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STATEMENT OF THE PROBLEM

The reactions that occur in the metallurgy of
zinc are in genersl well known as to the end results
obtained.The €inc Smelter desiress a maximum recovery
in & minumum time.There &are certain factors that govern
the fulfillment of this desire.The most important of
these are TEMPERATURE , TIME , KIND OF REDUCTION
MATERIAL , and THE NATURE OF THE ORE. There is much
data avaidable as to the temperatures at which these
reactions go on and also there is obteineble some in-
formation as to the speed with which these reactions
progress, particularly as to the length of time requir-
ed for the commerciel distillation,All of this inform-
ation however is to a certain degree mewe—oxr—3®n8 dis-
connected and to some extent contradiotory.The lack of
information is particularly true as regards the time
factor and the completeness of reaction at various temp -
eratures under known conditions,The four points mention
ed above, TIME, TEMPERATURE , KIND OF REDUCTION MATER=-
IAL , and NATURE OF THE ORE are of vital importance to
the zinc metallurgist for upon these factors hinge not
only the capacity of hie plant, because of the speed of

distillation,but,also, the recovery of values,



There seems,then,to be room for experimentel work
even on & small scale, for the purpose of sttempting to
obtain and arrange in some compact form,data on the
REACTIONS, SPEED OF REACTIONS, and the TEMPERATURES at
which these reactions occur in the distillstion of zinc
from its ores, and this thesis was undertaken for work

along this line,
JHISTORY

Although zinoc was discovered by the ancients but
little was known esbout it until 1721 when hHenckle pub-
lished his discovery that zinc could be obtained from
celamine by distillation.The production on an industrial
scale was first undertaken by John Champion who erected
works in Bristol, Englend sabout 1740 ,Champion's scheme
consisted in the distillation of the ore in large pots.
This method was later known as the English Process and
continued in use until 1860.Toward the end of the 18th
century methods copied after the Knglish were introduc-
ed into Upper Silesia, utilizing the pots of the wood-
fired glass furnece.This was the beginning of the
Silesien zine industry.In 18056 Abbe Daniel Dony, & Bel-
gian chemist, discovered, independently, a method of
zinc smelting and from his experiments started the
Belgian zine industry.Zinc smelting was not attemypted in
the United States until 1850.Since that time the industry
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has grown steadily until to-day there are in use in this
country 103,300 retorts with an output in 1912 of 347922
short tons of zinc. The increase in retorts in 1912 over
1911 was 15,500.In addition to the spelter output there
was 533 tons of commercial zinc dust put on the market,
All of our output,some 90¢000 tons of it yearly, is thus
produced from its ores by distillation.The zine ore at
proper temperature,in suitable vessels, is forced by car-
bon to give up its zinc and our problem has to do with

this freeing of the zinc.

LITERATURE,
Metallurgy of Zinc and Cadmium by W.R.Ingalls,
Metellurgy of the Common Metals by L.S.Auatin,
Metallurgy by Schnable,

The literature that concerns this thesis can be
given as guotations from Ingells:-

"Zinc oxide is reduvced by carbon,carbon monoxide,
and hydrogen; the reduction by cerbon begins at 1100 de-
grees centigrade?

" 7inc silicate is reduced by carbon ,....."

There is very little exact experimental data on the
points we are trying to investigaete.In making this state-
ment we,of course, remember that the distillation of szinc
ores has been carried on for a number of centuries &nd it
is known that one reduction material is more satisfactory
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then another,that a certain temperature at least must be
used, that & higher temperature means & greater temper-
ature head end likewise & greater speed in distillation,
also, that impurities such as lead and iron tend to re-

tard the reduction and the lessen the per cent recovery,

METHOD OF ATTACKING THE PROBLEM.

In attempting the investigation of this problem, sas
usual difficulties were encountered, mostly however in the
construction of a furnace suitable to this kind of work
wh’ich should somewhat at any rate resemble the furnace used
in commercial work,

A graphite tube first suggested itself as being an
ideal receptacle for acrrying on this experiment using an
electrical resistant as the source of heat.This proved to
be impractigle a8 no sufficient temperature could be at-
tained and besides it would not be known what part the
graphite pleyed in the reduction. Next, the idea of using
& Acheson graphite retort, since there would be little or
no losses due to absorbtion, and using the gasoline fur-
nace as a source of heat presented itself but this idea
proved unsatisfactory due to the oxidizing effect of the
hot geses of the furnace upon the outside of the retort.



Finally it was decided to use a number H Battersea-
sand crucible as the retort and two telescoping 20-gram
Battersea crucibles for the condenser. This scheme fin-
2lly resulted in the construction of a furnace as shown
on the accompanying sheet,using a 2 1/2" Case gasoline-
burner as & source of heat,

In charging amounts used were as follows 11.5 gms.,
23 gms,, 40gms., and 40,6 grams,This material was weighed
mixed, wruppred up in paper and placed in the retorts by
tongs,then, as rapidly as possible the condenser was put
on and clayed up.In recovering the zinc which had been
condensed it was necessary after each charge to remove the
condenser and scrape out the metullies,zinc-dust, and ox-
ide with a knife as the amount condensed each time was too
small to permit of tapping as is the custon in practice,.

Temperatures were obtained by placing & orucible
( same kind a&s used for retorts) Just between the two re-
torts eand into this inserting a platinum -rhodium Jjunct-
ion which had been calibrated in the usual manner using
a8 fixed points: boiling water,boiling nasptheline,boil-
ing sulfur,freezing tin,freezing bismuth, freezing zine,
freezing antimony,freezing aluminum,freezing silver and
freezing copper.It was noted that during the operation of
of the furnace the temperasture &s shown by the pyromeeter
when in the speciel place did not guite check up with the
temperature as reed in the retort.Correction was made for

this.
-5a-
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MATERIALS USED IN THE CHARGE WITH ASSAY.

COAL Analysis
voletile matter 46 %
fixed carbon 46%
ash 8 %
This coal was a bituminous coal used in the assay
laboratory and showed a heat velue of asbout 12,000B.T.U.
CINDER Analysis
volitale matter 28.2%
fixed carbon 56.8%
ash 16.0%
This cinder,or,better called, lean coal was a
pertielly burned coal that was picked up from under the
fire-box of an assay furnace,

ZINC OXIDE

This was the C,P.0xide put up by Merck.
ZINC SILICATE

This zinc silicate was obteined by hand picking
the best pieces from an ore from the Joplin District.
Anslysis
zinc 43. %
510, 23.9%
Fe 0.87%
ROASTED ZINC ORE,

This ore was obtsined from a jississippi valley Zinc-
Smelter,the product a Brown Horseshoe Roaster made from a
high grade blende.
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ROASTED ZINC ORE (cont'd) Anelysis

zine 66.8%

sulfur 0.4%

mesh thru #8,

SMELTER MIX. Analysis

Material for

Roasted Ore

Zinc Bpust 70.%
Scrap
Reduction 30.%

Rough Screen 4nslysis

Mesh per cent
on 1/2" b
on 5 mesh 15
on 6 " 3
on8 " 3
Thru & Balance

Nature of Materisl,
coal
coal plus coked coal
" " w "
coke plus some ore

about 96 % ore
b % ooke

In ueing this mix for our work it was all put thru

eight mesh, since with pieces as large as were in this

material a good sample taking as small amount , as we did,

would have been impossible .We, of course, realize that

the size of particles in the charge may have a bearing on

the various factors that we are trying to investigate, and

therefore do not put forward the results obtained as those

which would have been attained in the commercail distill-

ation of this charge.



DIFFICULTIES ENCOUNYERED IN MANIPULATION.

Difficulty was encountered in attaining high temper-
atures, the maximum temperature attained inside the retort
being 1200 degrees centigrade.

Some 1little difficulty was encountered in removing s&ll
the zinc from the condenser.

In som: instances in the use of silicate of zinc as
the ore part of the charge it was found that some of the
charge decripitated over into the condenser,This could not
be stopped, but , as very little went over ,it was neglected.

There was also trouble in accounting for the loss of
gome 1lit¥le am unt of zinc in the operstion.Although the
amount of zinc obtained in the condenser whne a high temp-
erature was used proved to be above that obtained at low-
er temperatures still it is thought that these results are
low because of the fact that the amount of zinc condensed
plus the amrunt in the residuwe did not quite check up to
the amount put in the charge.The walls of the crucible,like
the walls of the commercial retort, undoubtedly absorb more
or les zinc.Thig would affect the results of the first
charge put into the particular retort to the greatest ex-
tent.

¥ith high temperatures at times the rcaction progress
ed with such spped that all the material was reduced before
the set time (15 minutes) was up. Even using two-thirds time
on the high temperatures it was ®ifficult to obtain satis-
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factory results because of the fact that the oxide adher-

ed to the condenser g0 strongly that it could not all be
removed . in attempt was made to reduce the time to 5 min-
utes but it was fonnd that the charge did not heat up in less
than five nrinutes. inother reason the time could not be less-
ened was because the condenser would stick and require as

much &8 five minutes for its removal,
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TABLE NO... [

CHARGE

! ORE ’ REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED

KIND AMT MELSH KIND AMT MESH MINUTES DLGAELS C GRAMS PER CENT

A | Bn@|. 10 . |Chercoal. +.5| 8o l/é” e BRO. | Naue.

2 I et D PR | OO O
et e e e 980 | 0.3/0 32....
U - VU ZSSn BT 20 NSO N A T pee et i D TO | 2,975 | LA
Bttt 2 00@|/.990] 249
..... @l L e m s 050|0. 680|200
O 0 L AR DUNEZ200 NS DO S it d RTR| D A2\ 4RT .
‘H SR LSO FO N I BSOSO N O T | S ik L RR| LT 20. (LD o.......
TR 200 DI I L2 R R MO IR . Lo - e o TR\ AR R0 305

Table No, I.
Constents......charge and time.
variebles......temperature,

The above set of experiments was performed for the
purpose of ascertaining, if possible, the effect of incresas-
ing temperature head, above the critical point, on the distil-
lation of zinc, all other factors remaining constant,

From this table it seems that the reduction of zinc by
carbon begins at about 900 degrees centigrede or possibly a
little above, and increases very rapidly with an increase in
temperature, Although some of the results are apparently in-
consistent there is plainly a decided increase in the amount
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of zinc distilled with an increase in temperature this in-
crease being more than the temperature increase would indicate
In a8 much as the starting temperature 1s about 925 degrees
then it is evident that any increase in temperature would
give & certain head of heat tending to force the reaction.

it does seem that the increase in speed is more nearly pro-
portional to the increase of tempersture head above the crit-
ical point than to the &actual temperature increase, Noting
the table 1t can be readily seen that at 950 degrees there

is & disgtillation of 12.2 % and at 1000 degrees there is

24.9 % showing that in doubling the actusl temperature head
the amount of zinc distilled was doubled.
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TABLE NO.. 2

! - CHARGE

ORE I REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED

KIND AMT MESH KIND AMT MEBH MINUTES DEGRELS C GRAMS PER CINT

A B2 2| L2 ... Charcanl. | L5 |£0. ‘/5'"35'0 A’aac}ﬂ
ol | ) SRR R [N IO 0O | e D00 | R....|.. OT ...
A2 L e e 985p LD AR ..
A3 e SOTS. TSSO NN NS O MU LT | T L OO0 | 0T L0 ...
r(ﬁ; ......... S et e e e s080. | Lb..| 207,
‘. e ESEU S S I | Y- 2 W 7Y ( B LV
:/6 SRS S N R U TS | e ced B0 | LG .| .239....

Table No. 2.
Constants...... .Charge and Time,.
Vvariables....... Temperature.

The purpose of this experiment was to note the effect
of the size of the reduction material on the distilletion of
zine.

These experiments are identical with those in table one
with the exception that 40 mesh reduction material being used
instead of 80 mesh, There seems to be & tendency toward a slower
reaction since at 1150 degrees there is & distillation of about
24. % compared with 30 % when using 80 mesh material at the
same temperature. As in table number one the increase in the
amount of zinc distilled seems to be more a function of the
temperature head than of the actual temperature,



TABLE NO3:

CHARGE

ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED

NO.

KIND AMT MESH MINUTES OLGREES C GRAMS PER CENT

AF N B R...| RO ...\ Chereoal | 3. | 80| 15 | . seco. | 484 enlllS..
At S U SNSSOR. TOU N 00 NONY SO0 | NN AN LLO2. | #rl0.. | 24F...
4" S5 R SOV N NS T S NP P il DD | 500 .. | FRE. .
2. AO | b d O @O | L2 t 0.
AL SO O OO SRS % SUTOYNSSY (RO U0 SR SO | OSSR AU WO Y - ~ 200 P 290 1~ O 247
A4 CI— U S0O N LA et Bt LB .30 | 297

I'able No. 34 and 33.
Constants......(3-4)..Time and Charge.

" (3-B).. " " " .
variables......(3-4)..Temperature.

" (3-B).. " .

The experiments as shown in the tables were performed
for the purpose of ascertaining the effect of increasing the
anmount of total charge on the amount of zinc distilled, the
ratios of reduction material to ore being conatant., It can
be seen by comparing these two tables with table number one

that the effect is small.
«ld-
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TABLE No.._.H- . .

variables......Temperature,

CHARGE
ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
NO.
KIND AMT MESH KIND AMT MESH MINUTES DEGREES C GRAMS PER CENT
23| Znd. | 20 Conder.. | 5. 80| o . | 950 .| dast|. . 2.
- A I RN S R . I O (oo, . | Rl | Li:6..
07 O A N B i 1830.. . .| . 500 343..
RO S S IR I e 1200 | 14045 | 49.0..
B & o0 IO NS NN KOO SO HU AU NSO | o I LAge. . | 1450 | 7]0..
AL . S P | £O.... L1450 | 679 | 422
bereeeereveen e rnveees oo |evmm e eeeemeeeee e e oo reme | eeeeesseeee e e e
SO OO, USRS NS USROS NSO NSO FSOUION MRS NSO ST
1Table No. 4.
Conatants...... Charge and Time,

The above set of experiments were made with an idea of

comparing the effect of reduction with lean coal to the effect

of reduction by charcosal and cinder,

Noting the results of this set of experiments and compar-

ing them with table one, it can be seen that lean coal in other

words cinder gives & decidedly increased distillation over that

obtained when using a reduction material without volatile

matter, It is also true that the cinder is superior in ability to

rapidly reduce zinc than is & material with much volatile matter

a8 in the case of some bituminous coals,
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TABLE NOj.—

! CHARGE
ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
No. KIND AMT MESH KIND AMT ( MESBH MINUTES DEGREES © GRAMS PER CENT
Je|Zno|2e,|.... Caal .. |5 |80 18 | . 932.. .| 025 L5..
< 74— TR A R S L2200 £.32..9.3..
B AT O B T ot o QIR 2.20. L&T...
Aottt o LL22.. | LI | Hak..
.2 -5 N . LA BRI B4 20 . | . 128D | 1010 6H0..
0 2 2 A oSO RN SO A W ot | M ROO....).. 740 | 44p...

Table No, 6.
Constants...... Charge and Time,
Variables,..... Temperature,

The above experiments were mede to show the change in the
amount of zinc distilled with the increase in temperature using
coal as the reduction material.

This shows a marked increase over charcoal but gives con-
siderably less distillation than was obtained when using coke as
the reduction material, From this it might be argued that it is
possible for the reduction material to contain too much volatile
matter. This however is difficult to explain since the cinder
was partially coaked coal of the same kind as the coal used,and
this coal certainly passed all degrees of cosking during the re-

duction.



TABLE NO. . éf

CHARGE

ORE

l REDUC*ION MATERIAL TIME TEMP. ZINC CONDENSED
3&;2140 R .| Charcoa’ | 3 | 0. /ii&".ﬁ“& Trace..| . ©. ..
HZZme;; ............ . - LA L RO | 2P0 B
‘35| x;/ e T S Yt BPD | RePP. | LB
LﬁimAmwzﬁgud%SH. S WL . (000 | 4H4Y | 278
’40 I . A I IS W | IS (050 | #69...293..
pfzm“ .. . 1080... | 400 | 250..
AR T I T S N ikl D | 480 .30.0..
i o B N L2oo. | FTY | Blao..

Table No. 6.

Constants......Charge and Time.

Variables......Temperature,

The results of this table were obtained by using a

charge correspomding to that used in table number one with

the addition of lead sulphate and lead oxide as impurities.

The lead contents of the charge was about ten per-cent of the

metallic part of the charge.

The principle effect of the lead addition was in retard-

ing the reaction. This, of course, would be fatal with the

commercial zinc amelter in as much as the temperature they

are able to attain is limited to the fusibility of the refract-

ories.
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TABLE NO.. -EXTRA=

CHARGE
ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
No. KIND AMT MESH KIND AMT MESH MINUTES oLances € GRAMS PER CENT
24| Zno| 2000 Coal | 5| 80| 15 | sosm LE7.
s Charaoad | 3. |l LR ' . AL0....
Bl p e Conder | gl I 34D

Table No,Extra.
Conatants..,.... Ore, Temperature, and Time.
Variables,..... Xind of Reduction Material.

This table shows the relative advantages of charcosl,
coal and cinder as reduction materials,

Cinder running about 28% volatile metter shows a de-
cided increase in amount of zinc distilled,while charcoal
with no volitale matter and coal with an excessive amount
of volatile matter show a lesser reducing power,

All this goes to prove that while some volatile matter

is necessary an excessive amount is a hindrance,
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TABLE NOZ

CHARGE

ORE

‘ REDUCTION MATERIAL

TIME

TEMP.

ZINC CONDENSED

KIND AMT

MINUTES

DEGRELS C

QRAMS PER CENT

| Stieale.

| Chareos! |.

B A A

AN
o RBA...
R 74 4
L.
| TEH .
LS.

AMTY MESH

Fo.|. 2.
I P - U,
R

Table XNo.

7.

Constants...... Charge and Time,

Variables...... Temperature,

=19~



TABLE NO?.

CHARGE
‘ REDUCTION MATERIAL TIME

ORE

TEMP.

ZINC CONDENSED

NO.
MESH KIND AMT MESH MINUTES

KIND AMT

GRAMS PER CENT

e \Zime.. | 20|10 Charsee! | 3. |\ 8ol . 20 \...@
.5-7 idieake) o |0 [RTSURRUU AUV oo S e v eveenenaees

|-RGo.|.......
c 271720 N
B 5 -1 7 2 B
k800 .. | ARG | ...

I - 7% 3 YO
I B 2L 2

% 1 2

Table No, 8.
Constanta,..... Charge and Time,

Veriables...... Temperature,
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TABLE NO. .. 7

CHARGE

ORE . REDUCTION MATERIAL TIME TEMP?. ZINC CONDENSED

NO.

MESH MINUTES ODEGRLES C GRAMS PER CENT

KIND AMT MESH KIND AMT

“Aa»znawmnzawiqm_caaL“AW_q;wfq_mwgmwmxﬁaewmﬂMA4£;h41fw.
oY STiede| || e L0 4l 8O... | LIC... LT

a5 SR el e A 20....... | 330 | BES. .

Table No, 9.
Constants...... Charge and Temperature.

Variablea...... Time,
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TABLE No. /O, . .

CHARGE
ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
KIND AMT | mESH KIND AMT | MESH || MINUTES DEGRELS € aRANS PER CENT

| Zuame..

.| Crmder. .. 2 ||....... o T

~Aa.....

-
..... LSOO SRS, SOV N7 SO NSO | O -~ SSuoones SRR YOO

Table No, 10.

Constanta..,.. Charge and Temperature,

Variables...... Time,



TABLE NO..../feo..

CHARGE
ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
NO.
KIND AMT MESH KIND AMT MESH MINUTES OEGQREES C GRAMS PLR CENT
M. |\Rine. . | 0| [0 | Chercanl. | 3. | 80\ . L8 | LR030.. .. | BB,

)| Jteedel. s ...

Table No, 11,

Constants....... Time, Temperature, and Charge.

Variables....... Mesh of the Ore-~-Part of the Charge,
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TABLE NO.../ 20 ...

CHARGE
ORE REDUCTION MATERIAL TIME TEM?P. ZINC CONDENSED
NO.

KIND AMT MESH KIND AMT MESH MINUTES DEGREELS C GRAMS PER CENT

3| Zare....| 20| L0 | Chareosl | 3. 50| . 4@.. | L2go. | 22850
TY .| Tdeele.| .. | RO, ot S . A2 I
& 10 DT N K .{ 72 R D B R | R , WP
/B fo.. A GO O | L L LB

Table No., 12,

Constants...... Time, Temperature and Charge,

Variables,..... Mesh of the Ore-Part of the Charge,




TaBLE No.../ 3. ..

CHARGE

ORE REDUCTION MATERIAL TIME TEM?. ZINC CONDENSED

MESH KIND AMT MESH MINUTES DEGREES C GRAMS PEN CENT

KIiND AMY

7\ Zime.. | R0\ 50| Coal. .| 3. | 80\ 45 | sed0. . | 290 |

7¥ \P;bat& ..... RS LT U, JSOUSPRURUUUUO (SUU. AU OO JSOO | S LI el d FD 3.2
79 . . . . B | LS B2 3 X SO N V-~ X 22 N

Table No. 13.

Constants...... Charge and Time,

Veriables...... Temperature,
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TasLe Nno. /= .

CHARGE

ORE REDUCTION MATERIAL TIME TEM?P. ZINC CONDENSED

KIND AMT MESH KIND AMT MESH MiNUTES DEGRELS C GRAMS PER CENT

Ko |Zise..| 30| 50| Cinder. | 3. | Fo| 437 | 1080 | a.%a.

D TN P Y727/ N SO I JTN DU N | S N 7 AL 3 - S - 7%~ 1 /8

SO R e AROAQ..... ?l?a e enmereraneaiee o

Table No. 14,
Constents...... Charge and Time,

Variablex...... Temperature,
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NOTES ON SILICATE CHARGE,

The preceeding tebles,Nos, 7 to 14 inclusive, where
zinc silicate was used as the ore-part of the charge,show
the developement of no new information, excepting that it
seem8 that the distillation was to some extent more rapid,
Perhaps this added distillation is due to decrepitation
of the ore during the operatiom,

The same oritical temperature and the same increase
of diatillation with an inorease of temperaturs head was
noted here as in the experiments using Zn0 as the ore-part

of the charge,



TaBLE NO.. VS .

CHARGE

ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
No. KIND AMT MESH KiND AMT MESH MINUTES DEGREES C GRAMS PER CENT
|Chavcoa)l | 3. B0 VS | Aso | 091 | \3.b.
1000 [ )V.46 ) ALR.
1050 Leb| 24.8
LALoo  |LA88] 4L
........ \\s0..[.3.30].24.9
V300, . 3.0 w0,

‘ ............................................................................................
II [0 ISR PUCOIRUUURS IUUURSRURN IURTTORURPTRTRURIRRRUROTY BRCUOUPTURIN SVUSTOURRRRY | FENSRRRRSTURSRRPRN FUUTOOTORRROVRRROTORPN FRPRRTRRURRERTT SUORITTROT

Table No.l5.

Constants...... Charge and Time,
Variables ..... Temperature,

The above table shows &s in the case of Zno and 2ZrSioOz
that the distillation increases with an increase in temper-
ature head and also that the eriticel point is about 925°¢,

A comparison of this table with table No,l brings out
the point that roasted ore is slower to rsduce than the pure
Zzn0 and strengthens our statement that impurities in the

charge tend to retard and lessen the distilldation,
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TABLE No‘b

CHARGE
ORE REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
NO.
KIND AMT MESH KIND AMT MESH MINUTES DEGREES C GRAMS PER CENT

Aas0...[0.98 | \4.8.
...... 1.000....9.97...13.8..
LAOS0 LR oD
L X - X T . S S I - 7~

89 |Reasted| V0 |00 Chavcoal | A DO
Q0.0 |.\.

AV e

AA
S

agl v [d v [V

Table No, 16.
Constants..... Charge and Time,
Variables...... Temperature,
This table shows a steady increase in recovery with an
increase in temperature head but not so muoh &s in the pre-

ceeding table, due,it is thought,to the fact that when a fine
mesh {3 used the residue is generally & sintered mess that

holds back values,



TABLE NO. \1 T

CHARGE
ORE ‘ REDUCTION MATERIAL TIME TEM?. ZINC CONDENSED
NO. — e
KIND AMT | MESH KIND AMT | MESH MINUTES DIGREES C GRAMS PLR CENT

95 Roudled 20| b0 [Cnarcoal| & [0 | 15 1050 [ 118 [1bo.

Teble No, 17.

Constants...... Charge and Time,

Variable....... Temperature,

This table shows a gener:1l increase with an increase

of temperature head.
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TABLE NO... ‘ a

CHARGE T
ORE { REDUCTION MATERIAL TIME TEMP. ZINC CONDENSED
NO. - [ 7_
KIND AMT MESH KIND AMT MESH MINUTES DEGRELES C GRAMS PER CENT

99 [RoasTed R0.| 09 | Coa.\ . | 5. [80. A0SO | LAR | M4

Moo [ 1.40/18.8
LAMSo . [LA0o 40,4 .

Ao |..S.0n,.b68.0..

Table KNo,18.
Constants...... Charge and Time,
Variables,.,... Temperature,

This teble in comparison with preceeding tables shows

the value of coal as & reduction material when compared with

coke and charcoal,



TABLE NO.. \q.

o o CHAEGE
ORE REDUCTION MATERIAL
No. KIND AMT MEIESH ‘”;l’;D AMT MESH
.\9.3.A.§mc,'.\tex. Ao | DT — =
log. | x| 3’ ......... l ............... — ==
sl b |4 D e Rt il

TIME

MINUTES

TEMP.

ZINC CONDENSED

DEGREES C

GRAMS

PER CINT

A

MLSWWMWMX ______________
LAY

V5V

) 8.

8.50

ALS.
a4,
.A4.0.

Table No.1l9,

Constants..,... Temperature and Charge.

Variables...... Time.

This table shows the inorease of distillation with an

inorease of time in retort but does not give us any data that

would be of value to the zinc metallurgist because these re-

sults could not be compared with the actusl commercial retort-

ing because of the great difference in amount of charge used.

While these results may not be of value still they tend

to show a similarity to our other experiments where Chemically

Pure stuff was used instead of the comiercial products.
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TABLE NO.. 7\ 0

CHARGE

' REDUCTION MATERIAL

TIME

TEMP?P.

ZINC CONDENSED

[Smelter] 40, &

KIND

— -
——— —
— —_—
—
e —

AMT MESH

MINUTES

NS
N X o Yo X« 2 I
LGANOO LTS LA
SR WA W - T - Y 3
L AR0Q T3S 9

OLGALELS C

LAso

GRAMS PER CENT

10,0

L

Table No,20.

Constants...... Charge and Time,

Veriables...... Temperature,

This table & steady inocrease in distilletion with an

increase of temperature hesd as did our results using theor-

etical charges instead of the ocommerciel charge, and tends

to show that any conclusions we might draw from our emperi-

ments on theoretical charges would be applicable to the

cormercial retorting .
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SUMMARY,

In summing up the data from the preceeding sexperiments
together with a stidy of the accompanying curves, we are lead
to make the féllowing statecments:-

First, that the critical temperature for the reduction
of zinc by cerbon from pure zinc oxide lies between 900° ¢
aend 950° C,possibly more nearly 925° C ,and that this temper-
ature is required before the reduction from comnercially
roasted ores can begin,

Second, that the speed of the reaction is directly pro-
portional in all cases to the head of temperature above the
critical temperature., That the kind of reduction material,the
fineness of the reduction materail, and the amount of reduct-
ion material are important factors in determing the speed of
distillation.

Third, that lead and iron tendto raise the critical
temperature and also to hold back the reactions , thus re-
quiring & higher temperature for the same percentage distill=
ation as with the pure materials,

Fourth, that the reduotion temperature of zinc silicate
is at least as 1low as that for zinc oxide

Fifth, that the fineness of grinding on a small scale
like ours has a bearing on the speed of the reduction,This
however would probably not be true to the same extent in

commercial distillation.
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