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ARCINYESTIGATION OF THE CATATYTIC ACTION OF FERKIC L_Ib

I THE SULPHATING OF METATIIC OXIDES

Purpose:
In the sulfating of metallic oxides in an atmos-
pn .

phere of sulfur dioxide and air, the presence of ferric oxide

@

sccelerates the oxidation of 809 and hence aids 1in the estab-

lishment of a high concentration of 50,. The formation of

P
i_l

sulfates from the oxldes present isg increased by thise 603
concentration. This theeis is an investigation of this effect .
of ferric oxide when prece ent in varying procortions with the
© oxide to be gulphated, and a detsrmination of the amounts of
onides'rendered éoluble in thesge different mixtures. The ef=
fect of varying the time allowed for the ferric Qxide to ex-

ert its cat ytic influence is also investigated.

39
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Previous Work

Because in most roasting operations,it ig the object of the

roast toO eliminate sulfur as completely as possibleand

therefore to prevent the formation of sulfates froum the oXx-

a

ides formed in the roast anc to decomposge those which are

a7

3
{ Net

formed, mucn

¢ heen Cetermined concerning the decompogition
of metallic sulfates in roasting, and but very little material

ig available which concerns their formation. Thls

0
&)

due to
the fact tnat only recently has much attention been glven toO
the sulfating and leaching of low g&ra e sulfide copper Ores

to replace the former metho o of concentrating oy

and subgceguent smelting.

o

Much work of practlical interest in the sulfating of copper

oxides such as can be found in natented sulfatlng Processes,

2

M.T. Coolbsuch U.S.Pat. 11315761

o
i)
[

This patent covers the process of treating sulfide

-

erals and concentrates, comprizing roasting the ores to con-
vert to oxides and subsequent treating the resultant oxides

between 450°C and 800°Cin the presence of sulfurous gases

—

5

L0 converti thne oxides into sulfates. This process begliis

in a roasting furnace where the sulfide ore or matte is

-

first charged and subjected to an oxidizing roast. The dis-

charge from this furnace may be AgCl, AuU,AZ, ¢u0 , PO,

Zn0 , FeO, or Fe O . The next step 18 the sulfating roast

2 3




z

of these products in presence of SOQ.iThe discharge from this

furnace consistsof Au ,%g , And the sulfates of Cu, Ag, Pb,

Zn, and FGEOB' The sulfateg are leached out and the other

roducte are snmelted and. recovered.
p B

#arts and Aarts Brit.Pat. 119867

The inventors of this patent process seem to have been the

first to include a recognition of the effect of the vpresence

of iron.in sulfating. They nace three conditions to be de-

cided uporn before subjecting an ore to the swlfatingtrest-

ment.1.) The proportion of 8§ in the ore. 2.) The proportion
. NS . 0 -
of catalyst.5-) The composition of ithe ore in general,impuri-

ties etc. They also mention the presence of sufficient O in
the sulfurous gases,for the oxidation of the £0,. The tenmper-

-

ature stated 1s below that at whicn the sulfate would bhe de-

-1y

composed but above that at which the catalytbic effect of the

iron oxide on'the formaticn of 803 from SOO and O becomeg of

fd

practical significance. It is evident that the inventors of 1
thisd process are familiar at least to some extent with the
actlon of ferric oxide asg investigated in this thesis but
there seems to be no public recorda of their work. The process
in the main is egimilar to that of Coolbaugh. They algo men-
tion the DOpDWbll‘tv.OL differential sulfating, stating that
it ig posaiblé for tae roast to be stopped at such 2 temper-

ature that sulfates of oniy certain metals are present.

(3)




Other patents of earlier date, while not of zeg great in-
terest to the investigation carried on in this thesis, give
perhaps & good idea of some of the previous sttention giv-
.en to the’sulphating'process'in.general.

C.C.Westhy U.8. Pat. 1,266,731 and 1,266,732

The firest is & procVMQ where netallifero fines which
may contain Cu, are freed from fine particles and treated
with sulfuroug gasges in a tower;while the top of the ore -

- column 1g sprayed with wonter or spent solvent obtained lat-

,.44

j—

er in the process. The spray l1g in such quantitiers ac notl
to fill the interstices between the particles nor to clog
the flow of gasges. The liquid leaches valuse from the ore
and :abéorbs the sulfurous gaﬁeﬁ;

The éther patent is another method for carrying outb
the same general procesg. Metalliferous fines,as oxidized
VCu,afe arranged in series of low heaps in staggered pos-
itions upon supports within a closed sulfating chamber .
These heaps cre vibratedl while they are treated with séeam

80, and air and simultaneously leached with wateror other

Solvent. An apparatuc for carrying out this operation is

[43]

L

described;bmt nas no place in this dicscussion.

H.B. Hovliand France Pat. 481,815,

This patent covers the treating of minereals under pressure

to convert thenm into sulfates in the dry state.

(4)




Another patent of Hovland's is concerned with the sul-
fatlng of Cu oreg by treating them with an oxidizing ag-
ent in the presence of avallable sulfur. He states the

conditions

w

uitable for the dry process-to be + a temp-

erature of 500 degrees Centigrade, pressure 100 pounds

i_l-

per square inch. He makeg reservation that the pressure

at inte

H
o
"

vale may be reduced to or below atmospheric

-

Pressure to fach

]..J-

tate the decomposition of F92$SQ4)3
whlch he evidently assumes is formed under the above
conditlions.

-

Hovland has also designed some very compli

c-l‘-
O

d. appa-
ratue for the carrying out cf this proces:, among which
1s a wedge type of furnace into which air mixed wkth SOE
is introduced under prehkurep

Several Germen patents closely allied with ﬁhose/of
the Aarts and the one of Coolbaugh, give only information
of the same type ag covered in the patente previously
described.,

o

In an article Tor the Metellurgical and Chemical Engine

ecring Journal of April 1915 B.Dudley,Jr. has glven tne

most coumplete reference obtainable on the formetion and
decomposition -of sulfates during roasting. He states.that
at a given temperature,a definite concentration of sul
trioxide must be maintained in the gaceous phsse in con-
tect with the metal sulfate and oxlde, in order to main-
tain equilibfium;or in otier words,that the dissociation

(5)
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tension of a sﬁlfate 2t a given tempefature is canstant.
The dissociation of a sulfate increases with the tempera-
ture. From this fact it follows that,if a metal sulfatev

is held at a constant temperature in a space wherein the
sulfur trioxide concentration is less than the equilibrium
concentration for that temperature, the sulfate will under-
go dissociatlion. The converse ig also true thiat, if a metal
sulfate is held at & constant temperature in a gpace whersin
the sulfur trloxide concentration is greater than the equl-
librium concentration that corresponds to the dissociation
tension of ﬁhe sulfate for tnat temperature, thé oxide will
be sulfatized.

An lmportent point to be considered in connection with the
sulfatizing of a metellic oxide 1s that of reaction velocitys
whlch deternines the length of time required for a mixture of
gases to react and produce equilibrium conditions. The tine
required,of course,depends upon the concentration of the re-
acting substances and upon the tenperature.The effect of
temperatﬁre is td zaccelerate the reaction up to the point
where decomnosition of théproduct bezins. A factor of greater
lmportance than the temperature is the effect of catalysts

upon the reaction rate. It has been found nat under given

e
.

conditions of temperziure, the regction will proceed to egyl-
llbriumicpnditions at a greatly accelerated rate in the preg-

elce a catalyzer such as ferric oxide. The catzlyst does not

(6)
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alter the conditions of equilibrium,since these are deters
~mined by the temperature and the pzrtial pressures of the re-
acting gases;and in general the catalyst has an equaleffect
action is toward the formation of s.1lfur trioxide or toward

its decomposition. Owing to the low dissociation tension of

ferric sulfate it is.natural to believe that this will be the
first sulfate to form. Since in the process of sulfating ,
Terric oxide is usually present in considerable amounts,
1t 1s easy to conceive of this being the first sulfate to
Tform. With increasing temperatutes the dissociabtion tensiorn.
of ferric sulfate increases much more rapidly than that of
other suifates. Consequently although it may be tre first to
 form ferric sulfate wWill in most cases sufferydecompssition

at lower temperatures than the other sulfates.

The Fffect of the Reaction Velocity

The rate at which a sulfate will be decomposed or formed

KRR,

will increase with inereasing temperature, with Iincreasing
| difference between the partial pressure of the suilifur tri-
oxide present,and‘the dissocilation tension of the sulfate,
and wiith increase in the rate of ctirring. The velocity of re-
) action is also dependent to a large extent upon the nature
and depth of the separating surface between the reaching

phases.

(7)




Vol. XLIIT Trans., Amer. Inst. Min. Eng.

H.O0.Hofman and W.Wanjukow conducted an investigatim

of the decomposition of metallic sulfates at elevated temp=

,
L

pi: N »

? eratures in & current of dry air. They determined the decomp-
% n osition temperatures of some of the common sulfates. Cop- |
i per sulfate was found to start decomposing at 341 degrees

% centigrade. It decomposed slowly up to 670 degrees when the

action became more vigorous. At this temperature the normal
Cupric sulfate,CuS04, had been enfirely altered to the basgic

2600

*303. At 805 degrees, there remained only a trace of

R e T T

3 in the roasted material.
g Previous Thesges
In a previous thesis conducted by Turner and Bugbee, the
best temperature for the formation of CuSO4 from the chem-
. lcally pure CuC in an atmosphere of sulfur dioxide and air

was investigated. The y found that the maximum amount of
Cu0 was converted into the normal cupric sulfate of copper

at a temperature of 500 degrees centigrade.

Nash in a subsequent thesis taking up the work of the
gtudy of sulfating,found et the best temperature for the
formation of copper sulfate from a mixture of 10% Culd and
90% Fego3 in an atmogsphere of SCp and air to be 4Y0 degrees

Ccentigrade. At this temperature , he ran a series of teshs

e

PO R - "3~ i D m ) "
on varied percentage mixtures of Cu0 and fe203 to study the

effect of Fe203 on the amount of Cu0 which was converted

o~
Qo
~—




into Cud04, His resul ts show that the amount of CuO converted
. into‘GuSO4 is proportion&l to the percentags oT catalyzer,FeQQB
s+ in the chsrge.. It has been the objgct of this thesis to run
ooa similar test to that'run Py Nasgh and to determine whether
or not the results obtained by him could be dUplicate&. The

) results of this thesis have proven the affirmative.

-~ In both of these theses,tests similar to those on copper
xlde, with the exception of the Cul, Fep03 series have been

conducted with ZnC. As this thesis has dealt only with the

study of sulfatizing Cu0, the results withZnO have not been

included with this report.

AR PR
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IFVES”IGﬂ ONE CARRIED ON IN THIS THHSIS

In order to study the catalytic effect of Ferric oxide,
on the sulfating of copper oxide, roasts were carried on in
small silica tube electric resiétaﬂce furnaces; Ferric oxide
mixed_in verylng proportions with the oxide to be sulfated,
wee introduced into the furnaceg in emall poreceléin boats
and subjected to one hour or %two hour roasts in an atmosphere
of sulfur dioxide and air. At the end of the specified time ,
ﬁhe boats were removed from the furnaces and their contents
were<1eached with hot water. The resul tmht_solution was tested
for Cu, Fe, and 804.
An?aratus”

/The furnace used for heating wae an eleciric resistance tube-

;ﬁrnace. The heatihg tube was unglazed quartz material. The

S o . s 9 - L
- dlameter of one of the tubes was! inch and of the other 1.75

inches. Tubes were wound with wire colls of high resistance

wire. The heating tube is enclosed in o fire clay tube sur-
rounded by calcined megnesis which 1s all inclosed in a gal-
venized iron cylinder. The whole ig boltea on to a heavy plece
of asbestos board which forms the foundation. The tube holds

& porcelain boat about 2,75 inches long by .37 inches wide by

-

»12 inches deep, ®hich éontainq the material to he roaubem.
The ends of the furnace tube are gealed with asbestos with
a small hole in each end in which a glasgs tube is inserted
to provide for a ctba ay current of gas over the charge. Thru

v
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the asbestos plug

in

one end of

the Turnace tube, isg

& smaell gilica tube containing an iron-cons

couple which is

1g

b
L

connected outside

of & direct readin

furnace are con

for controlling

mected to

neld

in place

tentioneter.The resistance

with a nouentLomeuer cali

introduced
tentan thermo
" TH g
urate‘c‘:_ by means

colls of the

rheogtats

The goses for the roast were MOE and air. The 502 wag led
from an ordinary gas storage tank into an expansion chamber
Oonsisting Ofad large empty acid bo tt1e leading from which
are two glass tubes. One of the tubss leads to = barometer -

. / s
tube in whicy the heipht of the weter column was kept constant
// N
during th@/éntire roasting operation. The other leads to =

control bottles
bubbles are led

the gas mixture

is

dnto which the S0,

uoolj 1s regulated

measured by bubbling

t the oppo

aite

ends

for the two furnacesg. The

to each furnace every hour.

pas

ges

aru ecaleium

(11)
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1 by a

1t under an inch

minute 1 1.4
ig¢ led to a mixing

of which lead to
same number of gas
fTrom these bottles

de drying towers and

v



thence to the Turnaces. The amount of =zir used was measured

o

by a gas meter and due to the bellows in the meter was fe
in puleations 4o the air Pon+r07 Dottle. Although the num~

ber of bubbles per minute were kept at epprox imately the

same asg those Nash allowed to go to each furnace ner hﬂnuh@

P

the meter only indicated -1 cu. ft. per hour or 2.8% liters

which is about one half of that calculated by Hash from the
I

calibration of Turner and Bugbee. It may be that the amount

of air allowed to pass the control bottle during the two

runs that the meter was connechted was less than that which

wag allowed to pasc in the other runs, due to the difficulty

~

~of meapuxinv*or estimating the number of bubbles when they

-

were fed in pUjS&tWOup- However, the amount in the other runs

‘|'

Was very qleue to the same =g used by Wash as the same bub-

bling effect was observed as was used by him.




. ek/

7 1\

-+ —
\A|ﬂ.\\
) , N
= e
\,.,,74 ) ¢7 , 67
/ : \ » \
0...\,;... 0\\.4 \~._ O——
.WU\.K\:\\»I\
[—

82D Q.\N\

{13)




(14)

Millivelts




30,
Tonk

’ JQ; fxlbaao'/'an »
Charnber

  /" Cantoo/
Botris |

Mix /}7 - ||CHherrrbear

.5% Corr ff-o/

Bortls

= o
9

e
79

er |

-

~

{

‘ T 7o Furnace

(15)

70 r‘Zr)-ﬂac € &

N T N L R X R




Procedure

Three gram charges of Varying percentages of the chemically

pure oxldes Cu0 and F8203 in porcelzin boats were inserted
in the furnace tubez under the thermo couples after +tne fur-
naces had been brought up to o temperature of 400 depress
centigrede. A current of SOE and alr measured and cleaned
and dried was pascged over the charge continually during the

4

roast. The roast was continued for one hour intervals and

A e BRI o Lo At
Gl SUeclined Liase RS

two hour intervalsg. At the end o

k)

{
oD

the bdat was removed from the furnace immédiately and allow-
ed to cool. When cool it wac placed in a beaker cohtaining
400 c.c. of water and then boiled for ten minutes when it
was removed from the hot plate and filtered. The solution

wes made up to 500 c.c. and tested for Cu, Fe, and 504

Analysis for Cu
. /"

50 c.c. of the solution Waqﬂmeasure&~iﬁ“é'pipette. 3CsCe

of sulfuric scid was added to the solution in a beaker. and
5

]

the beaker transferred to a hot plate. 12c.c. of saturast

)
[¥al

hypo was added after the solution became hote The n it w
Poiled until the solution cleared up;when it was fitered.
The precipitate was pPlaced with the jilter paper in a por-
celaln crucible and the paper burned off. The residue was
taken up in nitric acid, neutralized with ammonia, and the

ammonia boiled off. Then 6 c.c. of acetic acid Were sdded

(16)




and the solution boiled again to dissolve all the copper.
Then the solution,was diluted to about 200 c.c. and ti=-
trated with standardized hypo solution (lc.c. equals 1% for

1/2 gm. sample) using iodo-gtarch indicator.

Analvys is for Fe

50 c.c. of the of the solution to be tested was measurea
by a pipette intc a beaker. To the besker was added 3 c.c.
of HC1 and about 2 gme. of pure granulated Pb.The solution
'Was then boiled until all the copper wes precipltated and
all the ilron waé reduced. Then the_solutioh was titrated
with standard Bi- chromate solution (1c.ci\equ % for /2
gh. sample) with potassium fefrl -cyanide as 1ndlcator.

hna1v51s for 3204

fébc.c, of the solution weeemeasured into a beaker t§ which
3c.c. of HCl weseadded. The solution was placed on the hot
plate and when hot, 10 c.c. of BaGl2 solution weeeadded.
The sOlutioﬁ was bolled until the precipitate settled. Then
1t was filteréd, the precipitate on the filter was ignited
and weighed as BaS04. The 50,4 was caleulated from the relation

1 gm. BaSO4 gives .412 gms. S04.

(17)




04 HL OF_RESULTS

w  : i-Hour Sefies
Furnace % Cu0 . % Fe, O, % Cu ext. % Fe ext. 0Cu/s
A. #1 10 90 60 0.00 = .336
. 2 10 S0 90.6 2.4 .238
T4 20 B0 62.5 0.00 .552

R ) 20 80 ~ 75.5 0.00 L3602

w  #2 | 40 60 21.4 0.00 686
e 40 - 60 16.8 C . ¢ 710

ee‘ Fide) 50 - 50 16.2 _ 0.00 <530
4

w M2 60 40 14.8 0.00 .560

- #2760 40 5.45 0.00 720

C# ole; 10 3.65 .00 1.000

P 80 10 .2 .00 . 790
Lne lines marked with(x) are used on plot zs most rep-
resentative. . , _
The runs made in furnace nuaber one zive poorer extract=y
dons as’shown, Also the runs in number two when connected and
run tO” ther with number one zre lower then those ruas in
© which number two wag run alone. This may Dbe accounted for by

better gae and temperature control when only one furnace W.s

~uged and & new and better potentiometer connected.

(13)




2-Hour Series

Furnace % Cuo ,! % Fezoj_% Cu ext. % Fe ext. | Cu/8q+
#o 10 00 $0.9 1.3 . 320
42 20 80 93 5 $ 470
#o . 30 | 70 | 78 .98 0.00 LHo2
#o 40 €0 50.5 0.00 L6300
#o | 50 50 44,3 0.00 730
e 60 40 22.4 0.00 . 740
e 70 30 24,8 0.00 LT50
#?‘ 80 20 13.3 0.00 660
i 90 10 7. 5% 0.00 700

Theoretlcal ratio of Cli/SOy equale .003
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_Discussion,}Conclusions, and Suagestions

From the observed data, it is seen that the extractions
\ of copper from the material roasted in furnace number 1
are in every case poorer than those obtained Dby the roast-
ing of the same nmixture in furnacs number two. The temp -
eratures were the same and the amount of gas led to each

during the roasts were also the samg. Attention was first

c

called to thig when in not securing as high an extraction
of the copper from the mixture of 10% Cu0 and S0% Fe 503,

a8 Waé obtained in the previocus thesis, the mixture was
re4run?by accident more than design,in thernother furnace.
The incfease in extracﬁion from 60% in furnace 1, to 90% in
furnace 2 ,was supplemented by the increase in extraction
of the BOﬁCuO , T0% 63 un fromv21.9% in furnace 1 to

50.,1% in furnace number 2. Number 1 furnace was then ab-

=t
i

andoned for the remalnder of the tests and the sgeries wag
completed by making the resgt of the runs in the secoud
furnace.

The poorer extraction infurnsce #1 may or may not be
accounted for by the fact that the diameter of its tube
was one inch while that of furnace number 2 wae one and
three quarter inches. The veloecity of the same volume of

ages thru these furnaces would be inversely as the square
of their diameters which would be V,:V2 as 4§ : 16 or

approximately 3 ¢ 1. Suppose that 1/3 of the amount of




~

the SO3 Which is formed in furnace number 2 is formed

in furnace number 1. For every unit volume of SOB’that is

formed there is a contraction of 3/2 Waitsivelume  to

one unit volume or in other words the final product hasg

2/3 the volume of the original foctors due to the reaction
@SOQ+ On equals 2 205, This ;ggction 7111 causea retard-

ation of the velocity. And if the amount of 803 formed

depende to even a small extent upon the time of contact

oy
|_1.

the furnace having the larger ameter has not only a
1onger tine of contact due to ite greater cross section;'
bub the advantage also of the contraction and hence vel-
cclity retarde tlon due to the formation of SO3 inexcegs
of thaﬁ formed in the smaller furnace.
Some of the runs in the one hour geries whioﬂ took place

in the sane furnacg,are variable in the amount of the

copper extracted. In every case the poorsr exiracition w

when the Swo Turances were run in conjunction and the

otentiometer which wag

D.‘

(=]

Ctemperature was controlled
Very unsatisfactory. The runs marked with (%) show those
runs which are the most represcantative and which were con-
ducted with #2 furnsce alone and with a res onably sen-
gltive potentionster.

plot of the one hour series bears out the prig;

¢iple which was determined Dby Nagh; that the amount of Cu




converted into sulfate by the roast ies proy
the amount of catslyst (berS) in the charge.
It may e observed from the results that there is sulfate

present in excess of that necessary to form the normal

or basic sulfates with the Cu and Fe found in the sol-
utions. This excess sulfate maoy be congidered present

ag free acid. This wzs not tegted for as the acld was

P S  m or el s

not present in sufficient amounts to be deternined by
rdinary methods. The average weight of 2230, Precip-
itated from the whole solution in any of these runs would
be about 2 gusg. The 504 Trom this would ecu2l 2 x .412 or
.24 gms. of 804. The normality of a sulfuric acid sol;

ultion containing thi camount of 804 in 500 c.c. of sol-

ution would be 034 normal. This could be teated for

by disgtilling ¢ ftef the addition of NaCl and catching the

distillate in standard .1 normal NaOH wiich could be

t ted back with standard acid,. Howevef, this was not

__———considered in this thesle, as the time was Too limited,
i From the curve showing the ratio of Cu/SO4 , 1t can be
:% secen that the amount of free acid preseﬁt is greatest 1in
% the cases where the amount of Fe203 of thne charge wag also
; Cnigh. This i1g what one woul -naturally ezpect 1n view orf
\ﬂ? the catalytic’effect of ferric oxide on the formation of

E§
% sulfur trioxide from sulfur dioxide and air.

(24)




The twoenour curve of copper ext?actlon shows that

the ad vanuage of 1Qov 2aging the time of roast from one
to two hours is of significant value only with mixtures
of over T0% ferric oxide. The extractions increase with

N

high percentage of

L)

erric oxlde in the mixtures but where

=)

in amounts of

[

theferric oxide le less than 30%

o]

resen
the increase 1n extraction by prolongihg the roszsgt is
negligible.

The Cu/SO4 curve for the two hour roast is much smoother
Tthan that for the one hour roast. This may be due to the
Tact that there was a loanger time allowéd for the reacting
gases to atiain;mh@ir7equilibrium vaiues for the temp~
erature of 400 Gegrees centigrade.

From the references on the subjiect of sulfating, it

temperature on the

L]

1t seenms evident that the effect o
amount_of‘copper sulfate formed Dy this roast is of less

8ignifi cance then the conceaurauion of the 803 and the dis-
soclation tension of the sulfate formed. If the concentra=

tion of the 003 is great enough, it seems very probable

that the sulfate can be formed at any temperaturs below
670 degrees centigrade which was shown Dby hOLﬂdﬂ to be
the temperature at which the decomposition of CuSO4 is
very rapld. This 503 concentration can be lncreased by
allowing only a very smell amount of air to entersthe

furnace in excess of that which is necessary to react whih




the $0p present to form.£03, and by decreaging the vel-
ity of the zases thru the - . hat the Te.( :

O%luy of the gases thru the furnsce so that the FepUs i1

have more time to get in its catalytic effect. Another

way would be to generate the 303 in a separate apparatus
and to lead it into the roasting chamber ag 803 at lower
temperatures than 400 degrees-éen+igrade gince the dis-
‘soclation tension of the eulfate is lower at lower temper
“atures. "
| At the Tirst part of'the.roast)both in this iavestiga-
y tion and in practice there is very little sulfap@(at the
// beginning of thevroast)so thet at the first part of the
roast it will require only a emall amount of 20z to over-

\ come ﬁhe tendency of the sulfate to discociate. Toward
\ the end of the roast , the sulfate is preseat in much

~

at ﬁhis\goint, it is possible that more of 1

/e

rger quantities and if the éOB concentration is increased

$]

-

e sulfate

b

¢

2}

will be formed than if 1t were kept at th

o
t

game low figure

S INNINE .

2 - )




INDEX TO PAGES

1. Purpose of the thesis.

i

2. Previous work in sulfating.

10, Investigations carried on in thls thesis.
e 13. Diagram of electriCal connections.

. 14. Calibration curve of thermo couple.

% 4
15. Diagram showing gas connections.

- 16. Procedurs.
18, Table of results for one hour series.

19. Table of results for two hour series.

Py

20. Curve of copper extraction. One hour and two hour series.
21. Curve showing ratios of Cu/S0,.

22, Discussion, conclusions and SUGE

, (27)




