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Abstract

This paper uses agricultural waste grapefruit skin as raw material to prepare activated carbon
(PC-AC), which was successfully used as an adsorbent for removal of Mn(II) ion in waste water.
This work investigates the best adsorption conditions, and fits the corresponding kinetic and
thermodynamic models. From the results, adsorption capacity of adsorbent (PC-AC) for Mn(II)
depends on the initial concentration of manganese ion, the amount of adsorbent, the adsorption
temperature, and the adsorption time. Activated carbon adsorption dynamics model accords with
the second reaction kinetics model and the thermodynamic models follows Langmuir model. PC-
AC as adsorption removes Mn(II) ion in waste water under relatively broad conditions, and the
heavy metal wastewater needn’t pretreatment, which can effectively solves the problem of energy
consumption.

Keywords

Manganese Ion-Containing Waste Water, Grapefruit Skin, Activated Carbon

ot

HFEEY RN EEREE TR

BFH, WIME?, T4

CHREMER LT, TR M
RIS AR, O
Email: sfwang@vtc.edu.hk

Wk HiA: 2017412 H23H; S HEM: 20184F1H22H; &4 H#: 20184F1H29H

=
A SRR FE M F Bl % T — ikl T BiE #E R (PC-AC),  FRRIRE FLAE AR 7 A T 25 BR K 1

ESI A T, IR, EtE Al R R SR T BT AT D). KiG G S b B, 2018, 6(1): 87-94.
DOI: 10.12677/wpt.2018.61011


http://www.hanspub.org/journal/wpt
https://doi.org/10.12677/wpt.2018.61011
https://doi.org/10.12677/wpt.2018.61011
http://www.hanspub.org

w5

Mn(INE T BFFABER T BAENBRMZM, HUEHMHEMTZI I FMB AR, R, Rk
(PC-AC)XFMn (1) B Fit 68 77 B R R B E R T HIBILGWREE, WA R, WRPRHE AR B 18] ; 35
Pk 3R R BB S T 13l 0 2R AR RLR R R LB ) AR R, #5) EARRL  Langmuir R BAREL . AhT B2 aE
BREEBEBANT Z &G TRRESRER T, ANESRBKEFHETHME, BT MERAERE .

XK ia
FERETEOK, T, EHER

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 5I8

WLAESR, E S R h B R R RN, K5 e B I, SRR AT (A R R N
R TR A KR ESEE T, WA Y, 2™ E 75 Y. WIREETS S o
P, BEBEBAFER. . OSSR ENES R LR, WIFAE—EEEN—RESR, WEE. 4.
iy S B4 RIS YRR SRS K D 0 B 4 R ZEIREE T R, N AEWIT R, JFHESRA S
TEAEIR N RAR . YA R B — i B A (AR R B B S BORAE, AR BER ] SAFF
BT E KB E . AN, AR AR S AN R A L.

I AL FE K (A 3 4 R V5 Y i R AT A PRIV . BRIV TR . BRI i Ak
VUL MFRALTE. B TACHE . . B EEOR . TRNERARIREUES, .
Wk AR RIS S (2], BT, TR BT A A R v e R R 2, AR AR L
A RHUB R AK AT — R 730 % B BRSPS . VLB . . AN, WA . B
Fiv KIEZAGT MRS, SR 48 B T T AR 2 AR 5 S R i . SRR
M FIREMERORIE 2, MAREE, PRk, DRILTE L 4R IR S 1Rk /18]

MR E EEAR L —, fER AV SR R P . BT R o 4 (1) 55%~54%. I H A T K A
WRIMESR T, EROOR. DI, R G o 2R & KRR g £4], KA
Y4 R G5 R AT BTSSR RS AT, D4 b 46— b A 5 B 10 P 3P LS 4 A2 785 1 L 2 T A
R R T %

HA TAE, BT R FE YA T R BB, 14 TGP, FRM e FI7E & 5 4R (0 ek A
Frt, HEXPEARHIEAT SEM, XRD FAE. S 7 B M R b 5 4 R B T 0B, 986 =2 BT BOU 4
Rk A5 R B T K VA

2. SKER
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R 5 T 2 TR 1) 2% SR N T 5 Y e R BT DR/ ER, P 2B K 2 IR TE, ARJETE 130°C
BETTE 2405, FAMEN/DEZOMEZE 100 HULF, BT @SR &M s s R
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KOH LAJsi & Lt 3:1 MBC EL B &, 7258 s &40 T 800°CHEAL 1 h, 15 B4k B & 4 7=k (PC-AC)
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Figure 1. The influence factors on adsorption capacity: (a) the amount of adsorbent; (b) the adsorption time; (c) the adsorp-
tion temperature; (d) initial concentration of manganese ion
1. (a) PC-AC 3 A EXT Mn(I)IRFIREREIFZM; (b) BRBEETEIRS Mn(I)IRBHERAVFZND; (c) RBEXT Mn(11)IRFHZL
SREVFZM; (d) Mn(I)BYES 4R B X I BHZTR B0 20
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BT, WA RPE 7] B 1) NIRRT R BRI, BRI AN, B g AT Mn(1) 25 BR
% Re BEIREE T m g, 7£ 35°CA Ak B i KAE . 4REETH iR, WP & ge AT Mn(1)IF 223
Re S BT B 3X 2 B, Mn(1) R #z 3 B & il B2 1 TH s 3G n, AT 5 PC-AC H:fil il Hl 19 £ .
[FIEE,  EH T B A TR SN, I FE R iR AN TR B BT, BRI RATIIN y 35°C W B e (T FE [8]
M 1(d) T DU HHBESE Mn() BT8R B2 (38 KR B S, ZeBRetal o 12 DR 9 Bl 8 -1 A3 22 4 2y
FIAIRERE AR, I8 PC-AC BB 47 i 4ful, {HZ T PC-AC K WAL SUA R, PRIk B 3 s )
22 Mn(11) B9 ZBRFE Re P[]
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N G RL T AR R R (PC-AC) (IR B I R, FRAT T IR B s B iE AT B A7 20 5, A 2 FoR . 4R
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3.3. IRMIERDFER

PC-AC 1% 1 e I B ABE DL 7K HH () 25 - I 81 2 8 4 B, anl&] 3 B 1] 3(2) 2/ Langmuir W BRAS
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K] 3(b)A Freundlich %Y, B InC, 341, Inge 1237 _F T, H H. b 2 5 B i 7t BT B3 %5, Freundlich
FE04 0.813~0.9395. MEH 0] LA i, 2 i85 R A5 A0 A 8 A% AR 1 (10 4 d Avly 5 oy A 37 1 0 0o i 25— FRT R B
HERMEA X REII KT 0.9, 2 Langmuir 7 FEIVZ VAR S RECERGE T =1, R84 0 Rl A 2 by R V%
PEIRAT R BS T I B AR, S5 R B PC-AC 17 11 75 W FRHLADL 242 7K r FR) B 25 (10 IR PR 4 g 25 AR A 2R 2
Langmuir #£74[10] [12].
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Figure 2. The corresponding kinetic (a) First order reaction kinetics model; (b) Second order reaction kinetics model

E 2. (a) —RRNEHHFRE; (b) ZRRNEHDFER
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Figure 3. The thermodynamic models: (a) Langmuir model; (b) Freundlich model.
3. (a) WXMI$EESF Langmuir IRFMIERL; (b) IRXBH$EESF Freundlich #2H!
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Figure 4. The results of SEM (a) and XRD (b) of PC-AC
[#] 4. (a) PC-AC BJ SEM [&; (b) PC-AC B XRD

5 KOH AHEAF A UK Sy » BEAE il il At A BIE FLAUR , #K T PC-AC WG Pk (¥ EL 3R T A4 . PC-AC
T PR R 5 R L 2 TR T K oo 1 9 2R T ) 2 B PR 7 s Bk, AL BRI 2, W DA K PC-AC T 1k
RIS 3 o

PC-AC 1t 7R e BB AU R K B 4 IR 257 Mn(I)IA R AN LLS , 18, T8 M 4(b)h T LLE H,
FEW B B PC-AC TR XRD i & v 50 WL 5 21 WY St OB O A e T S e, 3K 2 B ol TR B A 28
BEAFLIE S, TR AT & T UM AR A AT . A T RER UL S S BB HR
PRV, AR P R AR T LAJC S AR B T AAAE, B XRD AR VS, ToiE A RE[13].
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Figure 5. The results of (a) SEM of AC/MnO,; (b) EDX of C element; (c) EDX of O element; (d) EDX of Mn element
5. (a) AC/MnOy 1] SEM [&; (b) C JTE&H EDX $3##E; (c) O ;L HEA EDX 13 E; (d) Mn T A EDX H1#EE

Bt Tl K Hh B G B e SRIR IR R R Mn(I) IS RIR SN 35°C. &R B TRk E Ny 10
mo/L. W FIEINE Ny 20 g/l MBI (A4 5 he PC-AC W FfH4h 55 5 i 3) /1 28 — R N5 )
SRR, AR L Langmuir WRBTRRAY o Al B A R T W B A B TR A ELA T Dy i B
Ja& K A B AR R B AR o AT B BRBE R AL BN R PRI E S R T, AN E SR
PROKTC T AT TRAL B, REVE A RO ok REAE )& o
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