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As(V) Removal from water with natural pyrrhotite
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Abstract; Effects of reaction time, pH, temperature, pyrrhotite dosage, and inorganic anions on the As( V) removal from water with natural pyrrhotite
were investigated. The kinetics and isotherms of the As(V) removal process were analyzed, and the removal effects of dynamic test were conducted. The
results show that adsorption of As('V) on natural pyrrhotite reached the equilibrium stage within 24 h. in the pH 3~9, As(V) removal rates were above
80%. As(V) removal increased with increasing temperature and dosage. PO%™, SiO3™, CO3™ had stronger inhibition on As(V) removal. Under the
condition of 2 mg- L™ of the initial As(V) concentration, As(V) concentration in the effluent could meet the national drinking water standards, 10
pg-L™", within 150 BV in the dynamic adsorption test. Pseudo second-order kinetics and Langmuir isotherm equation could well fit the As(V) removal
process. EDS and XPS analysis confirm that the As(V) removal process is a spontaneous endothermic ligand exchange reaction. This study demonstrates
that natural pyrrhotite was a promising arsenic removal adsorbent.

Keywords: pyrrhotite; As(V) ; removal; reaction kinetic
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As(V) (As (1) A E 4k BAR As () (1 3 1% 2
As(V) 1Y 60 15, H Ft As(V) B #E L 25 Bk ( Zhang
et al. ,2011) fH As( 1) 5 T As (V) , FHIE,
EBRAs (V) A2 BRAR Y =258 7 1a).

H RTBRA 4 5 35 1T LA 4y R W B4R 25 Oy vk A
Yk, Horp ) FRAL 22 R A FR TR B UOTE B L B
A LU FNIB 3 S S A Yk s B R
GG e/ LE YU F R (Mondal et al.,2006) .1
Wtk T e B w] A T RO H R I 0 g A
FHI 7 BRmh i W B AR 28 B 22 M T A 1l g
g -9 (R A 2011) B [HRAETEIN & Fh -4
H5AG FR SIS 5 0, T PR A 390 1 3580 36 A i AR 2
LM BFF 0 A EE L R S BRI T A

WE R R e W WA R 2 —, )
CAAET AR R Z A, 322 T 4R B A AR
FEBRIR , 75 A S RUK R B A7 78 B 25 52 w8k = AR R
i H X2 1K K (AMD) 1) = 2R R 2 —
(Bednar et al.,2005) A5 UE , B2 B4
e LBRIK A i RN HAL 42 )8 ( Ozverdi et al.,2006;
Gallegos et al.,2007) , X 15 B #% 2 2k AR 1T g
SR BRA RN Ry —Fh 32 20 A5 1 R AR W) AH H A
A G R B ) B B AR AR IR B, PR R
R ARAT T BBk — A L R FH AT 5% Y R AR R
DRI, A SR K 9% i 4 S A A Ik e k), 9 52
HXFAs (V) BB RRE 55 A SCHILER, LA N R
SRBG BT 2B K b B A Y5 e B AR 2 45 3 A
A IR

2 MBS 7% (Materials and methods)

2.1 EI A

SR Na, HAsO,+ 12H,0 (43 Hr 4k, B 5t
EE R A BR A ), RIRWE B K A RGBS .
W R RER FH 8 ~100 H (150~ 180 wm ) , fii FH AT E
F 10%MERFRIZ I 2 b, PR R YRk =
PE IR TE 30 C BAs TR T
22 LRk
221 RAHBEST WA BAIRMER T 42
mlL A5 BRSO N AT R B B R 40 mL, pH
11 mol-L™" ) HC1 F1 1 mol - L™" ) NaOH %% A
— BRI RIRME R 5 B T 1 B e e i b 7
10 remin™' . —EWRE TRV LK % 3 ?ﬂilzﬁi‘ﬁf‘, 52
i) B — B s [i] B

F [] OF R BRF B 5 o) S B AR LR VR A

30 mg- L7 IR BE R 303 K, IMAW & 0.5 ¢, &M 2 h
B VR, 2 2 B[R] SR SR B A ™ O B 114 5 i

U B2 XoF W B %) 5% o) S5 5% . AR 46 TR BE A 30
mg- L™ AR & 0.5 g, /3 BI7E AR R T (283 ~
323 K, %5 K —/NIXB) i 24 h J5 BURE, % 4500
JEE X6 TR SR TG B A I A 11 5

pH X W BfE 9 5% i 52 56, 0 W) 46 vk B A 30
mg- L™ BN 303 K, MAH 1 0.5 g, #5 A pH
(3~11) , k7 24 h BUFE, Z5¢ pH Xf KRR B840
W% A 8 5 )

PN £ 6T 8% BT 79 52 Do) S5 46 < 400 4 Vi B2y 30
mg- L™ IREEH 303 K, INAKRAA™ & (0.2,0.5.1.5,
2.0.4.0 g) , BiBE 24 h BURE % 2B % K AR
R AT A BT 11 5

FFT g % I 86 1% 52 i S22 . it ) R Wk E R 30
mg- L~ IR A 303 K, IMAH & 0.5 g, & & PO, |
Si02 .COY F~ \NO; SO CI™ ¥ JE 43 1) g T o 5 )
1.2 .8 1%, BEIR 24 h HURE | 2552 B B8 - X R SR vk
7 TR B AR P 52

W R 2ty 7 2 F 5 Ui 2 52 0. W B B ) A S R
o R IR E R 30 mg- L', IRLEE N 303 K, iAW"
i 0.5 g, BFRR 2 h B R ; I B TR 2 S g v A
LR AR 4354 10,20 30,40 .50 mg- L™, #4351
fy 288 303 318 K, W FFFHSFE] A 24 h, IIAW 120.5 g.
222 AR ER  FHBEEEN)E AT
/(DL em x 30 em) WRHIFFE, 5 Y158 &
FE 10 em, FH 5 B FoK Mgk i v 250, SR S 7R %
Ik 293 K As( V) VEEEN 2 mg- LB, DUHE & i 3 A
T R R PR R AT 2 A W SR BB 2 h R
E T 5 Ao B, I VR EE KT 10 g - L7 B3R
SR B 2325 A5
23 AW &

231 BRSO HE RWE KL 0.22
m U R 8 L rh R R R FH AR R AR S O B
1:(GB-11893-89) M 5 , fiif 2 £k 1| I 28 4h 43 O 2
P (HI/T 346-2007 ) 5, HoAth BH &5 F) FH 25 (i
SrBTINE  pH AR 5256 % pH 1IN, ) Y €535
JE T~ IR FH I . S 56 BT FH AR DL 1.

232 BN T E B I E R o R
B IR (1) FE —esh 5 #E (2) A
( Demiral et al.,2010) . W% Bt 45 15 2k 2045 43 5 %
Langmuir 7 #2 (3) ( Deng et al.,2005) Fl Freundlich
J7FE(4) (Ho et al.,2002) #HATHIE.
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F1 ZBETRAMKER

Table 1 Experimental instrument used in table

W e HFETR
EHMHOLE T T6 JUFTE B A A A W]
B 1CS-1000  3&[H DIONEX A #]
S pH i FE20 MR B-FE A 2 A IR A )
i 7T AF-610D  dbniHi R B A FRA A
X HHERIH A ARL-9800  Fit: ARL /A ]
HR B 2000BET DAY ah R A mTA IR Al
log ( 1 Kt (1)
og(q, — q,) =logg, 2303
t 1 I3
D (2)
9  K,yq, q.
Lol (3)
— = — 4+ —
q. QKL Q
Inc,
Ing, = InK; + (4)
n

Ao R B R ] (h) 59,00 ¢ B 2087 W% 30 11
W B (mg ™) 5q MBI AT 25 (mg g7 ) 5
K, K, 3 5 R — R — W B 8l 2 5 el
W BFFF- B R B (mg - 171) 5 Q A BEE F K TR o 2%
H(mgg') ;K K W ITFRHESEn N AL

3 R 51Fi8 (Results and discussion)

3.1 BESKT M

ST B AR RE AR O 150 ~ 170 pm, 5
1 4.63 g-em™ LR HALY 8.315 em™g ™' (BET,N,,
77 K) dlad X PGS (XRF) 20 vl 155 )
TCE L NN Fe 58.46% .S 38.87% .Si 0.74% . Cu
0.46% .Ca 0.18% Mg 0.12% Al 0.11% .Cl1 0.05% W
0.02% K 0.02% .Zn 0.01% Mn 0.02% ,Cr 0.005% ,
T A SE O S H A fl i 4 i o Ak 25 B T A5 i
REHH T3 T 28 Fey S, Ho 54 R R A4k 1
JiE Y 97.33%.
32 AHEEMBERT BN DR
32,1 HEXN#ESKT RN YH KB 1NER
[Fi] R S B [0) S e 8 K0 TR B As (V) B9 A8 Akt A
BT, 2 BRad B Ay AN B B 5 — B B (0 ~ 20
h) ZeBRE R A 5 B B (20 h R ) RBREE
BWELE , RATE 24 h J5 3R KB &, ok £
FIRF) 98% , HIZK U (0.56 mg- L") B 15 K454
HE bR #E (GB 8978-1996 ) H iy B 0.5 mg-L ™",
PRI, AR SEBG R 24 h AR SEE )4 d DG HE K

R A 0.0055 mg- L™ (EIFP R R ) I8 2 E Rk
FHZKARUE, M0 3 J& LS B B2 2 0.0061 mg L™, %
AGRAFAE | BEHTRE B R 25 B i 8OR HEALER.
100%

A———AT]
S
A

30 A

n
sk ./ {80%
T n
2 /
& 20 A 160%
m 15| - %
¥ J \ BB {40% 3
SETI,
z A
sl y \\‘ {20%
—
e
i
1 1 1 1 1 1 1
0 10 20 30 40 50 60
% Bt B i /h

B 1 WA AT ST BRAs (V) BN

Fig.1 Effect of time for removal of As(V) on pyrrhotite

322 BEXM#BESY BRWNPE KE2PRHA
TR X RGBT 2B As (V) IS, T JH1 I 3 o)
PR R BRAS(V) B2, BB 5 12 i
JEE S TR P 0 S R ARR; 7 283 K Bk A
75% 1 £ B Bl A L I T e 2 BR RN L Tt )
323 K B2 100% .33 Ut B e ) B A 0 1 il v
BRE X As (V) 924,

100% |- ] ] n
90% |- _/-/
8% _/./
70% |-
60% |-
£ sonl
0w [
30% [
20% |-
10% [
ol v v
280 285 290 295 300 305 310 315 320 325
WK

2 REXMBERT BRAs(V) BN
Fig.2 Effect of temperature on removal of As(V) by pyrrhotite

3.2.3 pH xt@iEm 4w [Rway % e I3 Al Bl
& pH ERIAWT TR, As(V) B9 EBRF 2 LTS
JE BT B R, 76 pH A 3 ~ 4 B LR R EAE
98% LA I ,pH /NT 3 B K FRZF 2T FE, pH KT 4
I 2 R R NS DA, 0 B 1Y € L S pH Y3
TN, 45 B A5 A 3.83 (T 3R 1A A7 R4 4
PAEAH45 L s /) 5 BE BT 1E pH VT 3.83 I
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IEHL AR FX H, AsO, BB 22 B, (HEEZE pH (1)
FEA i Bk JF 4R ¥ % (Li et al., 2013), DA K
H,AsO; 32 # %% 72 Jii B3 b ¥ 19 Hy AsO, ( Mamindy
et al.,2009) , ARG DA X As (V) 2% bR 38 5 17
e/ 24 pH KT 3.83 I RE Bk (i | il T
HLAH R RN A T IR 5 B a4 T, Bl pH 3K, OH™ 1Y)
T I TR 2R AR R s i As (V) K BR R R AR
AN B, RE R AR R AR S 0 3.83 A4
e e W PRS0

r q10
100% Loy

i /X'\-\.\.\.—a— Zetati _ 5
80% |- ]
L ' \.\ .
@ 60% - \ \. |
* 40% |- . 1
I / &K; ]
20%|- \
AN

0 P RS R T R S T S S 15
0 2 4 6 8 10 12

ZetaBLii/mV

E 3 pH MBS K £ BAIMERAs(V) MR
Fig.3 Effect of solution pH onépotential of pyrrhotite and the
As(V) removal

324 mMESKT AEMMEREG Y MNE 4 A
DA, Bl R B B A3, As (V) 19 5B
BORSA W AN, Boma k0.2 ¢ B EERRN
58% PN KT 2 g i, KFRFAZIT 100% , H K 7]
PLEE] 10 g LAY E AR K bR UE. Bl 5k
BRI, ARG B W R R R FE 4 g
B HA 0.28 mg-g™' . 24 As (V) HE N 30 mg- LB,
BT FINE N 0.2 g B4 1.5 o i, LB
5T 43% ; MBI ARSI AT, As (V) KBRS

- 35
100% e
| " 130
L ]
80% - {25 T
I 1, £
60% [ J/ 20 =
@ I 415 §
£ 40% |- —— BRE &
L —a— I W} R K 410 &
20% - =
| 15
O = A 40
1 I 1 1 1 1 1 1 1
0 1 2 3 4
Bhnit/mg

B4 WRBHFII SR BT RMAs( V) B9
Fig.4 Effect of mass on the As('V) adsorption by pyrrhotite

FHaBota T 22 K L, 76 SR R H il e gk 1) 4%
I N2 AR BT 0 KO B ok AT IS R DAY
LA

325 MEFM#EsT Ry Pm K545
R, BB 7 NOS . SOY (Cl™ F~ X 1 ¥ 2k 7 [ T
FISZIE AN R T POS Si02  CO% X W FR A 5 3 Y
FHIE R LT B 1 5 As (V) Z M Al GEAE
FERER B 5w 4 W R R, U B4R B As (V) 5%
Wi A KNI 9 POT > COY >Si02 , 7EBE/R L 8
BF EBERAT X As(V) B9 R BR B350 T T 80% .
28% Fl 21% , 3% J& PR Ry 3 22 B B8 1 HR g 5 28 e
EHEALA Y, i POT  COY |\ SiI0Y fEXT g B k0 B
As(V) oA, HERER VA FEAR K 1 R/ 2 ¢
Fe,(AsO,),<Fe,(PO,),< FeCO,< FeSiO, , LI H 5
RSP EERIRE T AsO,” > PO, >CO% >Si0%,
B, BT B R B A 5 i i /NI R POY >
CO3 >Si07 , X & & E 1 2 W58 45 B E 5E ( Zhao
et al.,2001; Violante et al.,2002; Meng et al.,2000;
Hussain et al. ,2011) . KRR G TCHL A 7k &
HHE K 10 ~250 mg- L™, ZEX A Y — 28 [J] 85+
AT BB 23 XoF R o 7= A 5 i 30 e AL R A 3o AR A
TS TR B2 S5, DA FI IR B A8 A 507 T

5 BEFXHEERT BRAS(V) R0 ~8 2atx
H,As0; PO} .Si0% .CO% \F~ \NO;3.S0% .Cl7)

Fig.5 Effect of anions on the As('V)adsorption by pyrrhotite

3.3 WM hFMERENHLR

33.1 mMHh R K6 Nk E BRI
As(V) KV pH AR fbad . i (&1 6 mI %0, Bl
Iy I [E) PR S8TI0 , E A A RE T ) e 2 dr 2E n, K
ZY7E 24 h J5 FEA TR B LA (1.88 mgg™')
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VT pH AT AR 11 7.02 TG R B F 5,82, T4 i
[l TR EAE 6.60 74y (T ) R T HY &8 o A AL IE
A =B B - 7K Sk R R R T TE 1 B T AW pH
) 2R B B N AR AN (5) ~ (6) B, Wl
FSCIVAVR T RVER (TR ) 1AV BE 3G I, U B 1R
JSLH SIS A RN, W2 B v v 28 3k EDS 73 B A
RS B TEY S A UL TRV (6) AT
TE 5 BRI AR S A0 2k W R A 2 — b C L (A 52
I8 B 1 2 7, B2 i Y Fe—O (H) BT 2L T I Fe—
O—As % ( Sherman et al., 2003 ; Dixit et al., 2003;
Manning et al.,1998) . [K 1M, A P FH #0765 3 B i
FRENAIFET A Fe—S WAL, Fe—0—As $#IE AL,

RN (7).
Fe3++3H20_>Fe (OH),; l +3H+ (5)
Fe* +H,As0, —FeAsO, | +2H"  (6)
Fe-S+H,AsO, ~—Fe-AsO,H+HS" 7
20F o )
I i/!/E/di// IR
1.6
T I \—é—é»g/;ﬁ—xﬁ—llx——x . X 1.
o2k
g |
B s) ls
= —— WL
—a—pH
04} 1
op = 0
0 10 2 m - n
W% Bt ) /h

Bo6 wiEmSkT WHMER(V)3hHE
Fig.6  Kinetics of arsenic( V) adsorption by pyrrhotite

[, Han %5 (2000 ) A0 58 HIEW] 13X — i 72
BOAFAE , B R P2 AR 1) HS™ KA 7 F2 an= (8) 7.
HS /K it B 1 pH 1Y T Xt AT DA i R T
pH Fifi 2 A £ (4 18 T L 4 0 BT e
pH [FIFEE THE.

HS™+H,0—H,S+0H" (8)

Iy — =9 gh Iy 2% 5 B X st i AT 45
ZERIA 2.3 2 WA P 98 g Oy B A A
(G BE T A A W B o R AN 2 7 5 ey PR —
B ZINER o B R T4 il ( Raven et al. ,1998) |38
FEAEA 7 W B 25 N & L BT 9 B ( Anawar et al.
2004 ) , T /N B 4 ORE L 2 T AR 1 WY UR 3% T
FLIR AR, PR b, A 520 2 — A b2 W B 3l 2 [
BB (6) Wi I A7 TR B8 TR BT vE i M .

K2 HEBRYBRAsS(V)HAhESH

Table 2 The parameters of As(V) removal Kinetics on pyrrhotite

/
eI PIE R t N K/min™" R?
(mg-g™)
th—2% 1.922 0.163 0.9776
h—%% 2.188 0.104 0.9947
332 WMMFEAHE BT e 288,303,318 K

T4 A Langmuir F1 Freundlich W JfF25E IR 26 i $01
BGER AT B A T ) B I R R A 0
T, 32 PR Sy IS e 14 T 19 R e 2l W B 52 vy
AT LA 45 A T AT, Langmuir A1 Freundlich £5
FRER BEARL LI BT A i . {2 Langmuir T 16 P R SR
U K VLI As (V) 15 1 800 26 1 A9 W82 R ot 7 B 7%
S g

g N(gmg ™)

1 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 25 3.0 35
CoU(L-mg™)

-~
=
T T T 1

In[Ce/(mg-L7h)]

& 7 Langmuir(a)#0 Freundlich(b) Bt %8 2
Fig.7 Langmuir(a) and Freundlich(b) adsorption isotherm

1 2E 3 W AT, it TR R 1 1 g ot o 2 1
T, 33K 2 PRI Ay iz 56 ) S 5 AN AAS = As (V) W B 72
WM, A2 — H,AsO; BUCH # b S e £z
BT AC e B X R ) — AN B T A et e — A
MG #2 (Han et al. ,2000) 5B TR M As (V) BY
IS AN TR AE 15 ~45 CHF R 2.1~2.8 mg-g".
K S 55 B 500 5 6 S I B A O Y RO TR
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I 771 -5 1 R Jo =2 i) 4y B RS 2 A T K B R 7R 2 A
JyesE. i 2 3 I B B N B R X As (V)
(R AR 5 IR RS EA 5, n KT 1 Rl

MEE S BEAT ,n /NT 0.5 275 W I AR MEFEAT. th 3% 3
AT n ARSI BT 1, B R ST X
Fif 149 5 B S W AR 2 5 R4

%3 HIBET Langmuir #1 Freundlich I it 358 & #1

Table 3  constant values of Langmuir and Freundlich model for fitting the adsorption data under different temperature

Langmuir 5%

Freundlich 5 7%1

/K
qo/ (mg-g™") K,/(L-mg™") R K/(L-mg™") n R?
288 2.18 0.86 0.99 0.54 4.53 0.92
303 2.46 0.99 0.98 0.61 4.22 0.94
318 2.81 1.13 0.99 0.68 371 0.96

3.4 HLETH

I FH A BFF 52 56 T S ) o R W iR AT e R
BE-HL TRETE I (SEM-EDS) Al X £k H FRETE 0
(XPS) , LAUREZ A4 2% 1 W B 1T 70 22 109 728 fh R B
FERE A B (V) RO BLIEL. F &1 8 AT, RV T
B2 A0 0 2% T 1% A8 /N O R AL A6 0 7 IR T i
THART, UARH B A i e 6 J5URE T R G 225 11 AH 7%
BANAW Z .M 4 T EDS BUEIE SR, 5 ik
AFRT B i /b, Ul B A K e B aE A KA, 3 iR
ST AU A (5) L (6) FIAFEAE ; {H EDS

WA BN As BIAALE, 3X 0T B2 i T I R/ MIGF
oI B BT 5. DXLk, %o 40 S R i JS P R R G R & i
i XPS 2307, 45 3 36 5. th 2% 5 a0, 0 W R mi7E
RGN T As, BB As B 520 B3 T 0 2 i
Wt 2 /i XREF A B vT %0, ik T 2 T RE & XPS
Z st ) K 32 B 23 Ao o, MR TE 4. 3R 5
Hh S R TE MR F  SA  10 B As (V) A SR BE AR AT
YR L SOVRT Fe :S Ry 0.82, SOV S AR i 0.98, 15
A B0 8 A 2% T )0 43 e JBUAR, ) XBAIE S T =2
TTC AL B 28 R B ) 253

S
a. Y
Fe
Fe
(6] (6]
Fe Fe
Fe Fe
) | T " L A P W T | | LA I A | o o "
0 2 4 6 8 10 12 14 2 4 6 8 10 12 14
ElkeV ElkeV

8 WRMAT(a) J& (b) #AHE KT SEM-EDS
Fig.8 SEM-EDS photos of the surface of pyrrhotite before and after adsorption
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T4 WHATEHEESY RAs(V)R EDS &1

Table 4 EDS results of pyrrhotite before and after removal

A Wi W
TR TRRaE RTAN REAR TR
0K 14.88% 34.27% 13.44% 29.79%
S K 19.55% 22.47% 32.44% 35.87%
Fe K 65.57% 43.26% 54.11% 34.34%

=8 =4 100.0%

R5 WMHETRHARGH BRE (V) K XPS £ R
Table 5 XPS results of pyrrhotite before and after As (V) removal

o Wi BT i e B I
Bty TR B TR
CK  18.0600 3131% CK  1825%  33.06%
OK  3550% 46.14%  OK  32.08%  44.56%
SK  19.05% 1238%  SK  1691% 9.77%
FeK  27.36%  10.17%  FeK  24.90% 9.54%

As K 7.14% 2.07%

BAE S 100.0%

3.5 HAER

TR FE G B R Ay O o 50 1) [ AR 5l 24 W I Ak
PR AR. B 7 v AL, TE S A BHE DL R, BT 45
h BI(150 4~ BV) Hi/K i /N T 10 pg- L7, i5 %
FE AR AR o AE R 324 4~ BV H KB B /T
0.5 mg-Lfl IR BTG K 28 G HE O HE. H /KGR b Y B
£ BV JT s AR S A T AN T4 1808 B 741 3k i
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Fig.9 Breakthrough curves of As(V) through the column bed

4 2518 ( Conclusions)
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