2017 4F 11 A
November 2017

A 5 W
ROCK AND MINERAL ANALYSIS

Vol.36, No.6
624 - 632

REEW], FRAEN], BUR. SRR X KA R R A AR ] A B, 2017,36(6) 1624 - 632.
WU Kun-ming, GUO Hua-ming, WEI Chao-jun. Adsorption Characteristics of Arsenic in Water by Modified Magnetite[ J]. Rock and
Mineral Analysis,2017,36(6) :624 —632. [ DOI: 10. 15898/j. enki. 11 —2131/td. 201709110147 ]

B R R K s il W B PR 5

R, AT, R

(1. o KA (Al 0) AR IR S PR, AL 100083 5

2. Jes A B R S TR, st 1022065

3. o K2 (50 2 R 5 5 R R 5% T A7 S8, it 100083)

TE: 23 BARMEE G R REAT , & T oA d@ R A 1384 M & & T AL, A f & LR ARIF 64 IR A bk 4k
HE—F B 50 KR AR GG R AL, A R TAR SRR HIE L T o b B8, A2 0.5 mol/L Bk
7238, 150°C I8 T %% 10 min 69 BUMERESK AT R I AR 09 AR R AT T AR, 54 R ik R X E, R Hra R
ETHER LT Y4k pH 4 6 ~9 B, R MMEAEE;CLT Ca®" Mg’ \HCO; .CO;™ &5 5 As(I) As( V)
RA A FE LB B, PO, NO; SO, &F5 As( 1) = 4% % HE M, B PO, >S0.” >NO, ; PO, .NO;
BFE As(V) FAESRAM, 446 X HEATHF BREEFHEER, W FRIT T RS T 0 R A
22 INA PO G W B LR B AR B3R R m AR e A Fe( 1) A= Fe( 1) & LR M A 4E H 32 500 £%
R, EE L RAE R UM R RS R —FAFF i — 5 BF 5T 5 Fr B R 69 KAR TR B AT AL

KR OB KRR A B AR AR WA R &

RESYE S P578.46; 0613.63 XEKFRIRAG: A

G RiR N ERAS NIV E AL B2 8o oIl L 52 DN
A PAC RS e b T 7K > 3 3 e 5
NGRS TR 2 fE B, B4R
AT AT 1) Ry B 3t T K2 DXk Lk, LY
PR o el 3 B A K BN AT A R
AR AR, 22 B8 R H AR TS A AR KA
K BRI B T2, e I B R A BRI R
/A N S 2 U a3 i D R A SR VB A AN
A B AR IR e AT B W R BR A B A 8 10
RZ BEE A 2 BR K P r A b A T B 27 1) 0
A AR F TG00 3 B S g R TR B A e A R
[y pe 2 S TR AVNNY = WAL T O 7K
FRE R AR R BOARAT LUSE 2 T R AE
GV SEHIX, W A RS i A, X A
SRERET AR T /N | B9 5 A0 10 B B ) 4 3
LT 2 BRAK A i, AR AT I B 5] 114 24 E A

fly LI AR B I HEZ—

O 20 IR Ak s (9 SR ik, AT
A R TR B 52 356 Iof 2 3 AR A 1) BR A M RE L 35 3
T RE R A R AR BEER A LB K TR AR CR R H
(91 o ARG 3R — 25 BT 5 B R AR BEAR T X K
PR AsCID) A1 As (V) U BHRRAIE , 5 59 0 4R
R E SNE N TR] e PIE S 1 28 DR 30 I R AR 1
M, LA S R R SR Ak W R 114 80 g = W BRTRPALE
FERFEAERIR MG BRAT W BR LB AT 1 0022 5T
VR I B gy et K R A — b S R e I
FHEE

1 SEEG sy
L1 SRk

Agilent 7700x ORS — ICP H JHE 4 2 85 71K %
BHERA (2 Agilent AT ) , 35 & SR e T B4

WESEEA: 2017 —09 — 11; {£E HEF: 2017 — 10 —20; == HET. 2017 - 10 —24

BEL£WA: trmEFZRASEH I H (KM201510020016 ) 54t st i R 2T A #5575 B (2013D005021000005 )
fEBBA: SR BIER AR, BT T K S35 4. E-mail; wkm_001@ 126. com,

BIESE : SR, 28, A S0, FEMNF T KS HEE Je4E 6] . E-mail: hmguo@ cugb. edu. en,

— 624 —



5 6 3]

S BRI A  OHE R X K A T 4 R B 5

36 %

4% ( Zeiss SUPRAS5S)

e B B B e B s A (R A T
SX —4 —10 #Y) , o 1S K4S (R R GZX -
9070MBE #4) , 4% %% ¥ F= 4 (_E i iR BSD - 150) ,
HL o3 i R (A i) AL204 #Y) | Mili — Q B 4liK
B, B0,

pH J ORP U 5& {%, % WA, 10 mL &9 &, 50
mL B E,500 mL ZHI)H,50 mL &, 100 mL
R OIIRRP, 250 mL BEAR, L ERE X T 1RAR , T8
ML, B4 ,0. 45 pwm JERE, BB BIFEER VR G 25

FE) AR AN (Na, HASO, + TH,0) , ML iR
B, AR, SRR, R R o bl

MR ERAEGE S T PRI R 8 0. 8670 g,
KRG A 500 mL R B ARk 7520 .
AR IWWERETE 1 gy As(Il),
R As( D) Me B2 1.000 g/L, ARHEA [A] Y 75 2K 1
it 5 WO R AN [) P o B (IR B )

T ERAR RS AT PRI ER SN 1. 0412 g, HIZE
WK IR I 5% A 500 mL 25 B b, W B bRk, 15
5o WAFER R T . WHEREFE 0.5 g1
As(V) Bl As( V) ¥RJEH 0.500 g/L, ARAEA IR
T BN A A YRR TR AN [R) P v 2 ( IR BB )

JITAT S 06 FH B 8 i L J% 255 i 25 21 R 0k 04 90 33
e, H B R ME T e F 10% g ER HR L 12 h,
o AT P 25 B KT TR 6 1R
1.2 SE8s U5k
1.2.1  RIRWEARD Ot 7 vk

FRELS. 0 g WGk F— Z 51 250 mL HIEHETE
JEH A 0.5 mol/L 35 50 mL, %I T # B2 i
48 h VS TE T RIS KRGk TR AR T
JRATRESE 568 2 M BT AR L, A L BEL 3
FE 150°C K58 10 min, KIBEIEAE, &AM,

1.2.2  WRRFEh 2 R T 285 % 5 o i 4 6

PREUSUPE R SR 1 0 W FfE59) 0. 5000 ¢ F— &
51 100 mL R ZI@IEN 28 51 1.0 mg/L 1y
As(I) A1 As (V) B 45 50 mL, 7£ 15°C ,25C |
35°C 45°CF1 150 r/min %5 3 N ¥R % , 6] b — & i} 1A]
(0.5.1.23.7.9.12.16.20 .26 32 40 48 .60.72 h)
IURE 00
1.2.3 VW01 AR pH (XS I RS2 i 16

FREUSCYE K SR #6 0 W BfE 57) 0. 5000 ¢ F— &
511100 mL 5 LI HRPI P, 73 B A 1.0 mg/L 1y
As(ID) F1 As( V) #4550 mL, R Fra A AL A
P pH {E 484 2.0.3.0.4.0.5.0.6.0.7.0 8.0,

9.0.10.0 ZEFE IR (25 +2°C) #1150 1/min 5 3# T ¥R
Vio 48 h et bR, BUREREI .
1.2.4 A7 851 0 W 52 m i 56

PRI R SR 1 R W B 7] 0. 5000 ¢ F— &
51100 mL & 2 3R, 43 5 AAS [R) v B2 (1)
NO; .SO;” .PO;” .Cl~ \HCO; .CO;” Mg’" Ca’* T
P F(2.3.4.6 mmol/L) iy As( L) F1 As (V) %
Mo TEZ R (25 £2°C) #1150 v/min %3 K 4R35
48 h 5% k4R BRI
1.2.5  JpUke R sE J7 ik

FH0.22 pum P8R8 B O (4R
12 ~3 mL 5 5), G 5% 5 1K B 2
(TCP — MS ) 0 5 8 3 1) St S SR JiE o
1.2.6  BCPEHLEIINE Jr i

HCPE RTINSO 5 Gk R T X B e Ain 514X
(XRD) #4750, 25 2800 M X0 4 2 i 1 o0 7 1 11
g o A FEE (SEM) 29 At 520 Aip Je R R G 2k
IR TEARAE LA G ER B3 AR AR, PR st X b2 1mT
FRARENA o DT S O S W ™ W R A AL o
1.2.7  WRSCRIN R ITE

VSC T A X i1 R O 2080 S T WA o 3 T A o 5
HRFIR . ERESA X As A &= (q., ng/g)
HEA N

g, =(C,-C,) xV/m
KrPog — MR IR As 1Y I B 25 i (pe/g) 5 Co—
R AT R P As B (ng/L) 5 C,— W B )5
VEWCR SRR E (ug/L) s V—As ISR (L) 5
m—W R (g) -

2 gRY5ihe
2.1 PRk Bk Bl 2 e G

H0.5000 g it R ARG N ) 50 mL fif i
Wb W As () AT As( V) HE A 1.0 mg/L, 1E
15°C 25°C 35°C 45°C T F4 T it s fy 25208, Bkt
IFEJ A 0.5 h %1 72 h ASEE 3 5 Wi B o i) £ 725
A5 H e AR LR W B As (D) FAs (V) #YF-
g [0 R B KO B, S5 SR AT 1 s

MIE T Hi] U Y fe t et R 8 il e X
As(TD) (As( V) B BT 50 2 Bifi B () 38 < T 386 22, ¢
FRHARFAE L, SEASST 5 LA 22 FLAME W2 6 741) - 2 o Bsp
FAEAER = AN B BT R 300 14 3 T2 0% K,
o ) e R 38 3 AR G D/ ) I 0 R o 3 R S A
VAT o 3t 0 B 7 I R B o A R B R 2 T
I B 400 5 St ARV VR PP A R B 4 % e A 2 R LR o

— 625 —



%6 1 o

http; // www. ykes. ac. cn

a0 Wt

2017 4

100
80
&0
260 As(V)
S
—a15C
40 = 25C
——35C
20 —e—45C

1 1 1 1
0 10 20 30 40 50 60 70 80
£ (h)

Pl 1 SCPE R SRME TR0 R Tl i B it i iy A8 A £k
Fig. 1 Effect of contact time on arsenic adsorption from
As(1Ill') solution and As( V') solution by the modified

magnetite

70 2 TR PR S RS2 J2 05, o A0 2 b A 1 R SR Bk A
B B A B 22 0 W B AL R IR B As (D) A
As( V), BLLIANR MR RR A 2, W5 B e - R Bl
BRFAIEAT , FE IR Bt R rr a] B B, SR J= I B i
T, A 1) PR R BRSO 2, EL VR B B By
As(ID) AT As (V) #e BEB/IN , P BICRH 7 A Wy 1
T, S S50 B o A A 5 3 0 IR B S B B, B R
SRUEER X AsCID) A1 As (V) MR BRFEAS DL A 2 1T
1 RE s NI B D8 =, R A B0 T A, U I
BEEEA AL TP AR

M T Had i DU Y BT Sa i, 2ok R R ik
B xt AsCID) B P TXF AsC V) BOMERRF . HEN
JETEMZ A R B B, As (L) -5 W87 o 711 18 W82 A6 78 g
TR - W RSN, As (V) 5505 B3] 14 B2 A5
T Ja T B — B O, X AT As () (As( V) Y
SR B 550 2% 1 4 FH 3 R 8 -5 R 59 B
BORIA P22 5%, X PR 22 5 380 As (D) Bk k%
SRUGRAT WL Py 3 R B D i i B AR ok R, 5
B E T, As CID) W ffF R 29 7E 25 h 3% 31 F-
As(V) R Z7E 40 h IK 27, Bir AT 5 22 1Y 55
KoL 48 h Ak W - I ]
— 626 —

SR NEN YN e PR e e
5 5 B T B X B R SR R R A R O B A 114 5
T H AT 2T SRR X O T SR A R I B As () A
As( V) 1 2B BErg W AT — 5 R , (5 v S0 A
B B AR £°F 5 Tl R RN, As (V) B9 IR BE RN
AsCID) BB . X As () |, W B s B AR R
UK 45°C > 35%C > 25°C ~ 15°C , J5 BE AL 28 PR A
59300 T As( V) I BMACR BAR LB 45°C >35C
>25°C > 15%C B R A .

VI - T ) 3 0 2 e R Bl 2 Rk
WFFE IR AT oA 2 B2, 38 % 2 Lagergren {ff
— R B T AR (A K 3) FER G B i e 7R
(A3 4) TS

TE— R i e e R 2

lg(qe—q)=lgqp—% (3)

1B — R R o i A R X

t 1 t

T+ (4)
q9 K, -q¢ ¢
Ao Ay W BRI ], hos g, SR R B O, e/
q ot 2R R, e/ g5 K Rt — 28l ) 2 7
R R B, h T K B g W B R R R R
(&/pg) /b1,

R4l W BT i 30 0 24 50, LA log (g, — q) Xt ¢
YRR A3 2B As(TT) \As( V) i) Lagergren #f—4%
I o6 3ok 238 % PRI AU 5 S I 2% 15 AR T A Bl g 2
Bl Lhv/q 3o VERL SRR As(TT) JAs( V) Y
Lagergren {I 2% W [} o 28 28 RIS 45 R 026 1

MFE T R BAE T LAE 1, A 1 Lagergren {f
— Y R R T AR B A OC R 8L R KF 0.909,
1117 17 FFT R S 28 7 2 5008 0L 6 1) Lagergren {5 4% 7
R REFTAF R M R R KT 0. 9289, 4 1L
M5 R RIS T RN E R BT
WE— G o RS R R R o E—2E %) L
P65 BT D Bl 7 A AR R SR L 1 1 1 B o ] L
PIUA B 25 SR 22 I F R o 85 T A A i ) 4
5 52 5 159 2 0 7 fig e B 8 AT L
Lagergren fI 2% 38 2R J7 T FIT 15 5] B - £ 1% Bt 2 o
22 3T ST B P O A S AR AR T T 3K
SESRAT LUK, St ot RAR AR X As(TD) |
As( V) 9 i 28 oy 27 3 5t o A A 1 — % I 3
JifE o XL H Lagergren ifE— &% W ok 2R 7 & K
SR FH R 6 P-4 0 S5 BOHE , B SC A — 2 R
R, 35 F W% B ba By B sh  cE AR, B2




56 14 S EE WY, 4« SO B 0T 7K e i g R A 1 %36 &
# 1 Lagergren #i—ZFHR NIt gl )TN A S
Table 1 Kinetic parameters for As adsorption on the modified magnetite
AT =453 HE—2R 5l 1A R 1R =GBl Jy 245 T Qe(esp)
s JIZ A
(C) R? Ky (h™") Ge(eal) (RE/8) R? K[ (g/ug)h] @ (pe/g) (ng/g)
15 0.9126 2.1017 54.97 0.9813 0.0108 92.59 91.53
AsCTD) 25 0.9920 2.2845 43.77 0.9809 0.0118 84.75 91.12
s
35 0.9408 2.1667 18.92 0.9983 0.0106 94.34 94.10
45 0.9090 2.0934 18.92 0.9979 0.0108 92.59 98.29
15 0.9909 0.0507 1.12 0.9289 0.0068 147.06 97.49
As(V) 25 0.9092 0.0654 1.16 0.9953 0.0103 97.08 98.00
S
35 0.9701 0.0209 1.05 0.9383 0.0093 107.53 94.20
45 0.9092 1.2271 16.87 0.9933 0.0088 113. 64 97.89

P RRI A B B R R AR B 4 R R
RS B T 4 Ty R X R A IR R e A P U
ARG L L 2 16T B A P BT S AR,
ME2 HAs() As( V) XFEERFE, HE— Rk —
S B 3T R BT UL £ A IR R i 3, As (D)
W RT As( V), B0l TP AR B ERAT 19 3%
R T N =M BRAIR G R EX — K &R
OB S A A A LT O EE RS I A As(ID) AT LA
IR RS 750 22 T e A SR A i S B M R R
As(V) 5 W B 57 = 1a) 320 & A W B B .
As(V) B2 M B iR 2 s T As (D) A9 e 28 1
Bt
2.2 WP RIS

AR KA, TEALAH 22 L I 56 R P e 7 56 e
[RIFFAE , PRI, R 2P RS T 5 8ot R AR ik
WM AT oy BA R LR E L BEA
As(ID) \As( V) #2475 0.5 mg/L BB HINA
CPERERRA , 75 25 °C N IR 7 , AN [ B [ BBORE , 000 7 45
SROLIE 20 SR FEME R AT, As CII) Foy R ff 2
BET As(V) AR , X5 2 AT s 2 508
P2 W HEP-HE, As (V) B0 IR BB 2 g
As () Ao B, 33k 55 180 — 2 M0 B 400 & it £ 745 2
(1P 8 T LT 5 2 — B0, RO A T A I
M e, SRR, T AsCID
FAERAIR I - W R, e SR HICRI 2 T W B
P TR R R IR BT As CII) 9 3t B2 KT W
As(V) BT, B W BT IEAT , e A R 1 W
B AEITRE IR, As (V) BEA S o 9 M) T B2 S ) B o A
{37, LW B ot B, Wk R AR Bk A T
As( V) BRI T As(ID) , 4% As( V) SR It
IR AsCI) e fif

100
90
80
70
% 60
R
> 40
30
20

IOJ
O 1 1 I 1 I L I

120

T

1
10 20 30 40 50 60 70 80
t(h)

Pl 2 B AR SO RE B WA P I PR S i S 05 5 4
Fig. 2

0= 1 1 1

Effect of the existing form of As on the adsorption

reaction of modified magnetite
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Effect of the initial concentration of As on the

adsorption of As by modified magnetite
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Fig.4 Effect of initial pH of solution on adsorption of As by

modified magnetite
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Fig. 5 Effect of coexisting anions on adsorption of As by

modified magnetite

X AsCID PR F, C17 AYHREA 2 mmol /T T}
6 mmol/L fif , itk R AR ML LA Xt As (1) -y
M A AN, R CLT B 15 As (D) A=A
SEAHRHE . [HEEE PO;” (NO; (SO % HTEMR &R h
AR BERE R, R PR R Xt As (I ) ) 11485 R -k P
BRI, W] PO} NOy \SO;™ B 75 As (D) 4
SEAr VEW M, AR LL T 5, PO3™ > SO5” > NOy o 24
CO3™ fAAEms , R PERE R %) As CTID) P W Bt A
JIF 4 n, W] COT A R HE AR T, COS™ ik B2 A
2 mmol/L - J}5 6 mmol/L i, et fE Ty HEA PR 1F—
. HCOy 77 75 W, 2 AR ¥ B, Bo vk ik Bk 57 X
As () - B 2 A BT AR 5 i B2 T, Bl
%S As (D) - W B A7 B, 26 HC O # 1

AR RE T sl HERE ) 5 AR BEAE G

XF As( V)RR, BA —E M. C
CO3™ .SO;™ ¥ B M 2 mmol/L | 3] 6 mmol/L
I, BRCPE RIRTEARAT R As (V) B8 i i A2 A A
KW CL™ €057 .80 5 As (V) R A5 4
MR, fEBE R POL (NOS #5 [ FE VK R i I vk 32 3
R BPERE AR As (V) B -1 W B BH IR IR
W PO;™ NOy 5 As (1) 7= A 5 4 1 0 B, HL
PO As (V) W% B9 7 A % . HCO; 77
TEMS TRV EE S, SRR R XS As (V) P-4 108 it
ARG MRS, B RER XF As (V) -
g B SCAEFRAE 100 pg/g, A BT IMEAE AR

e B R K AR B B B [l 26 SR A7 A BH 5
T, LA Ca’ R Mg® " SRy 2. S B A ) 1 oV TR
VRBE A 1.0 me/L (VR fff Ca* Rl Mg ™ e J8 43
AiEF] 2.3 .4 .6 mmol/L, 5 ZL A FH ES —F Xof WK FfF 1)
SO 0 TR P R A A B S A R
BFEE, DA 8 5 A 2 R A b, LA B S A A A
TEE 4R LA 6.,

120 =
I -
A s AT
10045= o e
80 | o

2 oL As(1l)

Ed

< ——-A---Mg
40 + -—-o---Ca?
20 -

1 1 1 1
00 2 3 4 6
Cemen(mmol/L)
120
P NP A e
——————————— p=Siainint: = il P =
100¥ T

_80F

% As(V)

i 60 - --A---Mg
40 L --o---Ca?
20 -

1 1 1 1
00 2 4 6

3
Cclcmcm(mmo I/L)

Pl 6 JEAFRH 1R BOPE R SRR kD W By 55 )
Fig. 6 Effects of coexisting cations on adsorption of As by

modified magnetite
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Fig.7 SEM micrographs of natural magnetite (Left) and modified magnetite ( Right)
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Highlights

Adsorption rate curve of the adsorption of arsenic by modified magnetite was drawed.

The effect of pH and coexisting ions on the adsorption of arsenic by modified magnetite was investigated. And
the mechanism of removal of arsenic in water by modified magnetite was discussed.

A practically usable arsenic adsorbent for controlling high arsenic water was provided.
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of arsenic adsorption by

modified magnetite immersed in 0. 5 mol/L hydrochloric acid and ignited for 10 minutes at 150°C, and the
construction of its adsorption rate curve chart is described in this paper. Results of the experiment on adsorption
influencing factors indicate that when initial pH value are 6 —9, magnetite shows strong adsorption property. lons
such as C1~, Ca’", Mg’", HCO; , CO; ™ do not have competitive adsorption with As( II) and As( V), but
PO, ", NO; , and SO;  have competitive adsorption with As( Il ) , in the order of PO;~ >SO;” >NO, . PO  and
NO, have competitive adsorption with As( V). In combination with XRD, SEM, and other research results,
preliminarily studies show the arsenic removal mechanism of modified magnetite, and conclude that modified
magnetite shows an obviously increased specific surface area and that Fe( Il ) and Fe( Il ) contained in its surface
products are the main cause for improving arsenic adsorption ability. Experimental results demonstrate that modified
natural magnetite is a de-arsenic material for water, which deserves further study and practical application.
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