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SR T8 A0 30 35 5 2540 TRUT 7 8 0 A 2 i e A5 R AR 2 1 AR SXORTT 5 )2 IR Tk R £ 55 81 0 )

25 B AR T B A T 0 3 A R0 B G B 45 T, 2 pHL 4. 0 0055 K I W o R
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ik 70. 4% ~ 83.0% F1 88.5% ' fE L IR E o,
TR SR 7 W (Ve AT W A R e A
S5 ) S AT R A R R BRI . BT AESE
R 38 L 8T A B A A T S A AR &R 4R
A HTRUR S 78 LR B, fE FE T B A
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Shy R R A R VAR R VS VAR B R L R R AR, N A
BSR4t e AR A A X WS .
XTS5 1EY A % YA O AR PR 2R 8%, L pH 2900
3.0 ~5.0, 4 HLAR B AT 1k 20 mmol L™", LIATESIR
SERBRAM TR R T, IR R LR R T
FH 5 i 52 56 F 5% AR UL AR R B4 5% 0F AT A iR
T WA W€, ST A (2 100 min ) AR HEF |
RERR SR W R LS AS b . Rt A B 5 DA St A
() 1 38 S5 AR RETR R 0 ) P 2 B Dk 461, R R A K
Rk A AFM Z B G R ST 55 AR PR 248 B
Xof S AR AT ) 2 T A L 46 A B L B Al 1 5 e 48 R
VW - TR s BE A SR  ALER DL R AR PR AT )
VoS it A 0T % G R O TR A 4R A B AR 0

RS i

1.1 SSes R

e Py R BB 2 B by v T R A () 42
fito FEm AR, (001) 58 2 MR, B bkh 201
RL(TOT) (4 2R AE BR £ 91, RP A4 45 440 ¢l 795 4> 1D
AR (T) JeE—A NEER R (0) A . /\Th ik R
F B Fe Mg F1 Al 50, DU A 3222 Si, I8 D i
AL 5[] o A T A T DU T A S5 AL v, KR Ry HL AT
A B T AEAE 2 U A GER - s i p ke e

BEEUA DL S + HE SR B R DL o A
HLEE . #7 & M ( Citric acid ACS reagent, Sigma-
Aldrich) itk CA, 4> F = C H,0,, 4> T 4544 (OH)
C(CH,COOH),COOH, B A% =L H L, #7452 fif 25
HH(25 C) 433k pK,| 3. 13 pKy, 4.76 F1 pKy,
6.40""7 WA 1 W[, pH 4.0 B, By B2 R 32 LU
H, L™ WIE AT, BV — 4R (—CO00 ) fif 55,
JeHLER A7 NaCl( ACS reagent, Sigma-Aldrich) , Jig i 1
WCHT 60 °C fH IR A A HLKT 6 h DLBR LK .
1.2 Zwigit

Be il pH 3128 4.0 9 55 B2 /K ¥ W Fr 168 TR V35 T
FFFBERR ER W, 20 ] Ry (1) X B (CK) L2 A H, 0
(2) WP RERR VA, W 10 mmol L™' 30k CA; (3) #F
TR ER 1 W, ¥y A R AN NaCl ¥k £ 43 %] >4 10 mmol
L'#1 0.1 mol L™', 32k CA + NaCl, JH ¥ & K
1 mol L™"#y HCI F1 NaOH ( ACS, Sigma-Aldrich ) #7 #
TRV Y AR TR R, TR VAR AR 2 AN i, DR IR
A LR FI R 1 Ve BE AN R AR BT I AR Ak 3R THDWE 5 BT
FHALES R 7[R Bruker 23 w) 19 J5 - 77 1 0558 ( AFM)
MultiMode 8, it 4¢ E I = 4 [T o, 39 1 45 FIAS 85 49’

FRRIR A R B
Fraction of the species

| 1
0 2 pK, 4pK,) 6pK/ 8 10
pH

A1 RN 5 B A7 TE T R0 5
HEW pH 15C R Mk
Fig. 1 Distribution coefficients of various ligands in citric

acid and its relationship with pH 1.0 ~10.0

B o B AR AR X 43 5 e (1) $2 filh 42 X ( Contact
Mode) #5185 NP-SI0 (Si,N, ) FIHBI% 3 Heg
(2) f i 2 (Tapping Mode) , 41 A 5 MESP (Sb
doped Si) AR 3 Ha,, il 5557 f (19 2B = Bl R
WRTHATEIK LB ADoK PR 1 min £ BRET P 3R
mEY

SR B AL B IR WAk O T R MU IR S M
IR, N RV WA 4 ml, 454> 55 77 0L T8 3
FR R . B B R LA 25 °C R TR AE N
Brw o AR T ) B R A% Ak R A B B
T VR NG T R O B B A T R
AR EE R & TR D B MBS S B, =T
pUE S IES]E S
1.3 #iEae

AFM &% Wit 45 F1 w89 40 3 % A Bruker Nano-
Scope Analysis 34, 48 &b #AN & B 23 ]
OriginPro 8. 0 #11 Adobe Photoshop 7. 0 % {4,

2 45 R

2.1 ERE(001)EE pH 4. 0 X% il I Bz K T 517

T

B2 R B hEw A5 pH 4.0 /KA K B R
N JE (001) T BT $ A8 4k o 24 h B, BB 45 (001 ) i
AN Z R A ML, KB E ST 0.1 ~0.9 nm
Z (8] (A R AR RS . 96 h B, B < £E(001) T
KA R B S, AR E W Dl o A HCEL R
ARAFLI, A& 2¢ I 75 00 53 B 45 5% 28 B il bt 1
AR S B BRI 4.8% , EJEE N 0.957
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nm(n=5), [AH£E(001) i b A & B4, e
M LN 1 nm, [l 2d Hf i AR A 476 B 5 il

Al SR AR R 2, R BN
R B A R 5

BB Distance (um)

K2 BaB(001) RS pH 4.0 /K WS NS 2 P B TE AR fb, Forbh a H1 e 2 i
2 5 b A d R B R s d R TR AR AL 1A 51 R iR 2 M i T A

Fig. 2 Variation of biotite (001) surface in morphology in aqueous solution 4. 0 in pH, of which a)

and c¢) are deflection images; b) and d) are height images; the iconograph in d) is a phase image;

and i) and ii) are linear sections

MCRE(001) i 5 pH 4.0 (7K VAW R N 140 h
Ja A/ NE B R T 5 2B, (001) 1A EE
L, HIREA T 0.1 ~ 1.7 nm Z [8] 5 [F] B 72 #R5H H
570 161 7 7 A A E R, An 8] 3a 168 5 HE N TR .
XU 28 3ok K B () B 3 A O L AR 8 7 ) AT T
Brifh , DUEfER s R, PR ERE Y, BRE
T KA.
2.2 ERE(001)ES pH 4.0 IFEBRARRED

FamEi

Bl 4 ZEFFBEREN T, BB (001) [ IE
AL, W 4a R S5 A WL WIR L 24 h ),
A T VWS TR U 1 T S 1 W L N R
FERTLLIAE] 1.8 nm, 48 h W}, 3¢ 2 I fig i A1 4 3
MR 48. 7% , 140 h B}, B = HF(001) [ |35
) — 2 6 B 1E 7 3 f, R i 7 262 1 B ik 2
M4 (Spalling, 1 £ B B BT 75 ) o i BE 45 2R B 7R X
Wk H S EABMBROGNE TH— 26, &EY
1~2 nm,
2.3 ERF(001)ES5 pH 4.0 7R AR R KX

BRI ETN

FrEERR W P M A 0.1 mol L' NaCl J5, 2 i
JH SETE AN 2, 55 BE AT 3K 10 nm (DL 5b) o AR A A
Sa W R REIE LAY K SR 5 B R bR B i B A
AATF Jy 24 Ve T o 3 1 W ik 2402 8 = B B 2 W
RAETE MK, 0258 . (001) T #sL 4 A1

F3 BmH(001) 5 pH 4.0 /K WK B[] 50 i %
1T BT R B A B 25 4, Herh a A e SR 22 b A d R
JRE AT 5 2 2k 1 ) T 1

Fig. 3  Secondary coating formed on biotite (001 ) surface after long

term reaction in aqueous solution 4.0 in pH, of which a) and c¢) are

deflection images; b) and d) are height images; and i) is linear section

P /I 2 B T S T U 0 5K R
AL L 45 R 20 (001 ) 1 J £ 1T 45 9 2
PERA T 56 25 B R S 0 B G I B 2
i CA + NaCl ¥ BRI 96 b J5 B2 B3 1 - £
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WA A L. R M ] 3K 2 140 h 1, CA + (Swelling) , He BE AT 3K 5. 6 ~20. 3 nm, [A] i 42 £ i

_4 1 1 1 1
o 1 2 3 4 5
JiE Distance (um)

5

(= 38}
T

)% Height (nm)

|
—_

0o 1 2 3 4 5
B Distance (um)

4 B BE(001) M5 pH 4. 0 F7 45 B VA W B 72 i B 3 A 1k, H:
Hoa e fll e MR b d R f R E IR i i R i Sk 2 T R
Fig. 4 Variation of biotite (001) surface in morphology incubated in citric acid solu-
tion 4.0 in pH, of which a), ¢) and e) are deflection images; b), d) and f) are

height images; and i), ii) and iii) are linear sections

—
8]
T

(o)}
T

(=)
'
'
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B Height (nm)

(=]
38}

w S

T Height (nm)
o

1

1
y 08 16 24
l 1 i ¥ BB Distance (um)

o
=

FS BAE(001) M5 pH 4. 0 Fr i £h 7 W S b i 72 vp B T8 S A8 4k,
Hoa AL AT 5 ¢ A 22 18T 5 b AN o S g R TR 51 D i R A T
Fig. 5 Variation of biotite (001) surface in morphology in citrate solution 4. 0 in pH,
of which a) is phase image; ¢) is a deflection image; b) and d) are height images;

and i) and ii) are linear sections
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JEUF 7 S T L R B R 205 pH
4.0 (KRR L 96 h 5 1A 4. 8% 9T K L
Wi . McMaster 2V HI 0. 1 mol L™" AR 15 W
5 ZAE(001) A A K IEE R BB Y
KR B EE R H 25 Al—0 .Si—0 il Al—
Si GRS, AR AL ORI R Rk R L G A 2% R B T L
F35H ALSIL,O,(OH), + 6H" = 2AI'" +2H,Si0, +
H,0'"") Wl eSS R EE AT L H T W R B A
T 0 5 5 A 1) R o) R T TR B O R i R
T SR M S 2k Rk . Teng 457 ] pH ~1.1
() T LR T IE K 7 (KAISi, O, ) ¥ fif B % BLZ2 5 50 h
L IE K A7 3 T A RO B 55 W A i A BIF S I
2 AL R W] E W IR TR 1F T 40 140 h 25,
MR (001 ) T 7R 78 A5 LR , T E A R R E B IR
MY, Bray %N R pH & F P B
T 3% TR 4 B F 5 % B P BRI BB 7 RE R R Y K
T LLSE B, R Si—O0—H #E 1, BT T
HEZ T il 2 v n Fe WOOMLRE . BN OLT 1 - W%
o7 S 18T AT LA 43 S = A B X R, B S A A L
s RS B AN i RS b TR A R 2
BTRAS R AETIRAS ™ o RTE pH 4.0 [
VW B T AR A 5 LR AT AN 04 T UL
Pyt PR, T 7 R R S R T A2 R
18 FRE , 220\ A I Bl 55 Wk e A G S R W, T A
5 0 14 A B U 2 BEL RS A 0 3% T sk — A s

MA B 58 7] LA Hh A HL R S5 A W 0 4
(001) i 5 B B4 3 i 3 2 . K AT 9 e WA 2% 71
LR REWS AL HE & #00 W i i, — 2 H T BB T4
I, R LR R S B AR SR AE g
PREE G LR Z LA HLIR SR i R A 18, R Y
AR ARG W i R 3R A i FR PR E T
FEHEEOMEM . FN, B 42558 R B AR
6 Ty K I ) 92 Y0 U, 3 2 T 4 S A i K
MG, JCHIEREE ROV H W Na ™ 85 B A B v
T, BB B 3 2 405 g ik 24 O A ) S, I A R A
FEEIE (1 5) o X F A PR ER AL 28 0 & By
W TS HT MR BB AR A KA, iE 5 AL
R ER BN L Fe Na*-K* i A8 4 fE A 061, —
J7 T Na ™3 428 $5 200 31 06 4 J8 5L T 60 40 2 K 5 L
G35 AL B, 412 /25 X 75 25 T 0 76 7 VA T v A O A
5377 1 Na ' i@ 3 58 25 BF (001 ) i L 9 b 370 55 5 Bk

B A JZ ], 5 K© % 2 e/, )R 2 ) B AR
Ko BEH Na® RWiHE AJZ W, 78 N EBE 7127,
KEREWIK I RAEWZ P20 YRR . K 4
FEL S A1, 3 Fh ik 54— i & A 8 %2 2 ~ 10 nm,
HRAESRIEE T RWEN T, KKk Na® A
A RRRRVR A2 [ . [ RE 7F AR B9 1R T IR A
B 27 4R B, 5 B2 7T 3% 20 nm 17 B S o £
TR A e E R B R 1~
3 nm, KL Na® #EAJZ ), KRN, (75 %2 B =
BEREAL g K Ak 75 BE G B R S R A A
HREHT KL =8 (PRI ) 250 R e e, 4
— B KA IR AT B2, R A 0 S5 B L
T 58 ) b 26 190 1 3o R R 5 T 22 19 M S A1 3

4 4 ik

JE 0 S AT W %6 3R B 5 TR K T TRORE PR
BE (001 ) a7 A4 9 i A1 AN 1835 5 Bl 3 L I [ 4 S
K, (001) i b 25 YL AR TG E B B i ) B 05 9 £ 2
PEAT o AT R ¥ 0E o o 1 AR T RIR R B A A
35 P2 e R 5 B (001 ) T A J2 0K 95 Ak 8 5 o Bl AT
BRI W Na” We Y Th i, B m BE R Na ™ K7
SCAGAE P o A 45 32 2 S5 40 kAR B VIR 2R, 2 —
Afe T (001) T Y I i d R . 73 4h, R Kk fk
BAES T I R s BE (001 ) T Y it S B e B A A
HEA B JZ [R5, 45 2 2 ) BU I . Y e S A 2
%%, FECRIZ WA K AEUUE I A SOk =
B B R R - R N 7RSS TR L H IR
HIH s PR EE A 0F T I A7 ML A JC AL 4 1
o A2 KAL) BE XA XUCEE A HT A 2E PR = B (001)
TET 4375 A 2 Tl RS 2R, A ) T 07 5 o 3R 1 R A
By a7 BT R BE 8 I B
W 22 1T A R 2 114 ey B2 A A R ) AT AR 22 5 R I
SHERE R IEE Y JLR & S 4 T AT )
THT V5 figF | A R R A TR o R — A AR A AR T BER
Jiiko
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EFFECTS OF CITRATE DISSOLVING SURFACE AND
ALTERING MICROSTRUCTURE OF BIOTITE

Li Jifu'?  Zhang Wenjun'? Lu Jianwei'?" Li Xiuli'"? Li Xiaokun'’
(1 Resources and Environment College, Huazhong Agricultural University, Wuhan 430070, China)
(2 Key Laboratory of Arable Land Conservation ( Middle and Lower Reaches of Yangtse River) , Ministry of Agriculture of China,
Wuhan 430070, China)

Abstract The ex-situ incubation method coupled with the atomic force microscopy in contacting imaging and phase
imaging modes was used to explore how the surface of biotite, a phyllosilicate K-bearing mineral, is eroded or dissolved
and its microstructure is altered by citric acid (CA) in simulation of what happens in rhizosphere environment. CA, a
kind of low molecular weight organic acid is one of the most important components of root exudate and, therefore, ubiqui-
tous in rhizosphere environment. Results show that in weakly acidic aqueous solution, 4. 0 in pH, 24 hours of incubation
left some tiny etch pits, about 0.1 ~0.9 nm in depth, on the surface of biotite (001) , making the surface rough. After
96 h of incubation, pits became more apparent, averaging 0. 957 nm in depth, and more in number, but only covering
4.8% of the surface. After 140 h, an unstable coating precipitated on the surface, hindering the process of dissolution.
However, in citric acid solution (CA) 4.0 in pH, after 24 h of incubation, large numbers of etch pits appeared on the
surface of biotite (001) and dissolution of the surface layer became apparent. After 48 hr, the surface terrace dissolution
rate of the biotite increased significantly, with dissolved area reaching 48. 7% of the surface. And 140 hr later, circular
spallings were observed on the (001) surface, leading to breakage of the layer (1 ~2 nm in thickness) into fragments and
promoting further rise in dissolution rate. In CA solution containing Na™ , rising Na" concentration increased dissolution
rate of the surface and was a secondary coating was formed, too. Meanwhile, K*-Na" ion exchange on the solid-fluid in-
terface was enhanced and spalling in the (001) surface structure, about 2 ~ 10 nm in depth became more and more appar-
ent. With the incubation going on (140 hr), biotite expanded in depth ( ~20 nm), causing cracks in the perimeters
(0.1 ~1.9 nm in depth) and eventually zonal hydration of the surface microstructure, and formation of hydrous mica (il-
lite) on the surface of the biotite.

Key words Citrate; Biotite; Atomic force microscopy ( AFM) ; Dissolution; Microstructure
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