC 19 N MR TH Bk it 4 4> 5 KOH
KRN, 58 PC YR TR,

TG AL 4 min EF+ %] 8 min A, PC [ LI
M & 428. 23 mg/g MM E] 1 000. 57 mg/g.

XS P Ry 78 T At R R, AR 50 G R R R A
B IFRH 5 A TR 22 8 /N2, 3 B O R
PR A2 4R L B 2 A AT RN A BR O M AR, 3 PC
BIFLBR R, B PC XA BB 0 B TH. FEE
J2 07 Bt ) 9 386 i, PC ) 9 A0 L3 B B3R, & B PC

) R B A BB T
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Bl 2 7EAGETE XS PC W22 ek i & i R
Fig. 2 Effects of activation time on yield and iodine

adsorption capacity of PC

2.1.3 AR PCI & Ast B W2 0%k

TR BT Ky 400 W G ALAT ] 2 12 min 254
T HZHEEAFE OC B it & Lk X PC i 2 F1 gt i
ipsinp- A WIS IR

1200 45
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Fig. 3 Effects of mass ratio of activator to DC on yield

and iodine adsorption capacity of PC

m & 3 A A, EMFR S OC W RE L 1. 0~
1.5 8, PC Y &l 31. 59 % 3 fm# 35.21% ., X2
IR g o T Ak 500 FT BB 400 i #5 & 43 R, Wi 2 O A 5 L 46
e, 0 AE 3G 5, AR O D, 3 B PC IR
), MiEfRl S OC iy & Ltk 1. 5 i, 16 4k
FTE Al F2 R B A B K A 4R BB 68 410 il 45 b 55
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B >k, 1 B KOH 5 ik it 4 4 & 4 &AL, 5 3
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PC 1) 2 W 3K LA S ARAE 15 PC IR FEAR

WAFE OC MR & b7 1. 0~3.5 Af,PC
TR B Bl 815. 46 mg/g AN E 1 151. 32 mg/g.
HApEAeRE OC WEELLH 1.0 #mg 1.5 &,
PC ) 3% T FL B 38 I DA X P AL AT F , 51 2 PC X
BH A BT, iE AR S OC & L 1.5~3.5
i, K&K KOH # A PC N FLE , PC i1 4 &P
FLBR R AR /P, /B H PC X L b & B B 3
s iS4 S OC MR & Ll 3. 5 B hn g 4. 0 i, i
B KOH & i PC 9 P9 SMFLEE 25 H B 7 35 1, &
BOALA ALY IR e E, K AL R BT, i 5
& PC iy B b & 2 PR AR 3.

2.2 NoRZ B EE & S FLRM IR

2.2.1 s @ERAEREITART £ 5

HR 5 BP9 2 5256 HP BB Th 3R (A, W) LT AL [
(B,min) fliE 477 5 OC ) f & Lk (C, g/g) L 1E
50, » ) A o 7 gt T O 92 O BB 1A R L DA
HBL B £ (Y, mg/g) S Wl 1 B » Al Design-Expert 10
AL SE B T2 41, B3t — ko o7 iy 1T 00 b SE 58, 4
Mr2 B AE X PC B RE AR . MR & R
3, AL T R A B, B K r=1. 682 i,
g SO fi T S B R T K s R ANK 2 K 3 FiR .

*2 EREKENERESHBEE

Table 2 Actual value and coded value of each factor levels

Actual value

Coded value

A/W B/min C/(g+g™ D
—1 300. 00 8. 00 3.00:1
0 400. 00 11. 00 3.50: 1
500. 00 14. 00 4,00 : 1
—r 231.82 5.95 2.66 1
r 568.18 16. 05 4.34 ¢+ 1
Standard deviation 100. 00 3.00 0.50:1

RIEFR 3 LWL R, FIHP AR I FEA
WA ARITHEM, MAEHAENE A, B,C 5m5
B Y ZE £ 50 R AR 3) fiR)
Y=—4 756.81+11.53A+248. 91B+1 078. 48C—

0.32AB—0.72AC—23. 96 BC—5. 65X 10 *A? —
0.96B*—84.12C? (3

4 Pon o Ry i T 2 U9 A A Y O 25 4 AT
H1 3% 4 WA, ik £ 350 5[] U5 AR A A 2% 51350 G 56 B
(P)/NF 0.000 1, FBAZ — Wk 0] )3 7 R B A B A #)
B 2K, UE B M Y AT DA 4 A A% B R R
S R Z AR R R o 2R $DLT0 2 38 s AR A 1 S 56
BAEARHFFRIMR , A SLE A P=0. 785 7(=>0.05),
KU FTE S LPRE AR IEH 3R 2 57 & A%

R3 LR EESER

Table 3 Experimental design matrix scheme and results

No. A/W  B/min C/7 Experimentﬁvalue/ Predicted \ialue/
(geg™H (mge+g™ 1) (mgeg™b)
1 400 5.95 3.50:1 895. 89 872.19
2 300 14.00  3.00:1 951.58 969. 16
3 400 11,00  4.34:1 840. 99 865. 25
4 500 14.00 3.00:1 1038.13 1042.71
5 568.18 11.00 3.50: 1 1004.99 979. 88
6 400 11,00 3.50:1 1 020. 55 977.19
7 400 11.00  3.50:1 936. 80 977.19
8 300 8.00 3.00:1 606. 37 609. 75
9 400 16.05 3.50:1 1023.41 1033.10
10 400 11.00  2.66:1 1008. 43 970. 16
11 500 14.00 4.00:1 829. 81 836. 33
12 231.82 11.00 3.50:1 643.71 654. 82
13 400 11,00 3.50:1 974.41 977.19
14 400 11,00 3.50:1 887.22 977.19
15 400 11.00  3.50:1 1036.26 977.19
16 300 8.00 4.00:1 686. 05 691. 38
17 500 8.00 3.00:1 1020.17 1067.02
18 500 8.00 4.00:1 1012.06 1 004. 38
19 400 11.00  3.50:1 1 005,48 977.19
20 300 14.00  4.00: 1 943.98 907.03
F4 MEMEZEAREHGTEST
Table 4 Analysis of variance for response
surface regression model
Source  Sum ol Drmress ol Ve Fualue P value
Model  3.160X10° 9 35106.73 15.00 <C0.0001
Residual 23 396. 91 10 2 339.69 — —
Lack of fit 7 494.53 5 1 498.91 0.47 0.7857
Pure error 15 902. 38 5 3 180.48 - —

Total 3.394X10° 19 — — —
NGRS, R EERE. £S5 RN
me) oz tf T A Y ) W BE A . B R 5 WA, R
HIM KR RP=0. 931 1(R?* /R 2 LKHE SN
B AE O BE) o T 4B A4 A 56 R B(R}.) g 0. 757 5,
& IE 5 AR R BU(RE,) 7 0. 869, AT LA f# B 86. 90 %
) PC X R B B 504 i 28 e, IR R0 1, R
B R JE] I R U S AR B AR AT, T LR R A
A3 B L0 T o e PR AR B . R R R A
(C. V)RR LI R HERE , A SEI0 1Y 22 S5 R EUE R
0.052 7, — AUl SL IR MR B B i, U A R .

5 WS B A A A VT S B AR

Table 5 Reliability analysis of response surface model

C. V. R? R R

0.052 7 0.9311 0.757 5 0. 869

Bl 4 B g PC g B & 100 00 8 15 5K P 46 A )
AL, mE 4 AL BUEN S0 A T A &
PN 5 20U B 32 R 250 8 50 o A O S 45 R
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Fig. 4 Fitting curve of predicted value and actual

value of iodine adsorption capacity of PC

2.2.2 "o EERELLYH

2 6 B Sy me izt T 9k 1] 09 O R AR B 3 R
. MR 6 WA, —&I A,B,C, ZIRI A° MIRE
YE IS AB X mél S B 5% M 2 3 (P<C0. 05), — IR I
B? f1 C* DL R A2 HAE B AC F1 BC X i i {8 5 ma
AW EP>0.05) , HHAF MK & L2545 PC
FR T R R SR AT B R MRS R

6 MEMBZEEATRERZEDESERE

Table 6 Significance test of regression equation coefficient

of response surface method

Sum of Degrees of  Mean
square freedom square

Model F value P value Significant

A 1.275X10° 1 1.275 X105 54.51  <€0.0001  *
B 31252.94 1 31252.94  13.36 0.004 4  * %
C 1328.12 1 13 285.12 5.68 0.038 4 *

AB 73 618.60 1 73 618.60  31.47 0.0002  * %
AC 10 404.75 1 10 404.75 4. 45 0.061 2 -
BC 10331.31 1 10 331.31 4.42 0.0619 -
AZ 46 023.65 1 46 023.65  19.67 0.0013 %
B? 1084.79 1 1084.79 0. 46 0.511 4 -
c? 6 373.05 1 6 373.05 2.72 0.129 9 -

% x Extremely significant; % Significant.

= 4 )7 TR P ) (G M R 5 T LA £ B L P I
ZR0F W) o7 {5 WD £ 55, G e 4 v 4 R 2 LA R
FEARK I BT R R A AR He B e 2, IBIE M 3w
LHAEMARBEDT, PC g p & ma 7 il /5 45
AL 5. A Sa AT, Rl B AR5 T AL I [E] BT
T R H) o TR 35 R B S, 2 BH 7 3 =2 I B9 A2 EL AR
# (Pap<<0.05), FlE T fb i 1] 71538 5 2 R 38

PC i) B B S R R, RAXANHE R EAEA
XF PC BB B B 52 ma 4 K AR SR 3 I e T 2 5
T AGET ], PC LR i & R R R %, RIS &
T Ty 3 A A I Ak s B AS ) T ) 5 b v O 1
i) PC,

B 5c FIE 5d 7740, 0 2 R ANE 45 5 OC
B JoT B B T TR 1 ot TR BE V-, REA M AL T
YEFIR MR B 3 (Pac>>0.05) . 16 I 2 SR A ik i
(300 W~400 W), 7%fk3] 5 OC i & thxF PC it
W Bt 2 S e /N 5 B R T R Ak 2 3 i, PC R B
H AR I B B 5 2 IR B R AR I (400 W~ 500
W), 3a 5 B8 Ak 50 A & S T 42 5 30 PC X B i
F1 R,

HH & Se FIE 51 7] LA ), 1 1k B 8] 3% £k 5
5 OC i & I i iy th 1w 3% BE 4/, R WI35 32
HAERARBZE (Pyc>>0.05),7EHH 5 OC & K
R (32 1~3.6 ¢ 1), B TR AR 80 , Tk
B T %o T il 4t 5 I B P BB Y PC 2 M3/ s T 4k
3] HG ) 4k 2 1 i, 4 T 3k PC X B % W BT P i 72 R
AR

3 5 e 7 gt e ok AR AL AR B A PC W T2 548
7 AR B R 432, 54 W, G LB E] 14 min, & L5
5 OCRELL 3+ 1, BB R N 48 5 br Ak
F T ATPE B SO D SR R B S 430 W I AT =K R
TS, 1 £ PC IR F] 24. 56 %0, UK Ft
BHFIHMEN 1 060.06 mg/g, 5HME 1 068. 43
mg/g R UT, A b i BIF 55 o e A4 Rk i B g R
‘B PC AT B w0 &, 2 B RO B
KOH E L& Mo DL £ & A REMALEW
#) PC,3f H BAG 5 & WM 6B .

2.3 SEM H=AF

gr3%F OC Fuw i i 1 2k D76 120 2 440 il %
i) PC #t47 SEM 0 #r (WL 6) . i & 6a FIFE 6b AT
H,0C 2HUR T ALBR S5 14, 1 8T Bk . PC
RIS, ERE R L ELLRE 1 H
LREBI KRR fLIEMEES R EH S HEE,
X LERALIE B A BB A TE K B A AL, AL AR /D
11 6¢ RTH, PC 1 3 T FL B 45 14 75 0T » LB 20 A A
Y57, FLIE S5 AT TR » 2 B 7 R BB i F)
s R A, A AL AL SR KOH 5 8% 1 A2 2 Rt
7oA T ELE T R A U, R TE R
AR P AT BRI I R R AT I
7R FLIE , R AR FLBR AR H R AR A A
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Fig. 5 Response curve and contour map of PC iodine adsorption capacity
a,b—Microwave power and activation time;c,d—Microwave power and activator ratios

e,f—Activation time and activator ratio

LRI IALE S5 1129 m*/g,0. 603
em®/g 1 2. 136 nm, X PC EF B ®H LR EH

MR EE T & i PC # 47 N, SRR RIFLA . A B =0 oAb #1419 B b1 o), R in o 4
Bk (E D, mER7ALER,PCHELERR  JrNEA N REHBEFE RS, B F R R

2.4 ERERMILERLE
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B T AR A ERE AT ERE . MK
S ZE S L 0, KOH & L5 i) PC A %

T AL A8 1 2% 19 PC AT LAAE Sy R 47 W2 B 541

TR O BCFL R AR AN B AL %, 3R B 38 2 B i B KOH

.

B 6 OC#1 PC iy SEM & i
Fig. 6 SEM photos of OC and PC
a—OC;b,c—PC
F7 mEMHEBEERERANLE

Table 7 Specific surface area and pore diameter of carbon materials

Activation
Material sour Heating ways (activator/m(activator) : Sger/ Viotal/ Dy, V micro/ @V micro/
ateriat source methods m(material source)/ (m?+g 1) (ecm?eg™) nm (em® + g™ ) Veu)/%
temperature)
oC Microwave KOH/3:1/— 1129 0.603 2.136 0. 487 80.76
Bituminous coall33] Microwave KOH/1.5:1/— 726 0.574 3.163 0.129 —
Palm kernel shelll™)  Microwave Steam/—/— 419 0.188 1. 803 0. 430 76.00
Orange peell3*] Microwave KOH/1:1/— 1015 0. 500 1.500 - -
Bituminous coall®]  Convention COz/—/800 C 818 0. 417 2. 000 — 87.05
Garlic peell3¢] Convention KOH/2 : 1/600 C 947 0.510 2.160 0.500 98. 04

* Average pore diameter.

3 & %

D) FERRE 44 F 4 Al KOH I 1k 4 % 48 1 i
% PC, il B N R L0153 h R 3 PC AR
R O 2 S e A K

2) 33 BT R i S 0 LA K T 22 0 A, A
H PC o B B B 5 %2 men DY 3R 2 ][] U B AY ) R
oy 0. 869, % [8] J5 7 72 2R KO B WY 0 = AN [ R
PNE AN DS 21V RY - s & R R A N TR R bl

5 OCHRELW, EXEEAEZME RS, MRS
1AL E X PC U M &R B & . T2
MR Th R 430 W, 3& LA 18] 14 min, 3§ 1L 5]
5 OCREL 3+ 1, 7E A4 T #il %% i) PC X i
Fif &A% 1 060. 06 mg/g, 5EIBMEZHIR /A, Hi
R 24.56%,

3) 4 SEM, N, % W% i By i3, PC R BLHE
BRZILEM, ILREAR N 1129 m*/g, BALIER R
0. 603 cm® /g, FLR A 80.76% .
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Preparation of Dense Porous Carbon from Lignite by Microwave
Activation and Its Adsorption Properties

ZHANG Yingjie"’> LIU Weixin> GONG Guanqun'? SHI Yongming’
WANG Ming> YUAN Xin?
(1. Key Laboratory of Coal Processing and E f ficient Utilization of Ministry of Education,
221116 Xuzhou, China; 2. College of Chemical Engineering ,» China University
of Mining and Technology, 221116 Xuzhou, China)

ABSTRACT With H,O,-treated lignite being used as carbon source, the oxidized lignite coal
(OC) was activated by KOH to prepare the porous carbon material (PC) in the microwave field.
Following the principle of the single-factor experiment, the response surface experiments were
designed, under which the effects of the microwave power, activation time and m (activator) :
m(OC) on the iodine adsorption capacity of the PC were investigated respectively. Based on the
experimental results, the regression equation between the response value and influencing factors
was established. The results that the optimal conditions for the preparation of the PC correspond-
ing to the microwave power of 430 W, activation time of 14 min, m(activator) : m(OC) of 3 : 1
are obtained. Under these conditions, the iodine adsorption capacity of PC reach 1 060. 06 mg/g,
which is in line with the model-predicted value corresponding to 1 068. 43 mg/g. The relative er-
ror between the predict value and the experimental value is only 0. 78% , which shows that the
model establish by the response surface method is feasible. By using the SEM and N, isothermal
adsorption and desorption to characterize the PC, it is found that the PC had a high porosity and
dense pore size distribution, with the surface area corresponding to 1 129 m?/g, and total pore
volume corresponding to 0. 603 cm®/g. The characterization results indicat that the PC prepared
by using the microwave activation oxidized coal have good adsorption performance.

KEYWORDS lignite, oxidation, microwave, porous carbon material, adsorption perform-

ance, response surface method
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