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?THE SYSTEHM

NiSO, ~ €aS0, = HpO.
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INTRODUCTORY



sometime ago it was ﬁetiaedvby Dre As N. Campbell that
the solublility of calcium sulphate is considerably greater
in s selﬁﬁioa of nickel sulpbate than in pure water under
similsr conditionse This was particulsrly the ®wase st high
temperatafeg. |

Aecording to ¥Yhase RHule, when the solubility of onme salt
" ig increased in the presence of another salt in solution it
may geﬁe?ally be inferred that combination occurs between the
- %wo selts with the formation of a double =alt which is
present in combact with thet solution.

With this point in vievu, Phese Rule study -was carried out
on the solwbility of calcium sulphate in nickel sulphate
solutions of various concemtrations at three different temper—
aturecge

The following narration therefore, is the aceount pf the“‘

application of Thase Rule to the investigationm of galubilimy
relations between twe salts and waters the method employed in
this perticular problem and the results obtained therefrome

I wish to express my indebtedness to Dr. AoNeCampbell 7
- for his guidance and his valuable advice on many oeeasiané}

during the progress of this resezrch.



'THEORY OF

"PTHREE COHNPONENT SYSTEMS
CONSISTING OF

TWO0 BSBALTS AND WATERG.



' The study of eqﬁiii’ﬁ?ia in various systems
has ‘bm zzeﬁaiﬁefr&hly simplyfied by éistmgaisiaing the
syatm aaamrémg to the number of aempaﬁaaaa exiatmg
in %ﬁ@&; '

Systemsd are therefore characterised as one,. twoy

*Eks.rea or four

:,amg systems, In the study of one oy two
,eampeﬁmt pystems no éifﬁm&@ is experienced in determiming
the aquiii‘h; ;.: Lam Mﬂmea their W% and in the method M‘
mmgmmtiw af their relationships, but in the zm% of

& three component system the problem is somewhat more
- eomplexs An increase in the :&%‘%y of -wﬁ;?am&a gi?’ma
rise to a much grester number of systems, and the &{gﬁil%*

brium xeiaﬁms of these introduce s number of amav‘v
| twﬁga | , o | '
@ﬁ{ applying the phase rule to o system of
three componentsi= |
| | F = P2
w B e P42
Zfive rhases are necessary to constitute s nonvariant
sy%ﬁmg four for a monovariant and three for 2z divariant.
Thus ‘s monovariant aystem exisis at a ¢ !ii‘ﬁs’%%i 1o polnte
| At an invariant point of a three component

aygtemt 86 in the case of other imvariant systems there
must be at least ome solid phase presenis since veapour phase
is one; maxim number of liquid layers being threey so

that to greaama invarisnce one solid phose is necessarys |



| e fiat ﬁm&er af degrees of freedom in
8 t}@rw component ay%am 2& i‘eur and the minimum aumﬁer A
is zere, in which ease not only ﬁxaﬁs-ﬁm and temperature but
also the concentration of two of the components must be |
fixed to preserve invarionce of the sy-st‘e&; |

' Various methods have been suggested to represent |

graphically the numerical relationships between the

For two ﬁﬁmﬁaﬁwt systens w&%&ag%l&raw&imiw
are %?iﬁtyﬂ& = the ﬁ@%&ﬁt«mt&ﬁﬁ ‘of one component expressed
| in terms ‘of a2 fixed amount of the other being measured along
one a&is; and the ok ange of asnother 'ixxﬁ%geﬁ%aai variable,

~ aXise

ﬁ&ﬁé meemme; mwﬁre& along the oth

“in tim case @f titwa components one con sdhere

| oy system of representation, and this is most
eonvenient @;}iefn' dealing with systems @mere the behaviour of
' ﬁaﬁ two of the am@emmzs with z*%ye&% to one apother is largely

éiffezeat frm their behoviour with respect to the third, e.ge

two mlw and waters %:m‘a the conceniration of one salt

| © in a constant weight of water is measured aleng one axis

- and that of the other salt along the mxis at right sngles
. to this, whilst the | eha.ﬁgé of the ﬁygtw, %?ith the temper-
ature is représented by the third axes at right angles

to the first two. This method of representatiom has a disade



pt conetants i:f we take nn suuilaterel

ﬁ%i%mr the w&m of the r will wveprosent the 3
&Wﬁ%‘%ﬁf and suy poeint withisn the trisngle come de
termary mixture of the threc
ahe e&ﬁ’ m@ elden &ﬁ‘ %.%m triangie

of = miztive

%%mﬁmﬁ the two sagl
other two iinex of
By this method it &s %%3&1@ - Pepres

- which thi= side moken mm the

eition makins sse &—f %2&% faot mg |
 "ibe am of the &W&%@iﬁw of the thres

. mExture of w ot

from any point within it umilo the cives is
squsl to the height of the ’
once obyious %&t %&@ awmi%iw sf s

presented By = point within the trisngu

dingrem, - ean ’ﬁ@ szpressed By dropping perpendiculanw

to the sides of the triangle from thst points




of each ef‘ the reﬁpeeti‘?& wmm&iﬁaiax*a represents %&a

fmati&a&l m&aﬁt@ of the

tmea ceﬁﬁmﬁemm present ia

the ternary mixiures

WAYAVAVAVAVAVAVAVANRR
AN NN NN Ny
Emewm’% mas ;aé;g&é aﬁm}m form of triapgular

g Ton whia;s& is e’iﬁﬁiﬂﬁ%ﬁ.& azzm:&%ax to ma‘& &}.ready cone

sidereds It comsists of am a‘{“&imw S
The :%Wm of the side is taken equal o unity or more

rallel to eagh side imstend of W?Wﬁ&igﬁla?r

ﬂftm ﬁﬂ&h’aﬁﬁ?’aﬁ sud the ;:mr% scale iﬁ wsed f&z’ the %3:% o

systens | in the ﬁi’éﬁ# of the @rﬁ;é%%ﬁ as for the %ﬁ?ﬁéﬁ&y
»syﬁ,%;am in the interiers The sum of the fractionsl or

percentage

by & -Siféé of ihe trisngle. The ﬁﬁﬁ?@&iﬁi@ﬁ of a terns;

wixwxa iz obtained by determiniug mot iﬁ*e gamimﬁim&w
éaatw@é of & mi&t from the three @ié% i}f & tﬁaﬂg&ﬂs

pents is represented



=6~

but the distence parallel to the sides of the triasngle.

Diagrome=-

A C

X! X

Thuss in order to express the composition of the ternary
mixture of -c‘-‘ompanents Ay Bs and C, ;'epres»ented by the point
P, the portion Bx is measured off and represented percentage
o¥ fractional part of A present. Similexrly Axt shows the
amount 'of B componentsy and the remainder Xx' represents the
smount of the third component C« From the point X, the line
drawn perallel to the side BC of the triangle and similar
one from the paim; %' parallel to the side ACe  These two
lines meet at the point P.  Hence, from the figure it is
evident that such termary mixtyre consists ofi-
: 50%vovaomenent A

30% of B and -

20% of Cs or their fractional parts are 5,3,
‘and 2 respectively. |

| In ﬁassving it may be well to note =n i‘mp_ex_ftgnt .

Apreperty of trisngulay representation which is that |

%, line drawm from one corner of the triangle to_the



-

opposite sides represents the eomposiiio& of all
mixtures in which the relstive =mounts of two of the
components remesin in fixed proportion = that of their
originsl eémpqsiticn. |

B

Diagram; -~

Y/

imN

If component B be added to = mixture D of A =nd

Cs evéry possible ternary mixture will lie on the line BD,
ané in evéiy'sach'mixzure the proportions of the compoments
A émd-C will be in the ratié XsY.

Thus Xe¥esX Y ssX11:Y¢ ste.

In phase rule work it is desired to represent at the
same time the effect of another independent variables Segn
temperature, which is done by measuring iemyeratuze‘alang
thevaxes perpendicular to the corners of the triangle.
k?his results in a rightiﬁriam and sny plane éut’thfeugh it
parallel te the bgse represents the beha¥iour of the three

eomponemt gystems at the temperature represented by the

Planes This is knownkas an isothermal surface.
This method of representation of the relatiﬁé

behaviour of three components =% varying temperatures has



' ?My %?iée %i@p&é@g&ia@ in zhe stﬁé}f sf 2 three m&g@%ﬁt
'a@ﬁiﬁ%ﬁa; - It is useful in tkze study of ss}.azifmﬁ of
li%aiﬂe in li@&iéﬁ, some or s1i of whﬁei:t are p&x@iﬁﬁy
&mﬁi@}.&;.  Their relative m.mﬁn};ﬁy and %ﬁ& change of
' such with temperature may be systematically represemted
By the vsfm#é method. It is giw .-'sﬁ@ry aﬁy&i&a’%ﬁﬁ to the
a.émiég%%iw of %fiﬁ}%@ tﬁmazy ‘systems in which ens or
moTe solid phases cem exist with one liquid pheses
Qwﬁz sy® tem% ‘mey be. é'ivwaé into t%m :az;wswéw* fiﬁa% '
those syﬁtm that are met mm %u the demmiﬁaﬁm ef
fraeziﬁg };:aﬂ;i.m gﬁﬂ% @f ma:i.ﬁ&zz mﬁala« .

o Here,one may represent the chomge in the
.;r%g.z% Bo mt af a two wzgw&em% ﬁyﬁtw by %z%xﬁ aﬁéitmﬁ

57 s%z of é;hm in turn with

of the %hireﬁ components. The da

tm:gammm ;;q sl@a?iy rexww%&fmé on 3 right priem

fés%g&i%ﬁé sbovas This includes thermel siudies of xaizmmla

and of compound

8 «ndé materizls such as ?artkaad Cements
produced by fusion ¢f their componentse |
The systems belonging to the first class have
‘been mentioned to show the applicability of this method of
 representation, but further types of this will mot be dis=
euzsed a:s this is not a part of the gr:egaaaet ;gm’him.



_’ ihis system will be discussed more ful
owing to t.e fect thot the present problem is the study
of &ﬁﬁﬁ%ﬁ& of two snliz and waiers.  VYhen & systenm
io comiosed of %‘s@a .%&m and water as ite componentay it
is %&@%ﬁ%ﬁ‘y mgt the two salbs wret be salis either of
the same a0id or the same brses-
They mﬁéﬁ be of the %y@ﬁﬁs
| AB = gby
gud AC = 4%,
or 4B = Aty
DB = Dh,

WY oqy

This r@géri@gi&ﬂ mizt be mede to hove this a thres o

systews ptherwise the sjrzgt&m is @aé of four componento,
Let us f}&:pﬁﬁi&&?; ithe meaning of ithe term "trons-

igign pelnat®s  In o Binoxy sysiem whem a hydrated seli such

f%i‘i"‘_ deeahydrote of sodium sulphate is heated to the tempere

/ +00y it undergoes partial liguefaction due to its

ature of 3
decomposition into water -nd ouliydrous sodium sulphote.
The temperature ot which this éﬁwﬂg& tskes place is Imown
a8 the tremsition temperature for decahydrate. One form
‘ | ‘e and the other

of this salt is =t-Ble above this tempersty
Zaeiéfm its |

Trapsition points aa{a algoe met with in the three
component systems constituted of two .alts and water, where

the chenge may be that of hydration or of the forme tion of



uble sa?.t which is msuslly memgaﬁie& by = change of

: }ayératiam
Several examples of this are kmown, but omly
~ome or two® of such will be quoted to indicste some facts

¥hen d-Hak iarﬁﬁaté 3-:@ Iieated to o tmm#taiﬁé :
~ of above 56°%, 1t decomposes into its comstitment ﬁiagis mzﬁa
. -~<ré~§a %; ;a;mtg %aé Bl tartrate and wetor,

The ehmga wey be representec by the aqmﬁima« )
éﬁaﬁ:ﬁ@%ﬁgéﬁgﬁ = 2agly0q:2H,0 + 2pCyOgHgilp0 + nﬁgﬁ
: hends the tertrates of Ha m X

., Ify on the @mr
are mm in the above propar twﬁﬁ abe’
~ ature: a&.‘i@w@ﬁ to fall, the formstion of = ﬁa&hle aaﬁ.fh wilz
eﬁm’l ifs

;fa 559 s and %ﬁmgarn

; ;?%&};t‘ K@:m, the %%mai%im Wﬁi&% ﬁ*a:* mia

- 55% ﬁ@z&’h}.a salt being stable )
stituent salts abovee.

4 similex i%tma is found in the baba?i@ar af the
salphaﬁeﬁ of sodium and magnesium with formstion @f the
d;mﬁl@ salbs w%&m&a%@ maam};ﬁg to the eguation. o
' ¥a _s%,zez@s + HgS0,.7HZO 22° Neolip (504)g04850 + 13550,

Here, howevers the formstion af awh}e salt takes

pia@s a’%‘?ﬁ i;he tr: msi%zﬁzz point ami ﬁe@emmsitiem inte

constituent salts h&l@@ i%g ‘ , |
| ilar in their behovieurs

aaeh systems sre si
and Whemef the formation :af‘ éaﬁ?ﬁlﬁ- salt oeccurs above or
ped by the

hei%? the %

ransition point may e determi



empirical rule that “"if the water of crystzllization
of the two eonsiitﬁent salts together is greater than

that of the double salt, the latter will be formed on
raising the temyeraiﬂﬁegvbmt if the double salt contains
moye water of erystallization than the two single saltss
raising the temperature will effect thevéesampgsitién of

the double sali.® |

| In »pplying Phase Rule to the study of any

systems the vapour pressure of the system must be comsidered
in order to determine the degree of freedom of the eguilibrium.
Thus, apglying Phese Rule iﬁ the determinotion of pressure
- teﬁp&éa@ﬁréveurve”cf Glauber's Salt o

| F = C=P+4 2
= 2«34 2=l ,
thls binary system hps one degree of freedom - that is to
evexy temparature there correspounds a definite vapour
} préésﬁre:af %hé‘syséam. 'Similariyiyrb&ve'ﬁﬂwﬁ the'anhydrnus
sééiaMCsalykate in solution comstitutes a univariant system
with definite vapour pressure correspomding to each temper-
ature. At 52,55 the two curvés intersect and the system
then has fdur §hasesg namely:= |
(Nan 50, 10H0 }

{
Ha, S0, : .
? Nl .  giving F = 2=4 + 2 =0
- { solution
! : ' )] 2 non-varizant system at a
Vapour - )

eﬁaérﬁple Feint
At this @niat both systems are 1n eqmilzbrlwn and.ihﬁir

- yapour pressure is the sames At thia point every variqble



is defined ~ -nd if pressure, temperature or comcentration
be altered, one of these phases disappears yielding

F= 2= &4 2= 1y 2 suivariont systems Since four phases

are present at a @W&;ﬂp&a heats this mﬁ;ﬁt is the mtw
section of four univayisnt systems, which are: |

i& 3&23%’ Selutiony Vapoure '.

2. NepS0,+10Hy0, HayS0,s Vapours

Be ?55&23634@@32, vs‘sa}.waiaﬁ-,‘ %i?aﬁ;ﬁ;z‘

b Tg50,s10Hp0 Nay

Jgr Solutiona

The equilibrium of each system is shown on the graphs-

, : ‘ 7 324"
Simil-r relationships are met with in three

component systems, such as the case of mﬁ salts and waler

with their formation of double salts




Thus = mixture of sodium sulphate decahydrate and
magnesium sulphete he;@tahydrate forms an uMnivarisnt system,
ieCe

Fe3=442=1
which means that on heat-iéag ‘this mixture to any temperature
the vapour pressure is definite. These relative changes
are graphically represented by a straight ﬁna u;a' to 289
where th& two sinéie galte give ﬁse to the formztion of the
~third solid phgsml astmé’anit&. | o

Thus £ive phases are presentg~ s0 that the point
a2t whivch this change occurs is kz;-own 1] a quizztaple pointe
Applying Phsse Rules- |

P = ¢ =P + 2
A = 3 =5 % 0

The system is. iﬁ%xﬁ;x},ﬁt = that isy gres-suré, ‘
temperature =nd concentration must have a | definite v=lue
| to preserve =il five phasess v J

Just =8 in =2 binsry system thé quadruple point is
the intersection of four curves, simiiétly in = termary
systemy the guintuple point is where five curves, each Tepre~
smtmg sn univarisnt system intersect. N

The five univariant systems are:-



o

1. EEQSO4OEQE20, Hgs0, «7H,05 Astracanite, Vapours.
24 gags%.zegg«, MgS0,.7H,0, Solution,  Vapours
3 Egﬁ%Q;?§2@ +» Astracanite, Solution = Vapour.
AE: 4N EagSGéﬁiﬁﬁéﬁy'Astxaﬁaﬁitag Solution, Vapoures

5 E&2304,IB$%$§EgSﬁ§iVEQS; Astracanite Solution

Representing these ou the IeT diagram we getz~
s

‘ : e .
Curve "H%; representing the effect of pressure on the

transition point of astracanite, slants te tbﬁ_right'ahawing
- that the treansitiencpoint is raised wilh the rise in pressures
hence the formation of astracanite occurs with expansion in
vvl&é&; | “

Curves (2}s {3) and (4) represent univarisnt ternary
syﬁtemsg in Whié£ one of the phisses in equilibriom is
solution. Hence they mey alsc be conaideredjaé'sélubility
gurves of various phases in equilibriuite

If';he erﬁiﬁéte-ﬁepkesant the:caﬁﬂentratian'
of the two comstituent salis and the sbseissae, tem@erature
curve (2) is the aolubility curve of two NagS0,4.10H0
and gggsﬁq,?ﬁgﬁ. o |

Similarly curve (3) is the seiﬁ%ility'ﬁnr?ﬁ of

nEQSQ&QZEgﬁ and astracanite ot various temperaturess



-lﬁu

It should be noted that in a three éempenentvsystem,
two solid phases are necessary to make the system univariant
and gbtain a temperature - concentration curve of these.

If, howevery the temperature is fixed, then paly one
solid phase must be present in;eontact with solution to
give a univariant system. ‘

Hence, in the ternary system C3804~H1304-H265 we
can have varying amounts of casoé in solution with varying
amounts of NiS0, present or vice versa. Thus, if Caso4fiﬂ
presént as so0lid phase; the system has one solid, one
solution and one vapour phase - three phéses and three
components giving a univariant system, considering pressure
to be cﬁnaiant, as is uswally the case in solubility deter-
minations. System is univariasnt at comstant temperature
for to every cowcentration of NiSO, in salutioﬁ, there is
definite coﬁcengratien of Ca804 in that solution. Hence,
similar solubility curve is obtained in the P~T, or T-C curves
already discussede.

It was already pointed out in thé case of sodium
sulphate and water, thet the solubility curve of the salt
undergoes a sudden chonge in direction at a transition point,
and this in invariably sccompenied by a change in the
solid phase in ecuilibrium with the solution. The same
behaviour is found in the c¢sse of double s=2lts. This was
- pointed out in the discussion of the ternary system
ligs0,«7Ho0s NagS0,+10Ho0 and water. To illustrate this

more fully snother example may be given - that of ;uhiﬁium,
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dextro and levo tartrates, and the formation of Rk—racémate
from thems

Diagrams-

So/w‘/f{'//"—?

t ‘ . T
AB represents the solubility of racemate and A'BC that of

mixed tartrates.
. The graph shows that the solubility of’racemata

- is le.s than that of its two constituent salts. Thus
solution regreéented by =a p&int on the curve A'S is
saturgtéd;with respeet to d and 1 mixture but supersaturated
with fesﬁeet to double salt. Hence,racemate will ke
depqéﬁﬁéd, and its final concentration will be represented -
»bj thé pei#ﬁ on the curve ABe Similarly for the solution
represented by & éoint on the metastable prolongation of

AB cur#e. Hence, point B is the transition point for two
single salts and a‘déuhle salte

. The same rﬁle holds for = ternary univarisng system

vwhere only one solid %hase is present and the temperature

is fixeds C(ne curve represents the equilibrium of univariant
system‘eemposed ofs~

One salt =28 solid phase

{
{ solution of two salts in water
( Vapour '



iv : :
¥hen there is = break in such = solubility curve

thi§ break is due to a change in the solid phose in
equilibrium with the seolution, This change may be either
the change of hydrastion of the solid phzse or double
salt_farmaticn, ar,hath‘

Such curves showing the solubility relations

al constent tewmperature, -re known as isothermal solubility

Lurves. They show the solubility of one componment on the
addition of another component aﬁd the conditions of forma=
tioﬁ and stable existence éf double salts in solution,

Foxr the graphic representaticﬁ of iéathermal
reimtiens_iﬂfﬁe;aary systems, one mey employ either the
réataﬁgﬁlar or the triangular diagram. In the iatfer case
the corners of the triangle-re@resent‘two séiﬁs and water
respectively. |

_ Where no double salt formation takes place in

a ternary gystem, Ay B and HpO (fig.l), for examples a

twe branched ecurve (achb) is obiaineds In the diasgram

(a) represents the solubility of salt 4 in waters (b} that -
éf ﬁaXt B in Water,vanﬁ the curves (ae) aﬁd{hc) represent
the thre@ component sslutlone in equilibrlum with solid
salt A maﬁ solid salt B reapestzvely¢ The ya%nﬁ (e) shﬂws
the condition of’the existence of invarisut sysﬁe& in which

the solution zs in equlizbriam,with.%cth salts as SOlld

pmu‘ﬁﬁ e 3



Disgrams-

Fr&T s 4 D ez
Whens howevery the ternary system is such that it

gives rise to the formation of double salt at the tempera=-

ture ot which the-equilibrivm is investignteds the isother-

- mal dicgram exhibits three ecurves [(fig.2) ﬁhere the

middle curve cc' represents the equilibrium between the

ternary solutions and the double salt as soild phsses  1ts

:z:&m;msimm' is xé,;@res:ented by the point D - and this may be
determined hy thev Roozeboom's method as described previously.

. If the lime joining the point D to the smgle of
the ﬁrizmgle representing pure water cuts the mxr’m ce?
‘then double salt D will be steble snd will dissolve in
water Wiﬂzgmt decompositions Ify howevery thot line outs
any ‘eﬁe of the ,Aé*&her tWO0 CHBYVESs then the double salt :B,, on
being brovght in contsct with water will undergo ﬂi‘&ﬁﬁlﬁ“
position into its ecinstituent saltsa - |

The three e-emﬁent mizxtures represented by the

point (x) gives rise to the heterogeneous system of solid A,

and o seimrated solutiony the composition of which is re-



«19

@xesented by the poiﬁt'(y), gimileyly for the points lying

on the lines joining the points of pure components -nd

the points of satur:tion curves ce? aﬁd=ﬁ“ﬁ;..Th§S for a
mixture ré;@re-sented by the ppint {x), tﬁe amount of satur-
ated solution is represented hy the lemgih of the 1ine

(Ax) and that of solid phase deposited by the lemgth of (Xy).

| When the salts in equilibrium with water in a

'tafnary system ate anhiydrous, the "tie-lines® eonverging to
the corner of the sysﬁam represent the pure salte If
how&verg ihe salt ino &quilihri&m.aaatains water of erystalli-
zation the tie~lines comverge to » point on the side of the
triangle r&ﬁreseﬁting'that salt and waters similarly for the
other salts In the cese of double &alt = if the tie?linas.
aanvexge<to'a point on the side‘AB of the triangle {figal)
them the dﬁnhle salt is}mﬂhyéious; if,‘ﬁﬁ-ﬁhe other hand, this
'poiﬁ% lies mi%hin the triangle, then it comtains water of

8

axy%tal;;zazian,”;he amount of which is camyﬁ%ed by ﬁ@ﬁaéh@em*
method péiated»ant alreadys o
V: anether méthsd‘of representing the igathgrm&iyrela-
tions iﬂ_é ﬁernazy}system.ié'by making ase'af.&he rectangular
coordinotess ‘ |

The composition 0f>the solutions in_terms of
_grams‘arggramvaXEeules of each salt in a fixed amount (say
100 grams or 100 gram-molecules) of waters This method is
applicable tovali terﬁary gystems =nd is widely used but is

not as service=ble as thst of trisngular representation in

that it does not readily indicate the composition of the
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salt if one is formed at‘that temperature.

In the discussion of the eguilibrium relstions in.
terna:yksystems composed of two salts and water, réference
was made to the solubility determinotions of ome salt by
increa$ing qﬁantities of angthex =t constant temperature.

This consideration may be fﬁrther extendeé as

- an 1ntroduetion to the case where double salt formation

takes place in such system.
iagram:-

A

~& 7 =
In the =bove diagram the curve AC representis

‘the-vazying~éampﬂaitien;af‘the solution in éqﬁilﬁbriam
with the solid compomént A Similarly the curve BC
is thst in comtact with Pu;é B as s0lid phases .t the
iaterseﬁtgon'of these two curves,(C, two solid rhases are
in eantaet'ﬁiﬁh the solution, aﬁd the system becomes
in?a&iént. Here the solution is saturated with respect
to 4 =nd B -‘yielding solution of definite composition st
a8 given temgeraturea

Any point within the area AOBEG represents
unsatursted solution, wheraas, that antgidefaf ity is

either supersaturstedisolution or mixture of saturated



soluiion and either solid salt sA,._B, or bothe

When the ternary system composed of two salts
and water gives rise to double salt -~ a three branahéé
enrve ig obtained on the reectangular diagmma If the
double salt contains the two constituent salts in equilis=
molecular proportions, its satur-ted solution must be |
represented by 2 point lying on the line which biseets the
angle AOB, the diagram below:=-

E

g
" 4 double salt comstituting a single phases
exists in equilibrium with solutions of varging concentra-
tionss as shown by the line EDF. | |
Let the curve g@”r‘epresen% the selution
satureted with respect to salt A, =nd curve BC, the
solution saturated with respect to salt B, =5 solid phasee.

Diagramse
A




N

if thevtemyefatare is sﬁch that it gives rise teo
the fsrmztieﬁ of double salt, the solution then which is
saturated with respect to the two constituent salts is
'supersatarsted.for the double salte Hence, the curve
Tepresenting the solubility of double salt cuts the curves
AC and BC. Theicurve EF is the solution saturated with
respect to dauhie'ﬁalt onlys
Thus, the abave isothermsl three bragched curve
may be interpreted as fbllswa:«
‘l»k Point A ~ is the solubility of pure component A‘in water.
2e curyﬁ AB=solubility curve of A in @ater~solut1mn of
Gemg&nent E«A being §resent as solzd phase«

3 Point B Eqailibrium between ternary solution and tﬁc
solid phases, nemely, A and double salt,. System
invariant at definite tewJeratnreg the snlatloﬁ haa
definite campasitianb

Urve EF= solubility curve of double salt as soelid

phase.

5. Point F- Equilibrium between ternary solution and the.
two solid pheses - salt F and double salia ?hiﬁ is
_ another monvariant system. |
6« Gurve FE is the ternary solubility curve of solt B as
- ©0lid Thase. | ‘ 
7«  TFinolly Point B- is the solubility of pure com-

porient B in water.
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At another temperature the stability of double
salt may be greater or less and accordingly, the solubility
curve for double salts shifts away from or closer to the
point Ce ‘ |

In oxder to complete information as to
the behaviour of ternary systems of two salts and water =t
various temperatures - several such isothermal eurves should
be determinede These may 211 be re@fésented by space models
measuring temperatures by the third perpendicular axise. On
sﬁxh space diagram any surface between two ylaneslwilia
repregent the various spluitions in ecuilibrium with'éﬁiy
ome solid phose, that is bivariznt termary system.
A lime or eurve forméd by the intersection of two surfaces
will represent solutions in Equilibrinm with two solid
‘phases or univerisnt systems. The points formed by the
intersection of three surfaces indicate the existence of the
three solid phases in eguilibrium with solntioas giving
invariant'aystems;

' Severai such systems have beem studied and the
relationships between its components at wabrious tempera-
tures indicated by suich spoce modelse

| Although no single terPpary system compoesed of two
salts hos beeun studied in detail, yet severzl have been
worked out at e&§erimenta11y, and their behaviour determined
at various temperatures. The~system, Aluminium sulphate

Copper salphate and water was studied by e M. Craven and
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Te Co Mitchell.

Their investigation was in part an attempt to
discover a connexion between double salt formation and
difference of electropositiveness between the actions of

. .. .. . mixtures
component saltse The aqullibrlﬁfynn that ternary

system are represented in the dimgram belowge

A0

. /44(5'9,;)3' P CaS'Oq‘
That no combinatior occurs between Aluminium

sniphare>aﬁé cupric sulphzte is shown by the sbsence of
“the déﬁhﬁﬁ'ﬁalt.carve and by bhe fact that broken lines
drawm through the solution poimts and appropriste “pestgh
intersect at poinmis corresponding with the composition of
single salts. If double salts were formed and were stable
at this temperaturey = third branch of the isothermal
curve would be shpwm up and the composition of double

salt would be represented by the point where 21l “tién

‘lines® meete



SOLUBILITY OF
CALCIUMN SULPHATE

and

FICEXEL SULPHATE

in

YTATER.



-2Bs
SOLUBILITY OF CALCIUM SULPHATE IN WATER.

Under ordinary conditiensé of temperatgre and in
contact with air, the stable form of caleium sulphate is
Gypsum oy CaB04e2Hp0, but there is often feund a hemie~
hydrate and two forms of anhydrite as metastable fazﬁsa
Their transformation to gypsum is very glow, ﬁepenaiag on
temperature and on the arigin of the salt. |

In water gypsum is seid to be stable up to 66@ at
which tampe?ature it passes to the anhydrous forms Pre-

sence of

8 in solution of gypsum are known to lower the
temperaﬁafe of transformation. Howevery saluﬁiiity‘efggyysum
has been determined up td the temperature of 109° - baéauﬁe
its transformation %o the onhydrous foxm is exceedingly

slows ,' |

Because of the existence of various forms of
calcium sulphatey, the indefiniteness of the comditions of
their éxisteaee, and the' slowness of transformation from
the metassbbie to stable form, much investigstion has been
carried on this subject.

These dote as far Back as to the time of Bezelius
who ia his "Traite~dechemie” pointed out that caleium
sulphate is nearly equally soluble in cold and in boiling
water « one part of gypsum dissolves in 46,15 parts of water.
Somewhat similar observations were made by Bucholz, M. Tipps
and Lecag de Boisgbaudran, but their data dg not agree = and
all their results are too high beczuse they were not sure
of the form of salt they dealt with =nd did not Provide

against the great tendency of this salt to form super=



saturated solution.

- H. Pbggialev made more accurate ohserVatiags of the
solubility of anhydrous calcium sulphate at témperatares
0° %o 200°, His results also show too high solubility
his error being due to the phenomens of supersaturation which
he overlooked. He was the first to note that caleivm gulphate
hes meximum solubility at 35°.

In 1874 Marignac® criticized earlier observations .
on the basis of the supersaturation phenomens, insufficient
qnéntity of selid phase in contaet with solution which brings
about this ceaditi@n, and the presence of impurities of salts
msed in their determinations. ‘He stated thét caleium sulphate
has a great tendency to form superasaturated solution and that
it is very slow to reach equilibrium even in the presence of
excess of solid gypeume In making his determinations he
employed artifiecially prepared sam@las of gypsnm, taking ﬁaza
to have excess of the solid in contact with water and = llcwnd
them to stand at comstant temperature for a long time sgitating
them regulariy. In this way he ¢laims to have destroyed the
supersaturations. He obtained the following datal

' 49 - 32° - 380 . 419 - 53% ~ 729 ~ 6% - 990

é v{'ﬂ.‘.j; 12 *‘2?1 ";25’3: ' 35& +: 24§ ¢222‘ 528
~e21D =eC14 =eSile 202 - 189 195

.Hence'hig ss&&hility;guxves for both gypsum and for amhydrous
aaléiam-sulphate show a maximum solubility between temperatires
32° gna 41°.

He also prepared various supersaturated sclutions of
calcium sulphate and determined the time necessary for the

reestablishment ef‘tha aqnilihmiﬂm'%atween,the solid phase
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and the sglt in solutions He found thot natural anhydrite
acts gimilarly to calcium gypsume The supersatursted soclution
of 2, was prepared and allawedtogstand for over'eigﬁt |
maﬁ%hs without the solubility coming to its normal value 1/582
'hu%-ﬁaS(faund to bevl/éﬁ?; larignac emphasized the faet that
the state of supersaturation of the solution of calecium sulphate
is very persistent when the excess of dissolved salt is not
toe grea%; @hﬁﬁ-%ﬁe saiutian is gzeatly:Sﬁparéaturateé it will
return to its normal value is 2 short time. Turthermore he
stated that superaaﬁ&réﬁieﬁ is persistent mith those s=lts im
solution where the difference in denmsity between normal and
sapersaiﬁrateé salﬁﬁien is very amall. On this basis he ex~
plains the lack of this phenomena in very soluble saltse

He therefore cofcludes that the solution of calcium
sulphate is in every respect similar te‘that of a very sbluble
salt. exeept that it is extremely slow to cease supersaturation
and the small difference in density of its solutions of various
eoncentrations. | ‘ 4 | |

J.H‘Bmazeg in 1&@? in his artiele "Solubility of
Gypsum in Water and some Salt Solutidms™ com@ared data'ﬂ
' published by Poggiale, HMarignac and other workers such as
Gharch and Casga; and found thatbiheir valaes varied between
.wide limits. Values of %@g@lal& bezng‘taﬁvhigh’aﬂﬁ those of
Church and Cassa too Iéw; He concluded that the former worked
with supersaturated solations and the latter two with
unsaturateds He agrecs with Marignse that "it is of great

imp&ﬁt&nae to take great care to get saturated and not
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‘éuperaatursted saluticné“, in determination of soiubility
of gypsum." | r v
| nﬁcérding to Droeze saturated solutions may be
}prapared in many wayse | '. »v_ _

N First - it ahauld stand with water far 8 lonm time.

| Second - hot solutions can be prepared and cealed

down ~. Here one ghould guard against superaaturation.

In prepaéatisn of his eélntiens by cooling he found that
'in‘érder‘te get it saturated, it was neceésary‘tc 2llow the solid
to sténd'in contact with water for a long time, such as nine days
itherwise aupersaﬁuratian will be thebrésnlt, whereas in

emplygying Harignaa*s methnd, that is shaking the solution

with excess of solid phase at conatant;iﬁ

solution may be_saturated‘within a course of a few hourse |

His methéd Gf.experia@ating ﬁagyﬁﬂifé similar to that of  ‘\
Earignaé*s, and his deterﬁinations at low témperatﬁres agreed
very well with Marignac's- although at'higher'températuréé théy
deviate somewhat. He found that meximum solubility was at
-3 11ttle higher temgerature than that af Marignac.

‘ He alae determaned the solubility of . gypsum in various
aalt selutiens of EE#,K, gy Na, znd found in geaaral sn in-
crease in solubulity with inecressing concentrationa of the salt.
in the'céae’of Ep50, and ﬁg$64’~ a deerease in solubility
in gypsum was noticed -~ this he accounted for by the formation
of double and triple salts respectively - the existence of which
~ is doubtful. o |
Although the results of Marignac and Braeae‘areiin fair

. N
agreement their values are not accepted as finel, 1In preparing

1w
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their éalutians they took precautions against supersétgration
~which previous abservérs had avérlaakéd, but they did not
consider other phénomena such as the effect of the size of
partieles of a sparingly sbluble salt on its normal solubility,
Their methods of experimentation such as temperature'eontrci
during the equilibrium, methods of filtration and analysis,
were far inferior to thosé of later investigators on this
subjects It will therefore be more advisable to consider
 these more in detail. |
- Perhaps the most acourate work on this subjeat has
~ been done by Hulett'? whose data ontthe solubility of
gypsum are considered most xeliable. His extensive iQVestigaé
tiansvrevealeé é very important rela;ienship be@wsgn the §elu—
bilit& of certain ﬁalté in.waters‘thé particle ai#ﬁ, of the,“f
s0lid phase,  According to Hulett's solution in equilibrium
with plane surface of solid phase is differént'from7that in
equilibrium with curved surface, andtthis the more the greatepr
the curveture of the particles. | |

He made conductivity measurement'of'salﬁtiens |
gaturated with respect to solid phaaq éf various parﬁieleg
sizes and thus found the relation between the eoacéntrgtion
of satursted salutiea and the actuas; size of partielﬁs:éf
the solid with which equilibrium has been attaiuad-magnitade
of particles being measured by mieresespe. ‘ Selubzlity of
finely grained gypsum is greater than that of eaarse~grained
solid -« solubility increasing 20% by decreasing the size of
barticles to Q.3us The soluticvi satursted with respeet to

fine grains is supermaturated with respect to coarser
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particles. He defines norm=1ly satursted sclution as

that where the solution is in equilibrium with the plane
surfzce of the surface or its Charﬁcteristiéa | _

He observed that if powdered gypaum were left in
cantact with weather and stirred centinually - the concentra-
tion of gypaum in solution reaches its maximum value in a
short time - and then decreases so that equilibrium is attained
~only after five days stirring. |

This is due to the fact that seluticn sa@&rat&é

thh the fine grains is in an ﬁnstahle condition, and
 the coarger grains slewly graw at the expense of the finer ones
until the coaeeﬁtratian éf the solution is‘in the state of
equilibrimm; aharaeterlstic of one in comtact with a plane
surfa@e of the solid = whieh is defined as normally gaturated
solution. \

.ngcordiﬂg to Hulett, normally saturated :-olution of
gypsum is that in which the solution ié in equilibrium of
-solid particles whoaa.averagegaiaa is 2w Sughvsolutiaa at

25° contains 15433 millamoles per litre. Solubility of finely

powdered gypsum, the average magnitﬁde of particles Eaing 0.8y
. gz=ve the centratianhof_ls,zvmilleﬁeles per litre. Such solu-
tion returns to its normal saturation after five days of stirring
dgring”which period its solid parficles grow to the magnitude of
2u, | | B
Inuﬁeterminétion of equilibrium foﬁ normally
gatursted solution with coarse particles of gypsum, care

should ve taken that in stirring the solid be not agitated



'ﬁhese'tﬁe sclution was rotated without disk:

-,%}..-

~as the gypsum particles by meehanieaz,subdivision,wili

yield fine §é§ﬂer¢ which may increase the aoncentnaﬁiaﬁ
fxéﬁ 3% %9 §%%; éné normally saturateé solution will never
be atiaineds - | |
ﬁarignac¢ané'ﬁrﬁeze in preparing theur solutians‘.
took care tc have the excess of finely divided gypsﬁﬁ
distributed through the liguid to avoid supersatﬁratian which
is the iesnlt of thiss but they overlooked the phenomena of |
perhaps greater importance than the éb0?89 in dealing:with
finely divided solid snd in their methpd of attaining the
equilibrius |
| Their results being high show that they had beem

dealing with saturated, but no® normally saturated solutionss

Strictly speaking their solutions were supersaturateds
Rulett, having revealed a nnﬂber of important

fg@ta regarding the golubility of gypsum and obtained some

avcurste results, in {1902) undertook the investigations

of the splubility of salt at various temperatures. Here he

emphasizes the need of density determinations, since this

and other megnitudes are nécegﬁé&y te ascertain the relation
of these to the“saiabilityﬁf ‘ | H

| To overcome the sapeﬁsataratiaa phenomena caused
by the small particles of the golid and‘toovrapid'agitation
of this SGiid Whish~§rad&eés small particles; he emplﬁyed
glates of gypsum of i*e_taiﬁwmm‘ in thickness and over
ais Ti@%ﬁimgczh&

solid belowe Solutions so prepared required not more than

1 hour to produce normal saturation. /nglytical ﬁﬁthada_
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wereibased on the amount of anhydrous caleium sélphate
in 100 ec. of gypsum solution =t given temperature. Density

determihations were made by Sprengel-Ostwald pycnometer.

Baﬁ@é@ |

Cfempe 0° 10°  30°  40° 50  60°  80°  100°
Casty 1759 .1920 42090 2097 .2038 .1996 .1802 .1610
solid  CaS0,.2Hg0 CasS0y

. Phase

 He showed that in the case of the solubility of
gygsam, the surface tension plays a decided role = Hénce
cu;?ature of the particles of solid surfmce tension, and
s0lubility of these BaWe similar relationships

-‘ The early workers on the'soxu%ility sf gypé&m

found = ch&ag&{in the direction of the solwbility curve.
The results of Marignac and Deorze give 38° as the maxi-
mum solubility. Hulett and Allen give 40° as temperatures
of greatest concentrations From this temperature
' the concentration decreases and at 90° it is the same as at
zero - while at 1079 it has decressed some 12% furthers
Throughout the whole range of curve no abrupt break is
noticed as would be expeézea at maximum solubility iees
40°, This ie confirmed by the vappur pressure determinations
of water snd gypsum by Von't Hoff and Armatréng who showed
that Vep. gypsum is uniformly inereasing from 0 to 859,
Thus unifor&%ﬁy of &apeur preséufe curve of gypsum excludes
the idea of explaining the chenge at 40° (from increasing to
decreasing solubility) by assuming the appearance of a new

golid phase ~ some different form of caleium sulphate.
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Latezlgiﬁﬁiett reviewed his previous experiments

on solubility of gypsum and added more facts rega?éiag
the mature of solid to be used by the method by which equi-
librium of normally saturated solution may be attained |
and the time required for suche He faund that the’simiiarity
exictiag between the vapour pressure of liquids and sol%ﬁlcn
pressure of solids suggests the zualogy as to the size of
».partiﬁles,af'soliﬁ'partiales and their respective %ehavinnr
in contaet with the solutione Semll particles have propor=
tionally greater surface, are more soluble snd in disgolwving
become evern more nolahleﬁ and this pleys the wrcages% role
in the process of solutiome ALl pariicles below sz certain

aize semmletely‘éiaap§earg sﬁp@rsatawate.%he-soluﬁion and
:1a£ter,a iﬂﬁg,periéd are fiﬂallyvdegesiied on larger particles
yiaiding»asrmally sat@iraied sml&%inn*v.

. According to Hulett solubility is measured by the
concentration of the solution whiah ;;??inal equilibriunm
Wlth the solid and is independent of the rate at which this
equilibrznm is establisheds

,.mermai satarstion of a2 solution may be approached
from either the unsatursted or guperﬁatﬁrated sidee In
the former case the'fiﬁééﬁ partleles of a pawdexéd zazxiy
soluble solid will dissolve Tirst as ﬁ&@lained by the
surface,énergy yhémﬁmenﬁna and after all such particles
.have disa@yaa:eﬁ, the solution is still unsaturated and

the system then slowly approadhes comcentration that id

in equilibrium with a plane surface from the unssturated side.



Regarding the latter, the solubility is small, the particles
of 2u or less :rapidly bring the concentration above the

'ﬁermally saturated solution, and the system them approaches

' the concentration that is in eqalllbrlnm with the plain

surface fram the unsaturated siﬁe. This is assumed to be the
case of gypsum when powdered solid is useds Gypsum is very
yexceptiaﬁal as regards the time fér\eatahiishmﬁat of
‘equilibriu&‘from the uaSatgratéd sidé‘ Finely divided solids
of most inmorganic subatances satﬁraﬁe a solution in an hour
or sc, whereas, for gvgsum half a day or more is ﬂeeessary.-
| Hence, the greatest source of error in and dlffi~-
culty comnected with gypsum solubility determiﬂntions is
,the svnerﬁatﬁratzon, whidh 1$ @ccounted for by small parw
' tzcle sizes This is confirmed by the facts known from
gurface energye Small @ar%icles_gave greater $nrface
cuxvatﬁx&a-gréater;soluticﬁ pressure and therefore greater
sclubility. Larger particles grow at the ex. ense of smaller
anes = but before the small gartiéleS‘aattle on ﬁhé larger
| ones they go into solution resulting in temporary s&perw |
‘saturaﬁiem@ which is them followed by normal saturastion.
The most efficient way of preparing mormally saturated
- solution of gypsum is to employ relatively large flat
plates of solid, rotate thisiiiggid withbut distuxhingvthe
solid in comtact with it. Thus normal saturation ié at=
tained from the umsaturated side in relatively short time.

‘ ’ S0 far have been considered chiefly'tne faets
regarding the solubility of gypsum, the factors thet govern

the solubility and the precautions that are to be taken
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to ebtaigrgorreet soiubility valuese It is learned
that the amount of solid phase ﬁresent and above all its.
physi&al cheracter élays important role in its solubility.
‘> | Littlé hos been sald regrrding the chemical
hature of céleium énlphateg the conditiens of existence
of its varisua hydr@tes and anhyﬁraua forms and their
_ r»eﬁeative snlubllities.,_ } ,
ﬁavisla investigated the nature of the changes involved

in the dehyératian cf gypsume In his det@fmlngtlﬁﬁﬂ on
| dehydration of gypsum he observed that‘when_gypsum iﬁ.heated
at high,‘in a current of éry air, it loses i%s water of
;eﬁyatalligatian and passes gxamﬁdehydraﬁgnte aphydrous form,
‘Whiah‘is'mere soluble than gypsum, ﬁh&s named figoluble
anhydraﬁe. |

| nysnm eesurs in two eryatallina forms of dehydrate,
‘élpha* the monogymmetric and bheta ﬁgth@zhambie, The dehy-
dratimu of @rdinary.gyy@am takes place in‘varieus stages
_-whxeh mmy be zepresented by the aquatzen. Alpha casgé.aﬂge =

0o .
Beta @asﬁ4¢2ﬂaa = ﬁaﬁ64¢%ﬁza = OasS04 + He0
; {ortho.) (half hydrate) (sols.anhy.)

Thus complete dehydration Pakes p&aee in two stagessy the halfl
Y hydraté Being faﬁmed'as intermmediate product of the.ahaﬁg3¢
"fThis latter compound is hygrostatic anévwill régenefata the
”?Ealf:hydfate if vrought in contact with watervvé@our.

| Davis believes that there are Alpha and Beta forms
of a:ﬁéifmh§a§a%efé§§, anhydrous salts, and each ¢rystalline

form hss its cheracteristic solubility.
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According to Davis, the solubility of salt does
not depend ou the size of psrticle as :l. This peculiarity
would be shown on an exsggerated scale in the case of highly
soluble substancés, and 2 if only sufficient time is allowed
for equilibrium, small particles first dissolved, forming
supersaturated solution will deposit material on larger crystals
and thus gggg solubility of any salt will be reached.

Both HMarignac and Hulett found maximum on the
solubility curve of gypsum ~ the values the former point to
a maximum at 38%, while Hulett's curve has a bend at the
summite |

Although the crystallographic character of
gypsum in comtact with solution at various temperatures has
never been.groperly determined, it is assumed thest the two
branches of‘the curve scetually correspend to Alpha and Bets
of the dehydrate = their transition being at 38°C.

From Davis's'investigations one may find more
reasons to account for the difference in the results
obtained on gypsum soluhility by éarlier workerse The
conditions of stable existence of various hydrates and
anhydrous forms of calcium sulphates, and the different
erystallographic character of each type is not definitely
knowns. It is beiieved that the difference in their
results are due to the differences in the nature of the
s0lid used &n dimorphous gypsum or its anhydrous forms.

Although no experiments in this research were

carried on at temperatures higher than 90%, it is needless
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to dwell on the behaviour of this salt in solution at
higher temperature than that comcerned hers., But to
camylete this éiﬁeussiah it may perhaps be advisable to
veansider briefly some facts regarding the nature of changes
: taking place in the crystalline forms of the solid and their
respective solubilities at high temperature.

| Where Davis' work revealed the existemce of
‘v&riaus forms of caleium sulphate and made more or less a
. qualitative study of their transformations, ﬂglchezl4 in
1910 undertook to deter mine the solubility and stable
‘existence of some of these in solutions at high temperatures.
His iﬁveﬁtzgation chiefly consisted in determination of
solubility of caleiwm sulphate at temperatures l&“, 50°, 190a
150° and 218%: This included the study of the aelﬁbility
and existence of three forms of this galt = namely gypsum
soluble enhydrite and ordimary snhydritee  Solubility
Valués were determined by conduciance measursmeniss

According to Uelcher the stability of
' anhyﬁrita ranges from 699 up to as high aB 218@, the
solubility of this salt being greatest at 60°% and decreases
rapidly with rising temperature, b |
He found the upperllimit‘of'existence‘cf

gypsum being 97° which temperature constitutes a transition
point between this salt and soluble anhydrites

| Helcher also showed that judging his results
of épecifia conductance of solutions saturated with calcium
sulphate, three different solid phases are involved, highest

value for gypsum being 1009 that for ordinary hydrite, 156°
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ahevawwhieh temperature another form of anbydreﬁg solid makes
its appearance, which he found to be'identiaai with soluble
anhydrites |

‘To leave no doubt as to the possibility of this late
ter s0lid being some other form of hydrated calcium subphate
he determined the ratio of solubility of solﬁhle anhydrite
and ordinary anhydrite at 100° and 156° and found them to
- be constants
. This fast follows from the thermo dynamic equation
d log E%“'” A o 8T that ® when Tié the ratio %f

solubility @f two ferms is constant, the heat of tranaitzon

q is zera¢ This is f"und to be the case with calecium sulphate

at 156 proving this temperature to be the tramsitiau poznt
from ordinary to soluble anhydrite and aot’a hydratee

| - Combined results of Melcher sand Hulett aﬁd‘Alien'

mey be briefly swmmarized by the graph shown in figure l.

L 200°
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Although ﬁﬁlahgg’was the only one té’emrry sult the
solubility of various forms of calcium sulphate at high
temperatures, his results are quite reliable. One may

| compare his values on the solubility of gypsum at lower



temperatures with those of Hulett and Allen's

Temp. Helcher's Hulett and Allen's
isee 180 .29.5 2946

© 50° 3060 : 30.1

100° 23.3 2348

His results agree almcst'perfectly with those obtained
by Hulett and, llen by an entirely different method.
Summarizing the facts above. one realizes the

humerous precautions to be tsken in correct deteruination

of sclubility of sparingly soluble dimorphous substances
in general of gypsum and of gypsum in pgrticular» Unfor=-
seen difficulties are met with if these g;eﬁnot duly observed.

““In accrying out determinatioms in this investigation all

these were dealt with to the best of the apgaratus'and

materisl availsble in this researche
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SOLUBILITY OF CALCIUM SULPHATE IN MINERAL
ACIDS AND SOME SALT.

gg}lﬁﬁ?:ﬂ@iﬂf:ﬁlﬁ g

Salubilitj of ealeium sulphaté is much grester in
aaiés'ﬁhan in ﬁaief. Generally thisﬂincrease with the -
increasing eonséniratians of seid ﬁit& temperature.

:Hu Roge found that cold HCL dissolves with CaS0,, but
b&iiiag acid dissaives much more. Iunge detérmiﬁed its
solubility at 25° gnd 102°, and furnished some data on
solubility values »t these iwo temperatures with increasing
concentrations of HCLe His results show agreement with
stotements made by He Roses Fo K. Cameron and J. Ps Breozeale
@érrieﬁ out similar experiments with sulphuric aeid at 259 |
35° and 439’ and observed considerable increase in solubility
with incr asing eoéeeﬂtratian of the aeid and with temper~
ature.

Considerable work has been done besides that
mentioned above on the solubility of caleium sulphate in
aalt solutions, both on common and BOn~COmMMOL 10 it is
found to be the general case that "the solubility of '
ﬁalcium aulphate in water is augmented if a salt with ne
common iom is present - and decreased by the addition of
g salt with common ioms

We As Tilden snd W. Ae Shinstone found relationship
 existing between the solubility of CaB0, in a solution of
¥a(l of known concentratiom =t various temperatuxeé. Their

results show that presence of NaCl augments the solubility



of Gai‘:3€34 and this the more the greater the concentration
of ¥aCl and the higher the temperature. Results of F» K.
Cameron who carried out experiments at 23° reveal similar
factee | |

_ In the solubility of calecium sulphate in various
salt salutiens such a8 ﬁgcla.ﬂﬂéﬂl, an inecrease then
decrease in solubility is noticed. Plotting the values of
-ﬂane"uf,aalqigm sulphate’against that of" the salt present
solution in each case s maximum is found somewhat similar
to that in the solubility of gypsum in water alone at:
various temperaturgsg | -

., Ws Dy Harkins and He M. Paine and others measured
the‘effecﬁtof cupric sulphate in the sclubility of caleium
sulphates A decrease iz observed in the aal&bilityAaf
~ealeivum sulphate with imerveasing proporticns of cuprie
sulphate until a minimum is reached. This ls an agreemenﬁ
Witﬁ the general depression of the sclubility of the salt
produced by the addition of the common ion.

_ Magnesium sulphate seiution afiecis the solubility
of caleium sulphatein a similax waye In the case where
_maxima are observed the question arises Ws to whether this
change 15 = rgﬁult of double salt ffdﬁmétions difference of
hydratianAef gypsam or change ef_crystallina aharaatéx of
Cthis salte if soy then, the maximum is the poinﬁ of

intersection of two curves for sach form of 3

osum or for

gypsum and double salt if one is formed,



SOLUBILITY OF NiS0s IN WATER,

Solubility of nickel sulphate is inc@mparaﬁiy_
greater than that of caleium sulphatse Its %ehaﬁia#r“in
solutiong is entireiy unlike thst of tue sal%’discngseé
above » seldom forming g&persa%ﬁrated'%ciatiﬁﬁs, and parxticle
size plays no role in its normal ﬁulﬁhllity as in the case
found in caiaium sulphaﬁe. Hickel sulphate alsp exists in a
- numbey of hyéra%eé‘aﬂﬁ anhydrous formss These are raadily

pxeé@cad when proper G&ﬂditiﬂﬁﬁkfnr such are hr@ughﬁ abouts

' ﬁader ordlnary coﬁdltianaxé,'the mas£ éza%l@ form
of nickel sulphate is heptahydrate. If a solution of this
'sal% ﬂ£'evapa£ateé aﬁ_ﬁéﬂs'ts 60°¢ ﬂraall&we§ to stand |
afté? addition of sulphuric agid it loses one molecule of
water giving riﬁe te.bi§e te&magaﬂal &ﬁystals‘e£ h£xahydrate.
This form may also be obtained by exposing the ha@taﬁaaiate to
“light and air that is‘nb% sata&a%eﬂ with water #a@aur@ éhe
Lydrate by this means was at Tirst thought

to be due to direct action Gf'Sﬁﬁiighﬁiq

reduetion
+ but it was proved
'ﬁgﬁﬁﬁﬁﬁﬁﬂﬁfﬁ@ffig toc be just a simple case of efflorescence.
If, even in the presemce of strong light, théaatmesgﬁere ia
comtact With‘ﬁﬁarhﬁgﬁahyﬁrate be saturated with water vapour
no change in the crystal of this salt will take place. The
hexahydrate may =lsc be produced by prolomged exposure bf
anhydrous salt to meist aire 2By leaving the &e@tahgdréte in

contact with saturated solution at 322 4o ﬁzafhexahydrate
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erysitals are known to be formed and these are diamorphous
in charactere
| ﬁﬁ@thg???g%geof nickel sulphate was obtained

by Dre Bruyn'®, who prepsred this by crystallizatian 5§V501“'
tion of the heptahydrate in sulphuric acid of density 1.4

A solution of any of the sbove mentioned hydrates
be evaporated =t temperaturs of 118@, di=hydrate will result.
Et ard obtained this by the asetion ef coacenirate& sulphuric
aeid upon the hepta or haxahyérateo

A monahyﬂrate is bvelieved to exist « this
being produced by heating the hexzahydrate to iQQﬂ'wuwhere
Bive molecules of water are given off. |

Lescosurt prepared the same hydrate by odding
cnnﬂeatra%ed HpS0, to a solution of HiBO, ~ being
_pregipitated from solutione Iyatiefiﬁ heé%eé a itwice normal
solution of mickel sulphate to 100° under pressure of 100
atneggherea of air =nd observed the formatian of mono=
hydrate crystalse All hydrated salts of niekel sulphaﬁe
 when heated at 286°, yzelé onhydrous mickel sulphates
which unlike the hydrated fowms. is yellow in coloure This
latter when brought in contnet with éira absorbs meisture
fre& it, yielding ﬁhe'heﬁahyﬁr&te, which ultimately will
rehydrate itself into hepiahydrate and pass into solmtion

if sufficient water is present.



- The above are mbre or less collected facis
regarding ilhe wvarious forms of nickel sulphates their
prepargtion and condition of their sﬁable‘existenﬁegv It is
however, of great imporiance in this ﬁartéﬁ&laﬁ‘éiﬁcﬁésiﬂﬂ
to deal with the actual solubility and of transition
temyeratares of some of these hydfateég- This Wi&;

therefores be considered more in dedaile

The soiubility af nBckel sulphate has been
determined at varkous temperatures by Tohlerlg;
‘His_resaltsg however, are neither‘sufficiently nuﬁeroas
‘to indicate thé various tramsition points betwesn
the hy@rat@s encountered in the experimeunts, nor due
- %o his.experimﬁntﬁivmethmds considered accurate and

will not be discussed =t presente

| The most reliable work on this subject was done
- by Steele and thnsangﬁ who in 1904 did sonme in@estigétioa
with the object of determining the eﬂnditiﬁﬁs of equili-
‘brium and the composition of the pheases in thelr system-

nickel sulphate~wat53§

Their solubility determinastions extend from ~5%¢
 to 100%¢ during which temperatures range no other lower
hydrate was observed than that con#aining six molecules of

water of grystallizations
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In prepsration of these solutions it was observed that
Wheﬂ 8 hegtahyﬁraue is left in countsct with its saturs ﬁeﬁ
smlutlon for some houis at any temperature between 320 and

53% it is converted into a blue hexahydratee

1f the heptshydrate or the blue hexahydrate is
ieft in contaet with saturated solution above 54°, itv#ery .
?a@idly hecomes converted inte brighthgreen~mo§@clinia‘salt
which on aﬁélgsis was found to be éimcrphﬁug hexahydrate of

blue te%ragaﬁél erystals.

, Thelr numerous solubility determinations at
1J¢ht Ly ¥arying temperatures revealed two breaks in the
‘wﬂlﬁhlllby curve, hence, gransition pﬁiﬂts for différent
hydrates or>d1mmrphans crystalline forms of the same

'hyﬁrata.

The first of these was Tound to be‘very'near
Sliﬁa"whigx temperature corresponds with the changes-
Ei%ﬁée?ﬁga~m.ﬁi864aﬁﬁg9 4+ saturated solution.
Solubility determinstions at temperatures above this indicated

'ghﬁ oxistence of green monoclinic hexahydrate as solid phase.

In the.neighkourhoed of 539~1another“though
very sllgh& presk in the qolﬁblllty curce was noticedse
Th&s inflexion was proved to be the transition tempera=
ture for the change:~

Hiso, Hexmahydrate (5343°)
blue tetravonél green monoclinic



Yhe solubility curves of the rhree salis
Fi804+7H 9, NiS04+6H20 (blue) and NiS0,.6Hpd (green) lie
very nearly in a straight lime so that they were easily

overlooked by Tobler,

The metastable forms were found o exist a certain

Tange past their trousition imtervals Thus the blue

»Letragonal nexahydrate often is guzte stable below its

transition temperature, l.c. 31.5% .

The Values obtained for solubility of NiSO, at 45°

5% 2ud 90° vhieh temperatures are concerned with in this

WOTK arss=~
90 = 60,76 gme. per 100 gms. of By
75° = +60+28 gms. per 100 gms. of HoO
45° = 48,26 gise per 100 gmse of ng

?hess 1111 be refarreé to laters



VAPOUR PRESSURE

of

HYDRATZE Ss



-47-

THEORY.

Phase Rule ham a wide application to the study of
Vapour preaanreyaf.equilihria of various systems. As zn
illgatratian-of this, hydrated copper sulphate ma=y be
takaﬂ to show the'rélation'hetwgea Yapour pressure gnd
the various hydrates of this salte
| The’gtnéy of the equilibria in the two compoment
systems copper sulphate = water revealed the existence of
three hydrsted amd an anhydrous forms of this salt. The
. equilibria may be represented:~
CuS0y.5H0 = OuSO4.3Hy0 # ZHg0
CHSO4eBHo0 = OuSOLeHo0 + 2Hg0
CuSOu+Ho0 = Cus0, + Hgo
Each cuse represents » univariont system, i.e.
| P = P4 2
= B3 4 2 ;

2 solid phases

=1 ) 1 vapour phase
thus, to each tamperatare~théze»mﬁst eorrespond a definite
"dissoecigtion® éxessnre regardless of the relative or
;&?50&@1& amauﬁt of the hydrate which has already undergone
digsopiation or dehydr-tion., Dissociation pressure st a
given temperature is definite only when two solid phases are
presents |
| | For exact definition of this pressure, it is

Recessary to kmow, nmot merely what is the substance
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undergoing dissociation, but also yhat is the solid product

of dlsscclatlen farmed.

If copper sulphate penta@yﬂrate be put in a closed
vessel at censtanirtemperature conmegted‘to a Vacuum pump-
. and é;gwly eVaeuatgd, pressaée will fall propertionally
ts ;he.tim@ of pumping until no water vapour but oniy
- CuS0y4e5H0 is present in the vergels

' Gn;éeéreasing the Pressure the pentahyﬁrate,wéll
cﬁmmaﬁce disgociating into the triﬁydrata:

| Cus0ye5H0 = CuSOLe3Hp0 + 2HgO.

'The presence af two solid phases and a vapour phase gl?&“

. an univariant syatam¢ and gince the temperature is constant,

the pressure must ulsarbe constant.

ﬁsﬁtiﬁa@d evacuation will result méreiy‘in the
de@reéae of the pen;ahyérate~and’iﬁarease of the amount
of the trihydrat@;,.'ﬁhen the former hes entirely
disappéarad with eﬂly one solid phsse remaining, the system
again becomes hivariénﬁg the pressure then deereazses
until the monolydrate is Tormed snd the system again becomes
univariont, while the dissociation CuSO4e3Hg0 = Cus0 4oHo0 +
HoO is taking place.

Similar;phenameaa.areimet with in the dis-
sociation of the monohydrate into water and anhydrous

- 8alt in CuSO0,.H0 = CUSO;.H:0 a5 in the first case.
Hencey each dissociation reaction hes deflnite'

pressure at constant temperasturec.
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The wnpour pressure of shydrate, therefore, has
& definite meaning only when the second solid phase pro=
duced by the dis:saeizatioa is givens

From what has been learned from rhase Rule, the
vapour pressure of a hydrated salt has a meaning only om
the assumption that the second solid phase, the solid
produced by the dehydration of the hydrate into its next
lower hydrate, or anhydrous formsexists in contact, With "
the hydrate :@@as@iése«red;, ; |

This discussion has been introduced because
éimilax* rhenomena were met with in the investigation of the
stable ferm of calciwﬁ sulphate present in solution at dif-
ferent temperatures = in this research. The experimental |
method and resulie obitained therefrom will be comsidered
Zater. |
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THERHOSTAT AND SOLUBILITY APPARATES.

Solubility delerminstions,were carried out in
the apparatus shown on figurev(l)a The soluhility flask C
consisted of an ordinary thick-walled bottle of about
200 ce.-capasity@ The nexk was about five to sic cmse in
dizmater so as to provide room for a wide rubber stopper
bearing the stirrer and mercury seals The mercury seal was
congtructed as described in #aricas text books on pradtical
physical éhemistrﬁ (Findlay's Practical Physiecal Chem;) The
use of a mercury seal was mecessary so s to seaure'a Eoint
which while allowing the stirrer to be rotated prevented the
escape of vapour from the golubility %stile‘

Care was taken not to allow the pressure to
become so great as to force the air through the mercurye.
This was overcome by allowing the bottle with contents to stay
in the thermostat open until its temyerature becane nearly'
that of the bathe The stopper was then iuncerted inito the
neck of the béttle g0 that no vapour either entered or
escaped from the solubility flask. Thé type of stirrer used
was the Witt stirrer - water being drawn in at the lower
‘end of the bulb and thrown out at the sidess I% was adjusted
ti the resf of the paris of the mercury aéal 55 that
regardless of the gnantity of solid phase present in contact

with golutione, the bulb stirrer would be much sbove the solid .
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THERMOSTAT AND SOLUBILITY
APPARATUS.

Fig l.




The stirrer while rotating,; thus kept the
solution in 2 slow but steady motion without disturbing
the solid particles to prevent any possible source of

supersaturatione

The thermostat consisted of a large round eartisn
ware Jjar which was covered all around with severgl ‘__thicknes\sm
es of lagging material *A"%s For high temperatures the |
container was provided with a wooden tops lagged withnﬁhe

same material to yrevent radiation ag much as possible.

' Water was used for lower temperabures ﬁhilelfar
higher temperatures this was substituted by light oil of
high flash-point to prevent evaporation during the experi-
ment. The contents of the thermostai was electrically

heated znd temperature was controlled also electricallye.

T The ordinary type of insulated immersion heater was

used for higher temperatures and an incandescent eleciric lamp
for low temperature. The heating curreﬁt was controlled by
means of an electromagnetic relay in conjunction with an

ordinary toluene~mercury regulator.

In ordexr to meintain a anif0rm temperature
throughout the bath, it was necessary to stir the water.
This was done by means of =»n ordinary metal stirrer "T" fitted
with = permenant bearing "Y' the projecting upper end of the

stirrer being attached to a pulley which rested on the edge



of the rode AS a source of power for this stirrer and
that used in the solubility bottle, smsll eleetric motors
were used, transmission being earried ocut by a system

cf pulleyse

The beé?iﬁg for the &méll solubility stirver

‘was made of a piece of glass tubing, this tube being
slightly wider than the stem of the sﬁirrer, the

Eearing kept well lubricated by means of vaseline. The
gtirrer was adjusted to fit the mercury geal and was held
-in its verticeal vosition by means of the siam@~“X“¢v The
solubility botile was wholly immersed in thevﬁath and was
kept in iﬁs place by the meial supper§ *B* which was made

to fit the bottles
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FILTRATION APPARATUS.

€igee the solubility of nickel sulphate is
high,'remsv¢l of sample of satursied solution for ange
lysis by means empley&é by others in either cumbersome
or not securate, For examples, removing o sample by mesns
of a warmed pipette introduces cqasiderahle error due to
the fact that a slight error in determination of volume of

solutidn taken by a small pipette would magnify the’

€rror appreciably when the solubility of very scluble

salt is expressed as parts of salt in 100 parts of watera

Fupthermore, in the use of a pipeties, there is always
a danger of the salt erytallizing in the inne% suriace during
the delivery of the splution. Thisg especially noticeable
when concentrated soiutiaas'of ¥ery soluble sali are ééélt

withe.

Galds&hmidt*sﬂl‘apparatﬁs has several advantsges
in thet the filtration takes plaece in the thermnstat, but
it is too cumbersome. where several samples are taken

for analysis in comparatively short time.

Accordingly, use was made of the apparatus
shown on figure II = this being tihe modification of one
ée#iaad bY A.N.Campbell™?, It was constructed as followss
?hrcueh the rubber stopper G, which was large
enough to fat tightly the neck of the solublility bottle,

there passed two g1>ss tubes B and ¢ of 4 mm. internal diamater,



FILTRATION APPARATUS




ofhie

One end of the tube W&&'someﬁhaﬁ wider at one end to
promote the entrance of the 50;&&19& through ity at the
other end it was constricted and the whole of the tube
paeked with glass woel =nd asbestos alternatelye. the cther"
tube C, is open at the lower end and drawa ocut toc a
capillary snd bent to an "8% at the other ends The bulb "D*
blown in it was packed wiﬁh glass wWoole Theae tubes were
then psssed through tichtly-fitkinz holes ef the amallar
rubber stopper "H", which was mad to fit the neck of the
w&ighing bottle ﬁA“ This Boitle was of ordimary &3onxcal
flask“ type of about 250 CCe capaclty and wexght of apnreu
ximately é& gr@ms,‘ It wes provided with a ground glassv

neck and glasé stopper ground to fite

The Tiltering apparatus, clesn =nd thoroughly
dried, Wasvfitted to the weighed bottle 4. The constricted
end of the tube B is at the lower end to prevent the |
glass wool being fo?ﬁeé inte the lower chamber during the
process of filtration. When the solution has reached sate
uration the motor Iy (fige I} is disconnected, clamp X, re-
leased and the’sﬁapper Rs {fige I) ﬁegetﬁex with stirrer is
removed and the filiration apparatus with botti& AR sttached
tightly to it immediately imserted into the mouth of the
sol&bxizty bottles The amomnt of evaporation from the
solution aud bossible eooling of ahe solution during this
process is ﬂeglzgzble,.81nce'the filtration apparatus is

inserted almost instantoneously after the stopper *R® is re-



moveds The two hattles thﬁs connected, with both sioppers
fitting well into the necks -~ is then iﬁ#erteé in the thermos~-
tat aund the solution filters through the tube "B" into the
bottle "A"s  The air in the letter is displaced into the
upper chamber’throégh the tuba "0“, The purpose of the bend
5 at the end of the tube C and bulb *D¥ with glsss wool in

its is to prevent the entrance of any po:sible selié métﬁerf

and the solutibn into the lowey bottles

If any solid matter enters the copillary of the
tube (¥ while tﬁ@ filtrstiou spperatus is being fitied
to the s lubility bottle the small quantity enteriang would
be absorbed by the glass wool in "D®* when the apparatus
ig invertede Fence only that solutiivn is present in the
botile "A" which filters through the thick layer of glass wool

and ashegton,

~ When all of the solution has filtered into
the weighing bottle aﬁd»ﬁ@t@iﬂg but the wet solid phasge
rémaiﬁs in the upper chambers the apparatus is remevedAfraﬁ'
the thermostats the botile “&“ is détached from the rest of

the apparatus aﬂd its gloss stopper immediately inserteds,

The surface is washed with zlcohol snd ether,
thoroughly dried znd the bottle with its contents weighed.
The weight of solution is obtained by difference. The

solubility bottle “E® {fipges II) is then opened most of the wet
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solid phase being on the suriuce of the stopuer, Ge

A sample of this solid is taken into a small clean and
dry weighing bottle, stpppered with ground glsss stopper
and weighede The amount of the wet solid phase is
determineﬁvby differences. This filtering apparatus works
perfectly zéd is very suitable for separation of solution

from its solid phase in contact with in at lower tempera-

tures bﬁt has to be modified for its hée at higher tempera-
aturese At high temperaﬁnres the gas pressure in the

) gpparatus inereases so much as to force out the stoppers
thus causing thelleaking in of the thermostat water or oile.
Although the two bottles were held d¢mmpact by & stromg grip
this effect could not be remedied esiecially at the

temperature of 909,

Accordingly a modificuiion of the tyyegz was

" devised as shown in figure II.

A gless tube "T" of 3 mme. internsl diameter was
joined to the tube C of the eriginal,apyératas. It was
made to prsject to the;siée of the apparatus through &
depressian made in the large rubber stopper« It was bent
| as shown in the diagrém, its end being 1 em. higher than the
top of the solubiliiy bottle when invertede. Thus, when the
whole of the filtration apparatus is immersed in the bath, the
end of the tube "F" projects above the surface of the water

s0 as to prevent the leaking of the thermostat water into the
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The gas pressure in the apparatus which otherwise
would imecrease is thus pmesed through the "T% tube resulting
i& the gressare ingide the spparatus being that of the

atmospherss

Another gdvantage of this modification is that

there is no danger of the gas pressure fovcing out the

- bungs and the bottles need not be gripped strongly, thus

a¥oiding the danger of breaking the boiile "a" which is

Bsunlly of compasratively thin glass

The spparstus desbribed sbove together with its
mogifiention, due to its simplicity and éomyaetnesﬁ is
very suitatle Tor phase rule studies of salts of-high
solubility - involving the analysis of wet solid phase and

can be used ai any high temperaturesa

. Owing to the fact that mickel sulphate exists in
relatively large crystals, the solid phsse remsining in ths _'
solubility bottle after the solution has been filtered off
retains relative;y small amcémt of solution in contzet with
ite The amount of water present besides the water of
grystallization is very smalle. This the anzlysis of
samples~df such wét solid phase gives points at éeasiﬁerable
distance from ihe corresponding points for solution when

plotted on the triangular diagram,
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Whep, howevers the soiid phase such as célcium
sulphate'ig\made of exceedingly smsll crystals, the smount
of solution remsining in contadt with is it considerables .
This is readily understood frbm the adsorption phenomena.

| The amount of adsorption éepends'oﬁ the extent

of the boundary surface, so that finely Sthivided particles
such as calecium sulphate in contzet with sclution possess

a large specific surface thus aésofb,relati#ely large ambunt
of solution. This adsorbed solution cenuot be Tiltered off
in the manner sbove described. | |

Analysis of wet solid phase of this nature gives
péints representing the composition of the :solid phase and
its corresponding solution close to each othera. Hence a
small error iﬁ the analytical work would shift the "tie-

line® on the triangular disgram considerably. Furtheimore
Uit was determined experimentally that célcium sulphate has

Rreferential adsorption towards watere Solids of this

matter: cannet be studied &y this methed since Phase Rule

takes no acsount of this phenomeﬂcn, This diasgram will

be discussed more fully belows

Aecordﬁﬁglyg filtration by suction was necessary

to get rid of this adsorbed solutioms The apparatus for this
parpose is shown in figure Ie. Itvcensigted of é long narrow
‘flask "F" with a rubber stopper fitting tightly to its necke
Through this stopper bassed a small Buchner and a capillary
tube *E" fitted with a stopecock ”J” and bent as shown in the

diagrame
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The Buchner was so fitted to the bottle that
when the apparatus was immersed in the bath, only the top
of the Buchner vas above the surface of the water. The
other end of the tube "EY was paésed through snother rubber
stopper-this latber being fitted with another capillary
: fube "L* which was connected to a vacuum pump. A large
Winchester bottle was fitted then to the sﬁapeock as shewn.
The apparatus works as fallowa~* The flaak TR . all connee-
tedw is a2llowed to stand in the thermostat for a certain
 period before Tiltration is to takefplaee. Stopeoek VI iﬁ
cloged, nw opened, and the gir is pumped off from the
xbettlé‘“?”f {topeock "IM is then closed and pumping

discuntinued.

When nearly =11 of the solution hne filtered by
means of the filtration apparatus shown on figure II, bottle

* (Ffige 1x) is dinconnected and stoppered. The solid,phase

. and th@ rest of the salutmen in Gﬁﬁtﬁﬁt with it is then

poured 1nt0 the Buchner snd the stopcoek "J" opened. The
heated vacuum in the bottle "P® gouses rapid filtration -
and in addition the soiié in the Buchmner is packed to further
remove the water adsorbed to the fine pgrticleé of gypsum,.
Sam@le of thié is}then taken in.a welghing bottle and proe

ceeded with in the usuzl ways
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“ince the Buchner is almost wholly immersed in
the bath previous to and during the brocess of filtrotion
and the rapidity of filtration (which takes about 30 seconds )
intredﬁces no danger in the =zolid altering its chemical
composition due to poassible coolings This gave very

satisfactory results which are shown below.



VAPOUR PRESSURE CURVES OF CALCIUM SULPHATE
AND VAPOUR ?RE%E;@RB A PPARATUS.
Buring the progress of solubility determinations
of the present system, it was found necessary te determine
the type of Hydrate of Caleium sulpbate that was being
‘dealt withe Eence, VB8pOUr pressure measurements of Ca304-
water were made at teﬁperétures at which solubility relations

were investigateda

Gypsum is stable in contact with water at low
temperaturess but at higher temperatures, it may be trans-
formed into = hemihydrate, occording to the variety of

SyDpsut,

..Vapour preBSHre maasureménts'l5 of the system 03304,
RHg0 -Casoé.%ﬁgo - HoO vapour by J.H.Vant Hoff and E.F.
’Armstrcng, show that vapour pressure of ‘this system is lower
than that of pure water, and that the transition point is

at 107°C.

The vapour pressure corves for systemss-
CaS0.+2Ho0 = CaS0, (soluble) = Ho0 vapour and CaSOge2Hg0 -
Ca804 {natural) - HoO vapour =re both above that of waters
the trensition point of the former being $5° and that of

the latter 63.50,

Thus the higher temperature limit for the
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- existence of gypsum in comtact with water depends on the
product of its dehydratione |

Acecordinglys vapour pressure measurements of
gypsum used here were made ait temperaﬁureé 459¢ ang ?5@G¢
This was earried out in the apparatus shovm indfigare
111, ‘

About 10 cce. of water were introduseéd into a bulb "4
‘and bulb "B° was charged with équal quantities of gypsum and
ﬁatera The b&lbs were then sealed at the tope The tubes
leadlng from the two bulbs were hent s0 that the bulbs

were wholly 1mmerseé in the thermostate

‘The tubing between the bath and the manometer
was ccver d with = layer of asbestes and Woﬂﬁd with fine
Te szgtamce wire a8 shown in the diagrams The ends of the
wire were connected to a suitable resistance and the main |

A=C lines

Thermometers at peints & and H were bound next
tc the tubing by means of asbestos to regisﬁer the tempera=
ture at verious parts of the apparatuise The p&?pase of the
asbestos layer between the tubing and the hesting wire is
to distribute the heat throughout and to prevent the possible

breaking of the tubing due to high temperafure.
& & g :
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The side tube "F¥ was connected to a high vacuum

pump and the lower tube was dipped into the mercury cups

¥hen the bﬁlhs were immersed in the thermostat
all stopcocks were closeda ;The apparatus was then graéually
heated to a temperature sbove that of the baths | Stopeocks
Cs Dy and ¥ were opened and pumping begun to drive aff any
possible fereign'gases bresent ic the épparatuso %hile
pumping was still continued, stopeocks € and D were elcséd
and ¥ openeds zﬁarcnny than rogé to thevmgximhm when
-stopcock ¥ was closed, pumping distontimued and height of
mercury in the tube takens The wgmer:vapouf from bulb wA"
wasg then allowed to enter the aﬁparatus by opening the
stopeock Cp thus causing mercuﬁygto fall a certain distance
The height of mercury was thén noted, the difference in the
two readings being the vapour pressure of water at that

temperature.

Stopeoek € was then closed and F opened and
bumping begun. Hercury again rose to the :ame maximum
mark, when all the water vapour in the.tubing was pumped off.e
2topcock ¥ was then clesed énd D opened. Pumping was cone-
tinued thus csusing the water in comtoct with gypsum in the

bulb B to be driven off,

The vapour pressure of the system in this buldb

was determined in the similar way as that of water bulb B.
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After pumping for a few minutes the same vapour
pressare‘réading was ibtained as that of water in bulb "A"
indiéating the présenee‘ef'water yet in contact with salt.
Aftef'repsatéd fivé minute intervals of pumping and vapaar
pressﬁré'reading it was found that there was a difference
of about»lé mm. in the pressure. This reading was noted and
iﬁmediately the apparatus wae iemeved from the bath,,andka
sample of salt wes then taken for amalysis of water content.
~ The bulb was thaﬁ saaleévthe aypé;étua again inmersed in

the thermostat, and similar operations repeateds

ﬁﬁ%er sarieé of intervals of Qaﬁying the contents
of bulb B prddneed~ne,chaage in the height of merecury as
ﬁhai at‘its}maximnm, indieating that gypsum was completely
dehydrated, Sample of salt at this stage was taken for

analysis of any possible water contenis

- Samples taken as described above were kept in a
drying oven at temperatures of 115° ang weighed from time to
- time-loss in weight dtermingd by difference.

after , , .
The first two samplgﬁfheiﬂg exposad to a temperature

of 118°C for 24 hours, proved to have contained 21,95% water
‘i.e. they were CaS0.2Hu0.

| The last twé samples trested similarly showed no

loss in weight, being anhydrous calcium sulphate as

expecteds The Vapeﬁgegfﬁgﬁe first hydrate was 61.5 mie:

When these figures are compared with those of
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Vant Hoff, whose value for CaS0g.2Hod = (2504« (nat.)
HoQ vapour is 62, mme  shows that CaS0,+2Ho0 was dealt with at
45°,  This is confirmed by determination of water content
of the first sampless

Similar vapqufggggiginatiens of gypsum were,ma&é“

at the temperature of 75%, in this cesey, howevers no dif-
ference between the vapour pressure of water and that of
caleiuwm sulphste at this temperature was noticeds proving
that no hydrate exists at this temperature in contact
with waters VWhen after a time of yumpingy the contents of .

the bulb B produced no change in the height of mercury iﬁ the
tube as that at its maximumg sample of salt was then taken
and gsimilarly analyge& for water content. Samples were
kept in drying oven for twenty four hours and no loss in
weight was detecteds proving it to be gnhy&rous forme This
confirms Vant Hoff's figures on the range of stability |
of gypsum on contact with water. It is possible, however,
to have gypsum in contact with waters, or other :alts in |
sélutiaﬁ at higher tempecatures than 63.5 which Vant Hoff
gives as the tramsition,point of gypsum-natural ankydrates )
In_such case gypsum may be considered as in the metastable
forme 1In fact the solubility of this form has beem determined
to as high a témyerature as 107% as discussed in the preeeeding

seciione



PRUDARATION OF FATERTALS

KETHODS OF ANALYSIS.



The nickel sulphiate used ﬁaa Hallinckrodt's pure C.D»
quality salt. The only itraces of impurities were .03%
cobalts «10% alkali ﬁetals, anrd troces of iron and chloride.
Calcium sulphate was prepared from calcium carbonate in the
following manners

To a welighed quantity of calcium carbonate was added
ealauléﬁed volume of solution of hyéraﬂhloricggeiﬁ, Just
sufficient to dissolve the salﬁ; ﬁeme.ailisé was found to
be present. The solution was therefore filte?ed'a number of
tiées until the silica was removeds = To this sohution was
then added a caloulated éu&n%ity of dilute sulphuric =eid
to precipitate ealcium sulphate. Afﬁeé the'prscipitate hag -
settled, it was then filtered through & laﬁge'ﬁﬁchﬁérvand’
washed s number of times until the filtrate gavalﬁovtést for
‘chloride or apprecisble sﬁlpﬁaﬁe31v To get rid of the fineﬁt
particles of sypsum a large guentity of distilled water was
added to the salt in a large beaker anf stirred vigorously.
It was then allowed to stand for twenty-rdur hours during
which time Jurger particles settled in the bottom while the
finer ones were held in suspensions The supefﬁatant liqguid
was then removed by suctiocn, hence, getting rid of most of
the finer particles in suspensione. This operation was re-
'peated three times.

Before individual samples were taken for solub lity deter=
min: tionsy they were filtered én a small Buchner to get rid of

any possible acid still remsining in the salte



Luplicste samples of gypsum were analysed for purity

and were ‘Tound to contain the followings

S5ilg w=rmmmeess o =trace
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Solubility determinations of gypsum in pure Wéter were . m

made and the resulis obtained agreed with those of previous
workers whose dats is considered to be reliahleg |

The Tollowing method was employed in the anzlysis of
solution comtzining both ssltss | |

The weighed solution was made up to certain défimite
volume and a~1i@&iﬁ portion taken for analysis< = Nickel
was first &gserminﬁd electrodytically from the ammbniesal
solution containing excess of ammonium sulphete

'Gﬁlﬁiam waS‘theﬂuanalygeé for wolumetrically by preci=-
pitatiﬁg it with smmonium oxalate, diasslving'the.preﬁipitate
with dilute sulphuric acid and titrating it with standerd
potassium permanganate solutione |

buplicate szmples were made now and again to test the
accuracy of the aﬁalytical worke

50lid phases were shalyzed similarly for both nickel

and calcium sulphatese
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TABLE: I.
ISOTHERMAL OF 45.0°C.
 (aS04
Solubility CaSO4.2H20 in Ho0 ¢ +2114 gns. /3. g+ RH,04
Splid Phase T T460% 32

Nisey
S0lubility NiSOLs6HgOs in HpO 3 48,36 gmise /100 ge Hgd
Solid Phase : 49411% Ho0

qﬂmﬂﬁ’ﬁ R SOLID PHASE

Expt. Solubility Sem»m ty 4 % % %
T Tulso, 8  NiSo;  Casoy _ Wis0y CASOy

1 6.23  .220 6.13 179  53.10
2 10,61  .223 9.57 «202 4.03  42.54
3 20,42 243 16,92 »20% 3498  57.61
4 23.50 #2536 18.99 - L191 6463 51420
5. 25,45 +246 20.25 4196 6,05 56415
6o = 26482 .246 20.98 = o194 Bl '59.;85'
7o 29443 o255 22,60 204 8406 51497
| 35,03 +252 25489 .183 9.74 49,02

C37.99 » 257 3?&%8‘_ »186 BeB5 53434

10 43,54 o242 30.28 168  10.14 53.66
11 4%.31 © .200 32.98 «134 48447 8469
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TABLE IIX.

Solubility of Gypsum in Hp0 5 199 gms. CaS04/100 g« HpOe

Solubility of NiSOy6Hz0 in Hgd ¢ 60.36 gms. NiS0,/100 g. Ho0.

SOLID

PHASE

ExXpt. sezzzbimfh?
, Ei%& :

solubility
CaB0y

P

% o F
CaS0;  WiS0,

 €asS0y

%

Lo

6o '

7.
8a
9.
10.

7450
19.60

33432

40.16
. 48488

44459
49,7

58.81
61.25

+226
+273
287
<254
sam1
+315
+302
«276
240

7.13
16435
18445

24494
28.59

30478

37.94

RE8
» B30

.220
228
. .225
208
.&84 '
$150
134

177
4083

6430

461

Ba 43. _

Gl
10418
14eR9
12.33
47447

65..95
556427
54471
64428
BRe46
6led
51.39
45.7
52440
.09
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TARLS III.
1@@15&&*&%&% oF 9&.&? o
z:s@mgizﬁg of ﬁas%.zﬁg;@ in Hg0 = 177 gmss 0250,/100 gmse Hy0n

Bolubility of f%i»ﬁ@ﬁﬁgﬁ in Hy0 = ﬁ%y‘?{} gmse ﬁiﬁ@gfzaﬁ Erise Eg@;

ﬂ@at?i&g e _‘” T e e

5| % %
S04 HiSO, CaSO,

282 43.79

‘#8089
2332 R o
=348 6440 52497

S+18 60415

25440 o253 | B.76 51.21
na el
28454 2238 | 9.70 50.8
13, 30408 225 0412 55.16
‘15
16,
1%
- 18,
19.
20,
21.
22.
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Solubility relations between calcium sulphate nickel
sulphate and water were studied at three differént temper-
aturese As is noticed from the graphs that at each isothel-
solubility of ca;ciam sulphate is enhanced due to the

??esenee af,aiekéi‘sﬁlgha%e in solution. It first increases
%&eﬁ éeereaaes coming to nearly the value of ifs solubility in
,§gre ﬁéter'when~asaga$i§gg ef.niékﬁi.sﬁlphate £S'aea§iY{éétuﬁated.
@5@%@ isothermal curves are somewhal similar'tevtﬁe cnﬁveionjsel-
ﬁbili@? of caleiumVSglphate in pure water at various temperatupess.
iﬁ may‘he noticed ihat the maximum solubility ef’gypéam occurs
iﬁ dilute Selutiaa of niekel sulphate at lower temperature, whigﬁ'i
?t high temperature, it is most sokuble when tﬁe concentration
of nickel sulphate in solution is high.

- On exzmining the triaﬁgn1a£ gra§hs,‘it’is shown that no
%Qablgvaalt_fa:ma;iaa $gké£_plaae between calcivm sulphate

and nickel sulphate in water. All the "tie-lines" meet at a

, é@imtn@drrespanding to 20.91% HpO in calcium sulphate proving

that throughout the temperature range studied the form of
célciﬁ@~sulphatg-pteseat in cont=et With.salatian‘was a
éihydraﬁe daSQ;.2H2ﬂw This was confirmed by Vvapour pressure

determinations at 45% as discussed previouslye
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