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The production of Spelter dquring the vear 1903

was as follows: (Mineral Industry vol. 17 ng. 843)

MO-XANS~0KL,A WIELD--123499 tons of 20004
UNITED STATRS 210511 " "

WORTLD 724347 metric tons.

From the above 1t ig seen that the United States pro-—
duced 26.57% of the worlds suocoly. The out put of the
Missouri-— Xangas — OkKlahoma ¥ield or what is commonly
known as the Joplin District was 58.65% of the =zine
produced in the United States or 15.47% of the total
ont put for the world,

This question naturally presents itself, to
produce 1233492 short tons or 2469938000 pounds of spelter
how many pounds of zine were taken from the ground?

To say the least the literature on the sunhject
of wining, mnllling and metallurgical losses occurring

during the treatanent of zince ores is very meager.



~MINING—

At thé oresant ti e the greater nowrtion of the
zine npined in the Joolin District, 1s taken from what is
Known as the sheet—-3round., What narsentage of the zine
bearing rock is extracted oag%;rwhat percantage is left
in the ground when the mine ié abandoned, which owing to
caving and other causes can not he recovered at some
future time, is not known.

It 18 to »e honed that the State Geological
Survey will in the near future he ahble to take up the
investization of this subvject. Until they do 1t will
hs impossible to naks a reliable estimate on the per-

centage of the zinc extracted from the ground.

~MILLING=

~To obhtain a satisfactory statement of the
losses guffered duvring the miliing of the low grade ores
of this district, will require a long seories of experi-
mentsat the plants operating on these ores.
It is customary to gpeak of the grade of the

ore by the yield of zinc concentrate per ton.--Thus when



they svsak of a 3 1/2 % ore they mean an ore which will
yield seventiy nounds of zine coneentrate, which will
contain abcut 58 to 80 % zinc, per ton of 2000 pounds,
rnot an ore which contalns ssventy pounds of zine per ton
of 2000 »nounds. This voint wmakes 1t almost impossivle
to ohtain accurate information, from the published
accounts of miliing operationsg in the district.

Reviewing the maethods of miiling emnloved in
the district a verson is led toc believe that the losass
must he 1avg&x, agomes of the wreasons for which are as
followsg:

Tirst. It seems to »he the noliey of the
digtrict to crowd the capagity of the aill to ite ut-
most liult, and ewem to%g;é¥load tne wachines.,

Sscond. The ethods of handling fines and
®1limey scems to be Inadaquate in mwany of the aills,
=gnecially in those ¢f older construction.

Phird. The svsten of crusning tnpresées a
pargon as being at failt in that they attempt to
crish to such a Pine condition, namely about 3/8 inch
hefors heginning concentration. Some exveriuents which

4re heing carried on in the laboratories of this school



at the present time, on ore from the Joplin Distriect,
geem to show that it would be profitable to negin con-
\iz?tration on material which will pass thru a acreen,
&ea;E%g openings one inch in diameter, These conditiona-
the overloading of the machines, the inadaquate weans for
handling fines and 8ilues, and the fins erushing all

tend to increase the loss oceuring during concentration
but to what .extent this loss 3ces 1t is impossible to
state authorltatively.

The loss during concentration is generally
sstinated at from 30 to 40 % of the zinc content of the
ore with an average of about 35 % , but this 1is only
an estimation.

It 1ia orobahly true that the »nressent method of
milling s<ems to produce the maximium profit per ton of
ore treated. It ims a question for the future to dsclde
whether other methods, which will save a greater per—
centage of the =winc that is in the ore, will hs more
profitahle than present mnethods, There is no question-
1ng‘thé fact that the vast accumilation of tailing in
the districet contain thousggdsrof tons of =zinc wihich

- have been lost durtng treatment.



—~ROASTING~

In roasting the =zine concentrata thers gmg

twe ways 11 wnien logses oaaiyr:

1 By wvolatiligation

2 By 2 1oss of ia3t.

(1) The loss by volatilization 1s d1e to the
nigher hest reqiirel to completely digulnhirize the =ine
guivide it haing found nsecdseany to mroast g0 that the
sulpnur rewmaining in combination with the zine, lead and
iron is very snall, usuallv not ovsr one npercent, Thig
requires a high finighing h=at with the requli that |
some 7zine 13 lost by volatilization, nart of it as zine
oxide and =zine sulnhide, thevy hHaing slightlv wolatile at
the temearature rajxshed and narct of 11 as metallic zine
which ig ?edueeﬁ from the oxide by the Garbon,@inOKiie in
the firnace gaqeq; Thara 1g practically no loss by
volatilization when the tempaeratiuire 1ig helow 900 degress
*an, but the tempsrmature at which the roast 1s finished

is 119ually above thig.

(2). The loss by dust is due to the fact that the

'ore must he crushed so that the maximum size 1is ahout



1/6 Liah in ownier Lo woast,

In erughing an ore 50 that the maxLiTw. size is
1f8 ineh g considerabls gquantity of duet 15 rwis, In
roasting, the ore mist bs gtirred g0 a3 to axvwoses all
particals to the action of the hot gases amd-—aiws,

Thig stirring in combination with the draft which isg
necessary to remove the sulphur fumes and provide the
required amount of air for oxidation will carry more or
less dust, depending on the velocity of the draft.

This dusf can only be saved at a conasiderable expense for
the construction of settling chambers or Bai houses. |

The total loss by these agéhcies seems to be
practically the same in hand roasters as in mechanically
rabbled furnaces. It will usually amount to about

1.5 % of the zinec charged to the furnace.



~DISTILLATION~

The ore, having baen roasted, 1s mixed with
an excess of carbonaceons material, over that required
to reducs the =zinec oxide., This carhonaceois material
is nsually coal. The ordinary mixture conasists of
abont 50% of each, altho the nroportions may vary
vetwesn the 1limits of 70% zine ore, and 30% coal to
70% of coal and 30% of zine ore depending on the grade
and character of both the zine ore and coal.

The retorts)which are usually 8% {to g»
inside diameter and 48* to 50v 1ong)are £1i1ls4 with
the above mixture. The condenser is then luted on and
the firing of the furnace begins.

The heat 1s gradually raised until shortily
hatore the and of the distillation 1s reached the
temperature inside of the furnace will he about 1200
to 1300 °0, and the temperature inside of the retort
posgsibly a hundred degrees less.

It requires 24 hours to complete the re-
duection of the zine oxide and the yvolatilization of |

the zinec.



Diring the digtillation the zine is ladled
Condentey

from the wedort three times.

W¥nen the distillation has reached the noint

where for commercial reasons 1t 1s not vractical to

carvy it fumrther the last zinc 149 ladled from the

conden<fr, tae condengec is then regoved gand the rasidue

is taken from the retort.

The losses occuring during the onsration ars

as follows.:
1.

2

v "

3

B

5.

Inperfect condensation of tha =ine vapor,
Absorbntion of zinec hy the reatort.
Escapne of =ine vanor thmi the walls of
the ratort.

Volatilization of =ine thri eracks in
the retort.

Zine vanor lost by haing rstained in the
ratort at the end of the operation.

Zine retained in the regidus,

Thesa losses will he taken up in the order given.

(1)

There are sevearal Factors which influence the

condensation of tha zinc vapor, the principal factors



peing as follows:
(1) The temnerature of the condenae® and the ner—

eentagze of %zine van0r in the gag entaring ths condenger,

(hb) The percentage of carbon dioxide in the gas

entering the condensew,

It has neen found from practical opsrations,
that the hest temnerature for the condensation of zine
vanor is hetwean 4500 and 550 o,

If the tsmperature of the condansar is too
hizn, the zine will, to a great extent, f£ail to condenssa,
No condensation ftaking nlace if the teammerature rises
to 930 o, Thisg we ghoild exvect 1f we axamine the
vapor tension of zinc at tne=se higher temeraturss, and
remembering that the norticn of the condsenser not
onscupied by molten =inc is saturated with zine vanor.

If at a certain temperaturs a snace he satu-
rated with zine vasor, no zine will condenss unlsas
the temparatire he lowered, alwavs presuming that the
preasurse regainsg constant. Regardless of the itzmvera—
ture, the gag issueing from the condenssr» will alwsays

be gaturated with zine vapor orovided there is enough



zine coring from the retort to saturate this gas,

The pressures remaining constant the amount on per—
centage of =zine vapor in the gas ig dstarmined by the
temperature, the higher the temmerature the mors =ine
vapor 3 definite quantity of gas can carry,

If the temperature of the condenser isg too low
the zine will be deposited as a blue powder, which miat
bezgraated. This blue powder is very finely divided
matalllc zince and its formation is, according to Prof,
J. ¥. Richards, analogous to the formation of frost
from the atmosphere.

If, for some reason. there isg a large per—
centage of carbon dioxlde present, say 0.5 to 1.0%, the
zine will be deposited as a blue yowder which must be
retreated, or it may escape from the condenser and he
lcst.

From the information at nhand, the loss dus
to the éscape of =Zine vapor'from the condenser sesns
to be about 1.5 to 2.5%, with an average of about 2%
of the zinc charged to the retort.

(2) when the dld retorts are taken from the

furnace analysis shows that they contain from 5 to 18%



of zine. This sbsorbtion 1s Zovared to aome axtant

vy the character of thae matort, whathar 1t is dengs o»
porous, and hy the materials used 1in 1ts eonstristion,
The greater nart of the absorbtion se21s to taxe nlace
daring the first w2ek of the retortls 1ifa, The fingt
day the amount of zine recoverad may vary I£rom prac—
tically none to 25% of the zine in the chavge, the
gr=2atesre part of thls loss 1s dus to absorbtion by tha
retort, while by the seventh day tha losg by ahsorhtion

will only »e 2 to 3% of the zinc 1n the charge.

(3) The loss due to tha mscape of zine vapor thm
the walXs of the retort is governei to some axtent by
the nmethod of firing the furnace. Tne ordinary coal
firei farnaces uses a natural draft - This draft creates
a suction whnien acts on the walls of tns retort with the
résult’that the 1loss 19 zreater than in Zas fired
’furnaces, wisre therd 13 a glight srdsgirs or in coal
-fired furnaces, wiich have a forced draft. Even with
the bast conditions thers is a t0ss thru ths matort walls
which, from the hest data obtainabls, s33m3 to bs about

3

2 to 2.5% of the zine conteat of the chargs,



(4) The daily breakage of ratorts in the digsouri-
Kansas Tield apnearg to ha ahout 2 to 3% and aven ag
nizh as 4 %, Than 1t ié dlscovare.i that a vatort is
broXxan, the charge igs at once removad, REven with tha
'closeat watehing there is hound to he some loss, hut
to what extent it is 1mpossible to gstate, Thers baing no
record of this loss which‘have béen ahle to find.

It is probably figured as loss thru the walls of the

ratort.

(5) When all of the zine has heen distilled from
the charge which 1t ig commercially practilecal to distill
the condenser is removed. As tha residie now occupiss
leas than half of the énaoe in the retort there is
bound to be some =zine vapor left in the retort, there
vnot being eufrtolent movamant of the gas. to aava the
zine to the,condonsar. - This 18 of course lost, but
as 1t amounts to a vafy small ﬁcrtion of the losses

guffsred, no record is ohtainable of the perasntage.
(5) rwhan all'of the zinc has besn obtainad
which 1t 15 commareially nrofttablo t0 extract the

.'aondanser 13 renoved and the residue discharged.



«
*\v" The percsntage of =zine in this reaidus will

vary from about 4 to 18% and will averags ahoit 80 to
12% or about 5 to 8% of the total awount of zine in
the chargs, This 1s due to a mumher of cailsesg, some of

which are as follows:
(a) Presence of sulphur in the ore,
(b) The formation of slags.
(¢c) nefsctiva distillation.

(a) It Mas veen Pound in practice that eaeh pomd of
sulphur 1n the ore, which is in combination with the
zinc, lead, or iron will keep two pounds of zine from
»weing volatilized. The sulphur in combination with the
calcium and harium does not cause the retention of zine,
but the sulphur in the Goal wilill prevent zine from

being volatilized.

(b) If the charge olaced in the retort contains certain
elements, the:ﬂ at the temperature attalned, during
distiliation will form slags, such as lead silicate,

caleium, iron and manganeses gsillicates, and so on.



These slags will, when forued, wretain zinc oxide in
two ways namely by absorbing =ine oxide and hy coatling
particg:;& of zinec oxlide g0 that they do not have a
chance to éome into contact with the reducing asent.
In the sams way the high temperature attained in
digtiilation with the sild of the carhon nresent will
redice the metals themselves and theee metals will

mecnanically wretain more or lass zine,

(c) It has hasn found that it 1s not practiecal Cron

a commarcial standwoint to sxpell all of the %inc, The
reasons for this are that 1t wonild reqiire too much tine
and too nmueh reaucin. agent. So that at the closs of
the cperation there is alwavs wcre or less zine in the
residues which could have heen expslled had enough
reducing agent and time been used. This loss is
prohably the greatest single loss suffered in the

smelting of %lne ores.

The entire lossas suffered during distillation
vary from 10% to 20% of the winec charged to the retort
with an average loss probably much nearer to 20% than to

10%, Placing the loss at 17%, which seems to be a falr



figure, there must he 2410 pounds of zine charged to
the retort to vnroduce 2000 vounds of spaltier,

Now tahbulating the various loages as
eninerated we have:

Loss during nilling = 35% of values mined,

Loss during roasting = 1 1/2 % of ore charged

! /

to rocaster,

Loss during distillation = 17% of ore charged

to retort.

Sc that to nrodiice 2000 noiinds of spelter there
mugt be taken from the ground 39%4 pounds of zine.

The losses in poundé of zine are divided as folilows:
MI11ling — — = - — = 1477 pounds,
Roasting — - = = = -~ 47 "
Distillation — — - — 410 "

This means that only about 51% of ths zine

which is taken from the grcund, ever reaches the market



the balance or 49%, being lost during the various

milling and metallurgical operations,.
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