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The absorption reaction of goethite and its precursors on arsenite
and the impact of pre_processing methods

YE Ying, JI Shan_shan, WU Dai dai, L1 Jun and ZHANG Wei rui
( Department of Earth Science, Zhejiang University, Hangzhou 310027, China)

Abstract: The absorption reactions of goethite and its precursors on arsenite were studied. The three absorbent types were Fe( OH) 3
gel and two goethites, in which the Fe( OH) 5 gel had been dried in a microwave oven under the vacuum condition and at 80 'C. It was
found that, due to the replacement of OH™ by arsenite in goethite and Fe( OH) 3, pH changed from 9. 71 to 10. 36 6 minutes after
the Fe( OH) 5 gel was mixed with NaAsO; solution. At 40 minutes after the start of the reaction, pH decreased, which was caused by
the condensation reaction between the arsenite and the absorbent. The decline in pH values did not indicate the end of the absorption,
but was an indication of a change in the reaction type. Temperatures and dissolved gas had little effect on these two types of reactions.
The total absorption of aresenite increased after the absorbent had been irradiated with ultrasound, which also caused difficulty in sep
arating the solids from the solution. T he absorption capacity for arsenite of Fe( OH) 5 gel dried in a microwave oven under vacuum was
53.18% and 17. 22% better than that of Fe( OH) 5 gel and gel dried at 80 'C, respectively. The reasons for such phenomena might be
that the water molecules in the gel vibrated with high frequency under the action of microwave irradiation, thereby producing higher
vorositv and improving surface activitv.
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Bt e N S, RS A BT R R LY SR DY RF, BRI
(R ] P BEF DR B Ak e (10 5 RS [ 2 B%, 2003;
SR ZT %5, 1999; Yokota et al ., 2001) . ffij5 4e 6 AR @
I A A O 1, 0 = A b s

L0 TR P 4 32 38 R AW B s AT e Bl veE R
VBB T T 06 B T G ( Borho, et al., 1996; ¥ 5t 4% %,
2000; Meng et al., 2001; BES7 M5, 2002; Nikolaidis, et al. ,
2003: Kim, et al., 2003) . IX26 7735547 06k nd, 908 44 1
i WO A e 5, AT, 0 A 0 AR s b
BT MNAT Ry ks BB aE VA 1 VL BV O, E AT 2 AR IR
W AT G, JC IR N TR AR 2 R 34 T
DX A 58, SR B B — 0 i i i B e L AT B S R S

FET S 5 7 11 25 21 W B 3] v, 2% 0 A A 40 0 2 5 A 4 e
S RVE, Iy AE R e AN By Tl A LA RS AR HE, S Ah, AT
BT &S Lk s T & TTAF As B 1 10 W B 280 2R ( Pierce et
al., 1982;: Reed et al.. 2000) . %050t 8 e B 28 W0 B 25 32
DR, AEZE B A LA M K fA e 2 88 2: B, H i BRI
VI 2 WF 0 1038 T 4 1) &85 0 2 (R B0 4, I o B R 2k
W ( Garcia— Sanchez et al., 1999; Lenoble et al., 2002), K}
XS W Ok AR B, £ B RN AR 2 Bk 2 WA ETS T K
b B ok . I RGERTIT T SR A 2 B0 W B SV 1
Wi, A G pH B BR )R i S I I it A 5 A B AL
OF S L [ & ( Zhang et al., 2004) . AT AR T
B S5 A LR LA B i 9 A 0 1 1 S i, R T AN ] ) i
AR FEA, W R AR B, XS LE Y IR TR R BB
B B I AL B As )57 02 0 R 52 . B, MR Kb
T HE 5L As( 1D BT T AR AR (R AR, 1999) , IR A S0k
SR NV SRRC AL 52 B iy MR AL D O 38 W B
I ik e f i pH I AR Ak, 7 T B W As BT T
WL .
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FHAS 28 Sy S [ Ao 28 ) 2 7 1) PQ3 20 i e 4 5 0 1 1A T
WS . SR HT LR s R O AT B2 W) A RECHS )R pHL S
3C BUAS % pH_mV VK I 52 5 3 B b pH I 19 A2 4k, A6 i
Jo B SGIEAT T R bR SRR . SR NS U SR b
BRI 20 ) (1) TDL_S_A 78 85 0o WL ] 300 84 A4 43 35 .
P FF i AE R B B N HG T B RS P A AT PR A | Y
K Q118 7Y 7 P ilf b A Ak B8, A L 40 1L X 2 . BT LR 2 ok
iR e
1.2 R e H & 5k

WL B 500 649 45 2% 7 Rietra 25 A(2000) 4773 . HL 500
mL 1 M K Fe( NOs) 5 %, H 2 MO NaOH ¥ 3
SERE pH 25T 7, BT HIAE 60 CEAL 1 d, 85003 PE 5 19 5140

P BRERE . TR B S 06 (1 3 RIORE 43 % LR iR AT
AR B A BB TE 80 CHANE F b T, 73 B0, 0 N
GT_L: f S A e i e 8 s i B s A 28 b, A dh 048 1 [R)
i, RS 2241 WP700.21 G0 &b 1 b 2 30 min, 5 21
T B AU RIS, 30 0 GT_2; 150 A FHL 747 58] ) 20 S0 1k 2k
VRIS ELRE ] W B 9286, 38 b GT_3. GT_2 I GT_3 (A& K #H
FISPAT FE SRR TE, 80 CHEF 0 i, 08 st vk 5771 -1 W 52 56 11
FE G IR T it . Fe( OH) 5 0T LA FE & B BRAT 17 il th, & 4
TR A ST W A5 % FeOOH . E & ¥ FeOOH 1 LA % Fh
B5 G N AFETE, WA (aFeOOH) JY J5 £F 840 ( B FeOOH)
R ( v FeOOH) , 3L due 55 WL 0 2 BF B ( 0 4 W0 55,
2003) . S A BRIBE I B AT BRI BN
Fe( OH) 3 =FeOOH+ H,0

1.3 #S8 X HE5TH5F

I H AR 2 Rigaku D/ max 2550 #7506 FE & AT T
FIa o Mr, A3 T HIHETEIE 20 O 3~ 70° (G AT S KO . i 4
52 45 K 40 kV, ¥ 300 mA, Cu 0 ka £, ¥ & A=
1.540 56 A A7 55 28 AT 77 S 00 0 B85 22 Ko B 0, 9 R FEOpR 4
DS= 0. 1, 48 RS= 0.3, B fr k4t sS= 0.1 mm, $941 8
I 20°/ min, 2B (< 0,027, #EAEFI4 .
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B 88 TR T SRR S (GT_1) FC S Bl i
TR (GT_2) (1 5 Bl 5 0 e i, 451 48 L B8 25 0 JEOLL
JSM_SS10LV . M) iy A 41 D 5 Ak 242, 4% 307 6 7 0 ) 1=, FH A0
R D CTITN  E E T LIDTER (R SN | O
1.5 RMisELs
(1) P Bl 5 S0 (e 7 o

VTR B T DL AR BERCSR): H H T OO RR I 107 mg
1 NaOH, ¥ T8 6 w1, 0 100 mL 23 85 7K, i 5 45 52 4
fife, fEr g AR £ 60 °C; BRI 264 mg As; O3, I L& B
A, A, AP, BA A VN A SIS, S
1000 mL Z S eh, IR A 2088, 3840 . B As RN
200 mg/ L.
(2) ZA AU b BRRE WL B As( ITD I pH {1 4k

L 150 mL i 4 200 me/ L (0 B 893, ¥
B b IR K BRI GT_3 #5330 v 70 Bl B
{AYEREHE MR B T, T pH 0 58 FF0 5 AS (7] 2 5 1) f14
U pH AH. 720 min J5 850 20 35S 5 B9 L i GT_3_pH_
Ly AN TAT 9230 AE W B B2 REREAT 10 min Ji5 2800 4 BE, 15 31 11
WL GT_3.pH_2: 5 — VAT 58 M GT3 5 n# % 90°C
{16 0 T PR3 30 B Y 10 miin Ji 185 00 Ak L, 75 3 A9 35 30 b
GT_3_pH_T.
(3) EFEm™ b 2 0T kAR IR A B L R 0 As( TTD I B

W B2 6 23 T AL HEAT: 55 1 4LRE DS 150 mL As( ITD ¥
JEE20 200 mg/ L (¥ F 8 B 7 00T R, BB N BB O, 48 A1 S
EME A BRI 12 h, B0 S 13 B L K GT_ 1L As .
GT 2 As FIGT_3 As. 8 2 41KE5h 5 150 mL As( IID ¥ & 4
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200 mg/ L 150G 12 600 5 30 TR R, A D OB 7 8 0 Ok 30 Ak PR
10 min, RS AP 20 Y A0, I E 12 h 5 &0 e 2R, 55
W GT_1ILAsU GT_2_AsU F1 GT_3_AsU .
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AL . 200 2%, I e B AR o ) 0 S0 4 28 D 8k ) L
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(110) We(2.52 A (113) (2. 20 A (024) I (1. 84 A) (116)
(1,69 A (214) W5 (1. 49 A) FI(300) W 1.45A) . RET Y
REFREET (R B Y 76.0182), R AE 1k fiT S0 4D 650 ((110) U
(4. 18 A (130) WE(2. 69 A FI(111) W% (2.45A .

3
=4
g
=
wy
~
3
[ ~
& o - K
L=} - vy
w gfr §§ 2o 3
6 o ts 4,3 -
i = - S Lo b
i 8 - 22
' ~ 8 & {8 —=
L V7 g T ﬂ§ {{
LR T 2 |
% - ' [ Sy ] -
S I A B 4 B
et S VS
o

L T 1 L] 1 LI ) L 1 1 ] T
10 20 30 40 50 60 70 80
20/°
B 1 AR Tl 27 R A9 ) (R0 B A XRD i 2k
Fig. 1 XRD patterns of different absorbents
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Pl 2t S, A e A A ORGP i PR A 8 1 B pHL A ot B 1]
(975 2k . o A B 0 i P i N Y pHL BN 9. 71,
I G B RE I S . R R/ I pH (AR A0 CE0T 43 2 3 AN B
B0~ 6 min MEE 1 BB pH {HL A 9. 71 Pl |- T3] 10. 36
(P 247 F): 7~ 40 min 455 2 WY B pH B A K, A+ T
10.36~ 10. 34 22 [1]; 40 min Ji5 5% 3 B By, #H00 pH {F 5 0
iR PR, % 720 min F4E 9. 19,

R pH A1) A8 £ T 4 B wie 1 W B ) g B 1 )
AUECAEFH © A0 S Uk 1 S8 M o A 1) 0 e R ol 5 30 9 9 1)
pH RLEE LT, BE WIS AH R OB JE T i AH:

AsO5 (HEfRAS) + Fe{ OH) 3 —>Fe{ OH)»*(AsO3 ) (i) + OH™ (2)

(2) ACHAB A S W] RS A R — il P 480 S R, B o 1 I i
RIS 7 2 A B e e b M 0 . RS2 7 4% 1997) Jl it
XPS (52, A BLEF B B B uf B 28 7 B, AR BRI 1k
TR Y . X BT SE Fe —0 —AsO( OH) —0 —Fe
Hl Fe—0 —As( OH) —0 —Fe( Farquhar et al., 2002), X il —
A5 150 0 W R AR B 7 E Fe —O —OH 210 (1) 45 & T8 U 204
- el
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Fig. 2 pH variation during the reaction between

ferric hydroxide and arsenite

W pH AR 7 min 1531 10. 38, 2 55 40 min I {&
FEAE 10,34 . 3K — B BUA UMY pH IEARRE, iRl At 8k
S M ol I i WL 5 00 R Bk 3 B P . BRI A A
LA A B 5 PR W B - A AE 30~ 40 min 3K BT i
(Reed et al., 2000, Zhang, et al.,2004), F A7 8k Pk .
{E4S 40 min J7 ¥ pH (H 5900 F B %, A 40 min (1)
10. 34 FR 4255 720 min 1 9. 13( W 1E 2) . E#09 R ILAG 8
PR A 1 W B T 6 A ) S R I S 0 pHL {1 T B,
H S H R COo 1 THRAT 26( M BESE, 2005) . A& 1 FIiL
1) 2, AR A B S ( GT_3) MR Rt I i i 2 1100 40 ok 5, T B 885
(GT_3_pH_1) FF# 425 ( GT_3_As Fll GT_3_AsU) I [y 4: b
AHZEAS I 1 W A0 T 5 o, X R W COp X (2) ARk m
SR G Sk s L 6 L SR EAT B 10 min( GT_3_pH_2) #l 12
h(GT_3_pH_1) [ 2B 3 55 pH A, nTLAF B 1 vh pH A0 ¥
TR I B BN (R 45 0, B I 1) 25 B3 A 1K T 12 min
FPATRE S GT_3pH_1), 335 B Bk ( 2) X 4b, kR h ik 77 15
oA Sz 3, 3F B[] 2 10 min #9553 ( GT_3_pH_2) A1 90°C
(GT_3_pH_2) I &, oot ke W sema A, th 1 4
AT DA ST R A L BRAIE, AR R AL 43 0 (2) AR 1 B B
SEMAS K

W pH ELTE 40 min Ji7 F5 25 PG ol g R LLR B AT %

Fe( OH) 2*(AsO3 ) —>FeAsO;+ 2H* (3)
FELL R, As (RS LA 2 8902k 3, FF R 1Y L %
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Table 1 Absorption experimental result of goethite and its precursor on As ( [I) anion

FE 5 JFAnE 3 H Ce/ mgeL™" Qelmgrg ! LR % pH
GT_3 pH_1 G, MUOF, 12 h 69. 40 150. 69 65. 30 9.19
GT_3 pH_2 ik, MOIF, 10 min 105. 40 109. 15 47. 30 10. 04
GT_3 pH_T 90 C, M IT, 10 min 107.10 107. 19 46. 45 9.99

GT_3 As Wikl #wH, 12 h 78. 60 140. 17 60. 70 9,49
GT_3_AsU Wikl #wH, 12 h 73. 60 145. 94 63.20 9,56

GT_1_As Wikl #wH, 12 h 107. 10 69. 68 46. 45 9. 47
GT_1_AsU S, %M, 12 h 101. 80 73.65 49. 10 9.43

GT_2 As S, %M, 12 h 57.70 128. 34 71.15 9.79
GT_2 AsU S, M, 12 h 40. 70 143. 68 79. 65 9.83

UE(3) I AR AR IE [5UR IY, n] BUA 1 S 40 5 S

M 2 FioR i) pH A28 4k ] BLIA S, (2) 28 SR b,
FE 6 min 6 B3 S0y, 15 ( 3) 23 18 2 1%, FELEI I, £E 12
h A .
2.3 TRALER Ty % T ORI A8 RO S0

0 BN T R U AW B As( TID B s 5
i Ferh Ce Jy T M P As WRIE, Qe b i i LM
P As HERE, 2R R B SN T AT B (R As( D) fR LA .
XL AT A T LA Y, AN RE ST ], 28k i s Sl i B
S B S T As( TTD B B8 7 iy W B e 35 4 . b T 4
P AR LGN As (0 2B R ETFT 2.65%., 6T 2 FF S
8.5%,GT 3 LIt T 2.5% . W PR 5l 28 4 g Ak BELS 1 fie 42
S A BRT A T e A K A b B O B o 2R A
il PR R LR e M B 0 K T, T IORE B Al )
(R 8 o AL Pl st SR T O it 2 i 1 2 i ) DL 11, 83 i
e [ A ok A LA 43 85, DT 7 VR RS I o ol T o 3 i 0
PLE I A LR, 320K 5 BOK AL B A iR LT

FERE S T, GT_2 J& 20 ek B0 A% T 1) S0 S A 1 R e,
TATEIT As( TTD B 881 1 22 BR#E LG 80 CHET ki ., IL
1 GT 2 As b GT_1_As 1 24. 7% , Tl GT_2_AsU £ GT_1_AsU
15 30.55% ; bl As( T MBS Tl LB Ry TR
TR A AL BRI, 1L b GT_2_ As t GT 3 As 1 10. 45%,
1M GT_2_AsU Lk GT_3_AsU i 16.45% .

FEFIRRE T M 82 1 Bl T B AT 80 R T K i 119 1 ik
25 . B3 AR GT_L (& He, n LA 21 30 Ay 3 &5 41
SRECE, AFBEAS WAL, TR e S R e . 1 3
AL RE S GT_2 (& kg, P A B i, /N AN 26 (v [i] A4 R
L1 I

TEA A 5 AU, il S e P SR A2 v S N3k e, 8 A
AL RE O 2 J R S O B I 4% A ( BLALAE A, 2004) . 40
I8 b B O R B ) i DR e R A L SRR 3, X )
fit ROl 0k % 59 19 AR N (T hermal effects) B AE #4300 ( Non=
thermal effects) 47 2% . {ERCBER I I (0 1 H R, BE & b Kk 4y
TR A Bl O A A S L, R IR A T K

B3 s FREA GT_L R GT_2 () SR AS M
Fig.3 Micro_structure of 80 C air_dried ( GT_1, left) and vacuum_microwave dried ( GT_2, right) absorbent under SEM
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(1) R4 pH (00 A 1k, BFEen™ S S 1 Bk vk Jle WL Bf
As( T0D B &1 0 e i v 43 2k 3 A~Bir B: 55 0~ 6 min pH {i R
600 N S P ] R R i/ S S TR R R R A R R )
s &5 7~ 40 min pH i JEAER s, WP Sz 197 ik 51 5 & 7 5: 40
min Ji pH (I FE 2 PR, FURR 28 - L5 W B 700 2 1) 1) 446 5 R 1
k.

(2) AT £ A A0 W B s I R i) A A, W PR JS BE Ak
RS AR AL () B2 .

(3) EFERA R HL T A 28 7 i A B S T W B R A K
A T A T, AT S 1 5T e AT R e B e R B e (R
PP, 348 ol Ak 9 g A SO A LA 439 TR AN R

(4) ol F0 45 T b A Ak B S S A K R M KRt B v 1 3L
A As( L1 BHES ¥ (10 W B i 7, 1 W B 1) ) 28 4 el L AT — 52
5 .
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