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ABSTRACT

To reduce energy consumption, the physico-chemical properties of NaF-AlF;-BaCl;-NaCl
system were systematically studied. The mathematical models of the liquidus temperature and
electrical conductivity were obtained and the density was also studied about this system. Based
on these experiments, three groups of energy-saving electrolyte composition were proposed.
This achievement has been applied in the aluminium refining industry, and it was demonstrated
that the energy consumption was reduced by 1 200kWh per ton of refined aluminium.
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1 INTRODUCTION

In our country, the DC energy con-
sumption of three layers aluminium refining
is up to 21 000 kWh per ton of aluminium.
Higher energy consumption is the obstacle to
developing our country’s refining aluminiun
industry. Addition of NaCl to the electrolyte
system NaF-AlF;-BaCl; to improve the per-
formance of the molten electrolyte has been
studied, but the studies were not perfect. To
find an energy- saving electrolyte of high
electrical conductivity, we broadened the re-
search range and used different methods to
study the NaF-AlF;- BaCl,- NaCl system.
This paper might provide theoretic and tech-
nical foundation for further developing the a-
luminium refining industry.

2 EXPERIMENTAL AND RESULTS

2.1 Liqudus Temperature of NaF- AlF;- Ba-
Cl,-NaCl System
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Gradual cooling curve method was
adopted to measure the liquidus tempera-
ture. The experiments were designed using
orthogonal regressive method. Mathematical
models of the three-factor quadratic regres-
sive equation were used to describe the lig-
uidus temperature of this system.

In this paper, k repersents NaF/ AlF;
mole ratio; CBaC,Z represents BaCl, content
(wt. - %) ; Qnaci Tepresents adding amount of
NaCl(wt. - % ).

(1)While k =1.5~2. 3, Cracr, = 40
~60, @nac =0~15
t =624.6434-172. 860k

— 4. 492Cna, 4. 944Qnaci

+ 1. 933kCpacr, — 5. 145k@nacy

+0. OZGC&C.ZQNE,C. — 41, 932k?
—0.013 940%302 — 0. 102Q.c (D

(2) Whilek =2.3~3.0, C}sacl2 =40
’\-’60, QNaCl =0~15
t =2533.232—1195. 874k



. 46 - TRANSACTIONS OF NFsoc Mar. 1994
_5- 630053c12 —44- 5580N3C| 820
-1- 194]6033(]2 “l"6- 860kQNaC|
4-0. 397Checr, @racr +232. 889K 790
+0. 0640,2;,02 4+ 0. 249Q%.q 2) 0760*
(3) While k =3.0~6.7, Cuc, =40 730k Iy 03
’\’60, QNaq :0’\’]5
t =1690. 958+ 108. 186k 700f
_*_45. 97403302 —24- 626QNac1 670,10 4I5 50 5.5 60
+0. 233’(?03302 +0- OGOkQNam CBaClZ /wt. —%
+0. 383C&C‘zQN’C‘ —11.517%* Fig. 2 Influence of BaCl, content ( Cgici, )

+0. 4320:2;‘.02 + 0. 305Q%.c: (3

The relationships between liquidus tem-
perature and NaF/AlF; mole ratio ¥ , BaCl,
content CB*'C‘z and NaCl adding amount @n.c

were shown in Figs. 1, 2 and 3.

2.2 Temperture-Varied Electrical Conductivity
of NaF-AlF;-BaCl,-NaCl System

Temperature-varied properties were
adopted to describe the electrical conductivi-
ty of this system. Different bath composi-
tion was studied at different temperature
which is 20 'C higher than the liquidus tem-
perature of this given bath. Parallel four-
electrode method was used to measure the
electrical conductivity.
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Fig. 1 Influence of NaF/AIF; mole ratio( £ ) on

liquidus temperature( ¢ ) of molten bath
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Fig. 3 Influence of NaCl adding amount Qn.c

on liquidus temperature ( £ ) of molten bath
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The effects of bath ratio & , BaCl, con-
tent and adding amount of NaCl on electrical
conductivity are shown in Figs. 4, 5 and 6.

2.3  Temperature- Varied Density of NaF-
AlF;-BaCl,-NaCl System

Hydrostatic weighing method was adopt-
ed to measure the density of the molten elec-
trolyte.

The effects of bath ratio £ , BaCl; con-
tent CB’C‘Z-. and NaCl adding amount Qnaci On
density of the molten electrolyte were shown
in Figs. 7 and 8.

3 DISCUSSION

3.1 General Description of Physwo- Chemical
Properties of NaF-AlF;- BaCl,- NaCl
System

Based on the research above, some im-
portant conclusions can be made as follows.
(1) NaF/AIF; mole ratio has remark-
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Fig. 4 Influence of NaF/AlF; mole ratio

k on electrical conductivity of molten bath
( CBaCIZ :60, QNaCl :8)
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Fig. 5 Influence of NaCl adding amount( Qu.ci )
on electrical conductivity A of molten bath
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Fig. 6 Influence of BaCl, content ( Cpci, ) on

electrical conductivity A of molten bath
(D—k=2.1, Qnac =83
2)—k=2.7, Qnct =8;
B)—k=4.2, Qucst =8

able effect on electrical conductivity of the
molten electrolyte. In the condition of our
experiments, molten salt’ s conductivity in-
creases with increasing bath ratio except that
electrical conductivity varies slowly in the
bath range from 2. 3~2. 8. But increase in
bath ratio can make liquidus temperature
higher. Raising bath ratio to some degree

can drops the density of the molten elec-
trolyte.

(2) As a kind of additive studied ,NaCl
plays an important role in raising electrical
conductivity of the molten electrolyte. From
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general trends, the electrical conductivity of
the molten electrolyte rises with increasing
NaCl adding amount, but the rising is gradu-
al. In the low bath ratio range, adding NaCl
to the electrolyte can drop the liquidus tem-
perature. There is a disadvantage that
adding NaCl to the elecrolyte can drop the
density of the molten salts.
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Fig. 7 Influence of NaF/AIF; mole
ratio k on density ( p ) of molten bath
( CmC|2 =609 QN.C: =8)
2.8
4
£ 2.6 3
(8]
bas %
9.4 12
2.3 . . : .
5 7 9 11 13 15
Quect /Wt. - %
Fig. 8 Influence of BaCl, content and NaCl

adding amount on density of molten bath
(1D— %k =3. 4, Cuaci, =50;
(2)>—k =3. 4, Crcr, =60;
(3)—k =2.7, Cuci, =60 ;
(4)—k =2.1, Chc,, =60

(3) BaCl; in the molten electrolyte
plays an important role in adjusting the densi-
ty to meet with the request of ordinary indus-
try production for electrolyte’s density and
to counteract the adverse effects on elec-
trolyte because of adding NaCl and raising

bath ratio.

(4) Except for effects of the bath ratio
BaCl, content and NaCl adding amount re-
spectively on physico-chemical properties of
electrolyte, these factors also interact on
physico-chemical properties. While selecting
the appropriate electrolyte composition, the
effective interaction between these factors
should be considered sufficiently to over-
come the bad effects of signal factor on some
properties.

3.2 Selection of Energy-Saving Electrolyte

While selecting the electrolyte composi-
tion, these rules should be followed: presup-
posing the density of the bath meeting with
request, the molten electrolyte having high-
er electrical conductivity and lower liquidus
temperature as soon as possible. Considering
the request of practical industry production
for the electrolytes, three groups of energy-
saving electrolyte composition range were
proposed on the basis of studies above.

(1) When bath ratio is 2. 1+0. 2, Na-
Cl adding amount is (6 ~12) wt.-%, Ba-
Cl; content is (6045) wt. - %, the liquidus
temperature is 665~ 705 'C, the density is
2.65~2.70g/cm?®, the electrical conductiv-
ty is 1.3~ 1.5Q 'ecm™!'. The electrical
conductivity increases by 30 ~ 50 percent
than that of the traditional electrolyte.

(2) When bath ratio is 2. 5+ 0. 2, Na-
Cl adding amount is (124 3) wt.-%, Ba-
Cl, content is (604+5) wt. - %, the liquidus
temperature is 700~ 740 'C, the density is
2.60~2.70g/cm?®, the electrical conductiv-
ity is 1. 45~1.70Q 'sem ™', The electrical
conductivity increases by 45~ 70 percent
than that of thetraditional electrolyte.

(3) When Bath ratio is 3. 44-0. 2, Na-
Cl adding amount is (114 2) wt.-%, Ba-
Cl,content is (58~65) wt. - %, the liquidus
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temperature of the molten electrolyte is 760
~ 795 C, the density is 2.50~ 2.60 g/
cm?, the electrical conductivity is 1. 6~1. 9
Q 'ecem ', The electrical conductivity in-
creases by 60~ 90 percent than that of the
traditional electrolyte.

4 SUMMARY

(1) In this paper, the research range
of the NaF-AlF;- BaCl,- NaCl system was
widened. In past studies, bath ratio was up
to 2. 5, adding amount of NaCl was up to
8%;. In this paper, the bath ratio was raised
to 6.7, NaCl adding amount was raised to
15%.

(2) Liquidus temperature,
ture-varied electrical conductivity and densi-
ty of this electrolytic system were studied.
Conclusions reached in varing temperature
conditions were very different from that un-

tempera-

der constant temperature condition, which
can closely represent practical condition.

(3) The relaionships between each-
physico-chemical property and each factor
of the electrolyte system NaF- AlF;- BaCl,-
NaCl were summarized and described. Con-
sidering the requests of industry production
for electrolyte, three groups of energy-sav-
ing electrolyte compsition whose electrical
conductivity was increased by 30~ 90 per-
cent than that of the electrolyte adopted tradi-
tionally in industry and other properties
which also meet with request were proposed
in the basis of researches.

(4) One of the three groups of elec-
trolyte composition proposed above has come
into use in Guizhou Aluminium Plant. The
energy consumption was reduced by 1200
kWh/t+Al, the output of refined aluminium
was increased by 8 percent.

(From page 25)

MPA acts both as reacting medium and react-
ing extractant, then leads to the change of
the reaction mechanisms. The accelerating
characteristics of the MPA micelle are differ-
ent from those of the micelle catalysis which
only acts as reacting medium and accelerates
the reactions, but does not changes its mecha-
nism.

4 CONCLUSIONS

(1) 1t was proved that the controlling
reaction of the micelle mixed extractant sys-
tem D,EHPA-MPA for the AI®T extraction
occurs inside the micelle phase.

(2) The reaction rate equations were es-
tablished for Al®T extraction of the studied
extractant system.

(3) The two components, in the mi-
celle region of the studied system, and their

reaction mechanisms, in the micelle and lig-
uid-liquid interfacial reaction regions, were
proposed.

(4) The accelerating mechanisms and
their characteristics of the studied micelle
mixed system were proposed and analysed.
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