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A study on the removal of arsenic from water by two systems
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Abstract; Arsenic is one of ‘most toxic pollutants in some industrial effluents and contaminated
waters. Iron and its compounds have been used to remove arsenic from wastewater successfully and
effectively. However, low removal efficiency and high material cost limit its widely use. In order to
enhance removal rates ‘of arsenic using iron and its compounds, two oxidants ( sodium persulfate
(PS) and potassium permanganate (KMnO,)) were introduced into PS-zero-valent iron ( PS-ZVI)
and KMnO,-Fe** systems, respectively. The effects of various variables were studied by controlling
the dosage of ZVI powder, PS, KMnO, and Fe®", respectively. The morphologies of ZVI before and
after reaction were characterized by scanning electron microscopy (SEM). With an initial As (V)
concentration of 20 mg+ L™, ZVI dosage of 0.5 g, PS dosage of 0.1 g ( KMnO, dosage of 0.01 g,
Fe* dosage of 0.02 g), pH 7 and a temperature of 20 °C, removal rate reached 100%. It
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demonstrated that removal rates of As (V) are all more than 99% when the concentration of As (V)
was between 20—100 mg- L™". Pseudo-second order kinetic model can well describe the reaction.
Furthermore, PS activated by ZVI was much effective to remove As(V) from wastewater due to the
production of sulfate radical, which played an important role in the process. The study indicated that
removal mechanism of As (V) by both systems mainly included adsorption, precipitation and
co-precipitation. In contrast, PS-ZVI system has obvious economic advantages in efficiently removing
As (V) from wastewater.

Keywords : arsenic, advanced oxidation, removal method, mechanism.
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1 SZEG#B4) ( Experimental section)

1.1 iREe AR

SEG R AT AR (ZVD) B AR R B ( KMnO, ) Y40 S8 T K He i R R A 243500 T B 1R 0k 4 1)
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PE A F]) FEEHE G 55 5 7 (Y ELAN 900 ( 32 [# PerkinElmer 23 7)) \pH i1 85 #4-360 (- ¥ 75 X
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A S  SEAT I T B B K IR RS 1 g- L7 As( ) (As( V) FRUEIRIR ) pH {8, 525675
e K BRI UG e FEC A 20 me- L7 SRS VR ERFT pH (EJE A BRIl .

ZV1 i1k PS SE 7 e . SR — i B PS ZVI A 100 mL 5 Z 8 . 55 100 mL 19
As( V) BB AR LI W e AR H IR IR &% E3R (160 remin™") @ RE R 20 °C 43 HIHE
Tt 0.5.1,2.5,10,20,30,60 120 min Bf FH S48 BORE , Z 5 0.42 pum £ BB UE 2 1 mL ik
A 10 mL Pt a8 fJm 25 8 F/KoE 25 I AR Rl

KMnO,-Fe* T2, 52007 . B 0 B MR BE 20 me- L7 As( 1) YA R , VLT pH (A 255 i 4 1.
FREL—%E A KMnO, AR R W 2R £ A 100 mL 3B 2K, J5 SR ik 5 ZVI %4k PS AYBCRE )5 %
AHIA].
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2 5 59718 (Results and discussion)

2.1 FBMNGRIEAT B Y
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Fig.1 SEM of (a) before the reaction of sodium persulfate and iron powder,

(b) after the reaction of sodium pérsulfate and iron powder
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Fig.2 Effect of ZVI on the removal rate of As (V)

2.1.3  PS Ml ZVI # &

PS BANEFN ZVI T XS As (V) 1 A RCFA 3 TR0, 45 R0 8 3 iR 8 3 (a) R 2
ANFEH N1 PS 16 AL ZVI XFAs (V) [ A0 8 AZ A S50 5 0 RN TR 20 °C  As( V) W RAPI IR
WeBE 20 mg- L™ \pH {E>A 7 . ZVI BINE R 0.5 ¢, PS £l 45124 0.01,0.02,0.05.,0.1 ¢. Hi & 3(a) AT 41,
ANJE] PS BMETT B 90 min JT , SOW e 2 1 2 BRI AL T 81.79%—99.95% Z 18], 1 T & 70, [Fl itk
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Fig.3 Effects of PS and ZVI dosage on the removal rate of As( V')

K 3(h) & ZVI B X As (V) I 22 BR R 0 52 . AR 4 SE IR WG pH (A3 &N 7 KO0 B &
20°C \PS 7 0.1 g, As( V) IR HILR Wy 20 mg« L7 ZVI 120000 0.1.0.2.0.5 g FI&5 R AT,
As( V) VR0 25 B ACR B IS ] A48 A 42750, 20 min 26 45 W 50 AR SEARIR S As (V) IR0 2215
TR ERERTE 99.00% 2 F.ZVI B0 B3 2 S 30 ZV1 354 PSS 2 0 2L 80R1FL 7S I, KRS 1Y 2 T ff
HEXTAS (V) VA I B0 558 B I8 A N FE 43, 25 B s T T e | et 1, 7 2 B, 2V A] Ry B TR TR A
WiR4R A Fe™* , IF % T S80S0, - W A IS PR PR A AR
2.1.4  ZVI G4k PS KBR/KHAs (V) B W HLES: B

FIH ZVI 54k PS P2 A SO, « X As (V) B R LBRAE I KT PS, X &K ZVI 5 PS i
SEREL Fe™ , EEMERMLE " N (1)~(4) IR,

Fe(0) +5,0; — Fe™ + 2507 (1)

SRR Fe(0) + H,0 + 1/20,— Fe® + 20H" (2)
IRAE SR Fe(0) + 2H,0 — Fe*"+ H,+ 20H" (3)
Fe(0) + 2Fe’*—— 3Fe™ (4)

ZV1 F1 PS AL A TG A AR  7E ZVI/PS R R v i B R AR B e ZV1 54kl Fe® (72
X (1)), Z)5, Fe’ Sl R & 7 s> IF 28 B S A R E SO, - (5 RER(5)) Lk, ZVI AT
VLS Fe™ JOng K IHEAL o Fe™  Fe? 55 8,05 AN (5) , B R TIE L —> Fe®* /Fe™ ITEIF R
G5 AW S As (V) BN
Fe* + S,0; — Fe’*+ SO + SO; - (5)
A R E WU SE  TEGRIE 25 (pH>8.5) FIFT A pH 1Y &4 T ,S0; - ATLLS OH 8¢ H,0 S A= b
SOH™' =X (6) . (7) Bizn, S0, « il - OHBA S A Ak | REAT LR BRIE A (V).

B S SO, + + OH ——S0% + -OH (6)
JIrfi pH: SO, + + H,0 — -OH + H'+ SO7 (7)

SEAL T REAT MR AR UET AN AR A0 I o, FLIE AN S 17 A 55, Mk i e 76 1L ). 2V 3% 4k PS &
BRAs( V) I FZRAEPE Y ZVI Rl & A T U0k Fg b ™" iS5 Fe(OH), Fe(OH) , & %4
eyt
2.2 KMnO,-Fe** T.7;

2.2.1 KMnO,fl Fe™ B xd 22k As (1) (1520
Kl 4(a) & KMnO Bt As (D) 3 L BRF A2, SEI0 SN R A 20 C L As (D) % 00 i ik
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JE 20 mg- L™ \pH B} 7 Fe™ #& MR 0.1 ¢, &5 R K 4 (a) AT A, KMnO, £ i 243 51 4 0.01.,0.02
0.05 gitf, B e N AT, As (I ) ¥ W 1 2 BRAICR A WT b T, L BRZRILE 97.49%—99.65% 2 [8] | )z i
30 min FEAR KA

10F  (a)

s
i S .
95 e
S T s
£ 90 g
= L =
Z Z
£ 55 -
5} o o L
Y —=—m(KMn0O,)=0.01 g ~ 30 —am(FeH=001 g
—o—m(KMnO,4)=0.02 g 20[ —— 111(Fe2+)=0.02 g
10F —a—m(KMnOy)=0.05 g 100 —a—mFe?H=0.1g
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4 KMnO,(a) 1 Fe’ (b) Bnmx} As( 1) Z xR0
Fig.4 Effects of KMnO,(a) and Fe’*(b) dosage on the removal rate of As( 1)

Bl 4(b) 58T Fe XK As () i 22 BR 4R 1 5% Wi 52 36 B BT FE 34 20 °C \As (D) ¥ WP 46
e 20 mg- L™ pH {84 7 KMnO, B K 0.01 g, Fe M43 31545.0.010.02 0.1 g. /& 4(b) A %1,
ST Fe BANH, 30 min i FAKFEHRIRES, As(ID) 5K EBRRAE 49.79%—99.75%7]. 24 Fe 1
TR 0.01 g BF, As () B 22 BRRAURFFIE 50% A7, AW /D & Fe™ REES KMnO, 1Y 78435 24
Fe #NEN 0.02 ¢ 1 0.1 g B, S0 il H 23 BRACRAR AT 5 £2 50 50 bl 24 38 v 26 25 7 4% n & &2
0.2 g, I 25 F 32 WA A 22 19 R AT IH G 2 AR50 1E 90% =2 1. I A, B T s T 00 R 1 Tk e 7 2 T T
() S I 3o o P 8 A AR, BOTCTE I R PE 4T SEM 2R AE 3.

2.2.2  KMnO,-Fe* T2 ML T

KMnO, H A =E % 5 19 %8010 38 J50 L 7, BE JEAR7E 5 min P9 58 BN As () 3 W 480 fk, A& 2 i

ﬁﬂ_F[zz_m .

MnO,+ 8H'+ S5e —— Mn**+ 4H,0 E°=+1.51V (8)
MnO; +2H,0:+ 3¢ — MnO,(S) + 40H™ E’=+0.588 V (9)
5H,AsO,+ 2MnO,—— 5AsO; + 2Mn*"+ 3H,0 + 9H" (10)
3H3As0,+ 2MnO, + 70H— 3AsO} + 2MnO,+ 8H,0 (11)
HyAsO,+ MnO,—— HAsO2 + Mn™ + H,0 E°=+0.67 V (12)
5Fe’*+ MnO,+ 11H,0 = 5Fe(OH), | + Mn*+ 7H" (13)
3Fe’+ MnO,+ 5H,0 = 3Fe(OH), | + MnO,+ H* (14)

SRRA] ZVI KBRS Y WBORAR 3 0 5 SO g i BUAH L, Bl A AR S ZVT i i e VR T A
As(T0) R BREED HLi > SR KMnO, 1T L5 Fe™ i 3 RN, 1 Bl 25 S0 T Ak R 5 S A0 ) 11 i
g WA AR TR W RE S S As (ID) Aike ( 1) B AL R AL MR ZVI RGP AT LITE 10 min
SEARTHAE, R EANT AT DL St A4 ZVI R T . 5l R B0 A ™ AE R i J2 B S8 1), B> L BR
SN ALEE Z2 FALIR A5 A8 W B, T R e £
2.3 IR

AR 2 SCHRA FH TR — 28 8l 3 2 R 4 8l g2 o3 W 3 0 2 52 Wi o — 0 3 ) 2 G 5 9 s o ik
P RN BOT R W s 2 A T AR A T R R IS 30 o 400 S S S A5 AR S
AW Ji2e 2R mE 5 .

FIHIME G 8h J12A B s RO IR R As IR W BH R | R Jr A=

t 1 t
= +

9 kq q.
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m

Hr . CoMAs( V) IR AR BE (mg- L") 5 €0 ¢ BFZIAs( V) IR (mg- L") 3V MAs( V) IHIR

AR (mL) sm 2y ZVI Y i (g) -

40 (a [ (b)
- 15 —=— m(ZVI)=0.1g
—— m(ZVD)=02 g
~30r ~ [ - mzZVD=05¢g
g T g10r-
& 20 B
g L E
= « m(PS)=0.01 g R*=0.9537 = 5r
= 10 « m(PS)=0.02 g R*=0.9609 =
L 2 m(PS)=0.05 g R?=0.9933 i
* m(PS)=0.1 g R?=1 ok
L i T P T R R AR S TR W TR WA TR SO NN SN RO S B
0 20 40 60 8 100 120 0 10 20 30 40 50 60
t/min t/min
35F (¢ _—
[ © 6 @ « m(Fe?H)=0.01g
3.0 C F o m(Fe?H)=0.02 g
_ sk _ 5 C m(Fe¥)=0.1 g
2,0f BAr
Bt N R?=09998
g 15r 2 | R?=0.99742
S1of , =X
s L « m(KMn0,)=0.01 g R?>=0.98186 st
0.5 o m(KMn0,)=0.02 g R?>=0.98745 1F R?=0.99996
0: & m(KMnO,)=0.05 g R>=0.99076 oL
1 | | | 1 | 1 | 1 | | 1 1 1 1 1 1 1 1 1 1 1 1 | 1
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t/min t/min

B 5 AN EER As SR AIE 903 2 A thk

Fig.5 Kinetics of As adsorption: Pseudo-second-order with respect to different reaction conditions

K5 (a) £aTE BRI BEME S 0.01.0.02.0.05.0.1 g 1T, As( V) ¥ W) 1Ak R
20 mg- L™, pH 18 7 S WEilik 2 20 °C, Bt 0.5 g i, 045 5z 7 3 B b &I ) #5,.( 0.5 .1 ,.2.5.,10.,20
30,60 min) ik Z R FHEATFRE R T As (V) BRI IF@ ot R 9 sl 2 A0 5 A 0 B
B g, (mge g ) SRABT B R g 43510 3.38 .3.36.,4.00 . 4.00 mg- g™, AT LT 07 H ok — 28 2%
LA FERE RS, R0 0.9537 ,0.9609 ,0.9933 1.5 5(b) FRFEGM BN EH 0.1,0.2.0.5 g 41F
T, As( V) I RBIEH B R 20 mg- L™, pH {H 7, W IR 20 C, b SRERENF N 0.1 ¢ BFE =23 )
MRG0 , THEAS - i IR B it g, 43974 20.03 ,10.01 ,4.00 mg-g ™" UG RELRP YN 1, X R IR

T — R S ok R 2 Tk oG,

Kl 5(c) FoRFERERTREFEINES 0.01,0.02.,0.05 ¢ 550F T, As(ID) M 1RV BE R 20 mg-¢™', pH
{8 7, SN EE 20 °C, ARSI 0.1 g W) AR R E sl Ty 2 AU G5 00, B 18l 5 (e) AT IfE—
G i i LR A R R, LA AR R T 0.98, 47 W B 3 54 B R 19.95.19.99
20.4 mg-g I8 5(d) FRTEW AR K 0.01.0.02.0.1 g £, As( D) IS LA E H 20 mg-g ™',
pH A 7, KB IREE 20 °C , mG BRER N4 0.01 g 25F F sl J12# AU A I8 DL, TR i sf
it g 2054 10.14 40.10.20.06 mg-g™ 1A R A RPEE T 0.99, X B 0.02 g W kFh& T 1)5F
LA

ZE LT B S BO4BLA RRZRRT AT, 1/, W SR ST ¢ 34N R) EL B3 , 45 By 544 A R B R
BIRTF 0.955F B fE =2 sl F1 2 07 A T LIAR U () s AR S 50 1) S 1o 4L .
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2.4 WIRPIRRBZ TR L

HISEB AT A, PS-ZVI Fll KMnO, -Fe" RN [] B i A 2R #8 AT R4 B9 25 BRABUR. A0 2ok T 2L 4R 7 &
EEGRAKTTRTT Y 2N LB R 15 Y b R B AR A EL S L, et R B TE (S
DLVEVE I RSO0 ™ Ak ke 7e 5 50— 14 42 Jd e 25, HL S o B AR A 9 I AR AR XHER R
BE DA S WA B A SR A AR HUH A B R A 7K P R AR E 1, ELIE FHAY pHEYE i 1L
Bt O B BRI A B AR D 3. H R BRI [ P T SR — B 7000 JEMEZEAT L
H, 0,8 AR ( $ 1.52 kg) AR i FR BT (9 WUAS B 55 , 0 0 43 AR 99.3% 418 BE 1 e 5 FR #4011 65 4
I 20000 JC , MBRAR .2k H BT 7E 5 _E 18 4 Ak Rk 100 7T, 25 JE B — 20 5 5 2575 A il 26 i
HOR R ZE TG ANRRES 72 556K =M i SR R A T /K8 O AR | 75 LR R =1 160 A
I EHXFAs (I ) ZSBRABEAR T As (V) 7 e S2BR R o, o7 LURIHT KMnO,-Fe® (A ZRIA | As (1) 1
SIRAK 2SR, S AT 2 O BN LAY TR PS-ZVIT FE 8% L BRBEVERR AT As (V) Y
EELI A EZS T

3 %58 ( Conclusion)

FEE SR E YN LR, S5 RV AT 48 s Yz 8 0 RN B 22 T L, ¥ 2 A
HZ A IR RS S R 3m i 4 B ZVI §5 AL PS T KMnO,-Fe & RBR 5 Yty , A LR H LI
4E

(1) RS ZVI B9XF BRSCG 50, Pl PS XAV ML) 22 BRAE 13 /N F ZVI/PS (R R T 1Y &%
B, A T ROV AT = S AR SOy - .

(2) R ZVI {f4k PS il KMnO,-Fe* T-Z ¥R tREA AL BRAK AT As 15544, 2V i& 1L PS &
BrAs( V) IERI, SCE i3 AR b TN 0.5 g ZVIL0.1'gPS, KMnO, Fll Fe 1A 2R 225 As (1) i}, e fd:
Bt lb )7 %0 KMnO, 0.01 g Fe* 0.02 g, L ZF KMnQ,-Fe T.25 5% As (1) A RAS B 55 St Ah , A A
2 RS IIFE A HE sl 2, ] LABLSEAA RS FH K s e il 5B

(3)ZV1 Ak PS Fl KMnO,-Fe* T/ & F 5 A AL H AR 3w | HL L BR ALY 5 00E W R Fndt
DUVEE A L.
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