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Investigation on the influencing factors of pore structure on rice straw
activated carbon with KHCO, and its adsorption ability

HUANG Yuying LI Kunquan ™" YAO Wen GAO Yuan
(Jiangsu Key Laboratory for Agricultural Engineering, Collegeof Engineering, Nanjing Agricultural University, Nanjing, 210031, China)

Abstract; Rice straw-based activated carbons were prepared with rice straw as raw material by
KHCO, activation. A L,(3*)"( three three-level factors) orthogonal design table was established to
investigate the influences of KHCO, ratio, activation temperature and activation time on the
microporous and mesoporous structures of the activated carbons. The experimental results show that
the most important factor on the formation of mesopore is the activation temperature, while the most
important factor on the formation of micropore is the KHCO; dose. The optimal conditions of forming
mesopore are as follow: 1:6 of KHCO, ratio, 90 minutes of activation time and 900 °C of activation
temperature. The optimal conditions of forming micropore are as follow: 1:6 ratio of stalk; KHCO,,
30 minutes of activation time and 800 °C of activation temperature. The experimental results of
methylene blue adsorption show that the most important factor methylene blue adsorption was the size
of mesoporous volume. Adsorption isotherm of methylene blue is best fitted with Redlich-Peterson
model,, which shows the that it not only has mono layer adsorption but also has multimolecular layer

adsorption.
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JKAREREFFI E B A4 3%, KHCO, N, N-— 2 3 ek i 5 [ H,N-C H,-N( C,H,) »H,S0, ] .DPD
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PL KHCO, 32958 b 1 AR B gL, 22 36 AR I i R A P 2R R B 3 7K AT Lo (37) IE 2 556, K AR G
FFs M T T S5 N U =8 N L 7E 10 mL - min ' ARSI T, BL 10 °Comin”' FHEF 500 °C, 1H iR
1.5 hifi 5 e 2 %00 15 REE ST o AR 1 5 K K R RS AR e fb R\ KHCO, 3 HR— 5 s R A 35957 A
ERAE R 7E 10.mL - min AU IR T L 10 °Ce min” 8RR B AL IREE | 1H IR Ak — @ I TS
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2 R 5118 (Results and discussion)
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Table 1 Pore parameters of rice straw carbon under orthogonal experimental design

ALALE L AL MALERER LR

2 {ﬁﬂc{ﬁf}f ?Fﬁﬂﬁﬁﬂilm BLBR L . Micropore Mesoporous Micropore Mesoporous
Group number Activation  Activation  KHCO; ratio volume/ volume/  surfdee area/ " surface area/
temperature/ °C time/h (g:g) 3 3 , O .
(em”-g™) (em”-g™) (m”-g70) (m”-g™")
1 700 0.5 1:3 0.117 0.183 222 139
2 900 1 1:3 0.133 0.614 241 626
3 800 1.5 1:3 0.23 0.32 429 276
4 800 0.5 1:6 0.339 0.254 643 183
5 700 1 1:6 0.241 0.358 457 251
6 900 1.5 1:6 0.052 0.729 98 706
7 900 0.5 1:9 0.225 0.248 421 230
8 800 1 1:9 0.202 0.211 381 164
9 700 1.5 1:9 0.098 0.129 184 73
R 2 KRR HAEBTIE LI 25 T FLARAL 2 80 22 70 M s
Table 2  Analysis results of rice straw carbon under orthogonal experimental conditions
FLARRE S BT FAARL 2 53
- Range analyst g volume | Range analysis of Surface area A
Number AL TEALI [ it TEAL IR TH AL ] Rt
Activation Activation KHCOj; ratio Activation Activation KHCOj ratio
temperature/ C time/h (g:g) temperature/ C time/h (g:g)
k1 0.59 1.34 1.12 467.2 1139.6 1041.2
k2 1.18 1.18 0.69 1055.7 1040.5 551.9
L k3 1.59 0.79 0.67 1561.7 623.6 462.8
Mesopore K1 0.2 0.45 0.37 155.7 379.9 347.1
K2 0.39 0.39 0.23 351.9 346.8 184
K3 0.53 0.26 0.22 520.6 207.9 154.3
R 0.33 0.19 0.15 364.8 172 192.8
k1 0.53 0.63 0.48 986.6 1197.7 891.3
k2 0.38 0.58 0.68 710.8 1079.2 1285.6
AL k3 0.41 0.77 0.46 760.5 1452.6 862.4
Micropore K1 0.18 0.21 0.16 328.9 399.2 297.1
K2 0.13 0.19 0.23 236.9 359.7 428.5
K3 0.14 0.26 0.15 253.5 484.2 287.5
R 0.05 0.06 0.07 91.9 124.5 141

XF R 22 3 4 R R AR T, 3 A T I X FL A A e 56 55 O < F8 45 1 (R LR AR < 7%
Pt B > TR US> TH AL 1] 4545 2 (R FLALER ) B AR > I AL 18] > IR T L 8 b 3 (LR i) =
Tt LU T AL [>T AL L BE 5 F8 AR 4 (AL L) 3R 5T LU > TR AL 1] > 75 ALt B2 by A2 A al 4, 08 v FL
M F5g A A8 1 AR L, X TR L M B R A9 R 35t L
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ZEGITE 1 P TFE AR AT 1S BORFLIE U T2 AN IR B 1:6 GRALATTE] 1.5 h LR E
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K,0+C0,—K,CO, (4)
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Fig.1 = Effects of impregnation ratio on rice straw activated carbon performance
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1(2) ), WA LB N T BT AL R ER T 762 C M, 610 A3 Bl 5 TG B 1
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Fig.2 Effect of activation time on rice straw activated carbon performance
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Fig.3" Effect of activation temperature on rice straw activated carbon performance
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SEI LA H B A PRET SE T 2 SR 3 SR 8 SRR B NAR 2 41,55 3 ALRNEE 8 LIS R
HAS I BB, T TR ) Xof 7K H I Y S A I BRE R BRBE T, I 4 oA 3 FfAS [) AR RS A 34 A e o S T ik B T K
H I R L 1 R BRI R L 4 01,2 3 SRR K R I S W B 2 BRBE 1T (>90% ) L, I T 8 5
B R A P S W LA S T 400 mg- LB R 1 40,2 3 SRR FLILA Y R T 8 SR FLAL
25,100 2 SR IRALILA /N T 3 5 8 SHREMITEALALES , i oA 2 W, e Ak rp FLPL 25 X6F S0 P 356 5 % f
HREZEN NG —HHE,2 SEEA P ILILA LIS 3 SRR 2 £, (E H X W P36 35 (0% W B o 33
X FEE LA L f LA 2 X6 S0 Y SR 7 24 W B P T 8. — i 55, WRE R ) P LA R B R o
A3 T RE BIFLAS X P A k. IE AN FR AT B i, S R S R 4y F AR 0.98 nm' P L BR T P FLZ AN,
fie At 1 0.98—2 nm [ FRLFL A 23 % S FF 35 0 R o 7 A O B4 Y 25 0 ] 2RI T e e IV P 1 %
(B SR 32 el b LI B STk AT S8, 1H 0.98—2 nm 8] A FRFL AL 23 X6) STV FFY 66 15 W B 7 A T 250

K5 iE R 2 SRE 3 SRR BT AR RS IR I Origin 201 0] 4% 45 8 P A 5008 64T Redlich-
Peterson , Freundlich , Langmuir AR A R e LA 0B 45 SR A0 W& 3. AR 3 W LIE 2 &5
BE 3 SFE 2 Ak R K P IE B O3S W5 4 0% B Y9 Redlich — Peterson A5 1404 19 R2 ¥ KT 0.90, 18 T
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Langmuir , Freundlich 814, %8 Redlich—Peterson #5254 58 58 4 5 3R W H JE W5 7E 2 S4F 3 S5 kE Lk
BT oA B B IR AE 2 S RE 3 SR EE AW I B B TR, A 20 Z I
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2 20
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10 |
ob— ey 140_.|.|.|.|.|.|.|.|.|
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4 3 FORIKRRREFRIE M BRI R BSOS 2 BRE 3 SRR L I
KR IE R A S BRACR AL B 5 30 DA £
Fig.4 Adsorption capacity of different MB concentration Fig.5 Fitted adsorption isotherms for methylene
by 3different rice straw-biomassed carbon in water blue on sample2 and sample3

F3 EHEEEEEER 2 SR 3 SR LA SFIRI S SR

Table 3 Isotherm parameters for methylene blue adsorption onto sample2 .sample3

R R Isothermal formulas B Parameter 2 S #f Sample No. 2 3 S # Sample No. 3
op(mgrg™) 280 287
Langmuir, ¢, =bg"C,/(1+bC,) ¢ (mg-g") 244 272
B(L-mg™") 747 61
R? 0.570 0.897
Ky/ (Ismg ™) 222 242
Freundlich, ¢, =K.C,"" n 15 15
R? 0.995 0.770
Kp(L-mg™) 5.4x10' 2.2x10*
Redlich-Peterson, ¢, =K,C,/(1+aC?) a(L-mg™) 2.4x108 85
B 0.935 0.974
R? 0.994 0.918

3 758 ( Conclusion)

PIKREREFE N JFURE, KHCO, A G AR5, il & /K R Rt AR SEBFL L P FL TG 2 2. DASFL AL B i AL, op
FLALE KR AU M AR bR, S5 R

(D)L IEILIREE 900 C JSALETHE] 1.5 h 323 1:6 B9 T 24 HFE B AR LAY TR B 16 1k
T 800 °C TEALET[E] 0.5 h =ik 1:6 1 T2 55 A BAFL IR IE BX.

(2) IEACSIRZE SRR, 3 NS EOT I8 LIRS L A I B W d5e K ¥R 308 L X B L A T i 5
M) f K.

(3) K AEAE I 1 e X AN TRV JBE T 7K v ST FE 35 i 19 25 R A SR 26 B i e ol ST Y 35 1 WA fF = 22
2 LR B BTk T, 0.98—2 nm [H] A FCFL-th Xof STV FF 5 1 1 R o A o 2 g

(4) 7 H FE AR K RS A0 M e L i A S TR A 7 o 300 45 & Redlich-Peterson A7 | 156 B I
F LS TE 2 5 RE 3 5 ke L W RE A B o0 T- 2R, B 240 T 2 .
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