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Metallurgical industry is one of the largest energy consumers. The total energy consumption
for metal production is near 12% of the total energy consumption of the world. Over the past
20 years, many energy-saving processes have been developed, but the energy conservation is
still a hard task for metallurgists.

The application of organic solvents in hydrometallurgy is a important development. Besides
solvent extraction, the application of water-soluble solvents to hydrometallurgy is a new me-
tallurgy area. As an evidence, alcohol crystallization method is an attractive process for its
less energy consumption.

Alcohols are widely used in industry. They are characterized by the presence of hydroxyl
group (s). Because the molecular structures of alcohols are much different from that of water,
the large changes are observed in solubility, complexation, redox protentials, equilibria, etc.
These special properties offer great opportunity for developing untraditional metallurgical
processes. The following 5 subjects are from 5 angles to treat the relationships among salts,

water and alcohols.

1. NITRATE PROMOTED LEACH AND ALCOHOL CRYSTALLIZATION FOR
TREATING NICKEL-BEARING PYRRHOTITE

Nikel-copper ores usually contain abundant pyrrhotite. For increasing the production efficien-
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cy of smelters, the common practice is to raise concentrate grade by ore dressing. Thus a large
amount of nickel-bearing pyrrhotite is now discarded as middling. It presents a significant loss ‘
of nickel resources. A great deal of researches has been done to develop practical methods for
the treatment of nickel-bearing pyrrhotite, however, only a few are in commercial use.

Nitric acid is a strong oxidant. In leaching process, nitrogen monoxide can be oxidized by
oxygen into nitrogen dioxide, which dissolves in water and forms nitric acid again. Thus, nitro-
gen monoxide acts as an oxygen-carrier which conveys oxygen from gas phase into solution to
accelerate leach reactions. That is so called nitric acid promoted leach.

The composition of a typical nickel-bearing pyrrhotite concentrate treated is2.5% Ni, 1.6%
Cu, 0.1% Co, 30.19% Fe, 15.1% S and 18.2% MgO. A large amount of magnesium compounds
exists in the concentrate. [t was treated by nitric acid promoted leach under the following
conditions: HNOs 59, L:S=4: |, Po: 4.5kg“conf, 100°C, the leaching efficiency of Ni reached
92%, correspondingly, Cu 949, Co 75.196. During nitric acid leach, almost all the magnesium
compounds dissolved into solution as magnesium nitrate and sulfate, which consumed a large
amount of nitric acid and sulfuric acid. Therefore, how to regenerate nitric acid to reduce the
consumption of nitric acid and how to separate magnesium sulfate to avoid its accumulation

becomes the key of this process.
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moted leach process was studied (Fig. 1). Pyrrhotite is leached by nitrate promoted leach.
After separating Ni, Cu and Co, the solution, which contains magnesium sulfate and magnesium
nitrate, is treated by alcohol crystallization method. MgSO. crystallizes out, the spent liquor
is sent to distillation to recover alcohol. The solution, which contains magnesium nitrate, is
recycled to leaching process. This method has the advantages of nitric acid leach, but no nitric

acid consumption. Aqueaus Solution
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be reused.
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selected as organic solvent and copper sulfate as the inorganic salt to be separated. The phase
diagram of the water- 2 -butoxyethanol-copper sulfate system at 57°C (dotted line) and 1 °C
(solid line) was shown in [ig. 3.

[f 80% 2 -butoxyethanol is added intq a saturated copper sulfate solution A at 57°C until the
content of 2 -butoxyethanol in the ternary system reaches 20%, the composition of the solution
will move to B. In this case, a little copper sulfate will crystallize out and the composition of
the solution will change to C, and the solution will divide into two [iquid phases. When the
system is cooled to 1°C most of the copper sulfate will crystallize out, the composition of the
solution shifts to D where the content of copper sulfate in the solution is very low (1.5%).

After crystals of copper sulfate are filtered out from the solution, the temperature of the
solution is elevated to 57°C or higher, the solution will separate into a water-rich phase E and
an organic solvent-rich phase F. In the water-rich phase, 2 -butoxyethanol is less then 8 % and
copper sulfate is less then 2.5%, while in the organic solvent-rich phase, 2 -butoxyethanol is
more then 50% and copper sulfate, only trace. Thus, the three components are separated from
each other only by varying the temperature within 60 degrees. The energy consumption by this

way is about 20% of that by evaporatio
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will remain in the bath, requiring constantly bleeding off a large amount of electrolyte. There-
fore to find a method of separating potassium chloride and sodium chloride from anhydrous
carnallite before electrolysis becomes an interesting subject.

Alcohols are important industrial solvents. The solubilities of MgCl. in some lower alcohols
are rather good. Contrary, the solubilities of KCl and NaCl in alcohols are very low and KCl or
NaCl do not react with alcohol. So alcohols are the most attractive organic solvents. Among
them, ethanol is the preferred one for preparing cell feed.

The equilibrium data of the MgCt,.-KCI-EtOH and MgCl,-NaCl-EtOH systems were deter-
mined. The ratios of MgCl.  KCl and MgCl.,”NaCl in the solutions increase rapidly with the
increase of MgCl. content. At co-crystallization points, the ratios of MgCl. /KCl reach 5070
at 70°C and 5765 at 50°C ; The ratios of MgCl: / NaCl reach 4150 at 70°C and 4300 at50°C. In
other words, the KCl content in anhydrous MgCl: can be theoretically reduced to 0.02-0.018%,
the NaCl content in anhydrous MgCl: can be reduced to 0.024-0.023%.

The flow-sheet for preparing anhydrous MgCl. from carnallite by alcohol extraction was
shown in Fig. 4 . After leach and dehydration, anhydrous carnallite was ground and leached
with anhydrous ethanol at boiling temperature for 1 hr. After settling and filtration, the
residue (KCI, NaCl and MgQO) was washed with ethanol at room temperature, then washing
liquor was recycled to alcohol leaching process. After evaporating ethanol, a white magnesium

chloride was obtained, which contained MgCl. 99.62% , Mg0 0.18%, KC10.03% NaCl1 0.03%,
others 0.14%.

4 . DEHUMIDIFICATION OF THE MgCl.-C5Hs0;-H.O AND
LiCl-C¢H140+-H,O SYSTEMS

Humidity of air is an important environment 100 i T T ;
factor in close relationship with human living 801 :
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ble to treat air onlarge scale. For air dehumidifi- & L / _
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system and adding lithium chloride into trieth Hp0

lene glycol-water system to coordinate water 18- 2 Relative humidities of the gas in
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has been studied. system.
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The phase diagrams of the MgCl.-Cs Hs Os-
H. O system at 20°C and 70°C and the LiCl-Cs 100 Lic1 -t (05 (ot ratte)
Hi1Q4-H: O system at25°C were determined. ao

o-—1:5
Because there are large liquid areas in the terna- 80 : :::::f
ry system, the suitable operation compositions 60 |- t::;/: :
can be selected in a wide range. i M i
The vapor pressures of the MgCl.-Cs Hs Os- = 40 B
H.O system at different temperatures were 4
summarized in Fig. 5. When water content is 20 .
constant, the humidity decreases with the in- =
crease of the content of magnesium chloride. 00 20 40 60 8|0 : 100

For example, the humidity of the gas in contact H20

with a glycerol solution (20% H.Q) is about Fig. 6 The average relative humidities
50%, while the humidity of the gas in contact 8251??%541_%3%%336‘::@ the LiCl-
with a solution (20% H.O and 6 % MgCl.), is

only 40%.

The average relative humidities of the LiCI-CsH:+O4-H.O system were summarized in Fig.
6 . Because the mol ratio LiCl,/CsH, 4O« does not change during dehumidification, the humidi-
ties of gases in equilibrium with the solutions will change upward along these lines with the
increase of the water contents in the solutions. When water contents are the same, the average
relative humidities(Hr) decrease with the increase of LiCl content. For example, the average
humidity of the gas in contact with a triethlene glycol solution (2096 H:0) is 509, while the
average humidity of the gas in contact with a ternary triethylene glycol solution (20% H:O

and 17.69 LiCl) is only 19%.

5. DEHYDRATION OF MAGNESIUM CHLORIDE BY BUTANOL DISTILLATION

In magnesium production, hydrate water of magnesium chloride always causes corrosion
problem during electrolysis, resulting in high maintenance cost, sludge formation, anode
consumption and low current efficiency, therefore, hexahydrate of magnesium chloride must be
dehydrated before electrolysis. But hydrous magnesium chloride can not be directly dehydrated
by drying or calcining without the formation of magnesium oxide, practically about 50% of
the magnesium production cost is charged to the preparation of cell feed, this is primarily due
to the high energy consumption in the dehydration of magnesium chloride.

Alcohols are typical polar organic compounds. Some of them can replace water to form coor-
dinates with magnesium chloride, which weakens the binding force between water and magne-

sium chloride, thus, makes the dehydration ol magnesium chloride much easier.
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In this research, methanol, ethanol, n-propanol, 140

n-butanol, amyl alcohol and ethylene glycol

have been used as organic solvents for the 135

dehydration of hydrous magnesium chloride.

The results show that with the increasing of =0
the number of carbon atoms in the molecule of 125
alcohol, the dehydration ability increases. But € |
when higher carbon alcohol is used for dehydra- T120
tion, the distillation has to be carried out at
higher temperature. In this case, the reaction 1
between salt and alcohol will occur. Therefore 10
n-butanol was selected.
The boiling points and the compositions of 50 6o 75 80‘; 9‘0 0
equilibrium gas phase of the MgCl:-C+HsOH- H—;i)“—f;‘—oH + mol %

H:O systems with different concentrations of Fig. 7 The gas-liquid equilibria of the

. . . MgCl:-H.0-BuOH system with
magnesium chloride and water were determined. various ratios of MgCls: BuOH.
The results are shown in Fig. 7. the solid lines
are the boiling points lines. In distillation, if keep the ratios of MgCl,,/BuOH unchanged, the
boiling points of the solution will change along these lines when the compositions of the so-
lutions change.

The dotted lines are equilibrium gas phase lines. With the increasing of MgCl. concentration,
magnesium chloride fixes more water and therefore the fraction of water in gas phase is less
than that in liquid phase. Contrary, when the concentration of MgCl. is lower, the water (rac-
tionin gas phase is larger than that in liquid phase. This means that low concentration of
magnesium chloride is favorable for the removal of water. Therefore, “distiliation” has to be
used, and before evaporating the final butanol, water must be reduced to a desirable level, the
concentration of magnesium chloride in distilled solution should be kept at some lower level.

A single stage distillation experiment indicated that after 13 times butanol was added, stop
adding butanol. With the evaporation of butanol, the temperature was finally increased to 400
°C. The total dewatering reached 97.3%. A white anhydrous magnesium chloride was obtained,

in which the content of magnesium oxide was less than 1.5%.

6 . CONCLUSIONS
Metallurgical industry is one of the largest energy consumers, energy conservation is a hard
task for metallurgists. The application of water-soluble solvents to hydrometallurgy is a new

metallurgy area. The special characteristics of alcohols offer great opportunity for developing
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untraditional metallurgical processes. The present studies are from 5 angles to treat the relati
onships among salts, water and alcohols. From the results, five kind processes were developed.
1) Alcohol crystaltization is an effective method for the saparation of magnesium nitrate
and magnesium sulfate with less energy consumption. From which a nitrate promoted leach
process was proposed. It has the advantages of nitric acid leach, but no nitric acid consumption.
2) Based on the phenomena of lower critical solution temperature, a DTE PROCESS (differen-
tial temperature extraction) was proposed. The separation of organic solvent, salt and water
can be carried out by slight variation of temperature. For tested system, the energy consump-
tion by this way is only about 20% of that by evaporation.
3) Organic solvent purification is an effective method, especially for those process which
must be kept away from water. By this method, a pure anhydrous magnesium chloride can be
prepared from anhydrous carnallite. The composition of magnesium chloride obtained is
MgCl: 99.62%, MgO 0.18%, KC10.03%, NaCl 0.03% and others 0.14%.
4) In ternary salt-organic solvent-water systems, the strong complex ability of MgCl. and
LiCl with water can obviously improve the dehumidification of glycerol and triethylene glycol.
The relative humidity of the gas in contact with the triethylene glycol solution (209 H.0) was
509, while the average humidity of the gas in contact with the ternary solution (20% H-O,
17.6% LiCl and 62.4% CesH,404) decreased to 19%.
5) Some alcohols can form coordinates with magnesium chloride, which weakens the binding
force between water and magnesium chloride, and then, makes the dehydration of magnesium
chloride easier. By n-butanol distillation method, the overall dewatering reached 97.3% . The
white anhydrous magnesium chloride obtained, in which magnesium oxide content was less
than 1.5%, is suitable for electrolysis in magnesium production.

The immense varieties of non-aqueous solutions gives us a great opportunity to develop unu-
sual processes for special uses. There are many subjects to be done both in extend research of
present works and new process development. NON-AQUEOUS SOLUTION METALLURGY will

go through its infancy and possess its reasonable position in extractive metallurgy.
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