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Effect of humic acid and pH on the adsorption of arsenic( Il ) on biochar—ferro manganese oxide composite ma—
terial

LIN Li-na'?, HUANG Qing'?, LIAN Fei', LIU Zhong—qi', SONG Zheng—guo"

(1.Agro-Environmental Protection Institute, Ministry of Agriculture, Tianjin 300191, China; 2.School of Land and Environmental Sciences,

Shenyang Agriculture University, Shenyang 110000, China )

Abstract: The sorption batch experiments were conducted to investigate the effect of humic acid (HA ) on the adsorption of arsenic( Il ) on

biochar—ferro manganese oxide composite material (F\M,BCys). The results showed that the adsorption capacity of F\M,BC,s for arsenic( Il )

was affected by the concentration of HA. Compared with no HA, the adsorption capacity of arsenic (Il ) on the F/M,BCys increased by 5.00%

in the presence of 5 mg+ L™ of HA. The adsorption capacity of adsorption decreased by 5.00% and 34.3% when 10 and 50 mg+ L™ of HA was

added, respectively. The adding order of arsenic( Ill ) and HA also affected the adsorption capacity of arsenic( Il ) on F\M,BCys that initial

addition of arsenic( Il ) (Q,=5.82 mg+g™)>simultaneous addition( (,=5.20 mg-¢™)>initial addition of HA ((,=3.30 mg-g™). The capacity

of arsenic( Il ) on F,M,BC,s under pH=3 was higher than that under pH=6. The concentration of DOC in solution followed the sequence of
late addition of HA> simultaneous addition>initial addition under either pH 3 or 6. The research also showed that high concentration of HA

could compete with arsenic (Il ) to reduce the arsenic( Il ) on F,M,BC,s, but the low concentration of HA and weak acid conditions were fa—
vorable for the removal of arsenic( Il ) from solution by F;M,BCos.
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3 7 I3 2 1l 2R A v SR A AL BT 1) o 2 i
4y, A RHERIRAPLUEAY 80% oAy MUK H i bk
A BB 60% A AT JEEARIR (HA)WE Ny —Fh 8 B J
BET, I AFAE T 138 KR DL RO, %4 C.
H.O N fii/bi S PR, HEAFEMNERE
CANR AR MR R AL PREE AR A BRN
KRG S WM EALIR R T . RIRIREE R, )
KA HA BB S &R & Ak e A R
PRV Je) 55 R HE 2 2R A HAE T, HRERZ A 5 Eh Al
15 B R S A
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HE L As(ID A As( VO FIESAAE, BE—E 5%
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MR IE A, 2Bt FREH 1960 1A
FAS 16 TE R MR BE 3 As IRTIZK B BREE H BT, i ek 14
As 15 QLRI 2B TEE B . TEARZ Y As 15 YL b B )y
B, W R RO 2R B AR AR RSO S )2
Nop T2 BRI As 15545, pH DL e HA S 5200 W fff
MARF ISR G ) BRI 3R Al S SR 5 A B, B
B pH AERYIG K K 7S Cr AT As B ZSBRAAR
Wi NI, Wang SEOS5 48 T AR XS Ph( 1) .Cd( 1)
A Cr( D FERRGIKE ERYTEgr MM . ok KA IR
FEREB HA 5 As B I HA-As Z55%) . Weng 55
WE9E T HA XIS AL BRI R As BUSEMR, 45 H A7 A
AL 5E e FE AL . Ko S5 TR
HA fE7ERT, As(ID) (As( VO ZESRERA™ F AW BRI ,
& HA 7] LG As WL 00 o PRI, T AN [F]
ZRAFESIN HA LLKCASTR] pH 25 EXF As BREEAT 0 22 53¢
PRI R SCER

A=W 2 R A B R HE TG S AR A B B v iy
T LA A 1 R ) o, PR RS PR LB S5 A
RIB FRIE A KA AT ERE A, X As H—E 1Y
W R RE T , (I B BE 1 45555 o AR i AR ekt As BRI
BRI B A T e A e ) 2 U G MR
B As BN BIFFRRARITS BFSE SR HA GRS
EARYD W e W Y B 4 (AN As) A AR FE I, 1
X A= ) =R E A S B AR XS As W R RE Y 520
fif DUARIE . PRI, ASBIFFE AP0 A A A [V 1 HA,
u&ﬁj%‘xlﬁ] PH ﬂéﬁlﬂ‘;ﬁ\jﬂ‘ FM,BCos ﬂﬁl}ﬁAS( | )E/‘J

SO, DA A M- A A ) S S R RMB S K A
HAs T5 YR UK .

1 #REFE

1.1 ##t

He W e — AT S AR (F A MLBCos ) B 45 8 SRR
T B FOKFEFF, 5 & TN 3R, LA (600
em’ - min” VESRRAPR, IR N (600 °C) FRAAFLR 2
h il & AW e o FREX 12.432 g =9 1 T W 32 8
W, SRR EE A 0.24 mol - L™ B AR FR 1 20 mL
FRJE A 0.06 mol - L fiFER 2k 20 mL, &k A Al () B
W N 1425 1B G55 A ECT /5 {0
REFE ML 2 h, ARSE RSN, TR KR A TE R
(95 CHKBZET s RIF A S35, LLA (600
em’ min AEAIRIPR, 7E 600 CE14 T FRAI#E 0.5
h, B H a2 . TR P (Elementar Vario
Macro EL, T8 % )il & #4F b F 240 ot %k C.H.N.O
F iR A o o i, SR LR 1.

F1 FMBCs EENSEE
Table 1 The component content of F;M,BCos

FE 5 K53 1% C/% H/% N/% 0/%
F\M,BCys 18.1 67.4 2.38 1.83 6.90

K H HE R AR5 #7142 (Quantachrome , 32 [ ) I &
ARG Ll 2 AR R FLARN, SR R (S90S 125 O o
FALfnf 5, >R P Boehm Jii i 12 250N 7 2 1T R B 1 B T
PRALPE T L2 2,

F 2 FMBCs HIEREL MR
Table 2 The physic—chemical characteristics of F\M4BCys

FRPLERER BRI REMD HRIERY ALY

mmol « g”! 1! e
ol g mmol - g m’e g nm

Feih pHu

FMBCys  9.80 0.561 0.948 208 2.76

As il B 17.33 g NaAsO, % T 100 mL NaOH
(0.1 mg- L)W W BN 10 g- L7 fififr 8 .

HA fif % (1000 mg-L™) : HA g 5 Alfa 23+ Fx
B 1 g HA, FEBAK 50 CKIE TR 12 h, B3 1L,
F1 0.45 wm JEEEEE  BOGAE A
1.2 &

EDS AL . R LEO 1530VP Ui # s 85, 5 7%
MARE AR T 50 CF LT Fe i 4 1,

HAGHNEAS L h, #E47 EDS AL T, I4H 173
LRI BOTER N R
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Klﬁjﬁﬁi HA E"le}ﬁ‘i—q/ﬁ %Hﬂ 0.1 g F\M,BCys
BT 50 mL A IR, 23 A 10,20,30.,40,
50 mg- L7 % As(ID) AW . WSI—E & HA fif51A R
HA ¥ B2 5.10.50 mg- L™, IR BT 20 mL, 74
7 pH=6 J5 180 r-min™ fHIRFEIKIRG; 12 h, 385 I
E As &1, | Whatman No.42 346138, F R 96
HEHEAL (AFS-9760) )& I H As & it . FHEA L
B3 A A (Multi NC 3100, [ )30 5 M B~ 1 J
VA HLAK (DOC)REE .

AN RIS IO HA (%) 0% B 52 55 HA F0 As (L)
WIS IER AT 3 FRIT - W8 i HA i
As(ID) Sedshn HA JFushn As(ID) e As(ID 5
M HA JEESI HA B2 BRI : FIMBCos I As(I)
VST 6 h PSS HA fEAS AR 1 HA MREE Sl 50
mg- L7 fEEARY 6 h, W kRl b Easin AsCID R
Ik SEE HA P8R —30 B0 ER 3 IR,

ANIA] pH 2514 B IR B 52 36 - FREL 0.1 g FIMLBCos
BT 50 mL A IR, 2 inA 10,20,30.,40,
50 mg- L7 5 As( I (L 0.01 mol - L™ NaNO; Ay Hi,
fi# S5 )20 mL, 855 pH >4 3 F1 6 Ji5, 180 r+min™ {H 4%
PRI 12 h, e Jy k] b
1.3 HES S

W% 6 %5485 43 1 A Freundlich J5#2 5 Langmuir #5
RURAIAR

Langmuir 5F¢: Q.= Q.bCJ(1+bC,)

Freundlich 5#2: Q.=k:C:

o : Qo RoRPHEFIN IRB B mg - g5 C RoR P 5 1
R B Y BT S R B, mg - L5 Q,, 378 Langmuir W
PRSI R 0 e R NS 6 mg - g7 s ke, b, 53 SR AR L
BRI R £, Horb b o Langmuir WEFRAAE 4L, L
g™ B AR B R0 5 W R B 2 () SE A T R — S48, b
(B, W B 25 T R,

AR T SPSS 17.0 #4775 26 53 W fn 26 5 B &
K5 (P<0.05) , % FH Origin 8.6 224,

2 ZEREHH

2.1 EDS FRAES#T

BRI EA C.0.Si Mn fl Fe &, Hrph 3
BRI, HATER & R/, Fe Mn JCRTE
MR AR 5] Y R R Z L2 1:4, Sl
FId FRIF W Fe Mn $0 FLBI3EAR—3 . i TARE
TN A, FELEHUIREERE LS MRS A — A 21
FM.BCos AR LR MR, 0] h 4 & 5 7 1

R AR 22 B B 25 o FIMLGBCos MR BT As J5 K
HIEAR AT As WU, R MREE 1.70%, B8 As
B FIMBCos W B2 2 (B 1)

Element  C(K) O(K) Si(K) Mn(K) Fe(K) Total

Mass/% 763 159 074 529 172 100

Atom/% 842 134 0350 178 0.170 100

Element  C(K) O(K) Si(K) Mn(K) Fe(K) Total

Mass% 71.52 184 101 736 171 100

Atom% 746 208 0460 3.50 0.630 100

1111111111111111111111111111111111111111111111111

Element  C(K)  O(K) Si(K) Mn(K) Fe(K) As(L) Total

Mass% 756 147 0900 551 162 170 100

Atom% 851 124 0430 135 0395 0310 100

1y
s
|~
00 e
200 a0 o0
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..........

a M EWIR- AR AL EDS & ;b B M-8R A AL HA J5
EDS [ ;¢ AW - Bsn F AL DRI KT As 55 HA (¥ EDS [5]
a, the photos of FiM,BCys; b, the photos of F\M,BCys adsorbed HA;
c, the photos of F\M,BC,s adsorbed HA and As( Il )
1 RERM &S TE&# IR EDS
Figure 1 The photos of EDS of composite materials under different

adsorption condition

2.2 #RH0 HA XF FIMBCos BB As( 1) FEHI R0

ARV HE BT i HA X FIMUBCos W As (I 255 /Y
A B 22 5 (B 2), HAYREEN 5 mg- L7 AT L)
PEE FIMBCos XF AsCID) W B, X4 HA ¥ JE 24 10 mg-
L™ F1 50 mg - L™ BF 241l F\MBCos XF As (1) Y W%
B

Langmuir 1 Freundlich W 45 ifit 77 2 x5 05 Fff %5
PE LSRR 8 (6 3), FLA N 5 |, Langmuir W
B SR T BRI E RO . A 5.10.50 mg- L™ [y
HA B}, Q, 435715 8.39.7.59 .5.25 mg- g™, A LAV
HA 4b3, 005 mg- L7 f) HA B} Q,, ¥4/ 1 5.00%,
I 10 mg- L7 1Y HA B Q,, F&K T 5.00%, #5150
mg- L ) HA B Q,, FEAK T 34.3% . X U FA AR A ]
W) HA Xt FMBCos W B AsC I ) A5 A [] A 52
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Figure 2 Adsorption isotherms of As( Il ) by F\M,BCy in different

W Bt /mg - g
(98] BN

HA concentration

& 3 AR HA R ERRMIERH &S SH
Table 3 The parameters of adsorption isotherm in different

HA concentration

HA ¥ i/ Langmuir 52 Freundlich J5 %
mg-L™! Qu/mg- g™ b R? K; 1/n R?
0 7.99 0.110 0.998 1.35 0.476 0.991
5 8.39 0.112 0.999 1.20 0.534 0.989
10 7.59 0.059 0.999 0.635 0.633 0.999
50 5.25 0.099 0.985 0.989 0.530 0.985

2 HA MR LRI 233G MR As CID ) f 1 B, >4 9k
JEE AL I 59 2 A ] R
2.3 HA 5 As(ID ARG F,M,BC,s R As( Il )
B0

ANE] HA BRI XF FMJBCos W2 B As (D) 52
e 7 B A 2 5 (&1 3), As (I ) F 0 B S/ NI g
JE @S HA > [R] B AS N> SE8 fn HA, - Jedsfm HA X
FiMBCys u&l}ﬁ As(Il )E’J%ﬁuﬁﬁﬁo

Langmuir il Freundlich W Bf} 45 iR 7 2 % 0 B 5%

P LS ROR B (R 4), LA 5, Langmuir I
4 Ao R
nﬁ(/l”ﬂ = JRHI HA
TSGR HA
3 _-':L__f-’-{'-’ - -~ Langmuir
_‘90 o Tﬂ# == Freundlich
g
- 2 M
=
= TFH?,JL
0 1 i i 1 i 1 i 1

0 5 10 15 20 25 30 35 40 45
P gL
& 3 HA REIZRMIRE %R L%
Figure 3 Effect of the order of added HA on the adsorption of As

R 4 HA RERONNG R U5 B 26 0im 2R S & S 3
Table 4 The parameters of adsorption isotherm in different

order of added HA

Langmuir J5 72 Freundlich J5 %
Qu/mg-g™ b R? K; 1/n R?

WG

FIRSEA 520 0.100 0985 0956 0427  0.981
SEVSMHA 330 0029 0995  0.191 0611 0994
JEUMHA 582 0.059 0990  0.635 0.530  0.989

B AR PR A RO AT . SRS HA ([RIBF S 5’6
AN HA B 8 W R £ 4351 Sy 5.82.5.20.3.30 mg-g™,
AHEEAR TSI HA AR, J5 7 HA [R]Bsfn e s
HA B (R W B 725 2 AR T 27.2% .34.9% .58.7% , i —
U B R HA SR AsCID) i ff L HL
HA 5 AsCHD) B A T 520 T HL BUR

2.4 WRMIFEEAR pH ERZL
FIPE 4 R, IR R R pH B3R, {5

TR pH=3 BHEIE K T4 pH=6 i} pH=3 &1k F
pH M 3.13 B4 K 3] 7.5~8.0,pH=6 5514 F pH M 6.2 14
KE| 8.0~8.5, Ui HA ¥ B LUK AR Wit 3 %4 %5 ¥ pH
AR K
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Figure 4 pH of equilibrium concentrations in different

order of added HA
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Figure 5 DOC of equilibrium concentrations in different
order of added HA

% pH=3 Fll pH=6 FiFh £+ T, DOC ¥ i K/ NI 715
JJEE I HAS RIS In>Se s in HA, B F,M,BCos Xt
HA W B2t K/ NI Ry e HAS [R]85 0> s a8
HA, H HA 0B #) 46 BEXT FMBCos W[ HA TG
W] & 5%, pH=3 464 F DOC ¥ & W] & & F pH=6
B, SE 240 BE L pH=6 B 5 16.1 mg-L7,

2.6 B pH &4 FIMBCos Xt As( I ) & R it

pH %'ﬁ:;ﬁ FM,BCys uﬁl}ﬁ As(II )ﬁ—fféﬂ/ﬂ?ﬁﬂrﬁﬂ
(E6). 7F pH=3 WfAARExT AsCI) AR R RESE FpH=
6 I}, 7EpH=3 I§} Q,, 7 8.12 mg- L, Ti7E pH=6 I Q,,

Ui .
o -3_.-‘"
6f ot Ly
i ,.a*".f - o
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Figure 6 Adsorption isotherms of As( Il ) by F,M,BCys
in different pH

N 7.99 mg- L™, Ui —E IRME A ] T FIMLBCos
XfAsCIL) Ao 6

% F Langmuir F1 Freundlich W [ &5 iR 7 #2 %) H
PTG G5 5 iR . RYE R? AT, Langmuir
3 Freundlich J 7RG BE B & o AR FIMUBCos Z3BRAs
T E I G, M B A W s AL 28 L BB
TEAs DUBHES I8 XA 7 7 1 W Bt 550 2 1 H, B o o A
I, DRIV i PR P 3 A B L A A R T FIMLBCos W2 B
As(Ill).

5 T pH £ THRMERMANBIESE

Table 5 The parameters of adsorption isotherm in different pH

. Langmuir J5#¢ Freundlich J51#
P Q./mg-g™ b R? K; 1/n R?
3.0 8.12 0.193 0.996 1.85 0.457 0.982
6.0 7.99 0.110 0.998 1.35 0.476 0.991
3 itig

AR SZEG K BN HA X FMBCos W B As( A
RIS o A7 WF 5T IR W B A LR 5 = A4
As BITFEIE I IR AT R B, Ui HA W E N
5 mg'L" B AT DA E FIMGBCos X As (I )E/‘J%I}H, 4
HA ¥k 10 mg- L7 1 50 mg- L™ BF 240 F,M,BCos
Kok AsC L) AORR B, e FE HA 4% FyMLBCos W As(TI)
AN SR TRV BE A . B PR AT B > HA MR AR
I, BT FIMUBCos 1] LA AR AL 22 i W BT s 402, HA 5
As FHARIE BEE M, IF H HA B0 a] 582552 0
VAR pH, FE T WG A5 2 HA BB — g e i
IF2x b As AR TE MR, FETTSZ M AL RA As () FY
W B BE o FiMLBCos X As (I ) F 18 B P LA -3 1]
Langmuir FFEHLE, #06 E (R?)ITE 0.98 DL I, 15 BH
F\MLBCos X As () Py o 1o e 2 B 01 2 R A, 22 3
b2 BRI, 5 0T S IR BT A5 R — B BEE T
< B S4TSR B G 18 IR TR E
FHEIE AN As (I ) e B HARIRT R LAAR PRk A B 5]
FIT, I DAY BRI RT3 52 AsCIIL ) e i e v 1
AsCID) B3 AEFN AR AW B2 A s AR 27
WA o IR B R A . I A BFM R I HA A7
RERS 2 As AR, TRV As 1B B 15
e HA (S I RE % BH (2 52 A oREXS As CI ) 8 1 B
X FE B IR INA [) 9 B8 18 HAL Xh 4R B As (T ) 11
SO IS ANHREE N 50 mg- L7 i HA B, As( T )Y
WRZ RSS2/ NBLFY g = 8 i HA S [R] s 8 00> Se s
HA RFESEPN HA SE BT 20 W A7 AR Bl 45
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Wo 1E HA FAAER AsCID)7E FMBCos b I B iR 55
MR Hg 2 As (I ) —FM,BCos>As (I ) —FM,BCps—HA >
HA-FM,BCos, 36 H FIM,BCos XF As( L) ) SEFT 1 KT
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S A AsCID ¥ W AR EUAC HA B W7
Kong &5 1" {38 T 8§ A & % 0 20k B S AL W0 ik /1
(NIMZ) W B As (FE4 520, 45 5L W, As IR 5E
Frrlimyin T HA . pH S5 I e M I HIE R DOC &
AL R F X HA 9B S AsCID) B9 & vy A
ﬁﬁﬁ%%o AS( ] )5 HA Y:E F1M4BC25 szﬁiiﬂ‘a%n&
B, FIMLBCos X HA 118 12 B AR 55 % As CHT ) 1y Wi i
FUEA R o XA — R BT HA 5 As(ID7E
F\MLBCos FRTHT 15 5 W BRI AR , 3 7 0% B Jo 2 [] 5 45
F\MBCos FRTAT (W2 B A5 457

FM,BCys 7E pH=3 Af Xt As (I ) ff) 8 ofF 2 K F
pH=6 B, 53 S 4 S PR 58 AR AL, B R FIMLBCos XoF
As(ID) M RN A2 pH 5200 525 o 355 W B0 1T 1Y) 1
fig PR 2SR B 5 1) 25 IR ST 5, FIMLBCos 2 [T
PEEREA &R, Y pH=2~6.5 I}, As [IE & LIAE
— BN B B L HaASO R 5 BEE pH 1SR, I
th OH I SE R T KT HaAsO,, W B35 2% 18 o 33 e 7
SR ORI, % AsC I W RE T TR . T LALE—
& pH BRI, R pH ASF T AR As(IT)
TR . NPT, WY pH BRI pH A
K, pH=3 I ()38 5 KT pH=6 I, HA ¥R LA i
NG FE %5k 5 W pH S AN K, T A FIMLBCos B 1)
pH 320 TR pHo 5350, HA BA 55 R, %R
A —E M M ER

4 #ig

(DB EE HA 7] DUERE FiIMBCos XF As( 1)
IR, SR A I HA A B, %500 S mg - L7 /9 HA I}
R MR IN T 5.00% ; WS R HA 2 il
F\M,BCos X AsCHL) YIRS , 5 R A5 HA AH L, #8m
10 mg- L™ (9 HA i fie R BHR R AR T 5.00%, @3l
50 mg- L' ) HA BFRAR T 34.3%.,

(2) HA 5 AS( ] )K@?ﬁ’f‘\ﬁﬂllﬁf?—F,FMBC% Xd_
AsCID) BRI B R/ N A - J 5 i HAS [ s 5 i >
Jedsin HA . B DOC & 48 K/ 9 Ji 5
HA>[RIHES > Je i HA, g1t el 70, HA 5 As (D)
TE FIMBCos W B 2 1 JE 838 4 W Bff , FIMGBCos Xof
As(IDAEFS T HA,

(3) FIMBCys W BfF As (I ) f4 W B 25 2 76 ) B
pH=3 I W1 = T pH=6 I, BEH—E MR TE A A
FIT AR As BOMZRT s PIRR pH 20 T W -5
VY pH (LI RR 8 2y, U] FIMLBCos H 1Y
pH PLE HA (82 FX SEH AR m B
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