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| The porphyry ore—badioa in the Southwest contein both
copper sulfide and oxidized copper minerals. The sulfide
minerals are. readily eoneentratad by flotation. Although
vconcentration of oxidized minerals by rlotatien methads by
the Kennecott GOpper company in Alaska was auceesatul meny
‘other large and amall scale attampts have failed. chapmanl
has stated that “prsaent reeoveries of oxide noppor oon—‘
tained in teeds to flotation pl&nts range from 15 to 60 per
cent most mills reporting a reoovery or less than 40 per
cent for 1929 and 1930." The general failure of fletation
methods to solve the copper oxlide problem lad to adoption
or other methods by the largo copper eompanies for the re-
eovary of oxidized copper, namely, leaohins by the New |
Cornelia Company at Ajo, Arizona, and leaching tollowed by
| precipitation and flotation of the cement copper by the Miami
‘Gopper Company at Miami, Arizona.; ,

Sulfidizing of oxidized minerals for. the recovery of

copper and lead by flotation methods has been the basis of

considerable experimentel work, and in the case of load,

1A chapman, T G.,‘éonoantration of Coppar Ores in. Ebrth
America, Bull, 392, U. S. Bureau of lMines, 1836, p. 13.




used oaamorcially in thn‘pnsia.fi survey of the literature
by the writer shows the eurrent situation with respeet to
these investigations to be: as follows. .
‘Rickard and Kalnton did considereble work with sul-
ﬁ.dizing reagents and found t.mt. hydrogen sulfide wes the
sulfide most mturally suggested as & resgent for m sul-
fidizing of ozidim minnrgla‘v The momt of this gas neces-
sery for sulfidizing was much less when it was applied to
the wet ore as compered to the dry ore. The addition of
‘sulfuric acid was found to be necessary during the flotation
#ywation to _&e@mposo thg freshly formed .um‘ sulfide in
order to render it non-floatable. As most oxidized ores
-a'onm;: émaido:ab_lo emounts of acid-soluble constituents:a
high o@hvmytion. of ’mid.wgsnmﬂly encountered. One serious
cbjee‘tion‘ 't-o the gmoor' hyﬁmgm ‘aulfli_ﬁo;»qcuts;.dul.ot the -
cost of the chemicals used for its production, was the effect
of the gas on workmen duo to its poimw% mature. -
Gonsmoring sodim ‘sulfide, tho mc imuntmawwa
chose it u & more. prmiamg mswt than hydrogen sulfilde
rpr~eemmnrcinl;qnlridizigg_or minerals. If the ore weas con-
ditioned with sodium sulfide in a Pachuce tank the air oxidized
the sodium sulﬁ.dn to mﬁim wltatc ﬂth but ‘little sulfid-
izing of the oxidimd mincrala, end on further treatment the

mnd;udmimr,ala_vpro oxid_ized.v Homn,,it seemed lmperative

T Wiekard, T A and ﬁalaton 0. 0., ¥lotatlon, 1017, Wolraw-
Hill Book co., Hew York, pp. 360-378. '




that treatment of oxldized minerals with sodium sulfide
salutiona must be done without large admixtures of air.,
Ores.high in acid~soluble a}.mina, or thmo mmaing
either nanganm ﬁioride or basic sulfates of iren, m~ ,
sumed sodium sulfide without allwing smzﬁm of m -
oxidized m_nergh.v E:aess aodi:m sulfide in the ‘flotation
pulp hed an injurious effect on the eharaem of the froth,
either greatly toughening it or aiininating it entirely.
R:lekard and Ralstcn further stated mt the poly-

sulfides of sodium did mot prove es effective as sodium
sulfide, "whegaaa the sulf-hydrate of sodium, HaSH, ssemed
to be somewhat more effsctive. The noml ‘sulfide of »ﬁ&m
hydrolyzes to sodium sulf-hydrate end sodium hydroxide, and
the activity of aodim sulfid}o is; for that x_‘e_uﬁn, prodably
exaotly» th‘a same as that of the 'su1t~hy&ratc,; utwaa the
presmca of aodim Wexme tm hrm.’i,m: might hmra
~ some effect on the oftectiveneas of sulfidizing. Caleium
sulfides were slower in their action ‘then the sorresponding
sulfidcg of "aeditm.. Agein it'm'ri tmmd»‘fhat the aulf.;-
hy&rat‘é of calcium wes 'moi'a active then the mrm;; whieh
in turn was more ;o‘qiﬁ'tm the folyaulriao“. B

" Riokard and Ralston concluded that 'fog pxidizoé-coﬁpér
ores hydrogen sulfide seemed to be by far the best medium -
for sulridiziﬁ_g previous to tlctatign; land they ciuot.eﬂ;é'. . M.
Callow to the effect thet 1t 1s unnecessary to bi-aakea the
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mineral to bc;(.‘matcd MM'Aliﬁﬁl&”a«m ‘helf pound per
ton of auiturf‘ {aa?hyﬂman mﬁtiu} gave &ammww Tresults
at the test plant of the uam @wycr Company on melachite,

- Sodium nzltiﬁc has been maua at the amuumm M e

number ot tna larger copper mmnios, Mv&u been. mdm

o the ﬂontlon mehinu or to ewﬁitwaina tankc Mfm
tlotation ez’ tests showed that b@%nﬁ mz&amm of the..

minerals mmlm if some l&tﬁo tm ‘of preliminary

taoct wes allom before ﬁ.@u&&m was effested.
- Upon the subject of sulfidizing Geudin® stated thet. -
Mousml aultidwns netntm of en mum ainw
'&pmda upon 11;' pmlinimr.r muum in Wr 0. oon~
vert at lonat the mrt‘aao of the m&uml %o the mxw. .
form. This u:lm mx ‘the mineral must m econtinuous, or
else tho minaral may cxhlbit in pars, . mm emam instend
at the mlﬁ.de surfece. - The mmwmmm may be dus
%o the mrcrmm 4n nmiﬂ.c wxm’ of the wating end the
mimxal. @m- mmx formed mlts.u Gmm is in sn.
omimtlr rmti'u ntata m will muly oxi&im. The -
poor remltu obtamod in rlouting oxidized nlnorala, there-
‘ toro, my bo dm to tho uxiuubility of the mmting or its
diacontimwus oharnotor. It would seem that oxidizod ocopper -
‘mnmu- ought to be readily sultidim because of the rela-
vtivo molubility of mpw mlﬂaua. War. the mlfmizing

mmﬁu A, n., natatm
. New !'ork, PP. 292-308,




~ of copper silicete is practically impossible. This last
statement is in disagreement with Rickard* and Ralston who
sald that although chrysocolla will blacken when treated
with a ‘s'ulﬁdizins’ ieagxant" it still ﬁaists ﬁ@ﬁaﬁlbn;
pausibly beeauu .tt still premta a- siliat%e rather then

a tulfidc surfece.

‘ , Rcalizing the valuc ar a wmnmtim w&ma fer the
racovery or the exiéim oapper ninwala, th; mtmnm
mporimantal &ation af thc Unitml states mmu of Mines

5.n 1956 startad oxpcrimmm mk on the notatiw of shryeo-
colla. This experimentation® indicated thet soep flotation
of chrysoealh was possible on & lmmwzy mh. but the .
selectivity et soaps was poor and the mmt consumption
wes ulmost yrohi’bitlvo.

The writer ocntinued the exptrmgnm wark sm& by
Leininger and preseats in this paper the results of further
mnrimmtal work on the flotation of chrysccolle, _employ-
kagj“'m_l:i{dizzm _af__‘ ‘Qhu"vea@pe:_sﬂi‘.ente‘ ard its subsequent
flotetlion by cmar sulfide collestars.

T H T T T eI O et e T
" MoGraw-Hi1l Book Co., New 'féz-k, p. 378. ’ ’

5.. Leininger, 0. W., Experimental'Work on the Flotation of
- Cr e»ollau?m’n Min U. of A., 1937, p. 18, - '




CHAPTER II - PROCEDURES, MATERIALS, AND APPARATUS

 The experimental procedure involved in this problea
comprised: (1) The determination of a suitable method for
sulfidizing ohrysocolla after trisls with verious sulfidizing
reagents. (2) The determination of a suitable method for
floating the sulfidized mineral employing a synthetis ohryso~
colla-pegmatite mixture. (3) The réiultu obtained from

these data to be applied to ores.

| | ggtorig;i -

Thé materiel used for sulfidizing tests w@g m&uﬁ- 100~»
mosh'ohrysocolia, eontniﬁingvza.s percent of é@ypor. furnished
by the Inapiration Consolidated Copper Compeny.

The aynthétio mixture employed in flotation testing oon-
sisted of two grems of the above minus 100-mesh ohryuocolla
and 98 grams of a pogmatito from the Oracle district, ground
to pass & 100-mesh soreen. | ‘

All resgents used in sulfidizing and rlotntidn tests
were dissolved in distilled water unless otherwise moted.

.The’pﬁ velue of all acl@tlonn was determined by coloxr- -

imetric comperison.
~ sulfidizing Procedure
The degree of sulfidizing of e miﬁiral may be judged
by the color change produced but it wﬁa decided that the best




index of the effectiveness of sulfidizing was the amount.iof
reagent abStréctod~f:am;aolatian_by.ehryse@ella»_ All sul-
fidizing tqsts-werg made by the. procedure which follows..
A-sanmple of cohrysocolla weighing two grams wes agitated in

2 beaker or stoppered flask with 300 ¢.0. (aapauity of 100~
grem flotation machino-lator u;od);ar.dijtillod'ﬁhiQi for
five minutea‘te,1naurofcamploto_upttxnguaf‘thn,hatariula
After uutﬁing,_thoysulfidizing,aguntAand other reagents were
#ddod and- the m_ixtura egitated for tenm minutes. The mixtuyre
was then rilta:oﬁ; the pH value of the solution dc&amminnd;
end sulfur in the filtrate estimated by colorimetrie comperi-
son. The first method of comperison was the reaction (in
test tubéi)rbotwoop eéppor aﬂ1rato.ana;tho soluble sulfide
which produced eqlqrn :@ng@gg:fram_dark blﬁa to brown, de~-
pending on the concentration of sulfur. This method was

not sufficiently acourate or reliable and was abandoned in

fevor of the procedure deseribed below.

Estimation of Sulfur . .

The method used consisted of a colorimetric comparisem
of the produoti of the reaction between lead acstate and the
soluble sulfide not abatraoioa,by-chryaoualln. .&ftor}variaap
trials gum acacis waq»toundzfo be tho best dispersor for .the
freshly formed lead sulfide:. The color p:oénood veried frem

no color to'a very derk brown with inereasing strengths of
sulfide. | |



A tweﬁty'é;c;“simplo of the riltrate t&uﬁ th»'tulfi&v
tzmg test was diluted to 100 e.c. with distilled water,
| tuc c.c. of a saturatod gun neacia solution added and the
solution atirrcd vigervualy. One c.c. of & 20 per cemt
lead aeetate solution was then added end the solutiom egein
nix.d.v The dopth of color of the aolntien_uat then measuted °
§y‘pu£t1n3 it{in g :lét~béttanod gless oylinder over a six-
volt bulb. The emount of light yasaing‘tarﬁhgh ti.'uolutiaa '
wes measured by a:phbtocloetrﬁc cell which actuated a deli-
cate galvenometer. The galvenometer resding was then com-
pared with figures for colatiena or'tnaua'opnoaatrations in
‘order to 5az;gne smount of sulfur 1§ft ;n‘lolgtion.‘ Tﬁrbliltyv
ig“th§~f;1trgt9\ia; tnk-n.ang'ér by;gﬁjn:ting'a ghpott(t o
_in the six-volt light eircuit. Results by this method were

‘»qhito accurate and reliabdble.

. ~ ..__..._mn"“““ P o

| All flotation to-ta u‘re gggo by the procoduro en;lincﬂ
. below which follows as closely ss possible that used in the
’ pr§§iou§,§9gp :1§tat1on ;n‘q;dtx,ﬁé get comparative results.

| A hundred-grem saaple of the chrysccolla-peguetite mix-
ture dr of An ore was chargod 1nto & 100-gream capacity tlofa«u
.tion machine of the nachanioal lub-aoration type. The semple
waa agitated in the cell with apprcxﬁnatoly an oqual amaunt
of distilled watcr for five minutes for watting btfart the
gddltion of any reagents. This wetting was done in ar(‘r to |

con:onm to the condition of an ore after ball mill grinding.



After wntting, the naco&aary ragsaata were added and
the mixture was eenditianaa tha required length of time.
The pulp level in the mahzne was then raised by Mm
.water and the froth removed. The time of flotation was
usually ten minutes, unless it ocould be seen that chryso-
‘eclla was still being recovered after ten minutes of floating,
in which ovanﬁithe operetion was continued until no more
chrysocolls was epparent in the froth. The pulp level in
the maeﬁino was mainteined st such a height that the froth
overflowed the lip by gravisy. After flotation, the pH
value of the tailings solution wes determined.

~ The concentrate and tailing were filtered inm an ordinary
suction tiltor. When the excess liéuid was removed, a amall
amount or othyl eleohol wes poured upon the residue and al-
lowed to drain. The residue was then put in a pen, dried
end weighed.

4 five-gram sample was then taken from each tai;ing
for gnélyaQa. The sample was decaapasod with 10 c.c. of
concentrated nitric aeid by heating in a beaker. Tha solu-
tion was then diluted end filtered, and five .c. qf con-
centrated sulfurie acid added to the filtrate, which wes
then analyzed by electrolysis.
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Reagent Quantities
All roagent quantities referred to in tho ahnptara which

follow are in pounds per ton of solids on thc basis of 100
grams of golids,: In the case of sulfidizing tests using two
grams of chry@bcalla; reagents were added in quantities egual
zeﬂthaéa.roénirad4tér 100 grams of solids.
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CHAPTER III - EXPERIMENTAL WORK ON SULFIDIZING

Sodium Sulfide

The normal sodium sulfide was used as the sulfidizing
reagent in tests 1 to 12 inclusive. The sulfidizing power
of the sodium sulfide was determined in both alkaline and
acid solutions. The experimental results are given in table
I.

Preliminary blank tests on sodium sulfide solutions,
one maintainiyg an atmosphere of nitrogen above the solution
and the other in an open beaker, showed no appreciable con-
sumption of sodium sulfide by oxygen in dissolved air in the
water or air in contact with the surface of the solution.
Another test on a sodium sulfide solution showed that this
reagent was not abstracted from solution by adsorption on a
filter paper.

(1) Referring to the results given in table I, it was
found that if acid or base was not added the amount of chryso-
colla sulfidized increased as the concentration of the sul-
fidizing reagent in the solution was raised, but the percent-
age of sodium sulfide effectively used for sulfidizing de-
creased.

(2) The pH value of the solution after sulfidizing was
raised as the residual sodium sulfide in the solution in-

creased.
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(3) From (1) and (2) it was therefore believed that the
lowering of the effectiveness of sulfidizing as indicated in
(1) was due to the greater alkalinity (pH value).

(4) In order to overcome the low efficiency of sodium
sulfide due to alkalinity, sulfuriec aq}d was added to tests
7 to 12 inclusive as in table I. The results of these tests
showed that when the pH value was lowered the consumption of
sodium sulfide increased considerably, but the amount of acid
necessary was considered prohibitive. As explained later in
this chapter the writer believes that it is a fair assumption
that the chrygocolla would react with any hydrogen sulfide
liberated by the reaction between sulfuric acid and sodium
sulfide.

(5) The coating formed on the chrysocolla by sodium sul-

fide was brown in color and appeared to be firmly adherent.

Sodium Sulfide with Ammonium Salts

In tests 13 to 27 inclusive, various ammonium salts were
used together with sodium sulfide in an effort to increase
the amount of sodlium sulfide consumed by chrysocolla.

The two reagents were added at the same time in all tests.
The ammonium salts did not interfere with the determination of
residual sulfide. Referring to the results presented in table
I the conclusions which follow are given.

(1) All the ammonium salts tested increased the amount
of sodium sulfide used by chrysocolla. As the concentration

of the ammonium salt was increased, the consumption of sodium
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sulfide increased. For every unit quantity of sodium sulfide
added, a definite quantity of ammonium salt was found neces-
sary in order to get 100 per cent abstraction of sodium sul-
fide by the chrysocolla.

(2) As the amounts of sodium sulfide and ammonium salt
were increased the chrysocolla became progressively darker.

(3) Ammonium fluoride was the most effective of the salts
tried, followed by ammonium sulfate and ammonium carbonate.
Since ammonium sulfate is the cheapest of these salts it sug-
gested itself as the bést reagent for further work. A suit-
able ooating'on the chrysocolla was obtained by using 0.5
pound of sodium sulfide per ton of solids and 0.75 pound of
ammonium sulfate per ton of solids.

(4) The effectiveness of ammonium salts as conditioning
agents in sulfidizing was probably due to the fact that they
hydrolyzed to form a strong acid and a weak base, permitting
suifidizing at a lower pH value. Since, however, the pH
value of the entire solution was not measureably lowered,
an adsorption of the ammonium salt at the surface of the

chrysocolla was suggested.

Sodium Bisulfide

Sodium bisulfide was used for sulfidizing in tests 28
through 30.

The sodium bisulfide for this series of tests was made
by bubbling a stream of hydrogen sulfide through a solution
of sodium sulfide until there was no further lowering of the
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PH valus of the solution. The experimental work indicated
the oconclusions which follow, '

(l)'Sodiu& bisulride formed a very dark coeting on the
ohryaocolla. |

{2) Rererring to table I. the amount of unused- reagent
could not bve msasured since ths solutions were colorsd dark
brown by some of the reaction products, but tests with lead
acetate paper ghowed some sulfur left in the filtrate.

(3) The pH value 6: the solutions after sulfidizing was
high, being between 9.1 end 9.5, and bevoming higher with in-
ereesing amounts of the reagent added.

~ (4) No definite conclusions can be mede as to the ef-
fectiveness of sodium b1§u1r1¢e as a sulfidizing reegent from
the above data inasmuch as all attempts to measure the smount
of unused roaéént failed.
_ Hydrogen Sulfide

In thie,gerios of tests, numbered 31 to 39 inelusive,
water saturated with hydrogen sulfide was used as the sulfid-
izing reagent. The hydrogen sulfide was preparedvrrom iron
sulfide and acid. The sulfur content of the hydrogen sulfide
solution was estimated by the same method as used for sodium
sulfide and described on page 7, but the results were not
very reliable due'to the constant oxidgtion of the hydrogen
sulfide-by air during the determination. All tests were run
in stoppered Erlenmeyer flasks in order to keep losses of |
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sulfur by oxidation at a minimum. These tests using hydro-
gen sulfide indicétod the statements which follow.

(1) Referring to the results as giyen in table I, these
tests showed that if hydrogen sulfide was added to chryso-
colla apﬂ water the chrysocolla reacted with all the hydrogen
sulfide present, providing not more than one pound cr'hyﬂrogtn
sulfide per ton of solids was used.

(2) A dark brown coating was formed on the chrysocolla
by hydrogen sulfide, which coating showed well-developed
cleavage faces in bright sunlight. This coating became darker
with higher concentrations of hydrogen sulfide.

(3) About 0.25 pound per ton of hydrogen sulfide was
necessary to form a fairly dark brown coating on the chryso-
colla. The coating formed rapidly and all the hydrogen sﬁl-
fide was obnsumed aimost immediately.

(4) Satisfectory sulfidizing of chrysocolla by hydrogén
sulfide was obtained if the pH value of the solution was beleﬁ
7.6. At higher pH values the amount of sulfidizing was less
and at a pH of 9.4 thg aulridiéing reaction apparently ceased.
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2. NaOH was not measured as the pH value was the essential variabdle.

1. Acocuracy within one per cent.
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CHAPTER IV - EXPERIMENTAL VORK ON FLOTATION

The experimental work described in this chapter is clas-
sified according to the sulfidizing reagent used.

Sodium Sulfide

Flotation tests numbered 1 to 5 inclusive were made on
the chrysocolla-pegmatite mixture described in chapter II
using sodium sulfide as the sulfidizing reagent followed by
the addition of xanthate to float the sulfidized copper sili-
cate. The results are given in table IIa, and may be inter-
preted as follows:

- (1) If the amount of potassium ethyl xanthate, the col-
lector, was held constant and the amount of sodium sulfide
inoreased, the recovery decoreased with larger quantities of
sodium sulfide, with no appreciable effect updn the copper
content of the concentrate. ‘

(2) The most satisfactory results were obtained when
part of the xanthate was added before the sodium sulfide.

-(3) The generally low recoveries may have been due to
the buffer effect of the sodium sulfide, which held the pH
at 8.8 to 9.0 in all tests. In the sulfidizing tests de-
soiibed in chapter III it was pointed out that the quantities
of acid necessary to lower the pH sufrlcientiy would have
been prohibitive, so this plan was not tried.
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(4) No dlrfiéulﬁy was met in obtaining a stable froth
provided that 0.1 pound of GNS No. 5 pine oil per ton of
solids was employed.

(5) The chrysocolla was rather slow-floating in all
tests. | |

(8) Tests § to 7 inclusive were made omitting the sul=-
fidizer in order to show the effect of xanthate alone in
floating chrysocolla, and the results indicated that a sul-
ridizing reagent was necessary in order to obtain a fair
recovery of sopper. With the sulfidizer recoveries as high
as 90 per cent were effected whereas without the sulfridizer
the animum recovery was 47 per cent when using amyl xanthate,
which proved to be much more effective than ethyl xanthate.
The pH values of tﬁe tailing solutions were considerably
lowered if sodium sulfide was omitted. |

In this series of toati, numbered S'to 15 1nsluuivu,'
sodium sulfide and ammonium sulfate were added together in
the proper prqpérticnz to.sivu complete consumption of the
sodium sulfide. After a l0-minute conditioning period with
the sulfidizer and ammonium sulfate conditioner, the collec-
tor and frother wnia added, the pulp'eenditionad another
five minutes and the froth collected. The results of this
series of tests ied to the observations which follow.

(1) If the amount of collector was kept constant and
the amounts 6: sulfidizer and ammonium sulfate conditioner
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inoreased, the recovery increased. A satisfactory recovery
of copper was made usingvo.a pound of amyl ianthate, 0.5

pound of sodium au;fido and b.?S pound of ammonium sulfate

per ton of solids. The pH was 7.8 ﬁhan using this combination
of reagents, in the amounts specified, with distilled water.

(2) Any increase in the copper content of the concentrate
' made for slightly lower recovery.

(3) Substituting merofloat for xanthate and pine oil
showed that approximately the same éuantity of reagent and
a much longer conditioning time were recessary in order to
apprpximate the results made when xanthate was used.

(4) When an ethyl thio-xanthate was used in place of potas-
sium amyl xanthatevaa_tha collector for the sulfidized chrysocolle
the results were poor. _Hawover; if used in large quantities with-
out a sulfidizer and with a 30-minute conditioning period, the
thio-xanthate gave a satisfastory recovery but the concentrate
had a very low copper content. The ethyl thio-xanthate was
prepared by F. S. Wartman of the United States Bureau of Mines
Experiment Station, Tucson, Arizona, by the regular xanthate
synthesis aubstituting;ethyl mercaptan for ethyl alcohol.

(3) The substitution of tap water for distilled water
in sodium sulfide-ammonium sulfate flotation lowered the
recovery 20 per cent when amyl xanthate was used and 10 per
cent when aerofloat was employed. The pH when tap water
was used was one unit higher than when distilled water was
employed. The drop in iecovsry when tap water was used

was probably due to the soluble salts in the tap water.



rather than the slightly increased pH, since lowering the
PH value by udding,sulfurig acid 4id not affect the results.

Sodium Bisulfide |
A series of flotation tests numbered 16 and 17 was made

in which sodium bisulfide as the sulfidizing reegent and amyl
x#nthate as the collector were used. The following statements
are presented from an examination of the iosults as given in
table IYa. |

(1) The recoveries of copper in all tests were quite low
and the recovorj decreased with increasing amounts of sodium
bisulfide. |

{(2) since the sodium bisulfide decomposes to form hydrogen
sulfide and sodium sulfide the low recoveries may have dbeen

due to the presence of unreacted éodiun sulfide.

Hydrogen Sulfide |
In the first tests of this series, numbered 18 to 21

inclusive, the hyﬁfogan sulfide was added first and the pulp
conditioned for five minutes, the zanthate ana pine oil were
added and conditioned for another five minutes, after which
the froth was removed. From a consideration of the results
as givon in table IIA, the rollowing stutanont is presented.

| (1) The recoveries and copper contents of concentrates
obtained by the prooodure descoribed were unitormly low re-
gardless of the amounts of hydrogen sulfide and xanthato usod.



- A second set of tests, numbered 22 to 27 inclusive, was
run wherein the xanthate was added before the hydrogen sulfide.
The results of these tests ga-rocoréed in table IXa, may be
summarized in the tollowing'obaozvatlcns;‘

(1) when 0.1 pound of amyl xanthate per ton of solids
was used and the amount of hyﬂrogan sulfide added was varied
it was found that a fair recovery of copper was effected but
the recovery decreased if more than 0.3 pound of hydrogen
sulfide per ton of s0lids was used.

(2) Further tests with 0.2 pound of emyl xanthate per
ton of solids showed that the redcvery inoreased to 100‘por
cent with about 0.3 pound of hydrogen sulfide per ton of
solids and decreased 1f more hydrogen sulfide was used.

(3) In tests using more xanthate the copper content of
the concentrate was not improved. - ,

(4) In ell cases the copper content of the concentrate
was low when maximum recoveries were obtained.

(5) The fact that the most satisfactory flotation re-
sults were obtained when xanthate was present to react with
the freshly formed copper sulfide would indicate that the
sulride coating wns}vary readily oiidized and that the sulfi-
dized chrysocolla should be floated innpdiatoly.

(8) Several attempts were made to ralse the copper con-
tent of the concentrates in hydrogen sulfide-xanthate flota-
tion tests, and it was found that if xanthate was added first

followed by the stage additions of small amounts of hydrogen



sulfide higher‘grado concentrates were produéod but with ‘
'some sacrifice in recoveries. A ﬁogt on a low-grade xanthate-
. hydrogen sulfide concentrate containing 2.5 per cent copper
indicat;d'that a ooncentrate o&ntaining 10 per cent copper
could be made by one cleaning.

(7) Tests numbered 28 and 29 were run substituting
Minerec A for xanthate as the collector for the sulfidized
chrysocolla. In all of these tests it was necessary to add
sulfuric acid to the pulp es Minerec A will funotion as a
collector only in an aecid oircuit. Referring agaln to table
IXIa, the recovery with the use of Minerec A inoreased slightly
as the pH value of the pulp was lowered, but in no case was

over 65 per cent of the copper floated.

‘Hydrogen Sulfide with Tap Water or Soluble Salts
The laboratory tap water ocontained a fairly high eon-

centration of soluble salts, mainly calcium bicarbonate and
sodium chloride, with minor amounts of magnesium, sodium and
calcium aulr;taa, darbonntel and nitrates. The floatability
of chrysocolla when tap water was substituted for distilled
ﬁater was determined and found to be oéﬁsidorably reduced

and frothing to be much more difficult. The effect of the
salts found 1n.the tep water and other soluble salts wes then
1nv§atigatad by using distilled water together with such salts
in flotation pulps in the approximete concentrations as found
in tap water. In all tests, numbered 1 to 12 inclusive in



table IIb, constant qgantitiaa of xanthate and hydrogen
sulfide were usod in dfdor tb get coupdrativa résulta, Re~-
ferring to the results as given in table ITb, the following
oonolnaiana are given. |

(1) The results of these tests showed that if used in
the approiimnte concentrations as found in tap water, sodtun
ohlorida; sodium bicarbonate and potassium sulfate had very
little effeet on the reeovery of eopper or the frothing
power of pine oil. | "

(2) Caleium ehloride acted as a serious depressant for
chrysocolla but a stable froth could be maintained with pine
oil. | ‘ |

(3) Magnesium sulfate, magnesium chloride and ferrous
sulfate practically prevented the formation of a froth.
Although magnesium chloride and ferrous sulfate depressed
chrysocolla considerably, megnesium sulfate had only a slight
effest upon recovery.

(4) Perrous sulfate lowered the pH considerabdly but the
addition of lime 4i1d not improve the copper recovery bdy in--
ocreasing the pH value when ferrous sulfate was used.

(5) Greatly inoreasing the hydrogea sulfide added raised
the recovery considerably in the case of ferrous sulfate and
magnesium chloride. ‘

(6) The aadition of a proprietary frother known as
Duponol WA Paste fmproved the recovery when saleium chloride



or magnesium sulfate were present. This reagent is a com~
meroial sulfated aleohol, possibly sodium lauryl sulfate.
(7) In general it may be said that the proaonéo of
soluble salts necessitated an inorease in the amounts of
sulridizer and frother found necessary for the successful

flotation of chrysocolla.

drogen fide as ied to Ores

Since the most satisfactory results on the synthetio
chrysoocolla-pegmatite mixture inro obtalined when using
xanthate and hydrogen sulfide, this eombination auégolted
itself as the best to try on ores. A series of tests num-
bered 30 to 33 inoclusive in table ITa, was run on Miami
mixed ore which had been ground through 100-mesh, partially
deslimed, and the aulfides removed by regular xanthate flo-
tation. From the results of the above tests the following
obaervntions may be mado.

(1) A satisfactory recovery of copper was not effected
in eny of the tests and the copper content of the concentrate
was uniformly 10&. 4

(2) Ir the amount of hydrogen sulfide was kept oonstant
the copper content of the concentrate inoreased slightly with
an inorease in th§ quantity of xanthate, but the addition of

" over 0.4 pound of xanthate per ton of solids was not warranted

considering both expense and results.



(3) The use of hydrogen sulfide was found necessary in
order to effect any recovery sinoe grtonucoldrod.QOppor
minerals 41d not eppear in the froth until after the addition
of hydrogen sulfide.

(4) The slime in the ore was blackened rapidly by the
hydrogen sulfide and the poor results may have been due to
contamination with this slime.

(5) Assuming that the oxidized copper minerals in this
ore were properly liberated by the degree of grinding em-
ployed, the resovery by hydrogen sulfide-xanthate flotation
was unsatisfactory. Testwork to determine the exact nature
of the ocourrence of chrysocolla in this ore is deing carried
on at ptouonc by the United States Bureau of Mines Experiment
S8tation, Tuocson.

] eous Flotatio

xzporimsnfl numbered 35 to 37 inclusive were run on the
lyntﬁatio ohrysocolla=pegmatite mixture in order to test the
ponilblc application to flotation of ochrysocolla of a new
reagent known as DLT 698, a modified soap of a fatty acid in
which the alkaline earth base has been replaced dy an organic
base. The results of the above tests indicated the statements
whioh follow.

(1) Chrysocolle was not noticesably floated by using DLT
698 alone in any quantities up to 0.5 pound per ton of solids.




(2) The addition of hydrogen sulfide to a pulp pre-
viously oonditioned with DLT 698 did not result in the flota-
tion of any copper. |

(3) The addition of DLT 696 to & pulp eonditionsd with
xanthate and hydrogen sulfide gave the usual recovery for
this type of flotation, lhowiné that DLT 698 4id not inhibit
the flotation of chrysocolla.

(4) The use of DLT 668 with xanthate and pine oil gave
very satisfactory recoveries when th‘ DLT €98 was added be-
fore the xanthate, the copper content of the concentrates
‘boing essentially the same as thgt obtained from xanthate-
hydrogin sulride rlotation,

(5) Lnboratoﬁy taj water 4id not interfere with flota~

tion when using DLT 698 and xnnthatc;'
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‘substituted for distilled water

sulfide added first

dded first

7. Xanthate a

4. Thirty minute conditioning period
8. Miami ore

3, Potassium amyl xanthate

5, Tap water
6., Hydrogen
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1. Potassium amyl xanthate

2. 0.01 lbs. per ton Duponol frother

3. Lime added



CHAPTER VY - CONCLUSIONS

From the Tesults of the experimental work on the aul-
?idizing and flotation of chrysocolla as deseribed in this
peper the conclusions which rollmi were indicated.

(1) Pure chrysocolla was satisfactorily sulfidized by
the use of sodium sulfide together with an ammonium salt or
by hydrogen sulfide alone.

(2) Satisfactory flotation of ohrysocolla from a syn-
| thatic»ehryaocolla-pagnatita nixture was attained by flota-
tion of the sulfidized mineral when the usual collestors for
ocopper sulfides were used. |

(3) Successful flotation of chrysocolla was also obtained
by the use of a combination of xanthate and a modifled soap
without resorting to preliminary mmam.

(4) The results of tests on Miami mized ore were un-
satisfaotory from the standpoint of recovery of oxidized
copper minerals.
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