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Preparation, Characterization and Adsorption Performance of High Surface

Area Biomass-based Activated Carbons

LI Kun-quan"?*, LI Ye', ZHENG Zheng’, SANG Da-zhi'

(1. Jiangsu Key Laboratory for Intelligent Agricultural Equipment, College of Engineering, Nanjing Agricultural University, Nanjing
210031, China; 2. Environmental Science & Engineering Department, Fudan University, Shanghai 200433, China)

Abstract: High surface area activated carbons were prepared with Spartina alterniflora and cotton stalk as raw materials and KOH as
activating agent. Effects of materials type, impregnation ratio, activation temperature and heat preservation time on the yield, elemental
composition and adsorptive capacity of activated carbon were studied. The properties and pore structure of the carbons were
characterized with nitrogen adsorption, powder X-ray diffractometry ( XRD), infrared spectroscopy ( FTIR) and scanning electron
microscopy (SEM). Main pore characteristics of activated carbons were analyzed by BET equation, Horvath-Kawazoe BET method and
DFT method. The considerable preparation conditions are obtained as follows: impregnation ratio of 3: 1, an activation temperature of
800°C and an activation time of 1.5 h. The BET surface area of activated carbon prepared from Spartina alterniflora reached 2 825

1

m”-g~" when its total pore volume, yield, iodine number and methylene blue adsorption were 1.374 ecm’-g™', 16.36% , 1797

mg-g~" and 495 mg-g~" respectively under above conditions. The activated carbon from cotton stalk was prepared with BET surface
1

area of 2 135 m*-g ™", total pore volume of 1. 038 cm’-g ™", yield of 11. 22% , methylene blue adsorption of 1251 mg-g~", and iodine

number of 478 mg-g ™", respectively. The methylene blue adsorption and iodine number are much higher than the national first level for

activated carbon. The Langmuir maximum adsorption capacities of 2 ,4-dinitrophenol on the two carbons were 932 mg-g~' and 747
-1 . . . . . . .

mg-g~ , respectively, which are superior to ordinary activated carbon and activated carbon fiber.

Key words : biomass-based carbon; KOH activation; high surface area; characterization; adsorption

T P e 1 18 FH A58 3 Tz, Ak T A
i A, BB B, Rk, BB, AR
S5 HR E R Ak ol A T AR S 3 9 1 e, B
R T A 50 ~ 1200 m®-g ™", W FhF 25 5 A5 L.
e o3 T AR P S (HSAAC) | bE 3R T AR 7E 2 000
m” g~ DA b BRFLFLZR O, W BRHE RE A S, BR AT AR W
FEE B S PR A 3885 T 12 B TSR B S0 A
UL JZ LA L | AR 2RI TR A 3h S
B ARSI I HSAAC B4 5w iz
I, FH LR AR I 5 3R

1o U T R L G P i 0 ) 25 B G 4 B 5 A2
WA A2 TS LRI ZnCl, | H,PO, J
KOH 4. H Aij#fF 5% 1% Bk A9 J& KOH % ik, & & 20
H20 I 5 & R ) — s AR D3, el L ik o 4 1R 3
PR LR TR g, CFL oA 4R v FLBR 2 R ] DL
il W2 B 25 6 A, DR b P R il 85 v M g 3 1 e i

i B4 2012-04-09; fEiTHHA: 2012-07-09

EEWB: IR ARFFRETH (51102136 ) ; U H #8584
5 H (20110097120021)

YEE B ZEIRL(1976 ~ ) 55 10 I, 25T 05 10 s
IIREY KRR 5 15 e dE ,E-mail : kqlee@ njau. edu. c¢n



1 IR ;R HCRTRIAE M TR B 4 | AT B B e 329

Gm PR RS T R TE IR LI,
7T SR P 5% e o R RS At A ok i e o B AT LB &
ik BRI R, W R AT oK R B
HRE | SRAZ A W o o AR o5t s M R Y 1
JRLT 1R AR A A R T A R
JB %o 4 Ja s 4 AR KA EE e PRI R SE AR
A 5 S5 E T RUEORIAS [ TG M e AL A5 Rt 23 1R
JEURIAS ] R g 2 S0

H A8 KEL ( Spartina alterniflora ) J2& ¥ & W 15 Hh
XArid ] VR MY, B C, MY, B AR &Y
ﬁiﬁﬁ,ﬁz$%}ﬁfn$%ﬁ3 154 g-mfzm]. E5%
] At A6 FfoA T BLRR 425 500 J7 hm , Bl P 1) 4 AT 4
AEEEAT2 000 T3t g BUAE M A FAX 2 FRRAN 5 A
(AR L W B B R WE 9 T AT KOH 1% Ak 1l %
e L2 T AR A R B A K T AR W) B e 1 3 SR A
S3HT T A SRRSO A A% AR X A W BT R R K
g3 FLEEHE B W B BE A0 52 8 i DFT %% B o5
K% | Horvath-Kawazoe J7 2 | 3794 L 1 i Bl B2
SEM S5 AR RAE T A=W o e fL &5 4, JF LAs WP
5 2, 4- i FL A8 Wy 0 BRT, 4R 5 K b i Y
5 YW I W B PE RE  DAIBI O S BRI T IX 2 M )
il 0 U T 8% v % T AL 26 0 JB 0 v o 4 2 P
WA 5 B SCFr

1 #MBEFZE

L1 R

A (99.999% ) W T 15 8™ b 4 me 5 56
T HAFTE T AR T KA T s FAFT R LT A
FROS FIRAL, BEIR (43 Hral) W T iR A
FRS |). 32 B AAR AL HE 3l 4 35 % B ) ( ASAP-
2020, EEZZ A A, TR HAL (8 E Elementar
Vario MICRO #Y) , 584N BETH (D€ Unicam 2
")) . BREIRIEAL (AI-708P, JH [ 5 A SRS A
FRAED) | s i B (BT 15/ [ SRR
FRANHE]) . BREEH (PHS-2C, b AU 25 RS
F)) SEGURE Sy (DF- T8, 4 35T 4 4F o i 7oA FR
UNCIDE
1.2 & LR RS P e 1) A S SR AE
12,1 bR AR T e ) ol

W AR ZEFT (BRFF . EAE KR EAT) 1Bk
W5 FR EALA 3, i 20 B, 78 50 mL-min ™'
AR TR, L 50°C « min =" T2 5 Ak I
450°C , T RAL 1 he SRIGHEHR 1:1 ~3: 1 (A AL
SRAREL) IR BT HKE AR R BT S A AR

12 h ¥ IR B UG B LR HE & P 7E 105°C T 4t
T, e B FE AP 7 50 mLemin T ESRAR
P, LA 10°C - min =" FHE G LT EE 600 ~800°C , I
fEIRIETE 0.5 ~ 1.5 h. ¥ LR IE AL IS AR & i e
0.1 mol- L~ AYERFRMYE 12 h LA I, B 7818k
HVER] pH A 7. 0, MET BIASTE A%
1.2.2  PEFERAE

FE AL E5 R ) H 35 B 22 5028 /) ASAP-2020 H
Sl BRI B SR BEASCI  , DAR R R B A I
1677 K FRAHXE S (P/Py) 9 107° ~ 1.0 FITE R
PR AT R0 B0 2 . 003 i b AE 300°C T B 12
h. >R BET 3A 15306 4 < Al L 3R 1T, 4% 8 Horvath-
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Table 1~ Yield, elemental composition and adsorption capacity of samples under different conditions
] . SEAVE AL SR AR % R WURBHE T R I
2= S 1 AL AR R JLE
PR Bt /min /C C H N 0 /% /mg-g ! /mg-g”!
SA-K31-805 3:1 30 800 84.72 1.13 1.52 8.77 19.39 1371 306
SA-K31-810 3:1 60 800 82.32 1.02 1.57 15.09 17. 51 1 657 321
SA-K31-815 3:1 90 800 80. 85 0.99 1.52 11.03 16. 36 1797 495
SA-K21-815 2:1 90 800 87.77 1.21 2.52 4.51 18.62 1438 312
SA-K11-815 1:1 90 800 86. 42 1.12 2.92 5.55 17. 11 1359 298
SA-K31-715 3:1 90 700 84.71 1.74 2.41 7.15 19. 96 1 396 311
SA-K31-615 3:1 90 600 55.90 3.46 3.06 33.59 17.56 1209 211
CS-K11-815 1:1 90 800 85.71 1.79 2.75 9.75 16.73 1030 311
CS-K21-815 2:1 90 800 92.77 1.28 2.33 3.62 15. 87 1083 235
CS-K31-815 3:1 90 800 82.74 1.42 1.18 13.56 11.22 1251 478
CS-K31-805 3:1 30 800 68. 86 4.27 1.33 25.54 15.31 1228 401
CS-K31-810 3:1 60 800 75.29 3.48 2.717 18. 46 12. 68 1246 455
CS-K31-615 3:1 90 600 54. 86 4.47 1.39 39.28 16. 10 1118 287
CS-K31-715 3:1 90 700 71.29 3.99 2.36 22.36 14. 68 1124 338
2.2 LERMEIFR S ALE5 ) RAE 1000
2.2.1 MR B U RS R B A R R 900 = R A A A A A—A-AA—A—MAAA Mk A4
— N — — 800
WK LIRS PRBOARL MG s s s
ESAENA ZUPAC I LT 3 o [ reemrvromvv-n- o vemeemes
s . = / xY e -
=2 . fL.4% (Pore Width) >50 nm AYKFL,2 ~50 nm £ s00 by
p N M 2 1
BIHALIL <2 nm BB B 1 RE ARSI 2 aw
S =
SA-K31-815, SA-K21-810 FIARFFHEE M4k CS-K31- w30 s
e N Y 2ok 200 DEDoGt
815, CS-K21-810 ekl 52 M52 B Mt B A5t 2 . Al e SAK21-810
; s v s ; 100 —m—CS$-K21-810
PAZE 4 /00 e A il A AR T 260182 R 25l 2 7R AR N R S
S 0 01 02 03 04 05 06 07 08 09 1.0
FAX 1R (P/Py <0.01) i3 FF+ 78 P/P, < R P
0. 20 i} & £ 3k B R AR B S5EFY 95% , i J 114 LM
2 3 3 > B 1 A E I R IR B B B R 2k
B WS IR O3 S A SO T2 1 S A !
Fig. 1 N, adsorption isotherms for biomass-based activated carbons
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LI W, KOH 761k il 5 19 4 A~ A=W I ke 35 B

AR E R LR RS & kR FLBR S, b
SR BT M 5 SA-K31-815 FIAR AT 3L 35 M % €S-
K31-815 H) 2 A~ FE i 19 kb 2 1w AL & 35 2 825
m?eg™' . 2135 mieg', LA B OB 1.374
em’-g ™' 1,038 em’ g7, W H B AT fAL B 5
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Table 2 Main characteristics of biomass-based activated carbons

A CS-K21-810 CS-K31-815 SA-K21-810 SA-K31-815
FE R Sppp/m? g ™! 1889 2135 2415 2825
BALE V0 cm® rg ! 0.911 1.038 1.183 1.374
FALE Vi /em® g ! 0. 037 0.027 0. 021 0.112
AL Vg /eom? -g ! 0. 902 1.011 1. 141 1.192
fL# D, /nm 1.93 1.95 1.89 1.95

2.2.2 DFT #iEWefLom
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TR e e AR LR Ho 1 I o 0 70 R, 3 7 FH 381 R e
R IR A K
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