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FOR ELECTROLYTIC DEPOSITION PROCESS
OF HYDROMETALLURGY OF ZINC"
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ABSTRACT Based on expert experience model and mathematical model, optimal ratio of H* /Zn*" and

temperature of electrolyte were searched out according to a way of expert self-learning optimization, and opti-

mal flowing velocity of purified solution was computed by means of analytic relations. The flowing velocity of

purified solution, the liquid level of the ground trough and the status of cooling fans were controlled on line to

keep the process in optimal production conditions. 0. 5% more current efficiency and 1 million kWh less power

consumption a year have been attained since running of the expert optimized control system. The system con-

stitution, expert optimized techniques, reaktime techniques and system implementation were introduced.
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1 INTRODUCTION

The electrolytic deposit process of hy-
drometallurgy of zinc is a reaction process of pu-
rified solution of ZnSO4 when direct currents
flow through, Zn®" ions in the solution are re-
duced to zinc at the cathode and OH™ ions will
be oxidized to O, at the anode. The chemical re-

action equation is shown as:
ZHSO4+ Hz(): an + H2504+ %OQT (1)

The electrolytic process of zinc is a continu-
ous and long-line procedure. The purified solu
tion and the electrolyzed solution are mixed in
the solutiorrcollecting trough. The mixture
(electrolyte) is sent into four series of electrolyz
ers to be electrolyzed. The electrolyzed solution
enters the ground trough, cooled by cooling
fans, then reenters the solutioncollecting trough
to be mixed with purified solution.

There is a large power consumption in the

electrolytic process, which used up to 80% of

whole power consumption in the hydrometal

M In China, the elec
trolytic process is mostly operated manually. The

lurgical process of zinc

whole production conditions depend to a large

degree on the operators .

Therefore, it’ s spe
cially urgent to establish advanced control sys
tems, to set up optimal electrolytic conditions

and to ensure lowest power consumption.
2 PROCESS ANALYSIS

The power consumption in the electrolytic
process of zinc is in direct proportion to trough-
voltage and in inverse proportion to current effr
ciency. To reduce power consumption means to
lower trough-voltage and to raise current effr
ciency. Both of them are affected by many com-

plicated factors ™.

Under some production con-
ditions they will mainly be:

(1) Ratio of H* /Zn*" in electrolvte. Promr
er ratio of H* /Zn*" in electrolyte is the basic

condition of normal electrolytic deposit process.
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If the content of Zn>" is too low, the density of
sulphuric acid will be too high, zinc deposited at
the cathode will be dissolved again, and the cur-
rent efficiency will drop down; if the content of
Zn*" is too high, the trough-voltage will in-
crease and will also lead to increasing of power
consumption.

(2) Temperature of electrolyte. The rise of
temperature makes the supervoltage of H”
drop, makes it more easy to separate out at the
cathode, current efficiency is therefore be cut
back; but too low temperature makes the resis
tance of electrolyte and the trough-voltage in-
crease, then leads to increasing of power con-
sumption.

(3) Current density. With the increasing of
the current density, the super-voltage will in-
crease as a beneficial factor to the raising of cur-
rent efficiency. But too high density leads to ris-
ing of trough-voltage and increasing of power
consumption.

In order to decrease the trough-voltage and
increase the current efficiency as possible, the
ratio of H™ /Zn*" in electrolyte, the temperature
and the current density must be stabilized in
proper values. But the relationships among these
factors are too complicated to be wholly de
scribed with mathematical models. Some of
them should be described with expert experience
and experimental results. Usually, the current

density depends on power supply conditions,
which is not in the direct control of the elec
trolytic process. The ratio of H* /Zn** and the
temperature corresponding to the highest current
efficiency and the lowest trough-voltage can not
be obtained with traditional analytic optimum
methods. Therefore, it’ s necessary to combine
the mathematical model based on analysis with
the expert experience model based on know ledge
for the electrolytic process of zincd ™ ! to seek
out the optimal ratio of H* /Zn*" and tempera
ture of electrolyte under various production con-
ditions by means of expert optimized method,
and to keep the process in optimal production
conditions by means of reaktime control tech-
nique.

3 CONSTITUTION AND FUNCTIONS OF
SYSTEM

Expert optimized control system ( EOCS),
composed of expert optimized subsystem ( EOS)
and reaktime control subsystem (RTCS), ac
complishes the functions of optimized control of
electrolytic process of zinc. The system constitu-
tion is shown in Fig. 1.

EOCS has functions as follows:

(1) Seeking the optimal ratio of H* / Zn**
and the optimal temperature of electrolyte by
means of expert control technique;
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Fig. 1

The constitution of EOCS

IAPU —Information acquiring and processing unit;

SIPM —Synthetic information processing mechanism; DO —Digital output
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(2) Reaktime controlling the flowing veloc
ity of purified solution, and keeping it at the giv-
en value corresponding to the optimal ratio of
H* /Zn* ;

(3) Reaktime controlling ormror-off of cool
ing fans in cooling tower, and keeping the tem-
perature of electrolyte at the optimal value;

(4) Reaktime controlling the liquid level of
the ground trough, ensuring a stable flowing ve
locity of electrolyzed solution to the solutioncol
lecting trough, and keeping from leak, overflow
and cut-off;

(5) ReakFtime monitoring the main parame-
ters in the production process, providing real
time information for operators and optimization
processing;

(6) Fault alarming and synthetic informa-
tion processing, detecting and diagnosing faults,
sending out alarms, providing operating guides,
storing relevant data for later inquiring, and ten-
dering historical curve and process parameter
curve.

4 EXPERT OPTIMIZED SUBSYSTEM

EOS takes the current efficiency and the
trouglrvoltage in the electrolytic process as its
optimal performance index to seek the optimal
ratio of H*/Zn*
trolyte. The performance index is expressed as

PIZ (Ilrlz-i- (IQE% (2)

where

and temperature of elec

P is the optimal performance index, Tl
is the current efficiency, FErt is the trough-volt-
age, a; and Qo are weighted coefficients. They
are calculated by linear regression among data
which have been acquired from the process for
many years.

EOS contains four parts. They are informa
tion acquiring and processing unit ( IAPU ),
know ledge base( KB), inference engine( IE) and

synthetic information processing mechanism
(SIPM). Its model can be described asl & 71

U= f(E, K,I) (3)
where FE= {e;, ey, -..e,} is the output set of

[APU, also the input of EOS; K= [k, ko,

-y k,} 1s the set of items of knowledge; =
{i1. 12, --» 1,} is the output set of IE; U=

{ui, was, - u,} 1s theoutput set of EOS. f is
an intelligent operator, its basic form can be
stated as

I[F £ AND K THEN (IF I THEN U)
i. e. inferring according to input information F
and knowledge K, then outputting the corre
sponding control action according to the infer
ence result.

[IAPU collects all information of production
process from omrline measure units and input in-
terface, characterizes all these acquired informa
tion including flowing velocity, liquid level, var
ied series of current, ratio of H* /Zn*" in elec
trolyte, trough-voltage and current efficiency.
The characterized information can be received by
KB, IE and SIPM.

KB, the basis of EOS'® s composed of
database and control rule set ( CRS). Where
database includes the range of technological pa
rameters, experience value required by opera
tors, contrast list of parameters’ relationships.
Each group of these parameters under varied pro-
duction conditions is stored in the list, by which
we can find out the proper ratio of H* /Zn*" and
temperature value that makes the trough-voltage
relatively low and current efficiency relatively
high under a production condition. CRS induces
and summarizes the control pattern and experr
ence which can be obtained from human experts
and technical references in the field. They are
described by production rules. Typical rules are
as follows:

Rule 1: IF Cs> rs+ K

THEN Fi= ni*F.;
Rule 2: IF Cz> rz+ Ko
THEN Fp= no*F,;
Rule 3: IF T.> r1+ K
THEN turn on m cooling fans ad-
ditionally;

Rule 4: IF T .< ri— K4

THEN turn off m2 cooling fans ad-
ditionally.

In above rules, Cs is the acid content of
electrolyte( g/ L), rgis the normal value of acid
content (g/ L), F,is the original flowing velocr
ty of purified solution( L/h), Fyand Fp are the
flowing velocities which should be increased or
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decreased( L/h), Cyz is the content of Zn™ of

electrolyte( g/ L), rz is the normal content of
Zn*" (g/ L), K and K are positive deviations
from rg and rz respectively (g/L), T. is the
temperature of electrolyte( C), rt is the normal
temperature( C), K3 or Ky is positive or nega
tive deviation from rt( C). Parameters nj, no,
m 1, ma come from experience data. Experience
data and contrast lists of parameters’ relation-
ships can be omrline changed, according to such a
principle “if the performance indexes correspond-
ing to the present parameters’ relationships is
better than the original one in the list, then re-
place the original one with the present relation
ships of parameters, otherwise lets KB remain
unchanged.” Therefore, KB has self-learning
and self-adapting functions.

Inference engine ( IE) compares the charac
terized information came from TAPU with what
stored in KB, infers the possible work states of
each parameter, then abstracts different control
rules from KB by means of forward chaining in-
ference method, acquires the possibly permissible
optimal range value of the ratio of H* /Zn*" in
electrolyte, the value of the flowing velocity of
purified solution, the number of the cooling fans
to be turned on or off.

The electrolyte is a mixture of purified solu
tion with more Zn** ions and electrolyzed solu-
tion with more sulphuric acid. When keeping the
liquid level of the ground trough stable, the
flowing velocity of electrolyzed solution is also
stable. Thus, if more purified solution flows to
the solutiorrcollecting trough, the content of
Zn*" will increase, vice versa. The numerical
relationships between the ratio of H* /Zn** in
electrolyte and the flowing velocity of purified

. . 1
solution can be described as' !

(repa= q)° F
= 4
0= TR (4)
(p1= pa)* O
r]'_ [ . g . N (5)
where () is the flowing velocity of purified so-
lution flows into the electrolyzer (L/h), F is the

flowing velocity of electrolyzed solution flows in-

to the electrolyzer (L/h), piand ¢, are the con-

tent of Zn>" and the content of acid in purified

solution respectively, p» and ¢» are the content
of Zn* and the content of acid in electrolyzed
solution respectively, r is the ratio of H* / Zn**
in electrolyte, T is the current efficiency, [ is
the electric current through the electrolyte, N is
the number of series electrolytes, g is the elec
trochemical equivalent of zinc.

The synthetic information processing mech-
anism ( SIPM) searches out the optimal given
value of the flowing velocity of purified solution
by utilizing the conclusion from IE and formulas
(4) and (5). It also finds out which fans should
be turned on or off according to the number of
the fans to be turned on or off and the current
actual state of the fans, then sends the code
number of these chosen fans and the given value
of the flowing velocity of purified solution to
RTCS for reaktime control.

5 REAL-TIME CONTROL SUBSYSTEM

Realtime control subsystem( RT CS) 1is used
to ensure the production process running at or
near the optimal ratio of H* /Zn** and the opti-
mal temperature. It includes the reaktime con-
trol of the flowing velocity of purified solution,
the liquid level of the ground trough and the
state of cooling fans. The flowing velocity of pu-
rified solution is controlled by means of regulat-
ing the rotational speed of purified solution
pumps. It should follow the given value, and
should also overcome the disturbance in its
closed-loop. Its controller adopts PI control algo-
rithm with dead-space. The given flowing veloc
ity of purified solution comes from EOS or key-
board decided by soft-switch. The liquid-level of
the ground trough is controlled by means of
changing the rotational speed of electrolyzed so-
lution pumps. It mainly overcomes the distur
bance signals added to the liquid-level. Consider-
ing that there is a big lag from the change of ro-
tational speed of electrolyzed solution pumps to
the change of liquid level. WAS control algo-
rithm is used in its controller. The state of cool
ing fans is controlled directly by means of out-
putting digital signals to open or close the relays
of cooling fans. The block diagram of RTCS can
be illustrated as Fig. 2.
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Fig. 2 The block diagram of RTCS

6 SYSTEM REALIZATION

EOCS is implemented by an industrial con
trol computer. The computer is equipped with
A/D modules, D/A modules, thermal resistance
temperature detection modules ( RTD), digital
input ( DI) modules, digital output ( DO) mod-
ules and their interface boards. The applied soft-
ware of optimized control and administration are
programmed in Borland C+ + language and as
sembly language, based on modularity and struc
tural programming methods. It is general adapt-
able and easy to be modified.

7 CONCLUSIONS

Since EOCS was put into running in the
nonferrous metal smeltery in 1995, it has re
vealed its advantages that operators can get the
production data of the whole electrolytic process
in time, directly and completely, the ratio of
H* /Zn*" is controlled in the range of 3. 1~ 3.5
- 1 firmly, the current efficiency increases from
88% to 88. 5% at same trough-voltage. It
means 10 kWh power consumption reduction per
ton of zinc production, 1 million kWh power
consumption reduction a year if 100 thousand ton
of zinc is produced. EOCS is a successful exam-

ple of expert control techniques used in automa
tion area. It indicates that the using of expert
techniques in the reaktime control of complicated
production process will improve the performances
of process automation, and will bring about

striking economic benefits and social benefits.
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