553 445 61 + HE o W Vol. 53, No. 6
2016 4 11 H ACTA PEDOLOGICA SINICA Nov., 2016
DOI: 10.11766/trxb201605190254

FETERA TR B = B 5 T A0 R MY 3 A5 A0 9 A S E A 5T

g RXED FANW kEE 244"

(1 RITRSAEBE, BIHHRIN  434025)
(2 ferp ol KEE IR S 2= B, I 430070 )

B OE CRAFENET ) WA s WA T 5 R R R 4 T AR SRR RERR SR A
T 2 B R R W B Sh S FIE ARtk . R4k . TR A 7E AR [ AR B A Il pH 6.0, ¥R EE 435l
J0 mg L™, 100 mg L™'FI1000 mg L™ A A RR VAT o (50 S BT FH (40 8 903 3 oy - S v i DL g2 = 1
ST Y —RB e, HAEFEHE VK (Mg, sFeqssTioe ) [ AlSi;0,0] (OH) ,o ZEHFMA, A ] BE
SR A L ERRIE RS — A E RN E . EEApH 6.0MEEMRBEWAIEA T, B0~ 180
minP, IR T 5B kE (001 ) TE A FLAE F LA Bk 32 59 Bl RO BFF 200 5, WA R 110 J68 0 1 222 3k
W, HEAA R ZA IR TR RER, BENT1~5 amZ[A]; KA 180 ~ 300 minf, Bk
(001) TH MBS R A LU BRI A N &2, S A T3 ~5 nmZ W, F¥2H4 nm; MR = (001)
T L B4 75 B AL Gk Ao 38 W) 43 A A6 30 22 B IR S5 4 LA % PR 25 B AR AL G175 5 7= A 0 e R 5 40 S T R 4
i, FHEEAT6 ~8 nm, BN SBEHRMRBEMRTHE 2.5 nm. BLHN, BHR S F RGBS
P BE ST AT U B AN BE BRI T, R RES IR S s B R A A, (R R 2 A K R 5 R BT Y ALRITS Y
B B, RS = B2 Y00 LI RN S — A I A — T 6 — R 2 I B 2 Ot B 0 B el

pu -
KA AR Bt T BAEE; WHshE; LN
e = S153.4 Mk RIR AL A

IR — R Z AR . A 2R E AR A
LR TIRAY, TR, Vs MM
WL PRI R Y, BB S K
WY SR BE A e A L AR R R
B, FTAB XA T BN RA MBI, I8k
Pz R TR . Tl FIREE AT, G & A R
AERE S A A HLE AR D LR AR A LS
PR N A (HE, B TIRRMMRA S
TRPERUR I 20, E R A2 B2 A T4 K A7)
RAFER I 0

ULAE, B MOWBE S T By, WLt
FUHBE | 37 5 i BE AR T 7 1 0 S TR LR T

Fo P, X HIE A S5 T HIRA
T L ORI BRI ST, TR IR Y 45
EIMEREML, MBCIRITUR . LR LR A 3R
RZEHT . Plaschkes "' BF5E 32 Wl MR ML 3R 58 A F T
IR > 716 = BF R & A [ 41T . B/
6 26 10T R T A SR T e DX 8 B S
JRHEAT IR 7 S W o B 2 R IR 3 A AE
WS R LinZs U7 RS 0 45 5 2 0 b6 25 8 5l
MR A JEE F) T 25, 05T T O R )68 B 40 ik B
SR T 3 90 ) F R ALK o XA pH L MR
SR . WL IR £ S S B R T SR A R, T4
25N B SBOL S RB RS R ES . &8

* R HRFIFILESTH (41571284) SR R2EAA G #HTIH (801180010140 ) FL[FE ¥ B Supported by the National Natural
Science Foundation of China ( No. 41571284 ) and the Doctoral Fund for Yangtze University ( No. 801180010140 )

1 M IRMEE Corresponding author, Tel: 027-61379276, E-mail: lunm@mail.hzau.edu.cn
YEF A Z2dkm (1987—) , B, WrH 2 A, WL, JF, FENREEYFRSERS LB M. E-mail: jifuli@

yangtzeu.edu.cn

Wk B . 2016-05-19; W ESH B 2016-07-04; PLsests R E W (www.cnkinet) : 2016-09-06

http: //pedologica. issas. ac. cn



6 1] SRYRARAT SRR AR 2 BT A B B AN A RS 1445

B F LA LTS G RS A R AR AR
I, JE B AR A D K01 A L S TR AT I
MR, SR LT YRS SRR
I SR A e e KR oAy AR 0
SR, AT TR SRR S 6 ) S TR AR EL AR A
FREZRETHEEN . REIREMER, X HB)
TR FER O Rk . R, ARSCUL A 8 v LR
JFAERERRER O Y R AR Y, R R B
VERAL I SR > T8 ) 5 18 09 3 25 W MERRAE %
W) JE B TR 7 A 2K — 4 ) 5 i A A A R 2R R RO JE
AEA, XTHRANPUG G FE R RIS . 54
LRI . HBEIETE R P R A T X

1 MRS

1.1 I

RIRB B Y b P B K2 (R 48
fit, BESREABCR, (001) MisE4f@H, 2 : 1A
Zitgrot (TOTHL) |, fh2F 2 Bk F L 5
FE, AK (Mg, eFeqssTing ) [ AlSi;0,,] (OH) ,.
PR BERE A SIS T TR DR e B BT,
HIAS mmx3 mmx0.1 mmA# . WHPE, Phik
JoT H A ] 0 R = BEY) T 4 °C Y UK AR N AR AE
& o A8 e ok B W b A VDO JE Y K RS
4 (30°33'25"N, 112°4'53"E) , R4 EFxRE 5
M th4s (THSS) M ik ftal, BAREAET
WA WSCHR ), diqk . TR R R O A
iz (1.5 LRA) HEFEACHERBTFRE, Hik
Ay R HIC R M (Vario EL cube,
Elementar, fEE ) ME, 5% K. C 41.2% . H
3.2%. 039.8%. N 1.1%HS 0.7%.
1.2 it

CAARFIEEM, W 6F 55 5 R 0 W% B 4 B p H
PR % 8 T PR ARG, SR /D TR A X Wi 4 SR A
Me, ST VA M S R R IR 5 ) Z TR B AR B
S BT 64 0 B R VA W p Hs B 6.0 11 2 g
WS H0 mg L', 100 mg L™'F11 000 mg L™, FH#k
J£1 mol L' fUHCIFINaOH ( ACS, Sigma—Aldrich)
PRUETRRE T, BRAR R AR Z M AT, R UE S 5 R vk
EARR AR A, VAR LA 18 A S e
7] ( Bruker Corporation) MR B iEE (AFM)
MultiMode 8, BC4ERI =4 1% i =13 fO R k&
i (PTFE) .

S WEE KRR AR TE S A B, Bk
AREISCHER [22] o SEETE2S CEIR . B RER
A (ScanAsyst) F#HITEMGRE, RN
ScanAsyst Fluid+. 542 Hz, HH{5 K256
ppio PG AR 45, BERRME 100 mg L&
R AT IR LGS, U A O BB AR S5 1o b R I T
G, BNEERR30 minili A 100 mg L™ 5 R VS WK
1 omlo [AIF, 55 W8 22 BE Fr 32 06 78 AR I 3 ok 2 T8
SRV, AL BRI )[R A R — B, R a
HIICP-OESIE W P K . ALFISIHg & 5, JFEHA
—LAbH
1.3 HiEE

AFM & 1% 4b F8 fi i Bruker NanoScope Analysis
B B A BN EDE 25 6 4 1 OriginPro 8.0F1
Adobe Photoshop 7.0%k44

2z R

21 FUNRBHEREESE (001 @ LAWKEH

1TA

K1 ApH 6.0, HREZE100 mg L™ B JE 7 R 1%
Wa, Btk (001) HIEH A, FIHI0 minf,
WAt (001) THTE ., BARMY, 10 min)5,
JERE R B BE (001 ) T b WG RRF HL 2 TR 4
Ao Bl SN T ) A E G, T8 1R 1Y) W o 50 o 3
B, R AR FL A B o [R] S D A X8 P
RRF 110 J5 3 P R R A T S AR, S SR 1R .
0~90 minPN, J&FH R 40 K JURE A I THT 1448 3
T EE A BRI, 90 minRt, A R UK i R A F
R, 2906 ~7 nm. 25 85 B2 PR K /N IF
FEAIK, 110 minff, S ERENES ~ 4 nm; WEHHE
7 B4 JES TI LA TR 25 0N

L JRAL180 min/ 5, AR MNE2FR,
= BE (001 ) T b A JE FEER AT LAUR A AR, [F110
minAH H, 8 7E R OB A 3 B = R LSRR E . v F
3~5 nmZ A, {HJRTEARZ WA MR kL
MR BAERETE Z o S AN 2t 1T LI B 2B = B
(001 ) T A4 B0k BRI 28 1 K
22 BRUNEEERAEZZE (hk0) @ LAIIRH

T4

BT SEEE SR B SRR (001 ) 1T B R Uk
Ak, FRATH X R =B (001) 1 b & By il
Zeini, B ChkO) IH15 58 PR A S L iE AT WL 5%,

http: //pedologica. issas. ac. cn



1446

il

e

+

53 &

.“"‘\
1 pm Q“

(rmin. "

e
70 min

i Ny
140 min

!.I
1min %
'

l.‘ =
I min ]

™ = Qi min |
- b=
£ B . 70 min
5 4= S— Y
2 -
= oL == 40 min
g _~ I min
B (i min
0 e : ® N,
T et — e
0 100 200 300 400 500
B Distance (nm)

W a—ChHEER, o X1 NS R 5 B Note: a— f are height images and g is linear sections of humic acid in the zone 1

B 1

BAEE (001) M5pH 6.0/85 5B A A (0~ 110 min )

Fig. 1 In situ reaction between the surface of biotite (001 ) and humic acid solution 6.0 in pH within the initial period of 0 ~ 110 min
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Fig. 2 In situ reaction between the surface of biotite (001 ) and humic acid solution 6.0 in pH within the period of 180 min
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Fig. 3 The adsorption of humic acid onto the surface of biotite ( hk0)
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Adsorption Dynamics and Distribution Characteristics of Humic Acid on
Surface of Biotite

LI Jifu! ZHANG Wenjun® LI Xiaokun’® ZHU Jiangiang' LU Jianwei’’
(1 College of Agriculture, Yangtze University, Jingzhou, Hubei 434025, China )

(2 College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China )
Abstract [ Objective] An in-situ atomic force microscopy ( ScanAsyst ) was used to study adsorption
dynamic and morphological variation of humic acid on the surface of K-bearing biotite. [ Method] Humic
acid is a principal component of humic substances, which are the major organic constituents of soil, peat,
coal, eutrophied lakes, and ocean water. Humic acid solutions, the same in pH (6.0) , but different
in concentration (0 mg L', 100 mg L™" and 1 000 mg L") were prepared out of dried humic acid solid.
The mineral sheet used in the in-situ observation was biotite, a kind of phyllosilicate mineral belonging
in the mica group (2 : 1 type structure ) , commonly found in soil. The chemical formula of biotite is K

( Mg, 46t eq.45T10.00 )

and changed temporally in structure, an experiment was carried out treating the biotite sheet with slightly

[ Al1Si;0,,] (OH) ,. In order to observe how humic acid is adsorbed onto biotite

acidic humic acid solutions, 6.0 in pH. [Result] Results show that time was an important factor affecting
morphological structure of humic acid on the surface of the sheet. Under the effect of the humic acid solution,
6.0 in pH, the interaction between humic acid molecules and the surface of biotite (001) was dominated with
adsorption and and accompanied with some desorption phenomena. The humic acid adsorbed on the surface
of the biotite (001 ) sheet appeared to be in the shape of bulbs, which were congeries of a single or several
humic acid molecules, varying in the range of about 1 ~ 5 nm in height within the first 180 min after the
treatment; humic acid bulbs remained in dominancy, being about 3 ~ 5 nm in height, or 4 nm on average,
during the following period till 300 min, while, sheets of humic acid congeries were found on benches and
edges of the biotite sheet and chains of humic aid congeries, too, along the linear edges of the biotite ( 001 )
sheet, about 6 ~ 8 nm in height, or 2.5 nm higher than the humic acid bulbs. In addition, humic acid
molecules were not just adsorbed or desorbed on the surface of the biotite (001 ) sheet, and they could also
disintegrate the surface structure of the biotite, thus promoting the release of K trapped in the interlayers and
Al and Si in the structural lattices. [Conclusion] Therefore, it could be concluded that the reaction in the
interface between humic acid and biotite is a process of dissolution-adsorption-aggregation accompanied with
desorption and ion release.
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