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508 FACTOmo AkKLCT LG rHe oCLUSLLITY

Or IHOOFHOLL IN o0LLlo

The solution of the problem or insolubility of phosyhorus in the
801l and of phosphorus ayplied, whether the svil ie acid, neutral, or
alkaline, would be of inestimatable value to the science of agriculture.
Until moure is known about these factors anu also .he chcwical constitu=
tion of solla, the practice of phousphorus tertilization or, intact, eny
kind of fertilization will continue 8along the uncertain route of the
rast.

whén soluble phosphorus iz gpjlied to the soil, it i3 guwbjectsu to
all of the chemical and physical factors of that soil, which factors
doubtleds act along varying lines or uirections of force. 7The resultant
of these various soil factors, in reality, iu tihe real detemining factor
of the solubility of the applied phusphorus. 0i the iany contributing
factors, those that have been consiuéred w3 the most Lyortant.are the
compounds of iron, alwinum, ana silicon, organic matter, the yhenomena
of adsorption, and the reactlon of the 20ile Until nore is learneu
regaraing the effect ani behavior of these contributing factors, little
can be ascertained re_aruing the resultant of these factors. Conslder-
able worx has been .one u on the proedblem, although the grester jpart of
the work has been hot-house arnd f.eld ylot wurk interpreted in terns of

crop re?ponze or ylelds. This is very goou, ana in rezlity, is the
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finsl objective cf inwvestigatiunal wurk in the field of agriculture, but
such rethods add practically nothing to the too neager knovwleuge of the
chemical constitution of so0ils.

In the following stuuies, an atteipt was made to learm  sou€thing
regarding tho chemical constitution of the scil. The stuuies anu aeeter-
minations have been of a chemical and physical naturee. First a study
was made of some chemical reactions betwsen phosphorus compounas and
several alkalie and the resulting effect on the solubility of the rphos-
rhorus in water solution was notede In cornection with tuese reactions,
the effect of the presence of alwiinum and iron as hyuroxide was stuuied.
Tests were made also regarding the ettfect of time upon the reactione 4
microscopic study oil the precipitates formeu in a2ll of the reactions
studies revealed some imjortant intomnation regparaing the reversion of
acia phcayhate to di-calciwu and tri-calcium phosrhatess Tollouwing these
studies, similar exzperiments wure conducted with svil senples taken from
the profile of a lisht and 2180 & heavier type of soile wiperivents wore
also cornducted witihtsilicic acid, rock flour, and the ifine portion of
80ils in oruer to aetermine if the acquireu uata would coinciue with tre
sdsorption isotherm grayhe Tieaction, character of preciy itates, and
yhosphorus content by analyzis were the polints considerea in the luter=

pretation of results,

wmyperiental

The behavior c¢f acla yhosphate, unuer a change of reaction cnly, is
best made in water solutions. Time being a factor in such rcactions, the
first titrstlione were naae in a mini-.ws elapse of tiue. Lhe hyarcgen

electroie (79) wav usva in maxing the reauinga of B valueus, duaitions



of al«salil (i or 1 cc.) wre :mads bt £ rinute intervals aud the roudiings
of pH valuea woere male just prior to eéach succeealug aaditlon of elxeli,
thus giving the reacticn thue to vecome swevhat vtuviliceds 20 iinimize
any cuteide influcuces a curk cover wald jlaceua c®er the contminer with
oreninga for the necnanical estiring device ana the hyur._ean electroae,
ard the cajuicl cell, cuontalning a jorous jlug in tie salt armw to jrevent
diffuzion, was fitted into the corg and £€pt in the solutiun thruvughout
the tltraticn. INeutral distilled water was used in &11 of the wourke Thv
initial volume of theae fcorat titrations was &00 cc., but with the sev-
eral additions of alkali tne final vclwne vwas adout &40 cec. The ratio
of Caily(¥0,) 8 to alkall :a2 the saue in all Of thcse Lmeulate titrstivnd.
The end ypoint9 or equivalent pointe are on the ypoints of 19, &0, and &
cc. of alkali. The sypecific concentration ot yhusjhorus was varied and
i3 given in the tables with the other data.

7he first titration of Cad4(r04)p (tavie 1) was waue with V.1 normal
KOt Caﬁroa firet appeareu as a precipitate when 6.0 cce 0f KUl had

been a.ded at & pH value of 6.1le The depression of the pil value with the

fig. 1 corntains the uata of this titration rcpeatea with daouble the
concentrat.on of solution used in the tirst titraticn; table J anu curve
C fig.1l with 4 timea the concentration of solution; table 4 anu curve D
fig. 1 with 6 times the councentration of solution; and finally table 5
and curve u fige 1 with 6 times the concentration of solutiun as  was
used in the first titration. The point of precipitation of the CahlOy
was advanced by the increase in coéncentration cf solution; the solubility
product of Cal¥0, being exceeded earlier in the course of the titration.

This earlier precipitation of CaliiO4 was accompanied by a lowering of the



Taovle 1.

Titration of CaHs (204l o with O0.1N, KCH

Quibie gma. CaHg(POg) 2 (1e20 gus. per L} in 200 cc. neutral distilled

water
Time gscce O.13 pH 1 notes Tie  cceD.l pH notes
Hr.ming N. KOds 1 Hr.iine Ne KCH
0 <94 &3 10 13 6,09 precipitate

5 3.08 <11lv 14 6.48 "

12 3.83 «1) 15 6.08 "
15 0.0 e 2Y &3l 16 6.08 "

£ 0.5 Se4b 2980 17 6.78 "
<5 1.0 3.67 2335 18 6.86 N
3) 1.5 3407 23140 19 6.98 "
35 240 4.77 2145 X0 7.06 "

a &ed 5.2 £3589 «l 7.0 "
28 3.0 E.L Ll e 7e38 "
52 3.5 £.75 3:00 3 TedT "
55 4.0 £.67 ddu w4 7eG3 "
1:00 4.5 €07 3310 L 7.91 "
1:05 5.0 6.7 o3l o 6.7 "
1:10 L.5 6.15 3120 7 £.63 "
1:15 6.0 6.0 33k &6 9.060 "
1:20 6.5 64 &7 OFY VIR 1).30 "
1:25 7.0 6.54 3335 9 1J0.62 "
1:30 7.5 Ge 39 O34 481 10. 89 "
1:25 8.9 6ot 334h b 19.¢2 "
1s4) 8.5 €.14 procipitate 5380 83 11.0& "
1:45 9.0 6.07 8] 1 €4red. ogld o4 11.09 "
1:80 9.5 6.10 1licruased 440) 32 11.17 "
1:85 10 6.14 with 4305 06 11..4 "
2350 11 Ge L) acid 4419 a7 11..7 "
205 1z SerY 4310 S 11.39 "

18 value.

Caﬂ4{fo4)2 w&s £190 treated in 1ixe menuor with Ca(oﬁ)z and viith

the sare yroyortion of pnoaphivrus to vase, but in a les¢ councentratea

solution, a3 Ca(uli) s

trend of the curve (fig.

Caliy (¥C4) o with Kuii, the

13, at best, crly about J.04 nor.ael. 2The gencral

L) 12 similar to tihat obtained by titratiug

wiltGreuce jrovably beling due nainly tu the



Titrstion of Cakyg(FC4)p with 0.2 8 KOH

0.5044 gm. CaH4(lO4)2 (2.4 e jer L.) in O cce neutral uistilled

water
Time scc 0.23 pH 3  notes t1s7iae gcc 0.2y pH 3 nutes
Er.Mins ¥ KCH; % sgHr.ling N wCHs :
5 3.01 «3lD 1o 6.30 jrecijitate
10 3.13 «3.9 1¢ 6e95 "
15 3. L3 «3ib 18 7.08 "
3 0 3¢ S 330 19 Terd "
25 1 36k Zgdb &0 7.41 "
o) b4 4,65 £349 Z1 7.61 "
5 K] 5,L2 <3145 - S8 "
40 3.5 5.68 «150 «d g.48 "
45 4 5.8L £ 4 Ye 0L "
50 4,5 5,92 3: 0 &5 10.45 "
Eb 5 5.91 jprecipltate 3300 L6 10.50 "
1322 Seb B0 foried. 3310 =7 11.02 "
1305 6 5.L5 increcacy J31b .6 11.14 "
1:10 G045 .01 with) 330 <9 1160 "
1:15 7 5.¢5 KH 9.5 e} 11.93 "
1:50 7.5 5.68 acditiora 3330 51 11.39 "
1325 8 £.71 " 3395 <2 11.46 "
13X 8.5 5,70 " J34) 33 11.51 "
1325 9 5.75 " J3ib 34 11.56 "
1349 9.5 5400 " 3180 35 11.80 "
1345 19 5.63 " 335D 56 11.63 "
14£0 11 605 " 4325 37 11.68 "
1350 1. 6.17 " 4400 38 11.79 "
2:0) 13 6435 " 4319 oY 1178 "
23U 4 6.1 " 43l 430 11.77 "
2310 15 Ge 05 "

lorer concentration cf the latter douluticn. Jhe jrecipitute of CanhlkOy

(table &) is later in ajjeasring due tu the aa .6 ractor.
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Titration of CaugliOy) o with Jed N Kod

1.J0C88 gm.CaH4(}O4)3 (8e04 e yor 1) 1o D) cce neutral ulstilleu

water
Time gcc Jals pH 3 Hotes s ‘l.e gscc 0.4: piH Hotes
Hr.iwinge N Kuils t g drewins N Kllig t
o) Lel€ 2308 12 .80 rrecipitate
10 JdJ01 €31, 11 L.Ed "
15 3.06 2115 1& 6.15 "
&) 3.09 L3 13 6ezl "
b 3:11 ayib 14 Be Ly "
3 3.12 PRI 10 6.T76 "
13) 0 3e13 “30b 10 0.1 "
40 J.5 3.6 £340 17 7.08 "
45 1 3.00 L3b 16 Tl "
o8] 1.5 $e97 2380 19 7649 "
£5 2 4.70 2305 3] 7.79 "
]30) 2eD 5019 ,53)0 w1 8.0 "
1:05 3 5.41 5106 LE 10.14 "
1310 3e 5 £.E0 precipitete 53190 <3 10.5% n
1:15 4 5,59 Fyyeared 3310 4 11.006 "
1:20 4,5 5.0) increas ing 330 5] 11..8
1::5 5 4,92 with 3::.0 ) 11. 36 "
1330 EeD 4,90 EOH S50 Y4 11.46 "
1330 ) 4,30 additions d:10d & 11.55 "
1:40 6eD 44W0 " 3¢ 40 LY 11.01 "
1345 7 4.9% " Je¢ub V) 11.¢8 "
1:5) 7.5 4.9 " 3350 ol 11.76 "
13£5 8. 5.0% " viib 3& 12,60 "
230) 9 5.2«;. "




Table 4

Titration of Caiiy(¥Cq) 2 with Jed lorual KOH

1.£132 gna.Cailg(F04) 2 (7.57 gm. yper 1) in fud ce. neutral wistilled

water
Tlne cc 0.63 rH 3 DNutes ¢ liue gcc 0.63 pH g Lotes
Hro.ling N K{Hg : tarewings & KUK t
5 2.84 2:00 12 6417 Ireci)itate
1 2.94 <09 13 Bodi "
15 3.01 £:10 14 6459 "
i 3.03 ;15 15 Ce78 s
<5 0 3.04 2330 16 6.3 "
30 N.6-. 3.11 2328 37 7419 "
35 1 3.45 23350 18 7. 27 "
4) 1.5 3.94 2358 19 7.51 "
45 2 4,75 Tt. formg but ;4D s 7.€4 "
52 2.5 5.11 disajjears 233D 1 8¢ 74 "
1355) 3 5.19 1it.jersists. L:50 =2 13.43 "
1500 3.5 4.02 " 2455 £3 12492 "
1405 4 4,45 " 3302 4 11.14 "
1:19 4.5 4441 " 3605 ) 1levl "
1:1E 5 4.41 " S31) &5 11.58 "
1:20 5¢5 4,43 by Jdsiv =7 11.53 "
1:05 6 4.45 " 3310 L8 1l.61 "
1330 6.5 4.48 " Sgnb Y 11.¢6 "
1435 7 Gei:b " Se) N 11.78 "
1:4) 8 Te 1) " Ssdu cé 11.€7 "
1:45 9 400 " Sy ) 1,05 "
1320 1 Selt " G3id “xJ l.elv "
1388 11 £.78 "




Table 5

Titration of Calglile)lp with 0.8 Lurual Kok

200176 gie Cali (3Cg) L (10409 gre per I) in L)) cc. niutral ulstilled

weter

Tie gec 9.6: 3pd s Lotes g Tifle scc 0.8:; pH ¢ Lwotes
Hreliing N neig s ¢ Hreling v niilg s

5 2e82 d:4d 13 607 preciplitate

12 L0 1840 14 6.0 "

1E Q “e €9 1:L50 156 6e 7S "

] 2.5 3.06 Itefor LD secygls0) 16 690 "

LE 1 3630 Itetur &0 cec.e 2300 17 7.00 "

0 1.5 379 0" " " 2319 16 Teri "

25 3 4,28 " 0" 4y 0" 2:35 15 7okt "

49 Ze5 .09 " rerciste. L) 20 TeTa "

45 I/ 4400 " Zinl el €.04 "

£ Se D dend " PR R0 hves 10,383 "

£5 4 4.18 " Lyol po: 10.67 "
1:70 4.5 4.10 " Ceid “a 11.12 "
1408 5 4.16 " «145 5 11.59 "
1:10 6 4,.5 " L3l o 11e3 "
1:15 7 4400 " w188 <0 11. 69 "
13D 8 4,48 " Sgd ) 11.30 "
1:55 9 %e 7D " 5305 S 11.9u "
1120 10 5.04 " 3110 36 1..14 "
1:35 11 5.¢67 " 331b 40 lie&? "

1:40 6e.1u " O30 50 12.56 "

]
o8]
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Juble 6

Titretion of Carg(x0,)p with 0.04 Kurmal Ca(cl)p

0.09368 gm. Ca34(104)2 (£.016 gm. per LY in 200 cc. neutral distilled

water
Time scc 0.04s pH Notws s Tiue sgcc 0.043 pH § hotes
dr.ling N KOH 3 : s Hreling N ldg¢ ¢
5 3.01 1:55 10 6.70 3

10 Se &;00 11 6.76

15 3.40 £:00 12 6.88 Pt. 1aint,

b 3. 55 2310 13 6,06 " increasing

£5 0 Je 60 4315 14 6.83 "

30 Ved 3479 230 15 6449 "

35 1 4.06 2::5 16 6edi "

40 1.8 4,55 2350 17 6,44 "

45 & 507 335 18 6448 "

50 £eb  be4b 2:4) 19 6401 "

55 3 £.71 &34ub <0 6.0 "
1;00 3¢b  be8S 230 «l 6409 "
1;05 4 6.09 Z3ud b 6463 "

1;10 4.5 6409 3;00 Lo 6¢606 "
1;18 5 6.19 $;0b0 24 6.79 "
130 S5¢5  6exd J3;10 b 6470 "
1;:5 6 6401 3;15 “6 6489 "
1;30 e 6436 3;0 &7 6.68 "
1;35 7 6.d dsub 28 6.93 "
1;40 7.5 6440 Sy : 7.10 "
1;:45 8 6.L1 3300 o4 7.01 "
1;90 9 6. 61 9340 40 be Y "

Timc is & great factor in these chemical reactions and the straigh-
tening of the curves, and calls for the partial.repéating o1 the titra-
tions in such & manner to penait the reactions to approach equilibrium.
These chemical reactions probably would never come absolutely to an
equilibrium, but it was thought feasible to select a time factoe of 14
days for this work. Conseguently several solutions werc neeued in

’
order to determine the points desired in the titration curves. These



E

VICHIGAN AGRICULTURAL COLLE

u

I

Ao .«\\x o)y
07 3 2

b
1
1

RYT M ARREMATI

DERwGTMEN

¥




Titration Call, (:04) 2

Table
with 0.1 normal KCH.

13

7

Time factor, 14 dayse

in f£laikk 1:aue to a volune of LJ00 cc.

Fladkgcec 0.1 3 pH § Iotes s ¥laekjee V.1 5 i g °K]
noe 3 n KCH ; s yreciypitate 3 noe ;3 L dva g ; 1reciritate
0 0 SeD !0 0 0,76 Can(ilg) o
b o 4.E2 2 21 6481 "
4 4 5.250 Calli0g4 rct. L “n 7.038 "
6 6 .2 »  nore 4 e 7«19 "
7 7 5.21 " aost L5 L6 Tesl "
8 8 5.36 " less g b 7.09 "
9 9 5.1 " " .6 ~8 7.98 "
10 10 E.83 Cap(icy) o ey LY 9023 "
1 11 £.86 ixn no. 4 V) €N Selk "
1z 1 5.,L8 witi| S oo 19.18 "
14 14 S.83 lucrsaze s ot 194069 "
16 16 5.95  to no. 14, o6 36 1Jde90 "
16 18 6.49 then | 20 ilexo "
19 1< GeCJ uaucreascs.
Tote; Ireciyitate ulid not rom. in fluigs noe 4 tu 7 witil 1 or &

solutions were prerared end aaditiond rede in titrating a»

fla:ka3

- v_til

hours after tre expcrient wasg
in the bottum of

ot up, a2nd Cail 0

sgyveral u

shown in the tsble for each! titratioun.

deter.ined with the hy.rugen ejectroze (70) ana sone with the

cuinhyirone electroue (&4).

tion of CaH4(104) 2

(table ¥)

0

8.y

later,

wia not foliwu

ia

oare of the pH values viere

is 1ittle difference between thla curve and the curve

titration radie Lasediately at this concentration,

former lies lower in tihe pH range.

ia chown grajpiically in fige. e

of the

the

the ¢ffect of'imore tie on tihe titra-

Jnere

gane

except that the

n more concentrated solutiovns,

in which the breax in thu curve when tie Cailk04 presij itate apypears
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Table 8

Titration of CaH,(FCq)2 with 0,04 Horzal Ca(Cl)p « Mime focter 14 daye

0e£5-2 gue CaHg(Puq) o o Total volwie L0 cc.
Ca(CH) o used in guentity ecual to J.1 I KCH in taodle 7

Flaskgzg¢c. J0.1 3 yH ; Iictes s Flask;cc. 0.1 3 pH ;3  liotee
no. 3 N KOH s trecipitaty noe ;3 N KOd ; precipitate
0 0 3.23 20 47,00 8.1 CasliCy) g
“ 4,70 4.77 . <l Yeub L.2 "

4 9.40 £.11 Calx0, el £1.70 £.4b "
8§ 11.75 £.18 " ore 4 £0e40  E.X "
6 14.10 5.156 " leas 6 6110  £.33 "
7 16.45 5.11 "W Cas- 7 68045  £.U8 "
8 168.8 5.18 "oME04 s &8 6L.80  £.4d "
9 Z1.15 .21 "o a “ 66415  B.4D "

10 £3.80 5.21 moon oo 30 70.L0  L.EO "

11  :2£.85 5..3 "o 31 71068 ElB2 "
2 6.2 5.50 "o oL 75,00 E.E0 "

14 25,40 5.18  Caz(iC,) 2 34 79.90 5,60 "

16 37.60 5.2) " 36 €4.60  £.76 "

18 42,30 £.18 " 49 ¢4.0)  6.05 "

19 44,00 5.0 "

is more marked , the tiune factor iy more proucuncea a2 iz shown by
the strai.htening of the curve.

The titration of Caiy(kv4) g with Ca(uﬁ)b (table 6) in quantities
eyunl to 0.1 nom.al KUH gived a curve much uifterent in the range of
pH fro that for the KCOH titration (fige4). the efrect of time  on
thie reactiun 1z seen in cu.aring the curve in fige & with the curve
3 in fig. 4,by a 2traichtening of the former curve. & very anell quanw
tity of a cryutalire precipitate formad in flask md. 4. This precipi-
tate was 3lightly greater in guantity in no. & but graduwally decreased

in succeeding flaexs until none wes found in no. l4. 033(104), first



5
MICHIGAN AGRICUL%URAL COLl ECE

T o

HHHHT

DERMTMENTQpr MALEMATICS

=y

9




Titration of Caulsz with Caiig{iOg) oe fLiue factur of 14 amys.

..

0.3979 gne CalCz  n cach tubes Totol volwse of L) cc. cach.
Calig(¥04) » 20lution containtd £1.04L .. pe. litur,

Tibe 3 Cardg(¥Cy) gsirer rtion 3 i sricipitatea

Noe 3 CCe 3 CaCO, to 3 .

: 3 Caliy(10y) o33 ;3 Cullzo, : Caz(ilgl o

1 3 Sy o 8ol greatest awt,
2 6 31 . 6449 jess

3 9 3 Sebi "

4 2 d3l 8.L4 preatest a.t. "

5 15 S:lr Seld lezs "

6 18 S:ls e " n

7 2 il 840l " "

8 b3 Sie Seli " "

9 3 o1, 7.91 " "
12 3 3siy Te27 " "
11 o3 3184 .07 " grystaline
< 3o S3d Gei8 aall aw.t, "
13 9 J;u,} cell "
14 Gl 038, G604 "
15 45 33, e 50 "
16 48 g34 370 "

arypeared in tube 7 znd lucercarfed In quantity with the iucrease in the
a.ditions of C2(0l) o,

The etffect of the solid materisle as Callz, Cal, &nu g0 upon
CaH4(IC4)? In water solution waz stuales by sctting up & scries of
large teat tubes cacn contalning an equal awscunt of the solid material
with a.ditions of a solution of CaH4(PO4)2 in increasing incre:xents
ani male to a total volume of &) czc. wache ‘hese tubes were allowed
to,stand for 1% days with daily shacing, at the Aand of which time the

PH values wers det-r.incu with the ¢uinhyurone electrode (B9) and a
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Yable 19

Titration of CaO with Callg(¥04) 5 ¢ Thue factor ot la daays,

0.158 gue Cal in ecach tube. Total valwwe of each tuow L) cce
CaH4(}‘O4)9 golution containeu «le.0Oix e pur litels

Tube ; CaH4(104) es¥roportion 3 pH Yrecipitates
; ; Ca0 to ; H

noe 3 CCe ; Calig(PO4) 23 3 CaHlt0y : Ca31294) 2
1 3 33 + 12.15 i Cag(k04)2
4 6 33 2 11.63 CaH&O4 "

3 9 # 6oid " "

4 12 331 b.lo " "

5 15 331 5.0Y " L

6 13 33l 4.78 crystaline w

7 51 3317 4450 " "

8 “ 332 4,48 "o »

9 =7 Byl 4.0% " "

10 30 3ii, 3.62 " "

microscupic exanination rade of the soliu ratcrial in each tube.
There wes an amorphous preciritate ia tuoves 1 to li (table ¢), and
gince it is probable that Callz can nct exist et a (L of 4.5, it nust
be Caz(F04) pe  Thiee 13 &ls0 a cr,itallue precipitate in tubes 4 to
16 which must be eitner Cau4(IC4)9 or Calii0ye It i3 without doubt
Caﬁ?Oé in tuves 4 to 10 since Caﬁ4(loé)g wo.ld not exist at a pH of

7 It 13 thou;ht that Cail;”o4 €xiatd In tubos 11 to 16 also aud that
the 1cw yif réaiing i3 ue to the liberated CUp from Callz which had
reacted with E.F0, from the oplitting up of Cally(iC4) p into Cais0,
snd HS‘ 040

To curare with the Call, resulta the titration wad rejcated

L3iag Cale The formatiun of yr ecip.tates ot CainkC, ana Gaz(10ly) ¢

was very much as with the Callze but the pl range i greater in tne
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Table 11

Titratlon of LgO with Caly(FO4)» + Ti:e factor of 14 unys.

0121 gme LgO0 in each tube. Total volwase of each tube LD cc.
Caly(I04) 2 solution contained 21.0: gm. per liter.

Tube ; Call4(PC4) ciProportion g 3 rrocipitaes
; .. 3280 to ; pH g 3

no. CCe ; Caly(F04) z; ; CeliC, i Caz(i04) »
1 3 33 10.40 none none
& 6 33 i 10.18 " »
3 9 3y 3 9450 " w
4-2 10 7+ 6& " »
4 12 331 7¢32 " w
5 15 3313 7.03 " "
6 18 3:1; 6.73 " "
7 21 3117 6e 58 " »
8-2 22 6448 . w
8-1 &3 6.02 " "
8 £d 3s& 6e 04 " “
841 «d 6ecd " "
842 ) 6.14 w "
9 3 518 6.07 w "
10 kY 338 6.07 " "
11 33 315 D465 " "
12-2 34 5.68 " "
12-1 35 .68 " "
12 36 3:3 .21 " "
1241 37 .23 " "
1242 S8 5.46 " "
14 4z 3:3% 4.87 " "
16 48 334 4,62 b "

titration ot the Ya0 (table 1) and fig. 5), changing from pH 1z, at
the beginning,to 6.3 with the aidition of Y cc. of the sovlution of
CaH4(PO4) », Or a change in proportion fram 3:4 to $i1 . There uas
little change in pH until &7 cc. of the CaH4(f04)? solution hau been
auded th the CaCOz titration. Again the titration was repeated using

Mgl (table 11), but no precipitates were formed, which is probably due
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Table 12

Solubility of Phosphorus in Water Solution of Cal4(x04)p When
Titrated with Ca(CH) 2

'

\

-

\

0.05916 gn. Cally(Cj)» in each flask (eguiv. to 100 Ib. acid phosphate

per acre). Volume of each £50 cc. Tie fzctor 14 dayle

Fleak ;Ca(OH) 2sProportion;P~Og mgm. per ; s Frocipitates
no. 3 ;Cally (PO4) 2519 cc. : 3
;s cc. ;toCa(OH)s; In 3 s pH ; 3
s : sbolutiongloss 3 CaiilOy ; Ca'—;(}'—04) 2

b § - - 13.50 - -- - -
1 3.23 1: = 13.50 0400 5.57 nune none
< 646 lg% 13.43 0.07 - " »
3 9,69 1: 3 9446 4.04 6,31 3soums "
4 12.92 1:1 7. 62 5.68 6623 bl aune

5 16.15 1:1; Dedl  Be08 6421 " more

6 19.38 1:1; 3.78 9.7c 690 none "

7 2i.Bl 1:1; €¢11 11.39 6479 " "

8 RSP 1:2 1.16 12.34 -- " "

9  I9.07 132 0417 13.33  -- " "
10 3o ) 1:25 0.11 13.989 - b "
11 ob.83 L;°; 0.06 1J.44 8¢ 56 " "

12 38. 76 1:3 0603 10447 8¢ 69 " "

13 41.99 1:3; trace 13.50= G460 " "

14 45.20 1535 oo YL " v

15 43445 1:3; hid " Y. )6 " -

1 £1.68 1:4 " » 9.c1 w w

to the fact that the phosyhorus conpouwnds of magncsiwa are nore

soluble than the phosyhorus compounus on calclum, and thu solublility

rroduct of the magnesiwn cur: vanud have not been eycecucd in these

titratiunse. 7ne effect of the aduitions of Can4(}04)g on the ph

1s not as great as on the Cal but iz . reater tnsn on tihe CaCOp(fige E)e
The apjlication of discovered facte to fislu conuitione is  the

goal of the 30il chemist an. in or.er to gpyroacn thie goel 4n tais

work the assumption i3 rmmue that an scre 6-inches of g0il contains 1&

yeércent of moisture un the weight basis of £,002,0)0 }powids, in which



1
Table 13

Solublility of Procyherus in Water solution of Calg(iCgle  when
Titrated with Cua(CH)» «

0.1183;; Sle 08-214(1’04)? in each flask ( equit- to 200 1bo acid
-hosphate yer acrej. Volye of eacn <L) cCe Die factur 14 days.

Flask;CalOH) zskroyortion;Ps0s rgme per ; :
: sCalig(Y04) £3_20J Cge H ; irecipitates
no.; cce %0 Ca(Ci)e; 1in : i
: : ;Solutiovn;loss ; CalpOy Cac{riyl »

X - - «7.00 - -- - -
1 6e406 1: - 5.5 1¢30 6435 none none
g 1-.92 1s 5 .80 6.13 L.Y9 sonia b
3 15,38 1: 17.30 5,70 B.91  aoubtiul scue
4 <8.84 1:1 1£.79 11.21 6496 none worE
5 AN 1:1, 10.¢0 16,10 .05 ™ "
€ 28,76 1:1, 2.24 19.76 6.21 ™ .
K 4he88 ;12 el LTG0 bBell o™ "

8 £1.68 1:2 1.68 “Cek 6.08 " "

9 £€.14 lzbj 1.69 “lell 7.0 b »

10 64. 60 S Delb L6070 44 " "

11 1.06 1;2% Jell “6.75 8.78 " "

12 77.EL 1:3 3.0 £6.80  Y9.01 " "

13 83.¢8 1:3; not g.19 " "

14 90.44 1:9: anelyzeud 9.45 " "
5 96,90  135% g.L8 " "

16 1030«)0 134 9.58 " "

the prosphorus of the soil, or appliew phoesrhorus, may becuns ulssolvud,
A series of titrations were nade on this basis with concentrations of
CaHé(PO4)2 egulvalent to 100, 00, <00, and 499 juuras of aciu phos-
thate per acre reeyectivaely. Jhe proportion of Caﬁ4(}0;)3 to Ca(ci) g
wa3 the samue in each series. arnjeirivycr flasksd were uszeu in this
experiment and the volw:.ed were 1zde to &5H) cce 9uche fh¢ tihue allovea
for the chemical reactions in tacse zeries wus 8luo 14 days.

The ena point3 or equivelent points in esch| of taese suries gceur

in flsexs uwwwbera 4, 6, and 12 of cach deries alixe (tevlea 1& to 15).



tuble 14

Sulubility of lhesphorus In water solution of Ceily(alylp wien
Titrated with Ca(vii) pe

0417748 gm. Caiig{iUg) o In eachi flask (ecuive to &0 lb. acdd
phozyhate per &crey. Voluie ot cach| ol cce lhie fuctor 1w Cayte

Elask;&a(uh};;krupurtiun;lpos 1S per g ;
3 ;Catg(¥C,) £3__ 13D cce 3 3 irecipitates
no.; cc.  3to Ca(Cl)a; in ;s IH
s : ;eolutiong loss; H C&1E04 H Cas(.‘:ol;) o
£ - - 40.8 - - - --

1 9.09 l: o S6e D) 4eX 64D e none

& 19.38 L: & S1.10 9.0  Le&Y  mnone §0me

3 £9.07 1y P 26400 1400 be79 - "

4 38476 1:1 «1.00 19..0 5.6& " "

5 48,45 131 10e41 «8.09 .90 " w

6 £8.14 1:1; 1J.19  dJr.al Se.4b " "

7 67.63 1412 5.44 35,06 6.57 " "

8 77458 132 1.39 3Y.11 648 » "

9 87.21 1:2; 0ed 4047 7.13 v »
10 96.9) 1 0.06 4d.44 B.68 ™ "
11 106.59 1322 trace 40.50- 9.11 " »
12 116.4 1:3 " " Yol " "
13 125497 1:5; " " 9,02 " "
14 1<5.66 1:35: not analyzed Ue 0B " "
15 145035 13\5?— 9060 " "
16 1.5.04 114 975 " o

In flask nw-ber 4 the eyuivalent proportion of CaH4(PO4)? to Ca(CH) »
was 1 ¢ 1, in no. 8 1:2, sanu in no. 1Z 1:3. Cali0, was found in
the bottom of flasks 3, 4, and4 5, anu Caz(rC4) o in flasks 4 to 16 with
the amonnt:? increasing with the increase in the amount of awditions of
Ca((H)?. in the titration of CaH&(PO4)? equivalent to 10) pounds of
aciu phosphnte per acre. It the cohcentration we saoubled (table 1J)
very much the same results weretecureua except that the preciypitatdon
occured earlier in tne series, nven the greate r concentrations usea

behave. in the seme manner (tables 14 ana 15).



Tavle 1O

Solubildty ot Bhourhorus in JWater colution ot CaHy(xQC4)p uhen
Pitrated with Ca(DH) o «

0.£5604 gus. LaH (PO )2 in eacnl flask (equive. to 40) pounus acid
rhosphate per acre). Volwze ofl each L& cCe  Ting zactor 14 ueye

Flazk;Ca(Oll) o3Proportion;Pe0s mam. per ; :
3 $Calq(POg) 25 100 cg. : : Frecipitates
n0s § uCe otoO 3 in ;s TH ¢
: s Ca(Cl) s ;90lution; lose; ; CaliC, Caz(rCql 2
X - - £4.0) - - -- -
1 12.9¢ 1s ,‘; 4]1.38 leeb6c £.79 RES:] none
2 £5.84 1 ; 39.04 14416 5,77 nune HOLE
3 36.76  1: . 34.96  19.06 E.67 " nore
4 51.68 1:1 “5.19 &7.51 L. " "

Ca snalyzing for jholphorue in golution  in the clezr liquid in
each flasg of thcce ceries larkCu di.turences were fouude. 2he amount
of thoe; horus in volution decrvased with muditions of Ca(C:i) » sna  the
ducrease is very mar<eu &J the reaction apjrousches the neutrazl roint,
the s.lublility velig very 1uvi in the al<allne golutiuni. Dy the ulre
concentrated golutions tha earlicr appcarance of a 1recipitate was
accimranieli by =n earlier drp in the curve or the 1H values (Ilge 6);
while in the alkaline ran_e, the pH curve iour the ncre cuncuntrutea
golutiong wa2 hicker in the 1d scale. e reoetion and the anownt of
yhoozhorus i the solution wa? greztly Liilaencea by the guantity  of
Ca(OH)P aided.

Ina titrat.on of Ca(llje and i¢(ci) g toseticr with Cau4(}04):, the
excesz of fe(:ﬁ)z predent rezde the stuay of jrecipitates wifficulte The
guantity of phousyplhorus teken from the solution incrcaced with the audi-

tions of Cally(iC4iz but the incresscs were nut in jrojortion  to  the
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Table 16

Solubility of Fhosrhorus in Water Solution when Ca(Ci)» and ke(CH) g
Together'are Titrated Jith a Solution of Caily(FU4) » containing
6.3 3. CaHﬁ(m4)? Ier Liter.

£5.6 cec Ca(Cl)» &nd fresily yrecipitated le(CH) 3 in guantity egliv-
alent to 3 of the Ca(CH)p was placed .n eszch flaske Qine 14 dayse

FlasksCaly(l 04)?;1r)1urtluu~ 1gle Iz€g per 100 cce 3
Nnoe.§ CCe :C (v“)~ to; :
] ;¥e (i) g to; added ; In sloss ; phH
3 ;Caly \104) Y s Jolution; 3
1 5 11 7.10 9,50 €.99 6.3
3 19 15, 14.:0 0.06  13.04 8.71
3 15 ligs & 0 21.90 5.9 15.91 £463
4 2 132:1 €40 11.54  16.8¢ £.60
£ &5 1:.:1; LK 19.45  16.04 5eL5
6 » 131y 42460 SHaB3 16497 5461
7 35 1531 Ge70 CJ.08&  19.:8 5.8
8 40 1:, 8% £6.2) 7,08 1v.1i 5.45
9 4 ligsl; €340 " 40,09  16a81 De 3
10 0 1s,si, 71e3) 5l.6L 19,18 5.%4
f

suonituae of the aiiiticna (table 190 Mhe dnrve of titretion beglas
st 12 of €.9 and slojes aowuward with the aaaiticna of bdn4\:b4)? (£ise
7).

The titration of 0334(104)? with Cal0,  in concentretion @guival-
ent to L0 pounds of sedl phosphate jor acre, as bivoa in table 13, was
rejeated witn the alsition of fe(ud) 3y in counts eguivalent to one-half
of the Caﬁ4(104)2 uzed, in one zeries and Al(uh) z in the sane yprojor-
tion in another seriea. These resulte caovwed the influence of  the
rresence of Al(Ci)3 and Fe(Cl) g upon the sulublility of the pholplorus
ftobles 17 and 18) and upon the rcaction (fige €)e  where al(Ch) 5 wac

present, leza Ca (uu;P waz requires to razise the (U of the solution  to



26

MICHIGAN AGRICULTURAL COLLEGE

~

n/ @
S
e
3
H
H
M
} <
H i
HH HHH H aassans: H ucu
iz F T T
i esas! H H 1
H H H
FeH T~ T N T H H H HHH
HH HHHH H 1 3] A
£ 2 H S
i e § i
T e 8! 1 _ H
aEs: T A |
{51 HHY B
i 1)
HHH } i H H
i i i H
it i HHH £2) £
13 ol ¥ IS - b8 bas H
AT H } i
i HE il ik
Bei: HH E5E:
i HHH HH f M
| E 5 i 1 H



M'CHIGAN AGRICULTURAL COLLEGE

+

o

MATHEMAT IS

+

+

T

B

i
DERARTMEN T

~8

H

HHE R
+

T

+

SSsiasadrmads:

HHH




‘abls 17

Solubility of Fhosphoru? in water =olution of Culig(i04) 2 cuntaining

Fe(Ci) g Bquivulent to L the Cahig(rug) oe

Tixe 14 days.

0411835 e Caly(30;) o (Guuive to £00 pounas of aclu plhosphute jer

acra) . Total voilwwe vias ZL) cCe «De UL nigJie Ee(0h)3 to caciie

Elawk;Ce(Cl) gglroportionsritie FoOp jor 120 ccey 15 Yreciritates
N0e; CCs ;Catig(1Cq) 23 : ;CaliiCqsCan(iCq) o
3 ;}e(uu)x s in solutiong lozse : :
: Ca(Cily ; ; ;
X 0.0) 13§30 L7420 L -- - -- -
0 0.0 1::40 Loea? 3eL3 £.00 neny none
1 646 L;. s> 21.86 5.14 ol g0 e "
2 12.92 1se 17.14 9,66  Beld none  sune
3 19938 1s,.37 15.85 18417 640) " More
4 I5.64 o3l 9,99 17.01 6410 " "
5 32.30 1,815 7.10 19.9) 6o 00 " "
6 38476 1s.:1; 4,32 Lie08 6e49 " "
7 45.20 1:.1; 1466 STV 6.€1 " "
8 £1.68 13532 0.32 L5408 6.95 " "
9 £&.11 PRSPPI 0.12 £6.68 7.57 " "
10 &ty 60 l: 2oy -- - Beib " "
11 71.)6 1o, -- -- £ 77 " "
1= 77e02 1:,38 - -- 8493 " "
13 €l.¢8 lig19y o.11 “6¢39 -- " "
14 9).44 e85, 0424 MRS - " "
15 956499 333 C.05 L6.94 -- " "
16 103.56 1:) 14 —- -- - " "
the neutrsl yointe  ke(Ui) gz has sone influence upon the i ol the

rixture but the raise in pl v nit a2 croat me It wad wiero the Al(ui) gz
wes rrezent. In the prasence of Fe(Ch) g & e uiveleuts of Ca(Ch), were
\ ,
reguired to raize the 1i of the r.izture &s nich &a 1, c¢oulvalents of
Ce(Cl)g raised the 1L in the rreaence o1 4l(wu) ze after the resction
{ 2 1 I 3
hai yaszed the yoint of the auaition of the sccon. e uivalent of the
a(Cl) ry, which {2 the ficli of i where Cas{iCslg ¢xists in the greatest

guantity, the cffect of either Al{lil), or ie(.l), was hot nuarly so

marxed,



Table 16

Solubility of Zhozyhorug in water sclution of CaH4(ru4)2 contiaining
41(Gii) 3 Zqguivalent to one-half of the Cah4(}c4)2 R 2ne 14 asyo.

0.11822 gr. Caiig(i04) » (eguive to Lo ypovnas of acia phovphate per

acre). Total velwo ve3d 250 cCe 0205201 a3 Al(uL)3 tu cache

Flask;la(Cl) psProyortion; myae robg p6r 100 cog ;L 3 Precipitates
noe; ccC. ;Caiig(I0,) o3 : :
; 0 Ko {Gi)n; in ; ; 3 Caill04;08,(10,)
: ;to Ca{Cli) 3 solution ; loss 3 '

X 0.00 1:0:0 27.00 - - -- -

0 .0.00 13120 26,5 0.75 4,26 none  none

1 6446 1 £1.86 5.14 6.49 9some "

o 17.92 lis z‘% 16. 24 10.76 6457 nune  souze

3 19.38 1ei32 11.86 15.14 6.47 " "

4 £5.84 1 ,3?,1 8.71 18.%29 6478 " "

5 32,30 lsz:1r 4.80 £2.20 6.78 " "

6 38,76 1331 3.61 23,39 7.62 " "

7 48,22 1::};-:13‘ 75 “6ee5 7635 » "

9 58. 14 1 r}g?r:;— 062 26. 38 7. 69 " "
10 640 60 1 t’é‘: 2‘% ° 31 “60 69 8. b? " "
11 71.06 13535 «30 26.70 8¢94 " »
12 77.52 1:%:3 °18 26.82 -—— " "
13 83.98  1:i:3) .12 26,88  =-- " "
14 90,44  1¢)s3% .15 26,85  =-- " "
15 96,90 1354332 trace 27,00  --- " "
16 103. 36 12’21‘:4 " [ ——— " "

The effect of Fe(CH)3 andi Al(CH)z upon the solubility of C8H4(IO;)°
wag studieu in & series where each wau used aloune. The concentration:
were reduced to an equivalent of ) pounds of aclu phogphate ypcr acre,
with the prerortions of the Caly(l04) p to the Fe(UH)3 or the Al(CE)sx of
1 to® up to 1 to 400 in terns of equivalents. In these series the
Fe(0il) x was found to have a greater influence upon the soluvility of
the phosphorus, causing it to bocoue less soiuble , (tables 19 and &0),

end also the Fe(CH) s increased the pH of the solution 1:ore than the






Table 19

Bffect.of ¥e((h), on the Soluvility of Phosphorus in a water solution
of CaI{4(PO4) n®

0.029E58 gms. of CaH,(PO4)ps (eguivalent to L0 pounus of acia phosphate
1er acre) . Total volwie of each flagk was <0 cCe Tire 14 dayd.

Flask; re(Ci) 3 ;Froportiung mgme P~Og per 100 ccy pH 3 rrecipitaees
No.3; gm8. ¢ Caig(*04) - : ;s CaliGy
3 ;to Fe(di) 3; in solutiong loss 3 CapliC,),
0 0 1:0 6.67 - T
1 0,0E213 1:4 271 3,86 Gedu re{(k) =
& 0.100%6 18 lec? 5e4d 6.88 obacurcd
3 0.,202582 1:16 Jels 6455 T7e3) other
4 0.401)4 l:o8 trace oG -- jrecipitates
5 0.60186 1:48 " " 7.15
6 0.8J3:08 1364 " " -
7 1.0026 1:C0 Lot anulyzu . - dce
8 cedVEL 1:160 7.06 note
9 3.0078 1s..:0 o4
10 4.0104 1:520 8e37
11 £.0130 1:400 —

Kote ¢ Te2t3 were made tor iroa with KCho, with very raint test ror

ircn in clenr solution in noed an glightly increa2ing to nc. 11,
but there was culy & ¢9rall snvwnt even iu nhoe 1le

AL(C) o did (fige 9 )

In the forepgoing titrations of Can;(r04)2 with alkallee the
CaHIO& is fomeed when the pl id raived above 8.6 by aduition: of
Ca(H) ge In the next titration pre:tnted a nearly saturéted solu-
ticn of Caii Q4 was tigrated with Ca(li)e in the saie manner as the
CaH4(rCé)2 in the 1J) ypouna acii yphoajhate equivalent reportea in
table 1Z2. The titration of CailrOy with Ca(Pi) e forus Ca3(IC4)2
which ia insoluble an. precipitates frou the solutiuvn as .3 shown in

table {l. 7The curve of tthe 1H values of this titration rives trum
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Table &)

t of A1(CE) 5 on the Joldbility of rhosphorus ia a water Solution

» " - o) : - v '
0.0.928 gn. o1 Cah (lOA)E (e aivalent to L) pounds of acila jhosphate
[er acre). Tota]l voilwie of LI0 coc. in euch fluuke Thue 1. wuyde

Fleviy A1(CL) 2 jlreopertion; mpae ¥iug por 190 ce; ;rreciypitatey
: ;Cang (reC,) o s pioo; .
Nnoe 3 g s tu Al(CQTz in B s joard’y, Cag(ro4)?
s : s Svlution 3 loss : : )
a4 0 l1:s O 6eCT7 -- - -
1 0.03¢L8 l: 4 .00 1617 beud  Bacouss  Of
3 0.07212 13 8 4405 Z.1n LS9 AL(LE) 3
3 Jel4cid 1 s 26 3.43 Seid 8.60 1Lace
4 0.2C:48 1l J2 1.56 .14 7.97  uther
< 0.4ul70 1 : 48 Qe 5.87 Teixl preciyitaees
6 .£8496 1l 6% 9.40 667 7.01 vbscure
7 0.7312 1 & 0.15 6652 7¢29
8 l.460 1150 0.36 6e01 73
9 £elYio 1 3 <40 0.05 6o bk 7ol
10 “e9i48 1 ¢ 3& trace BeGT= -
11 3.6E6 1 ¢ 432 " " -

pH 6.8 rsther abruy;tly upward to &bpve pH 10 (figel0). 43 might be
eyy@cted the FH curve fur the titrzticn of CaniQg With Ca(uviilp lies
above the curve of 1H vslues in the titration of CaH4(yo4)2 viith
Ca(cﬁ)?.

The curves of pil valucs thue for ypresented have some jpomnte cf
rezerblance dni each has pouints uifferent, A lev of these ure

grouw.ed tu_ether on the ss.e z.cet for dircct cusaricun(fige 11 )
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Tltratlon of CaiilQ, with Ca(l i) ge

004738 imvse Cuild 05 in ecliution in each flazk. Total volwue «LJ cece
Ti‘.“e f?.ct\)e U 14 a .’.l;;e L:.CCUI' 1"; \.;(1:{-3.

Flask; Ca{Ul}, jrroportion; Lgm. ¥0g peridd cecg 1H § rrecipitates

no. ; ccCe. ;Caik0y to ; : H B
: ; Cu{lillg 3 in : 3 ;CuiT 0, 3Ca1r0,) o
; H s3olution ;3 loss H H

£ 0 1:0 8.43 - - - -

1 3¢ L3 1;3— 6.18 225 6+49 s0n8 noney

2 6446 1:% 3.69 4.0 6.55  nbne sowe

3 9,€9 1ls- <.78 5.65 6,69 none more

4 1&.92 1:1 0.80 7463 6.80 " "

5 15.18 1:1; 0.1 B8 6.69 " "

6 19.38 1:1; Jel2 8. 31 7e:3 " "

7 £2.61 1:1° 0.15 8428 8.7 " "

8 «5.64 1:2 trace SIS - " "

9 20.07 13 " " 1).48 " "

™o ¢0il preiiles ana a very acii sandy surrace gouil were
selected from which to secure samples of soil tor a continued
study of phosphcrus fixation upon a £o0il meuium. the procedure
of study was as near a: ;.099ible like the foregoing stuuies.

The soil in 100 gram portions was placeu in jelly glasves.
The soil had been passed through a &-rm. mesn sieve. These were
glven varying treatments of Ca0 and made to optimwa moiseture
content with neutral distilled water. These =0il mixtures
were stirred daily for 7 days, when ecual additiong were made

to each of the soll sen;les, at the rate o1 200 pounds of acid
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Table w2
Jater Soluble Photphorus in Aciu aan.y Loarm «nén Treateu with dcid

Phozyhate and Cal.

P.68 moeim Caly(rO4) 2 was auded to each cultwre (equivalent to «Ov
pounds of aciu phosphate yer acre).

Culture; Ca0 mgmes Cal0 1bs  ; mgm. F20g § Lgie FoPgp 5 FoOg H
: sLer acre 3 aiusd  ; soluble Injincrease; pH

no. 3 : ¢ <0 cc.H-0; over :

3 3 : H check

X 0 -~ 0 Dol —_—— 5.€9

O 0 bade 302 009‘(47 00095 bo 70

1 10 o7 " 0e?) 0,056 6.13}

b 0 714 " v -- 6o

3 Ky} 1J71 " 0,92 0.0 6e49

4 40- 14:8 " 0. 35¢ 0.100 Ve &5

5 80 1765 " 00310 0.078 6400

6 60 14s " 04500 J.118 6.77

7 70 “493 : 040 Decd) Ge 69

8 8) 2857 " 04 0b0 0.118 --

9 90 onld " Q670 Oe0ub 7405
19 199 3LT9 n O 3B Je184 Telu
11 119 39L7 " Ded1) 0.078 Teik
1c 120 4:.65 " (VPRVISES) 04150 oA
13 10 406%2 " 0e30 00118 Tebu
14 14 4409 " Je4eb D10 7.9
15 150 £olé " Qeacld 0.23p 776
16 16) £714 " deldi 0ei? 7.9b

phosrhate per acrey anua the whole aldowed tu =taud for enother jeriod
of 7 days with stirring cach .ay. At this tloe thoy wero tronsterrea
to wide mouth bottlea w.th £00 cc. of neutral uivtilled water, shaking
for 1 hcur on a mechanicsl shsaxer, and tien aliveed to stond for 7
days. The 11.uid was tien careillly ;ourca of i, wihiried in a cgentri-

fuge to maike clesr, and jluced in grijemneyer ifiacks tov ezch of wnich






weter woluble Fhos-horws in winmni Loam AL Hurlzon wien frested with

dcli yhozphate anu CaC.

5.08 wagdn. CrEgliC )? wad auded to eaci.culture (ecuivalent to 00
younds ¢f acili yho?yhate rer acrej.

Cuoil ; C20 rgme; Cal 1bs. 5 iyzae k.C0p 5 ng1.i~Cp 2oluble ;
Culture; ;J0r acre aaded s in LLO cce HeO s rH
3 : : : -;ncreuyc;
; ’ H ; §ouver 4 g
X 0 - 0 06110 - 5,01
0 0 - ;.Ilo“ 0':«07 OoO(J;; bovl
1 10 357 Se & 047 Jelok £.04
2 <) 714 Se i Deud Q.85 £.01
3 30 1071 3h & ORRVEY, Qe cdi £.49
4 40 14.8 Se 0.31Q 0.1%95 Se0d
5 5 1785 Se & Oec&? Decok 5.74
6 60 £14cC ek 0.3p0 0.1%5 .-
7 70 £499 Oe Qend 0.117 5.93
8 80 857 Se 8 0.155 0,040 5.98
9 19) 3.13 de J.077 - .91
10 109 370 & 2 0.077 - 6.16
11 110 3¢7 5792 0.170 0,088 6.6
12 120 4285 -3. : ————— - 6. :..4
13 140 4642 Se & 0¢140 0.0.5 Ce O
14 1490 4S99 34 & —— - 6.4C
15 150 Lol Se i Declb 0410 6.&6
1o 159 £714 e & -— - -——-

which wes added 1 cc. of & ncarly saturated solution oI Lgu04 to
cory lete the clerring of the soliution. After stanging over night s
a -etermination of phosrhorue vae na.e c¢n the colution fro.:  esach
flaczk. The recction of each zolution wag cetercines witih the quin-
hyircne electroze (&9).

The results witin the acid ez2niy lvan 30il (table L&) lnaicutes



Lorug in Llanl Loam a3 Horizdn whea dreated with

£.58 mupa, C ) 2 vins acded to euch ciliture (eguivilent to [0
[o-nds of 221 phosghate .per nore.).

Joil 3 °20 ngne 3 Cs0 1vs. ; rgue Y-bg o iivgglicrcase; 3o
Culturey ; 1er acre ; o .dcd sroluuie 3 over ¢
: 3 : ;ia LU0 ccy check g
: ; : i water g ;
i 0 -- 0 Jelle - 6r.
0 0 -- Se il J.115 - 603
1 10 L Je l 0e077 - 6.4E
=z o 714 Co i Je170 Je015 Ge o
3 3N 1371 el Jelld J €. 80
4 40 14.8 el Qel? D.005 7.28
£ 78] 1788 Se L J.577 Delik o5
6 6d LlGl Se & Cend 0032 Ted7
7 (D) 2388 Sen Qe Je )b 7. 586
8 &) e 3.2 0179 0,015 7465
g 58] 2013 Se & Delil - 773
10 139 SET) de2 6185 o) 7.63
11 110 con Jek Oers? 0.394 N
1« 159 1LEE Je Qe di 0,277 7.98
1\5 lu) ‘&'J x.; O.:. bl o - - -
14 140 4959 Se e 2,158 0 7.99
15 14 £oL6 S & 0.077 - G607

little exce;t that the soil is exteanely retentive of aciu yhospnste,
unless it can be interpreted htat the auditi.ms of Cal reduces the
quentity of yhoarhorus in colution.

The results fro. the AL an. A4S horizons, which are =zcid, and the
8 horizon, whizh 1s alkeline, of the lLilami %oam 3311 tenu to indicate
a les cegree of 2olublility of the phoeihorua in this soil than in the

otrer soils stulied (tables Lé &4 and &.bje
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eble LB

wetcr <oluble Fhosvhorua in Lircl Lowa C iicrizon . aou Trsatéed with

acii rhoarhate ani Cal.

5.68 mgre Calig(PCa) o wis adisd to emci culture (egulvaiunt to 200
yown.s of aciu phosjphate per acre.).

soil s Cal nmgue 3 Cal0 103. ; ngm. r205 ; 1ig2de FrOpjincreasey 3l
culture; ; I€r acre; auded s30iuvle in; over
noe 3 : : ;280 ce.lirp; cneck
L 0 -—- 0 0.068 -- 8.006
0 0 -—- e 0.15% 0.044 6.10
6 60 Llac Je i O0.114 0.0&06 6ot
16 160 5306 e i 0.191 De1098 8.41

The rox Joil rrofile vas also selecteu for these stuules, The
rezults which are glven in tables Lo to J.are very much the sae
as in the other soils. The virgin surfacs reluased less of the
rhosyhorus into solution than the cultivated surface.  llore phosnhorus
vias found In solutlon iIn Yox C horizon than in any of th e other,
The reactiona of thuce =oils as treated are plotted in gig. 1. *he
resulte obtsined In this set of experiments witih the soil praéfiles
do nor warrant zpy definate concluzions because of the fluctuations
and swmall differences ancng them. In vruer to ay;roach field condi-
tiora the guantitiesz of rhoszphorus taxen fraa thc aeteruinations vere
too small and hence the experimcntal error becw. jrojortiouately
too large to be avle to gct satiffectory results,

The Thcory of Aws.rption dn counection with jnosjhorus fisstion
in scile 1s receliving much attenticn at the present tine yparticularly

in the atudy of 9011 zolloide a3 well a2 In weny other iisills  of



Qeble

~n
~0

wster oouluble rhoiphoruz in roux wanay Loas Cultivetea wwrfuce when

™reated owith Aciu Inuiphate ani C

aUe

E.68 mizn. Caﬁd(}c4)9 w=3 aczed to cach culture (vouivalent tu L0
younds of acid jhosp hate rer acrel.

soil 3 Cab e 5 Cal 1bae 5 itie Iolg 5 tygue 2olpglucrense; IH
cultiure; s 1er acre; auueld gulublic inj over
no. ; : &b) cce HgOe cieck
X 0 -- 0 Qe il -- 5.69
Q 9 - Oe i el Ded b €eJ0
1 1d ol ek 0.:89 0.007 Co i
2 & 714 Jel Jenld 0.001 6.11
3 Y 1071 e & e nld .00l Oe TV
4 20 14..8 Ce i Oyl 0.109 6.72
5 N 17Cs Se i J..83 0.001 6.£9
6 o0 Ll4i e & Qe 0.045 Gy
7 73 L4ACS Vel J..16 - 714
8 & «cl? 3.2 9.oL7 e dub 7.09
9 $0 3L13 Sl 0ent? Qe0LU 7,58
13 120 2L Se 2 D.2L7 0.055 7439
11 110 cuL7 e i 0.c857 0.0L5 7¢L0
12 120 4..65 3e & 00580 0.:L8 7446
14 130 40<9 3.2 073 0.041 -
15 150 £566 S il ~v= -—— 7.78
16 10 5714 e & (PPAN 0.001 7.6)
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Table &7
Yater cSoluble Fhosaphorus in }ox Sandy Loem Virgin outrface .hen

Treated with Aclu thosphate an. CaO.

ﬁ.68 mgme Cau;(fOZ)z was audeu to each culture (equivalent to 0O

pounds of acid phosphate per acre.).

S0il s Cad mgme ; Cal 1bs. ; mgm. ¥o0g5 smgrae Y205 jincrease; rH
calture; spér acre ; aadea s20luble ing over ¢

no. 3 s s 3200 cc.HoO¢ check

X 0 - 0 24780 -- b.84
0 0 - 362 0,880 - 6,35
& 20 714 3.2 1.29) - 6.50
4 40 148 e & 1.130 - 6448
6 60 €lal e 04720 - 644
.8 80 2857 3.2 04177 - 64 b2
10 100 3570 de 2 Ve 620 - 6461
12 10 4..85 Se 2 0.570 - 686
14 140 4999 3.2 0.770 - 6.94

16 150 5714 e 2 0,680 - 684




Table &8

Water Soluble Fhodphowus ifox Sanay Loam A2 Horizon when Treatea vwith

Acid Phosphate and Cal.

5.68 mgm. CaH4(k04)g was adued to each soil culture (eqguivalent to

20) pounde of acii phosphate

per acre.).

Soil 3 Ca0O mgm. ; Cal 1bs. jpmgme PoOp ;mgme PaOg jincrease; IH
cultureg ¢yer acre ; addeu s90luble in; over
noe g : $<280 ccoHo0; check
X 0 - 0 0.308 - 6.80
0 0 - e & 0.437 0.129 6673
1 19 $87 e & 0.403 0.155 6.78
2 20 714 3.2 0.566 Oecu8 6.98
3 30 1071 Se 2 0,386 0.078 7.11
4 40 14<8 3¢ & 0.866 Q.28 Ted
5 8 1765 3. 0e40d Q00155 738
6 69 <142 e 0.207 - 7.45
7 70 <499 3e& 0437 0,149 7460
8 80 “687 Ge R Oeabo Oelab 7.63
9 90 3813 e & 0.412 0.104 7.75
10 100 3570 Se & 0.412 0.104 7.86
11 110 3987 Sel 043080 0.)bi 7.68
12 120 4285 3e & 0.720 0e.4l1& 7493
13 130 4042 3.2 -— — 7.96
14 140 4999 e 0.3¢1 0.063 8.00
15 150 5356 302 - - 8.08
16 16D 714 Se v 06350 004 6.18
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Table 29
water boluble Fhodphoras in kox candy Loam B Horizon when Treated

Jith Acid Fhosphate and CaO.

5.68 mgm. CaH4(PO4), was added to esch s0il cultwe (eguivalent to

20y pounds of acid phosphate jer acre).

sull ; Ca0 nguiy CuO 1bSe jmBie }205 siagtie FoOp jlucrcezse; ph
culture; s rer acre; auded ;30luble ing; over
no. 3 : B s19J pu soily checkg
X 0 - Q Qo494 - 7410
0 0] - Je & VPR ITL) Ve din 719
1 1) SE? Ve 0.4¢C3 - Teid
2 2 714 Se & O.6.8 Oe104 7640
3 30 1)71 K1 0.679 0.165 7.55
4 40 14.8 A Qe 772 QenT8 767
5 N0 1785 Se il 0.716 o 7470
6 60 <142 3.2 0.018 Jelid 7460
7 7 4S9 Je w Qe d Jelaly 7697
8 89 657 Se & 0.705 Jewll 7687
9 9) 313 Jei 0.443 - 7.94
1) 13 387 Se Je 515 Qelel 6603
11 110 3G L7 de & Qe b0l - 6.07
14 14) 49‘:‘)9 3.:« 0.‘:1:-' b 8-13
16 160 0714 e i 0463 - bel0




Pable 30
dater Uoluble lhosphérus in Yox vandy loem C Horizon .hen Treateu

4ith Acid Fhosphate and Cal.

5.68 mgm. Calig(FOgz) o was adled to each soil culture (@guivalent to

20) pouncs of acii phosghate rer ncre.).

soil s C20 mgn; Cal 1bs. jugae F2Up juaue ¥l 0g §incrvase ;s 1B
culture ; added ; per acre. added ;soluble ing over :

no. : ; 3 3190 Ea.soil; check

X 0 - 0 0.14 - 7.65
0 0 - dei J.4E3 04360 Te78
1 10 387 e & 0.479 0.3:8 7.65
2 X 7id Je Q.877 Oeéid 8.14
3 30 1071 Se il Oe&bY 0,335 Cel7
4 40 14.8 Je& 4479 Sl 6.86
6 60 L142 Sy s 0.607 Qe4ld 8.6
g €0 <807 Oe & 04892 0.4C3 8ei9
19 1 o7 Ce i O0.bbx 0.4L8 8e35
1o 1.0 4.65 Se il 0.668 0.t14 6.01
14 140 42¢9 Se 0. 04 0.474 Eekd
16 16D £386 e Qo9 0.495 Eenl
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Tavlie 21
wffect of HpuiCx on the Golublility of rhosgpiiorus in water volution

of CaHg(iCq) 2 of severul Conceéntrations,

Flask; mgse F,05 per 10) cC. g Fo05; : Ca per &0 cc.
: . 3 ;1089 pery;  H ; : :
no. ; original; final; loss¢ flask. soripinalgfinal ;loea

1 8 7.¢8 0.14 0.30 4.33 -- - ——
2 2 110 79 3. :1 05.13 4015 - bt b
3 p 23110 0690 Selb 3460 - — -
4 64 CkeQ7 1493 4.83 Se Ut £.06 41.00 4404
5 1- 123.96 4.04  1).10 3.11 €07 £0.T0 Covi
6 19% 166,10 5.80  14.75  Gel4é 13Le11 144e 10461
7 5380 313646 Geld 10635 361 Lilel0 J0Leln Lel07

rezesrch. 2he equasion for the adsorption isatiierma for golutione is

written (73),

in which £ i3 the amount eaidfcorbed by i wiits of sulliu auwsorbing

acert, C 13 the concentration of the solutiun, K i3 an adsorbent
cunstant and n i3 ali0 &n aisorovunt conltant. The approxivate

accuracy of the foreula has been shown by Freundlich (78).

A series of experlments vicre conuuctod with Eouilz snd a naturel
gilicious deposit,commumily called rock flour, which had & rezction of
4.9 pH. Ten gream saples of the soliu were placed into eruiemwieyer
flasks containingz <89 cec. o1 soluticis of CaH4(IO4)P of several aificr-
ent concentration3, sha<en constantly zrd vigorouzly ror 10 minutes
end allowed to etand over nighte The final concentrations of phos=-

phorus were deternined and the results, X/ and C plotted and the
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lable I

U

Lffect of '"Rock Flour" on the Solubility of Yhosphorus in water

Solution of CeHg(PCq)» of _everal Concentratiuns.

Flazk;mgmeF o085 54010 PoOp j1icdne P 205 slugine ¥ 20g s nole 2053 i
no. ;rer 100 ;rer <0 j16r 1J)J cCepér <0 cce 31€r 10 ¢2ie

: CCe § CCo ; final H final srock flour;
joriginalgoriginal ¢ : s loss ;
1 2 5 «95 Ze 38 Lo b2 4.48
2 4 10 .09 b. 4 4.76 4.16
3 8 £0 5.8 12.74 6.6 4.06
4 12 30 9.02 22e04 7.40 3. 84
5 16 40 1ee30 30.76 9ecd 3.96
6 <4 60 £3.02 50.925 9.95 3. 76
7 3L 80 &7.79 61.47 10.03 3. 59
8 64 150 £6.98 142.45 17.L5 347
9 1«8 30 116.2c «9be 5O “do4b 3¢ 34
10 19& 482 179.94 449,65 .15 Se ik
11 329 &) H6eLO 766465 356 3 3417
12 o4Q 16)) 614,60 1567.90 63.00 -
13 1260 3230 122760 6119400 61.00 -

curves compared with the adsorption isotherm curvel

The results from H2oiOx on the solubility o1l nhosphorus in the
water solution o1 CaH4(FO4), , amd also with the roek tlour, {tables
31 snd 3., and figs. 13 end 14) somewhat syproach the auasorption
isotherm curve,

This study was ropeated using soil particles as the ausorbing agent.
A 507-grem sa.yle of the aciu sanay loam was thorowshly shaken in
water to cause deillcculation anu,artér staniing for 1 hour, the suspen-

8ion vas poured off, continueing the process until the water rcmained
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Table 33
sffect of Different Jize 5oil Yarticle2 on the wolubility of rho:zphorus

in Water Solution of CaHA(PG4)2 from the stundpoint of adsorption.

Pample no.g =ize of ;Rate jer acre; Lgm. Pglg per 100 ce. water
$ particles jon L)) ga. :
: : 3011 s adued 5 flusl s loss
soid rouosa
10 collodd ) 40 13.55 cCoab
11 clay 5\)\) 40 5.‘;0 St 0D
12 gand & siit 8039 49 10.86 570
<0 collold 1) €9 SLeth dielb
<1 clay 1229 80 1L.90 64.10
e sand & 9ilt 1) 9 60 S7.00 GLetd

nerrly clear, fhie gcil euspension wa3s jpzsecd through s szuper centri-
fug® thuo goyer ating the gc¢il raterdal whicn collecteu in the cyl inuer
with the 1-rcer size jpart.tles near the intuke, eand the finect jarticles,
diatriduted alung the sides uf the cyllnder. he portiona of the
soil thus secured, namely, the finest patticles from the centriiuge,
terme ! colloid, the lecs ftine yarticles fron the centrifuge, termed
clay, and the bulx oi' the E)d=-grem sangle, mestly r.cttly sand ana gilt,
were piaced in solutione of Calg(PO4) p eqlivalent to 530 pouwnds  of
acid phosphate per acre. a sechnd et was also set up in solutions
of double this strength. These were ahsken constantly and vigoroualy
for 10 minutes, allowed to stand over night anu the phousjhoru’ concen=-
trati ns determuined.

Thoere was a marked losgs of piwsphorus frum the 20lutions (table J3Z)

in cach ease, but beiny much grester yer unit ausorbing agent for the



zble 34

Adsorption Cf Fhoapnorus 2y The ine lortion (f & Very Acid wenuy

Loam.
' H i ;
¥lask no. e I .Cg per s ainn] conecentr: fee Lgtaed 2Ugs
; 130 cce 5 L3O cCe griguexclg €Y icng;er LU E
sorirdinal joriginal 3199 cce 3 &0 cCe jCCe 1023
H H H H H ’

60 9.9¢ 4eCD .00 4.10
€3 15.56 cE.91 41.09 4.11
169 45.00 115.87 47.43 3.55
30 104.14 LC2e 358 59.6E JeCY
460 163.92 4Jve 8D 7Je0 7
BN ~t4he o 7leedl E7.860 Sl

Ce €3 T2

o Ol WP 1y
(SR SR eo BN KRV

[
Th el 1o

cclidil und cluy a3 they wuie only w very snull purt of the origlual

£33 grema of soil. There jrobavly waz not overs O oy of the cluy

N3 thud 0obtaled.

P

ani cclloid jort
The fider jarticlesof the 20il wure seyercted ivum Othdr portious
of 2¢il by shoking for a thort tire, using 00 grwns ¢t go0ll in 3JJ cc.

w

of vator and ellowing it tu 2wttle for & rminuied aud then rouring off

-

+£) ce. of the guzyjervion , which conteinced about LU grums of the

firne 2011 yarticles, iuto erhleme; ¢r fluag3, To tae _1leags thug
prepared wne added CaH,(10,) o 1in varying muountd, when the Call, (i) 5

~

had been givea time to dlssolve, the the flazzo were rhagén constantly
and vigorously for 10 minutes , allowed to stand over nigcht end the
final yhosphoerus coucentrations a.teéruineud

The acid sandy lowm: 011, and the &5 horizon of tie ulani Loan

8011, which we2 acid, were uved in this exjuri.ent, Jhe cata (tubles



addorption of rhos horus 8y the Fine Purtion 0f the ai. Horizon of

the Lianl Loan

Flasxg Original concentration;rinal couceuntrationg Loss :

no. j__mi. YoOp per § _IPu3ie dohg 3ET 5 oper L :

s 199 cef $ =0 cCe 3 1) Cle j wiJ CCe 3 CCo ;
1 4 60 10433 2he82 «4.18
2 32 80 11.66 2Y.65 9085
3 64 160 25,36 88e4d 71.60
4 1.8 320 85.14 20635 99465
& 192 489 133.48 233670 140630
6 39 839 60410 690425 149.75

34 and 35) were plotted 4a shovm in figuree 15 snu 16.  They do not
have any great reserplence £o the a.gsorgtion isvtherm curve although
a general rescmblence in shape to that curve exista,

The data in tzble 16 were jlotted to show the adsorption curve.
This curve (fig. 17) also surwwhat resembles the aasorption isotnerm
curve.,

Yo general conclusions can be drmwn frow these curves in view of
the fact that chewical reacticnd are jrobably presint in nany ceses in
theze s0il1 studies, and any very clude edherence to the aasorption
isctherm probably woula not be obtained in tie presence of chamical
resctions. Lowever, where there 13 a solid= liquid interface there
probebly is msdsorption and with rezctible corxpounds al3o present there
yrobably i3 che:ieal resction, botn of which are woubtleas fuuctioning

in the avil.
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Sonuclua lona

The 30il reactican, if no cther fattora prevailea, would avubtle:ss
be a very imrortant fmctor in the solubility of yhospherus in the 2oil.

a base the Calig{ils)p 13 reverted to Cuir(, eud

3

In the jresence of
even to Casz{rC4q)p Geyenuing oun the amuwunt and «ing 0f basez present
cr the reaction of the rediw.

The formtion of C¢Li0; i jlacen at about L of L.6 or cbuve
dcyeniing on the coisentration of the phosphorus congound2 of calcetur.
zx¥cezaive concentrations force the CaiikUq Out o1 golution by exceeding
its =0lubility yruivet. in gn elynline ¢oll thie roverasiovn of jhoa-
pherus iz rerid (16} (E9). Lowever in torna of crup reaponie, the
revertcd ana jrecijitatea jhosphates are nore available than  the
rav rocs phosrhate (:n)eThedv results tend to show that Cah:rl4q vhould
be a more econozical furm of phos:horus furtilizer than the Caﬁ4(k04)?
becatuse of a probable lower co2t of jrouuctivn, 23 leea iguCy 1
re. uired in ite yreyaration fram roeg yhosphate, and hijher percent
of yhosphoruz,

Lime &nd s0il resction can not be the deten.ining factor in the
80lubility of rhoasphorus in soils es is shown by the work ou  acid
9¢ils in which thers wa3 rarkce. retention of the ajpplied 1hospiorus,
cyurway (O€) found cuie acii soiles very retentive of opylicu jhusphorus
when gy plded a3 acld yhos hate.

Comy ownda of iron (11) ana alw.inwi (1) have loug been considered
ornzible for the irvolubility f jhosjhorus in avils an. especiully
in acii soils,. Very little wurx hes been dune tu determine the chai-

cal behavior of theve compounis toward cowjounds of phosphorus as



relation to the solubility of the rhoaphorus. The counclusiong that
have been co:incrly mdvanced (4Z) have been baseca on crop regsponse.

In the titr ations with Fe(CL)a and &J(OH)S, the resction changed.
with the incrcase in ke(Ci), or Al(GL) 3 present, and there was a rise
in the r¥ and a decrease in the rhosphorus in solutiung in other woras
the srplied yhosphorus is more soluble in acld solutions when re(CH) s
or Al1(CH) 5 are yresent,

The ausorption curves asecured in these experinents do not conform
chosely enough to the adsorption isotherm curve (74){73) to warrant
any positive conclu3ions. vince Chemical reactions are, without
doubt, rresent in goils, and since their etfect on ausorption is not
known, but where there is a solld-liquid interface it is known that
adsorption does take place to some extent, it is warranted to conclu§o
that adsorption is nne of the tactors effecting the solubility of
phosphorus in soils.

tactors affecting the solubility of phosphorus in soils are not
few In nunber. Those  studied in this paper are active and thers
are probably many othere, rurther studies of these tactors and tneir
behavior under varying conditions will unuoubtedly s&ud much to  the
meager and much, needed knowleuge of the chemical constitution of

s0ils.
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