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STUDY ON TIlE CAPAC1TW~ I-IFATS OF DILUTION 
AND PROPEI{I'IF_~ OF CONCENTRATP~ POTASSIUM 
CARNALLITE SOLUTIONS AT 298.15 K 
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A b s t r a c t  

The heats of dilution of the infinitesimally dilute potassium earnallite solutions at 298.15 K 
have been studied by continuous titration from 1.8942 to 0.01044 mol-kg -1, and an equation for 
the curve of heats of dilution has been fitted. It was shown that the enthalpy of dilution for the 
same concentration of the earnallite solution is equal to the sum of those of KCI and MgCI2 so- 
lutions. The equation for the curve of enthalpy of dilution corresponds to that of natural earnal- 
lite. 
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Introduction 

There are salts of potassium, sodium and magnesium chlorides in Chaer- 
ham Salt Lakes, Qinghai, P.R.C.. The potassium carnaUite (KCI-MgCI2.6H20) 
is a double salt used as raw material for the manufacture of potassium fertilizer. 
Xia Shuping et al. [1, 2] studied the processes of dissolution and crystallisation 
kinetics and the properties of KCI.MgCI2-6H20. In this paper, the heats of dilu- 
tion from 1.8984 to 0.01061 mol.kg -~ of potassium carnallite solutions at 
298.15 K have been determined in a continuous titration calorimeter and the 
heat capacities of synthesized concentrated potassium carnallite solutions from 
1.8942 to 0.01044 mol.kg -~ have been calculated. Equations have been set up. 
They are identical with that for the curve of heats of dilution a single salt the 
KCI and MgCI2 at the same concentration. The square sum of calculated devia- 
tion is not more than 1.0. 

E x p e r i m e n t a l  

1.2.1087 mol.kg -~ KCi solution: KCI (extra pure) 29.5278 g was dissolved 
to make 200.00 ml of solution. 

2. 1.8828 mol-kg -~ MgCI2 solution: a given amount of MgCI2.6H20 (ana- 
lytically pure) was dissolved to make a supersaturated solution. The concentra- 
tion was determined at 25~ and then diluted to 1.8828 mol.kg -~. 
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3. The natural and synthetic potassium carnallite solution: The maximum 
concentration of 1.8984 mol.kg-' potassium carnallite is found in the K § 
Mg 2+, CI-//H20 ternary system phase diagram at 25~ At this point, the molar 
ratio of KCI and MgCI2 is 1 : 1, and no crystal appears. Natural carnallite was 
dissolved. In addition, synthesized potassium carnallite solution was made. 
These two solutions were analyzed, and the exact concentrations are listed in 
Table 1. 

Tab le  1 T h e  analyt ica l  resul ts  o f  natural  and  synthet ic  po tas s ium carnal l i te  so lu t ions  

So lu t ion  proper t ies  KCI:MgCI2 KC1 / MgCI2 / 

mo l a r  ratio mol .kg  -I mo l . kg  -1 

P o t a s s i u m  carnal l i te  1 : 1 1 .8986 1 ,8990  

synthe t ic  

P o t a s s i u m  carnal l i te  1:1 1 .8942 1 .8942  

KCI so lu t ion  - 2 .1087  - 

MgC12 - - 1 .8828  

Instrument 

Sweden LKB 8710 Precise Calorimeter; 100 ml glass calorimeter bottle; 
thermister resistance: RD=2000f2. The relationship between thermister resis- 
tance and temperature was calibrated with 1/10 standard thermometer  and 
Beckmann thermometer. The precision of the calorimeter has been checked 
with data in literatures [3, 4]. The dilution range of solution concentration of 
the synthetical solution is from mi = 1.8942 mol.kg -~ to me=0.01044 mol.kg-~; 
natural solution, from m i  = 1.8984 to m~=0.01061 mol.kg -I. 

Operation 

Step by step continuous dilution method was used: At first, an initial solu- 
tion of 50.00 ml was precisely weighed and put into the 100 ml calorimeter bot- 
tle. Then the bottle was sealed with a filled metalseal and thermostated at 
25.000-+0.001~ for 4 h. Next, redistilled water was added into the calorimeter 
bottle at constant speed by a peristaltic pump and the heat was measured. At the 
same time, two time different electric heating and one time cooling were used 
to determine the total capacities of the initial and the final solution C1 and C~ 
and the Newton cooling constant K. Then the capacities and heats of dilution 
AHd [5, 6] at different concentrations m~ in the dilution systems were calcu- 
lated: 

C = W~,)-, [C~ - Co + (dCB / dt)] (1) 
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z~r-/d = - M-I{c(o[/~o - To] + KI~0 - To] + t(dCB / d0[To - TB]} (2) 

In above Eqs (1) and (2), W(t) is the total weight (kg) of dilution system at 
t; M is the total molarity of solute in solution; C(t) is the total capacity (kg.K -1) 
at t; Co is a constant (kg.K 4) obtained in experiment; T(t) is the solution tem- 
perature at t; To is the initial temperature; Ts is equilibrium temperature; TB is 
dilute temperature; dCBIdt is the rate of change of heat capacities in the dilution 
process (kg.K -1, S-1), CB= C2-CI. 

After the first dilute, 50.00 ml solution was weighted and the second dilu- 
tion was begun. The procedure was repeated until the solution concentration 
was less than 0.1 mol.kg 4. 

In Table 2, Mi is the concentration of carnallite, C is the capacity of carnal- 
lite, AH~ is the heat of dilution of carnallite, AH2 is the heat of dilution of syn- 
thesized solution, AHy is the value of synthesized solution, AHk is the heat of 
dilution of KCI, AHm is the heat of dilution of MgCI2, AHh is the sum of heat 
of dilution of KCI and MgCI2. 

Resul t s  a n d  d iscuss ion  

1. The heats of dilution of natural and synthetical potassium carnallite solu- 
tions and KCI and MgCI2 single solution at different concentrations were meas- 
ured. The heats of dilution from mi to m~ AHd (kJ/mol), molar heat capacities 
C (kJ.kg-l.K -~) are listed in Table 2. 
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Fig. 1 The dilute enthalpy curve of potassium carnallite, KCI and MgCl2 solutions 
o: the dilute enthalpy curve of potassium camalli te;  x: stimulating curve; 
� 9  the curve of sum dilution heat of KCI and MgCI2 solution 
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2. The curves and equations the enthalpy of dilution of natural and synthetic 
potassium carnallite solutions have been obtained: 

In Table 2, it is shown that the dilution processes from m~ to me of natural 
and synthetic potassium carnallite solutions are endothermic processes, and 
their capacities are similar at identical concentrations and will decrease with in- 
crease of concentration. A diagram of AHd vs. concentration was made, with a 
smooth curve obtained as calculated by a NEC-8001 computer. The obtained 
equation is as follows: 

AHd = A~,~(bmi) 

where A, b are parameters, having values A= 4.8300, b=  -1.3080. 
3. The curve and equation of enthalpy of dilution of KCI and MgCI2 solu- 

tions: 
The sum of enthalpies of dilution of KCI and MgCI2 solutions was dia- 

grammed against concentrations as in Fig. 1, the calculated results are given in 
Table 2. The fitting equation is: 

AHd = A~,~( brni) 

where A = 5.021, b= -1.343. It is shown that in the same concentration range 
the enthalpy of dilution of potassium carnallite solution is equal to the sum of 
those of KCI and MgCI2 solutions'. 
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Zusammenfassung m Die Verd6nnungsw:Armen unendlich verdfinnter KaliumkarnaUitl6sungen 
bei 298.15 K wurden mittels kontinuierlicher Titration von 1.8942 bis 0.01044 mol/kg 
untersucht und der Kurve der Verdiinnungsw/irmen eine Gleichung angepaBt. Man zeigte, dab die 
Verdfinnungsenthalpie ffir die gleiche Konzentration der Karnallitlfsung gleich der Summe deter 
der L6sungen yon KCI und MgCl2 ist.Die Gleichung ffir die Kurve der Verdfinnungsenthalpie 
korrespondiert mit der Kurve ffir natfirliches Karnallit. 
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