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bin with another belt conveyor, 14" x 192', traveling 192' per 
minute. This bin is of cylindrical steel construction and h~s 
n live capacity of 210 tons. 

The crushing is done on one a-hour shift. 

The ore is conveyed from the fine ore bin to the ball 
mill by a 16" x 27' belt conveyor. This conveyor is driven with 
a vari-speed motor. the ball mill is a 6' x 8' Eimco overflow 
type ball mill, running at a speed of 27 revolutions per minute. 
The ball mill discharges into a 48" Akins type spiral classifier. 
Chilled 3" cast iron balls are used as the grinding media. These 
balls have a brinnellhardness of 450-470. The ball consumption 
averages about 2.3 pounds per ton of ore milled. Manganese liners 
are used in the mill; the liner consumption averaging 0.227 pounds 
per ton of ore milled. 

Al though the texture of the ore and the dissemination 
of minerals is not uniform, an effective liberation of the miner­
als is accomplished by grinding the mill feed to a~roximately 
68% minus 200 mesh. A finer grind would not be warranted economi­
~ally. Laboratory tests indicated that with a much finer grind, 
more zinc would be introduced into the copper concentrate due to 
sliminb. 

COPPER FLOTATION 

The rougher copper section consists of 8 - #18 Denver 
Sub A cells. The cleaning section consists of 2 - #15 Denver Sub 
A oells. The feed, after. a condi tioning period of 10 minutes, 
is taken into #1 rougher cell. The product from the first 3 
roughers goes to the cle~ners for one cleaning and the product 
from the last 5 rougher cells returns to #1 rougher cell. The 
cleaner tails are returned, without regrind~ng, to #1 rougher 
cell. 

Neither the Republic nor Mammoth ore is readily amenable 
to copper flotation. The copper is difficult to promote and floats 
slowly. This is due somewhat to the water available for milling. 
About 8% of the water has a pH of 7.$ and is supplied from the 
Republic Mine. the remainder has a pH of 8.6 and is pump~d"from 
a well near Willcox Dry Lake in Sulphur Springs Valley, 8t miles 
from the mines and mill. This water combination, together with 
reagents introduced into the copper circuit, produces a pH of 
8.6 to 8.8. the pH in the copper circuit was lowered to 7.3 with 
the addition of Sulphuric Acid. This resulted in a lower copper 
tailing but a higher percentage of zinc in the copper concentrate. 
Determinations of pH suggest the possibility that some of the inter­
ference may be due to various salts in the water. Analyses of the 
waters used show high contents of chlorides and bicarbonates, with 
a small amount of fluorine, but to date we have not been able to 
isolate anyone of these as the known interference. 
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Many reagents and reagent combinations have been tried. 
Thiocarbanilide 130 is used as the main collector for the copper 
with a small amount of Potassium Ethyl Xanthate - Z3. Z3 only 
was used for a short time, but the Thio.-130 proved to be much 
more selective, pulling less zinc into the copper concentrate. 
When using the Thio.-130, a lower copper content is realized in 
the copper tailing if a small amount of Z-3 is added to the cop­
per condi tiorler ::md also if a small amount, mixed 50/50 wi th 301, 
is fed to #4 copper rougher cell. 

Sodium Cyanide, Calcium Cyanide (Aero Brand), Zinc Sul­
phate, Bodium Sulphite and Reagent #505 have all been tried as 
zinc depressants and inhibitors. Sodium Cyanide was used for some 
time as the main depressant but Calcium Cyanide was found later 
to give much better results when fed in the dry form. Some 
of the better metallurgical results w.:.)rc realized by using Calcium 
Cy~tni.de, which are probably due to the lime content of the Calcium 
Gynnide having a beneficial effect on the water; the lime combines 
with the bicarbonates, forming calcium carbonate and calcium hy­
droXide. Sodium Sulphite is used in conjunction with the Calcium 
Cyanide as a zinc inhibitor and has proven very satisfactory. In 
addition to its inhibiting effect, it produces a more brittle 
copper froth, floating the copper much faster. Zinc Sulphate is 
also fed, as a zinc inhibitor, to the copper cleaner cells. Re­
agent #505 has a good depressing effect on our zinc but trouble 
was had in reactivating the zinc in the zinc circuit. It could 
be reacti va ted in an acid circuit. ~vhen thi s was tried out the 
zinc recovdry was much lower Clnd the zinc concentrate contained 
more insole than in th~ present alkaline circuit. 

DuPont Frother B-23 ~~d Cresylic Acid were both tried 
as frothers in the copper circuit. The alcohol frother produced 
a much lighter froth than Cresylic ACid, pulling less zinc into 
the copper concentrate. Pine Oil is used in conjunction with the 
B-23 so as to make a little stronger froth. Better results are 
obtained when the Pine Oil is fed to the ball mill. 

Reagent #425 is used as a sulphidiz~r when enough oxides 
are present in the ore to warrant the use of it. Most of the ores, 
however, do not contain enough oxides or oxide coating to require 
the use of a sulphidizer. 

Reagent #242 showed possibilities as a frother and col­
lector in the copper circuit when tried in the laboratory. ~hen 
used in the mill circuit, however, a high grade copper concen­
trate could not be obtained. 

Minerac "B" was tried in the copper circuit, but when fed 
in the most minute quantities possible it pulled zinc immediately. 
It, therefore, was not used in the copper circuit but is giving 
very satisfactory results in the zinc circuit. It lowers the 
copper in the Final Tailing considerably and also lowers somewhat 
the zinc in the Final Tailing. 
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Soda ash was tried for some time in the mill and produced 
a little highar copper concentrate, but too much copper was sacri­
ficed into th2 Copper Tailing. 

Calcium Cyanide, Thiocarbanilide - 130, Sodium Sulphite 
and Pine Oil arc fed to the ball mill. Z-3 and B-23 are fed to 
the cop~er conditioner. 

One of the major problems in the copper circuit is the 
variable amounts of cyanide needed to satisfactorily depress the 
zinc. Ore from some sections of the mine consume much more cyanide 
than ore from other sections. The reason is that some sections 
of the mine have more metallic copper and soluble copper salts 
than others. The cyanide consumption of Republic Ore varies from 
as low as 0.10 pounds per ton of ore to a high of 0.60 pounds per 
ton. Flotation operators have to learn to observe these changes 
in the ore and adjust the cyanide accordingly. If the cyanide 
is allowed to remain too high, much of the copper is depressed 
along with the zinc, and if the cyanide is not fed in sufficient 
quantities to dissolve the soluble copper salts present, the zinc 
will immediately be activated. Various methods have been tried 
in attempting to titrate for free cyanide in the copper circuit, 
but to date none has been satisfactory. The interfering elements 
in the titrations are the soluble sulphides present in the circuit 
which prohibit the use of the standard Silver Nitrate Method. 
.' . 

The cyanide irrogularity could be overcome somewhat if 
the ores from the different sections of the mine could be more 
thoroughly mixed. Due to the inabllity to thoroughly mix the ores, 
the Mammoth ore has to be milled separately from the Republic ore. 
The reagent consumption when milling Mammoth ore is the same as when 
milling Republic, with the exception of the quantity of cyanide 
required. The Mammoth ore contains more oxidized copper minerals 
and metallic copper than does the Republic ore. The cyanide con­
sumption is therefore higher, ranging from 1.5 - 3.0 pounds per 
ton of ore. Calcium Cyanide is replaced with 8od~um Cyanide when 
milling Mammoth ore. Calcium Cyanide when fed in this large 
amount builds up such a high lime content in the mill waters that 
a satisfactory copper tailing or concentrate can not be made. 

Return water can be used only to the amount of approxi­
mately 700 pounds per ton of ore or 20% of total water used. This 
varies somewhat as again the lime content is the controlling 
factor. v~hen milling the Republic ore, where the Calcium Cyanide 
consumption is below 0.5 pounds per ton, 700 pounds of return 
water per ton of ore produces the best metallurgical results. 
Return water, used accordingly with Calcium Cyanid~, is very bene­
ficial to the copper flotation. The same amount of lime fed to 
the copper circuit has the same effect but, of course, would be 
at an additional cost. There is no overflow water from the concen­
trate thickeners used for return water. This water introduces a 
reagent build up that is uncontrollable in the copper circuit. 
Only overflow water from the tailings thickener is used and no 
trouble is had with reagent returns other than lime, as above 
mentioned. 
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Th\J pr0sent I'cngen t combinn tion ,md ccnsump tion for' the 
COpp~I' circuit is ~s follows: 

tiEPUBLIC 01m: 

To Ball Mill: 
Calcium Cy ,::nid E.: - 0.20 - 0.50 pounds per ton ore 
Thiocnrbcmilide-130 - 0.11 " " " .sodium Sulphite - 0.33 " " " Pine Oil - 0.009 " " If 

'1'0 Copper Conditioner: 
B-~?3 - 0.12 " " " POLi.3Si um ~thyl Xnnthate-Z-3 - 0.02 " " " 

To #~. Cu Rougher Cell: 
Butyl ~Qnthate(second3ry)-301 - 0.01 " " " Potassium Ethyl Xnnthate-Z-3 - 0.01 " " " 

To Cu Cleaner Cell: 
Zinc Sulphate - 0.11 " " " 

MAi\h'l10TH ORE: 

Rengents are the same as for Republic ore except that 
Sodium CY8.nide is substi tut0d for Calcium Cy rmid0.i'he consump­
tion of th~ NaCN varies from 1.5 - 3.0 pounds per ton of ore. 

Th8 copper recoveri e s for two typical month's run of 
Republic ore, using the above reagen t s(:tup, are as follows: 

Ass2]l ~ ~ ~ 
% Cu % Cu % Cu % Cu 

Head 1.94 100.00 . Head 1.38 100.00 . 
Gu Conc. 29.99 84.27 eu Conc 30.51 75.37 
Zn Conc. 2.38 11.94 Zn Conc. 2.52 18.49 
Tailing 0.087 3.79 Tailing 0.098 6.14 

T111.: averclge copper recoveries while milling Mammoth 
or~ al' e e.S follows: 

H\.:ad 
Cu Conc 
Zn Cone 
Tailing 

Assay --
%Cu 

3.13 
30.20 
4.52 
0.21 
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100.00 

83.75 
10.62 

5.63 
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OPERATING CO;.jTS: 

Following are '~he cc s t:... per ton of ore at a milling 
rate of 190 tons p~r 24 hours: 

L:lbor -
Power -
rteagents -
Supplies 
Balls -
Liners -
Misc. Costs -

$0.95 
0.28 
0.35 
0.25 
0.07 
0.06 
0.01 
~ per ton of ore milled 

The above cost shown for labor includes the 13 regular 
mill men plus mill supt. and also all repair and maintenance 
labor. The above costs do not include workmen's compensation 
insur~nce or t~xes. General supervision, office or assaying was 
not allocated to the above costs. 

The reagent cost breakdown is a s follows: 

Calcium Cyanide 
Copper SUIEhate 
Processed ime 
Xanthate 301 
Xanthate Z-3 
Cresylic Acid 
Sodium Sulphite 
fhiocarbanilide-130 

$0.026 
0.053 
0.078 
0.037 
0.005 
0.009 
0.025 
0.043 

Alcohol-B-23 
Zinc Sulphate 
Minerac "B" 
Pine Oil 
Sodium Cyanide 
Reagent #425 
Ferrous ~ulphate 

Total 

$0.017 
0.006 
0.006 
0.001 
0.031 
0.001 
0.014 -

$0.352 

The above cost per ton figure is for the total tonnage 
milled of both Republic and Mammoth ore. ~odium ~YG.I1ide and 
Ferrous Sulphate is used only on Ma~~oth orc. The average cost 
per ton of Mnmmoth ore milled is 29¢ for Sodium Cyanide ctnd 14¢ 
for Ferrous Sulphate. 

COBRIZA DUMP 

The Cobriza Dump is an old reject dump for sorting opera­
tions on Republic ore mined during 1912-22. This dump consists 
of coarse ore, plus 2". It is milled occasionally when sufficient 
tonnage cannot be supplied from the Republic and Mammoth mines. 
The metallic content averages about 1.0% Cu and 2.0% 7~. ,One 
would expect considerable oxid~tion during the 26 year minimum 
period it has been exposed to moisture and air. However, the oxide 
content is nearly the same as in newly mined Republic ore, about 
0.04% eu and 0.11% 2n. A little more oxide coating can be seen 
than with Republic ore. 

The reagent combination for flotation of the dump ore 
is nearly the same as for Republic ore. The main change is in 
reagent consumption. Thiocarbanilide and the Xanthates are cut 
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Phone ELgin 9-9962. 

DESCRIPTION 
......... .... Jt AlAft 

falls 

Qone. 

,est S,-2: 

'al1e 

Cone. 

GOLD SILVER WET LEAD COPPER 
NC. OLINCES DUNCES % % 

0.6 1.25 
17.0 53.90 

0.2 

19.4 
0.2' 

41.60 

CHARGES $ .1 •• %81'018. 

ZINC 
% 

INBCL 

AS,SAY REPORT 
MINERAL SERVICES, INC. 

ASSAYERS & CHEMISTS 
,,'. 

Merwtn G. White, Preisfdent 
Don Johns, Vice-President 

158 South West Temple Street 
Salt Lake City 1 , Utah 

ASSA Y PER TON OF 2000 POUNDS 
VALUE OF 

% % % % GOLD PER TON 

ax. Cui 
o.4q 

".4, 
0.1,5 

,.4S 



30 So .. MaiD·it. CJI h ~ {n\ t 
P. O. Box 1881 ili at 0' 5 C' ~ S 5 a ~ \!ljj f I i JC .e 

~\tgist~rtb: ~s$ag£rs 
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Sample SUb~tted by Mr .............. L2tI. ........ -................... , ....... '~.£4~ . ., ..................... "6". ...... -... _ ... _-

I GOLD GOLD SILvER COPPER I "" ~ '··p··-;,c.r :~~n~t1.. -p···e··r····J.
t
····· . SAMPLE MARKED Ozs. peX' ton Value per ton Ozs. per ton Per cent Pe nt .. ...... ~. 

ore ore I) ore Wet i:.ssay 'We' __ §say Wet ASsay Wet Msay II 
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--------~~~~~-~-+---+---+-~----i-----~ ~ .-. \ ...- ~........ '--il 
----~-lI"li:liI--.-,-- ... 'l~~l;.t" ",1,-,-11---1 __ 11 

~~~-~~~~~~~~~J~~I~~~~~~~~r~~,-r-T--1 
~- f 11 

--i----......---l~-----::;;". I 
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30 So. Maia St. 
PHONE MaiD 2-0813 

P. O. Box 1889 
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-----------l----4----+----.-+--+----+--_+----it__--i----------1~---+----I----~-
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Very respect~ /::J / 2 
-····~·····~7Yd.t:d .......... . 



30 So. MaiD St. 
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7ti V C!' . (;II~ I - - '--

'7 - .-6 IA~ ~.7 -di% CI 
,... ..-

t;I~' 

.. - • ~ 1/ 
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$ Gold Figured $35.00 pert oz. Troy 
Very respectf~~&J ~~ 

Charges $ .. /cJ. .. ~!. __ .................. 
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