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ABSTRACT

A liquid jet-gas eductor was studied specifically for
the selective sulfide precipitation of small amounts of
copper and zinc from strong nickel sulfate solutions. Design
variables for the reactor included: nozzle diameter, jet
length, mixing tube length and gas nozzle length. The study
also considered the system parameters: temperature, initial
pH and zinc to copper ratio of the feed solution. Complete
copper precipitation and niﬁety percent zinc precipitation
it selectivity over nickel of 5 to 7 were obtained from a
fifty gram per liter nickel - one gram per liter copper and
zinc solution. With continued research, the liquid jeﬁ-gas

eductor can be more fully developed as a reactor.
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INTRODUCTION

A major mill operation of the AMAX Port Nickel Refinery
in Louisiana is the production of saleable nickel. However,
following recovery and concentrating, the nickel electro-
lyte contains undesirable amounts of copper and zinc. The
present method of removiné these impurities is "HZS scaveng-
ing" by sparging the gas into a pipeline reactor. Althcugh
working reasonably well,‘the method does not produce a
clean product (the solid product copper to nickel ratio
being approximately one to ten, 1:10) and does not remove
zinc to very low levels.

 An alternative to this pipeline reactor seems to be a
liquid-gas eductor. Because of the large surface area
created between the liquid and the gas, more intimate mix-
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Witte (1) studied the mixing characteristics of a liquid-gas
ejector, proposing a theory for the liquid-gas mixing mechan-
ism as well as ejector design conditions. Based on this
study, C. S. Simons (2), working for Thompson Engineering,
helped develop a liquid-gas eductor for the selective

removal of copper and arsenic from nickel electrolyte. The
process worked extremely well, producing a clean product

(the solid product copper to nickel ratio being approxi-
mately ten to one, 10:1). Further study was not made to

"optimize" the eductor design.
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' The primary objective of this work was to study the
design characteristics df a liquid jet—gas eductor for the
"selective removal of copper and zinc impurities from strong
nickel electrolyte. The secondary objective was to study
the effects of temperature, pH, and zinc to copper ratio of

the feed on the proposed eductor design.
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SUMMARY AND CONCLUSIONS

Three major variables resulted from the Reactor Desiagn
Study. Increasing the nozzle diameter, Dn, significantly
increased the fraction of zinc precipitating. Increasing
the mixing tube length, Lmt, improved the fraction of zinc
precipitating but was detrimental to the selectivity over
nickel. The gas nozzle lengtﬁ, Lgn, was detrimental to zinc
precipitation when positioned very close to the jet stream.

Based on a limited amount of data, the system param-
eters were observed to be critical to the process. Increased
temperéture was detrimental to the fraction of zinc precip-
itated as well as the selectivity over nickel. The initial

. pH was important for increasing the selectivity of the zinc
precipitation. The copper to zinc ratio of the feed indi-
~a+t2d possible sseding of nick=l r?ecj;itati?: SARE o
increased zinc concentration of the solution. The system
parameter data introduced a number of serious questions about
the jet pump system that should be studied in greater detail.

The liquid jet-gas eductor is a very efficient reactor
for the selective precipitation of copper and zinc from
strong nickel sulfate solutions. With the following reactor

design characteristics:
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ratio of nozzle diameter to mixing tube diameter
Dn/Dmt : 0.75

ratio of mixing tube length to mixing tube diameter
Lmt/Dmt : 15

position of the gas nozzle

Lgn : paréllel to the
reactor wall

ratio of nozzle length to mixing tube diameter
Ln/Dmt : 3
excess H2S gas over required for copper-zinc precipitation
Eg : 15%
back pressure on the reactor
Pb : 10 psig
and the system parameters:
temperature : room
pH : 3.0 to 3.5
the following process results are expected for a zinc to
copoer ratin of cne in the feed:

selectivity of copper over nickel

SCu/Ni : 5 to 7
selectivity of zinc over nickel

SZn/Ni : 4 to 6
fraction of zinc reacting

on : 0.8 to 0.9

fraction of hydrogen sulfide reacting

fHZS : 0.75 to 0.85

pressure drop across the reactor

AP : 7 to 9 psig.
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" RECOMMENDATIONS

Having concluded the initial study of the liquid jet-
gas eductor for the selective precipitation of metal values,
three specific areas of continued research are suggested:

a) greater development of the reactor's potential, b) eval-
uation of engineering data, and c) development of pilot
plant data. |

Based on published technical data and experimental
reactor data, a general model could be developed for the
select;Ve separation of various metal values. Published
literature should be surveyed to obtain a) kinetic and rate
data, b) system parameter data, and c) modelling data related
" to sulfide precipitation of metal values. Continued research

of the major reactor variables, including additional stuvilies

[
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generalize the reactor design characteristics. More accur-
ate and detailed data should be collected to determine the
effects of a) temperature, b) pH, c) other metal values on
specific metal precipitation (seeding), and d) high and low
pressure drops across the reactor on the reactor system.
The data should be evaluated to prepare a general reactor
model that could be extended to include metal values with
solubility constants between copper and zinc.

Based on the experimental data an engineering evalua-

tion could be made to design the reactor specifically for
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the Port Nickel flowsheet. A cost comparison could also be
made between the liquid jet-gas eductor and a) HZS scaveng-
ing in a pipeline reactor, b) conventional liquid gas mixers,
and c) liquid and solid i§n exchange methods.

The reactor could be scaled up to collect pilot plant
data preferable at flowrates around 20'to_40 gallons per
minute. Consideration should be given to scale up factors
and the use of actuai solution for testing the reactor.
Related data such as filtering, settling, scale and ease of

operation should also be evaluated.
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EXPERIMENTA. . EQUIPMENT AND PROCEDURE

Eguipment

The overall set Lo of the experimental equipment is
shown in Figure 1. Fro.a the floor, the liquid was trans-
ferred between two 55 gzllon LPN neoprene tanks by a Sund-
strand Sunflo centrifuga . pump, series P1BCA, capable of
6 to 8 GPM at 240 ft heac.

A more detailed vie’ of the reactor panel is shown in
Figures 2 and 2b. The liguid stream flowed through 316 SS
schedule 40 piping, controlled by two Whitey metering val&es,
series SS 75F8 L4. The rate of liquid flow was monitored on
Fisher Porter extruded body rotameters, series 10 A 3500 and
the pressure was observed on Duragauge pressure gaﬁges with
capacity of 0 to 60 psig. The inlet pressure géuge was
eventually veglaced by a Mar. s Saoxvice gougo wLUn Tas
0 to 100 psig.

The gas stream flowed‘through one quarter inch t;tanium
tubing and was controlled by a Whitey metering valve, series
SS 4LS4 and a Nupro metering valve, series SS 4L.  The flow-
rate was monitored on a Gilmont No. 3 rotameter and the
pressure was observed on a Marsh Service gauge with capacity
0 to 100 psig.

A more detailed view of the liquid jet-gas eductor is

shown in Figures 3 and 3b. The c£1ell was machined from 316 SS

schedule 80 piping with a Conax tibe adaptor welded in place
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Figure 1. - - Overall view of liquid jet-gas eductor reactor process equipment.
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Figure 2b: Schematic drawina of Liquid Jet Gas Eductor
Reactor Process.

10



T-1807

*10j}0B31 J103}0Npa seb-jaf

pinby|

ay J10j sjusuodwod JdXIW pue dJzzoN - - ‘¢ aInbi4



T-1807

J0308 1030Np7 sey 3¢ pLnbi 8yl

Ju Dulkesp 213eWaYds

£ XIQN3ddY

Busa- 9|zz0 ub
ﬁacmu_ m_ns 7mc_x__> pEu_
yipbua leor u-
Jaiswpiq 8jzzoN  u(g
W] uTj
A N317z0N



T 1807 13

for the gas entrance. This provided the capacity of adjust-
ing the position of the gas nozzle, Lgn, from the IN posi-
tion (in.contact with the liquid jet) to the OUT position
(parallel to the reactor wall). The shell was threaded on
one end to accept any of a series of three nozzles, machined
from 3/4 inch 316 SS barstock. The threaded nozzle pro-
vided a range of nozzle lengths, Ln, from 0.25 to 1i.25 inch.
The nozzle diameter, Dn, ranged from 0.125 inch to 0.25
inch. A series of three venturi mixers were machined from
one inch carbon filled teflon barstock. The venturi diffuser
had a total angle of 12°. The length of the mixing tube,

Lmt, ranged from 2.5 inches to 5.0 inches. ARTHURLRKESLERA%QES
L of MINES

(v

—~

i

COLORADD 5CHOCL of |
Procedure GOLDEN, COLCRADO 80401

The feed solution was adjusted to fifty gram per liter

h

nickel, one cgram per liter copper and zinc, except for *hs

t

test series studying the effects of zinc-copper ratio of the
feed. The liquid jet-gas eductor was assembled according to
the test conditions and inserted into the process stream.

| The gas flowrate was adjusted to the desired conditions
prior to adjusting the liquid flowrate. The liquid outlet
valve was closed until the desired backpressure was set.
The system was observed for a few minutes to assure opera-
tional consistency. One minute prior to sampling the phys-
ical system data was recorded (Data Sheet, Appendix I). I

seven second sample was drawn and the system was shut down.
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The sample was filtered and the solids were washed
twice with deionized water. The liquid volume and density
were recorded. Following drying, the solid sample was
weighed. Both liquid and solid samples were submitted to
the AMAX Metallurgical Laboratory for Analytical Analysis.

The system material balances and process evaluation
calculations were computerized (Appendix 2) for rapid data

analysis.
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DISCUSSION

1. Literature Survey

Sulfide precipitation of metal values from sulfate
solutions is the conclusion of a series of chemical mechan-
isms: a) the mass transfer of hydrogen sulfide gas from
the gas phase to the liquid phase,

HyS(g) < HyS(y)

b) the dissolution of the hydrogen sulfide gas in the liquid

phase,

<+ =
(2) + S

) < 2H (2)

st(g

t
(=)
(1)

c) chemical reaction of metal ions with sulfur ions and

++ 5
Me(z) + S(g) < MeS

(2)
d) the precipitation of metal sulfides

M=22,,, £ MeS, ,.
S (3)

C. S. Simons (3) reported the solubility products,

. ++ —
Kgp = iMe” ] [s ]

as a function of temperature indicating the chemical reaction

favored the precipitation of Cu >> Zn > Ni (=10-'36 >> 210"25

S 210-21

).

Bird, Stewart and Lightfoot (5) related the mass trans-
fer of a gas, absorbed into a liquid, to the diffusivity and
the system geometry. Brimacombe (6), in a study of submerged

gas jets, theorized that chemical reactants cannot coexist

at the interface if the reaction rate was very rapid but that
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the mass transfer was either gas or liquid phase controlied.
Aris (4), in a theoretical discussion of chemical reactors,
stated tﬁat the rate of chemical reactions was a functibn‘of
the metal ion concentration.

The present method of copper and zinc removal is hydro-
gen sulfide sparging into a pipeline reactor. The method
removes all the copper from the solution, but not the zinc.
The solid product producgd is contaminated with large amcunts
of coprecipitated nickel (approximately ten units of nickel
for every unit of copper). Therefore the present procedure
appears to be mass transfer limited.

An alternative reactor, based primarily on the data
presented by Witte (1), was suggested as a more intimate
gas-liquid mixer. The purpose of the intimate mixing was to
expose the copper and zinc to the hydrogen sulfide gas result-
L1l in greater selectivity for copper and zinc as Zavored by
the solubility products. Interest existed also in cbserving
the effects of the alternative reactor on the mechanism of
sulfide precipitation.

This program was designed to study the effects of the
reactor and process design of a liquid jet gas eductor reactor
on sulfide precipitation of copper and zinc from nickel sul-
fate solutions. An ejector, as studied by Witte, is a gen-
eral term for all types of jet‘pumps which discharge at a
pressure intermediate to motive and suctiorm pressures. More

specifically an eductor, as studied in this report, is a jet
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pump which uses a liquid as the motive fluid.

The major design characteristics (Figure 3b) of inter-
est were 'a) the nozzle diameter,an, b) the nozzle length,
Ln, and c) the length of the mixing tube. D. F. Bagster (8),
discussing a gas ejector as a refrigeration unit, commented
on the importance of the restriction allowing the gas to mix
with the liquid (specifically the effects of annular area
and choking) to mass transfer. Therefore the position of the
gas nozzle, Lgn, was included as a design characteristic.

Assuming ideal mixing Franks developed chemical reactor

models as follows:

KF
A =~ B
Component Mass Balance
U1Ca1 = UyCpp - R=0 .
vrg L '
- UxCgp * R=0 RRTHUR L%Iﬁcﬁ , of N}ﬂ\ﬁs
OLORELS 7 in oy pdl]
where R = fgpeVeepp CooLe
K_ = reaction coefficient.

F

For the specific project a set of equations (Appendix 4) was
deveioped based on Frank's modelling procedure. The rate
of reaction expression or more specifically the equilibrium
extent of reaction expression, R, was dependent on the
eductor geometry and the system parameters.

R = £ (eductor geometry, system parameters).
Data was recorded for the flowrates and components of each
stream, the eductor geometry and system parameters. The

system constraints or objectives (selectivities and fraction
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reacting) were calculated. The selectivity was the ratio of
mass precipitation of two metal sulfide. The fraction of.
hydrogen sulfide gas reacting was calculated based on the
difference of gas into the system and the required sulfur
for the metal sulfides out of the system. The extent of the
reaction was observed with respect to changes of eductor

geometry and the system parameters.

2. Process Feasibility and Reproducibilitv

The primary objectives of the initial study were to
evaluate the feasibility of the reaction process and to
establish the reproducibility of the experimental data. The
secondary objectives were to define a set of starting con-
ditions and to prepare a set of operating procedures.

The copper and zinc selectivities for the initial test
series are recorded in Table 1. The copper Qas completely
~f=vipicated Ircm tne nickeli sclution, whersas only tazes
percent of the zinc was precipitated. The solid oroduct was
a fairly clean product with high copper selectivity but poor
zinc selectivity.

Evaluating the overall test series, a good indication
of data reproducibility was determined. Because copper pre-
cipitation was complete, the spread of copper selectivity
values were dependent on the relatively small amount of
nickel reported in the solids. Consequently the copper
selectivity mean value varied by approximately 253,

Because of the operating conditibns, only a small amount of

zinc precipitated, varying by $100%. Therefore at condi-
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TABLE 1
Copper and Zinc Selectivity and Fraction of Zinc -
Hydarogen oulfiae xeacting for the Initial Process
Feasibility ortudy, '

iy
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tions of very small amounts of precipitation the selectivity
was also expected to vary by an equal amount.

Because sulfide solids have a tendency to be coated
with the original solution, a composite solid sample from
the initial test series was washed several times. The solids
were stirred for one hour with fresh deionized water after
which they were filtered and allowed to dry. The results
of each wash series is recorded in Table 2.

The copper selectivity significantly improved as the
nickel sulfate was washed from the solids. The zinc selec-
tivity remained essentially constant indicating the presence
of zinc sulfate in the solids. It would bé reasonable to

_assume that the reproducibility of copper and zinc selectiv-
ity would improve by more thorough washing of the solid
products. Although the operating procedure included two

~T 23 - 3., 2 s v oy o - L Al
Sixd procust, Locreans STieZllviiy

waszh cveolas o
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[0}

be realized beyond the scope of this work.

Cne of the initial tests was run using a higher gas
flowrate. The results of this test are recorded in Table
3. The zinc precipitation increased (3% to 84%) and the
selectivity approached the values of copper selectivity.
The reproducibility of this test agreed with the expected
value (¥25%) discussed earlier in the section.

Based on these initial tests, it was concluded that
the complete precipitation of copper was possible and that

the selectivity for copper was dependent on the amount of
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TABLE 3

Copper and 7Zinc Selectivity and Fraction of Zinc
and Hydrc ven Sulfide Reacting for the Initial
‘est at a High Gas Flowrate

Lime Sc /N1 Sn/Ni f2n Lass
=
7 2 81 2.04 0.787 0.473
10 3.74 2.80 0.831 £.492
14 2.54 2.26 0.894 0.477
Average 3. 6 2.37 0.838 0.481
std. Dev. 0. 9 *0.39 =0.054 =N.010

nickel in the sol:ds. Because the precipitation of zinc was
more difficult, the fraction of zinc reacting and the selec-
tivity for zinc were chosen as the major reactor evaluatién
variables. The rep -oducibility was reasonably acceptable at
high values of selectivity but varied by as much as t100% at
low values.- The reproducibility can be improved Ey a more

thorough washing of the solid product.

3. Process Mixing Characteristics

The obiectives of this series of tests were to dafiin=
the major variables improving the reactor efficiency ahd to
orient the direction of studies for future work.

The reactor variables (Figure 3b) were studied using
the Box-Wilson method (9), a program based on statistical
factorial experimentation design. The benefit of this method
was the ability to scan a large number of variables and to
distinguish the important few for more detailed testing. The
method also has the potential to establish the variable
direction (increasing or d-:creasing) required to obtain more

desirable operating regions. The analytical analysis for the
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technique was self contained (Appendix 4 and 5) requiring very
little background knowledge of actual statistical analysis.
The results of the mixing characteristics study were
divided into two parts: a) the reactor design evaluation,
.and b) the process design evaluation. The reactor design
evaluation considered the effects of design-variables on the
response variables associated with the design of the reactor:
the selectivity of copper and zinc and the fraction qf zinc
reacting (precipitating).” The process design evaluation con-
sidered the effects of design variables on the response vari-
ables associated with the process system: the pressure drop
across the reactor and the fraction of st'reacting. The
operating conditions, specifying the response variables and
values of the independent variable are recorded in Table 4.
The ordering of the independent variables in decreasing order

of gsicnificance for e

o)

ch resronse variable is raonxded in

Table 5.

- -

2.1 EReactor Design Evaluation

Because of the relatively insignificant effect of the
back pressure and the percent excess gas, these variables
were not considered during later evaluation. Since the
nozzle length assumed a decreasing direction for all the
response variables, its value was set at 0.75 inches for
all future work.

The selectivity for copper was improved by decreasing
the independent variables, even below the low level conditions
of the test series. Since copper precipitation was complete

and copper selectivity was dependent on nickel precipitation,



TABLE 4

Values of the Independent Variables and the
Response Variables for the Box Wilson
Factorial Design Test Program

Independent Values
Variables High ] T,0w
Dn Nozzle Diameter | 0.1875 in. 0.125 in.
Ln Jet Length 1.25 in. 0.75 in.
Lmt Mixing Tube Length 3.75 in. 2.50 in.
Lgn Gas Nozzle Length out In
Ul Liguid Flowrate 2.5 GPM 2.0 GF!
Eg Excess H2S 25% 15%
Pb Back Pressure 15 psig 10 opeig
Response Variables
SCu/Ni Selectivity for Copper
SZn/Ni Selectivity for Zinc
£ Fraction Zn Reacting
f4-3 Fraction H,8 Reacting
AP Pressure Drop Across Reactor
. TABLE 5 o
Dwdeing of Indeneondart TUoriotles Tooos Jdne Lo P
Significance with Respect to the Response Variable
“ RESPONSE VARIABLE
ORDER LSCu/Ni Szn/Ni £2n fHss ar
1 Lmt - Lmt - Lgn + Lmt + Dn -
2 Ul - Lgn + In - Ln - Ul +
3 Dn - Dn + Dn + Dn + Lgn +
4 Lgn - Pb + Eg + Lgn + Pb -
5 Eg - Eg + Ul + Pb + Lmt +
6 Ln - ILn - Lmt + Eg + Ln -
7 Pb - Ul - Pb + Ul + Eg +

24
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the direction of low level operating conditions was unfavor-
able to nickel precipitation. The three major variables
improving copper selectivity were the mixing tube length,
the nozzle diameter and the liquid flowrate.

The selectivity of zinc was more critically controlled
by the independent variables but was similar to the copper
selectivity. Decreasing the length of the mixing tube was
the major variable improving zinc selectivity; by reducing
the nickel precipitation.. The nozzle diameter and the gas
nozzle length were also important variables but required
increasing values to improve zinc selectivity.

Since the selectivity was the ratio 6f precipitation
of two metals, additional observations were made about the
system. As has been concluded from the improved selectivity,

nickel precipitation decreased with decreasing mixing tube

T 3 R N s s e e T e O e T
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increased the nickel precipitation as indicated by the alter-
ating significance of these variables for increased copper
and zinc selectivity. Increasing the liquid flowrate
increased copper selectivity indicating a possible relation-
ship between the flowrate and the kinetics of reactions.

Some of these conclusions concurred with the results
for the fraction of zinc reacting. The amount of zinc pre-
cipitated increased as the major variables, gas nozzle
length and nozzle diameter, increased. Although relatively

insignificant increasing the liquid flowrate and the length
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of the mixing tube improved the amount of zinc precipitat-

ing. -

3.2 Process Design Evaluation

Since it was desirable to minimize the pressure drop
across the reactor, the direction of the reported wvalues,
‘Table 5, should be reversed. By increasing the nozzle diam-
eter the pressure drop was reduced. Consistent with conclu-
sions from the reactor design evaluation, reducing the iiguid
flowrate was significant for reducing the pressure drop
across the reactor. Using these two variables the pressure
‘drop was also related to the Reynolds number through the

nozzle and 3

0]

included (Appendix 6).

The results for the fraction of H,S reacting were sim-

2

ilar to the results for the fraction of zinc reacting. In-
. )
creasing the nozzle diameter and the gas nozzle length

increased the amount of reaction. Increased st reaction
was most significantly related to the increased length of

the mixing tube.

4, Process Design Characteristics

The objective of this test series was to study in more
detail the major variables resulting from the mixing charac-
teristics study.

The variables; mixing tube length, nozzle diameter and
gas nozzle length; were studied individually holding all
other variables constant. The operating values for Ul, Ln,

Eg and Pb were set at the low level values of the preceding
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tests. Because of limitations of equipment, only three
point curves were generated to evaluate these variables.

"The test conditions are defined in Table 6.

TABLE 6

Major Variables, Operating Values and
Dimensionless Quantities for the
Process Design Characteristics Test Program

‘ Dimensionless
Variable | Value Quantity | 7alue
ILmt 2.5 in. Lmt,/Dmt 19
3.75 in. 15
5.0 in. . 20
Dn 0.125 in. Dn/Dmt 0.5
. 0.1875 in. ' 0.75
0.250 in. : . 1.0
!
i Lgn Qut -
Mid - .25
In
4.1 Reactor Design Evaluation C
T =€ fants of the mixing tols Leagch o los 3o loTol

ity for copper and zinc and on the fraction of zinc reacting
are plotted in Figure 4 (Table 8A, Appendix 8). The selec-
tivity of zinc was relatively unaffected by ILmt, indicating
the precipitation of nickel was similar to the precipitation
of zinc. Observing on, the precipitation dropped very
rapidly for values of Lmt/Dmt below 15. Therefore the selec-
tivity of copper should be significantly increased as the
Lmt decreases, as was observed.

The effects of the nozzle diameter on the selectivity

for copper and zinc and on the fraction of zinc reacting are
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PRESSURE DROP
5

~

Q

-

101 N

C)I { i 1 J
5
Lmt/Dmto

025 050 075 100 125
Dn/Dmte

IN 025 050 075 OUT
Lgne

Figure 7 : Pressure drop across the reactor as a
function of mixing tube length, nozzle
diameter, and gas nozzle lenath. The
mixing tube diareter was neld constant
at 0.25 incnhes.
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plotted in Figure 5 (Table 8B, Appendix 8). As the nozzle
diameter decreased the selectivity for both copper and zinc
decreased eventually leveling off. Based on the increase
of zinc precipitation with decreasing nozzle diameter, the
selectivity should level off with increasing precipitation
of other metal values in relation to the favoritism of the
chemistry, Cu >> Zn > Ni.

The effects of the gas nozzle length on the selectivity
for copper and zinc and on the fraction of zinc reacting are
plotted in Figure 6 (Table 8C, Appendix 8). The data indi-
cated the Lgn affected the response variables only in the out
position or only in the in position (very élose to the ligquid
jet). The values of Lgn between these positions responded
similarly to the out position. The rapid drop in zinc pre-
cipitation when Lgn was very close to the liquid jet may

: Y o e T L S s 3 JUURP R T P 3 oxr D e
indicata 2 ohoking effect on the gas-~iiguid minin~.

4.2 Process Design Evaluation

The effects of Lmt, Dn and Lgn on the pressure drop
across the reactor are plotted in Figure 7 (Appendix 8).
The pressure drop varied significantly only with respect to
the nozzle diameter, increasing rapidly as the diameter
decreased. Based on this observation and the results of the
reactor design evaluation, the liquid jet-gas eductor reac-
tor could be studied from two approaches: (a) the low pres-
sure drop system, and (b) the high pressure drop system.

The effects of Lmt, Dn and Lgn on the fraction of H.S

2

reacting were similar to the results for the fraction of
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zinc reacting. The amount of HZS reacting very seldom ex-
ceeds 0.9, averaging approximately 0.8. From Figure 5 the
"H,S reacting began to level off at 0.80 but from Figure 4

the H,S reacting would level off at 0.90. Therefore control

2
of the HZS reacting was most significantly related to the
length of the mixing tube.

The process evaluation was self directed toward a low
pressure drop across the reacfor (7 to 10 psig). At thisz
coﬁdition the Dn/Dmt should be maintained at approximately
0.75; therefore maintaining reasonable zinc precipitation at
constant selectivity. The mixing tube length, critical to
the fraction of zinc precipitating, should be maintained at
'a ratio with the mixing tube diameter, Lmt/Dmt, of approxi-
mately 15. The gas nozzle length, detrimentally significant
to thé system when very close to the liquid jet, should be

oy - o g o= A 3 7 e 3 e A~ R T R B
maintained 1a the out posizicr. Tho sxp=zorsl s

response variables for these conditions were:

SCu/Ni - 5 to 7
SZn/Ni + 3 to 4
+ 0.50 to 0.60
f + 0.75 to 0.85

AoP + 7 to 9 psig.

5. System Parameter Characteristics

The objective of this study was to determine the effects
of temperature, initial pH and the copper to zinc ratio of

the feed solution on the efficiency of the reactor.
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The system parameters were studied individually over

the following ranges:

Temperature: 25°Cc to 65°C
pH : 2 to 5
Cu:Zn : 1:60 to 1:1

The reactor variables were set, based on the mixing charac-

teristics study (Box Wilson):

bn = 0.1875 in. Ul = 2.0 GPM
ILmt = 2.5 in. Ln = 0.75 in. Eg = 15%
Lgn = Out Pb = 10 psig

The effects of temperature on the selectivity of copber
and zinc and on the fracticn of zinc and H,5 reacting are
plotted in Figure 8 (Table 9a, Appegdix 9). Increasing
tempefature was extremely detrimental to copper aﬁd zinc

selectivity over nickel as well as the fraction of zinc

AR

[N

Do -y el - - e e Py e e o N e am ot el b
b= <La s e il P s wd -

Pl e de e e L

Foas =39 - .y e
ToaCcl e L ARTEY

cipitation with increasing temperature. From the solubil-
ity data reported by C. S. Simons (3), the selectivitj oL
zinc over niékel was expected to decrease with increasing
temperature.

The increasing nickel precipitation was not consistent
with the solubility data, indicating a possible rate con-
trolled mechanism. Because copper precipitation was com-
plete and preferential to nickel, even in the presence of

high nickel concentrations, the system was most likely not

mass transfer limited. The increasing fraction of nickel
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precipitating with increasing.temperature indicated the
system was not solubility limited. However, chemical.reac-
tion rate changes with increasing temperature would cause
an observed change of one metal value relative to a second
metal value, such as the increasing nickel precipitation
and decreasing zinc precipitation.

A more in-depth study of the technical literature as
well as more accurate éxperimental data, specifically to
study the effects of temperature should be continued to
verify the controlling mechanism for this system.

The effect of pH on the selectivity of copper and zinc

and on the fraction of zinc and H.S reacting are nlotted in

2
Figure 9 (Table 9B, Appendix 9). The selectivity of zinc
‘'reached a maximum around pH 3.2. The increasing éelectivity
indicated a preferential range of operation for zinc

ticn (pH valu=s greatsr <han .10 wharsas tbo

e S e S e oy

fa L
T L W = S S WY AN o N e LD .

decreasing selectivity indicated the limiting range of
operation due to increased nickel precipitation. Because
of the significance of pH for the selective precipitation
of zinc, a more detailed and accurate test program should
be run.
The effects of the zinc to copper ratio of the feed on

the sélectivity of copper and zinc and on the fraction of
zinc and st reacting are plotted in Figure 10 (Table 9C,

Appendix 9). The copper selectivity decreased as the zinc

to copper ratio approached one. Since the copper selectivity
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was not expected to change substantially, zinc was assumed
to seed the precipitation of nickel. The zinc precipitatioh
and seléctivity were essentially zero until the zinc to
copper ratio exceeded 0.82. They increased rapidly as the
ratio approached one. Also the hydrogen sulfide reacting
decreased as the ratio decreased. Based'oﬁ the solubility
data of C. S. Simons (3) the hydrogen sulfide was expected
to react completely in all tests. At the present tﬁese
observations are not coméletely understood. Research
should be continued in this area since fluctuations in the
zinc to copper ratio of a plant feed stream could result in

dramatic changes in the amount of zinc precipitating.

6. Proposed Process Characteristics

The liquid jet gas eductor reactor was more effective
for the sulfide precipitation of copper and zinc from nickel
sulfate solution than the present method of hydrogen sulfide
sparging into a pipeline reactor. The jet pump reactor
eliminated the mass transfer control of the pipeline reactor
by selectively precipitating the lesser concentrated copper
and zinc ions over the more highly concentrated nickel ions.
However, the data indicated the jet pump reactor has some
degree of chemical reaction rate control. This was observed
from the increased precipitation of nickel relative to the
decreased precipitation of zinc with increased temperatures
and the increased precipitation of metal swulfides with

increased length of the mixing tube. The Trelatively incom-
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plete reaction of the hydrogen sulfide gas also implied a
limiting reaction mechanism due to the diffusion of hydroc-
gen sulfide.into the liquid phase.

These conclusions were very general, based on a‘limF
ited amount of data. The system parameters appeared to-
be critical to the process mechanism and should be studied
in greater detéil in order to define the exact controlling

mechanism of sulfide precipitation and to model the liguid

40

jet gas eductor. Research is required to determine: a) the

exact controlling reaction mechanism with greater emphasis

on reaction rates and gas diffusion, b) the effects of addi-

tional reactor design specifically mixing'tube diameters,
and c) the effects of system parameters particularly with
respect to the reaction mechanism.

Based on this limited data, a suggested set of operat-

ine rmarameters It
Temperature : Room
pH : 3.0 to 3.5
and set of design characteristics is:
Ratio of nozzle diameter to mixing tube diameter
Dn/Dmt : 0.75
Ratio of mixing tube length to mixing tube diameter
' Lmt/Dmt : 15.0

Position of the gas nozzle

Lgn : parallel to the reactor wall
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Ratio of nozzle length to mixing tube diameter

Ln/Dmt : 3.0
Excess HZS gas over required for copper and zinc
precipitation

Eg : 15%

Back pressure on the reactor

Pb : 10 psig

An estimated set of values based on these conditions for a
one to one zinc to copper ratio in the feed is
Selectivity of copper over nickel
SCu/Ni : 5 to 7
Selectivity of zinc over nickel
SZn/Ni : 4 to 6
Fraction of zinc reacting

on | : 0.7 to 0.9
“raction of hydrogen sulfide reat+ing
fH,S : 0.75 to 0.85

Pressure drop across the reactor

AP : 7 to 9 psig.
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NOMENCLATURE

"Dn Nozzle Diameter
Ln Nozzle Length
Lmt Mixing Tube Length
.Lgn Gas Nozzle Length or Position
Ul Volumetric Liquid Flowrate
Pb Back Pressure to Reactor
Eg Excess Hydrogen Sulfide Gas
Re Reynolds Number
M Mass Flowrate
P Pressure
Selectivity: mass l/mass 2
£ Fraction Reacting
R Extent of Reaction
o Cornceanvration
K Coefficient Constant
\ Volume
T Temperature
o) Density
u Viscosity
Subscripts:
A Component A
B Component B
SP Solubility Product

Reaction
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APPENDIX 2

Caormpputer Program, Input Data and
Cutputc Print Out for the Liquid Jet Gas
Educior Reactor Experimental Program
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COMMON/ZCOMAZIFLAG, NCOMP, IN, ICUT
COMMON/COMB/HDG (22 ,WCS0(1p)
INsl
[oUTal ‘
CounnaneREAD THE NUMBER OF TESTS T0 BE RUN
READ(IN,202) IFLAG
24 CONTINUE
IFCIFLAG gQy @) GO TO 322
CALL HEAD
CALL MASBAL
CALL PROANL
GO TO 22
ry 4y FORMAT(12)
302 CONTINUE
STOP
END

46
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SUBROUTINE HEAD
COMMON/COMA/ZIFLAG,NCOMP, IN, 1QUT
COMMON/COMB/HDG(2¢) ,WCS0(1g)
DOUBLE PR ISION 1gOMP
102 CONT!N E
CHoonnasREAD SUBJECT HEADING
READCIN,2pp) (HDG(1),1nd.27)
WRITE (10UT 252) (HpG (1) 184 428)
ConnaweopEAD NUMBER OF COMPONENTS
READ(INaaiE)NCOHP
CrosanssREAD COMPONENT NAMES
D0 2g lal,NCOMP
EA?({N.?E@) JCOMP
ITECIOUT,262) ]2 1GOMP
CONTINUE
2 CONTINUVE
28@ FORMAT(20A4)
21z FORMAT(12)
220 FORMAT(AL18)
11} FORMAT(1H1,20%20A4)
260 FORMAT(! COMPONENT ',12,' == ',AL2)
oo CONTINUE
Re TURN
END

47
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12

{
DIMENSION COMPLO(42) wCLO(Y
DIMENSION TWCI(1@)TWCO(12)

SUBROUTINE MASBAL
COMMON/COMAZ IFLAG, NCOMP, |
COMMON/GOMB/HDG (25 , KCSO
DIMENS]ON COMPL(12),WCL]

ouT

Nyl
ie)
12),COMFS(12),WCS1(12)
2),COMPSQ(LR)
JPCIFFCLR)

Cimd54

C282,454

Claion

Camp,73699875

C8ep, 50855002

CONTINUE

CoossnneTHE INPUT DATA BEGINS HERE
ConnanasREAD LIQUOR MASS DATA N

22

3¢

40

52

READCIN,209)VL],0L], WS
[F(WS] .EG 2) GQ IQ 40
CONTINYE

WLIsVLIeDL1

TWleW[[ek3]

FSIsWSI/THI

CONTINUE
READ(IN,208)SCALL
wLRIuC4¢(G5#SCAL1)
WASIPEWLRI#FS]
WASTeWASIPeCY
WALIBWLRIwWASIP
VALIs(WALI/DLI)#C2

G0 T0 5¢2

CONTINUE
READ(IN,208)S8CALI
WLRIsC4a(CBeSCALL)
VALI®CWL R /DL )02
CONTINUE

CooonvnaREAD LIGUID COMPONENTS IN

60

READ(IN, 240 ) (COMPLC]), 1ad,NCCMP)
D0 60 lui,NCOMP
WCLI(T)myaALI#COMPLLY)

CONTINVE

CoswnessREAD SOLID COMPONENTS [N

70

READCIN,21¢) (COMPS(]1),1a1,NCOMP)
DO 72 [s1,NCOMP
WCSTCLYuwASI#(COMPS(I)/C3)
TWEI(I)aWCLI()»WESI(])

CONTINVE

ConassssWRITE INPUT DATA

WRITE(JOUT,255)
WRTTE(JOUT,256) (1,184, NCOMP)
WRITE(]OUT,257)

ECTOUT,252) (WCLICI), Tug  NCOMF)
WRITECTOUT,262) (WCST(1),1ad,NCOMP)
WRITE(] 101),1

T
T
T
T 0UT:27Q)(TNG ‘w41 NCOMP)

48
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89 CONTINUE
ConpunenTHE QUTPUT DATA BEGINS HERE
CrennoosREAD [1QUOR MASS DATA QUT
READCIN,202) VL0, DL0, S0
WLO=VLDwplL0
THOSHWL 0#WSg
anﬂng/TWo
90 CONTINUE
READ(IN,285)8CAL0
WLRO8C4w(Cg#SCALOD)
WASOPSW RDapSO
WASOsWAgOPeCY
WALOSWLRO=WASOQP
VALOs(WALO/DLO)#Cq
ig0 CONTINUE
ghesanredRpAn L1QUIp cOMPONENTS OUT
READCIN, 21@)(COMPLQ(!) 184 ,MNCOMP)
PO 112 Ia1 NCOMP
NCLO(!)gVALOOGQM?LQ<I)
119 CONTINUE
ChasssaeREAD SOLID COMPONENTS QUT
READCIN,242) CCOMPSQ(I), 1m4 ,NCOMP)
00 122 w4 ,NCOMP
WCSO(I)aWASO®(COMPSQ(1)/Ca)
THEO(I) gWCLOCTI) e WCSO(D)
120 CONTINVE
CoumnonsiRITE QUTPUT pATA
WRITE(IOUT,258)
WRITECIOUT,252) (WCLO(T) , 1ag NCOMF)
WRITECLIQUY,242) (WCSQ(1),Ind /NCOMP)
WRITECIOUT,272)CTUWCOC(T),1nd ,NCONP)
139 CONTINVE
CooenneeCALCULATE DIFFERENGCE BETWEEN INPUT AND OUTPUT
D0 149 lwl,NCOMP
POIFFCL)mC(TWCICIY=THCOCTII)/ZTHCI(1))#CS
142 CONTINVE
CouaenosWR]ITE PERCENT DIFFERENCE
NRITE(lOUT 278)
éTﬁt [0UT, 262)(?0§WF<1>.!!1,NGOMP)
aee ORMAT(F 6, 1:iX:F5 1X,F5,2)
eos PDRMAT(FS.
210 FORMAT(iz(Fe-B 11X
250 FORMAT(Y LIQUID 1 ')2X,10(p6s201X))
258 FQRMAT(Ilnzmx:'MATERIAL BALANGCE")
287 FORMAT(/,16X,'MASS IN (GRAMS PER MINUTE)")
256 FORMAT(/,1pX12(5Xs12))
258 FORMAT(/,15X, *MASS QUT (GRAN¥S PER MINUTE)")
262 FORMAT(+ SOLIDS i a.zx 12(F6,201X))
27¢ FORMAT(!' TOTAL 1 22X, 42(F6,204%X))
a7s FORMAT(/:iaX.'D!FFERENCE {PERCENT) ")
280 FORMAT(' DIFF b Ya2X,10(F64204X))
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304

CONTINUE
RETURN
END
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Chuonse

iz

22

Chane

30

42
Coanae

50

60
Cosnan

7@

2o0
240
@52
252
a5%

51

SUBROUTINE PROANL
COMMON/COMAZIFLAG,NCOMP, IN, 10UT
COMMON/COMB/HDG(Zp),wcsogi )

DIMENS]ON R(1@>o$R(1B)zGN“(1ﬁ)
C1a34 26

C28=14,37968482

Cis 1,507020204

Cam= O ,048%9447

C8% 2,200265754

Céme 0,02022315

WRITE REACTION COFFICIENT FCR PRQCESS
DO 12 layi,NCOMP

R({1)=sWCSO(])

CONTINVE

WRITEC(IOUY,252)

WRITE(IOUT.252)

waxrzz:our.ass;

WRITE(IOUT,28a)
HR:TE(IOUT.Zéz)(B(I)»xsi:NGCMP)
CONTINUE

CALCULATE AND WRITE SELECTIVITY
SCU=zR(2)/R(1)

SEN®R(3)/R(1)

CONTINUVE

WRITE(IOUT,265)

WRITE(JOUT,272) ScU
WRITEC]OUT,2a8p) SEN

CONTINUE

CALCULATE THE AMOUNT OF H2S REACTING

READ(IN,28p2) SGI
NGI!G2*(03*$G!)*(G4*(SGI¢*2))+(C5*(SGI**3))*‘Cé*iSGI’“"’
WG1=0,98%TWG!]

READCIN,242) (CMWCT), 121, NOCMP)

DO 52 ]s1,NCOMP

A1mC1/7CMW(T)

BisR(1) »

SR{])mAL#BY

CONTINYE

TSRaSR{1)«SR(2)+5R(3)

FHS=TSR/WG!

CONTINUE

WRITE FRACTION OF GAS REAGTING

WRITE(IQUT,285)

WRITE(IOUT,292) FHS

CONTINUE

IFLAGRIPLAG-1

FORMAT(F5,2

FORMATcscr .2 1X))

anMATc//.zﬁx.'PRocgss ANALYSISY)

FORMAT(18%, '"USING THE REACTION CQEFFICIENT (R) FOR')
FQRMAT(;@X 'THE STEADY STATE MASS BALANCE EQUATION")
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258
267
€65
272
280
485
2902
329

FORMAT(/,20X, ' IN=QUT=REACTICABE ")
FORMAT(/,! R P4, 2X,3(F6,2,1X))
FORMAT(/,1aX,'T0O OBTAIN SELECTIVITY,")
FORMAT(' RCU/RNI ¢ v»2X,F6é42)

FORMAT('!' REN/RNI t '42X,Fas2)
FORMAT(/,4pX, '"FRACTION OF H2S REACTING")
FORMAT(! FH2S I ',2X,F6,3)

CONTINUE

RETURN

END

52
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by

MIXING TUBE LENGTH TEST 3,75 INCHES
63

NICKEL

. COPPER

2INC

BeRR .2 14480 2.000
36,20

48,800 04,040 R4 .050
0,002 290,000 20,000
BOZ. ¥ 144580 2.902
36.00 ;
48,0200 00,001 00,540
05,600 32.800 15,200
59,20

58.74 63:54 65,37

53
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1 ” MIXING TUBE LENGTH TEST 3.78 INCHES
‘COMPONENT 4 -w» NICKEL

COMPONENT 2 we COPPER

COMPONENT 3 a= ZINC

MATER]IAL BALANCE

1 2 3

MASS IN (GRAMS PER MINUTE)
L1QUID t  JgB.89 7.82 7,89
30,108 1 .80 2.22 0,00
TOTAL v 362,89 7,82 7,89

MASS OUT (GRAMS PER MINUTE)

LIGQUID v 359,87 @.B1 4,05
SOL108 137 7.77 3,74
TOTAL i 361,24 7478 7.76

A DIFFERENGE (PERGENT)
oIrFF ! “2,48 B+55 1,68

PROCESS ANALYSIS
USING THE REACTION COEFFICIENT (R) FOR
THE STEADY STATE MASS BALANCE EQUATION

INOUT=REACTIONS2
R i 137 7477 3.7%
TO OBTAIN SELECTIVITY,
RCU/ZRNT 3 5.:68
REN/RNI 1 a7

FRACTION OF ‘H28 REACTING
FH2S 1§ By764
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APPENDIX 3 - Se=t of Egquations, Based on Mass and Re: >tion
Balances, for the Liquid Jet-Gas Eductc -
Reactor Experimental Program.

EQUWETIONS VARIABLES

OVERALL MASS: BALANCE

1) Uypy +Usp, — Oyp5 = 0 1) Fy 2) oy 3 F,
4) o, 5) F, 6) 0,
REZLTIONS

a) Ni¥" + 5T -» Nis

b) cu't + 8T = cus

c) zntT + ST » 2Zns
COMPONENI. BALANCE

l1=NR 2=Cua 3=2n 4 =35

5 =NE§ 6 = CuS 7 = 2nS
2) U3C1p Usfag Ry <0 TRy B gy B
3) U;Cyp = UsCqy - R, =0 10) ¢;, 11) €4, 12) R,
4) TiCyg - UsCgq — Ry =0 13) Cy3 14) Cyy 13) Ry
5) UsCop = UyCgy - (R1+R2+R3) =0 16) Coq 17) Cay
6) UsCy=+ Ry =0 18) Cyg
7) U3Cqg * Ry = 0 19) C36
8) UsCyy + Ry = 0 20) C54
REACTION. RATE. EEXPRESSION
9) Ry-£3(C;,,T,PH,Cy,/Cy4,Dn, 21) T 22) pH 23) Dn

Imt, Lan) = 0 24) Lmt 25) Lagn
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10) RZ-Ei(Clz’T’PH’C12/C13'DH'Lmt'Lgn)=O

11) R ,T,pH,C ,Dn,Lmt,Lgn)=0

3753 (Cp5 127C13
CONSTRAINTS OR OBJECTIVE FUNCTIONS

12) S,=€;/Cyp = 0 26) s,
13) 8,~€;,/Cye = 0 27) s,
14) £-1#F,C,,/F,Cpy = O 28) f
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APPENDIX 4

Box Wilson Data Sheet Used in the

Liquid Jet Gas Eductor Experimental Program

57
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APPENDIX 5 - Sample Calculations for the Box Wilson Work
Sheet.

With reference to the Box Wilson work sheet the follow-
ing discussion explains the calculation procedure.

The test is set up by determining the variables to be
studied in order to obtain a specific program objective.

The independent variables are recorded in columns A to G.

A base level and the amount of variation (unit) are recoxrded
for each variable. The high levels and low levels are cal-
culated as the base level % ﬁhe units.

Rows 7 to 14 are filled in by placing the high level
valiues in the shaded area and low lavel valueé in *ha nom-
shaded area. The samples are randomly run and the outcome
is récorded in column H.

The data is analyzed by the Yates method. That is
coiumns J to L are filled in by dividing rows 7 to 14 into
rpairs and adding the two numbers of each pair to get the

first four values of the new column and subtracting the two

numbers of each pair to get the last four values of the new

column.
Example: H J
7 7+8
8 9+10
9 11+12
10 13+14
11 7-8
12 9-10
13 11-12

14 13-14
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The values in column L are divided by eight to obtain
values for the M column. These values define the effects of
the factors listed in the N column.
For the objective of this project the ordering of vari-
ables was based on the magnitude of the absolute value of
the effects.

Example of Ordering:

1 A Dn- 18.2
2 E Ul- 7.0
3 D Lgn+ 5.8
4 G Pb- 3.1
5 C Lmt+ 1.6
6 B Ln- 1.4
7 F Eg+ 0.6

. The significance of the order was related to the average
value. Therefore for the nozzle diameter, Dn, the values
18.2.is compared to 28.8, implying the nozzle diameter was

very significant to the pressure drop across the reactor.

sgs gas. N.&, was rala+riraelw

Howrevar, the value of +he exc

m

insignificant to the pressure drop.
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APPENDIX 6

Table 6A

_Response Variables for the Box-Wilson Study of
Independent Variables Affecting the Gas-Liquid
Mixing of the Liquid Jet-Gas Eductor Reactor

Response Variables
ieSt Scu/ni Sgn/Ni Fon FHas ar
1 0 22.33 0.72 0.034 0.508 36.5
2 7.92 2.58 0.299 0.5009 12.5
3 3.43 1.58 0.470 0.896 11.5
4 11.00 0.95 0.122 0.721 32.0
5 10.45 6.58 0.629 0.757 5.5
6 83,91 .77 5.247 n.4282 33.°¢
7 2.98 1.43 0.649 0.997 66.53
8 5.15 1.64 0.310 0.657 9.0
Table 6B
Effects Calculated from the Box Wilson Data
Sheet for the Liquid Jet-Gas Eductor Study
Independent I f . e Lo
, ' Zn/Ni Zn YA
R TR
AVERAGE 9.02 2.28 0.345 "0.647 28.8
Dn -2.30 0.76 0.086 0.048 -18.2
Ln -0.78 -0.30 -0.100 -0.095 - 1.4
Lmt -3.38 -0.88 0.043 0.083 1.6
Lgn -2.15 0.82 0.114 0.039 5.8
Ul -3.20 -0.14 0.071 0.026 7.0
Eg -0.93 0.60 0.080 0.021 0.6
Pb -0.57 0.69 0.022 0.017 -3.1
Y
ﬁﬁ-a c
-KKESL TNES
FTIUR 2200 o Néam
o T)(J S g
LOP- 2 OLOW
n,& 4 g
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APPE. JIX 7: Pressure Drop across the reactor as a function of the
Reynolds flumber.
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Table 8A

Reactor Design Data and Process Design Data

as a Function of Mixing Tube Length

Scu/Ni San/Ni f2n ar Erips
2.5 13.41 3.12 0.317 7.0 0.648
3.7 5.68 2.71 0.478 7.0 0.764
5.0 5.07 2.47 0.512 7.5 N.904
Table 8B
Reactor Design Data and Process Design Data
as a Function of Nozzle Diameter
bn Scu/Ni San/Ni fon ar- fHys
0.125 5.85 3.65 0.645 43.5 0.759
0.1875 7.48 3.65 0.487 7.5 0.718
10250 12,28 ; .44 5289 3.0 ¢ AR
Table 8C
Reactor Design Data and Process Design Data
L as a Fundtion of Gas YNozzle Lencth
Lgn °Cu/Ni S7n/Ni “zn ar “HaS
cut 6.14 2.14 0.389 2.5 0.857 )
Mid 0.25 6.47 2.15 0.372 $.5 G.843 |
In 10.67 0.80 0.093 7.5 0.672 |
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APPENDIX 9
Table 9A
Reactor Design Data as a Function of Temperature
Temperature SCu/Nl SZn/Ni on. fus,s
23°¢ 8.15 1.27 0.181 0.643
36°C 4.59 1.12 0.279 0.7890
55°C 2.7 0.09 0.035 0.723
650C 2.73 0.05 0.024 0.852
Table 9B
Reactor Design Data as a Function of pH
PH " Scu/Ni Sgn/Ni fon fuos
z.! :
1.95 10.00 0.67 0.069 0.541
3.25 6.57 5.48 0.799 0.774
3.45 6.00 4.70 0.874 - 0.835
4.30 3.74 3.45 0.860 0.701
Table 9C
Reactor Desicn Data as a Function of
Copper to Zinc Ratio of the Feed Solution
Cu:2n Scu/ni San/Ni f2n fHps
1:0.64 26.80 1.45 0.087 0.480
1:0.72 10.70 0.15 0.022 0.561
1:0.82 11.27 0.39 0.052 0.622
1:1.0 4,95 1.97 0.452 0.918
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