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SECTION 1

ABSTRACT

The Modification No. 002 to DOE Contract No. ET-78-C-02-4881

which has a starting date of August 1, 1979, was signed on

September 21, 1979. During August and September 1979,

experimentation was interrrupted and purchase orders for

equipment were delayed until the signing. Instead, emphasis

was put (1) on the preparation of the annual report includ-

ing the analysis and write-up'of the data obtained in carry-

ing out the additional July 1979 task which involved the

operation of the newly-built 6" x 6" cell; and (2) on inter-

action with Anaconda staff members for the purpose of plan-

ing the pre-pilot plant experimentation called forcin the

above modification No. 002.  Accordingly, experimental invest-

igations commenced in October, 1979.

Initial efforts have been directed toward assembling test

hardware and evaluation of a new zinc plant feed. A complete

chemical analysis of the feed is reported.

Utilizing the 2" x 2" (active electrode area) hardware

and techniques developed under Contract No. ET-78-C-02-4881,

6 hour zinc electrowinning tests have demonstrated a current

efficiency of greater than 90% with an energy consumption of

0.54 to 0.55 KWH/lb of zinc.  For these tests, 0.1 g/1 gelatin

was employed as an electrolyte additive and the resultant zinc

plates were bright, smooth and compact.
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SECTION 2

INTRODUCTION

Substitution of a hydrogen (pure H2 stream) depolar-

ized anode for the conventional industrial lead electrode

has demonstrated an energy savings of over 0.6 KWH/lb of zinc.

These data were obtained at 55'C in 2" x 2" and 6" x 6"

(active area) zinc electrowinning cells employing a plant

electrolyte containing 155 g/1 zinc and 98 g/1 sulfuric acid.

Zinc plates obtained in six hour tests showed excellent phys-

ical characteristics and high purity. The hydrogen depolar-

ized anodes utilized were proprietary Prototech Company car-

bon cloth based gas diffusion electrodes containing 0.33 i
21

10% mg/cm  Pt.

Under the current contract, two tasks will be investi-

gated. First, initial performance and durability tests will

be  run  in  the  2"  x 2" hardware for hydrogen depolarized anodes

with platinum content well below the 0.33 mg/cm2 Pt electrodes

previously employed. And secodd, operating conditions includ-

ing current density, temperature, acidity, electrode spacing

and  timing of electrode removal  will be optimized   in  a   6"x 6"

electrowinning cell, This data will serve as a basis for a

commercial pilot plant.  All of the preceeding will employ an

actual zinc plant  feed.

1.  Annual Report #COO-4881, October, 1979, "Energy Savings by
means of Fuel Cell' Electrodes in Electro-chemical Industries",
Section 3.
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SECTION 3

TECHNICAL DISCUSSION

The Hydrogen Anode for the Electrowinning of Zinc

3.1 Technical Considerations

3.1.1  Cell Reactions for H2 Depolarized Anode

In the electrowinning of zinc with a hydrogen depolar-
++     -

ized anode the electrochemical reaction (1) Zn + 2e + Zn

1
has a negative potential (-0.763 volts at room temperature),

with respect to the conventional zero potential of the reaction

(2) H2 + 2H  + 2e-.   Therefore, zinc cannot be plated from

a zinc sulfate solution by means of a hydrogen electrode with-

out an'external power supply.  The hydrogen anode, does however,

contribute part of the electricity directly through reaction

(2) and, in addition, eliminates the oxygen overvoltage assoc-

iated with the lead alloy anode now used by the industry for

the electowinning of zinc from acid sulfate solutions.

3.1.2  Cell Design - 2" x 2" Hardware

Figure 1 is a front cross-section view of the 2" x 2"

electrowinning cell. It is a modular construction with no

metal parts except for the aluminum cathode blank.

1.  Oxidation Potentials, Second Edition, Wendell M.. Latimer,
Prentice Hall, Inc., 1959.
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The electrode assembly consists of.the hydrogen anode

Nith associated hydrogen feed and bleeq and the cathode with

a  fixed 2.0 inch distance separating the electrodes.     The

cathode  can be 'easily rembved  from the assembly  for zinc strip-

ping but the construction requires that the anode be removed

from the electr61yte at the same time (different from the

6" x 6" cell).  The void space between the electrodes is

filled with electrolyte when the electrode assembly, which

is suspended on PVC holders, is lowered into 6 battery jar

containing the plant electrolyte.  The DC current connections

and the voltage probes are located at the top of the cell;

they are not in contact with the electrolyte.  The 15 mil

aluminum cathode blank serves as that electrode's current

collector as the zinc plate is building up, while a #" thick

Stackpole Company 20/20 carbon window frame serves as the

anode current collector.

The electrolyte temperature in the battery jar is con-

trolled by a mercury switch temperature controller connected

to a glass coated heating rod. Stirring is afforded by a

Te flon coated:magnet rotated  with a magnetic stirrer. Aux-

illiary cell equipment includes a rectified power supply, a

0-2 Amp Amp meter, a digital volt meter and a soap bubble

flow meter for monitoring the hydrogen gas flow.
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3.1.3 .Cell Design - 6" x 6" Hardware

The 6" x 6" hardware described in figure 2 and 3 is

quite similar to that previously shown in figure 1 for the

2"  x  2" cell except  that the cathode  can be withdrawn  from

the electrolyte for zinc removal without removing the anode

and a simple hydrogen gas distributor is incorporated in the

anode gas plenum.

A tank-reservoir system is employed.  The main tank,

which contains the cell, holds 9 liters of electrolyte and

the heating equipment described in section 2.1.2.  A reservoir

is attached so that feed and bleed conditions can be insti-

tuted for longer runs than 6 hours or for continuous operation.

Electrolyte circulation is provided by a pump-flow

distributor arrangement.  The electrolyte is pumped through

a 6" long (#" ID) distributor containing 1/16" holes spaced

1/4" apart.  Maximum flow is 8 liters per minute with the

flow from bottom to top.  The system is easily adaptable to

other electrolyte flow arrangements.

A Vari-Tech Company Model VT-1176-A Coulometer, with

a range of 0.01-20 Amps is incorporated in the electrical

circuitry  of  the  6"  x  6" zinc electrowinning cell. Total

coulombs of·electricity consumed are recorded with this

electronic-digital readout instrument.

C
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3.2 History of Program

The initial experimentation was carried out under DOE

Contract No. ET-78-C-02-4881 from August 1, 1978 to July 31,

1979 in an electrolysis cell having available electrode areas

of 2" x 2"  and electrode spacing of 2" at a current density

of 36 ASF. Using pure hydrogen as fuel and simulated acid

sulfate solutions, it was established that the hydrogen,anode

functioned well, without significant decrease in zinc-plating

current efficiency, in electrolytes of free H2SO4 content of

up to 120 g/1 without an ion exchange membrane.  An unexpec-

tedly large voltage saving of nearly two volts resulted   (ca.

3.5V with the Pb anode; 1.5V with the H2-anode).  Subsequent

experimentation with actual plant liquors obtained from the

Anaconda Company substantially confirmed this data and demon-

strated that the usual low level impurities in plant liquors,

as well as its calcium sulfate impurity, did not affect the

performance of the hydrogen anode. In July, 1979 a scaled

up    (6"   x 6" available electrode area) cell was' operated

reproducing the data within  10% and producing from plant

liquor sufficiently large samples of zinc for metallurgical

analysis. Almost lead-free zinc was obtained in the process

(any lead traces in the zinc. can  come only from Pb impurities

in the liquor itself).

Energy and cost estimates have been made based on the

above summarized experimentation. Taking into account.energy

losses incurred by producing hydrogen from petroleum coke, an
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overall energy. saving, at a current density of 30ASF, has

been estimated at 40%, compared with conventional zinc electro-

winning by means of lead anodes, also at the conventional cur-

rent density of 30ASF. In terms of purchased electric energy

the hydrogen anode process requires of the order of 0.6 to 0.7.

KWH/lb zinc, whereas the conventional lead anode process

requires 1.5 KWH/lb zinc. Overall cost savings of between      "

14 and 24 cents/lb zinc are predicted for the hydrogen anode

process. Finally, due to the absence of lead, major inves-

ment. savings appear possible by operation at higher temper-

atures and higher current density with the H2-anode than is

permissible with the lead anode.

'
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3.3 Test Data

3.3.1  Analysis of Zinc Plant Feed Concentrate

The zinc bearing plant feed to be utilized during the

cutrent contract was received as a powder prepared by evapora-

tion of a plant liquor,. Almost total (>98%) dissolution of

the powder was effected when employing water as a solvent.

A typical 155 g/1 zinc feed was prepared, pH 5.0, and the sol-
1

ution analyzed for major and trace elements. Refer table 1.

The insoluble residue from the water dissolution was

also analyzed. This material was essentially all zinc (oxide

and/or sulfate) conthminated with the trace metals shown in

table  2.

3.3.2  Zinc Plating

H2 Depolarized Anode

A 150 g/1 zinc  electrolyte was spiked with 98 g/1 sul-

furic acid and 0.1 9/1 gelatin and zinc plating tests were run

in  the  2"x 2" hardware  at  550C to obtain preliminary  data   for

this plant feed. For three, six hour tests, in which the sul-

furic acid content of the electrolyte was allowed to build up

while the zinc content was somewhat depleted, current effic-

iencies in excess of 90% were achieved and bright, compact

zinc plates were obtained. Energy consumption, as shown in

table 3 was 0.54 to 0.55 KWH/lb zinc.

1.  Analysis through the courtesy of the Anaconda Company,
M.R.G. Research Analytical Laboratories.
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TABLE  1

ANALYSIS OF ZINC PLANT FEED

SOLIDS ANALYSIS

ZINC = 33% Sulfur = 18.0% Magnesium = 2.0%

ANALYSIS OF A 155 9/1 ZINC SOLUTION (PH 5.0)

Compound Concentration Element Concentration

Ca O 0.53 9/1 Mn 2.78 g/1

Mg O 9.20 9/1                 K     0.06 9/1
Cd 0.004 g/1
Na 0.19 g/1

SPECTROGRAPHIC ANALYSIS - DETECTED'

Element Concentration Element Concentration

Al     0.002 9/1           ' Cu <0.002 9/1

Ba    <0.002 9/1                Fe    0.002 9/1
CO 0.009 9/1                Si    0.002 9/1

SPECTROGRAPHIC ANALYSIS - NOT DETECTED

Ag Be Cr     In     Ni      W
Sb     Bi Ga Pb     Su      V
As     B Ge Mo     Ti
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TABLE  2

ANALYSIS OF INSOLUBLE RESIDUE

FROM

WATER DISSOLUTION OF ZINC PLANT FEED CONCENTRATE

Semi Quantitative Analysis

Major Component: Zinc

% Weight of Elements

Element % Weight Element % Weight

Al 0.02 Ge <0.001

Sb <0.005          In          <0.001

As <0.005 ' Fe 0.2

Ba         <0.001          Pd           0.005
Be 0.0001        Mg           0.05
Bi <0.001 Mn 0.10

B           0.005 Plo <0.001

Cd         <0.001         Ni          <0.001

Ca 0.5           Si            1.0

Cr 0.001 Sn 0.001

CO 0.003         Ti           0.001
CU 0.005         W           <0.01
Ga <0.001         V            0.001



TABLE  3

ZINC PLATING FROM PLANT FEED                                   -

H2 DEPOLARIZED ANODE
2"   x   2"   C e l l

Anode:  Standard 0.33 110% mg/cm2 Pt  RA19 Type Electrode                  

Anode to Cathode Spacing: 2 inches

Stirring: Magnetic Stirrer
t. 

Test Feed Composition g/1 Test Cell Current Grams Cell % Current KWH/lb
Zinc H2504 Gelatin Hours Temp'C  Density  Coulombs  Plated  Voltage Efficiency Zinc

150.0 98.0 0.1       6 550C 36ASF 21390 6.89 gms 1.41 95.2 .552

2 146.5 103.3 0.1       6 55'C 36ASF 20957 6.68 gms 1.37 94.0 .542

3 143.2 108.2 0.1       6 550C 36ASF 21367 6.63 gms 1·34 91.6 .545
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Results of these tests are in excellent agreement with

data obtained under similar test conditions for the plant feed

employed during DOE Contract No. ET-78-C-02-4881. Indeed,

energy consumption for these current tests are somewhat better

than those reported under the previous contract because the

cell voltage obtained in 36ASF with the new feed is lower than

with the old feed, and more closely approximates synthetic
1solutions.

3.3 Future Experimentation
2

Anodes of lower platinum loading (<.33 mg/cm ) as well

as' pa"I'ladium electrodes  have been prepared and  they will  be

screened in the 2" x 2" hardware to determine their effect

on cell voltage. Possible effects of lowering the platinum

content or changing to another noble metal (Pd) are increased

polarization and poisoning, both of which would result in a

higher cell voltage.

Experimentation  in  the  6"  x  6"  cell  has been undertaken

and data concerning the effect of changes in cell parameters

such as electrolyte flow, composition of the'Sjfeed and current

density on current efficiency and energy consumption are being

obtained.

1.  Annual Report #COO-4881-12, October, 1979 "Energy Sagings
by means of Fuel Cell Electrodes in Electro-Chemical Industries",
October 31, 1979, page 49.


