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W daxd RS RIS A TR Y8, BTk B B B0 S (L RE A S (S BRI 4L
BHEESEHR LRI HAS KR PS4, BS BD F S E4A— 8, WXL
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A0 RARE. AT X7 E TSI,
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1.3 B #ESHERABNFSMAMR

BTV HEERREL, AARBELE AR EANE T EAET) A Bl — R EBR A — &,
WY EERSIERES X, RERREL, T HEAKD) GEAERE)INRRAR(E )R EHLN)
K.

D = Ae* &R 1)
T FE A6 S R 3D J1 % o, SRAIE SRR 38 8 30 (k) S8 X AR K9 Arrhenius 7788

k= Ae \&/RD )
BN AR RARXRY, BF 8B EE AL IR TR 30 2878k, B3l 73 s
712 (Diffusion kinetic) B3 Ar8. AX S M Yang BT H 30 18R, KA 5 Fhah ¥ 7 BB
B H¥SH—B T BEE R R (6) TR (R 2).

WAh, R R R SR E X RN BOREEIL CEX R ERER), REEEFR (DS
BARMMEEEHSBRORELSB)H X, ATIHEFH G B s " Bl FRN%S
B, FEHREACT,BELRPIBRE - HER LR, Bl BT SEERRG) 5 REER B
() RAMAE. 3#E, dBRAECHZCRREYERERYEL RGBSV BRIER L),
BUEETYBERNELEFAMELME. FH s SR IeBER Y 83 MR, FUTH
PR b AR R Rk AR AR LB I OB IR AL RE () TRUE RS B (AH ) T EIS E
MEEE(AG)" ). T BIERMAE (AS,” ):

E% = RT*(dInb / dT) 3)

AHST =E”—sz )

AG) = RT]nE (%)

ASST =(AH —AGT) /T (6)
k,T

b'——h-exp( AH"™ / RT)exp(4S," / R) @)

KEP PRYBEERER v B— RS ¥ EMRERE k, RE/REEHHU38%x 1071/ %k),A
REMEEH(6.62x107]/s), RESKHH (8.31J/ k- mol ); TREXMEE. HMEHHKN¥E
BRAX A, EEHRAH . ASS" AG " AR % i B (Pseudothermodynamic Parameters) 31 11 ¥ 53
(Kinetic Parameters).
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2.1 By Hsh T
1 i 5T A 3 SR B RE B A E AN R BE A T R S s ZE R — &K BT R Rl T,
By HEEASL > BY L > %t > #W L GE D, REERSKEMEERN, BR1E
KIS/, KBRS E:; R B EHE N, BRI RHER D, LIRARBIKE
BE, Emesd 8th. £ 88, ¥ R 58 R fh RARGE, IR B a] 5 n 8
B BE ] EE K, AR R R, UL D IR BE R R A (B 1), AE R s e e
BRGNS BT B R, HEX AR BEREE KT R 2), HHENY A BFHU
— i, BE R E, FEMAIREA, BARY SRR M. BB RAFED
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Table 1 Relative contents of diffused phosphate in soil at varying time

T8 e FKE BE B Je]
Soil Sample No. Moisture Temperature Time
(%) (C) (h)

24.8 74.7 119 170.5 244.5 389.5

et 1 15 5 1.01 3.54 439 4.68 594 7.48

25 1.66 402 5.71 6.34 8.41 12.54

45 2.40 4.14 7.87 8.38 11.69 16.18

20 5 1.21 3.50 5.02 6.45 9.08 12.47

25 1.75 4.43 7.64 10.55 11.72 16.81

45 3.51 4.68 9.45 11.60 12.63 19.71

239 72 120 167.8 240 356.5

Byt 11 16 5 0.58 1.63 2.92 3.89 4.50 6.49

25 1.67 3.45 4.58 6.02 6.58 10.06

45 2.41 491 8.36 10.54 13.12 15.20

20 5 1.43 2.60 4.75 5.21 6.57 8.73

25 201 5.12 6.76 7.63 12.13 13.89

45 3.34 6.13 10.14 11.41 13.42 17.94

26 73 120 168 240 361

1+ m 20 s 0.76 1.81 2.70 4.20 4.52 6.34

25 2.18 3.44 5.82 7.01 7.88 10.01

45 2.86 6.25 9.46 10.98 11.64 13.67

23 5 0.94 2.14 4.09 413 6.01 9.56

25 2.89 461 7.59 985 10.90 11.52

45 427 7.94 9.09 — 12.92 14.68

26.8 733 121 166.5 242 339

Higt v 20 5 0.91 0.98 1.52 1.66 1.68 2.32

25 .33 1.80 2.30 273 2.96 3.89

45 1.40 3.16 426 4.68 5.64 6.87

) 30 5 0.69 1.00 1.96 2.44 3.09 4.00

25 1.30 3.26 3.68 3.80 5.38 6.70

45 1.35 3.85 4.65 497 6.60 7.50

a b

Fig. 1
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Relative content of diffusion phosphate
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Dynamic process of phosphate diffusion in soils under 20% water content at 5C (a) and 25C (b)
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Table 2 The slopes (b) and the correlation coefficients (r) of kinetic equation of phosphate diffusion in soils

g aXE wE B B
Sample Moisture Ternperature Model
No. (%) (C) Ji=a+bi Ji=a+br”’ Ji—a+bln () Indima+bln()  In(1—Jiy=a—br
bx10°  r  bX10 r b r px10 r px10° -1
I 15 5 158 0946 4.15 0955 224 0989 70l 0966 159  0.946
25 284 0992 7.3 0990 365 0950 7.3 0996 286 0993
45 378 0988 952 0989 487 0942 7.0 0988 38t 0988
20 5 305 0994 771 099 395 0953 847 0998 307 099
25 403 0980 1034 0994 536 0965 836 0993 406 0979
45 441 0980 11.07 0976 564 0927 647 0968 446 098I
I 16 5 172 0991 412 0980 203 0931 877 0993 173 0991
25 237 0989 571 0984 282 0940 640 0995 238 0988
45 390 0967 9.68 0993 492 0942 715 0994 394 0968
20 5 214 0977 526 0992 263 095 681 0992 261 0984
25 357 0976 873 098 437 0953 707 0993 360 0977
45 422 0981 1036 0994 S21 0977 625 0995 427 0981
i)l 20 5 163 0981 405 0990 207 0989 816 099 164  0.987
25 231 0970 578 0991 300 0972 602 099 234 0970
45 299 0918 775 0973 418 0993 604 0978 301 0919
23 5 248 0984 600 0972 298 0918 863 0992 250 0990
25 265 0913 684 0963 365 0972 576 0980 267 0913
45 293 0964 735 0987 385 0975 459 0989 296 0964
v 20 5 044 0960 104 0955 0.52 0915 367 0941 044 0959
25 0.78 0983 .88 0988 094 0953 413 098 079  0.986
45 162 0968 399 0995 207 0991 6.2 0990 163  0.968
30 5 1.09 0990 260 0988 130 0947 728 0982 109 0990
25 1.58 0972 381 098 195 0959 605 0976 158 0971
45 180 0953 446 0985 234 0989 653 0973 181 0953

H: n=6, ryes=0.811, r,,=0.917.

B I 18 T 1R 5 A R K B A AR, S BB AR 7 b A2 B IR S X 4 B AR A R o, R T RGO N A
FRIGVHGER, HE4Fu8, D8y SO B X 28 &, 8O R it 2
MRARBERL, R R, Elovich FREM — R R R, W] A TR Bu . Filk—
BRREFTBEMEUESTE, KA AEVANYREE N S MERER BmEaE T
BBl H R EDT .

FEIREF S, By AR (R ). BEXY B S F MR, 0T ERE R R
B KERUI(FR3). R3IHAFIE TSy B I RATRAERER, ZEN -
REFBOERERRENEAS, AHMERETANBHTLMAMR (R2). mR3IW
SR BT R, B Y BCE R HOE R, W RN Y ER. BEFE 10T BEEREHK
AR Q F 1.03—144 KT 1, FH R 120 54, 5—BRUERR QN 2~4 AH,
B Ry 8RR — My EE, MR o —BEMAT 1Y,
22 BHRELRERANFRY

ARAR BB 3 17 IR R AT A, i (3) FORAS M BEY BUSELBE £, RREV BETFE



206 + 1 &4 i 5 %

R3 B HERRMbi=a+ bR Ou

Table 3 Ditfusion rate constants (5) of the linear kinetic model and Q, values

s SKE b (/lilXIOZ) Qo1 Qo 2 Qro-3
Sample No. Moisture (%) 5C 25T 45T

I 15 [.58 2.84 378 1.34 115 1.24
20 3.05 4.03 4.41 1.15 1.05 1.09

11 16 1.72 2.37 3.90 1.17 1.28 1.22
20 215 3.57 4.23 1.29 1.09 1.18

11 20 1.64 2.31 2.96 1.19 1.13 1.16
23 248 2.65 293 1.03 1.05 1.04

v 20 0.44 0.78 1.62 1.33 1.44 1.38
30 1.09 1.58 1.80 1.20 1.07 1.13

T 1 1.21 1.16 1.19

Y. BEET Quo=(hu/by) 10/(T2-Tl); Qw1 = (b, ! b:; )l/l, 0., .=, / hs)l " 0 = (b, / bS)IH,

03

SARAEREA AR/, ED EEOK, BT O IR A BERE A A, 3OS E K. 1E 20% &K E
TRV B E M 3—24k)/mol, EXAEEUN, LIRS Lt R — My R YL 4
FEEEHEANDREE L < B EMEL < 5B 1 (GE4), HHAR 4 F HIEEAE
BKET, B 85U B RE 2R KIS, BT B b HIGEE AR /)N

By OB IS TE (AH ) BESIRIE T BT SR & #AE. Al HIE, LY Bt
BRE-AMRBEE AH K, VS ERMGERK, BB R HT. 45 1AL
AL S E2 ML 20% SKETERS T < BY LML < BB/ EMEE W
HIRE FIES Y AR BB R MGE, B A ST, RFEERE KR L 58809
ER s, S 148, B 5 IR S E R &S, B AV BFEENRER/D, VS
#7. AH BERE-REOHEX, MBEAGAH /b, X EEEEVRER RN, B
BME TRl R, S a9 ER w55, B my 800 % a5/,

B BT B B (AG " )R E th ABAG . M TR ISR ME T A
HEEZ, BREEY BB E, HAMEE Y 94.9—110.6kJ / mol (% 4), H 1 EHEER
[ 5. BB, AG S K, H TR R, BE Y O E MR, R -REMRESKE
T aftIWAG ) AL < B L L < BB L W4 RS ERE T
FIEACHERR B AT B BRI K, AR B D O R AR

BEY BB (AS) VRV BGIRRRAIFESURALEN B E, B0 KBy 8= H
FHEREL, 4R IENAS WA RME, ST BEERRBTFERS, XSy
HEsEE A LB A R AN EAF, B TS 2B EERM
SR EAGRE. MR E S, B TR, VMK B TV AT E
B, TR B LBy -5 B/ B NAER, 4 F H3RAEME & K&
Bl —RET,-ASS" 2HES L > By L%t > HB Lwad.

B — t4, EL MAH BRESKE < KEKE K, W 8K 8R, 85 &
B2 B9 PR 88/, 7 ve IR 04 RE R AT S BE S B0/, AT Y BOE B BR, B EKRINAG ) B
AN BT R, M-AS) BAa&KE > KEKE, WRE KIS TS,
FREERANAFERSEA,
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Table 4 Net activation energy and pseudothermodynamic parameters of phosphate diffusion in soils

BE B o AR (%) AH INGS asy ES
Sample No. Temperature Moisture (kJ/mol) (kJ/mol) (J/mot ° k) (kJ/mol)

I 278.2 20 4.54 94.93 -3249 6.85
298.2 437 101.23 —324.8
318.2 420 107.96 —-326.1

H 278.2 20 10.25 95.74 -307.3 12.56
298.2 10.08 101.54 —-306.7
318.2 9.91 108.07 —308.5

m 278.2 20 8.57 96.36 -315.6 10.88
298.2 8.40 102.61 -315.9
318.2 8.24 109.01 -316.7

v 278.2 20 21.54 99.40 ~279.9 23.85
298.2 21.37 105.30 —281.5
318.2 21.20 110.61 —280.9

1 278.2 15 13.83 96.45 —-297.0 16.14
298.2 13.66 102.10 —296.6
318.2 13.49 108.36 —298.1

nn 278.2 16 12.64 96.25 —-300.5 14.95
298.2 12.47 102.55 —-302.1
318.2 12.30 108.28 —-301.6

il 278.2 23 0.74 95.40 —340.3 3.05
298.2 0.57 102.27 —-341.0
318.2 0.41 109.04 -3414

v 278.2 30 6.99 97.31 —324.6 9.31
298.2 6.83 103.55 —3243
318.2 6.67 110.33 —325.8

ERFHA R F B 8 SRS ESE TAAR T E R BBy UL
FRAE, TSR TS — M, FaHEAK. Rt 580 0RRE R, AR &K E 588
PEARLEY BmENLESHUEARK. WY RNS I ENIESELBENT
Bet 8030 B, H LAY BEh 1R OR B A B b B B U b R R
DARESR 8O3 R E2 AGY CAHSFIAS, BB IRR T,

23 YHAMSTHGELE(E,)

PEEAERTAR Q) ESHY SHEEEH G RS, L EL BT B A K (D)
HEAKG) (FIE 28 LX) #oK.

E] 1
R T (8)

HEHER(FS)ERR, i EBY BAEILEE R 12—46kJ / mol, 7E (0.05—1) X
10°Pa iK% #7365 Bl 9 29 12—34kY / mol, T3k 25kJ / mol 224 . HE$F/K & (0.3 x 10°Pa)
TH 20k / mol EA, GRAMEFY HEHEMNHREER" B4 B, BERRTHE T
Y BAELEAEY, HHERRDT, 45 R EBRRKBHHE, Bt R EERERAM
BEAT, WHBAH (6—15 X 10°Pa), BE Y BMELEER K, E5ERA NG TRKKT Wik
Ry 8 TEALEE (2 42k / mol®™ ) AR, IMAERBUKEEN, Bty M F EEBEHERET

InD = InA4 -
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4 Fh HIEBEY BOE (L RE I RE S /K E R0, KR S/, B S K B, K
SrEERR S, MY B IR REREFEAR, RO, OB Y B RO St S
KOEBFEVIMHEX., KOBBRR OKRIEMK), KMAREAE, I 80 ELERR,
BERIA R RR: RZ, K E R, B A Mtk Hilk, NEEBAKEE, RONAE
BAERUBRRT 57455 B GHIRES, L SHKREN LK GERH UM %,

£5 TRZKB TR HBELLEE? (kI/mol)

Table 5 Acuvation energy of phosphate diffusion in soils under varying water content

KRS "wAE T Byt #t "B L

Water Loessial soil Black lou soil Lou soil Yellow cinnamon soil
tension Xk (%)  EJ kB (%) E} Bk (%) E HKE (%) El
(105 Pa) Moisture (%) (kJ/mol) Moisture (%) (kJ/mol) Moisture (%) (kJ/mol) Moisture (%) (kJ/mol)

15 5 43.51 8 4274 12 40.30 20 45.69
6 7 39.36 10 41.57 LS 34.80 24 3993
1 1 29.28 16 34.40 18 31.96 28 33.31
0.5 13 25.98 18 29.07 20 32.63 29 32.04
0.3 15 21.86 20 2770 23 27.71 30 30.21
0.1 20 2397 23 17.68 25 19.78 35 20.77
0.05 24 21.07 28 21.74 30 16.89 40 12.40

Bk LIBE MR AL FKE T (15—16%, 20%, 23—24%), Bi B AL RE 2 B
HRLE < BY L <X <#HBL XS, HWEER -SKET, WE DERY #8E SR
HIBERE A, XEFERE N EKEMEFEI, RE LK S8, KEH R, KERH; [
B, RS E RIS B R S R, MY BB KL B2 .

ELEE i B Y R R E B (P) KRB BEY BORIEILEE £ (RO 5HBT AR (D) K
AP B RE £D (R S) T, 4 FOR TR Fidts T3 ARk S 5 A A [R], B | = 1 3
12 SOHE SR B 0 B 4, I B NS AL R AR 12 80 AT AT 1L

58 £ X &
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DIFFUSION OF PHOSPHATE IN SOILS

III. KXINETICS AND ENERGY CHARACTERISTICS

Xu Ming—gang  Zhang Yi-ping Sun Ben-hua

(Department of Soil Science and Agrochemistry, Northwestern Agricultural University, Yangling, Shaanxi 712100)
Summary

The diffusion amounts of phosphate in soils at varying time were determined by
half—cell technique using *P. Five kinetic equations were used to fit the dynamic
process of phosphate diffusion in the soils. It was found that parabolic diffusion
equation was the best model to describe the process. The temperature quotient (Q,) of
phosphate diffusion in the soils at 20% water content was 1.2 or so, which was in
agreement with that diffusion is a physical process. The activation energy (E. ) of
phosphate  diffusion in soils, calculated by Arrhenius equation, decreased with
increasing soil moisture and varied from 12 to 34 kJ/ mol with an average value of
25kJ / mol under low water tension range ( < 10° Pa), which was close to the
activation energy of nutrient ion diffusion in solution. Therefore, it was suggested that
the phosphate diffusion in soils at low water tension condition occurred mainly in the
liquid phase. Moreover, the absolute reaction—rate theory was transplanted and used to
investigate the diffusion process in soils, The parameters, net activation energy,
activation entropy, activation enthalpy and activation free energy of phosphate diffusion
in soils, were derived from the theory. The results showed that these parameters in
the four soils at the same water content changed in the similar to E2, which indicated
that the parameters could be used to describe the energy characteristics of phosphate
diffusion in soils.

Key words Phosphate, Diffusion, Kinetic, Activation energy, Activation entropy



