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BETAAE 550°C R IR 5 AR, FH 2538 /Ky ok
Fm AR LR 5 B, HHAE 105°C F T4 24 h, HL 250~
830 pm FE AT IR AL KW R IG o BT FH A4 b A 25
P& IR o Ml gl s Bk Tk A
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photoelectron spectroscopy, XPS) K H] Multilab2000 % X
SR T REISAY (CEE VG AR, FHRER [ &
APE (FRR) A, M4 MgKa #; KH Boehm
T S VRN RE S e T 40 R A REA TR e et e AR
WEEIO R Lambda 35 U484 ] W0 e e it (58
PerkinElmer A %)) , HAWMGE K 277 nm.
1.3 REHZE
1.3.1  REA A2 R M K5

25C'F, 7£ 250 mL #EJEM AN 100 mL KFEH
10 g/L WOBERE KW, IOAARIFES L (2, 5. 104 15,
20. 30. 40. 50. 75. 100 150 1200 g/L) [IFTRFEM,
PEHE T T 5 1 il ) e K i 2 T R
24 h, RO, 78 277 nm AL 5E #-HE i R
2 P P A o
1.3.2 R4 G A ] R X e

7 250 mL HEFI DN 100 mL ¥R K 10 g/L (4
WKW, BRI P P hIAE 25°C 2iAy, IMNZY 7.5 g Mok
mi, CREHETE M T 95 50 T IR B FEE A IR s 2
Wz o WATIRIMATTUG, 43 W T AR IR (54 104 30
60. 120. 180. 240. 360. 480. 600. 720 1 1 440 min)
10 mL EARKEREAT 200, W v o PR IR, IR AR
Pt AT R R I Bf

q,=V(C,~C)/w QD)
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Fig.1 Surface morphology of bamboo charcoal
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Fig.2 Adsorption and desorption isotherms of bamboo charcoal

2.2.2 BET (brunauer—emmertt—teller) JLLEM) M7

KH BET BB RAT A i LR I S SALES W
JEBHAR D+ Bl BIH (barrett-joyner-halenda): il 5 1L,
ER TR Smess FLEE Vines SOVIIALIR D ess FH £ BV 514
AL Vi HERTIA Spie MAMEKIM See AR NIE 1.

e 1 Hdanran, Pk bR B BN, H
42,98 m¥/g, HALHEAK, K 0.0219 cm’/g, XA figH#
I A o 7 A ) B s ZE L ALRR AT OC . P RIALARR
VRN LATAL R T o FER IR ALE R IARZ) 4 BET L&
TR 13%, "PALALAEL N B ALER 24%; TALILEL
T RALEN 74%, ALILGR AL BET LR A
82%. HIMETT WA R FE kAL dy 3242, AN — o v
FL, X5 RS R 2615 B 1) 45 o2 —EUR
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Table 1 Pore structure parameters of bamboo charcoal
FE LN BALEE TR LT L FLA AR L e m R PALILES AR
Seer/(m>g")  Vi/(em’g") D /nm Smes/(m*g™") Vineo/(em™g™) D es/nm Smie/ (g™ Venic/ (cm™g") Sext/(m’g")
4298 0.0219 2.035 542 0.0052 4.641 35.22 0.0163 7.77

2.2.3 BIH 3L NH o Hr

FIH BIH e LA 0 A, S 0K 3. tHIE 3
LA, ARSI MAL (FLAE D<2nm) ,
[ E A — € m= AL, Rl 2 5~22 nm &b L s
AL 4 R BB T B S il 26 A BET 75 R 3 A 45 31
Mghie—5.
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Fig.3 Pore size distribution of bamboo charcoal
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Fig.4 Fourier infrared spectrum (FTIR) spectra of adsorbent
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2.4 iR X-BHE X B FEEIE (x-ray photoelectron
spectroscopy, XPS)ZFR{E

K 5 it XPS ik l&l, AR EEAT Cls Al
Ols 2 M hRemklg, B F20E hk. ANt 4
B, X — S PTRITT RT3 Cls R T84
e 285 eV Zidy, Ut BHIL AR DARA S5k o = EE 40
IR ) Cls W H I = 46 e U7 In) B3 R AA KR IS,
HAE R o A BLEH B 1) /N, R BAT R R A7 AE 2
TS A B BN R 2R 405 20 WA AT 3%
Cls W THEA A HR M oc RIS &R W 6 Fiow,
SHEEE RN 4 AN, 530008 : 284.5 eV AR A S (U
a), 285.5 eV AbIY) C-O FR4H 45 K 1) My P2 Bl kL (U b))
287.0 eV ALIK) C=0 WA R IFI PRI DR (I ¢) , LL

0
I 288.7 eV AbH)— 0 -0 — B BRFE S A lEEE (& d)
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Fig.5 X-ray photoelectron spectroscopy ( XPS) spectra of
bamboo charcoal
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Fig.6 Cls spectra of bamboo charcoal
*2 BEREMEMNZSE
Table 2 Relative content of each functional group

HREH] T4 A hteV AT BE IR EE/%
c—C 284.5 52.5
c—0 285.5 35.0
C=0(W k) 287.0 12.2
C(0)—O0—C(COOH) 288.7 0.3

2.5 MRFRALZEEREARBIES

Py R 5 40 H e 2200 A REANIE 2 FhE fe
W, Horp st A Wl w S A AR, B
SR 254 s GRS B o BTN, AT IRARL Bk
P B v g b e i P IR LA o R
B A TR IR IR IS n T AR
(ARSI, AT LARE RSE 2R 4R T 1) Lewis BPEAL, HATALHEI

TP T P i v R IO 7, AT IR T 17 3 4 T WO B 7
MIRF M o A7 3R TR M E AL Il 7 R IL S . &
Boehm i & M7 R 1 A B Be A LA ) 2, & i
A 0.375 mmol/g, VEHYT IR &A1 2 AN A it s TRk
TR &R 0305 mmol/g, WG THME & 4 E RERS
s [AI Boehm ¥ 52 45 J WoR AT ok K IR A 2 =
By ek SRR IE, 43510 0.130 A 0.150 mmol/g. ‘B AE A4
B2 B 5 FTIR. XPS A4 & —5L.
2.6 PRI HRES BY IR M
2.6.1 TREAF BRI An BT AR BSR4 %0k

B 7 SR T AN B e BT 5t Bk %6 1 5
MNP AT DU Y, A7 R0 B LA 2652 PR W o IS ok 285 R o
TEVT RIS IR/ T 75 g/L W, BT A8, RS v
I BRI BRI R s AR . TR IR Rk %
MRS N R 200 g/L I, REEE CUEAHE AR B,
BRRIER] 95%LL o — DU, BEA T 5 0 1 4
T, VR ) 1 R S 2 1T B 2 300, R AR B PR R AT
BEZ2, Ay R CH BRI 1A W B 2t AN BRI 184 o
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Fig.7 Effect of adsorbent dose on adsorption of furfural by
bamboo charcoal

2.6.2 RERGGB M T

Kl 8 F 9 435l o T BT A0 b PR WL B~ RTAS
IV R BB ) IS A7 i o (VR B e ) mm . AL 8 T LA
B, BEAEWRM AT, BRI R AL, HAE T
BB (2987 6 h) T REAB R, ORI s T 205 1 b
HFE; 12 h IERWIESE; A 24 h IR IR [ R h I
JEI 40%. & 9 Bon 5B 8 R BUKHIHE, EHRVIN 6h
B TP s B B T 88 T, o R R o L Sk 34
K, 6h Iy, WEPHER 59.36 mg/g: 7E 6 h )5, WL
(B I mEE FEAR AN, WP AR R, HE 12 hs f
i it A W B IF R FRD R N, W B AR A, AR A
RN ARSI N5, DB N CPATRT B, 24 b I
BtEh 76.57 mg/ge PRIETT LLUSZN Y, A7 0B TES 1) WAL B
RFEFEEATT 3 N PR BB B 1 B
BORIPr Y B
2.6.3 RV HREEADE SRS A B R M MR B 69 B )

TE— VTR I N, 10 SRR R LR
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Fig.8 Adsorption equilibrium of furfural on bamboo charcoal
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Fig.9 Effect of contact time on adsorption of furfural by bamboo
charcoal
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Fig.10 Adsorption equilibrium of furfural under different initial
concentrations
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Fig.11 Conversion of furfural in acidic and alkaline solution

2.8 FHmIRMIEE

R R PEN AT R AT 2, SR Langmuir
Freundlich 2 &3 28 A P IR 06 B0 HEA TS0 & 0
Langmuir #5288 3= SARTIRJEA77 ¢ LU T A PR PRSP BHA7 %58
HARP AT o0+ 2R b, 2 — AN AR B A, I
AR T AR ST T W B 4074 B B A A ELAE P i
Freundlich W& HARP7E 5 ook i Ermet, J& Taizis

AN BRI LA (2) .« (3) .
Langmuir J5 F£
Co_le, ! (2)

e

9. 4, 9,K,
KA, Cor qo 70 AW BH T 5 IR (19 5, mg/L FlE
S]] I AT - W B s mg/gs o NPT R AT B
mg/g; K, A Langmuir J7 P2 H 40, Limg, OB 5
ok W R I 45 A e
Freundlich 75 7%

lgqe:llgCB—i-ngF (3
n

A, Cor qo A2 EAAAF FI 3 2 X ; K oA Freundlich
JIFEWR B R TEEAN, TR H AR R R

1M /n WS BRAT R 3R THT S SRR K H bl 5 FL 6 45 i
A Un AT 0.1~0.5, WIS, 1 1/n>2 [14)
ST A AR BT,

FH IR 2 i B A5 2 A AR 0 R 56 B 1A T A 3
Wi 12 fior, R 3FIH THXUAESE. BT 52 i
S5 T VR R A 7R 35 6 A e b SR AT 0 o BB 4D R B e
BIGILA B BRI, & 3 SR E LM R
HOATE 0.99 LUE, iifEl4E R byt 0.98; Xt HLR I,
Freundlich J7#2 G168 7 & MEAH X REGE P& L F35
FAR T Langmuir J7FE, 58] Freundlich J5 T2 A8 5 4 4
IR IR R S T S B i A o IX T Langmuir
A g BRAR AL, ) TR AR R AT — 2 w22,
T EME IE s 1M Freundlich #5788 )25 18 T W b b A vh 22 U7 1D
P RENR, FAT S MR N o 3 U BT R B 1
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Bt 2 NMEH R SR A IS5 3

K 3 W LLEH, FEREERE T (25C) ,
Py IR KIS () e K 4 105.15 mg/g; 1M Freundlich
TIFEE B, 1/n=0.804, RBHVT 50 R (1) W%} fiE
N T8 T 5EMEZ .
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b. Freundlich fUl# 12k
e Co RTINS, o AT o5 1A I R A o
B 12 AF R ARER 49 Langmuir 5 Freundlich 44 2%,
Fig.12 Linear Langmuir and Freundlich plot for sorption of
furfural

*3 BRERRMTEEEH
Table 3 Equilibrium isotherm constants of furfural adsorption on
bamboo charcoal

Langmuir #5754 Freundlich A7 5 %
g/ (mg-g™h) 105.15 Kr 0.066
K/(L'mg") 8.227x10™ 1/n 0.804

R 0.9898 R 0.9986

r 0.9962 r 0.9995

E: g AVTRABFIE &, K b Langmuir J7 F2W % %0 Kr oA Freundlich
D7 PR B A T 1/m TSR R T S SRR S A F AR S LA A

3 #R5IR

D) Pt —Fh Bt 2 FL ], HA R R gk T
JEAEPT A SRR, DAL 32, ALBREE A RIE . 17
IR SR R A A AN & B, RN SR 2 MEAE
REM], WFRdh. WRILSE, FINIESH T FIR. Mk s
Py, XL AT e 4 Boehm §ii 52 45 5 Bon L E A
Bt .

2) 25°CIf, e EMBEERIET (10g/L) , ¥

7 R BN N A R TR P R B 5 B B, 4 RS o
h 200 /L I, REREE R R AT IE 95%LA by AT AR IR IE 1)
WP RE LR ) 3 BB DO Y B 2
B BORISP- B B, WP I TR 20 R 24 hy B (AT
BRANINEL T, B A BRI VR S T e, WP St BT T o5
FEHED H A7 e KRS (W PR A FH 0 DL RO o

3) PIARATHEIA () S R B FERF & Langmuir J7 25
Freundlich J5 ¢, 4 Freundlich J7 FERENS ST 1 MR b 45
P, VEEHAT IR (R P A 2 AMVE I AR L SIS 2R,
PR TR IR B RE I AT S S e 2 0], RIS R 25°C
Ty TR IR R B 105.15 mg/g.

AHFE TR oy R AE T R R T A7 5 % A= 4 3 B4 4y
(IR B PE , ERZR M 2 5 BT TR A5 W 1) o e R B B e
SRR 2T I AT AR A2 B T R I A
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Surface structure of bamboo charcoal and its adsorption property on
furfural

1,2

Li Yunchao'?, Wang Xianhua'?*, Yang Haiping®, Tan Zenggiang®, Li Pan', Chen Hanping®
(1. State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074, China,
2. Guangdong Key Laboratory of Clean Energy Technology, Guangzhou 510640, China)

Abstract: To remove furfural in bio-oil, bamboo charcoal obtained by pyrolysis was introduced as adsorbent. The
structure property of bamboo charcoal was measured, and the adsorption property was investigated by Langmuir and
Freundlich isothermal adsorption equation. The results showed that the bamboo charcoal dominant with micropore
contained various alkali oxygen-functional groups (such as -OH, -COOH), aromatic compounds and aliphatic
compounds. Bamboo charcoal exhibited high adsorption capacity and removing efficiency, and the removing rate was
over 95% with 10 g/L furfural and 200 g/L adsorbent dose at normal temperature. The adsorption was mainly attributed
to the dispersion force. The adsorption process could be described with Freundlich isothermal adsorption equation. This
research provides a new economic way for the high quality utilization of bio-oil.

Key words: adsorption, bamboo, furfural, bamboo charcoal, surface structure, isothermal adsorption equation



