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4t Chuguicamata, Chile is located one of the world'e largest
copper mines. The ore is Brmchanﬁiie, and carries an avéragew@f~1;8%
copper, mainly as (ud0,. 3 Cu{0H), . The ore is crushed and leached
with spent electrolyte, which comes from electrolytic tanks. The
gtrong solution (ie. solution strong in conner) from the leaching
vats is dechloridized with cement copper and sent to the electro-
lytic tanks where the cooper is removed by passing electricity thru
the solution by means of insoluble lead-antimony anodes, The epent
glectrolyte, which contains a falr amount of free sulvhuric acid,
is sent back to the leaching vats. The copper cathodes are later
melted and cast,

Thus it is seen that the process is a cyclical one. It is not
necegsary to add sulphuric acid during the leaching; in faect, during
each cycle, an amount of sulphuric acid is gained which is equivalent
to the copper sulphate content of the ore, Hence, during each cycle,
a certain amount of spent electrolyte is replgaced by water, =nd,in
this way, various other salts which occur in the ore are kept from
accumulating in the solutions. ,

Of the impurities, the least desirgable are chloride, ferric,
molvbhate and nitraté_ibns. Chlorides are decomnosed into chlorine
in the electrolytic tank thusg lowering the current efficlencv, and,
moreover, are deposited upon the cathode as cupr-us chloride, which,
during the subsequent melting of the cathd&eg, volatilizes, result-
ing in a copper loss, Ferric ion lowers the currvent efficiency by
becomin%/reduced at the cathode, migrating over to the anode, and
then being oxidized. Holybdatef ion tends to catalyze the reaction
between ferrous ion and nitric acid, thus oxidizing the iron and

hence lowering the current efficiency. Because of its ability to

exist in two valence states it also nay act similar to the iron.
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Nitric acid, especially in the presence of nitric oxide, attacks
lead readily at the anode, By constructing the anodes of an
alloy containing 50% lead and 50% antimony, this effect is greatly
diminished, but the anodes have the disadvantage of being both
brittle and costly. By discarding portions of the spent eleciro-
lyte, as was mentioned above, other ions in solution, namely
aéﬂf Na', K, Mg"and AT, can be maintained at concentrations
which are not harmful.

Chloride ion has in the past been removed by passing the
solution over a copper surface, which precipitates cuprous chlorw
ide according to the reaction:

Ou" " 20T+0u—>0u .01,

By this means the chloride ion concentration can be decreas-
ed to 0.2 g/1,

Receﬁtly, a method known as "The Limerock Processh hag been
developed on a semi-commercisl scale at Chuquicamata in order to
partially remove molybdenum and iron from the strong solution
(i.e. the solution from the leaching vats). In order that this
process be economically feasible it was necessary to develop a
different method of leaching in order to obiain strong solutions
which carried a small percent of free sulphuriec acid. In the past
a system known as the normal leach was carried out which develop-
ed a strong solution carrying 40 g/l of copiner and 35 g/l of acid,
from a spent electrolyte carrying 15 g/ﬁ nf'eopper and 70 g/1 of
acid. The new counter current leach, using the aame.apent elec-
trolyte, develops a strong solution carrying 60 g/l of coprer and

8 g/1 of acid, In the latter solution,all of the other elements

remain in the same concentration exoept molybdenum which builds
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up to three times the concentration of that element in the normal
leach solutions,

The counter current strong solution is treated with potassium
chlorate to oxidize all of the iron and then with limerock until an
amount has been added which will just precipitate Fe(0H): but not
yet Cul0, . This end point is determined by noting when a brown ring
of ferric hydroxide forms on a filter paper thru which Sc.c. of the
golution has ﬁassed. At this time, gypsum is added for a filter aid,
and the precipitates of Fe(OH),, Mo(coa)} and 0as0, is filtered,
washed and discarded. The excess wash is stripned of its conner by
adding an excess of limerock and filtering off the basic carbonate
precipitate of covper wiith an Oliver filter; the filtrate is dis-
carded, This precipitate is later added to the counter current |
gtrong solution just before adding the first limerock,

The filtrate from the iron and molybdenun precinitation is sent
to a blending tank where it is mixed with strong solution from the
normal leach; the total solution is dechloridized and sent to the
electrolytic tanke, The spent electrolyte is recirculated, in ac-
gcordance with the need, to each of the two leaching vats, The nor-
mal leach handles 824% of the total ore while the counter current
leach handles the remainder.

Thus far, no system has been developed at Chuquicamata for the
removal of nitric acid from solution. BSince, in the counter currend
leach, it is neocessary to oxidize ferrous iron with limerock in
order to precipitate ferric hydroxide, it wae suggested that it
would be most economical to denitrify the counter current strong

golution by causing the ferrous ion present to reduce the nittric

acid to nitric oxide, perhaps by means of some catalyst, and thus
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partially denitrify the solution and oxidize the iron at the same
time, thus saving the expense of oxidizing the solution with a cost
1y salt such as potassium chlorate. Since not enough ferrous ion is
present to completely denitrify the solution,it was suggested that the
ferric ion, resulting from the first reduction of nitric acid, might
ve reduced with copper and ag&i&?ﬁiloweﬁ to further denitrify the
solution, This process might be repeated until all of the nitric acid
had been removed, If it were not possible to denitrify this sitrong
solution,it was recommended that attempte be maie to denitrify either
the spent electrolyte or the normal strong solution and thus remove
nitric acid from the system as a whole.

Five thousand pounds of ore, in thirty six sacks, were shipped
from the mine to the California Institute of Technology. Nine sacke
contained high nitrate ore, nine others high molybdenum ore, and the
remaining eighteen contained regular ore. Analysis of cop-er, chlor-
ide, nitrate, and molybdenum were submitted with the shipment, Final
results ought to be obtained fromiwmolutions actually derived from the
ore by leaching, although preliminary experiments might be made upon
synthetic solutions resembling actual Chuguicamata solutions and made

up a8 follows:

{see page 5)
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Grams per liter Counter Current Normal Spent
gtrong Solution Strong Solution  Eleectrolyte
Cu as Cull, 80 40 15
H,36, 8 35 70
Fe ae FeS0y 1.5 1.5 1.5
A8 28 AS,0, 08 0,83 0.2
Al 28 Al,.(30) 2.0 2,0 2.0
Ug as Mgl 0.5 0.8 0.5
Na as Na,88,,
HalLl, &Na¥0, 11.0 11,0 11,0
K as X,804 2,9 2D 28
Cl as Nall 0.4 0.4 D42
HNO,; a8 HaliQ,4 4.0 4.0 4.0
Ho as Mo, 0.6 0,18 0,18

In situdying the reaction between nitrie acid snd ferrous iron,
and zlso other reactions apoearing later in this napsr, a solution
{designated hence as the test golution) wns made up which contained
4,0 g/1 of nitrate, 1.5 g/1 of ferrous iron and 70 g/l of sulphuric
acid. It is to be noted that this solution contains those salts of
the spent electrolyte which are active in the above reaction,

Except for the zetual leaching solutions, 211 reagents and
synthetic solutions were made from ¢.P, chemiocals, using distilled
water as the solvent. The quantitative system of snalysis used wasp
that adopted at the plant. Because of the great number of analyses
to be rTun, no effort was made to attain better than 1% accuracy.

Ferrous iron was determined by titration in a sulphuric scid

solution with standard potassium permanganate solution. Small errors

oftan occurred due to reduced molybdenum and arsenic, Nitrie acid
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was determined by introducing the sample, after just oxidizing it
with potassium permanganate, into 25 e,c. of concentrated sulphurie
acid and titrating with a sulphuric seid solution of ferrous sulphate,
the end point being taken when the characteristic brown color of the
Feﬁﬁrveomplex is noted. Sulphuric acid was determined by titrating
the sample, after dilution with water, with standard sodium carbonate
solution, using methyl orange as an indicator. The well kmown iodide
method was used in analyzing for copper, after making a few altsrations.
The sample is first oxidized with hydrogen peroxide, evaporated to
dryneéé to expel nitric acid, redissolved in water, neutralized with
godium carbonate and acidified with scetic scid; sodium fluoride is
added to repress the ionization of iron. Potassium iodide is then
added and the iodine liberated is titrated with sodium Thiosulnhate
standard solution in the usual way. For determining chloride, the
Volhard method was used, except that the silver chloride précipitate
was first filtered out of solution before titrating with standard
armmonium thiocyanate; this 2lteration was necessary in order to ob-
tain a permanent end point. Xo effort was made to analyze for other
constituente.

During the greater part of the time, experiments were made in
order to situdy the reaction of nitric acid ahd ferrous iron in dilute
sulphuric acid solution, Bolutions of from five to ten milliliters in
volume were introduced into test tubes =nd these in turn were imumersed
in a constant temperature water bath which could be maintained at
sny temperature between thirty and eighty degrees centigrade, with a
fluctuation in temperature of less than one half degree. The bath
could accomodate fifteen test tubes., More than two thousand separate

tests were wmade, varying in each case the conditions affeoting the
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reaction (i.e. catalysts, acid concentration, temperature, salts,

ete,)

Reaotion of Nitric Acid with Ferrous xroﬁ
The reaction studied is represented by the following equation:
(1) 3 Fe" "+ NOy+4 > 3Fe™ + NO-+2H, 0
The following mechanism tends to hold nitric oxide in solution:
(2) Fe '+ NO—>FeNO "
This Fe§0*+eomplex ie easily broken up on passing air thru the solu-
tion; and moreover, when the partial pregsure of nitric oxide is
lowered sufficiently, it diffuses out of solution and the complex
slowly spontaneously decomposes. In studying the rate of reaction
(1), the time was noted for the first ap-earance of a brown color
(the Feﬁdffcomélek) and also for its final disappearance when all of
the ferrous iron had been oxidized to the ferric state.

ACCELERATING FACTORS:

The reaction was found to be accelerated by:
(1) An increase in temperature,
(2) An increase in hydrogen ion concentration,

(3) An increase in the concentration of both
Fe' & NO,

(4) An Incresse in the weight ratio of NO,to re
(8) Various catalysts, ‘
CATALYSTS:
0f the catalysts,the best was found to be nitric oxide, one of
the reaction products; hence the reaction is autocatalyzed., The rate
of reactlion increases as the concentration of nitric oxide is in-

creagsed. Bilica gel was found to be the best of the insoluble
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catalyasts, no doubt due to its ability to adsorb large guantities of
nitric oxide n@on ites surface and retain it even after washing. Hence
the reaction readily takes place upon ite surface due to the high
coneentration of the true eatalyst nitric oxide which exists there.
The action of the gel is afcelerated if, before uwee, it is saturated
with nitric oxide; it improves in use when in contaet with solnutions
containing this gas., However on continued waahiﬁg or dryiﬁg, it loses
much of its pbwer as a catalyst, due perhaps to the removal of nitrie
oxide, but it can be revived by contact with the gas. Porous plate,
crushed guartz, and diatomaceous earth behave gimilarly to the gel
but much less effectively, due no doubt to their smaller surface of
contact., Molybdate ion somewhat accele®ates the initisl formation
of nitric oxide in an unfouled solution (i.e. a solution devoid of
nitric oxide), especially upon long standing, but it tends to retard
the completion of the reaction. Solutions, if they contain this ion,
tend to foul within a short time due to nitric decomnosition. Ferrie
ion also 8lightly catalyzes the reaction.

RETARDING FACTORS; THE SALT EFFROT:

Ohloride ion seriously retards reaction (1)(by 50% even in small
concentratioﬁs of 0.2 g/Q, probably because of a complex compound
which this ion forms with nitric oxide, thus diminishing the activity
of the later. |

In accordance with the Brénstead theory of the salt effect it
might be expected from the nature of the reacting ions that the
addition of soluble salts to the solution would retard the rate of
readtion,

For a reaction:
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the Bronstead theory gives the following expression for the rate of
RESeR 1R P 25(2,,10+2A7°+282(.>J-{:Z_’_‘
R=K{a) (B) (¢) 10
where A, B, and C, are concentrations of the reacting ions, Z is the
valence charge on the ion, ¢ is the concentration of an added salt,
and X and.p are constants, The rate for equation (1) hence becomes:

- e La42-1) [EeT
a=x(re"y (16,) (') 10™>FE

oK .

R=k(re™’ (10,) (u*) T AR
Hence as the ionia strength, sz‘,}af the solution increases the rate,
R, deoreases; the effect is greater if the valence of the added ion is
high. This was found to be true. Excent for the reacting ions, all
added salts retard the reaction and the order of their effedt was as
follows: (1) 01, (2) ¥oh, (3) al1@) As.0., (3) cu'i(e)e™ (7) xF
(8) N& (9) WH,, Chloride ion no doubt exerts some other marked
influence upon the reaction. Perrdes Iron, confra$y to expelatimg ,
in small quantities(2 g/l) catalygzes the reaction.

8tirring the solutiﬁn accelerates the initial formation of Witric
Oxide as it establisheS better contact with the solid catalyst, How-
ever, once sufficient nitric oxide has been formed to cause the reac-
tion to occur iapidly, stirring the solution will retzrd the rate of
reaction baea&se this procedure aaéists the escape of the catalyst,
nitric oxide, and hence lowers i%ts concentration in solution., Passing
alr thru the csolution has the same effect,

DATA CONCERNIIG REACTION (1):

The following table serves to illustrate the effect of concen-

tration, temperature, catalysts, and dissolved salts upon the rate of
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reaction (1)

S8olution Temperature Gatalyst Time of reaction
45° @, Hone 25 Hrs.
. 45° Silica gel 18 Hrs,
.5 g/l re .
0 g/l 1o, 45 Silica gel treated with 3 Hrs.
80 g/l H, 80, » Kitric Oxide
45" 0.4 g/1 X0, 25 ¥in,
50° 0.4 g/1 X0, 3 Min.,
A8 sbove, bub 20° 0.4 g/1 N6, 8 Hin.
70 g/1 H,80,
3pent Tlectrolyte 80° 0.4 g/l N6, 20 Min.

CHARACTERISTIOS OF REACTION (1):

A febrile reastion is one which is autoeatalyzed., It ocours
in three stages: (1) an incubation period, when the concentration
of the catalyst is siowly being built up; (2) an induction period,
during which enough catalyst has been formed to cause the reaction
to occur rapidly; (3) a period of extinotion, during which the rate
gradually'deareasee,.ﬁue to a defficiency of reagents,

Reaction (1) passes thru all stages but the third, in the case
where the reagent in excess is nitrie acid. During the first period,
nitric oxide is slowly formed, but it 1s held im complex formation
by ferrous iron (see reaction (2)), afd its nower .as o catalyst is
tﬁus reduced. Hence the first veriod is very long, ¥hen nitric oxide,
in excess of that held by the complex, has been formed, the reaction
guddenly iﬁereaSes in rate, Additional nitric oxide hence apnears
from two sources at once, first, from the decomposition of nitrie

aoid, and second from the complex which must give up its nitric
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oxide because of the oxidation of ferrous iron., This additional gas
immediately increases the rate., Thus, within a few seconds, the great-
er part of the reaction occurs at a surprisingly fast rate which in-
ereases as the ferrous iron concentration decreases, The slight
catalytic effect of ferric iron also may be a factor inecreasing the
‘rate., From this discussion it is obvious why a low nitrate to ferrous

ion ratio decreases the rate,

REACTION (1) AS APPLIED TO CHUQRUICAMATA SOQLUTIONS:

In the 1light of the preceeding results one sees that, except
for the test solution, the most favorable solution for denitrifica-
tion is the spent electrolyte, és it runs highest in acid anq lowest
in total salts. Reaction (1) is complete in three hours at 60 C. in
the spent electrolvie in the nresence of silica gel as a catalyst,
However by introducing nitric oxide,in the form of nitrite ion into
the solution, the incubsation period is eliminated and one may dis-
pense with the gel. In this case the above reaction occurs in twenty
minutes instead of three hours. A%t 75°C thie time may be halved.

Since the spent electrolyte contains 4.0 g/l of nitrate ion
and 1.5 g/1 of ferrous iron, it is seen that with a complete oxida-
tion of the iron only 0.55 g/1 of nitrate are removed. Hence, once
the reaction has occurred, it beco@es necessary to again reduce the
iron in order to remove more nitrate. CUoprer was found to be the
best available reducing agent, but it was found that this wmetal could
be used for reducing nitric acid directly rather than thru the inter-
mediary, ferrous ion. This lead to another phase of the denitrifica-

tion problem which will be treated below,
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Reaction of Copper in the Denitrification Process

(3) 3 Cu+2 NO,+ 8 H'=3 Ou'+ 2 W04 H,0

The reaction of covper with nitric acid, like reaction (1),
also 1s autocatalyzed by nitric oxide. Like a true febrile reaction,
it goes thru all of the three periods mentioned before, For this
reaction, the Bronstead theory predicts a negative salt effect ag in
the case of reaction (1), and this has been found to be the case., In
all other respects ( i.e. influence of temperature., acid, etc.), it
is similar to reaction (1),

Unfortunately, when coprer is introduced into the solution, the
following reaction also occurs:

(4) cu+2 Fe' — Qu % 3 e

This reaction appears to be but slightly affected by hydrogen
ion or the presence of nitric oxide. Its rate increases slightly
with temperature and is proportional to the surface of copper in
contact with the solution., By constantly reforming ferrous ion, re-
action (4) tends to retard both reactions (1) and (3). In general,
reaction (2) will not progress until practically all of the iron is
in the omidized state, Hence, the problem is to adjust conditions
so that reactions (3) and (18 will occur
more readily than reaction (4), ,

Before copper is introduced, reaction (1) is caused to take
‘plaee by passing nitric oxide into the solution and placing it in
contact with silica gel. When a2ll of the iron is in the ferric form,
chpper is placed in contact with the solution and it at once begins
to digsolve, thus decomposing the nitric acid present. When the

nitrate concentration has fallen to a low value, reaction (3) decreases

in rate. However reaction (4) continues undiminished in speed,and



B

goon forms an appreciable amount of ferrous ion, which eventually
completely stops all further denitrification despite the large amount
of nitric oxide then present. If the copper is removed from the solu-
tion before the ferrous ion concentration has arrived at a high value,
reaction (1) will slowly ocour, leaving the final solution containing
6n1y oxidized iron, By decreading the copper surface reaction (3)

can be caused o bring the final nitrate concentration to a lower
value, although the rate of reaction is considersbly deoreased thereby,
Also by increasing the temperature, the same effedt is noted because
the increase in rate of reaétion (3), with rising temperature, is
greater than that of reaction (4).

DATA CONGERNING REAGTIONS (3) and (4):

The following experiments illustrate the effect of tempersture,
copoer surface, and nitric oxide concentration upon reaction (3):

sxperiment (1). To each of several 10 8.c. portions of oxidized
spent electrolyte containing 1.2 mg. of NO,were added one foolt of #18
Uopper wire, and they were placed in various temperature baths:

Temperature Time for Reaction TFinal NG Conc,

50 ¢ 3 Hrs. 4,0 g/1
80 ¢ 50 ¥in. 2.3 g/1
70" ¢ 30 Min, 2.0 g/1
80° ¢ 30 Min, 1.2 g/
80 ¢ 25 Min, 1.8 g/1 (This soln.

was agitated.)
Experiment (2), With 100 c.c. portions of oxidized Spent Electmo-
lyte, each containing 20 mg of X0 ,the following results were obtained

2t 80° C:
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final Fe

+4

Length of #13 Cu Time for Final ﬂ@é Acid Loss
wire used reaction cone, cone,
2,0 7%, 120 #in, 0.2 g1 0,37 g/l 1.2 g/1
4,0 £%. 80 Min, 0.4 g/1 0,75 g/1 0.8 g/1
8.0 f%, 40 Min, 0.8 g/1 0.98 g/1 0.2 g/1

Experiment (3), To 10 ¢.c¢. portions of test solution vary-

ing amounte of nitric oxide were added and they were kept at 8n°¢.

NO used Time for Reaction Final NG Cone.
2.0 g/1 2.0 Hrs, 1.1 g/1
2.5 g/1 1.5 Hrs, 1.1 g/1
2.9 g/1 1.0 Hrs, 1.1 g/1

SUUMARY CONCERNING REACTIONS (3) AND (4):

The amount of nitrate removed by reaction (3) varies directly
with the temperature and inversely with the copner surface. The
rate of reaction (3) varies directly with the temperature, the copHer
surface, the concentration of nitric oxide, hydrogen ion, and nitrate,
and inversely with the concentration of ferrous ion and dissolved
salts, Agltating the solution results in a decrease in both rate
and nitrate removed,

ACID LOSSES:

It was noted, if copper is allowed to remain long'in contact with
the solution, after reaction (3) has ceased, that more than the
stoichiometric quantity of hydrogen ion is used. This acid loss was
found to vary directly with the initial acid concentration, For in-
stance, with a solution containing originally 4.0 g/l of nitrate,
1.5 g/1 of ferrous iom and 70 g/l of sulphuric acid, an excess of
80 % of acid ie consumed. With a solution similar to this one, ex-

cept that it contalned 20 g/l of acid, just the stoichiometric
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88id loss. The acid loss tends to decrease if the copper surface is

kept to 2 minimum,

Absarptgon and Diffusion of Nitric Oxide

Since nitric oxide plays such a vital role in both resctions (1)
and (3), it was thought desirable to get a semi gquantitative idea of
its solubility in solution. A gl@ss tube 144 X 24% is filled full of
glass beads, and solution at 85°G:ftrickled at a rate of 10 c.c. per
minute down the tube countercurrent to a2 slowly moving stream of
nitric oxide gas. It was found that the test solution absorbed the
most nitric oxide, #he spent electrolyte absorbed a 1ittle less, and
water absorbed only a trace of the gas.

At 20°C., very little nitric oxide diffuses out of solution in
two hours; after six to eight hours, however, most of the nitric oxide
has disappeared. At 80° ¢ most of the nitrie oxide has left the soiu~
tion in two hours, while at 80°C., only one hour is required for the

ganme amount of loss,

Denitrification by a Continuous Process
In order to oxidize the ferrous ion in the untreated spent elec-
trolyte, the solution at 25°¢. is first saturated with nitric oxide
by being passed down a glass absorption tube similar to the one used
sbove in the experiments on the absorption of nitric oxide. It is then
introduced into the bottom of a2 test tube (volume 120 ¢.c,) which is
filled with silica gel and immersed in a constant temperature bath.

The solution coming from this tube contains no ferrous iron and is

saturated with nitric oxide, due %o the initial treatment and to the
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nitric oxide formed during the oxidation of the iron; therefore it is
in a condition suitable for reaction (3) to occur, It is passed into
the bottom of a large test tube (volume 200 e,c.),containing ten feet
of #18 copoer wire where reaction (3) is prtially completed. Then
it is passed into the top of 2nother test tube (volume 200 c.e.)
containing five feet of #18 coprer wire, where its nitrate concentra-
tion is reduced to a minimum. Both of these test tubes are immersed
in a constant femperature batﬁ. The nitric oxide gas formed during
these reactions is collected and utilized in initially saturating the
solution in the absorbing tube. If the solution passes thru the
system too fast, not enough nitric acid is removed; if the movement
is too slow, the rate of reaction (3) is greatly retarded, and acid
losses result from long eontact with copper. Hence the problem is to
adjust the flow so that thé maximum amount of nitric acid is removed,
without reducing the iron,

On further experimenting = system was discovered which would
oxidize the solution faster than had been possible nreviously with
the silica gel tube. In this system, the solution, saturated with
nitric oxide as before, is passed into the bottom of a test tube
(volume 120 ¢.c.) containing solution in which the ferrous to nitrate
ratio is very low} no solid catalyst is present, Immediately upon
gtriking the solution the reaction occurs and nitric oxide is formed,
rising to the surface in the form of extremely small bubblesf?ténding
to keep the nitric oxide concentration in solution very high; hence
- this condition of the gas favors an inerease in the rate of reaction.
Later it was found that once nitric oxide is formed in the reaction

it is unnessary to
tube,Afirst shturate the solution with the gas. Instead,the untreated

solution is passed directly into the bottom of a tube immersed in a
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constant temperature bath, where 1t comes in contact with hot solution
containing nitric oxide and no ferrous ion, and where reaction (1)
readily ocours., At 80 ¢, with this system, 8 c¢.c. of spent electro-
lyte can be oxidigzed per minute while this capaeity is doubled atb 80 G.
The silica gel tube of the =mame total volume will handle only one half
this zmount of solution., If the solution is first warmed in a heat-
ing coil before its introduction into the reaction tube, the rate de-
creases somewhat due to less effective absorption of nitric oxide
in the hot incoming solution, |
Using this latter system of oxidizing iron, and the previously
mentioned scheme of further denitrifying the solution, it was found
possible at 70 ¢. to reduce the nitrate concentration in the spent
electrolyt§2210 g/1 to less than 1.0 g/l. The amount of solution
handled w28 one half liter per hour,
For best results with this continuous system of denitrification,
it is essential that none of the solutions bearing nitric oxide, be
agitated, as this tende to lower the concentration of the mas in themg.
Hence gas traps are used beltween each reaction tube in order that no
large bubbles are sent to the bottom of any of the tubes, What is
desired is a constent stream of very small bubbles of nitric oxide
and this situation is found naturszlly to be the case in solutions
Wherein either reaction (1) or (3) is taking nlace.
Contimious Denitrification as applied %o Snent
Blectrolyte obtained from leaching Ore.
One month was spent in leaching 240 poundes of Chuguicamsta ore
(labeled regular) in order to obtain a representative spent electvo-
lyte solution; synthetic solutions were made in order to start the

leach. During this time, K two leaches (two thirds of a complete leach-
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ing cycle) were completed, the spent electrolyte after each leach
being obtained by elecitroplating the copper out of solution, using
lead-antimony insoluble anodes, which were furnished by the Chile
Bxnloration Co. Partial analysis of the resulting spent electro-
1lyte solution showed: )
H,80, 63 g/l
HNO, 7.4 g/l

i’ 0.24 g/2

gu_ 15.4 g/1

Fe 0.13 g/1

It is to be noted that the acid concentration of this solution

is 7 g/1 lower than normal, a factor which should be unfavorable in
the denitrification process, although this disadvantage is somewhat
off-set by the relatively high hitrio aeid concentration (almost twice
normal). 8Since the iron is in an alﬁost completely reduced state the
oxidation reaction tube, mentioned above, was not used. Instead the
solution was warmed in a heating coil and introduced imnediztely into
the bottom of the first twbe cpntaining copner)and from there the
arrangenent was identical with that desoribed above. In order to start
the reaction, 100 mg of nitric oxide was introduced with the first
200 é.c. of solution treated. ¥From then on the reaction proceeded
well in both tubes containing conner, without the need of an outside
source of nitric oxide; in fact all of this gas formed was 2allowed to
eScape into the air, Solution was handled at the rate of ¢ 1/hr,
at 70" ¢, and the nitrate concentration was reduced to 1.2 g/l. By
circulating the solution more slowly, or by adding additional conner,

the nitrate concentration can be lowered to 0.7 g/l with ease. Mo

acid loss results.



-] B

Thus, a system has been developed which reguires trial on a
large seale before its introduction into the nresent leafhing cycle.
It is helieved that by denitrifying the spent electrolyte, the nitric
acid content of the strong solution will be condiderably reduced, and
in time, the nitrate content of the system as a whole will be lowered
to & low value which will insure 2 longer l1life to the anodes, Were
this denitrification carried out in the strong solution, trouble =ight
result in thelelectrolytic tenks due to solutions fouled with nitric
oxide, unless speclal care were taken to remove the gas. By denitri-
fying the spent electrolyte instead, which is, in regard to time,
further reoved from the electrolytic tanks, there is less chance
for foul solutions at the tanks, Also, since the volume of spent
electrolyﬁé:%our fifths 4@ that of the strong solution,less solution
will have to be treated for nitrate removal, However the chief ad-
vantage of deniﬁrifying the strong solution is the possibility of
oxidizing the iron in this solution and thus eliminating the nedessiby
of 5dding an additional oxidizing reagent, It is believed that the
iron in the strong solution %EF be oxidized by saturating this solution
with nitric oxide, which is obtained from denitrifying the spent
electrolyte, and allowing it to remain in contact with tailings from
the ore until the iron is oxidized., 1t may be neeeésary to pase air
also thru the solution during this time in order to insure oxidation.

Heating the solutbtion will be unnecessary.

Eeonomic Data
Twenty-five to fifty dollars per ton could be spent for the
elimination of nitric acid from leachingmsolutions. Heat is available
from waste heat bolilers in an amount of 850 %o 700 tons of steam per

day at a cost of 2564 to 50¢ per ton, neglecting the installation cost
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of the boilers. Copoer is available at less than 5¢ per pound. At
present, 17,000 cubic meters of spent electrolyte are produced per
day. Assuming this solution is heated from 35° ¢ to 70 ¢ and only
2 g/1 of nitrate are removed during each denitrification (this is a
very conservative figure), an ectimate shows that the cost of steam

of nitric acid removed
pe2 tonpis five dollars and the cost of copper is fifteen dollars,
Assuming direfit heating with steam and no heat loss, 650 tons of
steam are required to heat 17,000 cublc meters of solution. Hence
enough steam is available, assuming heat losses, to heat at least one
half of the solution, which is more than the amount used in the lime-
rook process; and the cost of removing nitric acid, assuming only
2 g/1 removed, is twenty dollars per ton as compared with an allowable
cost of twenty~five to fifty dollars per %on.

The actual equipment needed for carrying on denitrification would

be merely a series of lorge tanks composed of a nitric acid resiflting
material, in which copper could be suspended, and a system of preheaters
and heaters for bringing the solution up to temnerature. Also, the cost
of waste heat boilers must be included in the initial installation.
Wo moving parts are reguired. ¥o data is available on the cost of
equipment, but, since this Initial cosgt is to be divided thruout a
period of yvears, it seems that the cost of removal of nitric acid
would not exgeed thirty~five dollars ner ton. Thug the vnrocess

seems practical both econonically and technically,
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Summary Sheet,

A system has been developed for the denitrification of the spent
electrolyte derived from copper solutions obtained from leaching
Chuguicamata coprer ores, by means of reducing the nitric acid present
with metallic copper in the presence of the catslyst nitric oxide.

During deaitrification it ds esszential that the iron which the
solution contains be kept in the ferric form and that a high concen-
tration of nitric oxide be maintained, This is accouplished by first
causing the iron to be oxidized with the nitric acid present by in-
troducing the untreated solution into a vessel containing solution
heated to 80" to 80°C. which is saturated with nitric oxide and
which contzing no ferrous iron. Then the solution is placed in con-
tact with coopper wﬁ;;g the metal dissolves, reducing nitric zcid to
. nitric oxide. The ratio of the surface of copper to the volume of
solution being treated wmuest be adjusted., If this ratio is too high,
ferrous iron will be formed more rapidly then it can be oxidized by
nitric acid and consequently the reaction will astop; if the ratio is
too low, not enough nitric acid will be removed.

#%1th this system, using a copper to solution ratio of about ,013
reciprooal centimeters at 70° ¢ the concentration of nitric acid is
reduced from 4.0 g/l to less than 1.0 g/l at a rate of about 4 c.c.
of solution per minute per sguare centemeter of exposed copper surface,

The process is practical both ftechnically and economically.
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