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ANALYTICAL DETERIMINATION OF
COPPER PRODUCTS.

It 1s a well known fact that the presence ~f impuritie
in coprer products has been & source of annoyancc to the
Chemist. The object of this theslis was to make myself
familiar with the actions of differcnt impurities in copper
products,and the methods for the determination of /frsenic in
the sane,

Owing to the fact thet it has teken me longer than ex=
vected I have been unable to cover all the points thet I
first intended toe.

I will first teke up the subject of methods for the

determination of Copper in conper ores.
ASSAY OF COPFI'R ORLS.
1l Electrolytic.
2 Volumetric : Iodide method
3 Volumetric : Cyanide methode.

1 Electrolytic Assay of Coppere.
The amount of ore or substance to bec taken will depend

on the amount of Coprner which it contains.
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Por assays of e substance containing five ner cent or
less of copper three grammes should be telen,while for a sub-
stance containing over sixty per cent of Coprper .25 of a gram
will be sufficient. The usual amount is one gren.

Solution of copper is filtered and put into a plaethium dish.
This dish is best made of +h~ lightest platnium which will adr
of ordinarily careful handling when filled with solution. The
platnium dish is then placed on o plece of copper or breass cor
nected with the negative or zinc elcrment of battery ( & very
good battery for this purpose is the ordinary Bunsen cell) whi
the 1liquid in the dish i1s connected with the positive pole eif
by platnium wire attached to the positive pole and colled in ¢
horizontal spiral,or by & coprer w/ire on which is hung a strij
of platnium foil,the erds of which arc immersed in the liquid.
The time of assay depends on arount of copprer in solution. Abc
eight hours is time usuelly required to complete the assay.

Af'ter copper is all extracted the liquld is best removed f{
dish by siphoning off by means of & bent glass tube,the solu:
being revlaced by distilled weter as fast &s it is siphoned os
until solution is too weak to redissolve coprer when current :
stopped. When washed current is interrupted,séictm{is poured o:
end contents dryed by setting fire t3fgicohol,which adheres t
gides of dish,after which the dish with its rose colored copp:
is weighed and copper is determined.

Another quicker way to do above is by reans of using a con
cathode ( of pletirmum) and a beaker. By using the conical c

you can do away with the slow work of siphoning off as the be
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containing the acid solution can be removed when all the copper
has been deposited.

Traces of Arsenic,Antimony and Bismuth do not interfere wii
the method.

Arsenic and entimony in considerable quantity nust be re-
mnoved either by roesting or by wet methods. A good method of
procedure when Arsenic is present is to treet ore according to
method described later under the head of cyanide assaye.

This method is preferable to the method described by Cairne
in Ceirns Quantitative Analysis, of precipitating the metzals of
groups six and seven by means of sulphuretted hydrogen and then
dissolving sulphides of Arscenic, Antinony and Tin by the additic
of Ceustic Potash on account of its greater speed and the less
liebility of 1loss of copper by menipulation.

The use of sulpmretted hydrogen is not only a source of
annoyance and discomfort, but without very careful manipulation,
introduces a liebility of error,owing to the difficulty of handl
end weshing the precipitate.

ZEeking all of the liebilities of error into considereation
lessrs. Furman, Tarrey end Eaton agree that the cyanide method 1
generally more accurete end preferable to the battery assay.
Engineering and Mining Journal, May and June 18885,

Bismuth must be separated for electrolytic assay by ammonium
carbonate as described under Bismuth in Ricketts & Mliller.
#NO=x ( 2 - 3 cc Oonc. Acid) added to the ore solution
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before electrolysis will prevent the deposition of small quanti.
ties of Arsenic and Antimony. If deposition takes long nitric

acid will be reduced and must be replaced.

(2) Iodide lethod.

This method is the most used for accurate assays. This
method 1s based on the fact that potassium iodide precipitetes
all of the coprer from an acetic acid solution as Cuz Iz libert
ting at the same tirme an equivalent quantity of iodide. The
iodide 1s measured by sodium thiosulphate "hypo% using starch
pastg es indicator.

When precipitating copper on A1l somc of the arsenic ocome

down as metallic arsenic while another portion is lost es AsHS.

After dissolving the copper and arsenic precipitate add & grar
of K@1Px which ogldizes the arsenic to HSAs 04 which has no

effect on I or KI and hence the Arsenic in this form does not

interfere with determination.

(3) Cyanide liethode.

This method is based on decolorization of an cmmonicel
solution of Copper Nitrate by Potassium Cyanidee. The reaction:
of' the process are complicated,as different organic conpounds
are formed under varying conditions. For this reacon it 1is
essentigl to the accuracy of the method that the bulk of solutic
the te¢berature, the excess of ammonis,the quantity of ammonium
saltsfénd approximetely amount of copper in soluticn, shall be

the samé as in standardizinge.
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In the determination of Copper from an arsenical ore by the

K C N method the arsenic may be only partially preciplitated by
the treetment whth ginc and may consequently,when the zinc is
dissolved,reect on the precipltated copper and casue the solutio
of a small portion. With such ores more time should be allowed
for the zirc to act before dissolving the excess,and also the
first decantation sould be made as soon as possible after the
zinc has all been dissolved.

An accurate assay by this methdd can be done in from twenty

to thirty mimatese.
(Furman's Assaying)e.

The titration cen be done in the prcsence of iron,but it 1is
not as eccurate; if it is preformed in this way,standaerdize with
2 solution conteining same smount of iron. Do not attemnt to
filter off t-e precinitated ferric hydrate,as it holds corper
in solution which cannot be washed out.

A copper matter assayed by the three methods de-

seribed gave the following results:(Fuvyrman's)

first second sMera
Electrolytic £3.89 53.0%3 5730
Iodide 53.97 53.99 B53.9
Oyanide 54.14 54.08 54,1

Dulin has introduced & method by which he can get rid
of the Arsenic by boiling down to dryness severel times with con
centreted H C1 .This volatilizes the Arsenic as As 013 s Same ca

be done by means of Bromine,this volatlilizes arsenic as As Bt%
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Electrolytic determination of refined copper containing arsenic and
antimony can be done accurately by following method: Journal Anerican
Chemical Society,Vol.27,1008. by Heath.
Solution of five grams arsenical copper in twenty centimeters nitric

ecld, add fifty centimeters of saturated solution of emmonium nitrate

(lt4nos )

Neutralize conver with ammonia until slightly basic then add

one centimeter strong g 2SO or encugh to make solution slightly

4
acid. Now f£ill up with ammonium nitrate solution until bDsdy of
electrode 1s just covered. Loss from spettering can be avoided by split

wetch gless. Current N.D ¥ amperes,counting both sides of cathode

10
a8 soon a8 the solution begomes colorlessy Yash down cover and wells
of beaker and reduce current to .5 amperes. N.D100 density in anperes
per square centimeter of cethode surface. Viaste splution can be saved
and ammonium nitrate recovered by treating neutralized solution with

Hgs and evaporating to & jelly and re-solution.



7
DETERMINATION OF ARSENIC.
Fusion Methdd.

The determination of arsenic can be done by the following methods:
(1) The Fusion Method
(2) The distillation method.

The first is the quickest and gives very good results although
the distillation method will give & more accurate result and is general-
ly used in naking umpire assays.

Fusion “ethod for the Determinetion of Arsenic.
(1) Dr. Pearce's kethod.
This is a method of indirect titration besed on
the following facts:
Nitrete of Silver completely precipitates an ealkaline arsmenete
in & neutral solution . As Ags AsO4 soluble in nitric acid. Silver in
& nitric acid solution is completely precipitated by NH4GNS as AgCNS

Hence for each atom of Silver found there must be one third
atom of Arsenic in the ore or for 107.92 parts Silver, 25.03 parts of
Arsenic. | ‘

Solutions used in the method are l. A standard sofflution of Armmonium
sulpho cyanide conteining about eight grams of the salt per litre. &fin
Place of the above ®ould use a solution of ten grams X C N S to a litre.
(2) A ten percent solution of ferric elum for an indicator,

To stenderdize the emmonium sulpho cyanide solution take about
three hundred milogrems of chemical pure silver foll dissolved in nitric
acide. Test acid for chlorides before using as en acid conteining

chlorides is unfit to use, About two checks should be run.
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PROCEDURE.
8 grams ore is mixed with about six to ten times its weight'
of NaCOz one part and XNO=z one part.

It is best to mix ore with about two=-thirde of this flux,using
the remaining third as a cover. Mixture is put in an iron crucible and
heated gradually to & cuiet fusion where it is kept for a few minutes.

This frsion should be done carefully et the lowest temperature
possible as there is danger of & loss of ersenic from voletilization or
deflagration.

A belst lamp nedd not be uised as an ordinary burner will give
sufficient heat.

A cleer fusion cannot be obtained and the fucion can be helned
greatly by the addition of a smell amount of NaOH.

In determining arsenic in ores very rich in arsenic,such as
arsenopyrite,ni-colite,etc. it is desirable to add a few drops of
funming nitric acid to the weighed samnle in 2 platinum crucidble prior
to the usuel fusion.

This oxadizes the arsenic end suplher present,and prevents sub-
sequent loss by deflegration. This precaution should elso be adopted
in the determination of arsenic in sulphide of arsenic obtaincd in the
ordinary course of analysis. Allow fusion to cool and extract fusion
with hot water. It is best to rermove the mess by warm water,pouring
into casserole,and after vhole is transferred to casserole,to heat to
& boiling temperature and filter,

The arsenic is in the filtrate as an alkaline arsenate,which is

then acidified with nitric acid and solution boiled to expell 002 and
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nitrous fumes. Tt is then cooled and slmost exactly neutralized as

follows:
Place a small piece of litmus peper in liquid,which should

show en acid reaction and then gradually add emmonia until litmus peper
turns blue,avoiding a grect excess. Again make slightly acid, and
then by meens of very dilute armonia and acid, added dror by drop,
bring the solution to a condition that the litmus pepcer,after having
been previously reddened,will in course of half a minmute,begin to

turn blue. If neutralization has caused much of a precinitate
(alumina,etc.) the solution is best f’ltered at once in order to render
the subsequent waching end filtration of the arsenate of silver more
rapid. A neutral solution of nitrate of silver is now added in slight
excess and color of vaper is noted,anc¢ if necessary the neutrelizetion
is repeated. The second neutrelization is elwgpys necessary when the
amunts of arsenic are lerge,as nitric acid is set free in the reaction
between the alkeline arsenite and silver nitrete,accord ng to one or
both of the follouing ecuetions,or those of t e corresponding potassium
salts:

3 AgNOz+NgH. 480, = Ag,AsD + 2NeNOFHNO

The precipiteted arsenate of silver,which is of a brick red

color,is finslly collected on a filter and well washed with cold water.
Filtrate should be tested for arsenic and preciritate sould be washed
until filtrete gives no test of silver. The object how 1s to determine
the amount of cilver and from this calculate the arsenice. This may
be accomplished in two ways:

(1) Preccipitete dryed in o scorifier,test lead end borax added,

and a scorification assay made, If this method is adopted any soluable
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chloride must be rocmoved earlier in the pr-cess,

Generally but few ores will bhe encountered in whi~-h any solueble
chloride will be present,

(2) Dissolve arsenate of silver on the filter with dilute nitric
acid (which leaves undissolved eny silver chloride) end titrete the
filtrate,after addition of about five cubic centimeters of & saturated
solution of ferric ammonium sulphete, with & stenderd solution of
NH4CNS. A white precinitate forms and when the end point is recached
this gives 2 feint red tinge.

It 1s good to sheke sclution during titration as this brecks up any
clots of sulphocyenete of csilver,end frees any solution held mechanic-
ally,

lfelybdic ond phosphoric ecids which behave similarly to arsenic
under this treatrent,interferes of course with thc method.

Antimony,by forming antimonate of sodium,or potassium,remeins
practicelly insolueble end without effect. The bad point in this
method is the careful neutralization which hes to be done with greeat
carc as the success of the method depends unon this,.

The method proposed by Re.C.Caudy, Transactions of thz Ameriocan
Institute of lMining Engineers. Vol. ¥¥al, p 77, in which he neutralizes
the solution with an emilsion of chemically pure zinc oxide does eway
with this. The zinc oxide is added in slight excess. No dclicate
testing with litrus papser and alternate -ddin; of dilute asrmonia and
nitric acid becomes necessary,thus saving time. “nother method for
neutrelization can be found in Ricketts and lilller, Notes on Asseying.
The solution from the fusion- add & few drops of phenol-phthalein,then

add acetic ecid until decidedly acid as shown by absence of red color.



11,

The boil off 00, etc. Cool and neutralize by adding Ceustic soda
until the indicator turns red, then add acetic acid drop. by drop until
color disappeers.

The adventages of thcse methods are.

(1) The accurecy of Velthards lMethod Bor Silver which is used
to determine arsenic indirectly.

(2) Since 3 ag=1 arsenic this meles thc method more accurate
than before,

(3) The fusion causes a separation of almost all other sube-
stences as Iron, €omner,etc. and in this way they do not interfere
in the leest.

In the Plerce method the author says that the presence of
antimong will not effect in the lcast .the determination of Arsenic.
This is obviously incorrsct;in the fusion with sodium carbonate and
potassiun ﬁitrate, the antimony 1f present forms salts with sodium
and posassium. The sa2lts are slightly soluble in water more so in warm
water,the solubility depending upon the salt formed,some being more
soluble than others. The potassiunm salts of antimony are more soluble
than the sodium salts end therefore the error sould be lessened by the
use of Na2005 and sodium nitrate in place of the potassium nitrete.
The potassium salts are extremely insoluble in a solution of alcohol
and water, so the error could be eliminated by the use of & solution
of alcohol to put the arsenic salt into solution,thus leaving the
antimony behing.

If antimony is put into solution it will form a selt of silver
with the silver nitrate,which is similar in its properties to the arsenic
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silver salts formed. The exact composition of this silver salt of
antimony is not known but it is thought not to contain as much silver
a8 the arsenic salt,however, even if therc was a smell amount of antie-

mony put into sblution it would meke the determination highe

DETERMINATION OF ARSENIC DISTILLATION
LETHOD.

Severel schemes for the determination of Arscnic have appemred
of late in differcnt chemical journals,showing that some difficulty
seems to heve been experienced in determining this element and that
new and better methods eres desired,

Pearce's mcthod has been and is now,the one usualliy used in
the West for snelter work.

In some ceses,especially for investigation work,this is not
accurate enough. Some arscnic is wolatilized on meking the fusion,and
consequently checks are hard to arrive at in t»e hands of different
chemists,more arsenic being lost under some conditions than in others.
It has been found by Skinner and Hawley that any mixture of sulphides
precipitated from an acid solutlon may be decomposed by a solution of
cuprice chloride in hydrochloric ecid,end the arsenuous chloride disg=
tilled &nm& very quickly. Not- more than one gram of ore may be cone
veniently handled by the Pearce rethod,but with the following method

any amount may be used,so thet very small percentages may be determined

with acocuracy.
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The solutions required are:
Cupric shloride:- Dissolve 300 gramg pure cupric chloride
)rystals in one litre hydrochloric acid {sps grs. 1.20).
This solution is mixed with one litre of a solution of zinc chlotide
rhich boils at 180 degrees C.
The zinc chlpride may be made by adding successively to one pound
¥ pure stick zinc 500 ce of weter and 1280 ce of hydrochloric acid (l.2)
After the zinc is in solutilon bring to & boil and evaporete & little
to bring the boiling point up to 180 degrees C., this making about 1100cc
>f solution.
Standard Iodine Solution.
This is best made so thet one c.c. is equivalent to
about .008 grams of arsenic. Dissolve about forty grams of potassium
iodine in a pinimum of water and add seventeen grams of ilodine, After
the 1lodine is all dissolved,meke up to one litre with distilled water.
To standardize, dissolve three mundred milligrams of chemically pure
arsenious acid (Aﬂaosz in a 1little caustic soda or potash dilute to
about 200, cec. Acidify slightly with hydrochloric acid,add sbout two
grems of bicarbonate of soda,some starch solution and titrate to e
permanent bluc. The arsenous acid contains 75,76 per cent arcenics
A check should be mede by precipitating with hydrogen sulphide gas,the
same anount of arsenic as that used for the stendard.Piltering offl
the sulphide of ersenic and distilling es in a recgular determination
£ shown subsequently) and titrating. Deduct from all regular determina-
tions the mumber of ocubic centimeters required over those of the standard.

This is necessary on account of the possibility of the reagents containe

ing impurities.
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It is difficult to obtain cupric chloride frce from arsenice
Or, the cupric acid solution mey be put into & flask with a filter paper
and about two hundred milligrems of chemicelly pure copper,distilled
end titrated,and mmber of c¢ ce used deducted from the reguler deter-
rminations,

The method of procedure on & grem charge,which is the amount
usually taken,is as follows:

Add ten cc. of nitric acid (spvecific gravity 1l.42) to the
ore in a three inch casserole and warm. Lfter the evolution of
red fumes has nearly ceased add about ten ¢ c. sulpmric acid (l.84
specific gravity) and run down to copious fumes of sulphuric acid.
Do not boil too long after dense fumes of sukphuric ecid have sterte-
ed or small amounts of arsenic mayn be volatlilized. Allow the casserole
to cool and add forty ¢ ¢, cold water and ten cc. hydrochloric acide.

Some tartaric acid should be added also if antimony 1s to be

determined.

Boll to dissolve all soluble mater. If nmuch gangue 1ls present,
filter, if not wash in Number 3 QGriffin Lipped Beaker,using werm water,
and reduce to a colorless solution with & mixture of one part ef ammonium
bisulphide and two parts strong ammonia.

The reductlon is best made by addéing the ammonical sulphite
solution drop by drop with constant stirring,waiting for the precipitate
formed.to dissclve after each addltion,

Do not add eny more thaen 1is necessary to reduce to colorless
stage.

Add a little more hydrochloric acid in case hydrates formed do not

digsolves
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If there 1s much gold, selertum or tellurium in the oreythese
metels will De precipiteted Ly excoss sulphurous scid end dGarken the
solution,so,if after the so:'ution is nearly colorless thic darkening
occurs no more sulphide heed be added.

Boll soffution e few mimutes until there is no apparent oder of
sulphuréus acid end then while still warm pass in e lively current of
hydrogen sulphide gas for about fbfteen minutes,or until thec precipie
tated perticles gather together and the supernatant liquor does not
appear muelky.

It 1s safe to pass gas through a longer tine,but,in casz ef a
harry,efter some experience,the point may be tcld elmost with ccrtain-
ty by inspection.

Filter precipitated sulphides through & eleven C.me. peper. Guicke
er to usc suction filter,wash out iron salts. Tz t filtrate under hye
drogen sulphide gas. Now put peper containing sulphides into a four
ounce distillation glask, the erm of the neck of whlch is vent down
et the end so as to connect with a twelve inch Biebleg Condenser set
verticallye.

If the sulphides are too bulky to wrap in paper and put into flask,
Plcrce the point of the filier and wash nost of the precipitate through
the funnel into the flask,using a minirum wash of onc volumne hydro
chloric acid (l.2) and one volumke wetere Remove parocr end put it
into flask, Then pour through funnel to wash it fifty ¢ c. of cupric
shldride solution.

Always pour the chloride solution threough a funnel reachling bee-

low the oponing in side of the neck of the flask so as to avold getting
copper into the distillate.
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Insert a thermometer through e rudbher stopper,in the neck of the
flesk,reacning to within about one fourth inch of the bottom of flesk,
The flask is best set on a sand bath, four inches in diameter,so that
the naked flamk will not pley on sides of flask so avolding the raising
of the temperatgre at any spot above that dedired. Allow outlet of
the condenser to dip into about forty e¢,c. cold water one half an inch,

It is best to keep this cool by means of weter on the outside of beake
er containing distillate. Heat flesk gradually until thermometer
reads 1156 C., T®hen remove the stoprer end add ten to twenty five ce.
of strong hydrochloric aéid,collectin- & second distillete.

This second distillation is not necessary if the arsenic 1is present
in smell amounts. I found thaet in case of 8Nopee containing about
seventeen percent arsenic thet more than dwo distillations were nece=-
ssary in order to get all the arsenic off,

To be sure you have distilled off all the arsenic keep on making
distillsation until you find no trace of arsenic in the distillate.

The distillates are poured into a beaker mede alkaline with ammonia,
just aeidified with hydrochloric acid,cooled,about two grams of bl
carbonate of soda added, or until solution is neutralized,and sone
starch solution and titrete with standard iodine solution.

{he use of hydrogen sulphide ges in this metho seems to be the bad
roint about it as it brings in & great chance for error and the assayer
has to be very cereful in its use. ¥When done properly very acocurate
results may be obtained.

A variety of ores have been run by this method and checks by
different chemists show that by this method the results are about
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six-tenths of e percent hggher than those run by the Pearce method.

I also found the same true on a very heavy arsenic ore.

Assay by Fusion 16.,98%
" ¥ Distillation 17 . 34"
* *  Dpiff. +38%

Fisher Distillation Method,.

This method consists of distilling of the arsenic es arsenious
chloride and so effords a most perfect seperation from entimony and
tin. |

Althoug it requires considereble apraratus,lt must be regarded
as the standard method of separationyBesides being epplicedle to
ores it is even more so for material containing only very low pere
centages of arsenic,copner,etc.
Arsenic ores are almnost always sulphides, The original ore or
the sixth group sulphides,are treated as followss
Place about two grams of potassium chloraete on the bottom of a
beeker. On this place the weighed sample of ore,from .8 to three grams,
depending on the richness,or the preipitated sulphides. Then about
one gram more of potassiun or sodium chlorate,sufficlent to cover the
ore. Pour in continuocusly,little by 1little, & rixture of thirty cec.
of coneentrated hydrochloric acid and ten c.c. of water. Heat ong warm
vlage until the decomposition is complete and the oxides of chlorine,
eto.driven off so &s not to use up the ferrous salt used later.
It is very important that the oxidatlion 1s complete to HsAs 0455 the
arsenious ohloride would be lost in boiling.
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Transfer the solution to 2 distilling flask ( about 400 c¢®c.) usimgg
concentrated hydrochloric acid., “dd five to twenty grams of ferrous
sulphate,depending upon the quentity of erssnic present and meke the
solution up to sbout 200 cec¢ . in volurne with concentrated hydrochlorie
acid. Connect flask with 2 short c¢cndenser and under the end place
an Erlemeyer Flask sbout 2500.C.,conteining a little weter so as to cover
end of condenser tube. Heat ®he flask on an asbestos pad. The arsenlc
acld 1s promptly reduced by the large excess of ferrous salt and forms
arsenous chloride. Thic with hydrochloric aclid beings to distill over
at a tempereture of’ 100 CGegrees Ca. |

They ere c¢ ndznsed and caught in the Erlemeyer flask., I1f this becomes
very hot it should be surrounded by w:.ter.

The apparatus should e set up in o plece frce from draughts so as to
avoid back pressurse.

The distillation 1s continued until ebout half the origlnal volumne
remaings. Remove the Erlemneyer flask and then the bruner. When cool
add arfother 100 C.C. of concentrated hydrochloric acid end repezte Con-
timze this until all the arsenic is distlilled over,

‘Unless there is & very lerge wuantity of arsenic present two or at
the most three distillationc are all thet erc recquired. The solution in
“the flask must not be’allowed to become tovo small or in other words the
boiling point must not q.ﬁallowed to rise sbove 1BC copoes Ce for the
temperature of the vapoﬁr' 113 degrees C. for sofution. Above this point
antimony will distill over.

Tho Adistillation cen be hastened by connecting the distilling flesk
#ith another flask condaining concentrated hydrochlorio acid. Intg this
Mllow ooncentrated sulphuric acld to drip,thus generating hydroohlorio
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acid gas which passes constantly through the solution,so thet the strength
of the acld 1s meintained end the recmoval cf arsenious chloride fecllitate
ed. The distillates are treated the sare as in the hydrogen sulphide gac
method.
For sone reasons unknown to me I have been uneblec to get any

arsenic to distill over by the use 8f the above.,

I have found thet the arsenic wes left tehind by testing the solution
left in the flegk with Hydrogen disulvhide ges.

I en going to e~ntimuie work on this after the closing of school and

try to obtain a satisfactory rosult,
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