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Pl B 6 R KRR & K B9, Zralh B
B ABtE. &abh BA. FEhia. RA.
H AR R R B BRI, R S By 3ok gl
RFF. WHAIEE . 57 (60 H) J5, H 0.5mol/L

M CaCly ¥ UE 223 43 /K K Az #ept K, 4R
Ja AWK E R WL Cr ik, KT &

B K WA e AR R IR 1. £ 2 BT
7N o

Fz1 EKTYHER (gkg

Table 1 Composition of K-bearing minerals tested
=b) Haoht &Ltk AT EXYE BRI
BZBE (9400 Bzt (800D Bzt (650) A (730D A (6500 KZEE (990D
et (60D A (150) PEA (2000 Kbl (130) FHE (130) IVENQ 1))
By (b HBE (<100) RETH) (1200 KA (8D
KA (200 KB A CbED
T2 BKFMHLZEAK (gkg)
Table 2 Chemical composition of K-bearing minerals tested

) Si0, AlLO; Fe,03 CaO MgO Na,O K,0 P,0s TiO,

Wb 424 167 99.9 8.9 203.8 4.4 67.3 2.5 5.6

[EPAL 531 284 58.7 0.4 9.7 49 91.8 0.7 7.4

Sab) 526 314 58.2 1.1 10.7 5.2 100.2 1.2 7.5

A 542 143 104.7 10.1 58.8 12.0 39.2 2.7 10.4

A 689 131 225 16.2 21.0 113 22.6 1.4 1.8

BRI A 469 375 32 1.1 12 0.6 96.8 0.6 16.2
1.2 RETE #3 16 MTREIA ARSI SHEIR AR pH @
1.2.1 %ﬁ%ﬁ%ﬂx%f %EX%UH@%%%EF%&Y& E Table 3 The pH values of sixteen different salt solutions or the mixtures of
S K Wrh KRB0 SR 4 g (NaCl, salt and dilute HCl
CaCl,. MgClos StCL) X 6 Firér K ™44 MR 481K, A R
IR E N 0.01. 0.05. 0.1. 0.5. 1mol/L. Hefk (0.1 mol/L) 0 0.001 mol/L  0.01 mo/L 0.1 mol/L
SRIE: 05 g T soml bk, om0 - o -
A 10 ml %%, 120 r/min fHYE (25°C + 1°C) AL Cacl, 57 30 Lo -
% 1h, BUBJET 4200 r/min 43~ &0 10min, &€ StCl, 5.1 2.9 1.9 1.1

T e K S, REACFIYE 3 IRE A .

FEIGR ) pH X8 K™ #)rh K SRR 10520 K
AT pH 1 4 B (NaCl. CaCl,» MgCly. SrCl,,
125 0.1 mol/L) ¥ 6 Fi & K ™ )3 4R ZHE . il
B LRk 4 Ff 0.1 mol/L JRUA SR A BT 14 Bl 5 A
) B2 (1 SRR 2 VR B v, L 16 Mg, H
pH W15E 3 i RS AE DB H] F.

ANFREIBGART & K A4 K SR LR KA
4 ¥ (NaCl. CaCl,« MgCly NH,C1, #44 0.1 mol/L)
XF 6 B KA W5 S5 4 0. AL R
HERFRI 1 g 70T 5S0ml B08 0, I 20 ml W
120 r/min ZELEE (25°C + 1°C) fEEIRGIREL
30 min B —IREE W, ESHEAT 10 R, REIREE

IET 4200 r/min 38R &0 10 min,  oEJEIF00E#
WK it RRAOFRG 3 KES ., W T T &SR
WU S AR B 10 KA )= R s, 43X i
Je I YIRE S i XRD A5 547
1.2.2 BB 1AW ik P 35 558 55 % BH 251 A8
b i KO PR (5 MERFREX 1 ¢ H MHIET 50 ml
EOET, N 25 ml TEIRE A 100 mg/L 1) K %
IAFEATFRGHE R 0. 602 100, 1205 150 r/min
T, fEE (25C£1°C) R 2. 5. 104 20, 30,
40. 50, 60, 90, 120 min, H 35 E#H K &5,
FEALFR L 2 IR .

VRLRIT 5 7 P 0 BH B FACH R IR K W8 Bt 2 1) s
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Wi B 732 BRERTERH B ACHM g (Na ) HEATHE AL,
M 95%CRERZH 12 h J5, A 3 & TR AEFRR 1
mol/L HCI 5% 0.5 mol/L CaCl, #%¥% 30min, 437l 5
IR E YR 4 I HZEKYER TG Cr, [I43 3]
H. Ca#fiF. 40°C FUET, 1T 60 Hifif5, HEMFRIN 3
FHE TR 1 g T 50 ml B0, I 25 ml AN
[ ¥ JEE () KC1 ¥, 120 r/min fE3E (25°C + 1°C) 1E
SYRY 24 h, WCEIEHINERE K &8, 43
WES,

1.2.3 DUSKEIEATE  DUZROIAT S R R E I e -
E B E R, K 100ml 0.4 mol/L KC1 55 100 ml
0.4 mol/L NaBPh, ¥R A T K&, I#IF1 545
P12 hJE, Bk MRk 1 h, KRR EL Cr
ik, BRAR4l ) KBPhy JUUE . #5—2  KBPhy JLIE
Oy VE TN, I 50 ml 260K, YA 30
min, §E 5T B2 R ED 4 KBPh, 1R . H
0.22 pm JEBEET A IR SLEIESS, WL KBPhy HIF]
W10 ml,  H P BR R MORTE I O DL R,
By b PTiE R Ky B JCE AT K BPhy
T B IR W . F KAEOG BT E KWK, A
ICP-AES ll;¢ B WRME. WHE 6 IREH.

AN NaCl 444 R DU 0T & K b K
PEEUE (K500 : HERIFREL 0.5 g B4 50 ml B0,
BN 3 ml #2571 (NaBPh, + 0.01 mol/L EDTA ), NaBPh,
WREE N 0.002. 0.005. 0.02. 0.05. 0.075. 0.1,
0.15. 0.2 mol/L, 200 r/min Hih (25°C +1°C) il
ZHEE 30 min, JIA 25 ml 28 1E5 (0.5 mol/L NH,C1 +
0.14 mol/L CuCly), & TiEiE /K& 1h, B,
IEE, WEE K S, R 3 IRER .

1.3 S EREIELE

WA S BT R H A 2% D/max—IIT C %
(R 40KV, B 20 mA), & K H Wk 224 ek
F AR ER K55 fill ICP-AES Y2305, BT & K AR IR
A HG-5 B btk 28 B R A ] ) 8¢ Sherwood
M410 B4HE KA GFETHIIE K & 6.

B R /3Kl EXCEL. SPSS17.0 #:47

2 HR5HH

2.1 EBREBUE

2.1 1SRRG B A SR FEX & K ™ K 42
WEREm RS OE IS R B B T
SPAT R, R ORI B 5 1 SRR 3 1 )22 ]
W B K AT He sl 25, DAL, Bhv AR ORIk
JEE A 5 G T 4 Bl KA b K PRI — N2

RIZ e B 2H b R BRI B AP AN [, K
FEXT & KA P KA HCER: (1) 52 1 DR AT 40 288 2R g
it WE 1 fiRn, {E NaCl %WF, 6 B K59
R K PRI RE Na® B2 (1 1E Cm Bg o, (H R e
BRI —E 225, B NaCl B S5 Ph K $REUE
Z A Ve &, LD T R IR AR R MR A «
BBl (1046.6) >HHRI4 (205.5) >4 (181.1)
> (70.5) >&nbk (353) >tk (21.6),
RN Na" $RBGRIR e A 20l i & K 079
oK REERE Ty, BRI N S )R AT K .
{E CaClL ¥, 6 Bl KA 45 1) K 42U X Ca™" ik
JEE SR 2 SRR, B BRI K R EURBE Ca™ ik
FERRIME M, S22, HA 5 By R
TG AR A AP KSR 8 IRt
M) Ca*" WREAA, A4z BEN 0.05 mol/L,
AR R4 R 0.1 mol/L, 1WA WA 0.5 mol/L,
KWIEH] CaCl /0 T35 2% K $EBUGRII, B IF9E
RS o XT3 R RN [ 4 2R 4, Ca”t fR
I R AR B P REAR AN AT A 7E MgCL 3,
B KPP KRR Mg #8013 AR A7
8 25, A a B E B K AR BRI BE Mg™ ik
FEEKITIN, Fodx 4 PR Pshi bt Mg™ 3R BE 1R 38 K i
. HorpdanE LR SRR, AR 3 K
A PRI > 84 > 5E AT, F I In Mg™ $EEURI 1)
W RE SR e F K )b K R3RIAE ) o I
JUHAEA N T 43384 2% K 30K SrCL ¥, Sr?t
TR PR3 I e EE A 2R < BE KRR, LR S R
K 30 Sr™ v 5 1R 184 I iy 52 B0 58 18 i J5 B A AN AR
[REa%A, WP ZE 0.1 mol/L I, K FEHUE FEATE 3 i
KAE, RSP FEMGRIME N -84 %% K S8 BUGR,
PR R IR S5k AL, BN T = BER AR )
h B K 5, BRI KT r] fe B ik
Ho
2.1.2 $REGIM pH X% K B K $2HCR 50
T K ME RGN R S 2, AR
W TR R SRR SR R TS . R
AL IBGR B 25 B2 (W R SR AR TR, H T pH ANIF],
FARI K B2 AR . AR, BARm
pH A BEAEHE K As ™, Dk, SRR pH A2 5
Wi & K A4 K Sl i — AN EZE N 2% K 2 B,
6 P dr KA i) K S HUE RS HGR pH A2 40 e B4
h—H, DL BERIEA A4, NaCly CaClyy MgClo.
SrCl FEIUAD 2 K A9 (1 K SRl pH BRI 1T
wan, HIEEE pH<3.0 WECYIHE, FRXHFxi



552 30 KRS AN B B IOTT ik 1 S LS AR AR

245

 mall S PR =S xf
—o— A —&— R4
300 1400 140
250 1200 120
) )
,_%40 200 1000 'ﬁ, 100
g 800 E 80
g 150 i
v 600 V) 60
¥ 100 100 & 40
50 200 20
0 0 0
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
PIFIAE (mol/L) FERGRAIRSE (mol/L)
140 1200 250
120 1000 200
= 100 o)
) 800 %
E 80 2 150
i 600 gy
M 60 v 100
40 00 g
20 —h— 200 50
0 0 0
MG SE (mol/L) UG SE (mol/L)
(G AR R B B K B (mg/kg), RIAD
1 REFMERREX S K 7% K IRI2 850
Fig. 1 Effects of the types and concentrations of extractants on the amounts of potassium extracted from K-bearing minerals
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Fig. 2 Effects of pH values of extractants on the amounts of potassium extracted from K-bearing minerals
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Se*'s SHFUEA, AEARIGIRILG pH 450F F AR 1]
WIEFIEREYE, BE pH PG, AR A B IR R
PERI K Na'>Mg* >Ca® >Sr*', HIt&EW], pH % &
TR R S M DDA A R B B8 12 S 2R 2 i e
DA EIRIIE AT RE T OBACH pH 5 L&D W) detk
R, AEE K Bk @Na'y Mg™'. Ca™ Kkik
AR ER B 7 1] LT e 2, (248 HyO' LIS B
R G K P RS, PR )28 K AS e [ o
2.1.3 AREEERGIXS K 77%% K I

o KW AN & 5 BATRE R I B a8k, B
U, RIEER AT N AN FE R ZE RS IBGRX [R— & Ko
Y K 3EIRE ) DRI R . ] 3, 105
JEIRR LSRR T, [/ IRE A F Z A P2
A2 KA i) K Sl e e W e, Sl e g A
W 2RI R A K B, HAr i i K &
PR igwoEH . RIGHX B o B K 8K
MgCl,>CaCl,>NaCl>NH,Cl, %4 CaCl,>NaCl
>MgClL>NH,Cl, H =BG = BEA NaCl>CaCl, >
MgCl,>NH,Cl. i 5 WA FHAA, T HAh

K R, AERT R ISP A Y, NHLCl &
USRI BEEAE 7, BB (R ZE K, NH,C1 $#2H K
SO, oAb 3 RGN K $EBE K NaCl
>CaCl,>MgCl, FRIREIMGTHES & K 7 4h
s SR AT B AT e P R4 KA RE AR N 2547 K

MR K SRR (& 3a ~ ), BT 30 min
PEUSTAIA, Ca®'s Mg*. Na' %4 K 5 K iR
HURE KT NH,, HFrE K e s 78959
B ARACHAS K, R YR 0L S K
L L GRIELV ST 7V S L S s N
FARHOGA IR B0 T A W)k K R
I CanEl 3e ~ £, B 30 min $EEUN A A, NH," $2H
REJTdRom,  HE KA AR BRI B 1 2R SR St
To A B [ S B UK B BE B FIRE R, itk
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Fig.3 Cumulative amounts of potassium released with time from K-bearing minerals by successive extractions with different extractants
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Fig. 4 Influences of different ions on the interlayer distances of K-bearing minerals before and after the successive extractions
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g, s P, C ORI 2 K #
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WA 70% (1) KA TR B, 10 BH SR F
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T3S, B AR B KPR AN T . 43 42 100
r/min B, WY HOH AR RN, E— P e i
FEEXT B IR B K FRT s i AN K, FLAZ IR B s 0 ke
IKBTAT, JLFFTA I K I g T b, 1 B R
PRGN E 3% K SR TB0H % S By, PR itk
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Fig. 5 Effects of the oscillatory intensity on potassium adsorption kinetics

curves of H-saturated resin
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Fig. 6 Potassium adsorption isotherms of different ion-saturatrd resins
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2.3 MFEHNE
2.3.1  DYZRONER A BERLH £ (Ksp) DY ZE 1
Pl BPhy 5yt K 45625 B KBPhy UTE, 1
TP K IR, (242 ) K AR . B
I, PUZRHIERR Ksp /& —ANEZESH, HHFTAESC
Bk G T IX — S B AR GE A AR ] . ASBFIN1S
PSR Y Ksp b 2.40x10™® (25°C), 1) WL PUZEHI4H
Je— PR MR T, R KT UTEE A
2.3.2 AN NaCl 455 PUZRHI B S0t 2 K - #h
K $RECE 520 Hanway 1~ 1956 45 VU A Eh 7%
BN T 3 K MR, S V2 R 6 R
FULH S ARAE I FREREAT T AN IR RR P R i B0, 4
FIF A NaCl nf LU #4144 ieeY,
Smith F1 ScottF FI PU B4k B AR AT i K
%3 1.7 mol/L NaCl + 0.3 mol/L NaBPh, i 740 & 4

B R 5 i Cox 25 A0S 3% 1 T 1.7 mol/L ) NaCl,
I3 APEEE 7 KA S min FTS0 K S=ARER -8 ik
LA K FIAR Ko RN AT 5 min, 700
T 1.7 mol/L NaCl (1) PUZKAR kv e i K it s T
HOEE R VL K e Sz b KRN, e — a0t
YA ARG SRR S K A SR I k. R0,
BB RRAVEAN L, 2 DU 2R A Ak i 4R B e 22 1 AR A
RS KB, e 2 T I TIBA R K
(8260, g 7 A DU Sk v T FH 1 5 2 KPR
AIORAIN NaCl 5641 F, PUAHI A EEX & K A7)
oK SRR R AT TS

Wil 7, AN NaClL AT, PUABREAH X & K
T K SR HCR s PR K 2 . B
FR A DU 2B A A B 3G N, ANIE T KO K e
AR I, ARILH IR AN o X TR = BRI = B
M, HPRHCE L DA B2 (1 ¢ R 0] Langmuir
iRk R K=17802C/(0.039+C) (R*=0.991) #1K
=132C/(0.001+C) (R*=0.810), H KALEH Wi
I K (mg/kg), CARRIUZENNENIHKE (mg/L).
PZJT RER W B DU 2RO AR IR R i 3 — e R e, ik —
S0 BN B A o B S B G  BE K SR ICER AR
BRI TR T IR 4 MNP, K $RE
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FILAXWFER 4 Prow, RYIBEPUARTNORRER S, A
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Fig. 7 Effects of the concentrations of NaBPh, on the amounts of

potassium extracted from K-bearing minerals without NaCl in the extractant
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Table 4 Fitting equations and parameters of the amounts of potassium

extracted from K-bearing minerals and the concentrations of NaBPhy

K] AT FEIIE KRR
=kt K =17 802C/(0.039 + C) 0.991
G bk K = 132C/(0.001 + C) 0.810
EPH K =465C + 85 0.909
ey el K=9415C + 109 0.949
A K=1507C + 531 0.859
PERA K =6982C + 477 0.987

7 KGRI #h3IUE K & (mg/kg), C AR PUZRMAI IR ¥ (mg/L).
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Comparing Principles and Efficiency of Different Methods for Available Potassium Extraction

LIU Hong-ge'?, WANG Huo-yan', ZHOU Jian-min', DU Chang-wen', CHEN Xiao-qin'
(1 State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing 210008, China;

2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract:  Principles and factors affecting the efficiency of different methods for extracting available K from six
potassium-bearing minerals were investigated in current study. These methods included salt solutions, cation exchange resins and NaBPh,
methods. The results showed that the effectiveness of K extraction from minerals by salts was mainly dependent on the ion type,
concentration and pH value of the solution. Different salts had different preferential effect on K release from various minerals. NH,"
saturation led to the collapse of the interlayer structure of the minerals and restrained non-exchangeable K (NEK) release remarkably. The
effectiveness of K extraction by cation exchange resins method was mainly related to the ion type used to saturated resin beads and
somewhat to the shaking speed used. Comparing with Ca**, H" and Na* saturated resin had stronger K exchanging capacity from solution.
For eliminating the effect of film mass transfer resistance on K exchange by resins, a shaking speed higher than 120 r/min was
recommended. The solubility product constant of KBPh, was 2.40x10® (25°C) based on the data got in current study. Without NaCl,
NaBPh, concentration was the main factor affecting the effectiveness of K extraction from minerals. According to the mechanism and
efficiency of different methods, ammonium salts are suitable for evaluating K availability in soils with high content of exchangeable K.
However, non-ammonium salts which can extract a small portion of NEK under long time extraction procedure, is superior to ammonium
acetate to evaluate K availability in soils containing NEK available to crop. Cation exchange resins which can also extract NEK are more
suitable for in situ research of soil K movement, but the procedure is relatively tedious. Different portion of NEK could be efficiently
extracted with the NaBPh, method via modification of the K extracting power of the method. The NaBPh, method is assumed to be a
good method for evaluation of available K in various soils in future.

Key words: Available potassium, Extraction method, Cation exchange resin, NaBPh,, Efficiency of extraction



