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DESULFURIZING, OR POT EOAZTING
cy

LELT ORTG,.

The dawn of the pot roasting era occured in the year 18¢8
in one <f tre minin centers of Italy, and was known as *Desul-—
furization ot Lead Ores," patented by Huntington & Héheletin,

Their scheme wasz to dilute the galena with lime and blow
air through the charge, heat being given off by the oxidation
of the sulfids.

The following vesr it had pessed from its experimental
gtege into a nractiecal method, and hegan to be adopted nicre
or less generally by engineers, in Furope as well ag In Amer—
fea, In Amerien, howevar, the original name was soon lost
gsight of, or is begimming to te renlaced with the name "Pot
Roagting of Lead Ores," it being more expressive of the method
uged by the nnojority of American ¥ngineers, they finding that
the original idea govemming the use of limestone was not a
necessity, but that pyrites, ferrous oxide, manganous oxide,

v -

dolomite etc., could be used and a: catisfactory resulte »
k
ohtained.
In this thesis for a starting pcint, vie ettempted a

roast of straight ;nlena with no 4iluent. As anticipated the

results were nil.



We next attermted the ronst with 8 mixture of galena and
gilica, and cetained fToir resrlte.

Cur nexr experiment wag to uée_ljmeapgne,with the galena,
Because of the large per centage of lincstone pres&nt-the re-
sultg were not satisisctory.

Next pyrites and limestone were used with the ;»lenn,
and excellent resultse were ohtained. We nade ancther run, us-
ing pyrites and limestone, hut ineresneire the per—centage
of galena by 25%. This run was also!very successful.

From these few runs, the dato we are able to glean from
periodicale, »ard the rationel chemical analysis that we made
on the rcasted nroduct, we hese our thesis,

There are three modifications c¢f the scheme for “desul-
furtzing® lead orrg, i.e.—

J. Huntington — Heberlein.— The ore is §iven a par-
tial roast in reverberatory furnace, roasting the sulfur con—
tenta down tovlz% or 13%, with limestone to dilute the charge,
and then transfer the poartislly roseted mass to pot for comple-
tion of roast.

2. Carmichael — Bradford.— Gypsus is used as =« dil-
uert instead of limestone, and the prelininary roast is not
given.

3. Savelsburg.— Limestone is used as diluent, dbut
the preliminary roast is not given.

In this thesis the general scheme as given hv Savelshure

is followed.
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In 1898 the general scheme for "lime vopsting of lead
oreg" was first worked out =«na pﬁféntedﬁbyfﬂunpington 2 Hder-
lein. # A mixture of galena and -1ime wéé‘hegtegutu_about
700 degrees . with an excess of'air,.eéoiéé:dgwn‘tb abou.t
500 degrees C., when the Pbs was rapidly oxidized to Ph0 and
502, the heat generated being sufficient to fuse the PbO.

The next year description of the first rorsting plent is
printed,9 giving the general scheme as worked out by Huntington
& Heberlein ai the lend works of Pertusola, Italy, in two
steps: Sulphatizing end Finishing.

(1) Galena is mixed with G% to 15% of burned lime,
varying according to the per-centage of sulfur present, and
given a partial rcist in the reverberatory furnace at a temp—
erature reaching 700 degrees C., and not falling below 450
degrres, 80 as to.leave at least 5% sulfide—sulfur undecompos-—
ed, from 25% to 35% will be converted intc sulfates, and only
2% into Pb0, no metallic lead heing set free, end the loss of
lead by volitilization will be practically nothing. If however,
the galena be treated without lime the sulfate and oxide will
be formed in the proportion of 3 :,4, and some metsllic lead
will be set free. Also loss by volitilization will be coneider—
able. The formeation of sulfates is thought to be caused either
by the problematic dioxide of calecium, or by the catalytic

effect of caleium oxide:-

! ]

# Min. Ind. 1899. U.S.P. 600347 3[8/or.
"% 1892. P399,



4 Ca02 + PbS  PbsS04 f 4 Ca0

4 Ca6~0 f PoS Thi04 4 4 Cal
(2) If this hot mase is then transferred to a pear shaped ves—
sel, and the air under pressure of .75 to 1.25 inches of Hg,
is forced through, the temperature will at first rise on ac-
count of the continued oxidation of the remaining sul fide,
But now Pbs will react on PbsS04 in the presence cf =n sbund-
snce of air, the Pb0O resulting inastead of Ph.-

s 1 3 Pbs04 4 PbO { 4 SO2

Pbs + rbsoa + 2 0 2 e { 2 s02
The mass hecomes pasty and gives off concentrated §02, and
hardens when the reaction ie finished. MWost of the Ca0 1is
oconverted into CasSO04. The process was also found to be suc—-
cessful in the presence of associated sulfide minerals, and
the S02 can be utilized in the manufacture of sulfuric gecid.

with this method these works require only a single

blast furnace instead of three cr four, and use 50% leas fuel,
labor, and cost of tools than with the former roasting and re—
duction method, and have a greater yield in lead as well as
in silver.

The amount ofsubstance added to the galena is regule—
ted by the per centage of total sulfur, by the form in which
the sulfur is present, by the cuentity of gangue, by the spe-
cific heat of the gangue, and by the degree of preliminary
heating or roasting.f

The inventors explain their process as follows:-—

9 Eng.& Min. Jnl. 10/20/04.
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"At 2 bright red heat the CaC takes up oxygen
from the air suvplied, forring €a02, which later, in conse-
cuercs of cooling down to a dark heat, again decompcses -inic
the monexide and oxygen. This nagscent oxygen oxidizes a psart
of the PbS to PbS04, which then reacts with the further cuenti-
ty of Phs with evolution of $02 and formation of PbO., Assum—
ing the formation of a0, the process leading to the desul-
furization may therefore be represented as follows:.-—

At 700 degrecs M.~ a0 4 0 cao?
500 " " 4 Cca0” + FPbs 4 CaC  PbsO4
melting point Pb., + Phs04 2 PhO 4 2 502
Reaction 1. and 2. combine -~ assuming the presence cf =vfi-
cifent oxygen gives-
PbS + 4 Ca0 + 4 0 Pbs04 4 CaC
Now the invention consists in applying the otservation des—
erihed aktove to the working of galena and other ores contatn—
ing Pbs, for netelliec lead and the essentinl of the process
therefore consists in passing air through the mass cooled to

# dark red heat — 500 Cc."

DRSCRIPTION OF THE PROCESS AT BROKEN HILL
PROPRIETARY €0., NoSeWe
A migture of PhSC4 snd FrO equelling 10% sulfur,
mixed with the necessary CaC, is dropped from a mechanically
roasting fMurmace into a converter. Seventeen ounces of air
percubic inch is foreed through the ore from two to four hours.
converter is of a hopmar shaped sheet iron cone 5!66" in

diameter, 6' high and geared on tc trunions. The converter



has a truncated apex, closed Y& =z Lo7rtfowated plate forming
the tcp of the wind »ox. Termpernture riges at once, and the
SO” goes of.  The rixture coccn coftenas and agglomerates, con~
vertsr je turred dovn and contents dumped cut. 1% sultver »o-
maira, snd the cherge i3 in good condition fFor iLhe blast fur—
nace. The strongly oxidizing atmnceplere ir tre cerveorter ie
thou~ht to eliminate a1l oulrvr:

Pbs + PbsU4 + 2 0 2 Pb0 + » s02
It ig alae Y=lieved that not only PhS but the sulfides cf
zine, coprer and iron will be oxidized when heated in contoet
with the ¢a0-0 formed during the preliminary heating. Also
evidence seemg to show that ferrciiz ~ne narganove oxides he-—

have in a manrer similsx» to that of the CaC.

More recent experimenting on the Huntincton 2 Haher-
lein and Carmichael — Bradford processes has, however, contra—
dieted thr theory of the formation of Cal2, as the Cal02 is
formed at low temperature, and splits again into Cal =n® 0 on
gentle warming. Purther, in preparing 1+, it ie cssential that
all C02 and moisture be excluded, *uut hoth are nresent in the
ro2sting of the ore, 4

It is held that at firat the re:ctior-

a0 4+ Phs  cas 4 PhO
rakes place. (aS is then oxidized to CaS04, which acts upon
the PbO:

Ces04 4 PhO caPh0x 4 S02

The 0aS04 irn addition has an oxidizing et fect upon galena in

9 Min,Ind.100c4, v 202,



the presence of oxygen:
cas041 4+ Pbi raPho7 4 502
Also, that the oxidation of “nS is due to the following equation:
3 Zns04 f no 4 vno 4 se=
Porcher found by laboratory exceriuent that the blow-
ing of air throusgh a charyge of CaPhr03 and Phy in a warm con-—
verter the nroces: proceaded along lines similar to those of
the Huntington * Hebevlein procege, sand that the preliminary
rona3ting of the PbS became superflous. The theory that cail4
i9 the leadirg oxidizing agent is substantirted by the Brad-
ford - Cagaiohael process, in whiel air i~ blown thru the heat—
ed. and dehydrated gypsum =nd galena, and the same phenomena
occurs as in the Huntircton & Henerlein process. Carmichael
gatates “hat a mixture of PbS and CaS04 reacts at a dull red
heat at 400 derrees C. forming PhS04 and CaS04, according to
the following equation:-—
Pbs + Cas04 PbsS04 + 028
hut scrording to Roberts—-Austen the heat of formation (in kilo-
gram calories) of the different ccrwounds in this eouation
are as followsg:-
Phs -~17.8
cas04 =~318.4
Pbs04 $216.2
cas  $92.0
hence we have the algebraic sum of -17.8, -318.4, f216.2, 92
— —78 calories, showing the endothermic recction; and an en-

dothermic reaction cammot teke place in this reaction.



A. Savelsburs, of Germany, paterts hig process in
United states, 4, pratents deseriling 4 a~ follovn:-

"The nrocese conziata of placing on the grete of the cen-
verter a bed oif ovvered 1dinestone to protect the iron, charre
rorme lowiry coke or cunl, add a thin layer of moistened
solern eoreertroates in limestone and start the blast., 'When
the mixture hag attained a red heat it is ol’owed hv a second
1aver of moiatened charge, :1d this is continued until the
converter ig ttilied -- the hiact hedne rreduslly increased.,

The opearaticn is finished when the sulfurous fumes cease to
te rxu=17ed, and the eharpe heging to harden, Tre lineetone
*irst smets as g diluent, keeping the temperature low, thus
nreventing the galena from eintering, and at the same time
keeps the charge open. Heat ig sbhzovhed by the evaporation
of the moisture and the decomposition of the ¢aC03 into Cal
and C02. The lime however, 18 cuickly converted intq casS04,
which 18 again decomposed by the silica which sets free LC7
vith its powerful oxidizing influence., The g=ases issuing
from the process contain 10% by volume of the S$02, ~nd are
utvlized in the manufacture ct sulfurie acid. It is thought
gstrongly, but nct proven analvtienl?y, that in these blowing
proces=eg the $C3 of the CasC4 is the leading oxidizing agent,
and that the reactjons are as follows:-—

¢aso4 + PbO CaPb0z + S0P

Ccas04 f Pbs + 3 0  CaPbO3 4 SC2
whieh esveee the elimination of the sulfur snd the agglomers-—

tion of the charge.!

6 U.5.Patent No. 7LELCS, Mapceh 22, 1804
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Savelsburg explains the rea:tion= of his procece
na followa:— §

"The particles ¢f linestene act mechanically between
the particies of (e lead ore, separating them one from ancother.
In c¢his way a premature gintering is prevented, and tlc whole
mas= ie rerdsered losc and porous.

The limestone mnoderates the reaction temperature produc-
cd i tre ~combustion of sulfur, so that the fusion of ¢nlena,
the formation of dust, and the separation of meirl™ic lead are
avoided, or st least kept within the 1limits pernigsible. The
lowering of temperature re:ction 48 due partly to the decompo~-
aition of the limestcne into caustic lime and €02 in which
heat i3 gl gorbed, and psrtly to the consumption of the quanti-
ty of heat which is necessary in the further proce=sc of the
op~<ration for the formation of a slag from the gangve of
the ore and Pb0O produced.

The limestone gives rise to ~hemicral reaction. By the de-
compoeition it produces lime which, at the moment cf its
fovmation, is converted into CasS04 at the expense of the sul-
fur in the ore, which Cas04, at the time of the glag formation,
is converted into silicate by the Si02 present, sulfuric acid
being evolved. The linestones, therefore, assists directly
and. foreibly in the desulfurization of the ore, causing the
formntion of sulfuric acid at the expense of the sulfur in
the ore; the gaseous sulfuric acid then acte as a strong oxi-
dizing agent towardsthe sulfur in the ore. 1f therefore, a

rixture of raw lead ore and limestone (which mixture must of

§ Eng. & Mining Jnl. 1905. p 1067.
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course contain a certain amount of $i102 for the formntion of
a4 silicate) he introduced into a chamber, ~nd s current of
air be blowmn through the mixture, :nd ot the came time that
part of the mixture which is near to the blast inlet be ignited
the combustion of *the sul“ur will give rise to very energetic
renction, and S02, $S03 and PbO, sulfates and silicates -re
nrodueed, The 502 and 002 escape while the S0Z and sulfates
act in turn as oxidizing agents on tre undec~crmoued galena ,
Part of the sulfates is decomrosed by the S102, thereby liber-
ating S03, which aects -2 an oxidizing ngent:

Pbs04 + S102 PbS10% + 503
The remaining Pb0 combines finally with the panpgue of the ore,
and the non-volatile constituents of the flux form the regquir—
ed slag.

The qusntity of limestone recuvired for the treatment
of the orea vary according to the constituents of the ores.
Tt should amount to 15% to 20%. For assatisfactcry working of
the process the following precautionsg =y: to be orserved:

In order that the hlowing in of the air may not csuse
particles of the limestone tc¢ es~ane 4in the form of dust be-
fore the reaction begins, it is necessary to add to the charge
before it iz suhjiected to the action in the charber a consid-
erable amount of water, say 5% or more. This water prevents
the escape of dust, and it also contributes considerably to
the formation of $03, which,by its orxidizing action, promotes
the reaction and consequently also the desulfurization. Also

do not fill the chamber with the charge at oroe, but at first

only pertly fill, snd add the remainder of the charge @radually
while the chamber 13 at wprk, os by this meens the reaction
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will ta2ke place more smoothly. It is then advantageous to
proceed as follows: The botiom part ¢f n eharker of any suit-
ahle foym is provided with a grate on which is laid and ignited
a mixture ol -1 and pieces of limestone. By mixing the

fuel with the limestone the heating power of the fuel ig re-—
duced, snd the grate is protected, while at *he same time
premature melting of the lower part of (he charpe is prevented,
Or the grate may be firat covered with limestone and the fuel
laid thereon, and trer arotrer 1syver of linestone he placed

on the fuel. On the material thus placed in the charber a
unifomm eharge of lead ore sand limestone, say sahout cone inch
deep, is placed, this having been moistened =3 previously ex-
plained. Under the influence of sir blast and heat the re—
actions hereinbefore described tnle place.

When the uprer surface of the first layver becomes
red hot a further charge is laid thereon, and further charges
are introduced as the surfsce of the additional charge becomes
red hot, until the chamber is full. So long as charge as still
introduced a blast of air of low pressure is blown thru, but
when the chember is filled, a larger quantity of air st a
higher pressure is blown thru. A scerification process then
takes place, a very powerful desulfurization reaction haveing
preceeded it. During the scorification the desulfurization

is completed.¥
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TYPICAL MITHODS CIP OPRMRATION OF DESULRURIZAPION

PLANTS IN DIFFERENT COMMUNITIES.

A%t the plant of the Sulfide Corperntion Compary, Cockle Craek, §
Ne S. ¥., galenn concertrstes are crushed thru 1.5 mm screen,
furnisling naterirl of which 60% was much finey than 1.5 mn.
T"he 1imiting screen for the limestone is 10 to 16 mesh, 5302
is added in suftficient =mcvmt to furnieh a3 blown ore contain-
ing 20% $102. The mixture contsing 20 to 25% lead, and & to
9% lime. T™he higher per centage of lime causes the hlown
ore to remgin powdery. The roasted mixture may contzir «ome
enlfur — 6,5% to 12%, but the sulfur contents ususlly varies
between 6% to 8%. It is important that the converted cherge
he well mixed, as otherwise the blast will form blow holes.
In blowing small »ir pressure isa used at the start, but is
gradvelly raised, resching 20 ounces at the end of the oper—
ation, which 1asta 5 hours.

Another company in the same district uses conver—
teras 8' in diameter and 6' deemn, holding 8 tons, and use a
blast pressure of 24 ounces. Time of opsration 4 hours.
Blown charge corntains 3% sulfur.

In Germany a typical charge is 100 partis of l=ad ore,
10 parts of quartzose silver cre, 10 parte of spathic iron
ore, and 19 parts of limestone sre used., Air blast is about
250 cubic fe~i per minute, beginning at a pressure of 2.75 to
4.50 ounces, and raised to 11.5 to 13.5 when the pot is corm—

pletely filled. The desvlfurization ims complete in about 18

§ Min. Ind. 1908. p_292.
# Eng. & Mng. Inl. 1905. p 1067,
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hours.A pot is attended by one men per shift of 12 hours.

This ig c¢nly the ~tientjon of the pot proper, the labor of
conveying the material to it and breaking up the desulfurired
nroduct heing extra. When the operation hss been properly
conducted the charge is reduced to aboit © to 3 % sulfur. As
in the Huntington % Heherlein vrocess, the greatest advantages
of the Savelasbhury prrecese 48 the ahility to effent a tech-
nically high degree of desulfurization with only a slight

logs of 1mnd and esilver, which 1is die to the parfert control
of the temperature of the procews. The pre-lisze loss of lead
hss never been determined, but in the desulfurization of gale-
na containing 6C to 78% of Jrad, the loss of lead is nrobably
not more than 1%, and there sprears to be no loss in silver.

The ore treanted containe 60 tc 78% and ‘about 15%
sul fur, but ore from New South Wales containing 10% Zinc has
2180 heen treated. A Zinc content, up to 7 or 8%,in the ore
is no drawback, but ore carrying a higher per centege of Zino
requires a largertaddition of $102, and sbout 5% more iron ore,
in order to increase the fusibility of the charge. The charre
crdinarily treated in Germany was made to contain 11% $i0°.
The presence of pyrites in the ore is favorable to desulfuri-
zation.

Dolomite plays the same part ir the process that
linestone does, but is of course leass desirable in view of
subsequent smelting in the hlust furnace. The ore ig hest
crushed to 3 mi, but good results have been obtained with
ores of ccarser =ize. However, the proper size is somewhat
attendant upon the character of the ore. PFine slimes sre

vworked 1o with s mixture of cosrser ore,
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The proportion ¢i limestone 18 not varied mueh, but the pro-
vortion - 5i02 and iron must be carefully modified to suit
the ¢re.  Certzirn kinds of ore have a tendencay to remain
pulverent or to retain balls of unsintered pcwiered mateyrinl.
In such caces it i3 necesearv to provide more fusible mater—
ial in the charge, which is dore bv varyine the per centage

of iron and sio2.

CHEVICAL PHENOMENA.

It was noticed in the English smeltine Practiced that
when burnt lime 1is addied to stiffen up the charge it seemed
to glow for a time. In rocnesting a ssmple of the Broken Hill
conoentrates containing 50% lead, 3.6% iron, 14.6% sulfur,

3% gilica ¥n a moffle furnace alone, and with the addition

ot 10% pure lime, it was noticed the lime bearing charre 1ig-
nited all over hefore the galena showed any change whatever,
and that the temperature rose acnciderarly with incresse of
bulk. The fully roastsd lime beering charge was found to con-
tain 23% cas04, 20.2% being socluble in boiling water. Pure
¢aC03 gave the same results, except that it took longer to
strrt the oxidadion. It is not belisved that the €02 has to
be driven off in order to form lime, but that the oxidation
once hegun the S03 formed dAecompcses the csrbonste, and the
heat liberated by the oxidation suffices té carry on the pro-—
cegs to the end, IExperiment with CaS04 shows that the galena

roasted more anergetically when the Aehydrated gypsum was

present then when it was absent, in 2s much as experirente

4 Vin. Tnd. 1905. » 403.
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proved that the Cas04 does not zet chemieallv upen the Phs.
The af“ect of the Cas04 can only be physical, at least during
the time theat ilie charge dces not sinter. The Huntington

2 Heberlein vpecple stnte that the ore vhen charged intc the

ing be successful. 1In such a charge the en«rretic oxidation
of the sulfide goez on locAlly with the Cas(8 as a carrier.

The investigations ¢t the Tmperial Germen Patentd
which preceeded the issiance of the Cerman patent on the Car-
michael - Bradfowr nrocese of desulfurizstion of lead, was
extrenely rigid, both from a technical standpcint and a legsal
ore, and ita diacuesion carries grest weight.

It throws light on some of the reactions which are
involverd in the lime roasting procee=, Two viewsz have been
taken: one is that the oxidizing action is entirely atros—
vheriec, while, acrording to the other, there is a reaction
among the elements of the charge,

As 8 seccondary phenomena, the German Patent Office
called attention to the fact that the gnas from the Cansichrel-
Rradford proceees is much richer in S02 than that from the
Huntington & Heberlein process; therefore it 1a better adapted
to the manufacture of sulfuric acid.

Huntington & Heberlein in their patent say that:
ferric oxide may hbe used in their charge#. Charges of lead
bearing sulfide ores,freec from 1imestone,nie heing succeesfully
desulfurized in vots with ferrie oxide, thus making the name

Enz. % Yng, Jnl. Vol. 83. 1906, p 883,
Eng. & ¥ng. Jnl. 11/10/06
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"lime rosasting" mearingleas. L. S. Austin has proposed the
name of*pot roasting.t This irmlies nothine but atmospheric
oxidizatior, the ferric oxide action as a diluent of the
sulfide, Tt 48 not impocssidBie that *"pot roasting® and "iine
rongting" may come to be regarded as digstinet procasces, the
former 22 a simple modification of ordinary rorsting, snd the
latter ag a further modification ir which 11me'or gypegum play

some chenical part.
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COMPARISON OF POT ROASTYING WITH

REVERBERATORY ROASTING.

The results cobtained hv Huntirrton £ Hebherlein at
Friedrichshutte, Germuny ¢ ere very comprehensive, snd is a
sufriecient exaple of the economic advantsges the lime or
pot roasting processes have over the reverberatory prce=ce.
Mecharical Circular Roasters are used — 3ix 19 feet and one
26 feet in diasmeter, and contain 27 mnd 55 tons of ore res—
nrectivelv. In the former practice the reverberatory smelting
furnace treated five *era in 24 hourz, and a hand reverbher—
atory ro~sting furnace,with a sintering hearth, eight tons.
Fer en annusl output of 50,000 tons, fifteen reverheratory
smelters and fifteen reverberatory roasting furiiaces would
e recuired as against eight Huntington 2 Yeberlein ioasters

19 feet in diameter, or four 26 feet in diameter.

COMPARATIVE DATA FOR I.ABCR.

One man per day will treat in a reverbheratory smelt-
ing furnsce .83 ton, and in a hand reverberatory 1 ton. In
a 19 foot roagster of the Huntington & Heberlein Mechanical
Circular type one man will treat 4.5 tons, and in the 26 foot
roaster 11.8 tons per day.

Figures for fuel tell a sgimilar storyv. Consumption
per ton of ore in reverberatory sniclting furnace is 50.3%;
in the hand reverberatory 28.7%; while in the mechanical
eircular roaster, 7.3%. Flue dust 18 reduced from 9% to 1.8%.

It is8 found that most of the zinc that is contained in the

ore pagscses into the flue.

4 Min. Ind. 1905. Vel. 4. p 405.
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Thernew nrocesc permits the reduction of former floor space
from 83,960 sa. ft. for an output of 5C,{ ' C tons to 11,776
ac. ft.— a reduction of 7 : 1. Casesg of lesd poisoning were

reduced from 16.1% to 9.0,

CHEMICAT, ANANYSIS:

Analysis of original ore:-- Pb 77 27%
S 11.94%
Analysis of Run #2:-— Pb 69,46%
S 10.85%
Analysis of Run #3 :-— Pb 69,46%
S 7 o 27%
Malysis of Run #4 - Pb 69+ 46%
s 3474%
Analysis of Pyrites:— Fe 46,40%
s 534 33%
Analysis of Limestone:- cao 52,56%

All the leads were determined by the Molybdate
method, and the limestone and iron by the Permenganate

method and the sulfur by the BasO4 method. §

$ ORE ANALYSIS by ALBIRT Nl. LOW, B.S.
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RATIONAI, CHWMICAI. ANALYSIS,

Our aim in this thesis was not only to know the ultiniate
eomposition of the ore, bt =also to determine in what condition
ag to conpcunds the ore existed after the roast, For this purposs
wa worked out the following scheme for rationsl esnalysias:i-—

5 gmg. ore
100 oc of 10% 8ol acetic acid
Heat 0 n~lmost bvoiling for 10 minutes
rilier

¥ogh with hot water

ltrate of PHO Ragidue of land sulfate
5 ¢ R2S04 10 gmg.NH4C1 — S50cc wader
Roil Boil 10 minutes
0oo0l Filter
Filter Wash with hot water
vagh with cold Filtrate Reagidue
acidified water
Armonia Dried
Dissolve sulfate in
NH4C1 & Am. rectate Am. Oarbonate Roast
Boil Boil Traat same as
original for
Titrate with Am. Molyb- Settle Fb0 anda PbsS04
date =nd calculate to FPbO
- Filter

Wash with cold water

Decompoes aarbonsate on per
per with warm dil H2504

wash with acidified water

Dissolve in MH4C1l and
Ammonium ecetate

T{tarte with molybdate
Thege results did not scocount for sll the leed in the ore, so the
reaidue in the re-roasted product was anslysed for lead, with re-

sults as showmn oOn rage
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In preparing the lead sulfete for titeation it was
necegzary tc¢ precipitste with smmonium carbonate, and re-—p:ﬁe-
cipitate ag lead sulfate, hecasuse of the solubrility of the
ferrous sulfate, it preventing the color test with tanric acid.

In purming off the paper from the residue, care was
taken to 'prevent varticles ol tlie pwmer falling into the rest-
due, which might cause the reduction of a small per cent. of

matallic lead in tie re—-ronst.
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#3 ce %Ph 9Ph C
RN 1.55 1.67
2.68 1.61 1.73
mC
“. F0 1.41 1.51
2,65 1.55 _1.67
Average l.73 1.53 . 1.65% l.658

RATIONAL ANALYSIS ON TE~-ROALTTD PROMIET,

#3 4,10 1.75 1.88
PhO
Ararage 1.756 l1.88
#3 5.80 3.28 4,84
Re 20 293 4,29
PhsS04
5630 00 4,37
Fe28 2:96 4,33
Average 3,04 3,04 4,45

ANALYSIS ON RE—-ROASTEDL PRODUCT.

#3 30.00 12.81 18.75
30,10 12,85 18.81
Average 12,83 18.78
Totsl lend 19.16
Potal PbHO %.53
Total PbS04 23,23

After analysis was made on produet, the residue from
this analysis was given a complete roast, =z2nd rational analy-

afg was made on this re—rcasted product,
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# 4 ce %Pb %Pb C
7¢52 4,25 4.58
7. 54 4,26 4,59
7430 £s40 474
Avernre 4,30 4,64

ANALYST S ON RUN—-ROASTED PRODUCT.

4 28,20 10.89 11.72
28,20 10,89 11.7¢
AVC'L'”{:@ 10.8¢ 11.79
#a 11.25 6.37 9,32
11.40 6od4d 9,42
PrS04
11,45 6.46 9,46
11.28 6.38 9,33
Averdce 6 041 9,38

ANALYSYS ON RE—-ROASTED PRODUCT.

74 Z4, %9 12.26 ' 19.41
Z4.30 1%3.26 19.41
Average 13,26 19,41
Total lead 24.80
Total PhO 16.36
Total Pbso4 28.79.

After nnalysie was made on product, the regsidue from
this analysis was given & complete roast, and rnticnal analy-

ais was made on this re—-roasted product.
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MECHANICAI, CPERATION.,

The apparatus used in the rcastine of the salena was
comprised of an ordinaryg iron kettle, thru a hole in the bot-
tow of witich wag conducted the aim, A parforated iron plate
abcut 16" in diameter rested on the gides of ketitle, Tte holee
wers ahout 3¢16" in diameter — simecll enough to prevent clogning,
or sifting thru of the aeraries. "he et wae covered with a cone
ghape? hocd cof galvenized iron, thru the side of which was
a docr for watehing the rosst, and from the top the fuses and
dust were conducted to the flue chamber thru & C' mive, thenae
to the fire flue in the wall of the building, where they es—
cagped to the air.

The dust chamber wag an ordinary heavy white pine
hox, 2ft x 3ft, nnd lined with zine. (This zine had nc impor-
trmee, further thsn preventing the escane of the gases thru
the interstices of the box. A tightly buil® hox would have
angwered the purpose equally well),

Air for the roast was tapped directly from a storsg-
tany, snd ertered the pot thru a 1" pipe.

The pressure guage consisted of a 6 mm. glass tube,
bent in *U" ehape snd half filled with wster, and supnorted
bya wooden upright resting on a hagse. The scals wae gradunted
in half inches, giving direct rendiing in inches. Pregsure of
air was regulated hy an ordirnrv stop-cock.

Apparatus for the analysis of the escaping gas con-—
gigted of an 8mui. glass tube inserted in the flve hretween the

pot and dust chamber, and brent at right angles, and connected

to 8 250 cc Wolff “ottle containing 2 ec of a stsndard sclution
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of Todine in 100 e of water, This bottle was in turn ccr-
nectecd to a S00 dAvoprineg funrel, held erect *y clamp on iron
stand. On repulating the flow of water fvorn the drorring fun-
nel the mnount of gas poszing thru the iodine solution can he
eagily mesgured, vhich was dore with a 1000 e~ eylinder.
norclictrie pregsure and temperature of the water i neceosgenypy
to ealculante the rrRoulte,

The Todine =solutior was stonderdized 2painst Arsenious
acid in #raiz, and as the gag wag meazvred hy volure it Xm was

necaxiary tc calculate the 02 to grams.
CITARGING and OPTRATION,

A hrisk fire of pine was started in bottom of pot,
and sllowed to hurn for some time. under low air pregsure,
heating the pot svtficiently to start aharge reaction of the
charge, care haing ta2ken not to allow any charcosl coming in
contact with charge, which wculd likely reduce sohe galena to
metallic lead. When the wood had burned Jdovm low enowrh to
nllow the perforated plate to fit snugly to sides of pot, a
thin layer of the charge was dumped into the pot, more heing
added as reaction became brisker, until all was charged. The
air pres=ure up to this point was kept low — not more then 24*
of water. As *chimneys" spreare? they were covered with the
lose charge, As the heat of tka reaction decreased the sair
pres=ure wag increased, until at the end of the roast pressure
hsd attained 6" to 8%, A sintered procduct wa<e desired, so
charge was not gtirred or disturbed more then enough to cover
the blow holes formed. The reaction was sllowed to die of ite

own accord, dcing so at the end of about four hours,
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ir was turred off, pot ellowed to cool, and charge
Aumped. on the flocy and sampled for analysis, then put aside
i'cr Rlnet furncee rTun.

The size of tre galena was 6 to 8 mesh, limestone
4 to 10, and pyrites ¢ o 1C. A1 wee ervehed thrv hresker
and rolle, emapled nnd ascayed,

Lose in tlue was ncot ag grest o3 we ~nticinated 1t
would hre, owing tc the high vraosgcire and arrangement of flue

chamber.

BLAST FURNACT PUN,

Blagti furnace run was made on the product of six
pet—roazt runs (the four =28 referred to in this thesis, and
two by the Senior class), but owing to the high contents of
sulfur, due to the large smount of fines, and the absence of
lead oxide ores, we were unsarle to obhtain a very large vield

of metallie lead, the lead forming mostly matte.



CONCTLUSTONG,
~ = =000 - - =

A insutTiciert numb=r of runs were nade (¢ draw def-
irite coroluvaions, ¥ith this apraratus ve were unsble to
make a run on gZnlens clene, ot by u=ing and varyine the amount
of pyrites (portlv ror its sulfur contents, and partly for
diluent ) we vwers arle to chow that a verv amall ameunt,orly,
of pvrites 1is needed to start and maintain tle cxidizing rese-
tion.

These experiments vere conducted cn the same ore,
and thesge resulte avply to thie cre or one similar, but etil:
fhey have a larger application, ns they pnoint to the [lclrcw-
ing conclueiona:

2. That to pot-roast a rich galena ore, or galena con-—
centrates low in hlende, marges rontazining a wide range of
line and 1ittle iron can be suvccegsfully used.

b. Low pressure blast is 2 hetier desulfﬁrizer, and causes
less 1loss than high pressure blast.

Irrespective of reactions, il.e Hnavelshurg process has
the grest economic advantage of dispensing with the prelim-
inary roast of the Huntington 2 Heberlein nrocess, and is said

to be cheaper bhoth in first cost Qf plant and in operation.
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o No. OFf charpe 3 4
Charye
Galena, rounds 93.3 150
Limestone, pounds 3745 20
Pyriteg, pounds 56.2 25
Galena, % 50 75
Limestone, % 20 15
Pyrites, % 30 10.5
Duration of run, hours 3.25 230
Rlnst
Prescsure while charging, inches of water 3 3
Maximum pressure " L 7 8
Weight of product in pounds 165 188
sulfur
Sulfur in ore charge, pounds | 21.97 14.65
" ) " % 11,8 7,31
" * product % 7.87 3,74
" eliminated, % 54.6 48,12
Lead
Lead in charge, pounds 64,81 104.19
" " " % 34,65 50.82
" * ppoduct % 28,03 52,72
» lost % 3417 4,87



VILE® OF APPANATUS USED,

28.
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