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Introduction

When a natural water is conéentrated by evaporation it deposits
its saline consﬁituents in the reverse order of their solubility, the
least soluble first, the most soluble last of all. The process,
however, is not so simple as it might appear to be, for the solubility
of a salt in pure waﬁer is one thing and its solubility in the‘presence
0f other compounds is another. Bach substance is affected by its
associates, and its deposition is partly a matter of concentration and
partly a question of temperature. In general, the Qharacter of a
salina deposit can be predicated from the character of the water which
yields it; & chloride water gives chlorides, a sulphate water sulphates,
and waters of mixed type furnish mixtures of compounds or‘even double
salts. The more complex the water the greaﬁer becomes the range of
possibilities.

The behaviour of reciprocal salt pairs is of a special importance
in connection with the study of the conditions governing the deposition
of oceanic salts, such as takes place at Stassfurt. In sea water there
are a number of ions, for example; sodium, potassium, magnesium, calcium,
chloride and sulphate ions, which on evaporation Qf the water can give
rise to deposits of single salts or of double salts in large nﬁmbers,
the nature of the deposit depending on the concentration of the solution
and. the temperature of evaporation. |

Leaving out of comsideration the calcium and the sodium salts, we
will in this work consider the condition for equilibrium in the systems.
formed byrthe reciprocal salt pairs potassium, magnesium, chloride and

sulphate.



The Stassfurt deposits have been thg subjecf of elaborate in-
vestigation by J.kH, Van't Hoff and his schooll. In 1849 J. Usiglio2
studied the deposition of salts, when sea water is concentrated by
evaporation and examined the residues analytically. He found that
calcium carbonate is first eliminated, then calcilum sulphate, then
sodium chloride and the more soluble salts accumulate in the mother
liquor. This méthod of investigation does not allow sufficient
time for the varibus salts to attain a state of equilibrium and it
therefore follows that the natural evaporation of brines probably
furnishes somewhat different results. Moreover it is difficult, if
not impossible, to identify the several substances, which separate
from.the mother liquor formed during the later stages of evgporation.
Van®t Hoff followed the synthetic method in his study 6f this subject.
He started from simple solutions, like those of sodium and potassium
chlorides under definite conditions of temperature and'gradually added
the pertinent constituents, until the subject became so complicated
that the Qiystallization of the constituents from the concentrating
-sea water Was reduced to a special case of a far more comprehensive
WOrks

The work of Van't'Hoff shows that the slow evaporation of sea
water furnishes salts in the following order (1) a deposit of sodium
chloride, (2) sodium chloride, leonite, potassium chloride, (3) sodium
chloride, keiserite and éarnallite, (4) sodium chloride, keiserite,
carnallité and magnesium chloride, (5) the solution dries Without
‘further change. Precht and Wittzen® have shown that the dehydrating
action of magnesium chloride frevented the formation of epsonmite, when

a mixture of the sulphates and chlorides of magnesium'is heated on the




.watér bathe This dehydrating‘action of magnesium chloride has made
itself evident continually in our work on this subject and its pre-
sence in-solution will effect considerably the resulting saltse.

Po obtain an insight into the donditions under which the 4iff-
erent salts can be deéposited,Van't Hoff and his pupils4 cérfied out-
g large number of solﬁbility determinations and invéstigated the
conditions under which the different salts and mixtures of salts
exists in equilibrium'with solution. This work was carried on at
250 and he found that besides the four single salts, there existed
the double salts, carnallite KO1MgCly6Ho0 and shoenite KéSOéﬁgSO46H20'
in the before mentioned éystém Ko SQmiel 15-K0 1-MgS0, ~Hy 0o

5

This. system was also studied by’JanackB, whb worked upon the

melts of these salts., His results differed from Van't Hoff's 250

isothermal in that two new salts formed, namely, langbeinite K:gMg(Soé),5

and a quaternmary salt, anhydro kainite KMgSlSO4 were present besides
the anhydrous simple salts themselves and an anhydro carnallite,which
occurred at 250. The quaternary is of interest, since it is formed of
the four different radicals.

A question may néﬁ'be raised, where do these salts appear apd
disappear with resﬁect to fhe temperature between 250 and the tem=-
peratures of the melts, which was in the neighborhood of 5009@ The
-answer to this question is attempted in this work. The 100O isdths
erﬁal was chosen, since it was midway between the two studies which
“had alréady been completed. 100° is also the approximate boiling
~point of water solutions, therefore, our resu}ts would give us sol-

ubility rélations'of the salt pairs in boiling solutions or approx-




imately boiling, since the boiling point.of the solution will be
raised by the dissolved salts.

It was necessary in this work to carry out a complete primary
investigation of the salt pairs containing a common radical or
‘metal and then use the data so obtained,to complete thé quaternary
systen containing the two different metal and acid radicals.

Only two'of these systems were completed in this work, namely,

O ana ma.gne—

magnesium sulphate, magnesium chloride and water at 100
sium Sulphate, potassitm sulphate and water at.lOOO, The other

two systems , namely, potassium chloride and magnesium chloride and
water at/looo and potassium chloride, potassium sulphate and water
at 16@0 were completed by my cc-woiker K. DoWnes6 and a thorough
‘study of theseisystems will be found in his work under that title.
I have used his results to complete the solubility relations. of the
quaternary system KC1 - MgSO4 - K2304 Lot ﬂgclg at 10é)along with

the results I obtained for the above mentioned two systems that are

found in this work.




‘The Phase Rule

GiBbs9 enunciatedvthevgeneral theorem called the phase rule,
by which he defined the conditions of equilibrium as a.relation—
éhip between the number of what are called phases and the compon-
ents of the system.

Phases. When a heterogeneous system is made up of different
'portions, each in itself homogeneous, but marked off in space and
separated from the other portions by bounding surfaces.

These homogeneous, physically_distinct and mechanically separable
portAOns are called phases. |

Gomponent . As;théncomp@nenfs’of a system there are to be
chosen the smallest number of the independently variable consti-
 tuents, by means of which the composition of each phase participat-
ing in the state of eqﬁilibrium}can be expressed in the form of a

chemical equation; namely three facts: - .

(1) The components are to be chosen from among the consti-
tuents, ﬁhich are present when theisystem is in a state of true
equilibrium and which takes part in fhe equilibrium.

(2) 4as compdnents are to be chosen the smallest number Qf
~ such constituents necessary to express the composition of each
phase partgdipating in' tke equilibrium. Zero and negative guant-—
ities of the components being permissible. |

(3) In any given system the number of components is deflnlte,
but may alter Wlth varying conditions of the experiment. A certain
freedom of cholce however is allowed in the qualitative selection
of the components. The choice being influenced by comnsiderations

of simplicity, suitability or gemerality of application.



Degree of freedom. The number of the variable factors, temp-

reature,pressure and concentration of the components, which must
be arbitrarily fixed in order that the conditions of the system
may be perfectly defined, we may also speak of variability or

variance of a system.

The phase ruie may be stated as follows: a system consisting
of n components can exist in n % 2 phases only when the temperat-
ure, pressure and concentration have fixed and definite values.

If there are n components in n % 1 phases, équilibrium can exist

while one of the factors varies and if there are only n phases, .

two of the varying factors may be arbitrarily fixed. This rule,

the application of which, it is hoped, will become clear in

the seQuel, mayvﬁe very concisely and 00nvenient1y summarized

‘in the form of the equation

N A | F= n-~-r42 or E.: nmf2 -

Whera‘F denotes the variability or degrees of freedom of the

system, n thé numbef of the components, and »r the number of

phases. The relation between these is evident from the‘equation.
Gonsider first the relatioh of our investigationé to Gibbé'

 phase rule . According to this there is complete equilibrium, if

n salts ocour in (n # 1) phases. Ve are dealing with saturated
solutions and since two phases are always present,Anamely salt and

solution, the comditions for equilibrium are such that there will

o be (n - 1) solid phases.
Congider first a golution saturated with one salt. In this case

we will have two components and one solid phase., The two components




being sélt and water. Compléﬁe equilibriun wiil\be obtained only
when three phases_are presenta.

With solutions saturated with two salts of thevéame base or
acid,the number of components will be three existingAin three phases.

(a).We deal with solutionsldf'two salts, bdth of the same acid
or base- eg;, Ko1, K2304. In all three components. Therefore the
Adegree of freedom Wlll be zero, when both salts are present as
so0lids.

(bi.& special dase will ogzeur where a double.Saltgforms to com-

plete equilibrium being possible: eg., KCG1 = DS, K,;850,- DS.

(c) A peculiar solution of MgSO, as 7H50 and 6Hs0 both forming

solid phases. The latter .forms from water, magnesium @hloride,-
magnesium sulphate'heptahydrate. Magnesium chloride enters solution
and withdraws watér of crystallization,from magnesium sulphaté
heptahydrate forming Gaq., until a definite concentration is reached.
If more solid magn651um chloride hexahydrate is added, this also
dissolves and draws 1aq.i£rom the magnesium-sulphate“heptahydrate.
If sufficient magnesium sﬁlphate'heptahydrate is not presént;it 1o
longer occurs as a solid phase, butycnly magnesium sulphate hexahydrate
coexists with magpesium chloride hexahydrate in the solid state.
Hence two different solutions can be prepared from the salts
magnesiun sulphate and magnesium chloride,each saturated with res?ect
to the two salts.

- Saturated solutions of two salts with no common ion will raise
the number 6f components to four. A study Qf a system of this type

at 100() isothermal is the aim of this present work. The four salts




ére Mglls - EKEgS04 - H@504 - KCl. They represenf-three substan-
ces, i.e., KpSOq = Kol / MgSO, £ Megl,. Since the fourth
component is water, the degree of freedom must therefore be zero.
If three saifs are present as solids, one having used only two salts,
a third will have formed from these two and will appear in the solid
phase: eg; excess potassium chloride, magnesium sulphafe, water.
Magnesium chloride is produced, dissoives and potassium sulphate
serarates ouf formiﬁg shoenite at 250 with magnesium sulphate,
Three solids magnesium sulphate heptahydrate, éotassium chloride and
shoenite. COnversely if four salts are téken, one will vanish and |
there will be three remaining as solid phases. The solution being

of constant compesition.

If in the preparation of these solutions we use potassium
chlpri@e and-magnesium sulphate, the analysis of the solution will
- give us the same result as if potassium sulphate and magneéium
chloride had been added. As potassium sulphate and magnes ium sulphéfe
at 250 unite to form shoenite aﬁd magneéiuh chloride and potassium
cﬁloride form carnallite and magnesium sulphate heiahydrate from
magnesium sulphate héptahydrate by using the salts potassium chloride,
magnesipm chloride,‘potassium sulphate and magnesium sulphaté in
different proportions, the prodﬁction of five éolutidns is possible,
in each 6f which three soiid rhases are present.

Solid phases (1) Shoenite, X350, Xko1
(2) " , . MgS0 M50, KC1
(3) Mgs0,7H;0, MgS0,6H;0, KOL
(4) MgSO046Hz0, KC1 Carnallite
(5) MgS046Hz0, Mglla6H0, Carnallite



In thé preparétion of these soiﬁtions within certain limits, salts
\:may bé taken in any quantity, but one must pay particular attention
to the quantitative relations in which the salts must be present

to form the solid phases. Quantities must be chbsen in such a
ﬁanher,. if magnesium sulphate heptahydrate is to be the solid
phase, that more potassiuvm sulphate expressed In equivalent guantities
is not produéed by the double decomposiﬁion, than is present as |
magnesium sulphate heptahydrate. A4s in this case potassium sulphate
and not magnesium sulphate heptahydrate with shoenite will be the
so0lid phase. In our soluble experiments very large qpantities'of
salts were avoided Because a paste is obtained and therefore three
salts were used whose pr0portionsvwereﬂcalculafed approximately

from previous experiments with solutions having thrge salts as

s0lid phases.



10

Graphical Representation of Three

Component Systems.
If we have three components, five phases are necessary to con-
stitute a nonvariant system, four for a monovariant system and three

for a divariant system. Since the number of liquid phases can never

exceed the number of the components and since there can be only one
vapour phase, it is evident at the quintuple point, as in the case

of the other invariant systems, there must always be at least one

solid phase present. As the number of phases diminished, the var-

iability of the system may increase from one to four. So that in

the last case the condition of the system will not be completely
‘defined,until not only the temperature and the total pressure of the
systém, but also the concentrations of»twc of the components have
been fixéd.

The problem of representation haé‘been solved‘in several ways.
Goncentration, temperature diagrams;ymeéeﬁx great. difficulties when
* the number of components equals three. Schreinemakerslo uses the x
and .y axes to represent the amounts of the components in a const-

- ant quanﬁiéy of the third. Here we find ourselves unable to express

the anhydrous‘double salt or solutions containing very little of the

11

fhird component. Neyerhoffer uses a diggram in which the temperat-
ure is one of the coordinates. In a system of two salts and water

he measures the ratio of one salt to the other along one axis and

the temperature along the other. This method neglects the relative

quantities of both salts in respect to the third componente
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Van Rijn van Alkermade'slg method has no advantage over the method

13

of Schreinemakers. In the method proposed by Gibbs™” an equilateral

friangleawas used. The sum of the components was kept coustant,

the triangle being of unit height. The corners of the triangle
will represent some definite mixtures of the three gubstances., This
ﬁas used b& Thurstoh14 in some work on alloys and also suggésted

by Stokes 15,

‘Roozeboom+®

suggésted first an isosceles right angle triangle,
the equal sides‘being of unit length. This distorted the three
sides or hypotenmse so that one of the cbmponents seems to occupy
an exceptional position and is found impossible, whenbthe system

of three components is considered, as a subdivision of one con-
taining four. This he modified to an equilateral triangle, which
is'distinctly superior to any others considered before. It
consists in empnoyiﬁg the equilateral'ffiangle,»the length of whose
- side is made equal to unify or onéyhundred, Tﬁe sum of the. fract-
ionél or.peroeﬁtage amdunts of the three_components being represen=-
téd“by the sides of the triangle. In employing the triangular
diggram it will be of use to note a property éf the equilateral
triangle, A line drawn from one éorner of the triangle to the
opposide side répresents the composition of all mixtures, in which
the. relative amounts of the two components remain unchanged. Thus,
in figure 1 we see that if the component C is added to a nixture
x, in which A and B are p?esent in the»proportions of a:b, a
mixture x', which is thereby obtained, also contains A and B in

the ratio asb. For the ﬁwo triangles ACx and BCx are similar to
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the two triangles HOx! and KCx'; and, therefore, AX; Bx = Hx' ; Kx'.

Bx; further, Hx' = Fx' and Rx' = @x'. There-

 But Ax = Dx and Bx

fore, Dx: Ex = Fx!

Gx' = bja. At all points on the line Ox,
therefore, the ratio of A t0 B is thie same.

If it is desired to represent at the same time the ghange of
another independent variable, e. g. temperature, this can be done
' by measuring the latter along axes drawn perpendicular to the
corners of the triangle. In this way a right prism is obtained,
and each section of this cut parallel to the base represents
therefore an isbthermal surface. |
| Systems of two salts and water. In studying these systems,
one restriction must be made, namely; that the single salts are
salts elther of the same base or of the same acid or inbother
words capable of yielding a common ion in solution; otherwise thé
system would be one of four components.

If to a pﬁre solution-of A a small quantiﬁy~of B is added,
the solubility of A will in gemeral be altered.  Fige (2)e
The curve AC represents the vérying composition of the solution
in equilibrium with the solid component A Similarlyl the curve
BC represents the composition of the solutions in contact with
pure B as solid phase. At the point C, vhere these two intersect,
there are two solid phases, namely; pure A and pure B in
equilibrium with the solution and the system,beoomes invariaht.
At this point the solution is saturated with respect to both A and
B and at a givgn temperature must have a perfectly definite com-

position. The curve ACB is the boundary curve for saturated
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solutions. While solutions represented by a point lying within the
area ACBO are unsaturated, the points outside the ares aré super-—
saturated or mixtures of solid phases and saturated solutione. Since .
we are dealing with a three component system, one'solid phase in

~ contact with solution will constitute a bivariant system, at any
given température. Therefore the.concentration of the solution

in equilibrium with the solid can undergo ‘change.

Gonsidef now the formation of a deuble salt. This will give us
the sblubiiity curve for the doublg salt and those for the two
constituent salts. We shall Suppose that the double salt is formed:
from the single salts, when the temperature is raised above a cert-
ain point. We can thereforé have three cases:

(a) &t a temperature below the transiﬁion tem?eratureé the
solﬁbility of a double salt is gréater than that of a mixture of
" the single salts. Therefore the curve IZFD lies above the point
Ce This would be metastable and decomposed whpﬁ brought in cont-
act with thé simple salts. |

{b) At the temperature of thé transition temperature the double
salt can exist together with the'smgle salts in contact with the
solution. Thé solubility curve of the double salt must therefore
pass ’ﬁhrou.gh Ce

(e) With a still greater alteration of the temperature in the
same directigon as before, the relative shifting of the dduble salt
curves becomes more marked. In this case the douﬁle-salt now lies
in a region of distinct unsaturation with respect to the double

salts and can exist as so0lid phase in contact with the solution




of relatively more of B than is cpntained in a double salt itself. ;4
The .method of determining the composition of the solid phase

in contact with fhe saturated solution is due to Schreinemaker%7

He showed that by analysing the sdlution and its.corrésponding

wet solid phase and plotting the two points,thus ohtained, on the

tﬁiangular diagram,that the line joining these two points (called

tie line) would intersect the side of the triangle at the compos-—

ition of the so0lid phase.




15

Graphical Representation of Four
Component Systemé.
For the graphical representétioﬁ of the isothermal equilibria
in systems formed by‘two reciprocal salt-pairs and water, two

methods are employed, one due to Lowenherzls the other due to

Janeckel? Let us deal first with the system of Lowenherz where he

considers the simple case KNQ5 - NaNOs ~ K01 =» NaCl. As the

relation KC1 %_N3N05 = KNOz £ NaCl exists, we can express the

the compoéition of all solutions in terms of three salts. The

graphical representation of ény given concentration can be done
on g system of four axes, drawn like the edges of a regular
octohedron QA,»GB, 0C, OD meeting at O; that is two neighboring
axes form anbangle of 609, while Opposi#e axes (OAand 0C) form
an angle of 900; If we expfess along OA the contgnt of K01,
NaCl on OB, NaNOg on 0C, KNOz on 0D, aﬁy given point P expresses
the content by drawing from P a parallel to Doywhioh cuts thg
plane OCB in a énd ac parallel to CO, ab paraliel to BO. Then
aP expresses the quantity of KNOsz, ac of Naﬁdg, ab of Nall.

The same concentration can be expressed as the sumvof'NaNOS,
KNOz, KG1, or of NaNOz, NaGl and K01 or of Kﬁog,, NaCl, K31,

Sut if an octohedron is chosen these values afe identical,
because KNO5 and HaCl is graﬁhically identical %ith K31 and
NalNOye In the four possible methods of expressing, there may
also occur one having} for example, negative XKG1 and this of
course limits the choiee. As the four salts can only eoexist.at

the transition temperature, we have for any other temperature
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the following cases of saturated solution.

Solutions saturated with l. one 2. two 3J.three salis.
Case l. WVhere Kol and alNOz, but not Nall and Ki0z can coexist.
e then have to express the above three kinds of solutions by
lines and surfaces. Solutions saturated with one salt are
imnediately expressible by plotting the solubilities of K01, Nall,
Hall0z and B0z as QOa, Ob, Oc, O4 vespectively. PFurther there then
exists in the plane between Oa, Ob & line, consisting of two parts,
of @hich ap eipresses the solubility of K01 in the presence of
increasing quantities of Nall, 3P the solution of NaCl in the
presence of iacreasing quantities of X1, and P the solution sat-
urated with K01, NaCl. Similarly for bQe, cRd, dSa. There is thus
a closed curve aPbicRdSa,which expresses solutions saturated with
one salt and at the points PQRS, solutions saturated with two
saits are as follows:

P~ X1 - Hall, Q - HaBl - NaNOz, R - Nalllz - ENOg

S — KNOy - KGl.

For saturated solutions with three salts,as Nall - KOz cannot
coexist , only two cases are possible,thie former XKC1 - NaNOy - NaCl
at Py, and K01 - NaNOy - KNOg at the point Pye Both will correspond
to a different concentration, which is given by the points Py and Py
lying within the octohedron. Ve nov JoinPyp by the curve of the
solution saturated with NaCl and K01, by Pq with g for the solutions
saturated with Naﬁozand Rall; PE with R for solutions saturated with
NalNO and K0 5 Pg with 5 for K0z and X0l and Pq and P, for K&l

and NalNOze We then have four surfaces:



P1P;5 a p expresses solution with K1

P 1P2RC q " n n NalN0 5
P, pbQ " " NaGl
Png S ] 17 i KN05

1. Unsaturated solutions below aPbQcRASaP1Ps.

2+ Supersaturated solutions above i L

3. Solutions with one so0lid phase, the four surfaces Jjust
mentioned.

4. Solutions saturated and with two solid phases, the five
lines of contact of these four surfaces.

5. Solutions saturated and with three solid phases, the two
points Ple or the iuntersection of three lines.

At the transition temperature Ppiand P; will coincide in P,
where Naﬂl - NaNOz - KNOz - ¥C1 are in contact; Hence these can
exist at one tgmperature with a éaturated SOIution of each,

Above the tranéition temperature P, and Py will vanish as
KG1 and NaNOz can no longer coexist. Pg and P, now occur co-
rresPonding:to solutions at Py of three salts NaGl, Kﬂbsand'K31
or.at the point E% with NaCl, NaNOz, and KNOz and therefore the
projection 1ineé received anofher interpretation.

Let us deal now with a speoial case of the four salts Mgll,
K1 - K580, ~ MgSO,7H,0, but fhese form double salts shoenite,
éarnallite and magnesium sulpbate hexahydrate. Hence in the
interior we have not two but five points where the three fields
meet. |

We proceed as above, with foﬁr axes inclined to one another
and plot the solubilities of the four salts taking KOl as twice its

molecular weight or Kéclg. The necessity for doing this results

17




zfrom:the,following considerations. If OA, OB, OG, OD are the %xes
on which MgS0, -Es80; - KgGly - Mg,Cl, are plotted and let P be
'é point lying oﬁ one hand in the_plah@.through QA and CO and on
the other hand in the plaine through BO and DO} The position of
the point must then be determined whether the abscissae OA' and .;
Gt or the abécissae OB' and OD'. Hence it is indifferent which
of the two pairs of abscissae are given, but they must correspoand
and this is oniy the case if OA! and. 0G equal OB' and OD' that
is if OC' equals KzGl3 and not KG1l.

The sides of the fig. 5 express the horizontal projection
- corresponding to the projectiqn of fige 4 discusséd in conn-~
ection with the assumed simple case. The values for the present
case are‘those taken from the literature., Consider first figure
5. We have four lines cutting ;he whole figure and meefing at .
right anglés. These represent the solubilities Gf'the simple
salts, the salts in questionvbeing indicéted-on the graph. The
Roman figures correspond with solution experiments; the Arabic
- figures with crygstallization experiments. We must imagine the
'four axes arranged as the edges of a regﬁlér‘octohedron. The
ends.of the axes are joined by dotted lines. These lines are
really curves. Line I, II passing downwards from KCl. I exp-
_ resses the solubility of.331 with ihcreasing content of K2804,
and the line III, II going to the right from K5S0,. III gives
the solubility of K80, with increasing content of IGl. The
intersection point II_represenfs a solution in equilibrium with

KL and K3504. Line III lies between KgSO4 and MgSOzs VI

18




19

means to the left of III a solution of KZSO4 in t‘he presence of

" shoenite and at the point IV a solution saturated with KZSO4 and
.shoenite. V a solution saﬁura‘ced with shoenite and l‘gIgSOé?HBQ; and.
from V to VI a soiution of MgS0,7Ho0 calculated free from wafer

of crystallization, with decreasing content of shoenite. The line
going upwards from MgS0,7Hy0 (VI) gives the solubility of this with
‘increasing Mglly , which at the séﬁe time ‘has a dehydrating action,
so that one can look upon the s'olution_as ‘containing MgSOALGHgG’ in
increasing quant»i’cieé until VII is reached, where MgSO47H30,
MgS0,6H0 is the solid phases So that solutions containing MGl
épre saturated with these two éompouﬁds. The 1iné continues above
VII expressing solutions saturated with hIéSO46ﬁ20 and containing
increasing quantit'ies of MgC'.Lz at VIII. Mg()}{.zsl{ép can .b'e the solid
phase, that is,solution is saturated with Mglly and MaS046Hz0
From VIII 'to X ﬁhe line represents the solution at MgClg; with
decrsasing content of MgSO 46}120 and at the point IX the solubility
of Megl, alone. ’.Eiqe_line going down from IX to I represents
solutions containing Mg)l"gand KLloe This is so great at X, thét
the KC1 can ex_ist a-s solid‘phase_ as carnallite. Finaily at XI a
point representing the solution saturated with carnallite and

KBl , the MgClyp is only present in solution and its content de-
creasges to zéro at I. The five points ih. the interior namely XII,
X1lI, XIV, XV, XVI which are constructed from the solubility
determinations represent solutions saturated with respect to three
salts. The solid phases at the following points are XII carnmallite,

M8304 6}12 o, 11@1861{2 0; XIII carnallite ,Mg804 6H,0, K015 XIV M50, 6H20
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' ﬂ@§04?H20, K1, XV'Mg3047H20 shoenite, KG1 XVI KéSO4, shoenite KG1,
As from can be seen directly from figure 5, the‘horizontal p?o—.
jection contains the seven fields of the seven salts.

Construction of a point representing a saturated solution may
be performed by taking for example a solution saturated.'with shoenite,
MgS0,7Hg0 and KCly. The results wili be as follows: 64 mols Gly

16 mols SO,, 9 mols K , 71 mols Mg per 1000 mols of water. Bxpress—

o
ing as molecules of thie three salts ED], Mgﬁlz and Mgsbé, we get
the solution of XV to contain per 1000 mols of water, 9 mols of K5Glg,
16 mols of MgSO , 55 mols of Mgll + In figure 5 the unit is I mol
equals 1 mm. To plot this point we must take the point ¢ on the
vertical line of figure 5 corresponding to the‘mg804 axis, which is
as far removed from the pdint of intersection of the 4 axes as the
" point ¢ is in the vertical projection from the M1, axis. Through
¢ in the horizontal pfojection}a parallel is drawn to the MeCl, axis,
- a line 55 units long, its upper end representing the desired point
on the horizontalfprojection. The point ¢ is obtained by taking
first a point & on thé MgSO4 axis, which is 16 units removed from the
mean vertical axis cutting the figure, which expresses the Mg804
axis and point B on the K31 axis, 19 units distant from the same
vertical line. Through A we draw a parallel to the Kéclz axis and
thfough B a parallel to the'Mg804 axise The parallel must megt
in the point G. From the point C, as was before stated, a line
parallel to MeGls, 55 units long. Its upper end point gives us
the point we desire.

- A second method was put forth later by Janeckel® and Le Chateliers®

possesses the advantage over the method employed by Lowenherz, that

the composition of the solution is expressed not in terms of salts,




but in terms of ions, or of s0lid and basic radicals. Thus the
composition of aqueous- solutions formed from the salt-pair
Mlslf MZS?, an@ its reeiprocal pair, mlsg,é }%Sl’ can' be represented
in accordance with the scheme.
Ay, (1 - 2, g8 (1~ ¥)S,, w0

vwhere x, (1 - x), y, {1 -y} are the number of gram-molecules of
the ions dissolved in m gram-molecules of water. For the complete
represe_ntati-on of the isothermal equilibria a three~dimensional
model is required, aml as such Janecka selects a rectangular
coiumn on a square base. The four corners of the base rleprese‘nt
the pure salts, salts with a common ion being placed at adjacent
corners of. the square (Fils 6). The sides AB and CD of the square
will repi'esent solutions containing different proportions of Ml
and M, and by dividing these sides in the ratio of x to (1 - x),
and joining the points a and b so obtained, the line ab will
;epresezo’c qua;ternary solutions in all of which the ratio ofmlto
Mzis as :; to (1 - x). |

Similarly, the line c¢d represents the composition of solutions
in which the radicals Sland Szare present in .the ratio y to (1-y)e
The point of intersection 0 Willr then, obviously, represent the |
solution having the composition :Ml, ( 1-_::)3’12,,5:'51, (1 =y) Sg
dissolved in a given amount of waters. To represent the amount of
water, a perpendicular is erected at 0, and a length corresponding
with m gram-molecules is measured 0ff; or better, a length N "]_—%%%,_zn—m- .
The pointl'in space so obtained represents the solution of the compos-
ition xml,é (1-x)mg,ﬁ ysl,é (1—-y)sg,4 ufl, 0.

Generally, however, only the plane guadrangular diagram is employed,
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the relative pr0por’cions>of the salts oniy being represented graph-
ically, the amounts of water being indicated, when desired, by

numerals.
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Apparatus

A1l of the sﬁlubilities wBre carfied out at 100° and determined
by analysing the solutions which were constantly stirred for fifteen
hours in & bottle of the type shown in fig. 7. A mercury seal was
used to prevent the escape of the vafohr phase. These were placed
in an electriéally heated o0il batﬁ, in which a high grade 0il was
used, since a poor grade was found to degompose after several days,
it was necessary to-find an o0il that could be maintained at this
temperature without decomposing. guaker State electric bath oil
was fbund to be the most satisfactory. |

4 small heater was placed in the bottom of a‘thermally insulated
tiﬁ tank and constantly heated by the AC mainse. A rheostat was
placed in the circuit to roughly control the temperature. The fine heat
change was supplied by means of an electric light bulb, controlled by
relay which itself was operated by a regulator of the mercury, xylene
B.P. (1560) type. The variation was found to be within.l of a degree.
The o0il was found to slowly carbohize,'due to its comtact with the
hot element. The lattes was kept at a temperature which main-
tained the bath almost at 100  and the bulb regnlated it. A
standard thermometer was used to adjust it.

Special stands were used to hold tﬁe s0lubility bottles fig. 8
Which were clamped in these. The two bolts were supplied with wing

nufs to hold the top in place.
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‘Filtraticn Apparétus.

Sincé the solubilities of the séltS'at 100o were extremely high
and hydration occurred on cooling magnesium_sulphaté and_mégnesiuﬁ
chloride hexashydrate Eeing hydrated, removal'ﬁy alpipette‘was imposs~
ible, because of the solutions solidifying in the cold_pipefte. A
filtration device was used similar'térfhe type devised by CampbeilZI
and worked véry satisfactorily, giving a wellvfiltered'solid phase and
ease in removing the filtrate. The apparastus consists, as shown in
fige 7, of a large rubbe: stépper whidﬂgfits into the top 6f'the
solubility bottle C. The small tube D pasées into the bottle C Just
to the bottaﬁ;of the rubber stoppers A sintered glass filter M was
placed through the other hole going to the.bOttom of the vessel, 4
sintered glass filter of about,i”>in diamgter and éf a very fine mesh
was made by filiing a nickel mould, the size and ﬁhickness of a'pgnny,
7 with powdered glaés. Thelmould was then placed in a furnace atb 9000
‘for one minute,this was sufficient time to cause the glass to sinter.
together to form a ﬁofous plate. The platevwns removed from the mould
and fused into a funnel shaped tube and the end ground flstb, To this
filter through the corkwasg connected_a:U tube which paéses into the
vessel O containing a side am tube, which was drawn %o a fine point
at N to allow_the air to escape and also to condense aﬁy vapour on
the side of the cold glasse.

The apparatus both cleaned and dried was placed together as
~ shown énd when the solution was ready to be filtered the stirrer was
removed as guickly as possible and the stopper'placed in the top

of the vessel with the filter and the solid phase at the. bottom of
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the vessel. The metal top was placed in position and secrewed by means

of two thumb serews thus hoiding the cork tightly in place. The whole

apparatus was then immersed in the oil bath allowing the tube T and
D to protrude from the oil. To D was atﬁached the hose from the
air line. It was found that suction could not be used with such a

. concentrated solution at looosince itvwould COmplefely dry the
liguid and solid phase at once. Tﬁerefore, it was necessary to

use air pressure, which, when applied, forced the saturated solution
through the filter and over fhe tube and into the vessel O and any
steam passing over condensed on the tube T. The apparatus was
allowed %o stand until it had reached 100%efore it was filtered.
When the filtfation was complete, the apparatus was removed ffom

the bath, The vessel O removed, stopped.and weighed. ‘The cork
was then removed from thevveséel C;and the solid phase removed and
weighed in a weighing boftleo This method of separating liquid and

s0lid phase was both rapid and accurate.
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Methods of Analysis.

The followingvvolumetric methods of analysis were secured from
Sutton!s Volumetric Ahalysis and were tried and found satisfatory
both with respect to accuracy and speed of manipulation before use
in this work. The chloride was determined by the method devised by
Volhaidzl. The method is as follows: the solution to be titrated
is treated with nitric aoid and a'knqwn volume of N/10 silver nitrate:
in excess is added, the mixture is well shaken and the supernatent 1i-
guid is>filtered-off'thr0ugh a small filter, the chloride well washed,
and to the filtpate and washing 5 ce's of ferric indicator .is added.

The flask-is then brought under the thiocyanaté burrette and titrated
t111 a permanent bright brown color appears.

The sulphate method of Wildensteigz'was applied to determine the
sulphate content of the samples. The solution containing sulphate is
precipitated in a test tube with a slight excess of standard barium
chloride delivered frém a burrette. As the precipitate rapidly settles
‘from a boiling solution, it is easy to aveid any great excess of barium,
which prevents the liquid from clearing rapidly. The solution is. then
heated to boiling and a chromate solution added,until the liquid is of
a light yeilow color, each time removing the test tube and allowing the
precipitate to settle. The quantity of chromate is then deducted from
the baritm solution and the remainder calculated as sulphate.

Meade'én%@thod for the determination of magnesium from Sutton's vol-
umetric analysis was uséd as follows: the magunesia solution formed by add-

ing ammonium chloride Lo the solution to be determined was placed in a

conical flaske. Ome third of its volume of strong ammonia was added and
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60 cets. of sodium grsenate was run in, @his was st;rred.viégréusiy-
for ten minutes, The precipitate was allowed to settle somewhat and
then filtered and ﬁashed with stweng ammonia, till the‘washings ceased
to react for aréenica The precipitate was dissolved in dilute HC1
allowing the acid sp;ution to run into a flask»éontaining & solution
.ef potassium iodide, Phe solution wasg allowed‘ta stand for several
minptes gnd then titrated with standard thiosulphate.‘.ﬁb»indicgtor.

being used, the iodine giving a one drop end point,
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Chemicals

Preparation and purity of materials.
Throughout this work Mallinckrodts U.S.P. magnesium sulphate was
used. The magnesium chloride was B.P.H. certified chemicals and V
Je T, Baker chemicals N.F.V. crystal purified. The potaési‘mrx sulphate
was Mallinckrodts N.F. powdered K2804, which was recrystallized
t0 remove all impurities. Mallinckrodts potassibm chloride was used
throughout this worke (re recrystallization of the salt was suf-

ficient purity for our requirementse




THE TERNARY SYSTEM

1. MAGNESIUM CHLORIDE - MAGNESIUM SULPHATE - WATER.
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Historicsal
In the case of the system Mgll, - Hy0 the solubility relations
are as followszz with ice as the s0lid phase, the solubility falls
from 1l.1 per cent at -~ 10O to the eutectic with the solubility of‘

20.6 per cent at — 33.60. When the solid phase is a mixture of ice

‘ andmg‘ulgil.ZHgO, the solubility with MgClzlzﬂzo then rises to 3146
o -
per cent at -16.8 , where the solid phase is a mixture of Mg01212H20

and alpha Mgll,8H,0, at ~17.& the solubility is 23.3 per cent the

s01id phasesbeing Mglly12H,0 and beta Mgllg6Ha0s At -~ 19.4 the

solubility of 33.3 per cent has the solid phases MgCls8Hg0 andv
Mglls6Ho0s At —5.4.Owith"solubility of 3444 per cent the solid phases
are alpha Mgll,8H50 and MgC156Ho0 and the last named salt is a solid
phase from -5.40 to 116.70 vhere the solubility ds 46.2 per cent and
the solid phases are Mell,6H;0 and MeGly4H,0. At 152.6° the sol-
ubility is 49.1 per cent and the éolid phase is Mgclzéﬁgo. At 181.50
the solubility is 5548 per cent, MgClZLLHZG and MgGlZZHzO being the
s01id phasese. AL 186}O the solubility is 56.1 the s0lid phase being
Mgolzzﬂzo.

The critical tables give the solubility of MgClzat 100O at 789

. 0] . 38
mols of Mglly6Ho0 per 1000 grams of Hs0, while Mellor  gives the sol-

0 0
ubility of Mgcl2 in grams per 100 grams of solution from O to 100 ,

0

where the solid phase is Mgl 1,6H,0, as OO - 34,9, 10 -54.9, 200 ~3545

0 0 0 0 -
- 40 = 3645, 60 =37.9, 80 -39.8 am 100 -42.2. He states that

'Mg}126H3@ is the 'solid phase fram —5,40 to 116.70, the best represents-
tive values of the solubility‘ of Mgso4 were compiled by Re. Kr‘emam39
for the stable binary system MgSO4' - 1120. The ice line by ‘F. R@dorfi‘
and L.C. de Coppet corresponds with the precentage solubility of

13,9 per cent magnesium sulphate at — 29 and according to Van't Hoff




and Meyerhoffer with a eutectic at --5.90 and 19 pér cent MgSH 4°

The mnext solubility curve refers to the system with the dedecahydrate
MgS0,12H,0 at 1.'8O and 2l.1 per cent of magne'sium sulphate. At

thé transition temperature of 1.,8O both the dodeca and the rhombic
hepta hydrates are in equilibrium as soiid phases. -~ Van der He_i-dé
gave 48.50for the transition temperature of the hepta to the hexa .
hydrate and C.P. Carpenter gave 48 .40. This curve represents the
s0lubility of the hexahydrated magnésium sulphate, where according to
_Nah't Hoff the transition femperature between the hexa and the mono-
hydrate occurs at 68Q and 37 per cent of MgS0,s  Lowel represents the
solubility of the hexagonal heptahydrate with the solubilities at OO,
'kOO, 200z 25.8 ber cent, 27.9 per cent and 30 perv éent MgS%. While
‘ Mulder‘represe,nts the percentage solubility of the hexahydrate as

MgsogeHz0 60 10° 20° x° w0°% 2% %% 100°
29 29.7 3048 Ble2 3743 39.1 40.8 4245

Robson”investigated the system MgS04H50 from 68° to 240° ama
he found that the solutions came to equilibrium with the hexahydrate
in a few minutes and‘with the penta and tetra hydrates fairly rapidly.
_Three to seven days were required for Solutions to come to equilib-
rivm with Kieserite under 100° wnless sn abundsnce of the solid phase
was present. Bquilibrium was not obtained in less than twenty foui
hob.rs stirring under 1600, nor with less than 40 hours stirring
| under 900,_ but was obtained after stirring for half an hour at 2580.
Meny trials, that were well inoculated, which were stirred for shorter
reriods gave a high result. Iie sﬁates thaf kieserite Mgso4}£20 is

poorly crystallized under 200O and comes to equilibrium s3owly. His
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results for 100O are as follows:

Pemperature. Liquid phase . gr.'Mg304 | Solid phases.
: ‘ per loo grams of water.
-950 . 5146 Kieserite
99.4O 6845 by Meyerhoffer
100O B 7446 ‘ 2 mine. after concen-

tration by boiling

1000 681 _ penta and tetra
hydrates
0 A
100 67 o7 ’ penta and tetra
hydrates
0 ' :
100 50 e4 Kieserite

Van't Hoff obtained the following results for the system at
2504: . found two invariant voints, the systems solid phases occur-

in and the solubility relations as shown in the following table:

0
25 isothermal . o
System -So0lid phases 1000 mols water dissolves
MgSOé;Mgglg,Hzﬂ : Mgsbé,Mgglz. 58 mols MgS0,, 108 mols
moowow 1gS0,6HR0 104 mols Mglly, 14 mols of
i n i ) Mgﬁ046H20 k 15 mols Mg304, 73 mols of
MgSO47H20 - ' Mg&lz. '

‘Tyrahonél ghowed that the odd molecule of water wés not expelledv‘
from the monoh&drate_at 2100 and 258% and applied the term thb water
of conmstitution or halyhydration. The critical tables give the solub-
ility of magnesium sulphate at 100O a5 5.9 mols of magnesium sulphate
monohydréte per.1000 grams bf water.
. Janecke in his study of the theoretical behavioﬁr of the melting
of the salt pairs in particular cases,in considering the system

, Hgﬁlz, MgSO4, " found it to have only one eutectic, besides the meiting




point of 11850, others were found due to the decomposition of the
saltse No compound was formed and the eutectic was found to occur
- at K,80, 20 mol per cent and MgS0, at 60 mol per cente .

- Lowel, Baséh' and'h-’[ulder give the following table as the sté,ble.
hydrates of magnesium sulphate: and their transition temperatures,
with the solubility per 100 grams of the solution. The s01id phase
in each case ‘peing given: | »
10° 20° 5% 40® 500  60° 60° 99.4® 1640 1880

B3e6 2642 29 = 31e3 33¢5  35.5 38.6 4046 293 - 2043
MgS0 47H20 Mgs0 46H2~0 HMgs0 4112 0
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Solubility Data.

| Solubility per 100 Percbntage solubility. Percentage s01id
grams of water. - phase analysis.
Grams Grams | .
Hell, fMg$®4 %Mgp}zf; %Mgso4 %ﬂg804 : %Mgslz
71.25 - 1487 41.2 . 14085 47.03  21.05
72 4 2411 41.5 1.23 565 45400
7045 1.535 40425 876 42.5 23400
6944  1.025 40.6 | .6 51.285 1943
6447 1,652 29,00 \990 43,00 2245
6245 3452 5746 2,12 3043 27 405
| 61.5 4.7 57400 [2.822  42.8  19.02
; 61,00 4467 3648 2481 £3.00 20485
| 6048 4.67 57435 2482 42.65  20.88
f 47.25  5.02 ~ 31.00 _ 343 49.05 14,00
é 2976 12.91 20485 905 5l 9.35
% 2749 12.14 19.85 8465 515 9.98
| 17 465 5248 . 12.5 16.5. 5046 6.52
12.1 31.65 Bud2 21.2 60400 345
4426 4346 z.ssv | 2945 67.00  1.01

559 49,75 BBl W72 45400 .176







Conclusions.

The isothermal at 100°

for the system Mg(}iz - B}IgSO4 - HgO has
-been completed at this temperature. No double salt formation takes
place, but the solubility isothermal at this temperature consists of
threé intersecting curves, representing isothermally univariant equi-
librium between the solutions and one solid phase, and two isother-
mally invariant points',' where two so.lid phases are in equilibrium with
the solution. »

The left hand of the iéothermal s0lubility curve on i;he percent-
age diagram represents ﬁhe equiliprium bgtween the séturated solution
and Iﬂgclgéﬂzo as solid phase, . This curve starts at the solubility 6f
Hgh156H50 and on addition of Mg50y, the solubility incresses and the
curve runs down to t};le first invariant I;oint at Mg312 41.5%:3,1;_& MgSiB4
+565%¢ The tie lines on this soltibility curve cut the sides of the
graph at M@lBSHgﬁ, showing that Mgﬁ)lzsﬂze;;i_s a so0lid phase in contact
with the solution up to .the invariant poiﬁt. The right hand of the
isothermal solubility curve repi'esen_ts the equilibrium between the
~saturated solution and MgSQ,H,0 as solid phases This curve starts at
the solubility of pure Mg804H20 anq on the addition of Mgﬁlz, the sol-
; ubili"cy inereases and the curve continmes down to the second invar-
iant point at MgGl, 37.5% and MgSO, 2.6%,vwhere there are two solid
phases present . and therefore invarianf_.

It may be observed in this work that numerous references have been
madé to the dehydrating agstion of Mgllse. It was found to be very
marked on this iséthermal, resulting in ’che dehydrating of the keiserite

MgSG4H2® anvd producing a new phase MgSO4. . This accounts for the two




invariant points occuring, even though a double salt was not formed.

<%

The solubility curve, between the two before mentioned points, repre—

sents the solubility curve in equilibrium with MgSOlL -ag.so0lid phase

v;hich will be obvious, if we examine the isothermal diagrame. The
solid phase analyses tie into MgSOZL on this curve, while on tﬁe S0 1=
ubility curve to t’he right of the second invariant point', the solid

_ phase analyses tie into the monohydrate or MgSO 4}120. At the two in-
variaﬁt points we have ‘solutions of their percentage composition in
equilibrium with (1) MgLls6Ho0 and MgSO, as solid phases and (2)
MgS0y4 and MgS04Hp0 as solid phases. These results are similar to
Lowenherz, who found Mgso46H20 and mg8047H20 to occur with MgClstzo
at the 250 isothermal of this systeme

| It may be pointed out,that it is extremely difficult to obtain
a Wander_ing tie line from the first invariant point Mgs%, Mgﬁlzfsﬁzo
“on this isothermal diagram, since the solid phase of Mg(}126H20 and the
invariant point and MgS0, are almost in a straight line and the solid
phase will the:c;efore travel up the MgS0, tie line and the distance

from this tie line %o the MgCly6Ho0 solid phase is so small, that it

was found very difficult to obtain a wandering tie line from this in- ’

variant 'point.

Another interesting fact may be pointed out here. In the before
mentioned work of ‘Robson and others, the solubility of MgSOI:LHZO was
determined and they found thelr varying results to he due to penta
and tetra hydrates in the metastable condition. and conditions of
equilibrium to be difficult to establish. The writef also found t_his

difficulty in obtaining the solubility of Mgsoéﬂzdi but on addition
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. of the ‘smallestv quantity of MgCl,, the dehydrating effect at omce
becomes apparent and we have equilibrium with the momohjdrate
established at once. This dehydrating action increases,as the
MgCl,content increases, and finally results in dehydrating the mono-
hydrate of Mgs%._ The solubility ovagSGLLHZO was found to agree
with Robsonts value of 505 grams per 100 grams -of v:at_er or 33e5%e
1f we examine the rectangular graphs, representing the r{el—-
ative gquantities of Mg:304 and. MgClz per 100 grams of water, we
find again the three curves. The Mgso4ﬂzo curve runs from 5045
Agrams of Mgso4per 100 grams of water down to the invariaht point
at 4,67 grams of MgS0, and 61 grams of Mgll, per 100 gré.ms of H,O.
The MgSO Lourve then runs to the invariant point with i%‘.?LgSOLL ami
MgC1,6H,0 as solid phase, st 72ed grams of Megll, and 2411 grams of
MSOLL per 100 grams of waters The Mg(}iz curve. joins this poi'rit t0

the solubility of Mg(}lz 7241 grams per 100 grams of waters.
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" Historical.

Many investigators have studied this system and in general
have limited themselves to a:determindtion of the isothermal

4 jnvestigated the decom-

invariant points. Precht and Wittgen®
position of shoenite by water from 10° to 90% . inclusives

Van der Heide25 made thevfirst detailed study of thehsystem and
also found the double salt leonite. Van't Hoff and his co-workers
determined many transition temperatures, as well as a nﬁﬁber of
univariant points and their work showedfthat Van der Heider's
results 4id not represent equilibrium conditions. 'D'ﬁnszgater
determined sevéral more invariant points.' Van Klooster27 deter~

. mined the complete 250 isothermal and Weston?s that at 500. Starrs
and Glark redetermined the BOO datae 1'..evi2'9 secured data for uni-
variant points at temperatures of zero, 19.8, 20.4, 26e1, 34.4,
378, 4447, 4946, 55.2 and 654 degrees.

The date listed above in the case that the stable solid phases
in this system are potassium sulphate, shoenite, leonite, langbeinite
.and hydrates of magnesium sulphates 12Aq., 7Aq., 6Ag., lAge This
accumulated’data'fixes rather definitely the nafure of the system
‘below 50o,but above this temperature the data is insufficient.
Selected values méy be found in the intermational critical tabies%
When their data are examined, it is found that the points are in
poor agreement. Mainly those of Precht, Wittgen, Van der Heide,
Geiger and Levis The results of Precht and Vittgen are at bgst
only approximations of the values of the invariant points potassium

sulphate and double salt. It is not to be supposed that the
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magnesium sulphate concentrations would be more in error then the
potassium sulphate coneentrations, Van der Heide was workﬁng with
solutions not in equilibrium with the stable solid phase,‘és has
been established by Van't Hoff. Greiger!s determination of the sol-

ubility of Keiserite of 67.29 grams ofngSO4 per'100 grams of water

shows definitely that the solid phase was not MgSO4HZO. It is very
likely that this invariant point for langbeinite, keiserite is an
error for the same reason., His inVariant point langbeinite, leonite

shows a greater magnesium sulphate and a smaller potassium sulphate

concentration than would be expected. His invariant point potassiuﬁ
sulphate, leonite is inlfair agreement with'the othef data. Levi
agitated his miXtures for only four hours and tﬁe comparison with
the results ef DtAns shows he did not have equilibrium conditions:
above 400.

Starrs and;Storchs; did the ternary system potassium -sulphate,
magnesium sulphate at 850 and 1000. They used pure eﬁemicals in
pyrex tubes,,stirring for 20 and 658 hours. They filtered these
solutions by meéns‘of warm pipettee placed in the solutions and

filtered through a glass wool filter. Solid phases were obtained

by filtering the solutions through heated gooch crucibles. The
s01id phases were examined chemically and with a petrographic mi-
croscope. No analytical figures were given or triangular diagrams

determined. They polnt out,that the values obtained for the

solubility of megnesium sulphate are much lower than those usually
given in the 1iterature}and are slightly lower:. than those obtained

32 ' 0
by Robson . They suggested their values fer 100 closely approx-




imates the' true value, while the values for 850 may be too 101&. They
| point out that it was found repeatedly that the composition of the
satui'ated solution did not fall on the equilibrium curve, in some
cases even after a moﬁth of agitation, while often the stable solid
phases would not be present. If the stable phases were present, the
solution was supersaturated in respect to the apparent saturation curve.
In this sense,- these factors have caused the largest errors in the
determinat ions. | There was no absolutq certainty that equilibrium was
reached except in the middle ‘of the 3angbeinite curve of the 1000
isothermal. In thils case the c'ur.ve was approached from two directions.
He poinits out that ma.ny po:.nts that were found were not 1nc:1ud.ed in the
data, since it was thought that they were not in equilibriume. Several
of these points fall on a w_ell defined langbeinite curve at 85 , which
passedA through the invafié,nt at one end and was about 1.3 grams of
magnesium sulphate to the right of the leonite, mgbeini‘ée invariant
on the 85 isothermale. This may be due to the existence of an unknown
| u.nstable so0lid phase, whose crystallization path must approxmate that
of langbeinite. An unstable solid phase K2304%Eg8045330 was found
by Kassatkinzs, to occur at 72.500. and it was found that this un-
stable phase was very slow in changing to the stable langbeinite.
But the unstable substance could not have given the above higher sol-
ubility curve from‘-; that of langbeinites The %ralue for the invariant
point was s,omeﬁvhat doubtful, especially the langbeinite, leonite point,

which was not located experimsntally,but by the intersection of the

leonite and langbeinite curves. Thve___,lamfgﬁgemité a;hdj,zmagngssium
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Sulphate invariant is doubtful, since its valﬁe is fixed by only

one determinétion. However he states that it seems very 1ikély :

that these points are situated very near their correct positione.

It may be noted there is a metastable extension of the leonite curve

into the langbeinite field. This is confirmed by Van der Heide's

work,in which he failed to find langbeinite, although he was in

the langbeinite field. If the initiéi concentration were taken

A far out in the langbeinite field, langbeinite rapidly formed althoﬁgh

it is not mown whether or not the léonite formation pfoceeds ite-
 Langbginité was ndmed- by Se Zuckochvert from specimens which

he found nearvHolberstradt. It occung as a polyhalite in the regions

of Wilhelﬁshali and accompanies the sylvite of Wisteregeln. Analysis

agree with 2MgS0,K,50,. G. Mulcher’® made this compovnd in 1664 and

Mullet obtained by fusing together at a dull red heat moieqﬁiar pro-

portions of the two componentss. The best crystals Weré obtaiﬁed'by

pouring the fused salt into a hot nickel ofuoible and‘aliowing the

mass to cools -According to Van't Hoff, Wa Msﬁerhoffer and Coterel,

the salt crystallizes from a solution of its component salts at 85O

apd at a lower temperature in the presenee of dehydrating salts

like MgGlse. They.recommended évaporating a boiling solution o£"17
grams of potassium.sulphate; 49 grams heptahydrated magnegium sulphate
andr75 grams of hexahydrated magnesium chloride,'until the langbeinite;
whicﬁ is formed, no longer dissolves and then further evaporating

on the Water‘bath tillirﬁg,Cl2 begins to separate, Although the trans—
ition temperature of leonite to langbeinite is 899,the transformation

is extremely slow at 100 and requires a temperature of 1269. The tem-—




perature of formation of langbeinite from a mixture of leonite and
0 _

hexah,ydrated MgGly is 61 o The presence of'hexahjdrated magnesium
sulphate depi'esses the temperature of formation of langbeinite from
lleonite down to 61O s but this temperature may be easily passed with-
'6ut the change taking place and. at ’?20 the unstable KEMg4(804)551120

| is formed and readily passes into langbeinite when a little of the
latter is added. The presence 'of NaCl lowers the temperature stili
further. Van der Heide showed that shoenite decomposes inf,o.its
COmponents below —30 and above 720 in the presence iof magnesium suiphate,
hexahydrate passes into leonite while in the presence of potassium
sulphate the transit ion temperature is 920, Van't Hoff and Williams
found that shoenite passes into leonite at 47 ._5O providqd an excess
of K2804 is present a’q 410, if magnesium sulphate is present at 200,
if the latter salt and also KOl is present.

Melts of the binary system KZSGéa"MgS@éEWereii‘-nvfes'tigated by
Nachen and A. S Ginsberggé The former found the compouﬁdvlangbeini te
to occur, forming two eutectics with K2804: and MgSOLL; Above 5950 the
more stable salt is alpha KZS_O4, vhich forms mixed crystals with
Mg50, to a limited extent. Beta K,S0, does vn-ot. Lev156$tudied
saturated solutioms 6f Kzs%and MgS0,e The solubility of shoenite
was investigated up to its fransition pbint to leonite and it was
found that at 57.80 » 100 grams of water contained 44,71 grams of
33112gS.O4= and. .6.65 grams of K3504 the solidvphases in equilibrivm being
MgS0,7HoO and. shoenite. ‘At 6344 degrees 100 grams of water contains
25428 grams of MgS0, and 20.65 grams of K;S0,,solid phases bei:ng K550,

~and leonite. At 88.5 dégrees 1000 mols of water conmtain 41 mols of




MgS0,and 27 mols of K,80,, solid shases being K,S0,and leonite, At

980, 1000 mols of water contains 43,6 mols of M g Soéand 293 mols of

KéSO4. The solid phases being MéSO47H20 aend shoepite, below 45Oit
changes to Mg8046H20 and shoéﬁitg and about 700to MgSOéHzo and shoenite.
Where solid phase is K 50 and shoenite, it changes about 50°to K S0,
and.leonite. When the solid phase is‘MgSO47HéO and shoenite there'is'
vno change, He also suggests that at QSOMg4K2( 804) 55H20 exists,

| 'The most suitable langbeinite for dilatometric experiments is

that obtained in the wet way. This can best be prepared from.magnesium
‘and potassium sulphates and magnesium chloride by digestion oﬁ the

water bath, Iﬁs formation froﬁ blodite KéMg(SO4)24H20 takes place at

89°

, 8B haslbeen found by the dilatometer and this is confirmed by
observing thé characteristié tetrahedral érystals when blodite was
stirred in its saturated solution at 90°.  The presence of magnesium
sulphate hexahydrate depresses thé temperature of formation from |
blodite, and langbeinite is prdduced at 61O » This tempsrature may

be easily passed without the change taking placé and then at 720

the compound KéMg4(SO4)5SH2056 is formed. This compound,i; unstable,
for when langbeinite is added it is slowly converted into this. In
the presénce qf ﬁaél_the formation -temperatire may be still further

. depressed., The naturally accompanying minerals are magnesium'sulphate
hexahydrate, kainite, blodite, sylvite, ahd langbeinite isvformed at
about 37@ o Its occurrence along with sylvite indicates that it has
been formed at a higher temperature than thiso

Kassalkin in his study of the formation of 1angbeinite states

that above - 50 the first molecule of water is split off, with the
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formation of shoenite. At 41,leonite is formed with the loss of

two molecules of &wate;', while at 47,20, the magnesium sulphate

loses water and we get é mixture of magnesium sulphate hexahydrate

and tetrahydirate in solution, from these stages of hydration he

followed the path up to the formation of langbeinite and met with

8 hitherto umimon product ;which he immediately ipveétigated. It
appeared to be a peculiar double salt of the composition (804)5Mg4Ké5H20,
‘which can bé compared with the ﬁagnesium'sulphate penta tetra hydrate

on the way to keiserite formation. The formation of the new doﬁble

salt takes place on warming a mixture of magnesium sulphate hexa-
hydrate and leonite and shows itself in a dilatometer by a marked
expansion above 72.50, which is reversed below this temperature. The
change in qﬁestiqn is one that is easy to follow,since it takes

place qﬁickly. Easy as it is to determiﬁe the temperature of formation,
it is Jjust as difficult to determine the composition of the new com-
pound. It is obvious tha& it is npt produced simply: from one of the salts
present in the mixture,because on heatingngSbééHBO or leonite the
change does not take place. If 4 mols ofngSO4are.presept in the

solution for every mol of Ké804, leonite just forms, then the new

substance in well shaped crystals,after which, with slow concentrat-
ion, the leonite disolves up and the whole solidifies. When this

compound is analysed we get (804)5Mg2K25H20. This formula may be

due to the mother liquor vwhich it contains or may be analogous to the

before mentioned penta tetra hydrate of magnesium sukphate.



Solubility per 100

grams of water.

Grams
MgSO4

1263
25.00
542
5545
4341
3745
53400
5348
57428

5le5

Grams

K580,

2442

2247

2185

1045

12.3

1843
9.1
945
947

Q.45

10445

21.00
11.00
65

2445

00600

Percentage solubility.

% Mgs0,

9.25
1649
2149
3345

2746
24400
3247
3341
B4 o4
%2 400
2845
21,00
29400
59400
00400

33D

Solubility Data.

K S0
17 .7
15.4
14,00

6432

8400

11.7
5.6
6400
548
5487
64755

1347

7.l
Be7
19.00

00400

4

Pefcentage solid

phase analysise

% Mgs0,
2.2
59

37400
54400
44.8
44.5
44..95
40.1
54400
47.8
4445

9.8

4061

49.1°
00.00

00400

8042
80,00
3541
8.00
2542
30400
24.5
16.2
8445
28400
2545
77 e&

20,00

00.00

00400
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Conclusions.

‘The isothermal atb 1009 for the systemiﬁgsoé, KZSO4 and Hzc
has been completed. AL this-temperature double salt formation
takes place. That is the solubility isothermal at this teumper-
ature consists of three intersecting curves, representing isoth-
ermally univariant equilibrium'between the solution and one éolid
phase and two isothermally invariant points, where two solid phases
~are in equilibriuﬁ with the solution.

The left hand of the isothermal solubility curve on the trian-
gular diagram represents the equilibrium between the saturated
solution and K;50, as solid phase. This curve starts at the
sclubility of pure K2804 19 per cent and on éhe addition of mgso4,
the solubility increases and a curve runs down %o the first invar-
iant point at 21 per cent‘MgSO4= and 13.7 per cent KZSO4. The tie
1ines on this solubility curve intersect at KZSO4 100 per cent,
showing that Kgso4 ;s the solid phase in equilibrium with the sol-
vtion up to thelinvariant pointe. The right hand curve on this
diégram is at the present time questionable. The conditions rep-
resented on this graph were obtained by pSing heptahydrated mag-
nesium sulphatejand allbwing the solution to come to équilibrium,
but was foumd by myself and the before mentioned workers in this
field, that‘Mg804H20 at 1OOO_is very difficult to obtain in equi-
librium with the solution, due to the preseﬁce of the metastéble
penté and tetra hydrates of Mgso4 being present, this results in
a high solubility for MgSQ H, O and a tie line that does not inter—
sect at Eg804H20.‘ The invariant Point on this curve will also be

in questién, since at this point the solid phase MgS0,H50 makes its




appearances. At the time of publication of this work these points
.were doubted as to their integrity and will be reéetermined using
the monohydrate of ﬂgSGLL in place of Mg30 47320,311& thus establishing
equilibrium conditions with less trouble. It may be shown here
 the action of MgClg as dehydrating agenf. In the systems,where it
was present,the equilibrium wa;s_ established at once,due to its
dehydrating action, but in-this system that dehydrating action is
absent and we have therefore a condition of metastability of the
nydrates of HgS0 oftecting the solubility of MgsO, in the pre-
sence of KES%Q4 with keiserite as a solid phases 1t is e_xpectéd.
that the ihvariant point with keiserite present will vary very
little from the one'presented above at 3444 per, cent-MgSO4 and.
5488 per cent K,50, if any.

The solubility curve joining these two invariant points is
s solution in equilibrium with the double salt, and the tie lines
from this curve were found to intersect at 42 per cent K2304and
B8 per cent Mgseé, which corresponds to anhydrous KZS-O 42Mg80 A or
the double salt known as langbeinite. This double salt appears
as fine white tetrahedral crystals, which forms a vei'y distinct
powder that one can readily separate from the MgSO 4 and the KESOQE.
This was an important fact in dealing with the quaternary system,
which we shall deé.l with shortlye. |

At the two invariant points on the curves we have present as
so0lid phases (1) KB'SOLLand langbeinite at 21 per cent MgSO4 and.
1347 per cent K2804and (2):1 Mg804H20 and laﬁgbeiriite at 3444 per

cent MgS0,and 5.8 per cent K,50,. This double salt is the same

a7
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as the ene found by Starr and Storch im their work at 100 , al-

‘chough the invariant points vary, probably due to the metastable
MgS@4 hydrates occurring,‘ alth‘ouhgh it wi 11‘ be observed ’phat these‘
invariant'points agree with those necesssry for the four component
system, where MgClz is present and removes _these metastable forms of
- Mgso 4hydrates. Several-wahdering tie lines Wgr'e obtained for each
~invariamt point and they all agreed, which might suggest that all
' the invariant points were in equilibrium and only théﬂﬁgS@zLHgOy@ﬁ'—(‘VQ was
not in equilibrium with MgsO,H,0 :as a g0lid phase. |

In the rectangular diagram representing the number of grams of

magnesium sulphate and potassium sulphate per 100 grams of water ,we
find again the three curves and the two invariant pointse. The Mg804H20
curve is again in question and is plotbted in here as a dotted Line .
while thé metastable points are left unjoined. The’ invariant points
were found at (1) KESQ4= and langbeinite, _21.85 grams of KES(%;and B4 o2
grams Of MgSOéper 100 grams of HZO and (2) MgSO4H20 and langbeinite |

at 57.25 per cent _Mg8(94 and 9.7 grams of Kés@4per 100 grams of Hzo.




THE QUATERNARY SYSTEM

MAGNESIUM SULPHATE - POPASSIUM CHLORIDE - MAGNESIUM GHLORIDE -
POTASSIUM SULPHATE - WATER

AT THE 100° ISOTHERMAL.
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which he states is so great that the K01 can exist as solid phase
in the form of carnallite MgCngCZLGHZO at the invariant point of
carnallite and Mgolzeﬂzo as the splid phase. He tilen éonsiders
the KU1 and carnallite invariant point, where the Mgclzis only
present in solution and decreases to zero at the solubility of pure
KC1l. | ‘

The f:'n}e invariant points in the four component system, represent—~
ing solutions saturated with respect to three salts. The solid

~ phases at each of the “invariant points are as follows: -

(1) Camallite, MgS®461{29 and. Mgclgﬁﬁzo. _
(2) Carnallite, MgSGééﬂzﬂ and KCl.

(3) ﬂgS@ 7H20, MeS0 6B 4=!323,11.(1 KC1.

4
(4) MgSﬁJHZG, Shoenite and KCl,.
(5) KZSGIL’ Shoenite and XK31l.

The limits of the fields of shoenite, KC1, K,S0,, Mg3046320,
MgSO47520, carnallite and Mg(}lzt‘ﬂgo will be obvious upon an examination
of the figure 5. The data for these points may be obtained from the
original works of Lowenherz. He obtained his invariant points by
saturating with: twé of ;ﬁheldesired phases and them adding the third.
His fields were detemined by joiming the invariant points with Vstraight
linese Special notice should be taken of the peculiar solution of
MgSGJHzﬁ and Mgse4632®, when they occur as solid phases, the lattér isv
formed from water, Mgclzand ﬁgSOJHBO. Mgﬂlgenters the solution and
withdraws water of crys’callization‘ from MéSOJHzO forming Mgclzéiﬁzo

until definite concentration is réached, if more }!:Ig(}lzis added this also

Gissolves and draws one molecule of water from MgS@47H2®, if sufficient
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HMgS0,7THgO is not present, it no longer occurs as the solid rhase but
only as MgS046H30, which latter coexists with Mgllp€Hp0 in the solid
phase, Hence two different solutions can be prepared from the salts
. MgSO, and MgCl, each saturated with respect to the two saltse

Meng_.e43 worked on the system chlz.;‘fxzso e MeCl,- ngSo 4 above 500(.)'.
He points out that t.he double salt of K31l and Mg(‘.lz was obtained.

Loevsrenlnartz44 published a later paper, in which he considers the
variation in the solubility figures in his former paper to be due to
unsaturation.

Janecke  published a papervon a theoretical behayiour of the :
melting of the salt pairs Mgsoé— chlz- Mgclz- KZSO4. Results have |
shown that besides the_ previously known salts langbeinite KaMgz(SO4) 4
and K}n&g(}lz, a third salt KMg}lSO4 is present. The latter is of
interest, since.it is made up of four different radicals. ‘He points
out thst KMgbly might be called anhydro kainité, since they are of the
saue cbmposifion as _the hydrated salts, where the water content is
neglected. All the éompounds have congruent melting pointsj and

cases occur, which were dealt with in former investigations, some of

~ which have been referred to in this work. He uses a square as a

method of repfeéentation and therefore the valency of the salt pairs

mist bé considered as equivalents.  He finds that he is dealing with
seven different salts, which all posséss a melting point maximum, that

is a cmgruent melting point. Bach has a definite zone of separation
~and the surfaces of the square must be broken up in such & manner that
six different mixtures are obtained, which represents am equilibrium

of the melts with three different saltse A number of these may

correspond to eutectic mixtures, others may be transition temperatures.
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The mixtures KZSO 4and MgSG n were investigzted by Nachen , The

compound. langbeinite forms two eutectics with KBS{?4= and "I\?IgSO4 above
5950. The more stable salt is alpha KZSG4, which forms mixed
crysta}ls.l KBSO4= and %Glawere investigated by Janecke. He finds
it to have one eutectic,and the third system KC1 and Mgll, was in-
vestigated by Mengee. He thought he had found beside the double
salt KMgCl,, the salt KBMgC14. According to him the latter
possesses a small nplting point maximume. Jaﬁecke recalculated the
results of Menge and found that he had no grounds for reporting MgK201 4.
the system Mg()lé and Mg804 was determined by Janecke. It appears
that only ome eutectic occurs. Bésides the melting poin’é of 1185O
for Mgse " others were found due to decomposition.
| Janecke also points out that it would be very interesting, if this
new salt were found in poté.sh depositse A possibility appears to -
exist for. the appearance of shoenite, leonite occurs at a higher
temperature and then finally langbeinite, then also in place of the
'hydra’ced salts the anhydrous kainite may occur. The name anhydro
carnallite is due only to the loss of water caused by ‘the ability of
the crysi‘;allizing salts for removing water from one another.

Acceording to Van't Hoff, kainite disappears at Ssoas a solid phase
in solution, by analogy to other sald:s‘, the anhydride may occur
below this tanperaturé due to the dehydrating action of the other éalts;
If it was not found b;fr Van't Hoff, it may be that hysteresis nmay
account for tha.f; its complexity or mean valency of l.5 may also
be important factorse As salts crystalize in a regular system

it would be found in the salt deposit. Moreover mg:lg

also occurs at high temperature in place of carnallite as solid phaée.'
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He sugéests that the solubility diagrams of Van't Hoff and
Meyerhoffer for salt mixtures KC1 and MgCls may not be correct for high -
temperature.

Considerable work has been done on these salt pairs in the presence
of the Na ion, vwhich as we know oceurs in great quaptities and we will
| consider briefly the effect of this ion on the present system, re-
membering that we are really dealing with a five combonent system.

K550, does not occur as such,but in the presence of an excess
’ of NaGl as glasserite. Sodium sulphate occurs as anhydro thenardite.
The -a.reas for the different solid salts change and may eni;irely dis-
appear, while new salts make their appearance. | Thus shoenite which
at‘25o is stable, becomes at 260 unstable and the éhoeni‘te area euntirely
disappears from the isothermal diagram. The leonite and glé.sserite
areas then become adjacent.

The important point to notice in this comnnection is the double
saltA kainite ¥MgS0,C13Hs0, which is a quaternary compound of the four
rad.icais of the system we are considering and is stable only in the
presence of I\Ié, ions and is not stable in the system we are considering.

It is this hydrated quaternary salt that Janecke refers to in his melt.




Solubility Data

Percentage Composition.

Mol Percent}

54

Mg

X

So

Cl

B C

Mg

4

50

Cl1

8745

2 4 2 2 2 4 2
7.1 3401 1.3 22.5 66425 88¢5 114 4,00 96400
6482 4489 1488 22.95 63.5 81le65 18435 5.7 94,3
8402 354 70 26.1 62400 88400 22,00 1.8 98.2
7.09 3451 2.09 2244 6449 . 8646 1344 6445 . 93455
878 14743 . 1402 26,08 6245 9545 445 28 97.2
7475 5eb 1499 2146 6321 97.9 2el - 6.27 93.7%5
6466 2¢24 5469 17.3 6811 905 9.5 19.5 8045
5.58 869 led4 2342 ’ 60.65 665 33b 4.5 95.5
9.7 1.l 22 2942 6000 9647 3e3 o5 99.5
8462 8483 46 28455 5348 87.5 12 ¢5 1.3 9847
1045 035 29 3047 58.15 99.00 1.00 «8 9942
9.25 W76 57 2742 6202 95 25 1.5 9845
1.88 14,00 3,07 16414 644,91 29.8  70.2 122 872
o64 16495 1453 16435  64.98 10465 89435 6e5° 9345
587 9.04 7426 1367 64.12 91.00 9.00 28.1 72,00
6615 1073  1de7 8e7 6867 91.8 82 5545 45.5
612 1e4d3 942 12,39 70.00 93,00 7400 1545 8445
3¢81 7465 22.62 1ed6 6445 61le5- 3845 924 746
2.21 13,02 1395 5:93 64475 35¢2 6448 24.00 76400
3edd Tal 21.12 8482 6743 6100 39.00 9445 - Be5
2416 109 7400 11407 6847 ‘3848 6162 31e9 6841
319 1047 1700 3eld  65.9 59,00 41.00 79.8 27«2
U 7eB5  1eB50 2862 1.96 61.00 9345 - 645 914 8.6
6e54 265 1631 8¢73 65.8 91.00 9400 57.5 42.5
6e7 2413 2648 1468 63600 90.5 9.5 9242 748
7403 1e27 25495 23 63e5 9446 5G4 88.8 11.2
6496 1e62 2843 82 6245 © 9Be5  64b 9644 3e6
7445  «81  27.09 2448 6245 92.9 71 8849 11.1
705 1o76 21425 64l  63e4 9245 745 707 2943
6435 Le71 26435  «66  65.00 92 o4 7e6 96465  B3435
7403 1e95 28442 1e2 61e5 92.4 7 o6 94.6 5ed
6e64 1488 26425 le64 6345 92,00 8400 9242 78
725 1leB3 28s25 1.96 6100 9349 6ol 91.4 86
6472 1476 2644 1469 6344 9245 7 o5 92,00 8.00
3487 7472 2le4 2647 6542 61le7 3843 8644 1346
3¢32 10445 18,39 6462 6245 505 4945 707 2943
3e23 9el 14.52 6693 6642 5342 4648 6047 3943
3,76 7495 21405 256 64e5 6063 3946 8548 1442
3439 728 207 1,19 65.7 602 3948 92.8 7 o2
3674 7.92 2248 2e13 6448 60e4 3946 12.5




So1lid Phase Analysis.

(B) Langbeinite phase

Percentagze Composition Mol. Percent
Mg K2 394 G 12 };—20 Mg KZ 504 c 12
2410 15.05 306 178 61.25 31e5 684D 125 8745
(1} (4) Mixed solid phase 2640 74.00 50,00 50400
(B) Langbeinite phase 57,00 43.00 8045 1945 -
(11} (A) Mixed solid phase 35¢5 6445 7000 30400
- (B) Langbeinite phase 72 .00 28400 96400 4,00
2460 11.38 2.15 163 6745 42.5 B7.5 9400 91.00
(A) Mixed solid phase 8.00 92,00 7,00 93400
- {B) Langbeinite phase © 33600 67400 55400 45.00
(A) Mixed solid phase 95400 5600 94400 6400
(B) Langbeinite phase 79,00 21400 85,00 15.00
332 10645 1839 5.62 625 5545 44e5-  T0e¥ 2943
(4) Mixed solid phase 26,00 74400 95.00. 5400
(B) Langbeinite phase 6200 38,00 9700 3400
235 1061 9478 8e4b 7000 43,00 58,00 3900 61.00
(A) Mixed solid phase 9,00 91.00 . 88,00 12.00
51.00 49400 95.00 5400
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Conclusions

0
The isothermal at 100 for the system Mgclz- KZSO4— Mgs%- K1
has been completed. No guaternary salt ocours, that is no compound
forps containing the. four radicals of the system under consl deration.

In other words no divariant areas occur. which are enclosed by three

or more invariant points joined by mnivariant lines. Only the double
salts that occurred in the Hur ternary systems appear in the qua-

ternary system at 100o and the simple 8alts themselvess The relative

divariant areas for the occurring salts was detemined and the

solubility variations With change in relative composition.

The method of Janecke was used to express the results obtained.

The theory of which has been previously discusséd.. The invariant points
“of the four te_mary systems were taken. Thg MgSQLLHZO, MgS0,, langbeinite,
K2804 and Mg)lzeﬁzo invariant points were taken from this work amd the
carnallite, MgClzﬁﬂzﬁ, K}l,‘ KZSG4invariant points were obtained from

the data of my co-worker Dowens on his two termary systems of this sub-
jects These were calculated to mol percent and plotted on the sides

of the sciuare.

| Sév‘e‘:n: areés were found to occur giwfing ,fiva’ points of compl.‘etve in-

varisnce, that is, a saturated solution in equilibrium with three

distinct solid phases. These are joined by curves representing equi-
1ibrium between saturated solutions and two solid phases. These seven

divariant areas are saturated solutions in contact with KZSQ4,1ang—

beinite K2S042Mgso4, MgSOéHZG, MgSO,_L, MgC126H20', K31 and. carnallite
respectively as solid phases. The five invariant_, points were found

to have (1) K01, KZSO4 and. langbeinite as solid phases in equilibrium



57

with saturated solution; (2) Langbeinite, MgS0,H,0, K1 as solid
phases in equilibrium with saturat‘ed solution. (3) ﬂ&gSO4H20,

- éarnallite, XCc1 é.s 501id phases in equilibrium with saturated solution and
(4) TéIgSOéHZO, MgSG4, Mg)lgstO as solid phases in contact with saturated
solution. ..

The magnitude of these ‘divariant areas ropresent saturated solution
in equilibrium with one salt only as solid phase and vary inversely

as the solubility of that solid phase. As the result of this fact we.

nave a large K,50,area, a large langbeinite ares aml MgSO,H,0

and KC1l area of almost equal size’while' the carnallite and MgSO4 areas
are small and of about equal magnitude. The Mg(1126H20'area is very
smll, as one would expect of a highly hydrated salt at this tem-
veratures

The isothermal at 1000 resenbles markedly the isothermal at 259
completed by Lowenherz, except that his shoenite area is replaced by a
langbeinite area and his Mg30 47H20 area is replaced by a MgSO4H20 area
and his I\Kgsoésﬁzﬁ area is replaced by;zMgSO A areas The areas of the'
hydrated salts are much smllér and in his work at 250.

In dealing with this system at 100° it vas found that langbeinite
oéc;urs as a fine white powder of tetrahedal érystals, which can be readily
distinguished and separated frOmvthe associating solid phases. Ve are
a_.ble to utilize this,as a means of qualitatively determining whether
langbeinite was present or nbt in the solid phase,and also of separating .
it from the mixed. 'sblid phases, when it w'aé present. The\'f}i\ense well crystal-
liged solid phases would settle to the bottom and tI‘lev 1angiaeini’ce wamld

be deposited upon the top of this phase, forming a distinct line of
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separation between'the two phases. When two distinct solid phases
occurrea,they were separated,and in some cases analyseéd separavelye
Two s&turatedmsOlutions“each in equilibrium with two solid phases,
langbeinite and KE§%?'wefé‘ana1ysed. The two solid phases were also
‘analysed and the results shown on the diagram. One set of ‘the tie
-llines interéect slightly below langbeinifé, whi;e fhe others run to
Eésqé,,These points tend to run toward one another,due to the presence
of the other solid phase}mechanically contained in the solid phase
under consideration.. The two solid phase analysis show distinetly
that two phases were present in'equilibrium.with the éolution, there=-
fore the two points must lie upon the univariant 1ine.between these

_two divariant areas. This method-was utilized in determining the
langbeinite, MgSO4HéO boundary line or‘ﬁnivariant 1ine?and~since re—
sults were obtained, as shown in the diagram, we conclude that MgSQQHZO
and langbeinite were pfesent és two so0lid phases in equilibrium with
the saturated solution. The K1, langbeinite boundary was also de;
termined in thisAmanner and the invariant point langbeinite, KCl, Késoé
was determined, but ih this case the KéSO4 and K01 solid phases 90u1Q
not be separated mechaniqally,vthe fesult was that the soldd phase
aﬁélysis gave chloride 50% and sulphate 50%, which could oceur,only

if 32304 and Kol were both presenf in the solid phase. The langbeinite
tie linesruns towa:ds langbeinite as in fhe férmer cases, showing that
three phases were present in equilibrium with the saturated solution,
thus giving us an invariant point. This method was only made possible
by the property’of'langbeinite for.occurring in its characteristic

powdery form, Therefore we were unable to determine the other di-
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variant curves and invariant points, since &helr solid phases could
not be mechanically separated, and the analysis of the solid phase
in equilibrium with the saturated solution would mean nothinge.

The curve from the invariant point 1angbeini-te,'K2SO4 on the

ternary diagram runs across the graph,and represents the univariant
condition of a saturated solution in equilibrium with langbeinite
and K380, as solid phase, to the invariant point, with langbeinite,

KéSQQ,'KC1 as solid phase in equiiibrium with the saturated solution,

the mol percentage of which is Mg 315, K368.5, S0, 17.5, Glg 87.5 ,

From this invariant’pbint twe‘other;mnivaﬁiaht;Qurvesarun ouﬁ one-to the
iavariant point on the Késoé,'ECllternary diagram and the other to

the langbeinite , HngéHgo, K01 invarisnt point, where the three above
mentioned compounds are in equilibrium with the saturated solution

of mol- percentage Mg 88, K, 12, Cly 93.5, S0, 6.5, This point
similarly has two univariant curves emitting from it, one to the
langbeinite , MgSO4H20 invariant on the termary diagram and the other

to the carnallite, MgSO4HZO, K31l invariant point where the above

three compouﬁds are the three solid phases preéent in equilibrium

with the saturated solution of mol percent Mg 88.5, Ké 1l.5, 012 96,

and 804 4. Two other invariants occur at mol percentage Mg 98.1,
Ky 1.1, Gly 99,1, S0, .9 and Mg 95.75, K, 4.85, C1,97, SO, 3.

The uwnivariant curves meet this point as shown in the diagram giving

us the areas of igll,6H,0, carnallite and Mg30Og.

The water content for the solubility determinations is contalned
in the data and was not represented on the diagram. It was found that .

the water content of the saturated solutioms varied very little, dim-




inishing toward the mgS126H20 area and at the invariant points as

might be expected.
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. Summary.

, o _ - .
The isothermal at 100_ for the system MgS0y- MgClg= H0 was eompleted.

No double salt occurs.

The three solubility curvés were determined and their invariant
points,

MgS04Ho0, MgS04 and MgClpo6Hp0 were the solid phases in equilibrium .

with the saturated solutions,

. ) ,
The isethermal at 100 for the system KpSO4- MgSO4 ~Hz0 was sompleted,

The double salt langbeinite K,S0,8gs0, forms.

The three solubility .curves were determined and their inﬁariaht
points.

MgSO4H26, langbeinite and Kzsev were the solid phases in gquilibrimn
with the saturated solutiens.,

The isothermal at 1600 for the systém KC1 - MgB0, = MgClz-e Kgse 4~ 00
was completed, | o

No quaternsry compounds oceur.

Only the double salts and the simple salts; that occur in the ternary
systems, were fouﬁd in this isothermal.

The five invariant points and the ugivariant curves jeining these
points, forming the areas of divariancé,in which ene solid phase

only is present in equiiibfium with the saturated solutions, were:
determined.

The relative megnitude of the areas, in which MgS0,H,0, MgS0,, MgCl,6H,0

KC1l, K504, langbeinite, carnallite are solid phases, were determined,
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