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Studies on the behavior of Monocalcium Phosphate
Monohydrate in soil (Part 1)

Especially to the solubilities of heavy dressed Monocalcium
Phosphate Monohydrate (MCP) in soil.

Saburo KawAMURA

The solubilities of applied Monocalcium Phosphate Monohydrate studied with
small water in the soils. The reaction products which contacted with small volume
water (50 % of the field capacity content) during several period treatment from 1
day to 90 days were plotted as a function of chemical potential on the basis of their

solubility products.

The occurrence of the differential ionic strength against MCP added soil : H,O of
same conditions was variant. Generally for the volcanic soil, ionic strength decrease
considerably as the MCP-soil contacted peoriod prolong, and soil: H,O ratio effect did
not appear remarkably.

The results of equilibrations of the phosphate with soil in which powdery MCP
contacted with a limited water strongly suggest that the solution saturated to
Dicalcium phosphate Dihydrate (DCPD) salt.

The average pksp value of DCPD salt to phosphate heavy addition treatments was
found to be very near for pure DCPD pksp value.  Its experimental pks, value was
6.45 except for little added MCP of the volcanic soils treatments.

The exprimental pks, value of little MCP addition for volcanic soil showed
larger than pure DCPD pksp value. In this case, the activity of HPO4 is very low
and with respect to HZPO?;’ activity, its decrease in little added MCP are indicted
remarkably, so that a continuous removal of the phosphate ions from solution during
the treatment period was interpreted as a reaction of phosphate in solution with

active oxides of Iron and Aluminium.
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Table. 1. Description of soil samples and some of their properties
\ Soil - .
Water P05 0.2N-HCI soluble in percent***
| _texture* | Tgiog ‘ pH absord ion ‘ Humus ‘ R

Soils ' Soil location

Clay = Silt
| % | %

“
capactty’(HzO) m;fotocgr coil C\<1 24| CaO | POs | ALOs | FeOs

i

Aichi Aichi, Nishin, Akaike 59.3

20. : . 3| 001 | o | 000
Red-yellow podzolic soil 0.8| 63 58 210 L.o7 ’ 0.13 0

ISR O B S !

o i
54.0 e 5.89 } 1900 24.06 |‘ 0.06
|

0.04 | 252 4 0.03
!

! Tottori, Aimi, Tazumi
K k ! ¢ R .
uroboku Ando soil (Volcanic soil) 3.6

Kochi, Haruno. Yoshiwara

I )
Akaonji Han %3458 120 | 615 2270 178 011 | 0.02 | 208 ' 0.01
Volcanic soil i ‘ | :
L.S.D. { at 1% lavel 9.0 83 0.32 29 0.80 ’ 0.08 0.007 | 0.08 0.02
\ at 5% level 7.8] 6.9 — 0.64 i 0.05 — — 0.01

* 1 Clay 2x<, Silt 20/5< (Pipette method)

**x + Absorpted by 2.5% (NH4);HPO, (The method of gapan Agricultural Society)
#xk o Soil 1 0.2 N-HCl ratlo equal to 1:10 at 40°C, 2 hours extracted
All values are averages of duplicate determinations.
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Table. 2. lon concentrations and pH in soil soluticn extracts
(Soil : water = 1: 10)
Added ‘ Analytical Number of days after addition of powdery MCP to soil
MCP rate Soil . —
% | item 1 10 30 60 90
B | P mole i~ | 1210.53 ' 1200. 00 1178.95 1168.42 1155.79
Aichi | Ca molel1| 613.2 600.0 583.0 570.0 560.9
o 3.48 3.50 3.52 3.54 3.56
' P mole I 07.37 921. 05 915.79 894. 74 890. 53
Kuro |
20.0 Bopy | Camolert| 4700 460. 0 458.4 449.3 440.0
ort pH 3.63 3.67 3.69 3.71 3.72
| P mole /1 484.21 395.79 378.95 322.11 236.84
Akaonji | Ca mole[-1| 2414 198.1 187.3 163.9 118.8
pH 4.09 4.20 | 4.26 4.32 4.58
P mole It 589, 47 568. 42 566. 31 557.89 543. 16
Aichi Camolei-t| 2929 286.8 280.8 277.2 272.1
pH 3.95 3.97 3.99 4.01 4.03
' P mole 11 431. 58 390. 53 380. 00 355. 37 339. 58
Kuro ’
10.0 gy | e molert| 2141 195.4 190.0 177.5 170.0
oxu pH 4.15 4.22 4.28 4.32 4.35
P mole 11| 34842 | 153.68 128.41 106. 32 105.26
Akaonji | Ca mole |  175.2 l 77.3 64.2 54.7 54.0
F pH 4.34 4.89 4.99 5.11 5.13
— I [ —
l ’ P mole -1 93.47 | 0.1 65.05 63.58 54.53
| Aichi | Ca mole ' 43.2 | 36.9 34.8 33.3 29.5
| pH 5.25 5.45 5.50 5.55 5.69
— s S | —_—
| Pmole 11| 2821 |  13.68 12. 64 10.32 6.95
Kuro \ !
5.0 , Ca mole I''1 16.1 9.7 9.3 8.3 7.1
Boku ' I !
| i 6.20 | 6.29 6.43 6.54 6.58
S WS W TG
| P mole ! | 21.68 8.21 6.74 6.32 421 |
Akaonji | Ca mole I-1 131 7.4 7.1 6.9 6.5
| o 6.52 | 6. 64 6.75 6.80 6.90
| : ]

All values are averages of duplicate determinations
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Table. 3. lon concentrations and pH in soil solution extracts.
(Soil water = 1:20)
Added _ Aualytical Number of days after addition of powdery MCP to soil
MCP rate Soil . - :
% item 1 0| 30 60 | o
P mole i1  768.41 753,63 | TA2.11 736.84 ‘ 726.32
Aichi Ca mole (-1 383.0 376.9 | 371.4 366.8 360. 0
pH 3.75 3.79 | 3.81 3.83 3.84
| Kuro P mole [ 589. 47 578.95 |  553.68 550. 53 526. 32
20.0 | ok Ca mole [-1 294.3 287.1 275.8 273.9 263.8
oy pH 3.95 398 4.00 4.02 4.03
| P mole I 400. 00 334.74 \ 293.68 244.21 231.58
Akaonji | Ca mole i~ 199.0 166.9 | 147.4 122.1 116.8
‘ pH 4.19 4.30 | 4. 40 4.52 4.61
P mole /71 |  371.58 350.53 | 342.11 333.68 331.58
Aichi Ca mole {1, 186.3 176.2 172.9 166.5 164.8
pH 4.27 4.31 4.32 4.34 4.40
Kuro | P mole 1~1i 269. 47 242.11 236.84 | 223.68 214.21
10.0 Bol Ca mole [1 133.3 121.9 118.7 113.1 107.9
ort pH 4.47 4.50 4.57 4.60 4.61
[ (= | = S
P mole 1 2% 1558 ‘ 142.11 | 112,63 | 10211
Akaonji | Ca mole "1 113.0 76.0 71.5 57.0 52.8
pH ‘ 4.61 4.€9 ‘ 4.92 5.10 5.19
P mole I 55.26 45.68 44.21 41.89 37.37
Aichi Ca mole I71 29.7 24.9 ‘ 24.3 23.0 20.8
pH 5.68 5.82 5.85 5.90 5.95
Kuro I P mole 1 24.53 11.47 10.32 ! 8.42 6.11
5.0 o | Ca mole i1 14.2 8.8 8.2 7.5 7.0
oxn pH 6.31 6.30 6.38 | 6.45 6.52
P mole 71 | 20.90 9.05 8.11 | 7.79 5.89
Akaonji ' Ca mole [t 12.3 7.9 7.4 7.3 6.9
pH 6.50 6.58 6.62 6.70 6.83

All values are averages of duplicate determinations.
+i & MCP oiEfMERoRBIc>NT ) YEREIL Eo+HIES FARCEDERIIC S %45, MCP
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mMCP &6 20V ERKEOENCE > TR-TWBC EXEKRT S, 7242 MCP 0RA



JIRZER : ek 2 vEE—A vy AOITENCET 2R (55 13D 93

EHAEMBEUTHBRBROKENERED 5 SO UT—IED VAR T OFRDDRETERT 5
ERIIRINTOED, HICKUKEETEZZES>TH S, coc &iztiEe MCP o oiich]
MBIZEDTH SPOENAEZRIRTHDOTHLEEL SN D,

HEANVYY LRI VEBROBERELEL L2 DTHD, pH 348 MCP oEMER O

Table. 4. Tonic activities and activity products in Aichi soil extracts.
Equilibrated with Aichi soil : water = 1: 10

Added ' ' S
Contacted Phosphoric***
MCl'-o‘/Orate day 1 ’ pH ‘ pCa pHPOy pHPO, pKsp ** acid potential

1| 0.1813 | 3.48 ‘ 1.597 1.065 | 4.775 6.37 4.54

10 | 0.1785 | 3.50 1.603 1.067  4.746 6.36 4.57

20.0 30 | 0.1741 | 3.52 1.614 1.073 | 4.743 | 6.36 4.59

60 | 0.1711 | 3.54 1.622 1.076 = 4.726 | 6.35 4.62

90 0.1683 | 3.56 1.627 1080 | 4710 | 6.3 4.64

1 0.0880 , 3.95 | 1.867 | 1.340 | 4580 | 6.4 5.29

10 0.0858 | 3.97 1.860 = 1.355 | 4.574 6.43 5.32

10.0 30 0.0841 | 3.99 1.869 1.361  4.560 6.42 5.35

60 0.0832 | 4.01 1.874 1.362 |, 4.541 6.45 5.37

90 0.0815 | 4.03 1.882 1.372 ‘ 4.532 6.42 5.40

1 0.0145 525  2.498 | 2.089 | 4.029 } 6.53 7.34

10 0.0111 | 5.45 | 2.597 | 2.212 | 3.954¢ | 6.55 7.66

5.0 30 0.0105 | 5.50 2.618 | 2.244 | 3.938 | 6.55 7.74

60 0.0101 = 5.55 | 2.635 | 2.255 | 3.8%4 6.54 7.80

|
90 0.0089 | 5.69 2.680 | 2.321 | 3.862 6.54 8.01
Equilibrated with Aichi soil : water = 1: 20

' 1 | 0.1146 | 3.75 1.760 1.237 | 4.678 6.44 4.81

10 0.1126 | 3.79 1.763 1.245 ’ 4.645 | 6.41 5.04

20.0 30 0.1109 | 3.81 1.772 1.251 | 4.630 | 6.40 5.06

60 0.1098 = 3.83 | 1.776 1.253 | 4.613 ‘ 6.39 5.08

0 | 0.1080  3.84 1.782 1.259 | 4.608 | 6.39 5.10

1 ! oo0ss | 427 | 2013 1.523 } 4.442 | 6.45 5.79

10 0.0528 | 4.31 | 2032 , 1549 4428 | 646 | 58

10.0 30 0.0518 | 4.22 | 2.039 1.556 | 4.426 6.46 5.88

60 0.0502 | 4.34 = 2051 = 1566 = 4.415 6.47 5.91

90 0.0407 | 440 | 205 | 1.568 4.38 = 645 5.97

1 0.0089 563 ‘ 2.678 | 2.33 ‘[ 3.846 | 6.52 8.0l

10 0.0076  5.82 2.746 | 2.403 | 3.773 | 6.52 8.22

5.0 { 30 0.0075  5.85 1 2754 | 2419 | 3759 6.5 8.27

0 0.0071 | 5.90 2.775 = 2.444 ' 3.734 6.51 8.34

90 0.0064 595 | 284 249 | 3733 , 655 8.44

* = ionic strength
o pKgp = pCa + pHPO,
*** Phosphoric acid potential .= pH + pHoPO,
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Table. 5. Jonic activities and activity products in Kuroboku soil extracts

Equilibrated with Kuroboku soil : water = 1: 10

Added :
MCE rate | Cogtjyctad ‘ “* ‘ pH l #Ca ! PHPO; | pHPO; | pup*s | PROSPROTICS

§ 1 ‘ 0.1404 | 3.63  1.690 ‘ LIST | 4717 | 641 | 4.79
0 0.1373 | 3.67  1.697 | 1.167 | 4.€87 | 6.38 | 4.84

20.0 30 0.1366  3.69 . 1.699 | 1.169  4.669 | 6.37 4.86
| 60 | 013 371 | 1706 | L1 468 | 636 | 4.89
w0 | oo | aw f 1712 | 1180 | 4649 | 6.3 4.90

1 i 0. 0644 ‘ 415 | 1964 | 1463 4503 6.47 5.61

10 0.0585 = 4.22 | 1.996 | 1.503  4.473 | 6.47 | 5.72

10.0 o | ooz 42 | 205 | Ls4 | 4t | 64 5.79
€0 0.0534  4.32  2.020 | 1.540 | 4.400 | 6.43 5.86

L w | 0.0511 435 | 2.045 | 1550 | 4393 | 6.44 5.91

1 | ooost ' e20 | 2913 | 263 | 3.621 @ 654 8.84

10 ‘ 0.0029 © 6.29 | 3.107 | 2.949 | 3.8i9 & 6.9 9.24

5.0 30 | 0.008 | 643 3125 | 3.007 & 3766 | 6389 | 9.44
€0 | 0.0025 651 3169 | 3112 | 373 | 693 | 9.65

0 | 0.0020 | 6.58 | 3228 | 3285 | 3.8%5 | 7.13 9.86

Equilibrated with Kuroboku soil : water = 1: 20

} 1 0.0881 | 3.95  1.854  1.340  4.580 | 6.43 5.29

10 ! 0.0862 | 3.98 | 1.860 | 1.347  4.557 | 6.42 5.33

20.0 30 0.0828 | 4.00 = 1.876  1.366 | 4.556 | 6.43 5.37
60 0.0822 | 4.02 | 1.877  1.367 | 4.537 | 6.42 5.39

90 0.0787 1 4.08 | 1.889  1.389 | 4.539 | 6.44 5.42

1 0.0403  4.47 2131 | 1.651 | 4.371 | 6.50 6.12

10 0.036 4.50 2162 | 1.695 | 4.385 | 6.52 6.19

10.0 30 0.0358 457 2171 | 1704 | 4.323 | 6.50 6.27
60 0.0341 | 460 | 2187 | 1723 | 4317 | 650 6.33

9 0.0326 = 4.61 | 2202 | 1745 | 4325 6.5 6.35

1 0.0046 | 6.31 | 2.961 | 2708  3.587 | 6.55 9.02

10 0.0026 | 6.30 | 3145 | 3.026 | 3.906 | 7.05 9.33

5.0 30 0.0024 ; 6.38 | 3.173 | 3.083 | 3.896 | 7.07 9.46
60 0.0021 | 6.45 | 3.208 | 3.181 | 3.921 | 7.13 9.63

. 0.0019 ~ 6.52 | 3.233 | 3.3 | 399 | 7.2 9.85

* u = ionic strength
** pKgp = pCa + pHPO,
**#% Phosphoric acid potential = pH + pHPO4
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Table. 6. Ionic activities and activity Products in Akaonji soil extracts.

Equilibrated with Akaonji soil ; water = 1: 10

- Added

MCl;érate “ Cogfycted 2 pH pCa | pHPOy | pHPO,| pKep** fggsggggﬁ:f

1 0.0724 | 4.09 1.921 1.417 ' 4.517 6.44 5.51

10 0.0593 | 4.20 1.991 1.498  4.487 6.48 5.70

20.0 30 0.0564 | 4.26 2.012 1.517 | 4.444 6.46 5.77
60 0.0490 | 4.32 2.057 1.580 | 4.450 6.51 5.90

90 0.0358 | 4.58 2.171 1.704 | 4.314 6.49 6.28

1 0.0525 | 4.34 2.035 1.549 | 4.398 6.43 5.89

10 0.0231 | 4.89 2.323 1.897 | 4.196 6.52 6.79

10.0 30 0.0194 | 4.99 2.393 1.955 | 4.154 6.55 6.94
60 0.0165 | 5.11 2.452 2.034 | 4.114 6.56 7.14

90 0.0163 | 5.13 2.456 2.038 | 4.098 6.56 7.17

1 0.0044 | 6.52 2.995 | 2.796  3.466 6.46 9.87

10 0.0022 | 6.64 3.212 3.231  3.781 6.99 10. 10

5.0 30 0.0021 | 6.75 3.229 3.348 | 3.788 | 7.02 10.19
60 0.0020 | 6.80 3.241 3.390 | 3.796 7.02 10.38

%0 0.0017 | 6.90 3.263 3.599 | 3.888 7.15 10.50

Equilibrated with Akaonji soil : water =1:20

1 | 0.0598 ! o419 1.990 1.493 | 4.493 | 6.48 5.63

|10 | 0.0502 | 4.30 | 2.052 | 1.554 | 4.454 \ 6.51 5.85

20.0 | 30 0.0443 | 4.40 2.095 1.617 | 4.407 6.51 5.99
| 60 0.0369 | 4.52 2.160 1.691 | 4.361 . 6.52 6.21

\ 90 0.0350 | 4.61 2179 | 1713 | 4.293 | 6.49 6.32

1 0.0341 | 4.61 | 2.190 ’ 1722 | 4.302 | 6.49 | 6.33
1000231 489 2.38 | 1.886 | 4.186 l 6.51 i 6.78

10.0 30 0.0216 | 4.92 2,354 | 1.913 | 4.183 6.54 6.83
60 0.0174 | 5.10 2.430 } 2.010 | 4.100 6.54 7.11

90 0.0159 | 519 | 2.464 | 2.052 | 4.052 ‘ 6.53 ’ 7.24

1 0.0041 | 6.50 | 3.020 2.808 | 3.497 \ 6.52 | 9.31

10 0.0023 . 6.58 | 3.188 3.174 | 3.7 6.97 | 9.75

5.0 30 0.0022 | 6.62 ‘ 3.124 3.232  3.802 6.99 9.85
60 0.0022 | 6.70 3.220 3.269 | 3.759 7.03 9.97

%0 0.0020 | 6.83 ‘ 3.241 3.430 ‘ 3.789 | 7.03 ’ 10.26

* 4 = ionic strength
ko pKep = pCa + pHPO,
*x*x Phosphoric acid potential = pH + pHoPOy

A4 VvRREFEEOEEICLD, FRBEBAKECIDIER RS, MU MCP EHETD A 4
VEEORKE SBEMEE D> BRE 7 > FRA vFOMEL D, HICHRA v FREMIEEREL U
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TH5HE MCP L ERAXDHIEE KL 1 10 DK TEMBAICE »TEDET %51 30~40%
EML, TN LUER 7 TRENFED 80~T5 BTH D, HLAMICEENAX LD ZDOHID
RoNah, ikt vFTELY, COCEB3A4 A4 VBREOHSKENCEDTAEEDS 4 ¥
FEECNSOMICEBL, (T TOMSMES 4 v RBERIA LT, BHELERN, 4 vEO
STHTEMBRMOET 2 &E2ERT 5,

pCazt, pILbPOs, pHPOL™ dFH@DMIZ>NTIE A A4 Vi EE U< HIEEAERED S,
) YRR OB B ORI > TEN S RKERRAE T TEIMPREMICEE - T b, pHPOS
& pCa2t 13 X IR HIICHf B LT A 25 g HoPOm & Ca2t oo 4 o s MCP & -
DD BRI >N TINET 254 A VICER IR L TW CEZRTEDTD » THICA
A VIEBEOENGEE T TREMA F v HEOBESFIICHL LTW 3032 ERT 2O TREL,
COXEIWRTRTHEM A v U THELICERT 22 EFNOEREERRTCEETE
%, pHePOs, pCaz (it NI G E ML ET/NE LR vFLETRTH LT ER0TR
o MCP iR KIc > Th vl 2, pHPOZ (H3iiciR aZ{b i LTk H, KR L-Eod
BIEAXIHSA OEITSH 2, chBERERO pH ERIC > Tiiic pHPO B FHET 2 01
D YBORESSE P LB ETH B, MiKINKEEoD 5 MCP i mm X clddiciis L
fef A RTINS B, coc &id pCa & pHPOL X OEE ERIREICH 2 ¢ & AR L, &
F3licERL LI DCPD o pKsy, ETAMTE 2, iz CaHPO, « 2H,O oIS HiEmE %+
RU, BANEFEODEHAX AR T—EBICESNTOA T ENEE, COT L3Rkt
oo MCP R IR Tl O BUBKICEI 5 L& E T ick i 25E#ch DCPD oAk
BAgEENA B, L LikihKod i MCP AR Tli—riic DCPD ofmnE 2 5h b0
DIl 0 o Bnic>nEin pKey TR bFRICRERD ) vEEOARE R T LB S, C
NooOC & pHPOr HoERIC X - TE SR L1225, HPO 4 4 vi3 MCP iRk Ic 418
EORUBICKI L CERRIOTH D, FHC) vBIERT v e, (Y VB—h vy aRT vy
¥ v, Schofield potential, Phosphate potential) 13 E itk SEFZESFONT D, 1Y v
FEPUG D PFES & B2 SN ARBEBIC LT NS DT R T v o+ v OIE IS & 33630
DS, ) VB O BFLATUCH T 2R T vy v L @RS (/DI AT A A v BREE DRI
ISIREE —H T A0 ERDNE, cokSbhy T Table 4 2561y vk X5~ v+ v, Fig.
IS 3 VEE— ANV YD ART Ve VELRIRRT Vo VOBRERYT, CNODET Vv
PR ENZNE T AN ROV HOWEXERLILbOTHY, —BICREShELD S
INETRMETH 2, CNETHEE Y YROKIGO YN EE AR LT D, SREERTRAZER
ZAWF —REZRTEDE—HKT 2, {FICABETETEIENIETEET v v dd
MEZ L, Fafbomb/hIncdnigbsng, Fig. 15 Fig. 3 oBGIEERICES
CHEFRIRREMHBE DN THE3H0THE, MREFWTNOLGRE FobDRZTOREI LT
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MULTHD, FhL D LBOMBIZZEORICK LR T € O Hicx UTHhBROARNST T
S, FEREID THOMBEIAEMORESIIEMCEET S L EbN b, ENLEOKLEX

l.ime potential

o Aichi Soil (mineralacidicsoil) Q,\‘Q
35| a1 Kuroboku (volcanic ash soil) 99 >
<1 Akaonji ( # ) X
3
3.0
1
S
1 ol 90 soil © water ratio 1 120
1 90 _ soi) I water ratio 1 10
|
2.5
—_—t — —— —_————k e —— L
2.0 2.5 3.0

Phosphate potential

Fig. 1. Solubility diagram showing change of phosphate
potentials on extraction of the three soils which
contacted with 2095 MCP powder from 1 day to
90 days.

|
4.0 - O
e . Aichi soil (mineral acidic soil) \\>/
a : Kuroboku (volcanic ash soil) % 90
x o Akaonji ( ) .
K
1907 %
= 3.5+ A ay e
2 o % A
% ! A/// <\J\ {\\&
3 107" W&
" 1.7
g el
j lA/‘/
90 //
1 _/‘/
3.0r .
—- . soil : water ratio 1 20
= soil I water ratio 1 110
2.0 2.5 3.0 .
Phosphate poential
Fig. 2. Solubility diagram showing change of phosphate

patentials on extraction of the three soils which

contacted with 1025 MCP powder from 1 day to
90 days.
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EMKNKEEOZ &, h& MCP JmINKICH>NTRELRETHKALE LT DCPD ARk Y % AlHE
PSP OEMICELET 22 2R LTINS, KK +EED MCP &1/ X Tl 2B o
HERAHEDSZEIL LT RO RERE OCP # [z -5 < ONED 5 b,

® : Aichi soil (mineral acidic soil) o xx 90
4 : Kuroboku{volcanicash soil) Aeeeeeee ... T
© Akaonji l LT e )
5.0 % . Akaonji(  ~ ) !

4571

Lime potential

Ry
A

x* o >
W

4.0
* soil ¢ water ratio 1 120

/ — 1 soil T water ratio 1 110

3.5 4.0 4.5 5.0
Phosphate potential

Fig. 3. Solubility diagram showing change of phosphate potentials
on extraction of the three soils which contacted with 5.0%
MCP powder from 1 day to 90 days.

% %

etk RS IC ) YA L BOUT B kLK L1E S MCP & o 418 UG O iR fiRaFe < anfic MCP
DPITHT 0 EALTEEREREIT T, 8K, ChSoRBICHEBNIEET LI =T A
DB YBOREEE LTEFT L0V IWRICH LT, 44 VENEZ ST ICREREDH
HhoBOBOO—MIEZGEE LA TOBEESTIEAMNE LTHL CEBAEDSNTRLE SN
5, MCP 0isisicBEt 2 ) vEEA # i3 PO« 4 4 v 3T 84 4+ v ThO Table 4 » 5
Table 6 iCRENTHED, KEROMENTIE HPO2 4 4 v PO, 44 D 0.02% b
28.8%ICT X otz, LI vBBRRFLREREYME LTH2EAE, MKSRISNTRIEET
BEMDT NI =0 a9 4 v & HPO, 4 4 v EOBEBRFERTIEZEAETEI0, U
U D) v EERIE O I H 5 3KEEE ) v BIEOERE O b 0 50 IRIERZE S PREER Y 04
BICHOWTEET 2 EETERY, B UATEMICHT 3 ) vEROFYERPiEkm gL DI
BBRMNORITEC E4TH 2 LR DNS
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Y VEEEOKAEEED B E DN TV SEY) YERAKDO ) VERR I MCP sk % 5
WTWBEHDTHYD, MCP OMRICE T ZEMICBOTT OEEBSHEHEZRY LTns, &=
Mricsy s MCP A RIZE SICHMI AT EEbLN S0, EOTFTRCRINBZIBMIRT 5 &
BEbns,

Ca(H,PO,), « H,O-+nH,0 —=CaHPO, - 2H,O+H,FO,+ (n—1)H,O --+----- (1)
ZoBRicHER T 5 DCPD {3 Ewvore S¥IC KNI KRICK 2B INEE LA EPD,
WY VBAROEERAOMHREDKEICH ZRET TR ARIBEREDN S, THICK Ui
KRB K BEDODIENRIRICRT LB RIE» 5

0.5Ca(H,P0,); » H,0+0.5Ca?* +2H,0

—— CaHPO, « 2H,O0+H*+0.5H,;0  --orvrveeiiiiiiiins (2)
K EDKEH MCP AEREIGICES LB AIRIKRO (3) R &N 5 & 5 7 DCPD AR 4 <
EEHE LG T RERTTHEIN S,
0.5Ca(H,PO,), » H;O-+Al[Fe] (OH)+ H*

ham— Al [FEJ (OH>2H2P04 +0 5 CaZ+ -+ 1.5 HQO """""" (3)
cokHictiEdickig s MCP i IE% DCPD ARICEE ST TA B SIERIBKD ENE
BISGRHTHBEELON S,

AREBRTIRIEMIETHERRLEICB T 2 KBEOZ DK DD 52 0 ETEEOREE DO EIC
KILREHEX O b EBRIN TS, CHRBIEBRE#ERICE 120 0 MCP Ig@sid, Fao
KICHT ZRAEESYEORSEICD LIIESCBAFRERA LN S, o &3 (1) RORENE
B GTH O, EiEY vEBoZ &, pH ORI E, LA A VEREOEWI L EDRER
EBBSENC EEFU T ENE, ChiE LALKEEICBOTEDEKS & OEMTLET
MCP 7RSS D73 0T L, FFIC RIS« (2) KoBGRIXENICETTT 2 L BbNn 3,
Evvore 539 OffICINIEIREOREMS AT, Lido DCPD Apkicxt LHARSHT Th A
LR sDEFHENS, &5 Table 4 Jpo, Table 6 ICRENEEA 4 Y OIFBZBRAER
SHETHRLTOHEOBE, 1E MCP #iAKA Sick »TRIE 2 Eh 5% DCPD 4
BRBICES»H B EpTESN, pCa [HE pHPO, ED/NE b D3 & DCPD A &NE 10 &
Bbhsd, £/ Fig. 1 05 Fig. 3 I RENBLERT v o v VOMEBMETEZ 2 & BT
2L kxR ic DCPD £l &DENERET 26D 5,

Urrien 1 o &y MCP 76 DCPD ~ S ITOBROF 72D HAM T 4 vF — Bl 21712
Wy ARRT vy e EORIETEEYO KN, RIEOBREEZRLTNDE, TOLHEHIT
EREOMFRT vy vb L co DCPD ApicBd 2 T8 ME E AT EMNTE B,

DCPD A s 885 % 38K 1ot LT A RN FRiIc L » TA B84, M hiEE Lx
BRI EICE > THEEMME EREMHE IR ST 20 E8TE 2525, T1bBETHE
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BHERSOBE R, MIEKE, Ty 0X3U0b0TH > TROEUHHOBIKET 26D
&y, BEREMBAH, BE, LZRF v e vDE I BROFOHBEOBICIIKELIEZDLDDTH
b TLTHEWTOMFEXRZOBAEBLUHEAICH > TREFH 204 4 vidED T 10
F—D—WERNIDBEBRCNE L EZAOND, T LTEARIEBAMERNICNEOT 2L
F—LEHODTTHEBELOENENETH B,

TEPICHEET ARREBRO/ NS OHEORBICTERBBER G ENARER) OIRAME
i) YEBIBOREICIE VT LERWONTE 2 BARBRICS COREOBEALRAS 2, hldfaf
BEICE Y BI25MA 4 YOEEOTIMOBEREOERICRERIEL —ETH S L0 ) HANCE D
Wb DTH S, COERICIIREEEBR L LTV ENAEEROLKETH D, EBit+iEd
DY vEBAN Yy MEOEETFHICE L TRELHERT VDI TIREY, TRbBERM) vBE
D FEE R OEIRIEIC SN TIE, Friepd® Sc X E T HETO RN FIC X » ThAA I L&A E
VL BRPEHTH 2 ETRINENOTH B, T LEOBRVEIZ L EOMEMSEMIC
HKELTODD ZLHER T B AE—RD 20 EE ROV #THD, Fig. 145 Fig. 3 i
RINBXDICEHEOREBARE LD ONLEZHUEEZLONEINOTH B,

AFEEBTOLE MCP RIMZEB0T, TEOFHERMKRS ERMIED ) YBEDIRAEREIKRIITE S
2 EDBMAEMEERSTICMASEBICREINTHEEEZ D, TLTIOXIBEGER
T EEGIC OO TR BT (Quasi—Equilibrium) BERSLT 5 E TR TE S, £ LT &
DICRIGSHIHE LT, Bt REh TR ARENARYE A2 ~&TH S DCPD o & 5 15 difd g
VIO PE B L Tld "HERET L (Metastable— Equilibrium) HSRALT 2566 TH 5 &5 4
B, BEBICHKEEY OERICE 2 IEH L ERET 5 & 5 5 LEEH ORI HE AT 0N A
Lo TZDFI: “HoNH#E" (Stable—Equilibrium) OIRMEIET AHEEZ B,

LI HIEL ) vRRORILAE ZEBOVH TELTH S E Table 4 2o Table 6 1CRE

5 pKop [HO—EEAERT 5 BRI LT, AEROFVLIZF 25w iz DCPD o if 814
REEICE LR DD IMREERVERFICH L EEZL 0N 5,

COERIZEOTIZ MCP ORI LT HEAKED 50 % KRBT - 2 glFED & 1] 5
ICB T BEE{LHS TR MLEE D RIS LR WO 1 TR » 72 B L E SR ITIZ R A a N &0 D EER &4
TH b, Ll Ureen® o5 X5t &) VBORUNZEMBIA K E (BB L, Hic
MCP BBET LA LS pHIEDEAIZ ERERICEMITR BINZ A 00 HIGE TH LRV O
BDT, COXIVWERZHICBNTOASDICHIMNRDOEENRENELTING, MCP 0 FR
BIEERICH T 3EEE Cazt & HPO2 dfEfEds DCPD DR 4 T 2 BB E AL T 5
14 vEMRKHELEEZONE, COXDIBEREUHTTIE—BRICTENTS DCPD oA pHs
THEIN 3,

— iR BT BKIETED DCPD DiE s & K S tc Morevo 542 0 pKse B 6.56 & 240
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DFNBMCP ZEIRMUALBICED ONKD, i Ca?t H2uid HPO2 14 v &, fih
DERMIICTEEYEOF L— MK DB EHOERNE IEIONDE, HICKIERS T
2, MCPicisk L7 Ca?t 1 4 v & F#Y, Bt cia MCP icidiskd 3 HPO2 4 + v & ik
TEHERR(LY & ORNCEE LAY AR S pKer O T DB NG, TOHNORKEE LT, FE
EEBFRICHE L TR AAZICFERNT A 08D 2, T10bBA 4 vORRKES 20 LA
OB TAREANCTE 2 a4 A v O R (Occurude) % FEEMEAMOETERL ENZDFRHE
Thb, bHbHADZE DCPD AfRBIETIN G OIFFHERBTREZME - 2RI Z OfBEICK &<
EE L, ko DCPD X O RBAIMEAFTEEN, ToLBhICET 2 RREEELEDN L LA
bz,

WFNICLTH TN S DM DCPD 1B U TE DB EIIEHR pKse (& D ERMED pKse
BN THZEARTEDTHS, LrLINDODMEIIFED DCPD @ pKep HICHE LB LS
PEMRPRO LR LB RO TEEL, BRIV DW 3 B g 0B amoRETH A
A VBVEERGET S EEDN S,

—F, W44 vOEEENED DCPD @ pKse EL D b ADNDHY 2 REBRMOLAICEN T
DCPD okl i34k L7s < T, BRHET 2 &Mch b, Fig. 3 1wRrsh s, chld MCP A &
AXOKLKREET 1 AOEMX AR O AR TED SN D, T id—3E4:5 L7 DCPD A8 i
IKMBEEZ T T SICEERO ) vBA vy o sl OCP WET3b0EEZL 505, L
HlLduEEETl: DCPD oiEgsiTIihn s iEic, Catt, HPO2 1 4 vEEDFAIR
D VEBOMEEEE S FEE LTRSS HPOm A A v 5D T T =Y 4 H 500 SkoEiRRt
B4 MO R FT B B DT AL ERIG LR 2 ) VIBOREN EITT 5525
ha, cokdicLthEicd s MCP oiE&0ED TS 5ic HoPO,~, HPO2™ 1 4 v Dl
DIEmBETZ2bDEEPN S,

2 #

FEOKSFRIEAMIERRKEDSORICR A EHICLT, B VEBAKRDOERTTH D) Vig—A
WV b KR 7 o) R IRt A A JEE U TR ICE S o 2B i 2 2 o B liic > Bk L

7z,

) VERIEIRINED 7 TE R T 2 B4R B ICALE U, BB OHEE = F#iAiET o4 4
VDGR ORD DIBEEAEN FETIT -7, TRODERLOROESAEHE LTRSS
ERTE B,

1. 4EEE ) VEBOEDMIg A YERIEZRI LSRR O KB DN ICE 3 EEA K D
PR BICE S ED N, BETAHRTEENKEDENCE > TH RO OB KIREETH -
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T, i) YRIESROC EAEKRL, KEBEEZRTOSEERELBETRIGNE(H N &%
T~ U7z,

2. P ho HPOZ A4 v HPO, 4 4 vicstd 2 HEBIIARGA T Tllikm 28.8% T
RIEAS 0.02 %%5RL, Y YEREOE DBDOKICK AIEMEOEHA 4 vid H,PO,~ TH »
120

3 KUK EHMTREEBWICA & vIBEDORHRLHE L L, SEmb £8 ictir L HPO,, Ca*
OIEEIRE L, HPOL2 O &EMICE L, O YRIEORMESE L, L1lEL OHEM
B EmEbhi,

4. ) VBTHEK KM OESRMER pKee T REREM T T 6.45THY, ) VBER
fREFICT DERERTRETH 2,

5. KREE~DY) VEREDBHAICH LTI —EIC) YBRRK IR L AT B 0
WHE LT ABY, Fett & H,PO, oA 4 vRIGBWERIEE S B,

BEE AN EITIE DT DT DhihE & 2 BN S A TR 7o sl R RIS D EEZRD
BRI U OBEER UE S, SRS LMlE 2T & o iR R ERRRAFLE
BRICESERLET, FAERICY > T, RBUKRRBSHRIF LI B = MEB RN, TR
M RZWMBIRREBILL, AMMEIEFARBRELSARE, HBAFEHEELERL, HRFHE
BAB M, SHMARFHESBNED, FEAFRFHCREE GIFEH, AR
By 2 OFKP CEUREWE, MBOCEIK N, ciifhl L TEEoBEERLET,
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