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BEREREER, W AESHEER TR, %
FE SRR & — AR, A SC LIRS Dy [R5
T BERBE A B (ACWA), I T IE/KH Mn( 1)
By 2ok, T FL IR B it 2 R A 2 5 3 2 R
H, DUHERICUEIRERE.

1.1 SRS

F B SIS WA ISR T B4 (BGZ 240
B, BB BRREAESER AR, RefEEE
(SKC—6—-12 B4, M A SIMFHIER R AF); X H2k
T4 #5(D8 Advance B, #&[H Bruker A 7]); HHHH
T EMEEISM—5600LV B, HZ< JEOL A#]); 4 H3)
b 2 1 A fL 42 o An A (ASAP2010 A, 36
Micromeritics A 7); {8 FLIH-2L 461 (Nicolet6700 A,
%[ Thermo A F]); fHIR/KIEREIR(HSY-B &, Wiil4:
B RS IE A WA PR A A ) s R RO T A
(PinAAcle 900T %4, [ PE A #]),

F MR G IR AR IR I R TR
WR(99.99%, KIWPEKRHSER G AR KETK
(E#); 1 MnSO4~ NaOH. HC1. NaCl. NH,CI. MgCl,.
CaCl, Fl AICI; 2535 43 B alimi k5, R AP H 332
f#H.

1.2 ACWA W& R SRR

BRI YRS . 76 105 C T84
FAIE 7R 5 T 4 ACWA [R1JE B} o 44188 )5 FRTASE D
BRENENE TR EE A mERX, ERSR
ST 300~600 CHEIEFESE 15~90 min, B4 NG
KRBT EET 2] ACWA, #H .

KF X SR AT ACWA AR 45 K 3R 4T R 4E
KRR T RN ACWA IR S FLES )
HEAT I S FLBURL /N AT Al 55 S PR LR 2
& ACWA [T FHE , >R F 4 B 3 bL R T A LAR 40 A
A E ACWA [ LR THI R FLAR 73 A s SR A B 21
ARSI HT ACWA [RIZL AN ISCRFAE «

1.3 ACWA 3t Mn(II)A9I% B4 ¢
1.3.1 WM SRR

L MnSO, NJEREHEE#1 2000 mg/L i Mn( 1T )fif %
W, AXRE KRS RIAR R EKRER Mn(1)%E
. XA 1.0 mol/L ) NaOH 55 Mn(1){J pH. [
250 mL FIETEM RN 100 mL AS[AI BB IRE . A FH

pH 1 Mn(I1)¥&W, FAINAFRI R ACWA, TER:IH
S 200 r/min FIEIR K30 C)RE AR A F 18], #
& 30 min 58, KA R0 E S Mn( 1)
(&, BRI ACWA TRFT Mn( 11U 1)
S, BRI 2 At TEREARPETR, TR RAK
SR 0.1 mol/L fJ—#r(Na's NH,"). Zfir(Mg™'s
Ca?" VI =M (AP B T, HEILT7 I B T I X
Mn( D) F)EBRF IR
1.3.2 R3N85

] 100mL pH {54 6 Mn( [1) #1465 & A 180
mg/L IR AKH, B 0.5 ¢ ACWA, il & A [H B %1
(0~180 min)ACWA % Mn( 1D P&, #% ACWA
X Mn( 11 Bl 77 2 R .
1.3.2 W PHEEIR L

52 MR E N 30 C, pH=6.0, W7 &N
0.5g, WeFfFE]y 180 min, JE/KAEFT 100 mL, #%¢
Mn( I1)¥I46 5 &9 FE 35 Bl A 20~300 mg/L B, Wt ik
T2 ACWA (1P Bt & 5 B 7K 7 Min( T1) S
FEZ A £, KA Langmuir W B &5 5 A L B A
Freundlich W [f 2% i A5 74 25 28 95 % B 3k 7 4F A7 45
o

1.4 SW5HERE
ACWA X} Mn( D)Wt = ¢ H (DA 5

)4
q:(Po P)

(1)
m
ifi Mn( 1122 BR 56 (%) R A 3R(2) 151
1 =20"P 100% o

Po
K py F p R R GEFIE R Z ¢ 7 Mn( 1)k
B, mg/L; p, NFHEETERH Mn(11)IRE, mg/L;
VIR, Ly m N ACWA K&, g g AW,
mg/g; Ges G qm 53 AR AT B B RIS PR B &R RN
BN E, mg/gs n A Ma(IDPIERE, %.

2 ZR5MR

2.1 HIE MR ACWA IRHME Mn(IT)E0E2 0

RN RS EAEXRT ACWA W B AE R M, X
AN [ 22 i AN e 45 1 TV 25 1) ACWAL ISP e
AT THETL. T 53 Hrid s ACWA ST Bt &2 72 1)
MR, [RINE eI IR TR . B @)
300~600 ‘CHesh 60 min 43 2] ACWA X Mn( 11)#)~F
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1 Bt i o AL 1(a) P DL, AN R Be 45 I A5 31 1) ACWA
X Mn( D) T8 W B AN — 4« o 8 45 1R BE TR T
i, ACWA (1) T bt & S 38 s FEAIE, DA 450 “Cle
2t 60 min 73EI) ACWA P I = h i, IAF]
3421 mg/g. XAAESAFRREIRAE T2 ACWA
(RN E AR OG . B 1(b)AE, TEBURMIEE
CERETN, MM TS, ACWA HIHLER TR

SRR ARAARE (1K, (HELRTBUEINA R E . kedh
TRFER e, FERRE LA TE 3, AR ) A P R
%, HERMAER. (B 2bessif BT — e En, H
T AR IORL 2 [A] AH B 2R, 580 ACWA [ LE 3R T
RS M BEK. B 1(c)Fny 450 ‘CANF B4 I [R] 15
FIH) ACWA [ P b 2. HE ()T AEH, AH
JRLEIT E 1S KT ACWA R P71 A B 5
B 1) fERL. T AE 1(d) AT, TERESS IR — Mg
BUR, Begbi G, MENRE LR R, AR
BRI 2, LR TR DAk oA &2 . (ELBe &t i R) iR
—3EfH, ACWA [MEERINFRIMFFE. 4 450 Clhedh
45 min I, ACWA [P ERER AT, IR ACWA [t

35

FIHFIEF 740.54 mg/m?, “F-H7 Bk 5 34.27 mg/g.

NT TR ACWA FIVIFR 50 Je RS, %t
450 ‘CHiAk 45 min 153 ACWA #4T T RME. K 2(a)
A 2(0)T 75 5 8 WA FIZ: 450 ‘CHRAL 45 min 15 5]
ACWA . Bl 2(c)fTn s ACWA (1] XRD . M
Bl 2(c)al i, £ XRD 1% FIE 20 15754 25.7°.
42.3°, 53.1°F1 79.4°MAL B 43 5 HEBL T BRAS KH002)
(100)~ (004)FT(110)FRI4F AR IR, T L A3 AT 56 Ve 415 L.
AR R, RPHERIA 450 CHEAL 45 min AT L3R
165 ST IR R B 2(c) AR B BT A4 450 C
AL 45 min 53] ACWA ] SEM 4.

M 2(c)td BT A, 12 R R 2 L4,
SFEIIFLARLI N 3~5 nm. 2 FLEE R TR RO T S ik BE &2
(O3S PR B A, R I ZA LA R (IR B e
K 2(d) iR NZE 450 CHiAL 45 min 735 ACWA 1)1
B AR . A 2(d) AT, 380N 3867~3738.
2326~2103. 1905~1885 cm ' Al 1763~1243. 1001~625
em™ " G A B HBLT SN F—OHPY ., c=cC.
—COOH [FH4aHREN RN IEM—OH. C—O0—C 1T

730

(@) ) .
30
5l 725}
= =~ 9
%0 20H [
= o 720
&E’ 15H g’
> >
10 715f
5 L]
0 ./ / |/ / / / / 710 L 1 1 1 1 1 1
300 350 400 450 500 550 600 300 350 400 450 500 550 600
Temperature/‘C Temperature/'C
745
35F(c) (d)
30F 740 L
251 —_
L T 735
@ 20t &
g g
<= 15} 5 730
>
10+
725
S5k /
0 A / 4 / 77 / 720 1 I 1 1 1 ! 1 !
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90

t/min t/min

Bl1 RERSZMG R ACWA KR &5 kR IR
Fig. 1 Equilibrium adsorption capacity((a), (c)) and specific surface area((b), (d)) of ACWA obtained under various calcinating
conditions: (a), (b) At different temperatures for 60 min; (c), (d) At 450 ‘C for different time
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Fig.2 Photos for WA(a) and ACWA(b), XRD pattern(c) and FTIR spectrum(d) of ACWA

ARSI ISR, FHAZ 450 CHrik 45 min 733
ACWA R EAFE M. It RIEDULT . B,
Tt S o R RFAIE B BB o I S 6 B P BT RE A A7 AE

WET ACWA X &8 S T 8R. & 151 T
ACWA TR B LLER AL PR S S50
MFE 1AW, 2 450 CHrik 45 min 753] ACWA (1t
W BHELA F) 1241.82 mg/g, R ACWA HA BRI
BT BERO, ACWA I EL R EIAIA S 740.54 m¥/g, T3
LR 4.25 nm. MR EFRAVEE 5 R F G 2
(IUPAC)HLEE™, MR AT 23 AL BH LR AN T 2
nm). /M fLIAEHALAETE BN 2~50 nm) R AL RHFLAE

1 450 CLEgh 45 min 13211 ACWA [P RE
Table 1 Physical properties of ACWA obtained by calcinating
at 450 °C for 45 min

lodine adsorption value/
(mg:g’)
1241.82

Specific surface
area/(m*g ")

Average pore
diameter/nm

740.54 4.25

KT 50 nm), ACWA J& T/ fLAEl, 1X 5 Wi H g
BRMSERAN 2. ACWA [ bR 1 th Fi s 3
BT P B R

2.2 MRBHEEAEXT Mn(I1)ERR RSN

MR 77 ACWA FRI BT ZK o Mn( IT) 22 BR 1)
Mt P ). M 3()aT 4, BEE ACWA $oin
BB, Mn(11)P) 2 FREBEHRFEZ M. 24 ACWA H
BEM 1.0 g/L BINZE 5.0 g/L i, Mn(ID)RERBREMN
8.03%ME N % 95.1%. 4KEEH I ACWA FI&E, Mn(Il)
FRRFIEINAK, FH 5.0 g/L NEtER ACWA H &,
ACWA R 5 I e PE BB VT R 5 3 2 FLA5 M L R BR
(1 b3 TR RIS 22 (R0 TG T R PR A DR D80,

HeBETMEREARERIENEWE. WE 30
7N, BEFE pH EMITFR, ACWA X Mn( 1125 230
H SR G I s G N A S e TP 2 S 2 pH
EM 13802 3 B, ACWA X Mn(I1)[#1 B3 M 2.49%
HINZ 11.96%. 1E pH [HEAKES, EKH H'S Mn(1T)
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Fig. 3 Effect of adsorbent dosage (a) and pH (b) on removal
rate of Mn( II)

£ ACWA KMAF/ESEF W, pH (EBAK, KK+HZ
HIa g B HZE, ACWA R WL H BT A
%, S ACWA XF Mn( IS, Mn(1D)ZE
FrEEBFAR. 24 pH {HH 3 HINZE 6 B, EERZE M 11.96%
TR N Z 94.72%. IX W fHEAE T K /K pH B8k =,
HWR AR, Mn(10)AE ACWA 21 AW B 48 il
F B, BRI Mn( D)) 25 BRI IR . gk 30
pH {, ACWA X} Mn(ID)fELERFRERAK, 2 pH
B3390 7.8 A1 9 IsF, Mn( 11 )9 2 B 220 51 95.96%
97.25%F1 97.38%. IXT]BEAE ACWA FR I IR B 7
B OA i t Mo(ID TR #8% Mn(OH),
A FE (K ,=3.68 X 107 )i+ 5, 24 Mn( 1) HIFILE R
IR 180 mg/L B, F=A=Mn(OH), UTiE 1 pH {HZ)
N 8.9, KUk, AT G A BRUTTE TR ACWA Xt
Mn( I1) 19 B SR I, AN FEXT pH>9 (15 LA T
5T, FFIAH pH E N 6 2B AR EL A 1F.

JR K A7 B B R 5 E bR S S A PR 5
R A T A W 2 TR, BT IFHE T
Z 5T {EM TR ACWA K155 4+ B, Mn( 11 2%

BRI R FRAR. EAFIA M 7 T 7m0
Fe ity B AR /N A —RER, S0 M) 2 B2 15
WA —FE, Horfr APTRISEMERCR, T Na (R0 iR/,
Y5 HE S5WI i ju s RIEA—FH.

2 PR IAEE T Mn( 1) ZEBRARIFZ R
Table 2 Effect of coexisting ions in waste water on removal

rate of Mn(1l)

Coexisting ion Mn( II') removal rate/%

Na* 51.88
NH,* 39.65
Mgt 43.73
Ca? 36.59
AP 25.04
Blank 94.9

23 WREEIHE

JR A H B < 1 AR PR PR R R T PR PR B 70 2
RO 1 BRSBTS R, IR RE T
B B S N2 8 FAT R T o 368 % AR Al S B et s SR —
(N AHE 0 (3N(4)) BN 71 5 s B AR Rl ik W B
FRUKT I 7K e SR MR A 3y 2,

K
lg(q. —q,) =lgq, ———t 3
g(ge —q,) =lgq. 2303 3)
Lot )
9 Ky,q: 9.

A Ky(min )R Ko(g/(mg-min)) 73 5 A E— 2 AT —
N1 B K BT 1g(ge—q)—t B MELA B2
RN SR, T K, MIRT M t/g—t FOZR IR & B 2R 3
FESRH .

4(a)Fi 7~ NASEI 2 ACWA. XF Mn( I1) Wt
o T LA Y, BEE PRI TR (938 m, ACWA 6 Min( 1)
(10 PR B L T 388 o, 7E Se W1 60 min P PR B L3 AR
P, W 60 min B I B 5 DL 2400k B 34.48 mg/g, 1T 60
min JG 4k SRR BRI E], WP RSN B &, R
ACWA X Mn(IT) )W b 3= E24E 60 min N FEH. AT
RUE Mn(ID)7E ACWA _F W FHIA R 785047, K%
B At ] ZE4 2] 180 mins

IRAE I 4(a)FIseia g R, fe ek — it — 43
TR BRI A EL, W 40b), BEERE
9T 3.

ALV, SRR B )5 R R RS B A
BB B A R B R? >0.9990), {H 4 8 v
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Fig.4 Adsorption kinetics of Mn(II)) on ACWA: (a) Mn( II) adsorption amount on ACWA at various time; (b) Linear fit curves for

various models
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(b) A Pseudo-first order model
Linear fit of pseudo-first order model
L 15
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Jgq
L Tcn
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@ Pseudo-second order model
- Linear fit of pseudo-second order model 0
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Table 3 Kinetics parameters obtained from different adsorption kinetics models

Geexp/ Pseudo-first-order Pseudo-second-order
(mgg") Ge,call(Mg'g ") Ky/(min™") Ge,cal/(mgg ) Ky/(gmg 'min"") R

34.48 3431 0.124 0.9990 34.56 0.02347 0.9998
TRE 1% 77 R I EL AR O A 56 R BOE (R = s,
0.9998), fLh& TH5HAF BT B 5 (34.56 mg/g) 5 5% 35
B8N 5 BT 2487 R B (34.48 mig/@) B4, 1] ACWA 30l
XoF Mn( 1) PR B A2 B8 75 &1 = s 115 7 12, X T T s
RE A IR PR A 2 R A 2R B Dy 3 A 2 g N

= )

24 WMHFELZ 15§

HRAE ACWA XK Mn( 1D EIR 3 75, I 10®
52T ACWA St B ZK A Min(T1) f R i 452 T 2 (O & S ‘ ' , ,
S5(a)). M S(ayrI%n, T8RRI A 2 PR e 1 441 0 20 40 60 80 100
T WL B ACWA H T it 5 K b Min( 1T ‘o pulmg L)
()~ R BE A AE— RE R R (b) o Experimental data

TS, K 4 R TS T I [ 2.5 —Linear fitting of experimental data
HAEH O Z 0T DL I R A g SRR R Rk, R 2.0F 1=0.02025+0.02819x
Langmuir W ff 255 B8 (X(5))P A1 Freundlich W% B 45 '—;
LB (3(6)°Y 368 Langmuir W HH R BERE FH T g
B4 T IR MRS A FR, T Freundlich W25 10
TRAR AL T 2 AR B 72 0s
Pe L pe
4 Kiam q. ©) 0 20 40 60 80100

pe/(mg-L7")
logq, =~log p, +1gk; 6) 5 Mn(ID)E ACWA LW bi# %
n

Ak NEEEHE(L/mg); ks N Freundlich Z%\
[(mg-g YV(mgL™Y"]s n ARWEE, RRWHAE

Fig. 5 Adsorption thermodynamic of Mn(I[) on ACWA: (a)
Isothermal adsorption of Mn(Il) on ACWA; (b) Linear fitting

curve according to Langmuir isothermal model
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KB 5(a) 5256 B4 70 %I AT Langmuir 5784 A
Freundlich #RABZEIEI G, 13 BIQIE] 5(b) A 28,
FANE RIS B S5 2 B E R 4 s

4 M Langmuir <535 WK PSS 2 0K A4 250
Table 4  Isotherm parameters obtained from Langmuir

isothermal adsorption model

gu/(mg-g ™) k/(L'mg™) Ry

35.47 1.392 0.9994

IR, SR H Langmuir #5784 75 21 (1) B 2R 1 FH R &R
HOR? 1% 0.9994, iR Freundlich #7575 1) ff) B 25
M= 2B R RA 070108 5 R4 H). M
Langmuir WY SR AR T 5715 21 1 5 KW B (35,47
mg/g)th 5 7)) 77 5 SLI 15 2 -1 :(34.48 mg/g)
Pege i, W ACWA X Mn( D)W B 58 75 &
Langmuir W B 45352, Mn(I1)2& LR T 2
BT ACWA MRM. & 5 W TAPIRSH I
Mn( I RCR . W3 5 FTLLR I, KA ACWA hy
Mn( I1) I B 77 BE S B 34.28 mg/g I K& &,
Je—Fh RLAFA Mn( IDPR 7).

S NIRRT M IT) % B 25 B 1) e

Table 5 Comparison of Mn( Il )adsorption capacity of various

adsorbents
Adsorption
Adsorbent capacity/  Reference
(mgg)
ACWA 34.28 This work
Fly ash 30.89 [42]
PMF Fe;0,4 nanoparticles 36.81 [24]
Chemically modified banana peels 5.73 [30]
Raw vermiculite 28.32 [27]
Loess 7.83 [45]
Natural zeolitic tuff 10.00 [46]
Crab shell particles 69.90 [47]
Thermally decomposed leaf 66.57 [26]
Dehydrated hazelnut husks carbon 44.80 [48]

2.5 Mn(I[)7E ACWA _EHIIRHIHLIR
HRAE S50 25 RN LA G RE 7307, °T BN, ACWA
X Mn( D) = 280 B 32 B2 5L T R 5 Mn( D)
Al Mn(OH)" 2B 15 ACWA P it E fE
¥R H (—COOH) . ¥ 5 (—OH) 2 [f] ) 4% & 1E

FAW0 fE—5g (1) pH YRRl Y, pH K, #E=4E 2
Ji T R i 4 L K I —C OO0 B e, AT
FI T 38 5 2 1E B T IR B A R 9 Min( D FHES 1
LI Mn( D) B 2B, Tl ACWA R
e PREE. BRIRSEE BRI T I I B A e A e v
(R B S PR B, A BT ACWA Xt IE FiL I 1 42 8 B 1
(& LI PR D30 AR DL BT, AR SUIEE AN
Mn(I[)7E ACWA EHATREM B HLAI AT B 6 o
Mn( [[)7E ACWA W B AT R F P b 7 A7 28—
Fhs Aotk 454755, B Mn(11) 5% A~—COOH &
PiAN—OH B REHITE R IUBCA s &1, Fr=Awior
T H's 8% Mn(1D5HAS 220 T4 —COO0 B A~
—O HRERIE IR 48 &1 T2 = Fh 5 =N
IR 7, Bl ACWA Fifi M —C=C". —
C=0 5k O 5IEfEMEM Mn(I1)iELF A5 J11E
PR SEBLE Mn( D) IR B

COOH

>Mn +2H"
COOH ~~coo
OH 0
7 >Mn +2H"
OH A ™o
+ Mn2+ p—
COO~ COO
- \Mn
Cco0 coo”
-‘ o “y/”3\\
BI< vy A
o ~o
Cc=C C=(C" +eeeer Mn2*
C=0" +Mn* = C=0 +eerer Mn2*
e o
Pee P

Bl 6 Mn(l)7E ACWA L f{a] BEMR B AL
Fig. 6 Possible adsorption mechanisms of Mn(1l) on ACWA

(A—Chemical complexion; B—Electrostatic adsorption)

3 Z5ip

1) KRB (WAE 450 C. @A RS 45
min 753 FIHEREE B 45 T (ACWA) KK 7K H Mn(11) B
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A RIFIR IR . 75 pH E N 6. W5 EN 5.0
g/L. iR 30 CEHEXM T, % ACWA HJ4E 60 min
PSEELKE Mn(ID) R KE N 180 mg/L %K+
95.2% Mn(11)Z:F&, % Mn( I1) Fr)-F- 46705 Bk 3] 34.28
mg/g.

2) BRI R B ACWA X Mn(1T)1)
W P A5 G v — 2 3 ) AR Langmuir SEHRAR A
ACWA XF Mn( 11 E I fff & AT IA 35.47 mg/g.

3) T ACWA R AA+E AT ReH,
FExF Min 1) R B = B2 aod 2 245 45 47 FE R 5 mL PR
BETTES T
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Preparation of activated carbon derived from
waste areca and its adsorption performance on Mn(II)

LONG Qiu-ping" %, WAN Zu-yang"* %, XIONG Li-zhi"*%, HE Ze-qiang"**

(1. College of Biology and Environmental Sciences, Jishou University, Jishou 416000, China;
2. The Collaborative Innovation Center of Manganese-Zinc-Vanadium Industrial Technology,

The 2011 Plan of Hunan Province, Jishou 416000, China)

Abstract: Activated carbon materials derived from waste areca (ACWA) were prepared by calcinating the waste
areca(WA) at 450 ‘C for 45 min under argon atmosphere and characterized by X-ray diffractometry (XRD), scanning
electron microscopy (SEM), iodine adsorption value and specific surface area measurements. The adsorption
performance of ACWA on Mn(Il) was investigated by analyzing the effects of dosage of ACWA, solution pH and
coexisting cations (Na", NH,", Mg?*, Ca’" and AI’") in combination with the study of dynamic and thermodynamic
characteristics. The results show that the prepared ACWA is a mesoporous carbon material with average pore diameter of
425 nm, specific surface area of 742.53 g/m* and iodine adsorption value of 1241.82 mg/g. ACWA is an excellent
adsorbent for Mn(II') and the maximum adsorption capacity of 34.28 mg/g and adsorption rate of 95.2% can be obtained
for waste water with 180 mg/L Mn(Il) in 60min. The Langmuir model fits well to the equilibrium data and the kinetics
of the adsorption are well described by the pseudo-second order model. Adsorption mechanism analysis indicate that the
efficient removal of Mn(Il) by ACWA is achieved by means of chemical complexion and/or electrostatic adsorption
between electropositive Mn( 1) and electronegative functional groups on the surface of ACWA.

Key words: waste areca; Mn( 1 ); adsorption performance; wastewater treatment
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