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Stabilization treatment of arsenic calcium residue using
Fe-containing compound stabilizers
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(1. School of Chemistry and Chemical Engineering, Central South University, Changsha, 410083, China;
2. Hunan Research Academy of Environment Science , Hunan Provincial Key Laboratory of Water Pollution

Control:Technology , Changsha 410042 , China)

Abstract; In this/study, Fe-containing compound stabilizers were used to stablize arsenic calcium
residue (ACR) with ‘high arsenic ( As) content (5.09%), and their stabilizing effects were
evaluated. by leaching toxicity test. The stabilization mechanism was discussed based on XRD, SEM
and sequential extraction analysis. The results showed that at the parameters of 30 wt% Fe-containing
compound stabilizers, 6.0 mL. H,SO, per 100 ¢ ACR and water-to-slag ratio of 4.5:10, the treated
ACR can meet the " Hazardous Waste Landfill Pollution Control Standard " ( GB 18598—2019)
within 180 curing days. And the weight gain ratio and the capacity increase ratio were 1.31 and
1.12, respectively. The stabilization of ACR was successfully achieved through by chemical
stabilization and cementation solidification. During the stabilization process, the conversion of
available As to amorphous Fe/ Al hydroxides bonded As was the main mechanism of As stabilization.
The formation of a stable calcium arsenate compound ( Pharmacolite) and the incorporation of

arsenate in the gypsum structure were the auxiliary mechanism of As stabilization. The modified

2020 4F 4 A 22 HUH (Received: April 22, 2020).
* WG A T RIS O PR R [ 20181364 ) B ).
Supported by Hunan Environmental Protection Research Project ( Xianghuanhan [2018]364).
x o+ BIBER A, Tel : 13975104962, E-mail ; csuyzy@ 126.com
Corresponding author, Tel:13975104962, E-mail; csuyzy@ 126.com



3000 57N 53 1k 2% 39 %

reactive mineral material can generate calcium-silicate-hydrates gel, and further suppressed the
release of As by physical encapsulation effect.

Keywords : arsenic calcium residue, compound stabilizers, stabilization, speciation.
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BT, K2 B0 i [ A IR 2 A 7E F AR As BEPEIR IR 2.5 mg- L7, ELBFSE TARSE P B —fb 7
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GEWTFERER I B ARE TN As B E ALAL BRI , 45 78 BRER IS I G A T X H 805 A 5 AL RCR AL
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1 #8571 ( Materials and methods)

1.1 JEpbfe

ARG T PG 1 B 1 T R 28 S0 M Al , A e 12 S [l SR FH A D F R A 8 v e
K= A AU R R A 7 SR B (0| /KR 2 29.6% R RS B BAES A AE 60 °C R T4 24 h, SRIG I
if 0.15 mm i £ FL ARG i A AL PR B N 2R 1 A6 2 o s i pH (R 12.50 , A LT & &R 2.0% , 7K
TEPEER B 5.64% 55T XRE 204 B ES I  E 20 R4 0 .Ca S As, &R 7308 45.75% 26.72% |
18.20% 11 5.09%.5% 1 3T LK, A5G As &5 50939 mg-kg™, 7 W41l 32 B2 AL il (f 35 A
FRER) , 5 HE ok 97.64% . [R) I SR B R M R VA IS A A5 7 1) As 2 VR B =534 163.5 mg- L', iEiE = T 1&
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Table 1 Selected physicochemical properties and mineral composition of the raw ACR

BRALE UR7EIY
5 Physicochemical properties Mineral emposition
E . M- ER B ==
Parameter Ak ﬁmﬁ USGEEEEs As Bt A AL T+ #H#W
Water ratio/% el Organic Total water- - Tolal A/ e oxide/ % ASHASSY% FeAsS/%
matter/ % soluble salts/%  (mg-kg™") ) 3
ol Value 29.6 12.50 2.0 5.64 50939 97.64 0.42 1.90
R2 SRR B (XRE, B %% )
Table 2 Chemical compositions of ACR obtained by XRF ('mass fraction, % )
TR 0 Ca s As Na Fe Sh Si P Al
Elements
Hiva
.. 45.75 26.72 18.20 5.09 1.72 0.98 0.85 0.38 0.19 0.11
Composition/%

1.2 5k
1.2.1  FROEALALBE K U PR

FREL 100 g 85 5 B ABEAR Y )RR AR TR A — 5 5 I 245501, 80 1R 5 33050, SR 5 I AGE MR it 7R
PEAT pH, FFIA — 2 KBS A LA B B i s T Bt KA 21T B 2R 3740 8 i F2 3
BRI, B 38 2 M R A B 60 °C T ET 4 .

LA I AS [ R4 isf (8] T AL BRI 1Y) As 32 B R VEA 2 A R I IS b As RS UE FR AR
G, R X SR A7 5143 B 1 ( XRD, Bruker D8 ADVANCE % [© ) 147 4 H1. 4% ( SEM, FEI Inspect F50
(FSEM) 3& [ ) X A2 fho Ak P i F A 605 7 ™ A ) iR T I 55 53 ) B4 7 R AIE
1.2.2 B

Wt C AR P Wi thBE IR 1 0 v BRI AR 125 ) (H)/T 299—2007) #EATIR 9250, %07 R Y
RN pH =3.20+0.05 FAB IR - il BV 1, U A A B S 56 5 BT A 10 ¢, 55 100 mL (3= 42 5
CHP10:1 B3 T E) IR, FE ol (3042) remin”' O EHFE AHR 28 B T IRIE (18+2) h.ig W78 lE , R
FH 0.45 wm B A7 8 i 38 0 IS As Wk

HJ T 5 ENAMAIZEHRIEAT LA, SR FHFEPERF AR IR H 77 (TCLP ) X A 1S 43 Ak B 3464133 1
SEHG CBRE (10 g) 55 0.1 mol - L7 A VKBS R (pH = 2.88+0.05) 78 20: 1 AW [ LL R 2, L) 30 r-min™'
1) e 18 e

SR VR B R R S A S Y pHL, AIFSY pH XTARES s o As REIAY sE . BT I S B R RS R 1 2 4B, IR
10 g TG 55 AN ] m AR AR TR &, 28 B A T HE R 100 132 S8 UG, T 332 T pHL AN As 6238
Tk F R A 5 B AR e BTV (ICP-OES, Thermo Scientific iCAP 7400 25 [ 4347 1 1 1B 5 09 W AR RE
fn AL As VR B 0 5 HE pHL
1.3 § W SIS 5B

Wt X B OEEEIY (XRF, PANalytical , Axios max faf 22 ) X f 45 75 A8 £k 24 40 2R AT 20 B I8 RE 1Y)
pH 2 BRI R ) 68 Pl 5 BB M A 3% ) ( GB/T15555.12—1995 ) B E AT 52 5 K v 1k i A
RE R SR 565 16 F553 . RHEOKEE AR BB I E Y (NY/T 1121.16) 54 HLTT & & I Ty ik
FCFERE Y AR AIAE KI5 e ) (HY 761—2015) JBFERIT W B4 i 2% (AT Y
SIHT B VYRR ) ). SR FH K 0 0 2 T B A T it PR, As 7 i

SR FHBCHE ) Wenzel TSR UL X0 As SR TIE ST, %7K As 430 5 MBS AR Gk
MRS (F1) B PR REAS (F2)  TEE TR AR A 45 528 (F3) BRI A 45 638 (F4) FRiES
(F5) Al E AR E: HNO,/H, 0,188 T3R8 45 (F5) AL



3002 H

i

1k 39 %

pS

2 5 59718 (Results and discussion)

2.1 AP I R

AT TR R S As TEAA AL CIE, N T A i AG A v As (IR AT R RIEREE JRURS: |, of i
FERUEAT As AT 2 3 MEPESE Y As TS0 A0, 25 R0 AE L YEM NS As A& PEBHES As 4
B 16.40% 1 23.58% , X W41 As IEREE XU e K AR L MRS As R PRGBS As i T H sl P
T A RS AsY e A A P b E AT G X — A o B AR AL S A A As | RhTERAD
FALISE G As FIBRIEZ As (5 HA ik 5] 29.48% (16.41% 1 14.13% ,3% 3 FIIEAHY As B NEEAE 1
SRS E T MELURE L.

R3EUIREPELE R As TR
Table 3 As species distributions of ACR

As B As i A"l
As species As content/ (mg-kg™") Percent/ %
L WS (F1) 7744 16.40
LIS (F2) 11134 23.58
TR AL B (F3) 13915 29.48
r TR AR A 5 A (F4) 7745 16.41
A (FS) 6670 14.13
M 47208 100.00

PRSI T 5 A7 KA Ca-As (LAY, T Ca-As LA W SBEE pH FRAK A i A5 i /K IE pH (E
R 12.50 , FEX PR AR LR EE T, Bl 25 B A0 0 (ARG & A 1 I B0 ) P BR AL 24 R 0, 3K As fY
B ARG B 1 AR EGH] pH XA As 2 R FE 52 7R )iz 1Y pH JE LN BEE pH AYREAR, As
T2 VR B SR G . pHL BT i 95 LR VR BB SE AR K, 0 R pH = 8.69—7.13 3X AN X [H] | As 12 Hi e B
M 817.35 mg- L™ ZRITHE & 2464.5 mg: L' FEF TR MEMFR B As 5 (50939 mg-kg™" ) AT
1,4 pH {E M 8.69 B % 7.13, il 45 i As TR H M 16% Tt 151 5] 48.4% . F i [ 152 i A7 503 As LTI
FIVEAH A B0 PR AR A A BRI OC B AR 53 5 | A G %l B Ak R 2 02 5 e R0 A A 5 3, LI SR Ak
REMHIR. G55 K 3 1 As JE RSB, AR As(BHEWINZS As SAEL RIS As) S A
39.98% 5 pH=7.66:1 As [ H K (37.70% ) A1 24. R, ¢ & 56 R Py 385 Ye 2 il b i) (GB 18598—
2019) FLAE 1 K I My AREE = i KR i pH=7.0—12.0. R, B8 @ Ak FE 1 e R PR i B o A7 30
As , TR i AR pHL (ELVAA il 7E 7.0—7.66 33X~ DX [H].

35001 w ~v— 32 i ¥k ¥ Leaching concentration | 3°
= \' —u— 2 i ¥ Leaching ratio 170
_ "\
% 3000F  m
=) \\ 160
L4 LN <
£ 2500| \ - g
g \.& 150 &
£ 2000 | \ pH=7.00—7.66 -t
g M 140 £
g K\ ’c_‘%
© 1500 54
2 430 +
5 <
Q
31000 N\ 420
€ soop '\ 410

T
0 L L L ! 0
3 5 7 9 11
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B 1 pH XEEGHE As 32 H B2 1520
Fig.1 Effect of pH on As leaching concentration of ACR
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2.2 IERREIEIT 54

RHIEASAE, B R E AR E TR (XN A, %) BB E (1C8 B,mL/100 g #) K
Fe(IEHR C) R XIS R E (AL FIS As 12 VR B RS2 IEAS SR 4 2R UL 4.

x4 EiEsER

Table 4 Results of orthogonal tests

Fi2 4R
oy FE R = R K itk H As B IE k¥ pH
. 7 Stabilizer H,S0, dosage/ Water-to-slag As leaching pH of water
Serial number N . . .
dosage/ % (mL/100 g i) ratio concentration cured for leaching
2 d/(mg-L7")
1 20 4.0 2.5:10 5.12 7.74
2 20 4.5 3.0:10 3.22 7.93
3 20 5.0 3.5:10 2.45 7.92
4 25 4.0 3.0:10 2.45 8.17
5 25 4.5 3.5:10 2.54 8.06
6 25 5.0 2.5:10 2.05 7.49
7 30 4.0 3.5:10 1.05 7.63
8 30 4.5 2.5:10 1.50 7.84
9 30 5.0 3.0:10 0.52 7.16
K1 10.79 8.62 8.67
K2 7.04 7.26 6.19 AN
mILHE A;B;C
K3 3.07 5.02 604 YRR s
R 2.57 1.20 0.88

M 4 Bl T A, 25 R e AL AR R As T2 R VR BE I 52 1 /NI S - A>B>CL il i 1F 28 S0 56
2 B e PR 2 KP4 3 R e 7 i 30 % MR BRI FH 1 5.0 mL/100 g ¥ FI7K i L 3.5:10. A [ 3R 75
LR 2 d 5 T AR 9 1Y As RN BRI AE RAK T (a2 S T Y i i AR ) (GB 18598—
2019) #HIBRE (1.2 mg- L") P I AR FRE T 5297 2.7 .15.30.,60 d, FF DN As 3 4 ARS e 1 A
PEAG 2 A Fa e AL B A A k. 2 3R R ep I Y As 32 e E

| @

As leaching concentration/(mg-L1)
=]

/s

=/l : /
/ ‘\\\\\;.\\ ///

__A

N

- »
6 — : 7
./ v < v ?’
4
s 7t S 1A
7 y‘/
s/ T e
2 :j ._é. _/*/ Limit of 1.2 mg-L™!
O * 1 1 1 /L 1 II 1
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Curing time/d

851

80

751

pH

7.0

651

(b)

6.0

5 10 15 30 60
Curing time/d

B2 AbHUSHPESIA R As 2 R pH FEFE B TR] AR AL
(BB B AR RS20 A RIS 4)

Fig.2 Variations of As leaching concentration and pH as a function of curing time for treated ACR

(The experimental conditions represented by the legend serial number are shown in Table 4)

MIEL 2 S50 LU, BEE RPN A AE 1,9 ZHASE AL AR PHVE B9 As 32 Hh K B BOK IR I pH 24
RS [F) AR BE ) S L ZE TR AP 60 d I, T A AR BRAE D As TR HREE S S B B A, 55 T 1.2 mg- L AOAR
S FRAEL, F2 2 N AE TR IR AIK AN A2, 5 i oA 20 As BRI L 1B AV Bt 3 IF 1) A 3RS, Horh
(4 As GG 1522 1 AR A I A S — 2D B, S BRI W0 As W EEA pH LT
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HRAE AP EG A 12 HHRR RS S, N DR IE A 858 As IR R, TR) s B A A e Ak i AR 1 KR 7.0<pH <
12.0, B3 B AR R FH &8 6.0 mL/100 g B, A5 i 09 SO pH E T 45 7 7.0—8.0 X [H). K &2k &L
FG A FRE b SN, PR A RS B S5 N7 1) AR Ak R [Tt 2 et (] A 3 Ak I 7 1) B B A . 25
S it K5 2 8 B A B WK ik Ry 4.5010.

2.3 BRERRE ARERIHEXT As 12 R 1 2

TEKE H (4.5:10) FVRGRER FH & (6.0 mL/100 g &) /4 T , A58 T 8kEh 285 A 58 700 FH B 0 it 45
B RE AR RZ ], W& 3 TR 25 I, As (912 HH R 32 Bl 5h 2 02 45 e R P o 1) 344 Jon i i R
R (&l 3a) BEE FRAP IR RO IE K, A BRSREA B9 As 32 H MR [0 T 290 AOAE, 117 15 d J5 HASARAR /.24
R HE A 15%0F, 3797 15 d J5 As IR R EE N 1.75 mg- L™ 208038 05 8.05 mg- L™, 1 24 8% 7
FHEEH 35% 00, As 12 R EEAUAU 0.36 754 0.48 mg- L™ 245458 FI &K 30%—35%I5 , F AR T4 30 d
J&i , As (135 H R B AR ST T BRI, IR T AR IR BRAA 1.2 mg- L Bl 25700 FH = 34 , 12 VR pHL [R1 R
Wbt 22 FAIG (P 3b) i T R kb 25 AR By A 19 pH 185 B8 AR 25 55 7 s 1] Badk 47, A ] 25 751 i
LBV ALY pH E B WL | 33X 5 1E AS 52560 A 45 R —30, BAE pH(7.0—8.5) IX A5 {4 722 f.

IR R 180 d I, B A AR As 5 MR BE YA AN R R FE 1Y BT 28 30961 35% 277 £ b B ) iy
REH As BB AR E 30 d B9 1.16 mg- L™ 0.45 mg- L' 9% 1.18 mg-L™" 0:48 mg- L™ S AR
F SRR A s B R A R R T A 3b T AR B IR R pH (XA BT R R, X ]
SR PR Ry e A A P 4 0 5 2 S T ik R A 3L

o @ gsr (b
_ ——15%
L8 .
één ; 8.0 ' \ﬂg
g6 M
g 75 *
s 5
gl E —a15%
:D 7.0F —e—20%
£ 3 —a—25%
g > os —v—30%
2 | : ——35%
0 1 // 6.0 1 1 1 L ya L
0 5 10 15 30 180 0 5 10 15 30 180
Curing time/d Curing time/d

3 ARFEIZFFPHHET As 32 kB T2 K pH 284k

Fig.3 Variations of As leaching concentration and pH of the leachate as a function of curing time

[) B R A TCLP U T 4R B A5 75 A1 309% (35% 2555 i Ab B p 2 k3= o 45 SR 6 5 o i T
PRI R BN A 22 5, L As IR VR A TR AOR R TCLP =42 5 194K pH {H (2.88+0.05) f#i75
A T As 12 HIMREE N 712.4 mg- L™, 28 30% F11 35% 2555 BE A BRI RE SR 30 d J5 , TCLP ¥ As 12 H
W43 4.37 mg- L7 F13.30 mg-L™" ,/NTF 5 mg- L™, [ &£ /£ 25 F ( Land Disposal Restrictions ) #il FR {E

S5 TCLP MR RIS As B HHE (mg- L)
Table 5 As leaching concentration extrated by TCLP and sulfuric acid-nitric acid method(mg-L™")

gk #HE Samples R
BT " . As % it
ey s 30%Z5 R AT 359267 ik Ab 3wt . R
Leaching TS T . . Leaching limit .
Treated ACR with Treated ACR with Standards/Regulations
method ACR values of As

30% dosages 35% dosages

Land Disposal Restrictions
TCLP 712.4 4.37 3.30 5 (Code of Federal Regulations
Title 40 Part 268)
CFER BR yAELHR T Ge hA R )

TRER TR 163.5 1.16 0.45 1.2 (GB 18598—2019)
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2.4 BAFER N BRI

50 18 5 e [ 2 A A 3R AR SR 5k + 7K 8 P ) Ak, JC 247 500 FH s, A B R A I AR
RAE. 6 MAL G Ra e 77 A A R e R X RS v A BB PSR A EL A DRUBA S T T 0 2 7K R 29.6% , %
FEZIR 1.62 g-em’ SR 45% AL G RIS 0 LR E B2 0 1.4 g-em’ R IR G T L 1.32, 38
ZEHR 1.52, B Ab BRSAS 2 4 1200 JT -t SR 309%—35% 52 4 Fa s 77 Ak 3 () [ AL AR 55 B 24
1.9 grem’ OB LI E LU AE 1.31—1.34 X [A]A8 4k, A2 LUl 1.12—1.15 Z [A], SR A Ab Bl A 24
1000 JC -t~ AH ARG .20, R 2 Lo b 2080/ )N | RN 5 i 712 7 AL 3 A 365 FH T I A e Ak 315 ok
PR [ R 00 TE A AL

R 6 TRUE AL B A 1 H 7 L S B b PR AR

Table 6 Weight gain ratio and capacity increase ratio and unit processing cost of treated ACR

FasE fLab 3 i B B AR B R
Treated ACR Weight gain ratio Capacity increase ratio Unit processing.cost/ ( JG -t™")
45% AL G 5 i Ab P i 1.32 1.52 1200

30% 52 4 2457 1t b Bl 1.31 1.12

35% 5 4 25 i Ab B i 1.34 1.15 1000

2.5 BRERZE AR R RS i e AL

4 MG AR (AL FERT S As AOTEZS A X Eo. AL 4 W] 1T, 45 309% % G Az AL L | &bk
WA As AN 16.40% K% 2 0.22% , S 253G N 28 35% ), E—20 K% 0.07%. IR in i e i oA 308
As ZRRER G BRI AL RS K RFEAR, KA ARG Ak A TC TR R AL I Z5 538 As, 3G 2
60% LA b 8K ARES As mITCE BB A 678 As IR LIE As BRUE M CHEAE  Hidh Jo e B 4k
BAAAEEETS As N 29.48% 4 I % 63.34%F1 61.14% Fa B L AL PR S A5 As 32 L dEtE SR L vE g
M As BB AR AL PR FF— 20, BIIZ 1) As B ZAERMEHTE As, JE LM As & &0l DI
R ARE B R TR B MRS As T As 552 pH 482 i A B 4k, B
1.5 TR, R, BRARA RS As o Fe i fase T ah G Gt

00 022 0.07
10350 10,05
16740
o 80f
z 2358 R F1
2 60} 63.34 61.14 Fj
£ L_JF
=l
k: 29.48 v
g 4o s
w
< /
0L 1? i“i]i 1401 liTiB”
0 %
Raw 30%wt 35%wt

4 AR E LA BRATIS As BOTE 2SO0 A X 1L
(FL AL MM P2 B MRS 13 T B AR UL 4 628 P4 BT R AL 45 675  F5 RIS
Fig.4 Comparison of As species distributions in the raw and treated ACR

(F1: non-specifically sorbed; F2: specifically sorbed; F3: amorphous Fe/ Al hydroxides; F4: crystalline Fe/Al hydroxides; F5: residual phase)

K 5 St i e LA BRAT IS XRD Rl 2558 i 18 Sa af LUE Y A4S i vh 2 222 CaS04+0.5H,0
( Hannebachite ) £77E , [R]ASFREIN 2]/ & CaCO,( Calcite) , AK M 21 HoAth S i - ) AH. 45 & 3 2 iUtk e R
SRR, T AR S A 32 B2 LA TC 8 TR IR S A B WA TE . 48 35% B A A e IR B HL32 4 30 d J& , A 215 1)
WY AH CaSO,- 2H, O ( Gypsum ) , CaHAsO,+ 2H, O ( Pharmacolite ) | Cag ( Si0, ), ( OH), ( Calcium silicate

hydrate) ,Ca( OH),( Portlandite ) FI&k ALY/ S A ALY (Tron oxides/hydroxides) , [F]A & Bl CaSO,+0.5H,0
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FEfR e LA B RE |, B AR A N AGE S R A pH (S 2E CaSO,-0.5H,0 A4k A CaS0,2H,07 . 51
PR (K Se) M EE A ERE o B O B AT B I R 20 24 1200 R8 44 21040 UERAZE CaS0,+0.5H,0 [
CaSO,2H,0 B A8 1 B v, 5643 0 R 3 48 A f B 45 0 v, i X A o 2 TR) R AR B T 3T ARG A Al T )
CaHAsO,2H,0.
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Fig.5 Comparison of XRD patterns of the raw (a), treated ACR by 35% dosage (b) and gypsum (c)
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Fig.6 Comparison of SEM images of the raw (a) and treated ACR (b,c)by 35% dosage
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