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Experimental study on stabilization treatment of waste
residue containing arsenic with ferrous chloride
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Abstract; Through “sulphuric acid — nitric acid” leaching test, using arsenic leaching concentration as the
control indicator, stabilization treatment of waste residue containing arsenic using ferrous chloride as stabilization
agent is studied. Effects of parameters such as Fe/As molar ratios, pH value, particle size of the waste residue,
leaching temperature and treatment time on arsenic leaching concentration are investigated. Migration and
transformation of arsenic are discussed by comparing the change of arsenic form before and after stabilizing.
Results show that the arsenic leaching concentration might decrease with an increase in FeCl, dosage. When the
molar ratio of Fe/As=1.0, pH =6.5 ~7.5,and stabilization treatment time =60 mins in room temperature , the
arsenic leaching concentration is lower than 2.5 mg/L and basically remained stable, meeting with the admission
requirements of “standard for pollution control on the security landfill site for hazardous wastes”. With the
increase of leaching temperature, the arsenic leaching concentration could as well climb slightly. After stabilizing
treatment of the waste residue containing arsenic, chemical forms of arsenic might be changed, and biological
effectiveness and toxicity of arsenic could be changed gradually into small toxicity and high stability. But mineral
composition and chemical composition of the waste residue are different, and the migration and transformation of
arsenic form is also slightly different.
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B R R L PR Ji 2R B P A R B R R . TR0 T A R R T
R 2K G, e A BIET DXk Z 58 7 PR RAL BRI A, AT TBE 0K X L0 o 4 5 AR i IR A K
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Hp TS YA BR R A R BRVE SRS A, BN RE AR MR A, fE T . Al (As) 2 —FhRIRE |
HUERIAAOUR A I FEREIN B R — o Ry AL FRE MR IR R, P s
VY I A A 230 R R IR R TR B RS Y R A RS e E X
T ELR g RO RIS AR T ST e T A aR 22, R B e 0 X 3 T R 0 1R B R e S R
SR AA BRI EGA. BV AL B R AR 22 5, DL, AR e i HE L SRk M i BB R B
RIS SR AL B A T IR B ) T A AT BE 1 B DA P AL TS b e 16 B T A
FEA IR AL FR ) BN , B A PR AR PR LA R A 8 2R S I, I AR R KT
AT IRFERE AL BETT AT ARG A HE I R A A I R R 1 i 2 25 AN w0 AL 9 52 X6 X 28 [l R [ P
BRI K S b v E A R AR M AR IR ARG A LU R 25 L R R 25500 A E AL BB 25501 R
Pt B 3 2R AL A R IR S5 BOR T BE, SO ) A 35 A 5 4 B RA IR S 5 =2 4UsOE 3K, LARE
R HEE ARG RS M 3 B . 20300 R A A F R e B DR 7 0 G A 1 TR, W 488 05 s 6 1 Ak 3
RGU RSO T3 34

AT LA e 380 PG A 2 S X 2 e DA SR ST AN ) I3 s S A it HEA T SRAE 3T, SR )5 SR ) BCR
PR K A TR A AT L T e 8 PR (] 1 SR I SRR 1 5 R AR S TR SRS T RS
TFRIE RS 4 FAFETEAS I OB INAS S TR A T A5 A AL B B Y 4 BIAFAETE A5 AR AL, TRV E TR
7 X PR FR R R R ) R ). A SRR P S AU AR T 12 , A 55 e v 44 IR Fe/ As BE R U2 IS TINAS
[ ARG RE 257 1A T A A A RSB, s 0 1 S 6 PR AR 7). AR A Ak 8RS 19 P i 23 310 H: pHL {EL L ff A7 A
oA FE bR BERR - AR R A M R (AL AR 58 T Fe/ As BEJR H (pH AW K i
RLRE 15 it B2 e b PSS ] 45 32 2 PO H o 8 A9 52 ), 48] 1 B ) AL B 2 2 0, I OA 35 i R
(196 HEFR A — R I B AR

1 ZRHe

1.1 KBEE

BEPER [ W R TG S Tl X 2 Tl S A s A A, — ok 0 X U HEAE S TR B IR, ) — il
K 0T X 2 HEAT IR A PRI, 4 I FTFR 0 A EREAN B AL HORAEAF RN X RE SR AT TAE A4S
(HE 20 Ty [l S 2 e 28 F AR KT, BRERZ 9, P RESTLEEA Tcee , 2 il e A [ F R 2R , 72
ORIRAD PRAT A . R R BRI L 1,28 2, (3R 1,38 2 mI, A A REAN B I RE AL 2 2 A — B (H4%
ferr e SRR A AR, Horf A ERE As SN 41, To/ kg B WD T B0 SR AL HE B ANE BT, As R VR
7 64.9 mg/L; B H#AE As S0 16.8 o/ke B W)L T N AR, As 2 HHHRIE DY 29. 6 me/L.

®1 B XRF FER %

e 0 Si Ca Al Mg As C Fe K S
A 47.34 14.98 8.10 6.53 5.86 4.17 3.68 3.34 3.11 1.46
B 49.49 17.37 6.64 8.13 3.80 1.68 3.25 4.22 3.69 0.56

R2 EHHTMRSDNERR As WRHKRE

W P fifl Bt/ % Akl % HEEE + WERE/ % /% BAHRE/ (mg/LL)
A Wit 4.17 1.95 1.810 0.180 64.9
B Wt 1.68 1.63 0.029 0.016 29.6

1.2 WA
1.2.1 Rk
FRHK10.00 g BEIARE, BT 150 mL Bt ARIG IR B AR P As 199 i, SWARE R S Rou R 5K
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PR As LIR R AR HO A — 2 B BB 265500, B BRIFTELL 3 1 IR A — 52 R ARIR 5 B Tk
SRIGH 1.0 mol/L H,S0, %ak 1.0 mol/L NaOH V8 5 526 5 00 1 pH {8, 2E 7% S B HE2% E L
200 r/min $5FE 2S00 )7 AR BIEHR], e 250 5 IR B AL SR A IR S IR se e . K58 4 N I B R
U, AR L 60 °C RS
1.2.2 Rz

D) TR A5 T BRI FR I FUR) 1992 4R42 1 9 BCR =% DGR i i 4 R TE 25, %
JETE Tessier I HE BOE 9 FERl_L A WcH , $EBORK 35348 Tessier 7 HEBOEAL, #I TG 2209 € , 255
SREEAF. BCR 8 S A ) AR A0, 200 B B BR s i 2 L T IS T S AL S AR 2 4 FEZS.

2) R R AE S B IR BRI 7k - BRI (HI/T 299 —2007) " fRifEdE T th e,
HORE AL IR R T A HERE Ve AR PRI #5210 = 1 (7R 8] UK AR —E PR pH =3.20 £0.05
FORHLANR £ AR 30 2 o/min (OBIFE ARSI B TR 18 22 b SAJF B LB 7 B W
T e
1.3 SWAE

% RE pH AR 1438 pH I 2 (NY/T 1377 —2007 ) 7 AR UESEFT I A 5 A (430 52 SR B 48 - 43 rp
EVBREIIAE (GB/T 22105 - 2008 ) " RifEHh (19 )5 T2t e 6 TA N AE. BCR ISR AR MO “ iR - fIRIL"
B As BOVREE S ERBE IRI I E - — 23 TR AL P REL SO 5 (GB/T15555. 3 - 1995)
M7E.

2 #HREHitk

2.1 TEEFITHIE
GBI T3 O Hh e 88 114 52 o 52 36 245 2R ] 10 — —
s . U ez AR B AL s
A 25500 5 R AR T MR AT JE 5 R LA I ~

%
R

i )
TR I A SRtk b0 3 %
51 2 WA MR (ISR e S © §§
e LTS ID RN R . §§
WU i o 10.00 g B9 7 By B RE, 9B T 7 A4 f 217 7 Z % %%
150 mL gHRP HEHD.0,0.9.0.0.0.- 58 || @ | B N

Frh BT R SR R EE R L 1.0, 73 5l A %R
SEF FeCl, , FeCl, , FeSO, , Fe, (S0, )5, Al, (S0, ), AlCl,,
MgCl, #ATRR e AL RS2 FE B L 3 0 1 AL
TGP A) A B 24 h )5 B FE TR T4 Tt T
PEUET AL B IS B A IS, S IR B - AR IE T
TR S0 I 132 R R A R B 25 SR an T 1 R

M W] DA RS R R KRR E AR As BRI MR B, XTI S0 07 R e IR b R e 3K
REBRER . RRUE LA B , B VAR th R BE LU A S FEAIR, PTRE 2 B T A RIS P AU o AN ], R
PFLERHA R AR, = Mrkdh b M kbR BOR I — 28 (B =N BREh IR AR B 5y, 2% T 3 A R s 22 4 T
LBt 15 P A Y pH AAEAMIET 7. 0, ARWF 5T 22255 il A 2R ER A e A TR B AR
Wrakdh AieoE ARG E 48 V5 s RS LD ] FeCl, R A0 312 i 2 i T A 40l , i LA S g ik
FH FeCl, VERfa e AT T — 5%,
2.2 Fe/As EE/REEIT As R H IR BRI

FeCl, % TR 2RI, LA FeCl, fese FliE A The (LA B S B0 i, 5 AR 3 A ) i AR & pH E T,
pH {EFif Fe/As BE/R LAY ASALANIE] 2 7. B8] 2 A0, A S AR pH E T R EE B s FRIE FE K, AT RE& B R
AVERE As STRELE B IBFERIE As T2 H1 MR Fe/As BEIR LTSN FeCl, , AHM Y FeCl, URfinat A AL LL B
BFEZ I A WA pH (E IR, H 2 AN AE pH (EREIA R B HAHIE.

A —FeCl, ;B — FeCl, ;C — FeS0, ; D — Fe, (S0, )5 ;

E - AL (S0, ),;F - AICL, ;G — MgCl,.
B1 RREAEZH As 2 R E e
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DL A SRR SIS RE  FREUCER BT 10,00 g 19 8 g, 730 BT 8 4~ 150 mL BEARH. D) Fe/As
E R He 435024 0. 10,0.25,0.50,1.0,1.5,2.0,3.0,4. 0, il AN AR FeCl, 257, 3 WL 3 ¢ 1 A
FE K G R SCIR R 1Y 4 A pH (S B, FERE T P BRI AT RRE Ak 24 h JE 4T, AT
“BRIR - HER AR, As YR R ETE Fe/ As BEIR FLIABAEOC R WAL 3 .

7.0k —s— AJfifE —— BififF 556 —a—pH=4.5 ——pH=6.5
5.0F —o_pH=75_, _pH=95
651
% 20.0
6.0} 2
2 150}
o 551 ¥
£ H
50+ g 100}
45} . -
40l 5
0 05 10 15 20 25 30 35 40 45 0 05 10 15 20 25 30 35 40
Fe/AsEE/R L Fe/AsFE /R EL
B2 Fe/As B /Ribxt pH 1E 0G5 % B3 Fe/As BERibat As i R 69 % m

HI1E 3 FTLAE 76 pH < 7.5 B0 F  BEE Fe/As FEIR LUIE N, 2 i v As 32 R vk BB TR, 2
FERCR AT s pH > 7.5 B, 24 Fe/As FE/REL < 1.5, S As (135 H I BE R AR, 24 Fe/As BE/REL =1.5,
SR As 1I2 I EE B Wi T . 24 Fe/As EE/R LE < 1.0 B, As (132 MR BE 4, AU fR A FRAR R A5 2, 4%
i FeCl, (iR, R Y As A 58 4 RN AR U R 2k, T8 T 1) As 25 LA SR AL | M 3 o 25 B o
AFAE. 24 Fe/As FE/R L > 3.0 Bf Bl Fe/As FE/R LRGN, As (3R HU R B T L1845 281k, As 5 Fe(11)
RV TE R R (A Ak B s T -1

X Fe/As BEIR LG <0.5 B, FRYESMF T As B3 HE MR ELAFE M 454 TG Fe/As BEZR EL > 1.0, itk 2%
TFF As (912 MRS FETE R PR 251 T 11K
2.3 &k pH &3 As RHKERZM

it Fe/As BEIR LI AE RATLAE Hh, 2 Fe/As FEJR L =1. 0 [, FeCl, Xf IR As 1FR 8 SUREL
U, As IR H VR BE SR B 20 S S A BESKR . IHIAE Fe/As BEJREL R 1.0 (254 A& EL 3 ¢ 1A
FBTFIK, A 1.0 mol/L H,S0, %Kk 1. 0 mol/L NaOH ¥ i35 3 4 = A& Z& pH {4 1.0,3.0,
4.0,5.0,6.0,7.0,8.0,9.0,10.0,11. 0, fii 5 k2@ (AL B 24 h Jo it Gl “ B AR - MR " AR Y, As
(435 R B B pH (B A8 A OC R LI 4.

Hi /&l 4 AT UA Y, 24 pH<T7.5 I, As R R R pH A9 TH R 222 FEAIG; 24 pH > 7.5 I, As 3R W Bl
pH 3 KRG T 1 HLAE pH<ST. 5 B, BRI S A 0 €0, A R A K, MERR IR 5 B pHL (B A3 K, i B 6
BHAR R , e AR SN R R BE RE AN, 5 DRI

FE AL B ARAE pH 6.5 ~ 7.5 W, ARG PR As A3 M BEARAIG, PR R i i A e Mgy
PUATE pH 6.5 ~7.5 S5 P, Ao i 1 W 245 45 B8 7 feiti. 24 pH > 8. 0 B, b BRS R v As 1R VR
Thg , X Je R oAk i ¥ P AR 7E G2 B 5 1) FeAsO, « xH,O R ZS Y As, 1 G & 45 FeAsO, -
xH,0 i) As FIEBAS Y As, FE488R 19 pH A F 4 ARFE , FeAsO, - xH, 0 [ pH (B T = 17 40 fff i As T3
BRI, FRE B As Bl pHL AR TR i A i ok
2.4 KRIBRFEING As B HIREREIN

TE Fe/As BE/R LN 1.0, pH =6.5 ~7.5 JY40F T HE B EL 3 ¢ 1 ImA LB FRBE R4 5T, % 1k ik if
FiRasE LB Ay sEa e b AbFE 10,20,30,40,50,60,120,180,300,600,1 080, 1 440 min, B H AL, A
BRHET IS, AR - fSFRIE LR, 25 C TR 18 h JFHUR IR, 5 580 (L AR B (B X As 32 H vk
JERsZN , 5 R ANE 5 TR,
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B4 pH A As 2 KL 60 % 0

A5 BRI As %R E R

HIPE S AT, FeClLy X B i 1A s RCR BT A2 € AL AL BT 60 min J5, As Y3 H W A 5] — E FE )
Jei , BRI TR]TLF- 1A 28 Ak, U6 B A AL AR B 8] =60 min, B i HH 1 As 5 FeCl, 2570 KO0 7847 , A2 iia e 1)

FeAsO, - xH,O #EE £, H A A FeAsO,
2.5 EEREX As 2 HKER 0

XA A ERER B EAEEST T RERG AT, H BT RN 6 .

- xH, O Befgse , al R PRAT-
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M6 I, A R IR R A KRR, AR K G, R B L 5 B A R R R A,
R T — )2 I RE MBI RYRE R O IR AW, MUK B (. R I 18 2o 3% i H B 1 9 A BE T 2 M
R AR BE R /NI A B AN, ELANTRIARE B2 35 AN 25, 22 S B0OR. JIORE B R A 0 e 5 LR, iy
A%, RO RS A5 s ORI /IS 2 A sy, B 0 o — , TR O e S A R P AU

AL, I LB

A P W, 43 R O 0 AR, A ) G
1.70,0.85,0.38,0.25,0. 18,0. 15 mm 5 [l kE
AT L8, 7E Fe/As BEJR L 1.0, pH =
6.5~7.5 AR, EW I3 1T mALE
FARBE AT R e AL AL HE 60 min JE 4t T, i
TR — SRR ), W R I b B % As IR 1
WEE M, 25 RN 3 s, As IR IR E G
JREHEARAR Yol /N TR K, A2 s A B /)N, i s ik
JEREK, T RESE T As & it R E 4L
FE/N

R3 EBREI As iR HKENENE

- B FE As BE T A‘z"é‘ﬁ As IR
W/ (mg/L) e/ (mg/L)
1.7 0.253 1.14
0.85 0.251 1.15
0.38 0.249 1.13
0.25 0.255 1.37
0.18 0.504 1.89
0.15 0.907 2.78
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UKL, ¥ — 2 11 Fe/ As BEJR LLBNN FeCly , Fe [ A 2 LUAEARE BUAS E 1AL 5 1. AR AH DGR 1 ok B2 4G
ISR, A S R s Z8ad i 73, 1. 70 mm 3 REGR A9 0% W) 20 IR e i i 1. 70 mm Zp R0 , 55 Z AT B9 95 T
WIFe o iR A R A TRGSE AL B .
2.6 RHIREX As RHRERNZIT

Ffl R A 28 A A A AL S 7 AR PR FR A, T

e IR OB PEAT B, 2 Fe/As BEARHE 1.0, 20 4 e R
pH=6.5~7.5 B}, 7£ 20,25,30,35,40,45,50,60,70, 25k

80 CHUE TSP TR (LA 60 min JE, §

SR BRR - BB As BRI IE BRI & |

AR ME T Bk B T ALY Fe/As BE/RIL = 1S} )
J91.0,pH =6.5 ~7.5 i Bt As BRI £ | X

FER TR T . T o 0 2 3 L R B i .

3T A T U8 LSS E T S I s o osp T
Sy W TR 7K EH DR IM 7 R A2 3 PR R 7K AR et el s 2030 40 50 60 70 80
i ATERE e

2.7 HELBHIEES FMNHAEL 7RIS As R Y

Bt R AN TR 25 R B AN TR (9 A W) R RIS AT O . BRI R ) {5 R S S AR W 8 5 (VR T, 5 A
R AFAEIE A %, EX A WIS TR R BEPE R RZ IR RN DR E T HL P S M B R I BRI 25 10 35 1 (k)
Jir LA BT 258 A o T S WSS R A AR AL RSO RO TR A AR B AR ASE AL BRAIT S i )

LA 4 Fs.
R4 ABEFWBEFRENLERNE As HEETL

EREERUERT As IEDS 55 RV 1% A/ % WA/ % AL % SRS/ Y%
A EREARERT As B 20.01 3.04 32.45 44.50
A BRRENS As IIBES 1.59 1.52 22.71 74.18
BB FERETT As FIEZS 6.10 3.46 6.18 84.26
BIEFERE IS As ITEZS 0 1.65 7.71 90. 64

MR A T, A AT IRV M A B RS AL R 2 5 1 ELEE 4 51 R 20.01% ,3. 04% ,
32.45% ,44.50% , S5PR USRS o5 1Y LE SRR TERR/K IR R T, B 25 2y B RN 7K 35 L0, RERREE 2 MR O, A= W) e
AR5 A AL A P IR 1/3 78 H AR AR I S5 N 2 B, v A AR Wy BRI AT A= G 3 Pl K.
1 Fe/As BE/R R 1.0,pH =6.5 ~7.5 £&F PR LALFE 60 min Ji , 55 BRI RS KR40 AR 3
RSN IRIE S IR RS WA /N A AL R 2. X A2 3 M R P R ) R I 55 BRIV R A IR
A FASHP B SR )G , — @R LR B3R AR E AR IE A, A FeCl, gae ), %t
JR: i T A A ORI

B B FESS IR IA R A IR JRA RS R A i L 5 5k 6. 10% ,3.46% ,6.18% ,84.26% , FEL
RIS, ZREE IS , 59 BRIV RS A 8 AT AL A AL S TR 2 — DRI 1 AR )
e R

P FeCl, Aa e Mo HIAL P A S FEFD B AL X 1 i P A s SSCR B934T (B2 s A Ak Ak 3T
JEMIE A M a5 Rk E AR IR Y A B 55 AU A R, TR ML AN [R].

2.8 FeCl, X & 5 i rh i ity A LS

L FeCl, hfase Mt b3 & As i 76 pH =6.5 ~7.5 i, Fe’ " 5 OH ™ RUW FF 4L i Fe(OH),
Fe(OH), 5 As WL %A FeCl, 55 As [k, AN 2 DA As DURSE IIE RS ok, R Fe (1) 4%
IS A R Fe( ) 5 As WA B FeAsO,. 24 FeCl, MR ILE] Fe/As EE/R =
1.0, 76 pH=6.5 ~7.5 L N, B E b AL F I ] =60 min, JE i 4 As 5 FeCl, 2530 2 b 784y, 248 i fa
(1) FeAsO, - xH,0 #BEHM, HAE R FeAsO, - xH,0 B8, il K IR A7.

1EpH=6.5~7.5 JLEN, Y4 Fe/As FE/RHL=1. 0 5}, B Fe/As BE/R FL A 3G, B AG #8 4> Fe( 1)
A Fe(OH), A 26 Fe( 11 ) 5 As SO A i FeAsO, , 1M H Fe(OH) , B LA Fe(OH) , , As W Fit 7
IKE AR AT, T B & KR AEAR R AR B LRI T it b As (3R VR EE. SR ke 2 —Fh AR
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ALY LT R T  ERA S0 T R Bk (o - FeOOH) SR KA (o - Fe,0,) . HH R
Hi Fe’ " YR BER R IR, S K B 0 B T U R AR D Fe™ " MR AR , Sk Bk 4 A I A
FTFICIAEE™. IA7 B A BACBRATAETE X T FeAsO, FEPR I B RS E P 20 A9, A EL AN
FeAsO, 7£ 5AESIT Fe(OH), EAFHE BT, B S Mk IEAEmtRa ™ . Krause Ay, FE—E &1 F
Fe 5 As S 2B AR B (FeAsO,) - xFe(OH),, X x> 1 Bl Fe/As >2.0 fif, & p A gl 2 ifl R AR
B, As (3R VR EEAR 255 KR IARE ™. (R, DA FeCl, SRR IR & As BRI HEATRS 8 AL B, 2 Fe/
As BEIRH=1.0 i, fE pH =6.5 ~ 7.5 W N, £ 7€ AL AL B[R] =60 min, SR HHLS A As AT H K
%, As B R AR T 2.5 mg/L, B3 As RURRUE MRS

3 #it

1) & As Bl BARZ M2 RE A E AT AL 7 00 R 1) 18 o AR AR ], T A2 B 1) 2 B A AN ]
O B S B AR A8 As PRI AR ) R S BN AR HE BRI ME B, T A 265 As TR
W FEO A X T AR B 8o & B 05 As JRE, DL FeCly AR E R, X & As JR il AT AR 2
AL BR , P As (99 R BERT B, it As I ARUE HOREL L

2) MG BRIAR — AR IR S TR, R P As BOIR B £ E S FeCl, BOMAE (R Fe/As FE/R
FO) R pH (E R A5G, PRt As 93 H kP AR A2 5 FeCl, w Fe & HEAVIEINTIREAR. 5 Fe/
As BEIRH=1.0 i, fE pH =6.5 ~7.5 JuEI N, As (R HHRIEAR T 2.5 mg/L, HARELALHE 60 min 5, &
i As FEARFFRRE. PO As S A ANKY Ry As B R 2R PR ANBURLIA s, UREERAN , As 15 H ok
JER. & As PR E A A AL A2 3R IR AR, BEE TR B TR, As IR H VR BE AT T As
(AR E PRI A A, AEA7 R sl O e o, 00 T PR BT K

3) WINASE A FIT As A PIA S50 E T35 1R R A0 55 PR A A 25 B3 I DS e A D i PR AR AR E
PESR BRI 2, BB I AL SR, R As 1B RS FE AL s A A [r).
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