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The dynamic adsorption of Mn( Il ) in water by alkali

modified pomelo peel biochar

AN Qiang, ZHU Sheng, MIAO Yue , JIAO Yixiao, SONG Jiali
(College of Environment and Ecology, Chongqing University, Chongqing 400045, P. R. China)

Abstract: In order to study the theoretical basis of Mn( Il ) removal in water by alkali modified pomelo peel
biochar, the dynamic adsorption of Mn( Il ) in a fixed bed was investigated. Using flow rate, bed height,
and initial concentration of Mn ([ ) as variables, the effects of these three operating conditions on the
adsorption of Mn( 1l ) in a fixed bed of alkali-modified pomelo peel biochar were studied, and the data were
fitted by varying models. The results show that the alkali-modified pomelo peel biochar has a certain
buffering effect on the adsorption of Mn( Il ). The fixed bed operation time is prolonged with the decrease
of flow rate and Mn( Il ) initial concentration, as well as the increase of bed height. The highest adsorption
capacity of alkali modified pomelo peel biochar for Mn( Il ) is observed(25.59 mg/g) when the flow rate is
1 mL/min, Mn(I[) initial concentration is 150 mg/L and bed height is 2 ecm. The Thomas model indicates

that internal and external diffusion are not control procedures in the process of adsorption; the Adams-
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Bohart model suggests that the adsorption preliminary kinetics in the fixed bed is controlled by external
mass transfer, and its linear expression (the BDST model) relatively accurately predicts the operation time
of effluent Mn ( I ) concentration reaching 70% of influent Mn ( [ ) concentration under each initial
condition; the modified dose-response model accurately describes the shape of the Mn( Il ) breakthrough
curve.

Keywords: biochar; manganese; dynamic adsorption; fixed bed; model fitting
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MnCID WY pH; # AR (HCD , I T35 Mo CID W B pH s & BURR #1 (K10, VEBERR# (K, P,O,) . LR
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Table 1 The fixed bed operation parameters of Mn( Il ) removal by MBC in each initial condition

Wk S BITSH
Q/ Z/ Co / tl)/ tc/ tmml/ m mml/ qtoml/ R/ q«»q/ Zm /
(mL-min~ ') cm (mg-L ™) min  min min mg mg % (mg-g ") cm
1.0 2.0 50 22 580 640 32.00  10.95 34.23 21.91 1.92
1.5 2.0 50 12 380 465 34.88 9.51 27.26 19.02 1.94
2.0 2.0 50 6 257 307 30.70 7.39 24.09 14.79 1.95
1.0 1.2 50 14 366 443 22.15 6.33 28.58 21.10 1.15
1.0 0.4 50 6 130 200 10.00 1.81 18.07 18.07 0.38
1.0 2.0 100 13 380 470 47.00 12.10 25.74 24.19 1.93
1.0 2.0 150 9 317 390 58.50  12.79 21.87 25.59 1.94
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Table 2 Surface area, total pore volume and average pore size of pomelo peel biochar and MBC

H Y thFEEAR/ (m® gD LA/ (em®g 1) I fL4E /nm
T Bz 2B W o 0.259 9.5 x10°° 1.467
MBC 2.407 6.8 x10°? 11.351

K 2 & MBC B9 -2 4R 83 I, B 2(a) B8 T 4 000~400 em ' 3 Bl N A9 W Ui i, By F 4 000 ~
2 300 cm A9 R AR X MR 0 SR B, U AR 2 300~1 900 em B THAF BE W U e, B 04 N R AR 7R
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Fig. 2 FTIR spectra of MBC
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5 ik TAEAR R R MnCID %3 fh 26, 753X — R K& B AR RN 1 mL/min F1 MnCI1D) %)
TR R HEEVR B R 50 mg/L R4S, B 5 R A M2 s H T B - DR = Bk g, il 2 00 AL R /N, T R ) 2 3 1)
(i) R RS [) 55 PR 8 S TE AR OGO ZR L, AR 1 AT K AN 0.4 em 303 1.2 em, A 1.2 em 3§ ME] 2 cm B,
[F] 5 DR 1) 28 35 B[R] Y SE T 8 min s M0 AT [H] 43 B SE A T 236,214 min, AS[A) A9 IR i 07 5 | kS A9 2 2 e 2 22
2 D] Sy 7 1) DA v R 805 41 R T 2 (4 W RS S R R R BT A 4 M e ) DA R AR B DXL BRI, 5 A% G
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MnC Il 9 bW B 52 1 3, 33 AT B8 02 7 R e 8 R, B BR300 A % 1 A7 R D A vy L AR P A% O B
FUV L AN BEEIRE M 0.4 cm SN E] 2 cm, B T 1 2 Rz 17 B ZE K, MBC W B A9 8 Mn CID 88 1
9.14 mg,MBC Xf MnCI1) Ay EBR#FMIE K T 16.16% ., Singh ZEU% BYBFFEUESE T AR SCAY 45 3L At 7 1) FH 12E
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Fig. 5 The Mn( Il ) breakthrough curve in varying bed heights (Q =1 mL/min,C, =50 mg/L)

2.3.3 MnClD)#¥ KT REH A

Bl 6 25t T MnCID #0653 5 3 BE X Mo CHD 28 B 520, 5 H R R G20 1 mL/min RS HZHR 2 cm
A . NI 6 AT LAASRT B0 b MnCID Joa v B 9 3% DR {2 375 it 2 0 4 232 2 8 3 R, Min C I ) 1) 25 378 s ] 4014
I (] J 25 45 4, Banerjee 858 752 1l AN [ 4] Uf 4% J03 o Vi BT 1) 445 2 425 il 2 B, & B0 400 e O R )
{45 1 e A 20 0 B8 o ottt 28 100 Ak 30 A B O, AT A5 31 T — A B A oF O B R RN AR RN A ), anR 1 TR, Y
Mn 1) #7464 50,100,150 mg/L B, MnCIL ) B 25 32 s 18] A 460 A0 Bst (] 43531 o~ 22,13, 9 min A1 580,
380,317 min, HIEFEH, MBC X Mn CI1) #9 Fo W B & o B & Mn CIUD #) 40 5 5 v 3 9 35 O T 35 K, 90 46
Mn ) J5 i v BE 3% K 100 mg/ L, MBC 1) Fb W B2 Bl 2 38 K 3.67 mg/g. MnC LD 0 b 52 B 19 38 i 2> 78
[ 5 DR T BB R %) IO VA S B o U A B R S MIBC IR MinC 1) #2438 7 58 R A 3K 3l I, JURL N 3
ORS00 B 3, DT Min LT ) DA YBAH e 4 1581 1 AR r 0 3 38 38 O AE Pl B 67 50 B S R Min D) /Y 25
75 W [ R0 0 B [ i MIn I 490 e o R 32 1 B8 ot R R i 4 kb, Min C I 90 4 Joi R 2 35 RO AR
fifi MBC XF MnC 1) B 25 B 2R BT FL A & 22 R 2 47 6 B < 0 B 5 45 2 18 58 PR Ak B K i R R s 2. IRt
il 2 — A~ e R 15 G W00 4 Jo o k2 2 ] IR R s AT 1 b TR
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Fig. 6 The Mn( Il ) breakthrough curve in varying initial Mn( Il ) concentrations (Q =1 mL/min, Z=2 cm)

24 Mn(l)ZFEHEHBE
2.4.1 Thomas B A

Thomas BRI |12 1 FH T 4 348 18 2 IR w15 32 0 19 28 35 1l 2k DL S D7 A6 W B 500 6T 35 4 9 1Y) Wiz T fig
S350 Thomas 5 B & W ff i B2 4578 Langmuir 25 18 W [ LA & pseudo second-order 3l /1 2# 81, iE T
ot A% PN B HIOR S0 34 AL R B o AR v R ) 220 W W B AL . Thomas BRI LG S8 3 iR, 7]
VLA R )2 5 BE AR AT K oy 38 BT AR A8 R B0 52 00 o K oy I8 DR )23 1o 5 A 185 0 7 L 338 A AR, 328 X — L 1Y)
Jir DR AT R 2 > 98 e R Min LD 0 G 0 o R 38 DR R AS 78 6 348 00 DR J23 8 B8 ol 745 W2 BRF o7 s 34 22, AT JE 4 17 [
PRI IEAT B s 25, [ 5 PR32 47 B K 19 28 4 () R T DA B 3 i 4 K o B RE IR, 59 — 7 THD, i o LR
G R ¢ BB 5 PR RS R AL — B, AR A e MinC D) ) B B 45 Wk B2 B K p A1 g
P AR Ak R 5 S B O AF S, 3 AT RE & A A Thomas A58 78 5 i 15 0t 1 Wk B2 V5 e 1 1) 25 36 1ih £k B 19 Jmy B
PERT LN R A a] DL X — R BRAE CY MnCID R8s Bt v B2 2 150 mg/L B, R* HA 0.652), 54, T
R* HEAR A & o PR P3R4 BIORI S BB 4 HBOA 2 W B ok 5 v g R o P 20 3R

R3 BWMHEHT Mn( 1) ZFEHLKUE Thomas HE WIS S H

Table 3 The Thomas model fitting parameters of Mn( Il ) breakthrough curve in each initial condition

I S A PESH
Q/ Z/ Co/ Koy X104/ q/ R’
(mL-min ') cm (mg-L ™) (L-(mg-min) 1) (mg-g ")

1.0 2.0 50 1.576 18.67 0.927
1.5 2.0 50 2.337 13.46 0.867
2.0 2.0 50 3.175 10.73 0.811
1.0 1.2 50 2.952 16.40 0.899
1.0 0.4 50 9.672 10.30 0.721
1.0 2.0 100 1.402 16.32 0.839
1.0 2.0 150 1.116 11.39 0.652
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2.4.2 Adams-Bohart 42 &
Adams-Bohart 158 3 3% [ S 7 3598 o 7 B >f 8 a9t 2 W o Aok R ) 3 23 32 W O O O vk R R A Al £ TR
A 351 255 =2 T ) 2 T S g 42 11 ] Bsf i 220 T JIURE D S 1 4% JS0RTRSE B BICREL A1 O R S A R R Y, LR
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B 12 2 AR T 5 5 I 5 R 58 A A R IR e B R AR K R N B KL SR K s 9 980/
AT BE 2 (5 [ 2 R T 5 1 22 0 s 78 Ot MinC LD R0 06 i B W B A IS 00 T, AR 31 K ap M1 N, BB MnC D)
) 1f BT Stk B A 1S R T 9/ L N 980/ 2% B 1 DR R B BB D Y R R L X S S AR R A SR R — 3 (BEE
Mn C [T ) 40 5 5 2 9 B A 385 K, MBC %t MinC I 89 22 BR R8N o
F4 BSWBEET Mo(1)FE &8 A Adams-Bohart 3 il & 5 5

Table 4 The Adams-Bohart model fitting parameters of Mn( Il ) breakthrough curve in each initial condition

W A A PESH
Q/ z/ Co/ KapX10 %/ N,/ .
(mL:min ") cm (mg-L™H (L+(mg-min) ") (mg-L™Y) ~
1.0 2.0 50 1.576 3 261.80 0.927
1.5 2.0 50 2.337 2 352.08 0.867
2.0 2.0 50 3.175 1 874.37 0.811
1.0 1.2 50 2.950 2 865.52 0.899
1.0 0.4 50 9.677 1 800.12 0.721
1.0 2.0 100 1.403 2 850.84 0.839
1.0 2.0 150 1.120 1 989.65 0.652

2%

BDST #5751 2 Adams-Bohart F57Y ff £ #4335 2, BV I 75 G2 W) 90 4R Jo i ok 8 UL S 75 e W
W 504G R R 2 LR SO R L RZ B AR SR E R LR RN, B/ 7 RR TR

[

1 mL/min, MnC I ¥4 5 & e BE1H 7 50 mg/L, 24 MnC ) i 5 1k B 5 900 0f o 1 e B8 2 143 31
0.5,0.7,0.9 B}, BDST BEEI X} 3 AR [F R 55 (0.4,1.2,2.0 cm) B K238 17 B ) B B A5 00, 7T LA & 1 IR

t/min
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400 |
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200 r
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= C/C=0.3
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v C/C=0.9
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.

R*=0.997

K /em

B 7 BDSTHREZERFH C./C, THHIENRE(Q=1 mL/min, C, =50 mg/L)
Fig. 7 The fitting results of the BDST model in different C./C, (Q =1 mL/min, C, =50 mg/L)
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BFIE . AN 5 ] DL MY, F5000 (i R0 S0 A A9 AR XT3 2278 10 %0 AN i 22 AT R T T BDST 45 285 1) ks I
ALY L 7E— W) IR A A AR AR L P L R BDST A58 20 5 [ 5 PR 14328 47 28 47 10000 2 AT 47 A9, AT
HX T — 20 ] 7 PR 52 B i F B0 4 25 P B R A — 1R 5 B L,
®5 BDSTHEMNEZREM Mn( 1l )MBERERETFERE(C./C,=0.7) KT
Table 5 The BDST model prediction of breakthrough time (C./C,=0.7) in

different flow rates and initial Mn( Il ) concentrations

Q/ z/ C./ , / SEE I (C./C, = 0.7)
(mL-min ") em (gL ? B /min  SEW{E/min  HIXFR2E/ %
1.0 2 50 155.63 39.08 272 270 0.74
1.5 2 50 103.75 39.08 168 163 3.07
2.0 2 50 77.82 39.08 117 107 9.35
1.0 2 100 77.82 19.54 136 144 5.56
1.0 2 150 51.88 13.03 91 86 5.81

2.4.3 Modified dose-response £ 7

Modified dose-response &8 &4 by 24 L2 BfF 53 1 HF B — B ASE 289, B0 o e P 3 4 38 11 0 IR v 45 28 75 e
YW B i #2222, Modified dose-response B8 J& Hf Thomas #&% 8 Fl Adams-Bohart £& 8 % J& 1fij 5K 4 , & 0
T T S5 00 B 1 B o B I AR AR R N T AR 2 AR L AR 2E 7 ih 2 ) U B B R4S R I B R 25
R B 2 T REMERG IR B 2 K B th &1, TEUNEE 6 FizR , modified dose-response A5 B A4 fifi F 15 3]
T—AHE KM R*(0.928~0.994), 13 6 Al LIF B LB FEWEA 22 [H & H 1l , modified dose-response & Y
A g0 5 Thomas BRI G Y ¢ AR — 30 R ¢ MR LRI RA RN g . HIMLA B
FL4R th modified dose-response 5 HY {) 8L 5 2 K15 [ % IRz 17 2 500 IR AR /N W8 S8 o IR A RERE
] W B o R A R BB BB g 5 SEBRIE AT AR B Y g AH 22 BR L B LR A 14 4 38 2 3 1 2% AT IR

Fzo6 HBMHEEMET Mn( 1) 5 E# &I E modified dose-response & B K& S &

Table 6 The modified dose-response model fitting parameters of Mn( Il ) breakthrough curve in each initial condition

W) U 55 BESH
Q/ z/ Co/ a0/ ,
(mL-min" ") cm (mg-L™ ") ¢ (mg-g ) R
1.0 2.0 50 1.397 15.09 0.993
1.5 2.0 50 1.090 10.03 0.987
2.0 2.0 50 1.007 7.90 0.987
1.0 1.2 50 1.381 13.21 0.994
1.0 0.4 50 1.163 7.71 0.941
1.0 2.0 100 1.113 12.42 0.983

1.0 2.0 150 0.884 8.34 0.928
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2.5 MBC 5&FEWMFI Xt Mn( I ) 3h 2R 88 /1R LL R
9T PR MBC X MnC D () 8l 2% 0% B 68 77 . 38 4 7 JL300 LA FE BIF 5% H 45 28 W B 590 78 18 2 IR P X MinC 1)
HM B PERE . 7 BT 8 T IR B MnCIDWFFE A 940 46 258 DL KW B BE . o] LA 8 MBC i
R B T B b 3R v R 22 R B R . HLHE B A OR R T AR IR A R AL B MIBC AR Bk A S BR KR
Mn L) 75 5 AR BOAS W B 551 . AR 406 28 3 Wi 30 A F 98 45 21100, MBC X MinC L) RAF 9 W B PR RE DA I T R
U FLBRZ5 4 . — 2 (W PH B T 38 3Bl DL K & Rl & AU B e (- COO.COT ).
7 AERHFX Mn( 1) #0530 85 5 x4 b

Table 7 The comparison of dynamic adsorption capacity for Mn( I[ ) among varying adsorbents

U agl Q/(mL-min"")  m/g  Co/(mg-L™") qu./(mg-g ') SHk
i i+ 1.4~2.4 1 10~50 0.28~0.37 [44]
HIRAE 1~3 55~137.5 1.5~15 0.006~0.028 [45]
R 3~7.5 20~40 100 15.97~26.74 [27]
i 5 % 1 3L R A W 0.5~6 0.01~0.15 100 27.57~32.32 [46]
JRRE R DU 2 BRAS TR (7 A /e /S LR BR 0.83~5.1 2.5~10 50~100 13.87~21.00 [4]
T P AR 10~30 10~20 1~2.5 1.98~2.71 [47]
FE5E K 5~15 25~100 5~20 1.90~7.57 [48]
MBC 1~2 0.1~0.5 50~150 14.7~25.59 AHFE

3 & i

FE7 MBC X} MnCID) B AW B, 2898 7 i & R = MnCID #0846 Bt & % B2 X MBC 78 [ 76 PR H 0 B
MnCID B EZ M, FE%F MnClD 09 2858 th e #6417 170G 8 38 7T I F 458 .

DMl 285 i 2 2432 B A I 1] G 4 1072 808/, 2 B MBC XF MinCID 9 W B BA7 — 2 i 22 o A D

2) BEAR U B Min CIDD B0 46 B 5 B, 55 R = ¥ 23 MinC I %38 i A8 45 88, SR B & K MnC D)
IR B BE L R R A A R R B AT s B A 1 mL/min, MnCID 97 43 5t &8 9% B8 150 mg/L, K=
N2 em B EZEE] T MBC Xt MnC Il 9 55 K HE B (25,59 mg/g) .

3) Thomas BB AF R LG Mn I 28 37 il 26, 158 W3 P9 38 4 H80ORN A0 8 4 H80AS S W B ok 5 v ity R o 44 20
BR ;7E Adams-Bohart BB HLG . S B K s B I8 S A4 185 T 3G K L 3 3R WY 1 2 IR 28 8 WK BRE00 0 19 3 ) 2% 3%
S AL B L i Adams-Bohart #5559 i) 28 P K X (BDST A5 45 Sk o 6y (9 B0 1 4% 90 46 Z544F F MinC D)
G5 70 % s 47 I [A] s modified dose-response F B ERR IR T MnC 1) %538 B 28 T2 AR .

TE 5 JH Al 1 B ST L b B A R AR ke i MinC L) W 6 25 6 R SAR R A 22 o A e AR 4L
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