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IR FLUR], Han)®, L, Hied!
(1. RWHEITAZE HRFEEMNR TS, FW 430070; 2. RNE LAY RESHEIEZE, &7 430070;
3. BT EHEA R FRIEA LT, EAR 541004)

WE: LRGSR A YRR, TR CABLER) 87 B, OF 2He S AL BREBEI ™ 1k
LEAAT PR . SR AR RN, A ACBRBERAE 2 T i . AR, A LR T U],
TR IETT LR (B -FeOOH ) J-HIRIIEAR . R/NRLEE SR h Z2 0570 T RO LS A AR B D

KR WEME CBM A0 fk; B-FeOOH; o-FeOOH

FESES: 0939.99; XERFRINES: A

By () A REY - L5 -0 -
KRR AR BAE R EEE A 2450k, &
Tl A= W U N & BRI 60 ZF0 A1, Bk
o TR LB (ZE3E5F 2000 ), BRI CN Bk
BloE IERFEMR M EEN R MAY 4
KA RE RS SR E LY, il AL T
VE R EIE A e 1. 0 W B 2 42 3|
RN B AN M RE R BRI 25 A (Kazue et al,
1997), VAR S W14 5 A ST R AR 0T 1Y
Wik, FHAEAF 2N ENA LTS (XL HRE
2000 ), X EERIFFT IR I F A IR AR W AE S Ak
JEE A BT B S He Ak R R R, B
YA A3 0 A AL £ Z MR 15, W1 Pierre
S5 (1990 ) 7EA7 B UG F v FH R B L8 B k™
JEFBIAFAE LR iR i 220 . Dk, A ek b id 7
()3 S HLEE R AN A B A A T
PEF” o B EATIFED 9 4 B AZ A A K Hp R 1
T T A HLT A GE P S B AL Bk B LR B
MR T AT e 58 .

TR AN SE M PR UL KRR A=W 20
AT A 2 EE TR E ], HA R i A P
N7 PRI 5 AN 20 2 35 1 R i Ve AL 5 T i
A AFRE, WAk (2004 ) F) FH A SR AEG AL
TCHTI CaCOs; THA (1999) IR ZE Fi5e R

IR BEHEA: 2007-06-29; f&EIBHE: 2007-08-13

XEHS: 1006-7493 (2007 ) 04-0637-07

BEG T B-FeOOH ffif;  Sipos 58 (2003) FH
SEERMEA BT BRI S A kY (FeOOH ).

ASCNIA BT )27 A B R AR R
W5y A AL I SR RN o SR A T
TERMAEY (AL ) 0L EISE R, 2
TEM W& A F AL SR BER - s i 72, 074
Y13z A ED, FTIR Al XRD #E47 7 #AE, DL T f#IF
S A YL e Yt -3 oK IR R S A ARk
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1 SEEHERs
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TESZH F AR o, Jo/K FeCly ( Hp [ S 2454
A i fb2lR A E] ), AR (R KUk
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Mral, #EBE (dextran, HrEE 2GR LA
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e RAH) s FREAR 8T LK K
ZEIRK, L ANAR F LA . H A HITACHI A R AR
77 H-600 STEM/EDX PV9O100 %1% 5 Hi4% ( TEM )
% [H J8 /5 2> 7 A4 77 i NICOLET 60 SXB % {d ~7 -
AL AN (FTIR), 3P 4 em™; HA
RIGAKU 72 w42 7 1) DIMAX-RB % X S 28 17 5 4Y
(XRD); ZEE B B2 wl A 77 (1) Orion818 iR JiE
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JGINE SO 13% 4

T Bl R A A A PR R A 77 ) KQ-250B
RIS I 1 e S AL R B F S O L) A7 LG 10-
2.4A RUBS.OHL.
12 SREAHE
12,1 #RBENG I EIE

3R 0.5, 1.0, 1.5 Fi12.0 g # R BEE AR AR
T 100 mL R ZEW K, fE 60°C NS R
20 min I HE U, B EEE, R 150 mL
FeCly 75 (0.1 M) R ERS I 1) 4 SR TR
H, WA R 10 min fff FeCl, 5 RIHE G2,
SRIG B NaOH % (0.3 M), 1875 pH 2 7,
RAWWIFEISS), O AR R SRR HIAE 200
mL. M EERCIR Fe (OH ), FERL. BiiaHitaE R,
TE 25 CHEIR T #E MR, Bk — o i ) J5 2
BT IZDTE A T8 (3 HERRAL S 156 1,7,
20 F1150 d BURE ). FESL 22500 5(8 000+ + min™)
Je, PTARUTTE 4 A R R R 2 Ik, Tk
CEEPER 1R, TE 60°CHHIE T 144 48 h, FEELAF
WEJ5 #6477 TEM, FTIR #1 XRD #4043 Mr. AN
AP A A 2 R SE 3 7k ]
122 eRAEELLA 1L T 5

B 100 mL 1 1% B PRV W, 57 M ot 5t 43
BN03%, 0.6%, 1.0% F 1.2 % i H 9 Bt B 5¢
RWEES R W, I A 3 g FeCly + 6 H,0 iy
T, 2B 15 min, BB, 153
T 5 S () 5 B o PR 37 0 T 1 B 3
M b, M A AR AE R R, 50 CHt AR E R R
B -FeCly i, FICS ANy & AR, & nA
40 mLNaOH %% (1 M), Fi 600 mL Z518K, ¥
il R A ERmH, pH o 7~8, T35 C
TE L T HERRIE 14 d, FrRe S R 28 18K 1
TR B2 WY, BT AL TR
TEM, FTIR ¥AH5Hr.

2 RS

21 HEBESFRETHSENSHT L
2.1.1  RFE FRALE A SRS 69 F L A2

X} 4 SR 1) o 1 43 R 2% I fE IR AR 3R
FEA R R AR IS 18] 3 B BORE 53 A o 3L TEM LS
FpERE T A ki . B 1P a, b, ¢
1 d Ayl R E S 1T d, 7d, 20 d A1 150 d A

A B TEM JESUER, & 1e SR MUY 2 BERE S B AL
20 d IIESL. HLFATSTE (ED) 23153455011 d
A F2 1. K 1a /0L, ERRLKITFEEE, 3T
VE FEE LR A B RCIR S B . HRfk 7
dJE, BEPRBUbE DB ANERL, KLk
60 nm (& 1b ), 2 A i E”,
ED 3 25 5 Ok 55 45 dh i K A g B
( 2line-ferrihydrite ), Ui F & AL R BE R T 4R 45 i ik
¥, HILANATHIR, o (AR A 0.2537 A1 0.1510
nm, FEPRIGETRIZE, R4 A dhoh 4 i
2, Sy TR B TR A 7 B AR AR B DR M
ghfyh, g (WA 1o ), FILRIEE 20 d,
ED 45 8 8 7 Fo O 2R Uk & R ) | A A AR
(FeOOH ), fiRZERIN T IKEEME (ferrihydrite )
Fl B-FeOOH Z [i] ( Emma et al, 1995 ), HHi K/
7 40~60 nm Z 8], Btk 150 d J5, BEECIR A AL
BRIEARTE R, BOmAZ & — MR 5 B
R E 12 S A A AL SR, X5 Webb 55 A
TEM WL 21| i 4 2 (1 45 A JE % #238 (Webb et al,
1999; Chua-anusorn et al, 2000 ; X HEZ, 2000 ).
gh R VE— 2R, ED M 45 R BoR L EAT
B -FeOOH M4544, K/NR 10~20 nm (& 1d ). 1E
AL R, SR E A A e P
T BARE IS M AERK T e, (ARERRILET
[11) P S 285 o R B AN B o B R AR FH A
17, WHLFRTSES R P ED BRI 91 2 4k
4 LR T RAFAE . G EK 2 RATHIR R A A AR
JKEEHERE (FeOOH + nH,0 )
al, 1998; Kennedy et al, 2003 ), % 20 d BB 4 FTIR
FRIEWER %08 (B 1e), HEHATKEH S
(ferrihydrite ) #1 B-FeOOH ZJa], % JCPDS22-353
X5} A ferritin iron core Z5FART WG o RT3
R F AT (311), (214), (424), (416). 150d
[ ED 25 00 /R HOR 45 dn A 1 AL B -FeOOH.,
B R A AR R P 4SBT
a-FeOOH AfF (El 1e ), HRMMOAAENUETE
T ERARA AR, W EIE AL T ARG B Rk
A A AR ).
212 FE#HEELSENARALT L H R
S Fe™ We B (0.075 mol/L) AHA], 7 5B 4
B9 05%, 1.0%, 1.5%, 2% R 20 d

( Schwertmann et
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a: after aging for 1 d; b: after aging for 7 d; c: after aging for 20 d; d: after aging for 150 d; e: o -FeOOH formed from Fe (OH)3 gel in the mineralization

system without organic substrate after aging for 20 d
P 1S A RIS TR BRA IR 18] T SRR BRI BT A7 ) A S A LB A TR R Ak
P S R B
Fig. 1 TEM images of minerals formed from Fe (OH ) gel after different aging times in the mineralization system without

organic substrate

Rl AR ERNERBEEERE (nm) (R FREEITs)

Table 1 Lattice spacings ( nm ) obtained from electron diffraction patterns for the different aging samples

FeOOH (Bfk7d ) FeOOH ( Fifk20d) FeOOH (Hfk150d) (the cir;ii?s(:;{lple N a-FeOOH" B FeOOH"
0.2537 0.2666 0.5250 0.4183 0.4183 0.5250
0.1510 0.2064 0.3331 0.2670 0.2693 0.3311

0.1523 02621 02179 02190 02616
0.1333 02291 0.1873 0.1802 0.2285
0.1638 0.1651 0.1659 0.1635
0.1517 0.1512 0.1509 0.1515
0.1379 0.1463 0.1475 0.1374

0.1401 0.1394

* Cited from JCPDS card NO.29~713 and NO.13~157 .,

JEAF RN A A TLL A T, B RANE 2 iF B8R, 700 em™ Ol B -FeOOH AYAREAEMZIIE ( Knight
Ne HE 2b-e ATLIEH, FEE SRS 2, et al, 1974; Schwertmann et al, 1983; Music et al,
700 em™ Bff T JB F Fe—OH {1 45 4% 21, 550, 480 1995 ). {HAMIRME & il 48 KAEILHE B -FeOOH
em™ BT JE T Fe—O 4R ) (1 W IS0 55 i 326 47 s A . XRD 2B (1 45 S iE— 2 R B Bl AU
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Bt o 4R 13 %44

BHE (%)

4000 350b 3000 2500 2000 1500 600 500
WA (Cem™)
a: SRR b MIRME S 0.5 % 5 o RIS R 1.0 %; d:
RO 15 %; e FRMET R 2.0%
a: pure dextran; b: 0.5 % dextran content; c: 1.0 % dextran content;

d: 1.5 % dextran content; e: 2.0 % dexiran content
K2 SRR [ SR & e A AR R R A
e (BAk 20 d) KAt RIERZLAME I b
Fig.2  Comparison of FTIR spectra of minerals formed
from Fe (OH ), gel in different mineralization systems with
different concentrations of dexiran after aging for 20 d and

of pure dextran
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2.667

1.534

A RS R, SR REE R LT B
BRI BORLSS f R (B 3 ). [, SR
PELLAME A L, B BRALE R B, R4l
RPN T 3 421 em™ 11 365em™ 23 BI)JE T 0-H
i i 4 Sl R0 AR B 25 4R Bl i WSO e A T ARCR
WO, WEESRME & o0 2% I TR VE IR R 8™
A6 O-H AR 20 A2 56 25 i 4 sl Ao i i g
R 34297 Fi 1 347em™ (18] 2e ), Vil Fe (1)
550 TR B A AR ) 32 e A R TR 1) R i 3
Hl &, FEAE R FeOOH B HITERM 5 .
22 ERESTFRAETERAEHT L

K B S FeOOH B4k, 28000 T 76 40 iy
BE b A% S IS AL RO, 38 SR R RO
R PIALIRE 2 35°C, & 4 J& TEM MELH AYHL
ARG (2518 03%, 1.0%, 1.2% )
TR Z PSSR e ) PUFPAS R & it 5e 4
PEEE ST b P WA A S (ED) 31575 2
W) d E 32 (L FRT g mg ), 5% FRMET
RWE RIS RSMT, SAMART L EZEYMH
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a: pure dextran; b: 0.5 % dextran content; c: 1.0 % dextran content; d: 1.5% dextran content; e: 2.0% dextran content

K3 SR HRAEA [ R & i A LR R A W89 XRD 15151 (Wifk 20 d)

Fig. 3 The XRD patterns of minerals formed from Fe (OH ), gel in different mineralization systems with different

concentrations of dextran after aging for 20 d



4 MR Z B R AL B A4S i TS 641

i/ &7 .

a: oM 0.3 % (0.3 % CS content ); b: 7o M 1.0 % (0.1% CS content );  c: 7o 1.2 % (1.2 % CS content )

Kl 4 AIFIFER MR LD (LR R P 9 TEM B SIAT (BRfk 14d)

Fig. 4 TEM images of minerals formed from Fe (OH ); gel in different mineralization systems with different concentrations of

CS after aging for 14 d

R2 AEVIBE=RESEV LR ML REEE
(M ) (s FRIHERE ST
Table 2 Lattice spacings (nm) obtained from electron
diffraction patterns for the samples of mineralization
systems with different initial CS concentrations

B -FeOOH B -FeOOH B -FeOOH FeOOH
(CS03% ) (CS0.6% ) (CS1.0% ) (CS1.2%)
0.5241 0.5402 0.5330 0.2540
0.3297 0.3290 0.3295 0.1950
0.2553 0.2553 0.2543 0.1635
0.1950 0.1961 0.1842
0.1642 0.1638 0.1630

A B-FeOOH. N CS &AM, 45aEs kA4
b CS iR 0.3 % B AR A2 R i R 58 1) 1R
B-FeOOH, KHi2Z M 80 nm, &HTHE 1.0%H}
WAL T4 FEIRI B -FeOOH, KHlI2Z5% 60 nm.
A5 RIRE] 1.2% 8245 ARE 59, R R 5945 d
(K G5B (ferrihydrite ), ED B R A =AM
FII. CS A 0.6 % BYFESL SEM 23 M7 3 b () & 7w
ZHi5r1XF B -FeOOH 2 Sy ) 4 fil VEFIC &1 5 ).
YR B -FeOOH i SR 2 1E Z I BE b A% 45 i
WP AE G, A8 A A A HES

LA RTEE SRR, 5 aliFe B LT A R A
o, 7E CS-Fe i, B&7E 3 267 em™, 693 em™
PR v —NH—A 8 N—H &2 bak, 78
1559cm™ BFHEXT I T CS Wk T AR ic0d & A 4
KA (E6), 1074, 1028 em™ B3z 4 B %F i
T v (CG,—0—H) #l v (C—0—H) 1y i i
YIRSy A, HAREARSS, ULASEREE L

S SR 0.6% 105 LIk 5 h AUl ki
1k 4y SEM &

Fig. 5 SEM image of mineral formed from Fe (OH ), gel
in the mineralization system with 0.6 % CS

()—NH—F1—OH #1257 5 Fe( M B
23 SBHESTFHERUBET L RIERANZN
EAEA IR AE R RARPOE B4 &
RIFH o -FeOOH AN[A], i R bH e R WA TE,
— R T R K, 5 —JrmeEs T
AE AR T B R R A AL I 25 R 2 T,
TEA RME S VAP I a1k )™ W) B £ R 7K
BEH R 1 I B T A KA EH R B -FeOOH
Z SRR & gz R | A A e, I
WZIEHL B -FeOOH. 7E7¢ R MR T MITE 5 LLLF
AR B-FeOOH R EIH 4,
AT W32 205 B SR
BRI EAKENZHEEGIREY, E5 Fe
(M) ABCAT 52 kAR TR R A T IR S A |
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PR U TR RS R S R |
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P Cem™)

a: 27 AE (pure CS); b 5TRBEE 1L 0.6 % (0.6 % CS content )
K6 SERBESEN 0.6%MT LIk R b A S ki
B AL 5 AT RBLL MG I L
Fig. 6 Comparison of FTIR spectra of minerals formed

from Fe (OH ); gel in the mineralization system with 0.6 %
CS and pure CS

MZLANE1E 3452 R A E A —NH—FI—OH J2 Fe
() pyFEERAL . K, AFEB 254 Fe
(D) R4t TR R BAZ AL, B £k
YIE S WA A .

PR IR N T8 B Ak ™ P R B R/
FHZERE R . B T HoHe B FIBRAGIRLEE B2 Ak, i
X PIRh Z R —E 2 A K. TER RIEIE
F IR Y kAR S B RN T T R A R
X5 AR TR O MR 2> TRk
PG S e A Fe () 254 RHHAE ) &
HELL e RIE A D) Rt i FEE R RN A
PUBEE B 2R an ik () S8 ER
AR, R B 2 B i AR T 32 5E T
TR EEAR A A HLIBT BB B/ i 2 TRl SR R 25 Bk AU A
SEALYIAZ AR AR K TR 32 3] 24 T T LA/
HIRL ( Pardoe et al, 2001 ),

ZRE IR SR R A VLIS TEIRER] (40
FAL . BRI WRIGHESE ), BRREAE N AR ALK
Fe (1) 52 KkABLAAE R MTE 205 73+ B L
— DB . BRI KT g AR
¥y, 20550 g H R B R 1 k4
SR ALY IURL 22 18] 1 11 2R R0 DACBOR Hh 3R A oA TG
HLES> ( Maria et al, 2000 ), PRI b A4 < 3 i}
TE UK R )k R S A ok

VR h 2R R E YO, R4S Fe (TIT)

WA B2, R T E B A RBE IR & A A A
AR R, 2051 0 S A kL
Mg, RO T AR AR, IR
PR ERBE I AL TR B A R E AR TR AR K I
HAEMZETIRR T 2 M 25 T g A, R Z IR
PERRRZI (4 pH (EL. IREE . A HLIREESE ).

Z WA R R B A AL S 50 i 4 S S A
B -FeOOH, T [ 4R AL e 2R 240 R i A hy
a-FeOOH, Ak, %L Chan %5 (2004 ) KLk
FARERAELE B -FeOOH #hi%, X7 84T fFit—
HARABIE

3 4t

AEA B A I B 32 5 2 SN ) 2 b
IR . 28 HE M Re R A (an
PRI ORI BEREIESE) 5 Fe () BLALIN A &
A KPR A A S . A LR T 0 H 413
ER, fERERPEAET, SRR RIE
ORISR AN E], 2055 R4 0 45 S AH = %2
JE DT LR

Fe (10 ) 58580509 AH BAEH B2 R A e
R b, F2AEN FeOOH A% L
(S SWG B Rns STl B2y NI 4 s | S A 7 L T
R AR, UaFmi Rse R (CS) A fk
BEAREE, CS F—NH—HM—OH ¥ 5 T 5 Fe
() MIFELAE R, CS AN, 45aIEa kAR
fb: CS EEN 0.3% 0}, JE R umI B ER
B-FeOOH, KM%} 80 nm; &M 1.0% M,
WIE R T 4k, KR4 60 nm; (HA 5k F)]
12% 0}, SRS AR 5, KB a5 4s
HIKEEH R

[EGBAEZ W R %, K, i
W ALIE B B A S R R TR AR L R/ B
SER I Z M TSR S e . 2
TR, A B AR A R ) AR R TSR T
R, TR AR E RN ST 1)
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Study on the Modulating Effect of Polysaccharide upon the
Mineralization of Iron Hydroxide

SUN Zhen-ya"? HUANG Jiang-bo®, YANG Hong-gang®, GONG Wen-qi*, CHEN He-sheng'

(1. Center for Material Research and Analysis, Wuhan University of Technology, Wuhan 430070, China; 2. School of Resource and

Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China; 3. Department of Resource & Environmental

Engineering, Guilin Research Institute of Geology for Mineral Resources, Guilin 541004, China )

Abstract: To investigate the modulating effect of polysaccharide upon the mineralization of iron hydroxide, a series

of simulative biomineralization experiments using dextran and chitosan as organic substrates were conducted in this

paper. The results showed that iron hydroxide gel nucleated and grew in polysaccharide molecule, and the nanometric

size akaganeite formed with the self-assembly effect of dextran or chitosan. The shape, size and crystal structure of the

iron oxyhydroxide mineral formed from iron hydroxide gel depend on the type of polysaccharide and its concentration.

Key words: dexiran; chitosan; biomineralization; akaganeite (3 -FeOOH) ; goethite (o -FeOOH)



