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Preparation and Characterization of Activated Carbon from Rice Straw

HAN Bin, ZHOU Mei—hua, RONG Da

(College of Environmental Science and Engineering, Donghua University, Shanghai 201620, China )

Abstract: Rice straw, one of the cheap agricultural by—products in China, was selected as a precursor for the preparation of activated carbon
(AC)using chemical activated by diammonium hydrogen phosphate [(NH,),HPO,]. Varied activation temperatures(500, 600, 700 °C and 800 °C)
and different pre—oxidation methods, namely, air pre—oxidation both before and after impregnation as well as one without pre—oxidation, were
adopted to prepare activated carbon. The characteristics of the activated carbon were determined by N, adsorption—desorption isotherms, ele—
ment analyze(EA )as well as adsorption of iodine method. Furthermore, thermogravimetric analysis( TG )was employed to evaluate the process
of activation and the influence of impregnation for rice straw. The results indicated that samples activated at 700 °C with pre—oxidation after
impregnation presented the biggest BET surface area(1 078.21 m?-g™). Besides, it also showed the biggest adsorption capacity for I, and yield
ratio, up to 636 mg- g™ and 39.75% respectively. TG analysis exhibited that pre—oxidation treatment could enhance the activated carbon ther—
mal stability. The average diameters of cavities in all the activated carbons, with or without pre—oxidation, were about 2~3 nm. Therefore, rice
straw soaked with( NH,),HPO, could obviously increase the specific surface areas of activated carbon and accordingly enlarge its adsorption
capacity.

Keywords: rice straw; activated carbon; diammonium hydrogen phosphate; specific surface area; TG analysis

A BIALETE , 2 e etk JE AMEREAE R T R
AR E BRI, b n] AR B AR AT e 2 A BB 7

T PER (AC) WA Sy —Fh 2 L R R 505 AR 1
i R AL T AR T A BT 2R

Mo T W E 2 MMESE B i OB aE I B 25
JER T AR AR [ISORIE AR L B
ARSI HAE K AL PR Sk b A 2 ) Iz . 5
A B PR B RAH LE 37 P HA SR A e 2 T AR

s B 87 . 2008-07-21

EEWH : B 2B H (B604)

EEEA 5 W (1981—), 5, (LGRS B RIFSE AR, 2 R
kR H 98 TAE . E-mail : hbps2@163.com

EIEE . B EAE  E-mail: mhzhou@dhu.edu.cn.

RS Jsz S22 R0 Y BRI 8 [ P 7 1 3 42 i ol 2 fF
58 TAE ARG BR o (H— L LUK B 16 P e 17 FH &
R 1 i R I A2 o 8 )2 P A, S LA A 5
TAELE A an ] 1 FH A Bl 25 15 1) B2 55 A 4 TS e s ok
il 8 HLA R b R T AR A A B T 4 A Yalem ]
R H 4 T L 22 1H Gk B 480 m? gt Y T M B, T
Chang® A RS FLREFT R J50RE, Zad CO, WG 1L
T HERMIAF] 790 m?- g (3G TESE . Tsai WTRIHT
FIH FE KT T ZnCL, 76 A6 A 7 V5 AR T L2 1 ik



5 28 45 4 1] AR

Bo% o2 R 829

) 960 m’~ g™ [ITTAE S o AT TG AR 1k
1l 5 A P e ELA B g ) LG 2 R S e I BB

T — A0 K, 2006 45 ) R £ 7 ik
T 4.974 6 A v FFBRERY S RIAA RIS FT ™ R R 223k
TALZ A, BREREFTVRSRRE RSRL AR RIAC A
AR BN T34 60% J0 12 A7 R80R T 1 5, A
{E3E B 1 R AR W R RE TSR B, S PRI A 1 —
SE R o HerP AR R PO PVEAR B R S IR
4 S PRI ANIE T A AR AR AL, A e rp BT O 2T 4
FIEEFAE R B it 73 B 70% , P aoT R Ay Bk
IIECHEIEIREN T 38.54%, SN R AT 14 o ) 46 T K
AR SR T 2243 /0 LS AT SCRRARGE M) T 2 47
Béo AVETOR I (NH, ), HPO, 323 K AE 28 S h Hi 4 1k
YRR ik Sl AT AL — 2 ROV il TR R
MR 1 R PO A e SO M . — D7 IRMI T T 0 B o
FHBOREFARS AT, S W BRS04 i 28 AR 17 1A 5 95— 7
AT, 90 1 — FfR R AT AT A A 85850k, AT LA
e 2 i A B [ (A S B8 B IR o ) 2 B9 A T
SAE T8 PR A E (NH. ). HPO, 352 160 J5 A5 HE RS
FHEAR) e HE R SRR A FLAGHY | HE 3% Tr BRI A
MR L 18000 A AL it 18 VR P RE e i [l P 52
oA ARG LW B R R B ] PR RE

1 #R5FE

1.1 EREHR

FEFAGAT , WS 8E T AT 2 e 1, B0, 2~
3 em f/NEBE. BR NaOH F_EIFRG] — ) A p= b 4y
SR 2GS A A 7= 2 R AT At
1.2 fEMERAH &
1.2.1 Fisbad

DI EN i RS FERS AT B T 2% (W) Y NaOH
2 48 h, SR U FZE I K I = P v, e LA
TG BRI B A7 TR 2 bR 2 1 0 0 1
TR VA B A AT 5 T 7K A 2% 0 o B3 Ul AR RO e
AL LR 5 R A A B

kT LT RRE S e B T TR
LA 200 CF AL 2 he SRJG T IR 1:5 (R e
(NH,),HPO,, JFikt Lo RG5O AR SR TE (NHL),HPO,
VR 24 h, BUB S BTG S 105 CHET . ik
I B ARE A 4 PR 1:5 A3 95 L 7E (NH,),HPO, ¥
IR 24 b BUE 105 CHET . ik T f ke AL
PRk TARER, SR 5 P28 Srf 200 °CF T4 4L
2 h,

1.2.2 %

W Zead ALY 3 FRE S A AR T A
500~800 C T #EA 76 1L , 16 FL At il A R TS P
P G AR A 20 °C - min”, 3 fLET ] 2 60 min,
MRk T I A AR K 45 7 45
#7444 RN—-1 . RN-2 RN-3,H:rh RN-2 V&4 45 e
fEALEE  RN-1 F RN=3 435l 4E 12 0 i A i 5 480
TR, A TYEX b, FEMIR A 0F T O R 20
C-min™, {5 LI E] 60 min ) R 285 12 1 sk i 4 Ak
b PR RS B A FF B4 7E 500~800 C R id AL, I APy 1
il 28 AL i 44 4 RN=0,,

PLE 4 BEE S AT 1L 58 R B J R R R
HF = B 1 mol- L7 i HCL AR IR 2 h
L BRAR BA A P i 2 1 1Y (NH, ), HPO, i £ 1 72
FEAE R A B ER ORI 5y o e KRR A IR 21 K
VEE MBS TRAE T 105 CF TR A7
1.3 TEHSH

BERZAT MR BRARE A 530 700 “CHI 800 C'F
HIEHIAR T RN=3 it AfEE Elmentar 7= Vario EL [l G
FOHrh DERE P A1) C HLO NS [ &
14 HREBENITE

or 1 4 52 HALCIEAR) S 72 o i
PHRR(%)= 6 SIS jgagg EA&J%E x100

1.5 # m R E R E

T [ 43 BB GB/T 12496.8—1999 (A Jifi i ks
TG PE AR T 12— R SR R 0 DI
1.6 AESH

4 RN-0 i1 RN-2 {H AL AT AT IR (A F (NH, ),HPO,
245 3 FPRE S A NETZSCH TG 209 F1 Tris %I H
SrFTA (PR, 7ed ARSI BRI 2
20 “C-min™ 54 M 30 ChnFAE] 900 °C,
1.7 FLEMIBINE

FE i L 25 49 55 FLAR 43 A A1 55 [ B IS /8 A
NOVAe-4000 [ Bz B ASCMIx , FLARFLA A EL R TR
W ES RS2 SCR TR
1.8 BAEMK

e il A B A ADL R 7K, 5 RIN=3 6 i W oA A
FUF A A + AR B T e v 1 A 1 14

PERE.
2 #R5E

2.1 TENHER
TCEMHTEE R UL 1, HA Rice straw %A I




830 B WA R R ATIG R A fh #5 BOHERAR

2009 44 H

B REHL, RIS TE 700 °CHI 800 °CF fHI45) RN-3
BEfh . AR L ATAITETR LS | BAR AR R A A 46 X6 o
SRR U/ | (FL BN T ek PR P e 76 28 174 o o 0 5D
A I i, X U0 BH 7R 76 Ak ad A2 b (NHL),HPO, A HU&
SN, AR PR T EOT R AT R R,
HALPE M ATEHE . 1516519 RN-3(800 °C )il RN-3
(700 °C) WIEILE S &=L Rice straw /L& TR,
XA ] R A RO 7R 80 R e T A — 2R S 4]
5 (NH,),HPO, %A T R i AR B 1387 i 2 2k 1A
XSO P HAG ARG e T, 7E 800 CTF AL e 4
3 fif T B AEAE G RN=3 1,

x1 TESMER(Wt%)
Table 1 Results of element analyze( W% )

C H 0 N S
Rice straw 38.54 6.55 54.45 0.46 ek HY
RN-3(700 C) 62.78 2.12 3341 1.71 FRoa
RN-3(800 C)  75.56 0.98 21.83 1.66 FR oA

22 FRUBREXNFEMERNEI

mE 1 FoR, ARSI B AN R L A
RRIETZWT T B 3 3502 PR Ry Bl A ot R T AL R
i AW SRR S . HAR RN-3>RN-1>RN-
2>RN-0, Hrfr RN-0 f5e/)y, iX 5 B (NH, ),HPO, )12
AT 25 e AR R A FE i RN-2
/NF RN-1 I RN-3, UiHA TS A A B ] DA HL
B 3 . 7F 800 °CHf RN-0 . RN—1 RN-2 RN-3 (1
15545 52k 10.04% .23.55% . 15.59%F1 29.12% , —ff%
AR A2 T AR B o s M R A R PR B T LA
55 Rk A 5 Bl A3 e A RO T A SRR R M B
5, EAR N ATLEE G AN A {H RN-0 5 HiAh
—H AR R E 2] LIS R (NH,),HPO, J&:3% FH 1)
AL o 1 AL REE R AR 0] LA A2 7E 200 CF

50
45+
40 +
< BT
%\ﬂr 30
m 25F
12 20 - -m-RN-0
= st -@-RN-1
10 —A-RN-2
5T ¥-RN-3
07500 550 600 650 700 750 800
RE/C

B 1 EMRNEER
Figure 1 Yield ratio of AC
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Table 2 Surface area and pore volume parameters of
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No. Parameters RN-0 RN-1 RN-2 RN-3
1 HRBEH/m-g'  191.890 358450  603.850 1 078.210
2 FLET/m? g 179550  333.680 565440  896.550
3 L mE/m g 2.330 24.77 38410  181.660
4 WAUERY e’ g 0.103 0.139 0.339 0.541
5 LA em®- gt 0.026 0.036 0.060 0.088
6 AL EYem g 0.129 0.175 0.399 0.629
7 WAL LA/ % 79.850  79.430 84950  86.010
8 R4 /m 3.865 2.988 2.933 2.688
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Figure 4 SEM images of rice straw
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Figure 5 Result of the reuse testings
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