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SUBJECT.

The condensation of Zinc Vapor to Metallie
Zinc and the effect thereon of s number of variables

present in the commercisl treatment of Zine Ores.

PURPOSE.
| The purposc of this Thesis is to try to
show the éffect which certa%n varlables, which are
alwayc present in practice, have upon the condensation
of Zinc Vapors to lLietellic Zinc.
That thece variables can eand do piay an

importent part in the Zinc Smelting Industry can be
shown from tho faet that 81l of the zinc obtained at
the prescnt time is won from oreé by reducing the
oxide of =zinc to metallic zinc by means of carhon.

This operation necessarily takes place at a temperature
sbove the boiliﬁg point of zinc. This means that tho
zine immediately on beinr reduced forms a vapor and
must be condensed from this gaseous condition in‘order
to be recovered. This condensation would be governed
by the same laws which control the condemsation of other
gases to their liquid form.

The variables which must be considered in the

cordensation of all vapors Lo tleir solid or molten
state are:

1. Temprrature



Re

5.

5.

Time at that tempereture

The vapor tensions of the perticular gas that we
we are trying to condense,

The percent of the particular gas we are trying to
condence is, in the partieular mixture with which
wec are wvorking.

The nature ol the diluting gases that make up the
mixture.

Since we know that in practice the zinc must be
condensed as molten zinc,and since we know- that
therce is always a large and troublesome production
of blue yowder we should try to determine the factor:
which lead to & great or small blue-powder produet.

i the following experiments the only variable

taken in to conside:ation was tonperature. This includes

the variations of temperature in both the furnace and

the

condenser. We will try to show in this connection

the effect which .a slight variation in temperature in

the furnace hus uron the speed of the volatilization

of the zinec.
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METHOD OF ATTACK.

Under this head wo will state briefly
some of the methods uced 1n atlacking this problem
and the defect which cnused their abandonment,
The firs{ scheme {ried was a furnace huilt
ol loose bricks using sand cruciblec for both retort
and condenser ani o blast larp as a source o heat.
This scheme proved unsatisfaglory for the following
rcasons;
1. It was imposaible to attalin a sufficlently
high temperature.
2. There wag no satisfactory means of controling

the condenser temperature.



3. The inconvience incurred in cleaning and
changing the condensers.
. The easy breakage of the crucibles due to

quick variationc in temperature,

In the next scheme tried the same type
of furnace and retort were used but the souree of
heat consisted of three blast lamps instead of one,
as in the precerding cace,and thevcondencer used
was a fire clay tube covered with asbestos and
heated by an clectrical resistance coil.

This ccheme was also discarded on account
of the inability to obtain sufficlently high temp-
erature. It 1s probable that the condenser in this
cagse would have piven satisfactory rcsulis as the
temperature was easily controlled.

In a firal cndengor to obtain the temper-
ature required for this experiment, a gacoline
furnace was usged,and as this type of furnace is
capable of reaching 140000, the diffidulty of in-
sufficient heating was entirely elimenated, The chief

difficulty which arose here wan the inability of the



Sand cruclbles to satisfactorially withstand the {emp-
erature of 1200°C or more, partieularly if rapid
changes in the temperature were reguiredi. A fire clay
condenser was used but it was finally discarded because
the zinc would adhere to the sides and thus cause
difficulty 1n,cleaning.

The final plan, and the only one which
proved to be successful, was o use & number six
graphite crucible as the retorts This crucible gave
GXceilent gervice and when removed, while showing the
eflfect of the high temperature to whuc. it had been
sub jected, wasc still‘apparently good for a few more
runs.

The gravhife cover to fit this hed 2 hole
broke in it to admit the end of the condeuser, which
was a large rod of graphite - about 3 in. in diameter

through which was bored & hole of one inch diameter.
The gondenser and the 1id were held togeiher by a
cement of fire glay,and the 1id was held to the retort
in the same manner.

This fire clay éement\proveé very satisfactoiy.
As soon as the run was well under wajy, fhe zine pprmeated
the fire clay and seecmed GO perfeotiy close the joints

and the 1id adheared to the erucible very firmly.



This graphite condenser was about 12" long,
&t the start, aﬁd the lower end had a hole bored into
it ¥o receive the pyrometer. In this way it was pocoible
'to get a fairly accurate &dea of the conditions as to
temperature oxisting in the éondensar. As the tube
was gradually shortened by sawing off small sections
and the pyrometer was moved nearer the retort, the
tenpeﬁéture of the gases leaving the condenser became
hotter and hotter as the dlgtance of tlie open end of
the graphite tube from the crucible became less and legs.:
The‘condenser was shortened asbout three lnohes\at dach
change in it's length,

The pyrnmetér useod fo: the condlenser was
a base motal junction of silver and nickel, while the
onc used for the furnsace reédings wué plotinum, platinum-
iridium junction inclosed in & qﬁértz tubve,

The following free hand sketchcs will give
some general 1dea of the appearance and‘arrangemeht

of the furnece which vwas used ?6r those cxperiments.









RXPERIMEENT A.

This and the following experiment are

gimple preliminaries that were made in order to get some
notion of the gpecd with which t(he zine is boiled ove}
under the condiftions of our experiment. It may be ceen
that the amount of zinec obtained for a given interval
varies widely. The temperature of the condenccr mas
such that little zino escaped uncondensed, OSeemingly
also there was no preat variation in the tenprrature
within the furnace and hence within the trucible retort,
However, if the fauot that the vapor tention of the zine
must rapidly rise as the temperature rises, the faet
that to voldtiiize a unit of zinc requires absolutely
a certain definite amount of hoat, and ‘the fact that

the amount of heat trancPfercd throvpgh the drusible whlls
ig & function of the difference in temperature, 1.e.,
that in the furndce minus that am the retort, such
variations noed cruse no'wonder. If the temperatare in
ti:e furnace be 1000° C and in the retort 9500 C tren,

if with necessariiy the same retort, the temperature of the
furnece be run upn to 1080° C, we hzve in the first case
a head of 700 C, vhile in the second‘case we have &

heed of 150° G, and the speed of distillation might be



expected to be twice as raptd in the second casc as

(=]

in the first.

Curve plotted from results obtained in

EXPERIENT A,
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EXPERIMENT B.

This is the cecond one of the prelimin:cry
experiments and was performed under practically the
same conditioné a3 in A, The variations in the results
obtained from this experiment were large, but no more

than were to be expected in an experiment of this kind,



FXPERIMENT B.




Curve plotted from rosulto obtained in

Experiment B.




CURVE - EXPERIMENT B,

'This curve needs very little vg‘:xplanatior
A11 the substamces caught in the condénsor being
welghed as zinc and plotted as su.ch.v
- The dotted lines show the estimated curve

for both the incressing and decreasing amovnts of zine,



EXPERIMENT C.

In the two preceeding experiments thc main
thing sought after was to got some notion of the amount
of zind which with our apparatus could be distilled and
condenged, ahd to point out thé great changes dnue Ho
small changes in conditions, The object was to

thy to show that as the temperature of the condenser
increases the’gﬁbuntﬁﬁf blue powder will decresse.

In thic experiment. the time intorsal or
period allbwed the zinc to distill and condense was
doubled and besides fhe“condenser temperature another
‘variable was taken into account - namely - the temperature
of the furnece.

The pyiometer was placed in the furnacc so
that it almost touched the retort,

As this is the first ezperiment in which
blue powder has been taken into consideration it may
be well to mention the conditioms which tend %o mmke
the blue powder form.

Blue powder seems to be minute parﬁiclés of
metallic zine which are coated with s thin film of

oxide. It's formotion can be accounted for in the



following manner. ‘At the temperature of boiling
zinc each molecule will exist by itself, as this
temperature is lowered they will condense to a
liguid mass. But these molecules have & certain
definite surface tension and will need +time to unite
so as to form a molten mass. If they are chilléd too
rapidly the time element is then lacking and a hoar-
frost of zinc is formed, this zinn;héargfrost is
called blue powder. So at the start of the dis-~

- tillation, whtle the temperature in the retorts

15 high enough to volitilize the zine, the condemser
walls are so cold that the zing vapor will formcas a
hoar-frost upon them, thﬂﬁ!givinéii large amount of
blue powder at the start. Blue powder will also be
Tormed if too large & quanity of any diluting gass
gets into the condenser, the formation being along
prastically the sane lines as those mqntioned above,
The blue pbwder whioch was formed in this experiment
was weiphed separately from tho zine and & different
curve pletted for it. The end of the condenser tube,
being open, more zinc oxide will tend to form at the
start, do to the dlluting gases, than would be in the

cage of the closed condencers,
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EXPERIEMET C.

Curve.
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CONCT.USIONS,
EXPIRIMENT C.

It will be noted thaet in this exporiment
the production of blue powder at the Btarf was extrémely
heavy, 1t being 31 ¢ of the amount condensed in the |
first period, while at the end of the run it constituted
only .31 i of the total amount. At the start the temp-
erture of the condenser énd was 60 © C, while at the
end this temperture had risen to 375 ° C, the amount

of zlnc condenseit increaséd raplidly - the largest jumps

ocouring during the third period. In this period there

also accured the greatest single incresase in temperature.

Tt w111 also be ﬁéted that the furnace thmperature wa.8

increased as regularly"as possible - the rate of increase

during the first six periods of the run belng approximately
.12 millivolts,j.e. about 40 C per min&te.

It secms then, that the decrease in the amount
of blue powder produced was largly duc ﬁd'thé?increaSGk
in the ~ondenser temperature, or that the quick chilling
of the walla,forms the zinc dust or hoer - frost or .

blue powder.



Curve C shows graphically the amount of
zinc condensed and the amount of blue powder formed.

The chief cause of the trouble in this experi-~
uwent came Irom the fact that the lncreased pqriqd of time
gave a much larger amount of zinc thanZCOuld-bGJEasily

handled.



EXPERIMENT D.

This experiment was carried on along the
same lines as experiment C except that the time
interval was reduced from ten minutzs to four minutes.

As before tho s me variables were taken into
account - nanmely - condenser anéd furnace temperature.

In this experiment the condenser and furnace
temperature were kepﬁ withiin narrow limits as to their
respective variations,

This was done in aj endeavorto show that the
same results will be obtained as in the cases where the

chief varaition was in the condenser tempersture,
CONCLUSIONS.

The actual plotting of the results obtained
show a relatlively great variationms,

It is true agein, in this casc as in the others
before mentioned, thet the blue powder, in general,
decreascd pradually as . the temperaturs of the condensor
walls gradually increased. Tﬁé reasons for the varations
in the amount of molten zinc are not clear. The blue

powder,had at the last of thr run entirel; digappeared,



This was due to the high temner&ture at that time.

In plotting the curve for these results
thoy werce all figured for a time interval of four minutes .
This was necessary ag the same of the periods varied a
mirute or more in duration., All the results are figurcd

to a2 constant length of time,
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EXPERIMENT D.

Sheet 2.
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EXPERIMBET D.




EXPERIMENT E AND T.

In these experimentc the condenser length was
shortened which made the zinc condense mueh closer %o
the furnace and therefore at & higher tem@f&ture than
in the previous experimehts. The increase 1n‘femperature
of the condenser was accompanied ofcourse by an increased
escape of zinc vapor. In order to catch this ascaping
_vapor, aﬁglass'tube was placed at the end of the condenser.

This tube osught and condensed as blue powder nearly

all of the zinc vapor which otherwise would have escaped
uncondensed, At the end'of each period the tube was
cleaned out thoroughlj, 

The object éf‘the tube was to determine, as
the temporature of the condensor rose, how much more
zine vapor would have escaped to the air., In this
expcriment (E)the. variations of the condenser and
furnace temperatures were kept within as smell limits
es possible. In experiment (F) instead of trying to °
confine the condenser temperature within narrdw limits,
it was varied over a wider range than in any préoeqding
experimenty Owing t‘o'increased tempgratuxﬁwﬁﬁé giéss

tube of experiment (@) was replaced, by;one df‘qunrtz.



ST E

| Fre i ] Tovime m.j;

T brdad

I

50‘1?07‘?@ - ; {

! Blae Mot Coprct t?_ | e “drirece
i iid ey o 'E'L"_ e Bl e
: Mool Q. : (= P

(eres] | &ims

)

¥

k|

|
BEE (R
£
R
it

e e i ;
i ' 4o e n F - T i
3’:{ ‘..:.fﬁv s ¢z« jmﬁftﬂﬂ _ z.q‘? 5 R_J:{._‘-éﬁﬁ'_&_f‘i ) ; ? {
io7 mg’? e »Vd':*_y //}ﬂ'/m'.'f()m i : Ao B [ ! :
el Jion| Lot liiaiae| 1k Lzl |7 15 |4 g abvess | | | | ||
- . g T-.q—..-—-—_o e e —— — e e <ot e e T 1S R -, r= ey T

L e o WrTET (EEEREREEE =T
=5 o e | ! Jad ) =%

# '36‘4._@?'?';_‘?-*“”’1_ 2= B 7B AV A VALES V. X L TT__’T 1 Fod
= = =24 . 2{5 | 8 i 0 nio
; s T e R b i ] 4, i S

e (s BV - Lo | e |/ i
| eeel L Folp laaslsiolee v ialiaer | | _
I . :': et : - i ! ’?¢5 2y b .1 : | l L -
= e s < 4 il FE b= : = 5
G bt | ale 827 51 (A 7B e4T7 | | it -
= =i i _PRe | ; {4
=T . ™ : : = ~ =1l ¥ | =y
- e OR /{0 |4 |FR |73 feSe { L =&
- 1 T T 1 T ! I o
| s - T =T 1
£ T S s e B 35" 1 =t s
=y ‘E ! = B FImLs
fira 7 <R3]
o vaie |

of

5
1N
i1

bt
el
4}
i

z=t

! R TR

=R

™

—ti 1
i -
=3
B S -ull-?
il o T L i
Vg | ., § 4
- S 13 b ¥
- - 1 =1 r =
‘F I-’r I, - ¥ - -
- = . —a =
p == L
o’ T [
. e d

[ —
o —r ; *
- =2 S s b - . atr -
" 3] s T b | e L
— & Pova- | -d‘J‘l - — -
= T e L
- -1 l— dhove | |
- 4 ¥ . t — - = -] ey == -
] o] #att] ol e T T i
== R P TR Bl i e L
P g = - -— S S h =Tl
:4 At . s r - '_nb_.l“ll _N‘_' L7 e
- - S by — 7 - 1} e — e iy 1
e M = e - > Lol ‘.Iﬁ'\' -
.-&- =l = =1 —Er e (g = — -_- = =i T ] -




ﬁ#}]?_

a rar cz“ﬁ'wf.,

s Ver 2}

T rrared,

N ra

:
;
.
7.
{

- = .r ._ w._u L“ ...IN.‘l o M e N.r
AHEEEEE
. BT | a4 ) W™ M
. EET Vi b hT | 7
<10 by B NS { el AT e AP |
_ 20N . MIEL Ll YR T 1y |
%r.lﬁ‘l.. T 1_~. |m .1ch - ke — .q _. _-u_nw_ ;_.. -
m ! | . T G| £
_ i : TR e e
lwilr -:_.l Yo sl ¥ oK. A B v
: [ I e
; [ S SRR BER L Hee A
.m. i { 41 _ 4 _Hr. e
_JJ‘ v Ll R -W B elad o .IM .‘l.r_ltnl..ot. —- =

i

-ft? ] _M"’_?__‘ i3

At |

S50

aluu | . | F EL - - = -y ...._...”.
il - 4 e LN
T AFRRFRENEENERNEEE
re g Rt i e s
o Lo ] e TN Y e e el I R NG N
o R 3 TS . =X 35 o 2 ..\— |Ih. -. J —
It r_ ,_.Mr!..[r...._.ul.. T E ﬂ-.l.a_. = qmﬂwr. Fn bm - g “_ _.”Tm. _ -
S B
..__. <I.” " h _ 1 _ . T \. 13
14 0 NI S O
|

2 | 5559

rd

= =

Tl

2\

[ B

0 O
o, ] | T B =
B ES ol | (Sl | e Lad o fell bl %
let e ||y R I I S I
R [ RIEN B - o
1 iy RN [ e P Ao B 55
1& & | | N g L)~ !
b S R IIL W R (S 5. S B 7 o PR SRRV L T R L
1 _ ! 1 — == = i S B
'Y 1 . I 1A . w i
AT . S 4 Lo ST J i e,
_..___.w..l_...... ..M_ _.. H i - ..h.w ..m.....
» - AIM . m il e = .ﬂ? 0 ._J e =
vl A | Y % el o s
R ;.m Y ISR 3 ;
BRIEEE | N (A8 o1
1R N P ..\../L e ¥
o _.4 . - : .Mql S - - : ~
| SR PR koaliad. !
IR 3 |~ lve e | &g L w | o
g 7 R - R B



Curvr Q‘l

LR
et

——
=iy




&

f

Rt T
\

o) m“

+

e

T~ \
e
I-. M

__:. ‘1. r

Jggh@;
os s T

REEEEEY
T3 PR 85 C T8

¥




HHOAMIN 0 BISST % TRjanax

Pz }./--;:ar/‘

22 &7 47

NZs5d v JUNTd J1LGCEa QuyoNVID

1 l\‘ d v 1

o LY

T r e 4 ]QD

|

i &z Thrrre S e | et | Covrd!| Ceopad? -"E.f-.-w.- Lurrmer F-"i;\.' i1 a 4—/‘Eg
z’;}b‘., | i /Jawdff' Yithee -/_!.'-'-"/-' .-;r.a-'.*ﬂ/~ .rn!-’:f;':'/w ?’fr'fﬁk" I‘;'\,,;( ;7ﬁu.?,"§f /‘/r dﬁ’/g‘
swherd| e el ; . i Tusbe @l iPrarec,
! | ! (:’,--wn-‘ . Lobs ﬁ?t-":‘; vat OC-' Wll Ve '{;' c?maun!‘:f /,1 (‘.Tfﬁ/‘w-_;
vl s & . 1 T . |
/, 'j/.-/,- ‘ . : V- l
2 il IFNRS A 1A R\ T75| 7/ | foks |
7-22 257 |
1 |
lf F j 7 I | i 1
{Zra® L |ert \REa Ry (7257 | fogs |27 1 | ]
Olé {
- 2B
o d 2 ee |37 IR 2 |78 |7 ¢ | toes |87+
e VT
S -G a7 | ] v | :
L 7 7% OrE VIR0 VR 2 \THST\ 7 | logs |707
o |- {
7774 e £ AN S
77 cié |38 (/R 795 | 7./ | to#5 |7 87 |
72k . i ! ! S k=2t
52 a o6 | #2512 5 |790 |7 | a5 |40
l ; ,
Lokl 7~ 2 -1 & , : _ . Lo B e RS !
| |7 24, Cé\zea /R | ]90 |5/ | 1095 |94 =i
?—’f'}.L : =5 . : S $ : = =
| o orgl ? 7388 /2. 3| 790 | 74 | soms | oo L
W - = Th
! ' @ ‘- o2 . |
ot o d g 7 BRAVRE 7150070 | Lods | /e 953 05
i | =
. | _ . I}
!_ - /o’v?ﬁx 2z : 3 : t E - £ - . - - i i B --i.-
: b "‘"’;F&.L vy .3/!“"‘ IR € J/O 9“./ ‘o095 o 4 3 _._J:.‘
:;_ i — ,_ : Ll
- = + : + - " f i*-j——:!' 1'- |
| | i ' 2
: : ] L il







CONCLUSION. .
EXPERIMENTS E AND F.

in these experiments as in the précecding

ones, the general trend of the blue- powder wes to
decrease in smount as the temperature rose, wﬁJle on
the other hand, with the zine condensed the oppopite
wag true.'

The time interval on experiment (F) was
decrcased to three mihutes for the zinc and th; blue
powder, while for the zinc ceught In the tube, the
time interval was two minutes. The most noticable
fact in e?periméﬁf (E) was thét the amount of zine condens~

ed in the PLBSS tube dec"eaqed as the condenser tempcra—
ture inereasn& while in oxperiment (F) the amount increased
with the condenser temperatures ‘

The only satisfactory explainatlon for the
decrecase of zinc cought in the tube seems to e that it

was due to a mechaniesl loss.
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