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H2 s 1R (TOT) B2 IREERRER T 9y, RIS iR
A EEAR A (T) F—NNmikR (0) 4
o NERR F3gEAVMFeIE %, POk 2 2Si

JCE, A /D AL [ R T T D T AR
L KA H far A 25 7 A7 78 23 (B S8 L 4 R 1 1 45
RS o AR SCRIX S 2 eik ik (XRF) Ml
XRDXFH AL I fb 22 A7 T 5% (F£1) o 7
PIRCR T 258 oKk . IR . BRI S R b 47 7
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Table 1 Chemical composition of illite ( % )

K,0 Si0, ALO, Fe,0, MgO

Ca0 Na,0 LOI H,0 £ Total

9.92 44.20 38.24 0.35 0.052

0.078 0.15 5.26 0.82 99.07

F. “LOT” Eonbidkir Note: “LOI”

1.2 BYHRRAZEERERKSME

0.2 mol L' PUAEMIGEE: RHCoxd " AN
WangZs 12 (054 . FRIR0.50 o ¥1RE T°50 mli
BoE, — Wy, #ERINA3 ml 0.2 mol L™
NaTPB51.7 mol L™' NaCl 20.01 mol L' EDTAF)
RAEN, EHR%80 dfF, MA25 mlZ k5] (0.5
mol L™ NH,C1+0.14 mol L™ CuCl,) , #2)J5&E T
KA 60 min, BOER AN TS5 000 r min!
B5 min, JIAT ml 6 mol L 'BIHCUS 3 IEME 1%
Mo BIEFTVHESCENTCEER4R, B
FL B TR Y20 E T4 H

1 mol L7 Wbfil§fas:. %FSrinivasa RaoZs [+
K WoodFllde Turk 18 BT . FREL2.50 gﬁff%#
i — 2P0 F 100 mlIE A H, AT mol L™'AYR
FEW25 ml, HHAZHU/NEL, EHAEY EE10
min. REEZHIEA100 mIEEHF, FH0.1 mol L™
THRRIR IR Ve T4 ~ Sk, PG E BB &H . 2k
JE AP 50 mlE08 N LB T KIB UES I A
WA 1

2 mol L7 W filMRY : R B+ HLA o 3 Al 1
M5 . PRI )1.25 g— DU T50 mlEg.0 8
M, A2 mol L7 AHIRIEW25 ml, & AXIRGHL
200 r min” #5330 min, F5 000 r min~'
05 minfg IS BEFT Y TEHLEN
28RBS UE T8 .

2 mol L7" #hELTR VL ) . FREU#71.00 g 50 ml
BN, —=RUf, A2 mol L7 HCI 25 ml,
POUKHE120 min, FFZEHE30. 60190 minf 77 5 5

indicates the loss on ignition

O min, PUKIBE120 minfF B AL K hE H)
FHME, F5 000 r min™' B0S minfG il IEAEE A
Mo B4 B0 NP 2 B 7K BES IR W
T

BEVEWN oI E = R KOG B I R 4R
WA &, JFRAHICP-AES (IRIS-Advantage,
Thermo Elemental, MA, FEE ) MERIERK TSI,
ALFIF el & 5.

A SRR RO h A B T SiiR it 5 B s
FUAFL B KOG 3R Y 5 o R i B30 36 o 245 40 ¥ Ak 2 17 R
BRER AL, DIV S 2R I A )2 (1) 52 4 B R
K& T3R5 0T

A
(Si-R)

1 X A
(8i-T)

A<K4}> =

(1)

A (xp)=4 (k) —4 (xp) (2)

o, A ) R I AR VA R SN R S KTT R Y
A (six) NSITTRME R &
(mmol kg™ ) , 4 (gp) ARGAIFFE PSiTEER
AIE i (mmol kg™ ), A (o) WARZALFRF £
KIEEM&E (mmol kg™') , 4 () WillEZE A
e B RKITE M (mmol kg™ ), 4 () HP
FIA KR AR (mmol kg™ ) &
1.3 W8S

XEFRATH 00 . F R SRR SRR T S 1
TR ARG SRS T, BRER, R
XS ATHHAY (Ultima 1V, HARMA, HA ) 7F
CuK o F S . AR BAEAJRUEAS . 40 kV, 30 mA |

(mmol kgfl )
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R HN0.02° KT WE, HE IS 01T 5 8
CAEAADX R ) S0P rbn e s (B BRAT S
B E O 1ICDD, B RATH SCHFPDE ) X L #EAT B
PR e 0

T ELAN G DG o3 B SR P AR L I A e 21 b
JEHEX (Nicolet 6 700, [ ) ADEAKIF (MTEC
model 300, ZE[E ) X PRI TIE . W 5E IR
s A BRI AR B it ( AR5 mm, 3 mm)
A0 s, BHEFEM . (EHEENSECN
P XA 2D AR Xk (500 ~ 1800 em™ ), 3Bk
F M4 em™, KE0.16 cm s H10.64 cm s~ A B EE
R, RS PATI2REE M, RN — Ok
:'i:?%r\ [21-22] .
14 FHREMESUE

B 25 W 5 B AR O T O W B
(AFM, Dimension edge, Bruker, f&[E ) , A
AR AN R S K= TIN5 R VA =Y ¢
7 ( Tapping mode ) , RIS MESP (Sh doped
Si) . FAHIME 300 kHz, H§ARZIZ IR FGZ I
S BB WA it R T 3l AT AL ) A AR 13
mm ., JEEHN2 ~3 mm R, REIZ I ROR U ) R
Fidk R b, JFE TR RS S B, SO0
WE R
1.5 #HiELE

A2 53 il 96 BHi Ge v 3 e AR LR SPSS
Statistics 19.0 X FIExcel 81 Gk B 4b 24K
H‘%Fﬁ()rigin 8.0, j—JFﬁJmAdjacent—AveragingyJﬁE
HEAT RS - A S A B s AF MRG0 5 AR 40 ik

PR H# 4 NanoScope software 5.12b48 . i fe /)
W2 R (LSD) il s gl i) 22 5 2= 1k
K (p < 0.05) K56,

2z R

21 RFAATREFETZERE

K V2R B4R A AR T L Y A R I R A
IR L AT IR IR, BRLA T EEOTRK, Sit,
AV IR B O AF e 22 5 (R2) o DUZEANEN
RARE, DR K, 351 252 mmol kg, H
YR VY AR 25 46 25 7-Si* (7.0 mmol kg™') FI/\IH
AR A B TAL (3.8 mmol kg™ ) , TMiFe’ Bk
ICF AT . B W R ik AR TS W vk iR e,
FlIAh & T R B A — B, B R/ ALY >
K" > Si*" > Fe'', #ERMRILIZRAT, PHRI4 K
P H51.9 mmol kg™', Fe’*, AL FISi* B &
P o X SRRSO IR TS, BRAL A1, #dh
Mg 2 42 B R A TP 2 U R BRI R K, LR O i A
MRk, YWAHIREMIRBEIGE AR (R2) .

DU b A R R AR D b, IO R A v R A
ST MRS IR R R (p<0.05) ,
KR 2 E59.5%, R b #RGER R 32 A il
PRk, e T2 r92.46%M2.14% , ¥ 1l
TR AR I T A4 1.53% (£2)  TiHHFIA
T RZEH  FSit IGEh Rk iR i (p
<0.05) , {HBEALHEEM0.29%, VUL RS
HIRE RS R AR, 4395 42 190.10%F10.09% .

%2 AERESEATENALIETEBRER

Table 2 Releases of major elements in illite relative to extraction method

Bt Released amount ( mmol kg™)

AR N TC 2R S Y L A5

% of total amount of the respective elements

Extraction method

K fikSi FHAL

#Fe B K it Si Al R Fe

PUZK T 4H NaTPB 1252+101a 7.0£07c¢ 3.8x1.64d
B4R Boiling HNO,
Y HHER Cold HNO,

323+3.1b 6.7x05¢ 46.1x3.1c¢

HEREZ Hot HCL

45.1+13b 135+0.4b 99.1+x43b 57+02Dhb
5.1£0.7b

519+1.6b 21.1+0.7a 23.6+3.1a 23.6+x1.6a

ND 59.5+4.78 0.10+0.01 0.05+0.03 ND

2.14+0.06 0.18+0.01 1.32+0.06 13.2+0.44
1.53+0.14 0.09+0.01 0.61+0.04 11.8+1.51

2.46 £0.08 0.29+0.01 1.76+0.04 54.51 +3.75

TE: RP B P47 A B3 (E « AR 5 [l — B F)/NG 5B m R i AP e VRS (p < 0.05) 5 “ND”

FRTLREGTRMTKMME; TR Note: Data are the means + standard deviations of four replicates. The different lower case letters in

the same column indicate significant differences between extraction methods (p < 0.05) . “ND” indicates that the element was below

detection in concentration. The same below
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2.2 R ALSHRLE

XSFERATH b1 R4 FL R 45 ) 10X 5
LA ETETEAEAEL1.00, 0.45, 0.37. 0.34410.31 nm
FAN K AAT G 0 AT —SE N AT (L) o PUOR
435 B2 I B R A R R 0 A S TR S AR A A R, 7
1.00 nmbAT 5T 2%, HITEL.06 nmALTE BL 18 Y
T, SR WIDUCR B AR B BT R A B R R

0.50 nm

c——— 1.06 nm
= .00 nm

AN

|

= (.45 nm

m, ARERBRARE, I A TR RS
Yy WhAMIR . v PR AN IAER MR IR B2 O A A0 A i
S EIRE AL, ORI AT A AT B
FA A BT S I e SR AR, e P LABAER IR TA TR 4R
Jrigs ki 2, OB IR, WINRIERER
Jr DA A AT 8 1 3 B o 230 B e 40 0 O A A3 3

PR RO ISR . B2 2 A A 7E0.16

0.37 nm

=S
g =
& =
< <
[

0.41 nm

$Ehis Hot HC1
AR Cold HNO,
AR Boiling HNO,

PO A NaTPB
Je 4B Non-treatment

15

wn
=L
<

°26 (Cu)
1

30

DRI X AT 55 3 B

Fig. 1 X-ray diffraction for illite

em s~ F10.64 cm s~ PR B HE R R R OGIE IR L
BT HRHR0.16 cm s BT EHGE R, MR
IR, BB R N0.64 cm s HF A 47 1 ok i
P, TREERGR YL WA B R R A £ g
LLANERE YEIETLES00 ~ 1200 em™ B3 B P 43 1) 4
TR ) 9 A I8 WA g - i A1-O— AT Si—0—Si 3[Rl 1
g 22t R BREIAG S &gy
RS A A WOBCRRE T AR (El2) o 7R

35 ¢ — JEAb3 Non-treatment
________ JUZKT 4 NaTPB
.......... HEER Boiling HNO,

25| ——— AR Cold HNO,

IR Hot HC1 7 7

JEFE I A Photoacoustic intensity

1100
¥ Wavenumber (cm™)

700 900

&2

0.16 cm s BT, PUIRAN R $2 F BpH A4
TESi— O IR Bl e Ab Fi) 187 oA A g 5 01 e T AR 2% 1) A 3
T, G T AR g R 22 Ak BT M) A R A e i AR Y 1.9
B UBIHIR . R AHIR M PEL IR )5 A A 7ESI-0
IR Bl 0 55 DR R 2 AR BRI A1 26005 7EA1-O R 3h
WAL, DU A2 7 R TR AR i PR A ) I Wi e v AR

AN Ry AR R v > TOZRIIANTE > Wh MR TE > V2 il
FRik. 1£0.64 em s  SIBEHRT, DUOKHIEH LR I

—— FeAEIE Non-treatment
________ U A4 NaTPB
e WhiE#E Boiling HNO,
——— %l Cold HNO,

sl T b HotHCL 7 ™

40 ¢

[95]
(98]

1300

1100
P ¥ Wavenumber (cm™)

700 900

PR B B AT R I LD R e

Fig. 2 FTIR-PAS spectra of illite at two moving mirror velocities
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A,
¥

SR A TE Si- Ok 21y 06 Ak Ay Wi Wi e T AR Sy it s oK
2 b SRR A W e TE AR A 2. 2485 s PRERERYVE L
i TR Y ARV i T 2 Y i P ) R A g 1 R A 2 5
TR Z A BRI A WS T AR, A3 5o 14645 |
13345112815 ; fEAL-OfRshid b, PUZEMIHY LR
P2 J5 DA A 1 i s e T AR 5 D A T 0 W A e T ARG
225 WRAHERTE . VR R IR Ik AL IR kIR $2 5 D
AR Wz A e T AR Ay Ji s A A R M 0 T AR 0.63 4%
0.851%5F0.794% . R RR5, FF AR
R T Siny & 5, JFATRE™ A JoE BISiR a9, i
AL A I b
2.3 FEAARBESUE

VUl Ak 2 5 v R AR S R A S R R SR R A
MRAEEANE 27 (F3) o FiGRSREF
Filf Ferm A AR BEAR /N, 2tk ) 1 1 5 25 42,6 nm
(K3a) , WIHE (5 wmx5 wm) [ N HRE
JER15.0 nmo VOORBEATR IR 18 S B R A R )2 45
FIRK 248, 455 XRDA TS A, 3% B DU R Al 4
R 5 R G TR 2 N 12 I Ak O 5 Ak A X
A REE, PECLR TR AR EERG O, 2tk E A
235264.5 nm, WM (5 pmx5 wm) JEHEH
FHRE BEHE N 2233.0 nm (EI3b) o WA IR 2 FNVA il
MR V2 5 B Jm O A e T 7 AR I R i ikt (13 e

BI3d) , pber) % 258214 nmA1190 nm
(R5 pmx5 o UL BP9 4 Pl T IR 1 19 7 35
) o Bt, R 2w Rk B 38 m, 4 33k 2
39.8 nmA140.9 nm, HZ M H] 1 E & 2253501 4 92.6
nmA1155.4 nm, PERRR RGO 2 m & 4 B
MV IEIGE , AF7E W 2 IR ik il 6 RDHLRE
5 R AN BRI AAR L TC I B 22 5, SR L vk ) in
K 2Zsin, ~71.2 nm (E3e) .
2.4 AR AR BB E

AL R R AR R, — I
LR BT Ag e, ) — Ty T 2 R K S A
LR N = G TR A S T A ok U TR N )
BPSip R, KWL, Sitt BoA RS RER IR T
ZER AR IR R MR RS T T L i, AR SCIRAE
A rh gk By F il de i 5 A L E R KITE M
R A T A 5 R VS A B RO A b (3R
3) o SERFEH, PRI EERT, a2 Ag i
F B BIERZ A1 250 mmol kg™, i SRR (Y
99.9%, &SRB 2 AU 1.91 mmol kg
WS ERES . REIRVE AR IR R R AR R, R RA
3 3 )23 [R] A8 4 S oy R TICRR 25 1 LU A9 43 0 SR 91.4%
94.0%F188.4% , FH 45 ¥4 1o 1Ty R 0 1) B0 26 ol 44 iR
S H B0 B N 8.6% . 6.0%F111.6%.

il

g S
a Joabr AR ’d BAHR - € HELER
Non-treatment $ Boiling HNO, Cold HNO, Hot Hel
~ 30 ) —~ 200 . ~ 80 — 120 ) —~ 60 v
= i = il = 1ii £ iv =
£ 15 £ 100 £ 40 £ 60 £ 30
w0 ® 0 w0 0 w0
L L L O L
T-15 T -100 T -40 T -60 T -30
i #2200 gy 150 60
%E3001234%HE 0 1 2 3 4% 0 1 2 3 4% "0 1 2 3 4 0 1 2 3 4

i Distance (um) i Distance (um)

i Distance (um)

i Distance (um) 5 Distance (um)

3 AR FRREEHAANRIIEE (a—e: FWER; i-v: LMEHHEA)
Fig. 3 Morphological surface of chemical methods extracted illite (a-e: height images; i-v: linear sections )
3 i ©® I, S5 FMK o (R2) , xEmHR

SR FH D 22 A 4 92 41 M I 4 TR B I O M) A v
TEGTR B AR . PSR AR R B LK Y
RN F, SR TR R, TR TR 4R

PEIFBRPE 1 o DUOR B AR L BE BRI BT, Na® 24 ik
HEATF B ZEK , 2 BN SINKT BT, A
JGTPB™ 5K* M KTPBULIE, MM ER K &
FEAK, 1HBhK" 550 W H] A v B 22 4241 TK* 4
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Table 3 Amount and percentage of the potassium released through structure dissolution or cation—exchange reaction

SRR TR B
Fe BTk

K released through structure dissolution

JZ2 100 S48 S g T R

K released through cation—exchange reaction

Extraction method B Released amount

TR R A L A1

vl BRI e L A1

Bt Released amount

(mmol kg™) % of total released K (mmol kg™") % of total released K
DU 4472 NaTPB 1.91 0.1 1250 99.9
AR Boiling HNO, 3.86 8.6 41.25 91.4
A MIRT: Cold HNO, 1.93 6.0 30.37 94.0
LR TE Hot HCI 6.04 11.6 45.83 88.4

BB W) ks SR L 2 RIS OR B
— R H PG A B A, 2k
WK S —JrH" 58 %R Si-0-Sisg
A1-O-ALR N, flHIK@IFREBORK, HY AT
W 240 v i [ d A = A ey, B AR SRR S
HLAFROK T B ok, BEA B 12 20 2
VU 2 40 9 R TR VL 12 8 3 P AN [l 5 B i
PRI SR B AR, USRI AR S R A )2
FEEE R (E1) , BRESiRE (K2) , |
WY O REEE (K3 5 BRIEIR )5 DR
ATCH AT e, RESIEEARANE, BTy
SR HAT W B AT, X S L% Y fE B S R
FE =B E R as s h—3k.

SRR RN, 5Bibi% ) MIKShler
DO BRI s KA, PR EE RS R T
AP YRR TSI R . SRR, — Ty
S TR T AT-O8 HESi-O5E 3 5 T 10
7 1 )2 p T AR A DU T A2 AL R LS
F, ACHE DI BEAL B, SR, AT
TIHAGAL S5, HDEMF™ FiMg™, FHF]
AT fift T T B R U 1 AR A DA ) o A DR 2L
HFAI-OBELLSi-OE 5y T, Bk, AIY
B TSI MR U, R&IE AR & SiEg
THIFRE 27200 AR SO P R 6 G REAE
Sy MIAR G B TERA T3k — &, BI7E =R IR WO HE )5
BRI A 2R 2 A L= O B e A2 1y W WA 06 1T AR 220 A5 AN [
FREEI8/N T Si— O 2l Ab 1 8 1A e T FEU 2547
W, FIERR A RZ A TSI ERS Y,
SR, TR )22 451 235 2 D) 3 W = o 7 s R 122 9 A %)
PR AL-OFRSh A B /g, BB AL -2 4TS
AAI-OB M BT 28 & 4, HSi-O%E 1y W UL A= 78

F

CAWFFRRW], bl & RV WA p H R IR A2 42
BESA, v PrhooRBElcESEm, B
TR R Y 6 S R R A
B, DIIGERRR L ANA R p HIR MK, IR TR
K2 h, REN100 C, BRIREIRHEEE
25°C, X430 min, WhASHR L EARIRIEIRIE N
100°C, SR M9 5 B RALAL A 10 min, PR AE ]
SRR, A2 mol L7'HAEL IR IR 2t
FOCR B R K, HUIE L mol L7'HE AN ERTE
2 mol L'AMMMRILIZILEE S AR (£2) . [FAT,
SRRV ORI E , DAFAER R VA X AP R A S5 A Y 5
MR B, YOI, R H IR R LT S
Pl 25 AR 2%

— A A 3 Ep HAGYE R4 ~ 8, Sl T 1 mol L™
SR . 2 mol LT'AHMRAI2 mol L™'EhMRAYEREE , KA
Yy R A 23 5 WA AT BILIR 7™ Az T DA T 38 48358 430 4
A 2 AR KA D SR, R p HOR R iR
TRAE T A1 v e SRR B0 2 23 T (IR T A 5
R E——1 mol L'AIHBASAR . 2 mol LYl
i F12 mol L' AYHERFRIZHEAG AT &, L4 Kk oy 2>
VR T2 (EE o [R] e 0 R A VIR 4 T 5 DO i
ARG, AR T S B A R

i®

4 4k
TR RO R R R RO A T R
FIFLHRIARTE , 0.2 mol L™ PUZEH 41512 R A A7 A1 f1
TR R R, S5 AU R, kIR R
2 SE ARG Z R, P AR AT ),
TET Y BRI MESIRE, FRA b R AW
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o J2 ) 28 e S B AT R s 1 mol L7 W AR Ik
2 mol L' ¥ HYBREAI2 mol L™ PUEL IR IE IR H2 {1
g bR R BN, BT LA RRE Y £, R
A NFREE A TSR, (AR R M 277 AR AR aE . [
M, TESSIR . FWIRAE R, RS
JZ R A SR AE YRR A A B R 1 FEOR TR
PR s R 3 8 1 — T THARR A T O R b oA AR R
W, IS T —E N RE AR ) i AT Y
SERNZSEN, RIEE T H RN R G B A R 2 2
o DAGRHE, H PRV W= 1 1 R AT e AR A g
BRI, ANE R IEA - A R PR 2

2 £
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Mechanisms of Four Conventional Methods Extracting
Available Potassium in Illite

LI Ting" > WANG Huoyan’™ CHEN Xiaoqin®> ZHOU Jianmin®
(1 College of Resources, Sichuan Agricultural University, Chengdu 611130, China )
(2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences ,

Nanjing 210008, China )

Abstract Measurement of available potassium ( AK ) is commonly used to assess potassium ( K ) status of a soil,
and studies in the past have shown that release of AK from 2 : 1 K-bearing minerals was triggered by chemical extraction
methods of exchanging adjacent interlayer K with hydrated cations and the dissolving minerals. However, there is still a great
deal of uncertainty in and variation between these batch experiments with respect to respective contribution of the exchange
and dissolution to K release budget, which has certain important implications for predicting soil sustainability. Mechanisms
of AK released from illite were studied using 2 : 1 K-bearing mineral dominant in soil, and four extracting methods, i.e.
0.2 mol L™ sodium tetraphenylboron ( NaTPB ) , 1 mol L boiling nitric acid ( HNO, ) , 2 mol L cold HNO, and
2 mol L hot hydrochloric acid ( HCl ) methods. X-ray diffraction ( XRD ) , fourier transform infrared photoacoustic
spectroscopy ( FTIR-PAS ) and atomic force microscopy ( AFM ) were used to investigate changes in structure and surface
morphology of the mineral. Results show that released K accounted for 59.5% of the total K in illite in amount and basically
through interlayer exchanging reaction when extracted with NaTPB, but for 1.53% ~ 2.46% when extracted with acid
solutions and 88.4% ~ 94.0% of the released K was released through interlayer exchanging reaction. A very limited amount
of structure elements of Fe, Al and Si was released into the solution of NaTPB, but the situations in the acid solutions were
just reverse. When NaTPB was used to extract K from illite, the surface of the illite became blurry and the interlayer space
was expanded, forming a silicon-rich surface of secondary transition mineral, but did not show any solution phenomena.
However, when acid solutions were used to extract K™ from illite, the mineral did not change much in structure, but
lowered in crystallinity and displayed apparent solution phenomena. In the presence of boiling HNO, and cold HNO;, a
small number of elliptical dissolution pits were found randomly distributed on the surface of illite. When extracted with hot
HCI, the illite showed channel dissolution on the surface, and fine mineral particles attached on large grains were dissolved
in the hot HCI solution. All the findings indicate that K is released from illite mainly through cation-exchange reaction in
both acid and salt solutions, and interlayer K in the K-bearing minerals is the main pool of K available to plants. The acid
extracting methods, on the one hand, may underestimate soil AK supply capacity; on the other hand, they extracte some
structural K that is not available to plants. Thus, the 1 mol L" boiling nitric acid ( HNO,) , 2mol L" cold HNO, and 2 mol
L hot hydrochloric acid ( HCI ) methods are not suitable to assessment of soil AK pools.

Key words  Available potassium ( AK ) ; X-ray diffraction ( XRD ) ; Fourier transform infrared photoacoustic
spectroscopy ( FTIR-PAS ) ; Atomic force microscopy ( AFM ) ; Illite
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