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The Effect of Certain Minerals
upon

The Voldtilization of Silver Chloride

Boyd Dudley,dr.



The work undertaken in this investigation was first suggested
in connection with the analytical determination of Silver and
Chlorine by weighing silver chloride. Later, however, tie¢ ex eriments
assumed a metallurgical claracter.,

" The final purvose of the experinents was to determine the
effect of a few of the cormon nineral constituents of ores on the
loss of silver during a chloridizing roast. In the metallurgy of
silver it is frequently necessary to change the silver bearing
minerals into silver chloride.

This is done by roasting the ore in a furnace in the presence
of salt. The salt is decomposed by cértain coustituents of the
ora,and the silver is converted to silver shloride. The ore is
then leachéd dr amalgamated to remove the silver. In this roast
a high loss of silver by volatilization is not uncommon. Causes
~of this volatilization are not well understoodjso the problem
under discussion is %o determine the effect of the more comrmon
minerals upon this loss.

Attempts were not made to duplicate practical conditionssjand
the results obtained point in no way to the approximate loss of
silver that night be expected,if the ores were chloridized on a

large scale.
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It is a commnon practice among students:ah@kiagbﬁgﬁbny experimert

chloridlzlng condltlons. The loss off sllyer 1s then d&ﬁérﬁined
by assay of the orlglnal and roasted ore:‘ chmh B’ prdcedure gives
no information as to the loss that might occur if the ore were
roastéd in a furnace on a commercial scale. It simply shows the
loss in silver suffered by this particular ore under these
paeticular conditions. This is true because conditions in the
mufflg are entirely different from those in the commercial
roast;ng furnace. The more important of the factors governing
the ioss of silver are teﬁperature draft,time,stirring,and thick-
ness of the ore bed. It way be readily seen that,with the
pbséible exception of temperature,the conditions in a muffle are
veryld;fferent from those in a furnace. In the experiments per=-
“formeéythe temperature was the only variable factor. All others
wagﬁﬁggiqtained as nearly cons8ant as possible,

A brief description of the procedure followed in the exper-
imental work will now be given:

Ten ores were prepared countaining three minerals in varying
proportions. The minerals were pure Silica,Calcite,and Pyrite.

They were combined in the proportions shown by the following

table:
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Ore KNumber Silica Calcite . Pyrite
1 100 a -
2 — 100 JEETE
5 25 s e
4 50 50 o
5 n5 25 -
5 L — 100
v 50 ~=- 50
8 —_— 50 50
9 35 25 30

10 25 25 50

The minerals used were as pure as could be obtained. Each
was prepared by grinding in stages and screening the whole pulp
tlrough a 40 mesh sieve.

Ten grams of each ore was carefully mixed with an awount of
silver chloride containing 10606 milligrams of silver. The mixture
was then roasted in a three inch scorifier for one hour. A
number of roasts were made on each ore at varying temperatwires,and
the loss of silver subseanently deternined by a fire assay. In
this way it was expected that enough data could be secured to
plot a curve for each ore,showing the percentage loss in silver at
varying temperatures. This e€xpectation was not realized. In only
one case is the data sufficiently consistent to plot an approximate-
ly general curve. This is with ore number three,and will be
shown later, The resultis,however,taken as a whole,are consistent

enough to point out several facts not mentioned in technical
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books o the chloridizing roast.

The preparation of the Silver Chloride cffered a difficuty,
which at first appeared almost unsurmguntah163bﬁﬁﬂwhi0h vias over-
come in a rather simple manner, Thehgiﬁﬁ%r,ehloridé'%;é pre-
cipitated from a filtered silver nitrate s lution by an excess of
hydrochloric acid. The precipitate was thoroughly washed,drained
of as much water as posd ble, and preserved in a salt wouth bottle.

he bottle was painted black ott side to exclude the light,
which would reduce the silver salt. The open boﬁtle and silver
'chloriée were then ﬁlaeed in an air bath and dried for several
days at 120 degrees C. On removal from the air bath attempts
%ere made to pulverize the silver chloride in an agate mortar.
Instead of breaking into a powder the salt simply packed dowm
into a hard horny flexible mass,not unlike the mineral hown
silver.

It appeared that experiments involving an intimate mixture of
Silver chloride with gangue minerals were at an end. As was be=
fore stated,however, a =imple and effective solution of the
problem was discovered. Among druggists it is a knovn fact that
gum camphor and other prganic gums cannot be pulverized under
ordinary conditions;but,if a few drops of alcohol are placed on
the lump of gum, it may be readily reduced to powder. It appears
that the alcohol or alcohol vawor so changes the particles of
gum that they temporarily loose their cohesive powers, The
liquid alceohol iz also solvent for all such gums.

Reasoning from this,there seecwed a possl bility that some



reagents might have a similar effect upon the horny lumps of
silver chloride.

Something might be “ound which would so alter the crystal
faces @f the silver salt that the small crystals would no longer
persist in adhering so tightly together.

Naturally armmonium hydroxide was first to sugrest itself., It
occupies a position,with reference to silver chloride,analogous
$o that occupied by alcohol with regard to the organic gums. It is
a good solvent for the salt,and the armmonia volatilizes very
Peadily.,

Small portions of thaysilver chloride were tried with relat-

o
ively large ambunts of concentrated ammonium hydroxide. Under
these conditions the silver chloride was most easily reduced to
the finest powder., Other portions of the salt were powdered with
decreasing amounts of ammonia solution. PFinally it was found
that the silver chloride did not have to he wet at all. In fact
six drops of concentrated armonia solution will render one
hundred gramg of silver chloride easily pulverized.,

The solvent action of the armonia solution is apparently not
essential. The amvtonia gas is evidently the active agent. NWo ex-
periments,however,were performned with the dry ammonia. If,after
rulverizing,the amwmoniaza is removed from the silver chloride by
heating,the salt carmot be pulverized further; but resists all
such aﬁtempts by becoming compact and horny again. For this
reason it was determined to use a minimum amount (about six drops
‘to 100 grams silver chloride) of t-e ammonia solution,and allow

it to remain with the silver chloride. This was admissable,because
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six"drops of the solution weighs only about 0.2 gram,which in
100 grams will amcunt to only 0.2 5, | |

The'ﬁreparation of the ores for roasting was as follows:

Ten grams of tlhie mixed pulp was weighed. Then 163.8 milligrams
of silver chloride,corresponding to 100 milligrams of Silver,was
weighed on an Ainsworth gold balance. The silver chloride was
ﬁfansferred to an agate mortar,moistened slightly with ammonia
»Bolﬁtion and ground. The ore pulp was then placed in the mortar
andyafter carefully tritrating for five minutes,the wixture was
transferred to a three inch scorifier.

The roasting was perforued in a Case muffle gasoline furnace
with muffle 16 by 10 inches. Fifteenvroasts could he made in
this mufflie at one time and a very constant regulation of
temperature was secured.

The measurenent of temperatures presented a rather fifficult
problemQ At the time these experiments were carried out there
ﬁas only one Platinum-Rhodium thermo junction in school. Since
there were four other series of experiments in progress at the
.same time,in which temperature measurements were essential;this
‘junction wes overworked.

It was finally decided to construct a Copper-Nickel junction.
This was done by fusing (in a blast larp flawme) one end of a
copper wire six feet long to the end of a Nickel wire of the
same length and diawmeter. The wires were long enough to reach
from muffle to galvanometer,and no copper lead wires were necess-
ary. The free ends were connected directly to a VWeston direct

reading millivoltmeter.



7

The wires were insulated from each other by inserting the
Nickel wire into a porcelain tube,and drawing it through until
only avwout two inches of the hot junction end protruded.

The copprer wire was bound to the outside of tl'e tube by means
of loops of copper Qire vwound around the tube. The tube was
about thirty inches in length,and served as a handle for the
junction. The wires from tube to galvanbmeter were insulated by
winding each with asbestos card.

The copper nickel junction gives a vuch higher potential at the
galvanometer poles tran does the Platinum-rhodium junction. Eence
the millivolitmeter is sufficiently sensitive to m asure the
temperature to any desired degree of accuracy.

.The instrument was calibrated by comparison with the Platinum=-
rhodium junction. This was done by placing the two junctions at
the same point on the ~loor of a hot Auffle. The deflection of
each galvanometer was noted. A number of these readiﬁ% were
taken through a range of temperature,and from the data obtained
a deflection=temperature curve was plotted for the copper-nickel
Junction. The Platinum-rhodium junction had been previously
calibrated by noting the de¥lections produced at the temperature
of boiling water,boiling sulphur,boiling napthalene,freezing
aluminum,freezing silver and freczing copper.

To check the accuracy of this comparison calibration the
copper-nickel junction was tested at the temperature of boiling
sulphur and freezing aluminum. Since these two points gave re-
sults consistént with the curve,it was assmed that the calibrat-

ion was correct.
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In the use of copner nickel junction there are two difficulties.
The more unimportant is,that the E.I.F. i¢ slow to respond to
changes in temperature at the hot junction, This is probably ex=-
plained by the fact that the copper wire is a very good conductor
of heat. Vhen a change in temperature occurs at the gunction,the
conduction of heat to or from this point tends to bring the
temperature of the whole length of the copp r wireuto the temper-
ature of the hottest point,which is vsually the gunction. In this
way the junction point)X does not reach the temperature of sur-
rounding obiects until a considerable part of the copover wire has
recelved heat from,or given heat to the junction.

A far mor impa tant disadvantage is, that after continued heating
at high temperature the nickel wire hecomes very brittle,and may
break with even the mo«t careful handling. This difficulty was ove

overcome to a great extent by making a number of covper nickel
junctions by fusing together wires about four inches longer than
the porcelain tube,mentioned above.The asbestos covered lcad wires
were cut from the original Jjunction. Then the short junction wires
were connected by passing the nickel wire through the tube,and the
copver wire through the loops outsice of the tube.The junction
wires were connected With tkeir respective leads,and the junction
was ready Tor use.This change could be made in five minutes,when-
ever the nickelrggfled. Care was taken to see that the total
length of wire from junction to galvanometer was the same as

when calibrated. Al) splices were carefully scraped and wound to
insure gobd connection. In this manner the junction at a given
temperature will, of course, deliver the same potential to

the galvanometer poles as did the original junction upon which
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the calibration was performed.

The roasts were kept in ithe “urnace for one hour at a constant
temperature. Alternate stirrings and temperature measurenents
were made during the W ole time., A constant tenperature was
naintained by regulation of the pressure and amcunt of gasoline
going to the burner , In every case the tempe ature measurements
were taken by placing the junciion on the surface of the roasting
ore. This point was selected rather than the fuffle floor befause
the actual termperature of the rosst depended largely upon the
amount of pyrite present in the ore;while the muifle floor
temperatures are practically the sawe at all points egually
distant from the door.

Irn the early part of the work attempts were made to determine
silver, and at the same time chlorine,in the roasted products by
a wet method of analysis. All such attempts were finally given
up on account of the fact that no exact and,at tire same time,
rapid method of analysis coWld te devised. Obviously the roasted
silver ehloride(if it remained in the ore as such) could not he
completely extracted by any of the common solvents,as awsonium
hydroxziderpotassium cyanide, "Hyposulphife®,etc. On account of
this fact it appeared fthat any process of getting the silver into
solution must be preceded by r:duction of the silver chloride to
silver,and removal of the chlorine.

Various attenpts were made along this line. ‘“he ore pulp was
mixed to a thick paste with dilute sulphuric acid and zinc dust.

Powdered aluminium and the zinc copper couple were also tried.
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If complete reduction can be sccured the problem is solved. The
pulp can be diluted with water,filtered and washed. The filtréte
will contain all of the chlorine as hydrochliric acid. The

residue contains the reduced silver and excess zinc dust. These
ketals may be dissolved in nitric acid, and the silver titrated
with a standard solution of awmoniun thiocyanate,using a ferric
" salt indicator. Chlorine nay be determined in the filtrate by

precipitation with an excess if o standard °11ver nltrate solut-

ionj;following this by removal of <the s11ﬁ£T L¢or1de,anﬁﬁa back

- “, .
PR

T

titration of the excess silver with amroniug ﬁ’;‘kﬁnahs. .

Weighed amounts of silver chlpride” wer& mixed ’1$hfofé'énd

)
P

treated as described. No consistent results were 6btained. The
analyses showed a reduction of from 50 to 90%,and even after
standing twenty-four hours the reduction was never complete.

The wet determination of silver and chlorine was finally given
up,and,thef‘ire assay for silver adopted. The scorification
process was found to sive the most satisfactory results. The
roasted ore weighed about eight grams,hence could not he fluxed
in a single scorifiSeesen. Each portion vas roughly divided into

two Parts;ans each part was fluxed in a three inch scorifisr.
In éll cases forty grams of test lead were used with the
necessary anount of bhorax. With the oréioontaining hich lime five
to feven grans of horax glass was used. In the case of the
silica and highly silicious ores Ltwo and one half grans of

soda was used,giving a very clear fluid slag.
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TLead buttons ohtaired from the scorifications ware cupelled at
featherine temperature and the resulting silver was weighed.
The following is a table of results,showing the percent age loss
of silver sustained by the various ores.
The ores are referred to by number, and for the conveninece the

table showing their composition is again ziven here.

Ore Number < sSilica 9 Calcite % Pyrite.
1 100 —— -
2 —— 100 -
3 25 75 -—-
4 50 50 -
5 75 25 -
6 o - 100
7 50 bty 50
8 - 50 50
9 35 35 30

10 25 28 50

Tabhle of Results.

Ore No. Temp.C “Loss of Silver
1 1000 92.7
1 800 85.8
1 715 79.1
1 v00 77.1
1 650 72.7
1 285 13.2
1 340 8.2
1 12,4

310
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Ore no. Temp.C. % Loss of Silver
1 280 9.0
1 . 250 8.2
2 975 94.2
2 975 96.5
2 800 95.4
2 750 92.3
o 700 78.2
2 535 39.7
2 500 19.2
2 435 20.2
2 390 11.4
2 360 8.2
3 875 95.2
3 820 £89.6
3 750 90.2
3 690 61.6
3 875 74.8
5 550 59.4
3 500 30.5
3 500 29,0
& 380 12.6
3 210 Te7

875 96.1

3
4
4 750 92.0
4 700 62.6
&

670 83.2



Ore ¥o. mery, C. % Loss of Silver
4 550 20.6
2 535 1.
4 520 49.2
4 470 16.2
4 390 18.5
4 830 7.9
5 975 96.6
5 750 94,73
5 690 76.1
5 570 V2.3
5 535 \ 64.3
5 430 19.3
5 355 15.5
5 230 7.1
6 820 33,6
6 800 55.4
6 690 25,2
6 670 19.3
6 540 21,2
6 510 15.8
6 450 23,8
6 755 23.9
” 780 26,2
7 750 28,2
o 690 55.3

] 5:]. A 25 v 5
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Ore No. Temp.C. %'Los@ Silver
7 460 7.5
7 440 13.7
7 315 17.8
7 3200 9.1 -
8 750 13.6
8 ’ 750 17.3
8 B4R 9.5
8 590 7.9
a =00 11.%
8 480 21.2
8 440 11.0
8 365 13.2
8 320 16.8
9 750 26.0
9 690 21.3
9 645 33.5
9 560 9.2
9 500 23,1
9 4335 15.8
9 355 27.0
9 340 10.9

10 750 36,2
10 720 19.8
10 870 22.8
10 - 560 17.5
10 560 13.2
10 550 15.9

10 350 20.4



As may he seen Fron this Hable the resulis are not consistent
enough to draw any sweoning conclusions.

Literaturs on the subject is scarcej;and all of the articles,
that have been published discuss results obhiained in actual
practice. For this reason thess articles give little information
in regard to the prohlam under investiration.

The curve shown on the “ollowing page is a temperature=-per
centage loss curve pnlotted from th2 “ata on ore number three.

The result oMtained with ore numher one,of pure silica,show

that the losg of

m

ilver hecins at low temperatures, and increases
proportionally with the temperature.

In the case of ore humber itwo,of pure calecite,the loss of
sijver is not excessive until the temperature is raised to about
600 degrees C. At %25% point the loss in silver is greatly in=
creased,until at 800 degrees ahout 95 percent is driven off. This
rapid incresase abowe 600 degrees is probably due to the dissocia=-
tion of the calcite and consequent evolution of carbon dioxide.

Singe a very high volatilization of silver chloride takes place
in the presence of calcite,a r1ethod of ore treatment is @ zpested
which may prove niratical.

A method of chloridizing roasting is mentionsd by Collins,in
which the ore is first given a dead roast. This is Tollowed by an
addition of sand and szlt and the ore again roasted to chloridize
the silver. In the last roast a sodium silicate is supnosed to
be formed,and the chlorine is liberated. It is claimed that this
«

process gives a very complete chloridization,but also a high loss

of silver g to ha expected.
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If,instéad ~of chloridizing the gilver ore with the intention
of subsequent amalganation or leaching,we should roast the ore
under conditions favorable to a maxisum volatilization of silver
compoundsjand if this silver can he cauzght we will securs a very
complete extraction of silver at a low cost.

Fron the results of these experiments 1t is seen that 98 per-
cent of the silver is volatilized in the presence of Calcite at
a temoerature ahove 800. It should be possible to condense and
catch this silver in suitable dianbers or bag houses. Tre vol=
atilization night be effscted by a modification of the process
described by Collins. Let the ore be inen a dead roast to remove
“the sulphur., Then add limestone and s2lt, and continue the roast
at a high temperature. It mar be impossible to apply ruch a scheme
in practice,still the results of these experinents point st ongly
to its feasihility.

“VIf the nrocess is practicable it would certainly be nuwch cheape
than the present practice of chloridizing the ore and then re-
moving the silver by amalgamation or leaching.

In this process the silver wo.ld he reznoved from the ore in one
operation. Lesé handling of ore wuld be necaessary tran in the
leachinz processes,

Fuel to produce the aflditional terperaturs would he chezper in
nearly auy locality than quicksilver,cysnide or hyposilphite. The
recovary would amnount to at least 90 peircent of the silver chn-
tained in the original ore., This is better than the usual ex=-
traction obtained in leaching or amalgamation plants,where the
ore must be given a previous chloridizing roast. The product fron

. as . Qa . as
the furnace would be in A convenientform to refine,as—ef any
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precinitate fron a leacting plant,

e .

The influence »f pvrite on the loss of silver is a striking ons.
Oores number 6 to 10 c¢-ntain pyrite in varying percentazes. The
data is not consistent enouzlh %o nlot curves,hut it may he seen

)

from the table that in 21l rsases the 1oss of gilver in thenresence
of pvrite is comm r=tively low. Bren at ths hichest tenperaturés
tre loss is less than 30 perceﬂtJWith the exceotion of a few cases
whers wmecranical leosses coeourvad.

The gmgll leoss wren ovrite iz present is prohabhly due to
reduction o7 the <ilwer chloride to =etallic silver by fthe sulphur
and sulphurous oxide. The reduction apnarently take= place early
in the roast,hecause the loss of silver is no greatar at high
temperatures than at the lower ones.

On account of this efTect of pyrite on the volatilization of
the silver,it is evident that any treatment according to the
wcheme provosed on page ‘5 nust be preceded by a complete oxidizing
roast.

This concludes the Aiscussion of the results of these experinm=
ents,and a brief sumary of tre voints brought out will now be
given.

1 Prepared silver chloride may be easily pulverized after the
addition of a very small amount of awmmonium hydroxide.

2.4 Silica eXxerts a more or less neutral e”fect upon the
volitilization of silver chloride.

3 Calcite tends to rapidly increase the loss of silver at

temperatures above 800 degrees C.
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4 Pyrite at all temperatures and in any amount tends
greatly reduce the loss of silver.
5. A ‘scheme of treatment is propo-=ad in which the ore

wiven a dead roast followed by a chkloridizing roast in the

pre=

gsence of limestone. The ohject of the process is to volatilize

as much silver as possihle. This is to bhe caught and refined.
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