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First day on location, no metallurgy, but worked around the laboratory
cleaning up.

Much the same as March 1. Crushed ore with hasmer to size it for the
cn}sher.

Calculsation of boiler horse power to heat leaching solution for 200 tons '
of ore. Determination of volume of water to just cover the 200 tons of

Ore per vat was made on a sample of 200 mil volume (266gms) of(-~9plus 20)
mesh sized ore. The volume of water required to fill the voids in this
sample is 85ML. On a second sample-not used in this calculation, but
determined on & sample of the ore containing slimes,fines and oversize

the volume of water to cover 200 ML of the ore was 113ML. This indicated
that the bollsr horse power required is suvject to the sige of the particles
in the crushed ore and final determination should not be caleulated until
—the sige of the ore feed and consequent volume of water is determined,

200 ML volume of (-9 plus 20) mesh ore = 266 GM weight of water to cover
200 ML ore - 85 GM. Ratio of volume of water to volume of ore = 85/200

- .“'25 = “2.5 % voids. !

. ...~.iom.aas_=.35 = 85 tons water for 200 tons of ore. Qperating temperatures

of losch solution is to Re 175°F. Assumed temperature of the water supply
is 40° F. 175 -40 = 135" F. Temperature rise for the leach solution.
Tons xIbs/Tons Temp. rise o
85 x 02000 x 135 = 22,950,000 = BTU to heat batch of water from 40
to 175 Fe :
BTU value of fuel oil = 18000/gallon. '
22,950,000/18,000 = 1275-galions fuel oil to heat 85 tons of water charged
to each leach batch, for 135°F. temp. rise.
1275/2% = 531 = Gallons per hour of fuel for 24 hour periocd.
1 BP HauT = 2.545 BIU. | .
x 18,000 = 37.3 = 37.3 HP Boiler to heat water in leach from 40° r,

2
to ].753 e in 24 hours, ' :
The heat load for the ore is based on specific heat of quarts or 0.24% BTU
1 1b equivalent to approx. 5 gal. fuel for 24 hrs.

3_k-67 On job umtil 3.00 PM waiting for an outside fire assay.
Monday .
3-6-67 Leach Test
16 oz. ore 5 N. solution of Ma(H
6.8 oz, vater ' for leach solution
192,44 K 38,49 GM NaCH
5 ) .
Results: Two days leaching time. 5N.NaCH solution will not extrace all
of the copper and as leach progresses, the leached copper axidiges and
drops out of the solution, becoming mixed again with the ore. Results
Unsatisfactory, .
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Wednesday
3-21-67

leach #1

leach #2

March 23, 1967

10.50 A.M.

1 1b ore (plus 9 mesh)(some %'' size)
80 GM NaCGH. 10 NaCH in 200 ML H, 20

50 GM (Mik4), SO

water first added to orc, then NaCH, then 40 GM (M,),SOy. Heated to 180°F. .
Addition of Ammonium Sulrvhate czused very strong reacfion between hot

NaOH solution and the (I\m’)oCa. tuch ammonia escaped. This also weakened
the NaCH solution. At 30 mirutes the leach was incomplete. At £0 minutecs
the leach was very near complete. Tne ore was stirred frequently during = -
leach,

leach began 8.05 A.M.

leach ended 9.30 A.M. 1 hour 25 mimtes.

The lsach solution began turning black in color indicating insufficient
caustic, This required an end to the leach. CuQ did not adhere to
tail:lngs.

1 b, ore (Pln' 9 m’h) Sqme as #lo

- 80 Om. MaCH

200 M1 H20
10 G (m)zsm Amordun sulphate to be added only after leach bas
mearly completed with caustic,

Start: 10.00 A.ﬂ.

11,10 leach solution turning black. Added the (Miy).8Q; 10 grams,
Decanted ard washed 11.15 A.K.

~—The--Ammoniun Sulphate did not redissolve the copper axido.

Testing sclvent power of (N, )25y

b § lb.
uﬂ,‘ = SN, solution

-Stu‘t 2.20

E

.Q‘o(plu.l9-esh)

13

80

200 ml. vater
20 ga. Urea

* Water. added to 8" then caustic added to make solution, Heated to 175°F.
(plus or mimus 5° F.) ‘ ’

10 gn. urea added after 15 mimutes leaching, then 10 more gms. urea at
20 mimutes of leaching, No violent reaction between caustic and urea.

A slight odor of ammonia was perceptable.At 30 mimutes leach the solution
was decanted from ore. Hamd picked the greemish-colored particled out
of the tailings. The copper did not form the oxide after dissolving to
the utont of former tests, Volume of copper bearing solution approx. -

80 gun, MaCH ’ : _

added to water covering ore. After 35 mins. leaching at 175°F. added

25 gm. Urea. to hold copper in solution. Contimuied leach, The copper
oxide began forming. £Emded leach. Decanted caustic solution from tailingse
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3-23-67

3-2l67

8.20 AM.
8.40 A,

9.30 AM

10.30
10,50

11.55

Sxalfid

1 1b. ore , 200 ml water, 80 gms. NaOH, 25 gm. Urea, all mixed together
dry, then added water. '

12.55 P.H. stal"t ' -

3,00 P.M. Faint odor of ammonia. Temp. 165°F. Copper axide is not forming.
3.40 P, K. The black copper is forming. End of leach. Heated tto long.
Cu0 formed too much. ‘

Isach £ &

4,00 PM, Tallings from # 3 leach above.

Add 80 gm Naou,ozoo ml water, 25 gm Urea.
k.15 P.M. Temperature 187 OE.
' 2 180

4,20 o
422 . 190°F.
“ozs . . 2000 F'
b " 175° F

»4.?.‘50 1sach ended

200 pa Tallings from leach #2 of 3-23-67

Start lsach of Tailings S
Leach removed from heat. Oxides forming. Indication is that oxides form
shen sarbonates are diasolved complstelye.

Sh 1bs. Ep50 . $ 16.20 118, B0k - o0 los = 1.8

13 os. MeCH - .27 .~ los. R Z 2.07

Acid lsach starts
1 1b. cre, 80 grams com. HySQ,

End of acid leach. Decanted and wasned Tailings.

Tallings from u;id treatment after one washe Add 80 gm. MaCH plus

- 25 on Urea, A blue oolor appeared around the dissolving caustic. A brown
flecoulent precipltate formed and floated in the solution. Temperature

160°.180° F, o |

Yery heavy brown flocoulent has separated from the ore.

Exd of caustic leach of tailings from HpSG, acid leach,

The purpose of this best is to determine the efficiency of Sulphuric acid
in lsaching the silicified copper ore.

1, The cost of H,SQy amd NaCH are approximately the same at retail price.
2. The Sulphuric acid is far more efficient than caustic ina one-leach
" treatment, There is formed no copper oxide iu tne acld leach, No
‘serubbdng equipment is required. The electrolybe is in a form to - -
produce copper instead of copper axide, which forms on electrolysis

of a caustic solution. »
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3. The temperaturc of the leach may be less for HpSO4 without

-~ limiting its efflciuncy.

4. Separation of ccrivnaccour ore from silicified ore may be done,
by screening as tihe carconites are softer, and form ore fines which are
to be screened out. A caustic treatment is the only practical method

of extracting copper from the caroonate ore.

Friday 3-31-.67 leach Test This size crush is too coarse for nommal leach.

Ore: oversize on § " screen of softest ore available, 1 1b. ore,
200 ml H50, 80 gm NaCH, 25 gm Urea, 50gm, sucrose.
start 7.45 All. 8.20 AX Black ppt appeares to e forming-Temp. 160°F.
8435 Solution turning green
10 grams copper per liter = 1% copper solution
100 grams Cu/L -~ 10% Copper solution

8.50 Solution wher stirred appeares lizht brown in color due to iron hydroxide.
9.00 Solution beccmes red, especially at point of heating. Temp. 180°F. Red
color most likely due to Cu. See page 695 Schlesinger.
10.00 Decanted and scrubbed tailings.
10.10 Tailings from the first treatment plus 200 ml HpO plus 80 gm NaCH at
180°F,
10.20 Solution turned blue but copper content building up.
10,50 Copper blue solution beginning to change to black color. Leach contimued
through noon hour. 2.20 PM Temp. 175° F.
3.30  Temp. 200° F. The flize was cut down.
4.00 Decanted solution blue to plack in color. Placed on hol plate and heated

much more, Red copper formed. Bright red color
4,25 ~ Decanted solution from scrub and washing tailings. Color changing to
green after adding 2 spoons full of sucrose and heating. As solution

warmes a brown color formed after green. Added plus or mimus 5 gms. NaCH
Sclution began boiling and the red color increasas,

4,36 Color becoming bright red.
4,45 Added 1 tsp. sucrose
Lol-07 Test on screen size. Set up electrolysis unit. Test on screen size §o

determine maximum size of particle in feed, Electrolysis unit operated
Saturday night and was cut off Sunday. 3.76 gm copper and axides after
-slimes were washed off. G5limes contained metallic coppers

e




4=3-67 1 1b. of ore from the pan contiining (-.20") particle size including
Monday very fines. Previous leach tests have been made using 17.62% of the
weight of the ore as added weirat of cuaustic., 80gn [aOH 250ml H,0

10 ml sole

This test is made using 10% of the weight of the ore for NaCH.

l&g = U454 gm NaCH

11.00 AM Start leach. Total water 400 ml to cover,

11.35 Caustic solution too weak.
- 1140 Add 33.6 gm. NaGH Total NaCi 80 gme. Immediate strong increase in blue

' colore Add 200 ml more H,0.

12.00 leach removed from heat., Ore stacked ocut of solution.

1.00 leach restarted.

1.10 Temp, 196° F.

1.22 Tempe 182° F. 200 ml H,0 added.

445 End ocaustic leach, No reagents but NaCH.
b 367 Tallings from above leach with slimes leached with 80 gr. Ha2sQy, Temp.
Tuesday to £00° p, ' -

Standardizing caustic solution weight 1.0211 o Potassium acid, Phthalate,
and Titrate with KM solvtion, Titration & 98 (9.9 irmediately after

titration.) 10 . 0x1,8201 N.0101 x5 o8 0,505 Normal KCH.
. 9.9 B
Hydrochloric acid titration = 2048 ml KCGE using 25 ml HEL by pipette,

Titration for g HCL would have been 24475 ml of KGH 4if KOH is 0.505 No

4.6-67 - 1.0211 gm Petassium acid Phthalate requires 10,2 ml g KCH.
10,0 m1 std 8 HCL required 10.2ml of std. K, HCL checks with Potassium Acic
Phthalate welghed and is exactly %{HCL.

ror@g,.z x Qijg = 0.4501 N.KGH

2 liters require 56.10 X 2 _ 5510 gn for full charge of KCH
2200 X2 2 5610 gm for | ge of Kl

L of 56,10 - 0.561gn  80% (1600m1)
100 oo 8
JiB8gn  apprax. o5 gn K

L.5-67 Test on ore fines in HCL leach.
1l 1b, ore fines

160 gm HCL, comm. Diluted before adding to the ore to 400 ml.

10,10 AM calcite fiszzing stopped, some slimes but not so much as pep HoSQu

10,20 *

10.25 | There is a dissolving action with formation of minmute bubbles going on
throughout test,

11,30. Many particles have become red in color.

3.00 PM Discontimied leach. A small amcunt of HCL on thq red particles removed the
red color.

-5=
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L_6-67 Electrolyzed the HpSQ4 leach on batch for April 3rd, second leach on that
date. This product is acid recovery after caustic leach,
10.30 AL Added 3% ml stolb (com) to neutralize MaCH in caustic leach of Heads on

Sample april 3rd, same sample later leached with HpSQy,
5 ml of leach solution required 1.3 ml N KCH

1 ml HySQ, conc. requires 50 plus 29 = 79 ml g KCGH washed out papette

1 ml conc HpSUy papette drained only, not washed = 73.4 ml g KOH

‘ 1 ml conc. HoS ’ ' ;
4-10-67 | nc. HpSQy titrates 73.4 ml g KCH
below ‘
- Qﬁutive Leach
1 1b. ore fines pulverized(approx. 100 mesh)
400 ml water plus 10C ml
80 ml HpSQy -
100 ml grac.cyl = 135 gm
80 ml H5Q4 cut plus cyl = 280 gm
260 - 135 - 1“'05 M = cut of HZSQJ,
135 ~Start heat
145 Sampled acid solution for initial acid consumption 1 ml sample from
580 ml. 1 ml dilute H2SQy solution after 15 min. contact with ore =
“o2 B N ki, Temp. 1600 F. 73.4 X280 = 5872 ml ¥ KGH (for total 80 gr)
580 x 412 = 2436 ml N KOH subtract 6 ,
~ Z _%F'bquivalon‘b of HyS%% used
2,40 End‘ leach. Microscopic exam indicated no soluble copper on ore
3.30 Decant settling started
4.10-.67 5,350 ml of electrolyte fe‘overed---Zj ml. for assay titration 26,0 ml
Monday 2640 x 0,00522 = 0.13572 gn. Gu in 25 ml leach sol.
_jggg_; 24 0.13572 x 214 = 29.04 (gm Copper in leach sol)
29.04 . ,064 - 6.4% Cu in ore recovered.
45k
4-7-67 Standard solution of Sodium thio sulphate
Friday 39.04 gu / 2 liters ( Map Sp C35Hz0) N
o x 12 :
41124

H2304 solution does not digest Cu0




4-8-67

v Saturday

4.10-67
1,00 PM

R athicie AL

‘Wt.of copper for standarcizing = 2353 gr. (Scott -P193. p 140-1)
This titration = 45.2 nl.
84 ml. more water to stl. ( can not mcke out next word)

10 gr. aanplé of tailings from HpSW leach to copper analysis.

Weight copper -~ 0.3338
Titration = 63.5

For Standardizing Hypo 52.56
grams copper per ml Naz 52 03 5H2 . .00522 & .005256

1 1b. soft ore fines pulverized to plus or mimus 100 mesh

add 400 nl water
add 80 m1 ( 145 gm) comm. sulphuric acid

leach time - 1 hr..
-YWashed lsach residue 4 times by decant

Volume electrolyte recovered = 5,350 ml.

26,0 Tatrix 0,13572 = +13572 x 214

Copper in electrolyte = 29.044 gnm.

Percent copper &n ore recovered = 6.4%

Grams copper per Liter, electrolyte - 5.428 gn

... Gopper lsached per ton ore - 128 1lbs. »

Acid used by leach = 9%.84 gm/lb

Percent of com. HpSQ% applied to leach = 58.51%

Lbs. acid used by leach per ton ore, this basis = #418.5 1b.

Iron (Fe) leached, per ton ore = 22,236 1b.

lbs. com-acid per 1lb. Cu recovered = 3.27

Weight of Tailings recovered . 3875 gum.

Cu plus Fe203 plus Tailings = 447.59 gms.

Coppor in Tailings: 10 gm sample Titration = l.1 ml

Titration = 0,11 ml 1 gr. Tails
Factor = 1 ml = 400522 x 0.11 =~ 0005742 gm. Cu/gr Tails.

0.00057%42 x 2000 = 1.15 1b, Cu/ton Tailings




41167
Tuesday

8.30

8.45

9.00
9.15
9.30

9430
9.40
953

10.20
11.00
11.40

12.00
12.30
1.00

4.12-67

4-13.67

BAOH

80 grams MaGH in 400 m1l Hp0 = 20 ml gHCL std. Titration

Start leach , -
1 1b. ore 400 ml Hy0 80 gn NaOh are pulvarized to
Plus or mimus 100 mesh. '

Temp. 180°F

' leach is of creamy consistency. A&dded 100 ml HZ0

leach is soupy . , v
Microscopic examination of ore in leach reveals very low solvency of the
Copper in the ore, _

Added 80 gn more caustic, Color on surface of leach is darker brown.
Temperature-200° F. '

Surface of leach becomes very black when not stirred. Suggests keeping air
away from caustic leach.

Temp. 194° F.

Ieach almost dried out., Black all through cake.

200 ml water added. From then took 2 ml. to titrate. Titration = 18.7
caugtic valus

Fire off for lunch

Heat on

leach ended

Decanted leach. This is the caustic leach on sample treated 4e11.67
Elsctrolyzed H2SQ solution on test begun on 4-10-67

( on alumimum rule: 50(5 units of 10 each) space = 28" on the ruler)

Drying Tailings from sample for caustic leach. One pound of $his ore
finely pulverized occupies 400 ml space in cylinder.

Tested one pound of finely pulverized soft ore for separation of slimes
or very fine portion before leaching the copper ore concentrates of the

separation. There is a portioh of the ore that readily floats above the
heavier copper bearing mineral. There are very small particles bearing an
amount of copper that separates with great difficulty from the barren

slimes, Actual loss can be determined only by analysis.
16.20 divided by % = o 30 C.P.H2S%4 = 30 ¢ /1b.

8-




4-15-67

4-14.67

8 .45

11.45
12.30

3.20

4-17-67

4=15-67

4.17.67

Dry weight of slimes decanted = 76 grams. Estimated 80% of calcite is
in slimes, Slimes too high in copper to discard. Carbonate slimes
contain 8,98 % Copper (4-17-¢7)

The sample treabted 4-17-67 to separate slimes was used fér further test.
The concentrates were placed in a glass dish. Weight unknown but to be
determined.

Add 80 ml conc. HSOy

Add 250 ml water

Start heating. Indication is that most of calcite was removed from concts.
Very little frothing or gas formed.

Off for lunch

Returned to digest T heat.

Off heat. Leach completed
Filtering the slimes pulp. Settlement and decantation is much faster

. tahn flltering sands or slimes.

+10 ml of leach solution from consts of ore of leach on April 14, 1967
amalysed for Cu _- Titr - 13.4 ml Hypo.

«00522 x 1344 = 069948 0. 070 copper

3000 ml leach conct solution x 0.0070 gm cu/ml » 4021.000 = 21.0 gn Cu
recovered by leach solution, ,

76 x 0808 . 6.8248 we=--6,82 grams Cu lost in slimes cake (recoverable)
300 gn. Tailings from conct leach " '

6 :. in es

(see April 17, 1967 notes)

Separated slimes and dried them. Pipettes 10 ml from 10 gr sample

diluted to 200 ml. _10  x 10 _- sample.
| 55— e

Titration = 8.6 m1  0,00522 Hypo. |
600522 x 8.6 = JOW4B92 Or 0,0449 x 2 - 8,98 § Cu in carbonate slimes.




L.18-67
Tuesday

April 19, 1967

Wednesday
| 8.00 A M

3 8,10
8.30

8.45

9.00
9.15

ATTENTION

9.30

945

10.00

W ol o e e M =

strencth
of caustic

é

(

10 ml caustic concts from Agcril 11, 1957 analyzed. 1.0 ml of caustic

solution titrated. 0.3 ml std Hypo. Solution is blue in depth but

nearly barren of copper. uxamination of Tailings shows major portion

of copper comverted to oxide and remained with the tailings.

The aqua regia solution used to strip all the copper from the tailings

is heavily loaded with galatenous silica and is orange-yellow in color

finally yellow. It was on this sample that results indicated that the air ..
--should be kept out of contact with the caustic leach. ' :

2475 ml saustic leach pregnant solution

10 gn. sample tailings = 3.4 ml Titr. Hypo.

%19 grems tailings

WGy
1 Ib. saoft ore pulverized
80 gn EaCH 400 ml water

leach begims

Covered the glass dish with another glads containing water to collect
‘vapor asd prevent evaporation. A4lso to reduce air circulation in
ocontaot with lsach solution. ‘

200 ml more water .
Stirred oske. Temp. 1900-2000 Fe Added 100 ml water. No blackening

-,ottopd‘cm.

Stirred eske & sappled. Much of copper bearing ore is only slightly
Added 80 ga MaCH and 100 ml water

Stirred lsach. Added 100ml water.

Before adding NaCH at 9.00 AM, the pulp had & darker brown color and

the lsach solution appeared to have little copper in ite At 9.15 AM

the browm color was lighter and the leach solution stronger in blue copper
color,. . -

Anple water and enitficient caustic has resulted in a very satlisfactory
appearance of this leach. 3Slackening at the surface has disappeared. leach

solution is strong deep blue,
Saaple of the ore wasned free from slimes has many blue particles of ore

{ucompletely leached. Pulp is covered with a deep blue solution in leach
dish, Mo evident blackening at surface. The cover dish is kept half full

of cold water. _
Stirred leach pulp every 15 minutes to avoid caking and dead spots in leach.
Added 100 ml water. Pulp is clean light brown color in deep blue leach

solution. Sampled blue soclution.

1 ml blue solation = 10.1 m1 N HOL ,

Solution is 5 normal or contains 200 gn/liter of active caustic equal to
( 80 grams caustic in 400 ml solution. R

«10-




10.15
10.30

10.45
11.00
11.15

11.30

11.45
11.55
12.35

1.00

1.20

l.w

142
1.56

1.56
2.22
2.25

2.30

Ba20.67
Thursday

Stirred pulp. No additions to pulp.

Stirred pulp. No additions. Temp = 1809 F . 210CF

Scraped down sides of dish.

There is apprax. % inch of leach solution covering pulp. Pulp bubbles
but does not spatter.

Stirred pulp.

Stirred pulp. Sampled copper value in tails. Becaming less.

Stirred pulp. Color is clean light brown solids.

Stirred pulp. leveled leach Dish. Pulp temp. 1800 . 200° F.

Stirred pulp to flocculate it, open up to leach.
Added 200 ml water, stirred pulp. leave on heat for noon hour.
Removed leach from heat. :

1 ml. leach solution titrate 6.6 ml g HCL

. 646 = 3.3 = normality strength of active caustic
2

3.3'x 40 = 13.20 = 132 gn NaOH per liter or 52.8 gm. NaGH in 400 ml
leach dolution. :

Start first wash of Tailings by decantation

2nd wash of tailings started

End 2nd settlein

Start 3rd Settling

End 3rd settling

Start 4th settling

End 4th settling

Start filtering leached ore

volume of concentrated leach solution apprax. 300 ml

Weight, leach Tailings = 421 gm.

10 gn tailings for assay Cu. = 129.1 Titr.
10 m) leach pregnant solution for assag, Titr. = 0.25ml of Hypo

&otal volumo strong_ solution = 2550 ml.
dypo,-lgn sample tails =1 § ’

1 gn Tailings, Fe203 wt. = o 1579 gm.

-1l~




written
Thurs. 4-20-57

Ke22-67
Saturday

Na CH
Datat Caustic leach v 4.19-67
Leach time = 4.5 hours
Temp. = 160° 206° F

k54 grams ore --400 ml water --160 gnm NaCH

Lsach vat covered to preient contact with air, Ore stirred at 15 min, interv:
to assure full contact of caustic & ore,

Ore changed color after l.25 hours leach time, believed due to axidation

of copper caused by low caustic.concentration. 80 grams more caustic

added, bringing total caustic to 160 grams,

After two (2) hours leaching caustic consumption was 50% of total caustic
added. At end of 4% hours,leaching time caustic still available in leach
was 52.8 grams

Caustic consumed = 107,2 grams.

Copper leached from ore pregnant solution = (.00522) ‘9_,_2_21) ( 2550) £ «2652gm

Copper in Tailings, 10 gram sample, - (0.1) (.00522) (421) 28.365 gms.
Fe203 (iron axido) in Tailings = 15. 79$

Results of test made April 21, 1967,(on next page,) indicate the useful

progress of the caustic lsach ends as soon as black copper oxide begins
to form,

Next test using' caustic shall bes

1 1b. ore(same as used 4-21-67’

600 ml water

120 gm. caustic _

check regularly for CuO forming. Dip ocut spoonful sand and inspect
to fully determine if oxides are present,

Stop leach as soon as oaxides form.

«lle




Beginning of caustic ard acid leach, 1 1b. ore to each treatment. Ore
is 9 mesh with fines, an ore tnat is hardcr than leachings of (4-10)
and (4-19). Sample of 1 1lb..is cut by splitter. (small one)

CAUSTIIC
April 21, 1967 1 1b. ore
Friday 120 gn. NaGH ( 60 gm at 2.00 P.M.)
600 ml water '

* 2 ml of caustic solution (120 gm NaOH in 400 ml H,0) titrates 28.5 ml
Ot g,HCL, or 28.5_nonmal caustic solution,

10.05 1e3ch begins-leach vat(dish) covered to lﬁeep out air
10.15-stirred leach pulp Temperature = 2000 F
10,30 ° . . 1800 F :
1045 * " . " 190° F (no slime in leach)
11,00 " ' . " 1929 F (no cementing of sands)
11.15 ] " " (] 1830 F ® " " "
11.30 L . ] ] 1800 F * " LI |
11.45 U " " ] 1800 F *® L LI
12,00 * . . . 1800 F ® . -
245 v v 195° F( no water added up to this
time, cover
1,00 - » " " " 1789 F (condenses vapors)

Sands were sampled at 1.00 PM. Many particles are heavily loaded with
copper. The leach solution is very dark blue with copper. 2 ml of leach
*solution titrates 14.6 m1 N HCL- about 3 original strength
1,15 stirred leach pulp Temperature = 1740 F
1.30 ¢ ] " ] ]
1.45 . " . " 1600 F increased heat
* 1.55 adding 60 gm NaCH to leach :
2,00 stirred leach pulp, No cementing, Temperature = 180° F
" ]

2.15 " " " " 1900 F
2.30 " L] " " L] " 1850 F
2.45 . LI ) U ) 1800 F

¢ 2,50 2 ml of pregnant solution = 35,6 ml N HCL
3400 stirred leach pulp, No cementing, Tgﬁperature - 180° F
3.15 " . " . " 176° F
3.45 ] " ] " ] . " _ 1800 F

out leach 1 ml strong solution(Cu) titr. = 2.7 ml Hypo
( «00522) ( 2.7) (1000) = 14,094 gr Cu. sampled 2.50 P.M.
4,05 PM ending the leach ' ‘ , :
very heavy copper oxide deposit formed on Tailings. This was scrubbed loose
as much as possible and decanted from Tailings into beakers,

La22.67 Tailings ( dried residue, coarse sand) - 34 grams, Titrates(Hypo) 8.7 ml
Tailings ( fines and axides) = 56 gm s. 405 £lus Fe & Hypo = 12.1
’ F62°3 weight - 17.34 one gram sample ( source:coarse sand)
Strong solution 5 ml sample Titrate Hypo = 615
Copper in coarse sands = ( 0.00522) (8.7) (349) = 15.81%% gas.
Copper in fines & o<ides (0.uu522) (1:1) (56) = 3.5371 gms. »
Copper in strong solution, (i liter) - (0.00522) (6.5) (200) = 6,78 per liter
Total Copper accounted fcor - 40.1725 gns '
2 ml strong solution - 1°.% .l 2 AL
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Which is cheaper, to increase particle size and take greater Copper
loss, or make fine grind, shorten time of leach, and increase recovery
of Copper.

2 ml of solution--NaQH calculation- 120 gm NaCH in 600 ml water

Titration 20l = 19,15 ml N ACL - 9.575 ml N HCL per ml of
Z -4

caustic solution,

120 _ 0,20 gm NaCH per ml solution
%0 ~

0,20 gm NaOH Titrates 9,575 ml N HCL

-1l




Sunday
April 23, 1967

(A)

(%)
()
(D) 2.30 PM
10.AM
24267

U267

(A) strong solution

NaCH plus HpS04

1 1b. - 9 meah ore 120 gm NaOH 600 ml. H,50
Leach dish is covered. Cover contains cooling water

2 ml. NaOH solution 120gm/600ml Titr. 19.15 ml N HCL
| 2 -
8.20AM Start heating 8.28 Temp. 160°F 8.35 Temp. 180°F

8.45 Stirred pulp 8.50 Strong solution is pale blue color
9,00 Stirred pulp Temp. 200°F 2 ml. caustic sol, Titr = 19.4 ml g HVL
9.30 . . » 178%F % ¢ " » Cu Titr, = (.6

9,50 25 gm Urea added _
10.15 Ore sampled & checked for Qxides. Cxides are beginning to form from
' . copper in cre. The oxides are arrached to the ore particles where

copper 1s visible in the ore . Solution is medium dense in blue color

10,30 Temp. = 150°F
10.35 Oxides rechecked. No increase evident
10.50 " " " " L]
11.10 Temp. = 196°F

11.20 Ended leach. Washed ore twice
strong solution 2 ml Titr = 17.15 available caustic plus Urea

Strong solution, Copper-2ml, Hypo Titr = 2.3 ml 41.5 volume

First'uash = 445 ml - 5 m1 sample Titrate = 1.0 ml Hypo
2nd wash = 380 ml - 25 ml sample * - 0,8 ml Hypo
Tallings, coarss sands-lgm sample. Titration Hypo = 10,3 ml

Tailings, coarse sands after H,SO, - 35 min. leach 5 gm sample = 12.2 ml Hypo
1.203 in caustic leach tailings - lgm sample = 0,1788 gn
Tallings after sampling - 312 gms--;]sﬁ._ = 6872
calculating an H,SQ, wash for tailings.
#6872 x 80 = 54 976 gm HySO, on basis of 80gm/454 gn.
7.45 AM acid = 55gml( water 400 ml)
7¢50 AM Temp. 190°F - 8.05 A M Temp. 170°F

Leach period for H,SO, = 745 to 8420 _~ 35 rmine
Start decant & settllng 1,50 AM

(F) 1 ml of acid solution from acid leach before washing Titrated = 3.6 ml N KCH

(G)g olume of H,SQy leach solution plus washes = 750 ml
ml to analysis Cu = 6.4 ml Hypo

(0.00522) (2.3) () (415) = 2.991245 grams Copper

(B) first wash = (0.00522) (1.0) (1/5) (445) = 0.465025 grams Cu

(C) 2nd wash - . (0,00522) (0.8) (1/25) (880) - 0.06347520 grams Cu

(D) Tailings, caustic leach = (.00522) (10.3) (1) (356) = 19,140696 grams Cu
(E) Tailings, acid leach = (0.00522) (12.2) (1/5) (312) = 3.9743808 grams Cu
Total copper accounted for - 22.75 grams

(G) Acid recovery of Cu = (.00522) (614) (I) (750) = 12,528 grams Cu,

s




S W7 .

i

200 plus 4347 - 243,47 nl

1 ml diluted acid titrates 14.1 ml N KGH

2
l.o ) ]
agi— X 80 ( gn HyS0,y Titrates 4.1 ml g_K(H
80 . 0.3285 gm. conc, H,30,/ W1 ml N KOH
2

24347
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Tuesday
42557

8.30
9.30

9.45

10.00

10.10
10.25
10.30

4.26-.67
Wednesday

H,50,

80 gm. conc. HpSQy plus 200 ml. water = 24347 volume '
2 ml. of above diluted acid Titrapion - 26.2 ml H KCH. 28,2 - 14.1

Start heating  8.45 Temp. 184°F °'%3%4 100 ml water  9.19 Temp. 184°F

Sampied sands in leach-the copper is almost completely dissolved. Contimation
of leaching process beyond the maximum recovery of copper leads to unnecessary
slimimg of the ore, imcreasing filteration or settling time.

Sampled pulp. A very small residue of recoverable copper remains in the ore.

Pulp is caking some at point of greatest heat. 9.50AM. Temp. 184° - 200° F

Uneven heating due to type of burners usei. '

Added 100 ml water to increase solvency of copper
Stirred pulp thoroughly. Temp.-170° F.
Sampled leach pulp. Very slight residue of Cu in ore.

End leach., Volume of pulp and leach solution = 450 ml, Strength of acid
solution before washing & decant = 5.9 ml KCGH for 2.0 ml of leach acid

aolut.ioq. j,?__: 2.95

Volume of electrolyte ( strong solution) = 1370 ml. N KGH titr. = 3.5 on

%ailingspls weight sample & beaker = 516 zm « 139 = %?7 not.

1370 x 1.75 = 2397.50 3313e5 = 2397.5 = 916,0

235 x Wl & 3313.50 239745 &= 331345 = #7235 = 72435% consumed

Tallings, Copper assay - 5 gn sample, titr. = 0.5 ml

Copper in tails (0.00522) (0.5) (1/5)(327) = 0. 196794 grams copper in tailings

Strong solution Copper assay - 2 ml sample titr. = 6.0 ml Hypo

(0.00522) (6.0) (%) (1370) = copper in electrolyte = 2l.4542 grams = 15.65 1?/
Percent of total copper present which is lost in the tailings

Total wt. Cu/ton of this ore (21,65) (2000) = 95373 1b. Cu/ton ore‘.
45k
W, of Cu lost in tailings (95.373) (.0092) = 08774316 1b.

80 gmn HpSO4 per 1b. = (80) (2000) - 352,42 1b. azso,,/ ton ore
: L5k

1bs, acid per ton ore consumed in this test - (352.42) (.2765) 97.44 1b,

Rate of recovery of the copper = 95.373 = 99.088%
96425
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April 27, 1967

Design the plant to,best treat the ore available at the surface.

This ore may not be a true representation of the whole ore bedy, but
changes in the ore, if they affect efficiency, can be compensated for
by required plant changes,

Recirculation of spent electrolyte on acid leach may be impractical
on account of the iron dissolvgd from the ore, A use for the spent -

electrolyte may be dissolving the oxide copper from the caustic leach
tailings,

«l18-




April 26, 1967

840

8.50

8455
9400

‘9-07
10,00

10,30

11,20
12,00

12,45
1.40

2,00

Gaustic solutions 600 ml water-120 gm NaQH titr. = 19.7 ml B HCL
2
add 40 gm Urea., Titr., 13.8 (less than NaCH alone)

Start leach Temp., 160° F. 9 mesh ore fine grinds Leach tray
comtaining ore rests in tray below filled with water which heats the
leach solution & pulp without having hot spots. Pulp tray is also
covered on top side with empty glass tray.
Water added to top tray.(a double bbiler with cover)
Temp, 176° F.
leach solution is deep blue, Sampled pulp
Tempe 176° F 9433 Temp, 175° F. Stirred pulp

" 186° F Pulp is dispersed, not caking. Sampled pulp. Pulp

particles have not changed noticeably in color. Many copper bearing part-
icles do not indicate any change from the leach, others have lost depth of

color, the blue being less dense in them,
Temp. 176° F. No caking. 2 ml strong solution, titr = 19.1 ml N HCL
Noticeable odor of ammonia when leach vat was uncovered. 2

Temp, 175° F. :

Added 60 grams more NaCH. No water added. The caustic simply is not
affecting most of the copper.8ampled the pulp. # 35 sample

Temp., 178° F.

Five hours of leaching, sampling pulp. Sample indicates therse is no

important gain in leaching the ore, The &xides are building up in this

leach. Strong oror of ammonia in vapor abowe leach solution.

The axides did build up toward end of leach

End af leach. The tailings when treated with conc. Hp,SQ4 form an
unfilterslile silica or slime

Strbng solution 1.ml sample titr = 1.3 ml hypo. 570ml strong sol.

wagh water . 660ml. 570 plus 660 = 1230 ml total leach wash
1230 ml wash plus strong solution titr - 1.5 ml hypo on 2 gms sample

(«00522)91.5)($)(1230) = 4.8166 gm Cu recovered

Talllngs -lgm -titr = 7.0 Wt, 420gm
(400522) (7.0) (1.0) (420) - 15434680 gm. 3.65% Cu,

o oA

SIS . - W a9 B 3w




April 25, ...

Sulphuric Acid Ileisy,

Solvent i 80 gﬁ. conc. HpS
Water - Loo ml
Time -~ 2 hours

Total Copper in sample

Copper extracted by leach

Copper lost in Tailings

Percent of Copper in ore.lost totailings
Pounds of Copper per ton of ore
Pounds of Copper lost in 1 ton Tailings
Rate of recovery of the Copper

pourds of acid used, per ton of ore

pourds of acid consumed, per ton of ore
percent of iron as (Fez03) 3, ore

w2

(&}
&

2loéb Qno
21.45 gn.

0.1967 gle

0.92%
95437 1bs.
0.8774% 1b.
99.088%

352.42 1b
9744 1b,

17.88 %




1.00 pm |

1.15
1.50

2,00

4,30

5467
Thursday

Wednesday, May .

5

1 1b, ore, fine grind
120 gm. Na(H 600 ml. water 40 gm. urea

Start leach .
1 1b. of finely ground ore in jar, Added caustic and mixed dry. Added
water and rotated jar until all pulp is equally wet. A blue solution

formed immediately. Auded 40 gm. urea. Care used not to build up
internal pressure to break jar. Jar then placed in water bath at 140° F.

Temp, 160° F ‘ 3.15 Tempse 164° F
. 176° F '
. 170° F

End leach. Ammonia gas under compression escaped from the strong
solution when autoclave ( sealed jar) was opened.

Strong solution 600 ml
total, leach strong solution & washes 3620 ml.

copper in leach solution & wash:

( 0.00522)(2.8)(1/5)(3620) - 10.562 em.

Tailings, weight - 440 gms. Titr. - 5.4

Cu in tallings: (0.00522) (5.4)(1.0)(440) = 11.96 gnm.
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See opozite AL A4, 187

Calculation of Residual Aci

1ml, N KB - 0.3235 gm. dp0%  spg 1.84

valume green (acid) soluticn = 1150 ml.
Titration 1.0 green solution - 1.0 ml N K

37277 - 26.?9 gm conc. 32504 Residual

o

U .
5040 gms. conc. HpSC4 charged in
26,79 gms. " " residue

23.21 gns - wt . gms. acid used to treat pulp.

23,21 x 2000 - 88 1b conc. HZSOU -- new ratio
hsk
consumed in treating 1 ton of leach tailings as of May 5, 1967

Calculation for Caustic see &4=23-67

4/23/67 = 120 gm NaCH in 600 ml water

20
%UU = 0420 gn NaCH per ml solution
1.0 ml above solution titrates 9.575 ml g HCL

Leach for $/5/67 ¢+ 1 ml titrates 0.25 ml N HCL
0,20 gm NaOd titrates 9.575 ml g HCL

1ml NHCL = —220._ gn NaCH - 0,0208 gm. NaCH
2 94575

Alkaline pregnant solution = 1750 ml.

Titration per mls = L25 ml N HCL
Z

( 0.25)(1750)(40208) - 9,10 gm caustic

Residual in basic pregnant . solution

-l




May 5, 1967

1,30 Start

4,30

Saturday

May 6, 1967 -

Caustic le.ch w.o-h '-1a Bl Sulfite

o
-5

1 1b. ore (~100 mesh) 40 gn. urea Meta

‘ Bi
600 ml water 40 gm Na23203 Sulphite
120 gm. Caustic (NaCH)

1.45 PM  Temp. 160°F 1.50 P4 Temp. 1760 F 4,25 PM Temp. 180°F

End of leach, Filteded by suction. Washed by suction until wash is
colorless, Removed filtered caxe from filter and returned to leach jar,
To the pulp was added 400 ml water and 50 gm. conc. Hp304, The cake was

pulped in the acid solution and shaken for 5 min., filtered pulp.wWashed
pulp with 400 ml of water.ddded 4 at a time. Final wash with 100 liters of

- water which is coming through the cake colorless « No heating was used

during the acid wash.

Blue Basic pregnant solution: 2 ml Titr. = 0.5 ml volume = 1750 ml,
( 0.00522)(0.5)(£)93)(1750) & 2.2837 gm. |

Green copper con. sol, Titr. = 3.7 volune « 1150 ml.

Tailings, sands & fines = 375 gme Titr. = 3.0
(600522)(3.0)(1.)(375) = Tailings = 5.8725 gn.

Cu in blue strong - (0.00522)(.5§91.5)(1750) = 2.2837 gm

Cu in green strong = (0.00522)€3.7)(+5)(1150) = 11,10

Blue solution -2 ml. titrates 5.1 ml g HCL

green " " sample titrates = 2.0m1 g KCH

k/25/67 80 gm conc, HpSO4 in 200ml water . 2 ml df this was acid

mixture Titrates = 28.2 m1 N K®H
2
4/23/67 120 gn NaQH in 600 ml HpOe Titration 2 mls. of this caustic

solution = 19,15 ml N HCL
2




May 4, -0

The poscibility of interference from calcite in the cauctic leach should

fully investigated. If NalH soluticon ques nou aflect CaCOB (calcite)

could not be reached by the haCH sclution and would remain in the tailings.
This is the most plausable possio.ilty yet occuring, to be checked.

Silicates should be more soluble in La(H than in H3Q, solution.

Iron in the electrolyte may become an inpurity in the Copper extracted by

electrolysis. Calcite will comsume tne acidity of the electrlyte, increasins

the ph to approxe. 2.5 to 4.0, when iron will ppt as a hydroxide, and is
filtered off,

~049041 gm HoSQy is equivalent to 1 ml of normal alkali (Lange Handbook )
Pg. 1021

Q49041 . 0,0245205
2 ,
1 ml conc. HpSO4 Titrates 75.5 nml % KCH

1.84 gn " | ] ] Hw
LB L 0002437 em

02452

7545 oo, 1mlNK®H = 0.02437 gn. HpS%
2
5/10/67 Analyzed the products of the leach made May 8, 1967

The purpose of this tast was an attempt to remove the copper solution

from the ore before a coating of copper axide should form on the ore
particles,, The caustic and urea were divided into thirds and one third
used for each stage., Tnis lowered the leaching strength of the caustic
solution ard extraction was very smalle The acid wash was imperfect becauce
the cake had hardened in lumps pefore vacuum filtering and a number of

unpulped lunps were noticed. when the acid wash was emptied upon the

filter, The copper in the filter paper was not recovered.




Ly 8, 1yl

honday

9,10 AM
G40
10.15

10.40

11.15

11,45
2.10

500

May 9, 1967
Tuesday

e skl CN v s

l.lb ore 4O gn walH DL ueea £JC ml Ho0
Start leach. Temp. 30T
End leach. flA rate h -4 wome OO, .er
Start second stage: sire amcuncs of NaGl & Urea on tailings from first
treatment, 100 ml H,0 1807 F
-

Pulp is too tiick to pour. Add 100 ml water. After water the pulp flows
freely, 180° F steady.
End second stage. Filtered & washed

Begin 3rd) stage of leach 200 nl water - 13.3 gm urea -40 gm caustic
End 3rd) " %

Fourth stage: 30 gm. H,30, plus 250 ml water. acid wash was in contact

with ore cake for 7 mins-filtered very slowly.
Weight of tailings = 375 gms. 1 gm for Cu analysis. Titr = 8.1 ml hypo.

Tailings analysis - 1 gm sample = 375 gn = hypo Titr = 8.1
First stage filtrate & wash - 750 ml  hypo Titr. = 0,10 on2ml

Second stage " "or 280 ml " " om0 ® oMo
Third  ® . * m  8ogo " " mQg.20 M W o
Acid treatment of cake 660 * " " M2 W w0

Treated Tailings with 30 gm conc H2504 in250 ml water

Same of the cake failed to pulp, microscopic examination of the acid washed

tailings exposed presence of swmall flakes of copper oxides

2 ml. of H,SOy solution after treating ore titrates = 1.2 Ml g KCH
(660)(0.6)(.02437) = 9.577 gm Hp30.residual after washing caké& with
diluted acide This is equivalent to 90 1lbs. HpSO4 per ton of ore cake.
(200522)(841)(375) = 4.228% Cu. = 15.8557 gm Cu in Tailings

—

68.27% insoluable Fep03 = 21.797

Cu in first stage = (.00522)(.05)(750) = 0.19575
* % ong *ow (,00522) (410) (780) 0.40716

"% o 3pd " ® (,00522) (.10) (780) M 0.40716
® " 4thoacid M (L00522)(1.1)(660) " 3.78972
® % tajlings M (.00522)(8.1)(375) " 15.8557
- ‘ 20.65519 Total Cu,
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May 10, 1967

Preparation of Head Samples from the ore brought from the mine

on May 9 & 10, 1967, by iarry & Joe.

May 11, 1967  Thursday - Data on head samples prepared
5/10/67

6.05
g;_v.;i.
.90 Titr. on heads

(.00522) (#:80)(1) - %:9%98% cu . s51.15601b. Cu fton ore
Weight of Fey03 _ ,1480 - 14.80 % Fez0;

Weight of insoluble = 7225 = 72.25 % insoluble

Total-Cu, Fez03 & insoluble - 89.61%

Lo e <Inoe e A W B
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80 gn NaOh in 400 ml water titrates 9.9 nl & HCL/ml GM 1bs.
80 gm NaGH/L = 2N, +° 80 gm/b0O nl = %g_x 2 = 5N 80 x 2000 = 352.4 = lb/t

!
)
1ml 5 N NaCH Titrates 10 ml g. HOL , sk = 14

80 = 0,2 gm/ml(there are 400 nl) .’--%4%': 0:020202 & : '%%§§!€n:'.05 (ures)
0. | 7 daOl perml  {05)(B5) = 22.7 en/lc
g HCL : :

May 1z,

1.45
350

Saturday

May 13, 1967  Weight of tailings = 4.05 gn  Titr § %2 ml hypo

Monday

May 15, 1967 10010 (1) Titr, 5 gn ore heads = 33.7 ml hypo.

1 ml of above caustic solution contains - 0020202 gm NaCH 100 1b/t = 22_7Agm/1b

1967 1 1b ore from heads sample, 5-10-67 :
80 gm NaGH 400 ml water  22.7 gm urea (100 1lb/ton urea)

Start heating leach pulp Temp. 180CF steady
, . Leach ends. very strong ammonia odor with strong copper solution
. Strong ¢ r _solution = 00 ml. 1 ml strong titr. = 7.2 XN HCL
0288023 17.2) 1500 245.6363 gm, Nack = 1% 2
3,1 wa 3 g: mi.al ml wasgmtitr. = 2425 ml N HCL
(.020202)(2.25)(640) & 2930906 gn-( caustic) NaCH

1135.0
Barren wash water 195 ml titr, 1 ml = Oo3 ml N HCL - . 43,6363
(+020202)(0.3)(195) = 1.1818 gn NaCH 29.0208
balance of caustic reacted with copper or is residue : 8 NaCH
in the tailings. 7 23 Zn::ni: '

Silica jell is present in strong solution
Copper in tailings - (.00522) (412)(1)(405) = 8.879 gn Cu = 2.192%

(.00522) (33.7)(1/5) = .0351828 = 3.52% Cu in heads
3.52% = 15.9808 gn Cu 1 1b.

Strong solution & washes, Cu recovered _~ 3
(.00522)(1/5)(1135)(2.9)

o hypo titr.
?436%1@1 titr

Tailings: 5 gm. sample "
(0,00522)(1/5)(30.0) = 3.13% = 12,6846 gm. Cu.
15,9808 .gn Cu in heads = 34362 plus 12,6846 = 16,1208
strong solution
15.9808 = 16,1208
Heads " recovered & Tailings

These results establish correctness within one-tenth of one gram
per pound of ore.

Installed new burner for incirerating filter paper, 'greatly increasing
accuracy of apalysis. See: Keefer-page 98 '
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Caloric acid eliminates the interference ol iron in electrolytes.
Phs. , Vol 2
May 16,1967 Tuesday

On April 25th the test results irdicate that 100 lbs. H,S0; per ton
of ore is comsumed in leachiny the ore, or a ratio of 100:2000.

This is equivalent to 22.7 gm of H,50, per lb. of ore. A margin is n
necessary to provide leaching power at the end of the leach. This test is <.

be made with 30 gm stou per 1b. ore or l.321 x 22.7
80 ml water plus 21.1 ml HpSO4 ~ 95 ml sol.

3000 divided by 1l.42 & 2 ml.

DATA ON PAGE FOLLOWLNG

May 17, 1967 Wednesday

A/ r 7:‘ e i
- Another attempt to establish a lower acid charge for leaching the copper.
This test to be made with 60 grams HaSO4 ..60 Gm H2S04 measures 32.6 ml
60 Gm. HpSQ4 in 400 ml Hp0, 2 ml acid sol titr = 11.6m1 N KGH
on first batch. Broke jar with hot water. 2
(.00522) (.2)(19.0)(825) |
(.00522)(3.8)(825) - 16,3647 Gm. Cu in strong solutdon. This exceeds
the value of the heads obtained previously.
| |
May 17, 1967 Wednesday | |
1 1b. ore--60 gn H,S0, --400 ml water
7.50 Start leach
10,10 Temp, 160° F 11,20 Temp. 160°F 12.50 Temp. 1729F
12.50 Bnd leach
Wash water - 450 ml.
Strong solution 375 ml. titr - 24.5 %Ikd!
o E | '
/ﬂ,/ Iron bydroxide 6.4 nl K KGH

Strong solutdon & washes = titr Hypo = 19.0

(400522)(1/5)(19.0)(825) = 16,3647 gm Cu recovered

Rate this test at 99.99% recovery of Copper. Microscopic examination
of sample of tailings did not disclose one blue particle.




May 16, 1967
Tuesday

8.15
10.15

@ O

1 1b. ore - same orc as teut begun on 5/12/67

30 grams stol#.

400 ml water | :
Test to be made using jar as container, heated at 180C°F in water tath.

Start leach
End leach

leach was made in open jar to allow contact with aire
Recovery of strong soluticn = 270 nl.
Acid in strong solution, titr - sml titr = 13.4 ml g,HCL

Check corversion of FeSQy to Fe(CH)3
2nd wash - 3“0 ml

BI'd " " 330 ml

1 w1 ¥ Ko 0245208m 1,50,

1 m1 N HOL*C= ¢39999 gm NaCH = .0199995

2
( «245205)( 2.68)(270) = 17.7440 gm. sto,,, equivalent remaining in 1lst sol

Strong sblution & washes = %’ KCH -2—- é1.12

§|§§§ |

(02452) (1.12)(940) = 25.8146 gm .stou equivalent in the electrolyte- deduct
the g KGH reacting with the iron which becomes ferric hydroxide.

10,0 ml strong solutions & washes for Cu
(.00522)(1/10)(5.{‘3)(940) - 9.22 gm Copper recovered
oo . r

Heads, Cu (same heads as for 5/12/67 = 15.98 Grflb
Recovery, strong soluthbon & washes " 9,22 ‘'
Tailings, by difference " T 676w

Tailings, ,we.ight 420 grams
It is indicated by these results that 30 grams of Sulphuric acid per

pournd of ore is not sufficient to complete the leaching of the copper,
high iron content in the ore also weakens the acid available for leaching

copper.

In titrating with g. K®#H to measure the umused acid in an acid leach, the
iron and copper also react with the K(H giving a false reading too high in
acid value, the ph range of phenolphthalein is 8,3 to 10, Iron forms the
hydrdxide at a ph of 3.4 to 4, Therefore all of the iron reacts before tke
indicator color changes. This may be avolded by using an indicator which
changes coloXr on or before ph 3.4. Such an indicator is BROMOPHENPL BLUE

also identified as TETRA BRLMO PHENCL Sulphon.PHTHALEIN, FPH range - 3.0-3 6
on this leach. #4343 % of Copper remained in tallings.
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NOTICE

Contimued fron page 28
2

Ore (9mesh) 1 1b.

Solvent 80 gm conz. HgSQy .

Water 400 ml

Time 2 hours.

Total Copper in sample 21,65 gn
Copper extracted by leach , , 21.45 Gn
Copper lost in tailings : 061967
percent of Copper ore, loss to tailings 0.92%
pounds of Copper per ton of ore 9537 lb.
pounds of Copper lost in tailings 0.877% 1b
Ratg,of recovery of the Copper 99.,088%
Pounds of acid used,vber ton of ore 352.42

1bs. Acid per ton of ore, consumed in test 97.44 1bs
Percentage of iron axide (Fe203) in ore 17.88%

-30-
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May 22, 1967 Monday

Sulphuric acid leach test of May 16.' 1967

Analysis of ti..ings for Copoers Cu = 0,00522 %

0,00522 % Cu. -. 5.93 lb. ¢f Su per iton of tailings
not extracted by leach

60 gn HySO4 per 1o of ore = 264.3 1lb. HoS04 fton
60 x x = X .o _2000x 60 - 26443

b5k 2000 Lok

May 23, 1967

300 1bs per ton = x'GH per 1lb.

200 = x X - 00) (4 - 68,1 gn/1b
2000 L5 '%},—ﬁ = e

250 lbs. per ton - x gm per 1b

20 = _x (250) (454) o« x - 56 1b.
a8 =k 220) = X = 56,75 em/

Prepared heads sample. Pulverized ore to # 100 mesh. The ore is not difficult |

to pulvqrize.
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" 9430

10.40

| 11.15

2,00PM
2.25

3.10

7.30 AM

o O

May 24, 1967

To prevent the forming of black cxides of copper in caustic leach the

leached copper is to be ceparated from the tailings on a schedule of 45 minute
leach periods, followed by filtration and a small washe This is to be
continued as long as copper disso.ves in sufficient amount, based on the

blue color.

Cﬁazﬁe 1 1b. ore §9»gm NaOH Temp. 180%F
Jir 25 gn urea 300 ml water

60 gn NaQH in 300 ml water. 1 ml of sol. titrs = 21.5 ml § HCL
Leach begins 10.1?  leach ends

Second stage of leach begins

same batch of ore . -
60 gn NaOH 25 gm urea 300 ml water open jar Temp.180°F

No evidence of caking in the leach solution. The pulp was stirred frequently
Third stage of leach begins

same batch of ore PN
25 gm urea 60 gm NaCH 1250 ml. water open jar Temp 170°F

It is noticed the pulp is less bulky after the first stage and requires
less water to form a dispersed pulp.

End 3rd stage
Begin 4th stage same batch of ore
25 gn urea 60 gn NaCH @_O,Q)ml water

End of stage 4
In strong solution from stage #1 there was a definite de .osit of copper adide
which must have formed after filtration,

May 2%, 1967

If the copper :s combined with the iron in the ore, the iron will inhibit
caustic leach ' and after the iron -copper combination is leached so that only
the iron is i. ~ontact with the leach solution, then a caustic solution can
not leach the cop;ere The same is true also of the al-aline earth metals .. .

Py

present in the ore. Scrubbing will remove the iron be'ter than it does the c,
calcite so as to cxpose the copper to the caustic but a fine grind becomes
increasingly necessary, '

Continued onbpage 33
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May 25, 1967
Thursday

2% " (1.5)(2/5)(645) = 1.01 gn CU } 945 em
$3* % (L45)(1/5)(510) = 0e772 * ® 10.768
' v (1.5)(1/5)(590) « 0.7 S M @
: . | | o 1.338
Total copper in 1 1b. Heads x 16,5896 gn
" " * tailings . 5:801 gm
’ ‘% extracted : .

would possible to isolate a gram of this and analyze for cbpper, iren,

o O

Continued from p.i.c 32

Strong solutions: after lesdn ciiis: éaustic residual
Stage £l 1 ml titrate. 12.7 rl K HCL vol. of solution L6o™E $1

" 2 " " Go750 Tnoom " 46 ml $2
. 3 o ® 6,00 " 1t m 510" #3
| ] 4 L] » 5420 LI B ] L] % 590 ml ‘.4

High reading of . #1 due to copper hydroxide formed which. consumed N HCL
after ncutralization of resigual caustic. ‘
Heads a. yzed for copper. titr = 7.0 ml hypo

(000522, (7)(1) = 0.0365¢ ng Cu = 3.654% Cu in heads

Tailings (10gm) titr - 29.45 (.00522)(29.45)(1/14)(. .) - 5.801ga Cu in Tails
' 1.547% Cu in tails

Stages Solutions (5ml)
#1 = (.00522)(14.5)(1/5)(460)m_ 6.9635 gn Cu

Copper which formed oxide, dropped out of solution i. rst stage m 1.338 g
Copper in tailings = 4.9 % of total copper in ore, The high residue

of copper in the tailings is due to the axides of copper in the ore. A sample
of the tailings from the last leach was washed free fror slimes and examined
by microscope. The residue is free from copper oxides such as have been common

forming during caustic leach treatment on the sands » but there is 3 multitude
of particles dark in color appearing to be iron and copper as oxides, It

sulphur content to confirm the opinion offered that this is the : ..rce of the
fallure of the caustic leach to extract the copper from this ore . campletly
as does the acid leach. :

The buge process appears to have eliminated salting of the tailings by copper
precipitated from solution, :

May 26, 1967 , ‘

Black particles were dbriitle or spongy. To about 2 gm of tailings in a dicjg
were added several ml of conc, HNOp then som< crystals of KC103, fThe Mitric
acid turned pals green. lMost of the black p:rticles lost the black color.
The iron did not dissolve in the nitric acid, but formed gelatinous , reddish
brown coh~sive residue units having shape similar to the particles before

copper was removed. Si: = the iron does not dissolve, it is oxide , not sulfids
when combine. with the c. oer and does interfere with thne leaching in caustice
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8.10 AM
8425
8.50
9.00

10,00
10.17

11.47
12,00
Z.OOpm

" Sunday
May 28, 1967

1 1b. ore 200 ml H,0 20 ym urea 60 gn NaCH

‘Befin 3rd stage leach

O O | |

May 27, 1967 saturday
Stage Leach May 28, 1967  cunday

Jar»contai.ning le:ch pulp is open, not capped

Start leach 8422 AM Temp. 160°F(temp. of pulp)
Pulp is well dispersed, not sunding out.

End leach

Second stage leuch begins Temp. 1600F
Sr@* oer, from lst stage 200 ml Hp0 20 gm urea 60 gm caustic

Enfl leach , second stage Temp, 166°F

sage ore €0 gm NaCH 150 ml Hp0 20 gm urea
end 3rd stage of leach o

Begin 4th stage of leach 10 gm H2S04 and 150 m1 Hp0
Ena * § v w
Weight of tailings 3% gms.

Stage #1 residual caustic titr = S.2m g HCL Vol. 500 ml
L # " L] ] " 6e5 " " ko n
. #$5 . "% 56m W ' 545
] o » acid * % g2 % » " 480 W
Saell of ammonia strongly perceptable from hot caustic leaches
Copper titrations sa:;g%e g;rgggger X volume weight of Cu.
Stage #1 4.2 0.43848 500 2,1924 gn
N 3.8 039672 4720 1.8646 *
N 5 35 043654 545 1.99143gn

LA /3 1.6 0.16704 680 1.135872 gn.
‘ : Total wt. of copper leached from ore 7,184302 g
LA I " in heads .. - ,16.58916 gm

see 5/2u4/67

Ore tailings : (5gm) titr = 17.6 ml hypo
(.00522) (12:6)(3%%) w 7.2395136 ga Cu 14.42 gn Cu accounted for

-}h—
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May 29, 1967 Monday

1 1b. ore 60 gn bla% 20 gm urea 150 ml water

8410 AM Start leach  pulp is well dicpersed in 150 ml water  Temp, 160°F
925 Added 50 ml water ’
10,10 End of first stage ( 2 hours)
10.35 Start 2nd stage of leach _ Temp. 160°
' same ore--. 200 ml water 20 gm urea 60 gn NaCH
sample from first leach: the solid blue particles are totally dissolved
in the leach rather than having the copper selectively removed no
“akoleton remains
1.25 caustic residue in leach solution = 9+25 m1 N HCL '
2,05 End second stage of leach (3%hrs) residual Naf g lml gé)'ong = 49 M%HCL
2,35 Start 3rd stage of caustic leach '
same ore 200 ml water 20 gm urea 60 gm NaCH
425 PM residual Math (1 ml) in #3 stage 9.2 m SHOL
440 End of 3rd leach
540 ml $1 Caustic residue in #1 stage strong sol = 4.8 ml NH‘EL
60 gn NaGH dissolved in 200 ml water, 1 ml titrate 1.3 ml g HCL
550 m1 #2 Canstic residue in #2 stage 1 ml strong sol = 4,9 ml "
7301111{‘3 [ ] ] a”n‘. " e ] [ ] f2% % @
May 31, 1967 uednesday _
Weight of tailings to acid leach~-m* 380 grams
add 100 ml water 40 gm H,50, = 176.2 1b/ton
8430 Start Acid leach Temp, 160°F o
8450 Added 50 ml water Pulp was a thick mud before the 50 ml of water was added.
9.00 Examination of pulp sample with microscope indicates the blue particles are
completely dissolved. A few black particles remain in the sample
9.50 Very few( 3 or 4) black particles remain in pulp sample. They do not
saften in leach,. Some of them shatter under needle probe. : ’
10.00 End of acid leach 800 ml of solution, 5 ml sample for assay
Residual acid after dilution = 1.5 ml = k& '
& w2shes
Leach Copper -Titration X 1/s Volume ml
Wt, of acid -'1-511- NaCH = 4,7 s, = 540 ml
tallings ] ] " o ]
. 315 gn lz [ a 1.? 03" 550
3" » 0 " 1.0 v | .20 " 230 ®
AL N VST 10,6 "l 212 o 800 *
#5 " 5gm " tails ® 1.5 Y1030 " ! 3250y 1
i
|
35~
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May 31, 1967

‘DATA ON LEACH OF MAY, 31, 1967

fl. strong solutions (,00522) (0,54, \» 049068 % x 540 w 2, 65 gn Cu |
2. (0.00522)(0.34) ¥ 0.17748 % x 550 2 0,97614 Gm CU
' ”o " {0.20) " 0.2044 % x 730 = 0.76212 %
Aotd M. * (2,32) ¥ 1,20664 % x 800~ 8.35332 %
Jallings #5  » (o.z) " 0.1566 % x 325 ¥ 0,50895 * *

nn————— .

Thursday m ‘sopper scoounted for < ===e~--=—- 13,75033 ga Cu

Juns 1, ... Comgii
1967

pie. An hedds » 3,65 § or 16,589 gu. Cu per lb. ore .
wipar peoaveind from filter paperss add to aoove Cu scstd,. for
AT - m} L4l gm Cu plus 13.7503 = 15,6913 o Cy  total gm,

, - m.d
o Aot

'Mmumwiquvm .

L mmum e
hapgtion of apuetis 12 J stages

2 Mok restdual as WeGH:

m.. n  (B20)(4.8)(540) » 51.8# . (2
Tt 0R)(e9)(550) * 5350 ¢ 2
L c.mm.a)mo) 'éwzp :

e A b ot s




June 2, 1967
- Mr. Josaph M. Reynolds.

Dear Joe:

The test made on May 25th enabled me to determine the cause of the
failure of the caustic leach to make a more complete extraction of the copper,

In this test I was able to control the forming of the black oxides

of copper or rather, I was able to prevent any black oxide from forming during
the leaching, This left'only'that part of the copper in the ore which the caustic
had failed to dissolve, The caustic dissolved only 19.3 lbs. of copper from a

total of 73,08 lbs per ton.

Examination of the Tailings from the caustic treatment identified
the cause of the failure. In this ore very minute particles of copper and iron,
@s oxides have formed nodules which the caustic solution does not penetrate. The

iron acts as an insoluble shield around the copper-bearing crystals, pPreventing
contact of the caustic with the copper. Some of the particles are soft like mud-

balls, others are hard and shatter under pressure of the needle probe.

This infomation greatly siﬁplifies the problem, The caustic leach
will be as effective in extracting the cdpper as the acid leach now is effective
when these particles are opened up to the leach solution. It 1s at this point
that our lack of communication is a hinderance. 4 scrubbing method would pulp
most of these particles. I used 40 grams of Sulphuric acid per pound of ore,

equivalent to 176 lbs. of acid per ton of ore to reduce the copper in the tail.
ings to the amount reported. ‘Since you have already cbnsidered a scrubbing

treatment, the alternative of acid treatment may be’ of gmall importance. .

It now appeares the eaustic leach has been successful as far as it
could go.: The use of urea is very helpfhl, and I consider it to be our discovery,
While making tests in a sealed glass jar, I was able to prevent the loss of ammonia
formed in the urea. Upon breaking the seal on the Jar, the pulp would begin to
foam_as‘the compressed or absorbed ammonia rose to the top to escape, Copper
concentration in the caustic strong solution in proportion to the amount of
ammonia ( urea) present has much to do with the forming of the black oxides of

copper. In the leach of May 27th, a large deposit of copper axides formed af.ar
the pulp was filtered. I was fortunate to get the solution filtered before they
formed,
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Blue Ribbon le:z» And Tank Leach Report’
Forward
The treatment of oxide copper ores by means of Hydrometallurgy
has been well established for many yeurs. However due to the
different characteristics oflcopper ores, each présents different
problems. The Blue Ribbon ore is similar to the ores now being

successfully leached in several locations throughout Nevada

and Arizona,

There is however problems, unique to this location, that we have
had to solve through carefull research and laboratory testing.,
This report, along with the metallurgy report and flow sheets are

the end results of three years work on these problems,
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I particularly want to express my thanks to 1.T. .. Reynolds
for his encouragement in our darkest hours, for his ratience in
our times of dispair, and for the opportunity to overcome this

challenge,
CRUSHING -~ See Pigure # 1

The crushing should be dome through open circuit crushing and
s¢reening designed for one man operation, with sufficient size

to handle total plant capacity in one 8 hour shift.

The system is designed to crush and screen to minus 3/4 inch,
With minus 3/4 inch plus 1/4 inch to heap leach, and minus 1/4
inch to tamk leach.

Haulérs will dump the ore onto a 18 inch grizzly, located over‘a
coarse ore bin, Any over size will have to be broken through the
grizzly by means of plastering with explosives. Over size can be
controlled by proper drilling and blasting procedure at the mine/
Any excess of crusher capacity will be stock piled neer by for
later feeding by a large rubber tired loeder.

The feeder bin will be constructed with sloping sides for maximun
live‘load capacity qmw inexpensive 36 inch pam, plate or belt
feqder is used to deliver ore evenly, positive rate of feed over
a3 ft. by 8 ft. steel grizzly, minus 3 imch dropping difectly
to conveyor # 1. Thus reducing crusher wear and increasing

capacity.

A strong cest steel frame crusher is required, due to the
rressure of hard silicious rock, which woulld damage an ordinary
cast iron frame crusher.

(page 2)
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The jaw crusher is set viih B“discharge, undersize, together with
the fines from the prizaly, is carried on a 36 inch conveyor,
traveling at 220 ft. per minute, on an incline not to cxceed 22
degrees, to a 4 ft. by 8 ft, vibrating screen. The rlus 3/4 over
size from the screeﬁ falls to a secondary cone crusher sét at

3/4 imch discharge, the minus 3/4 inch along with the secondary
discharge drops to Belt # 2 to & second screen with 1/4 inch
cloth, plus 1/4 imch to Belt # 3 and stockpile for heap leach,
ﬁinus 1/4 imch to fine ore bin for tank leach,

Heap Leach - Figure # 2

Approximately$500 toms of crushed ore is spread to a depth of
approx. 3 ft. over an inclimed Rituminous pad 200 ft., X 300ft.

by the rubber tired loader, and ig then sprayed with a solution
of 8 % 8u1phur1c acid, which works through the ore and down
grade where it ie collected in a inclined ditch, The pregnant
8olu€ion is then @umped through an agitator tank where the coppenx
is extracted from the sulpburic solution by a solvent solution
containing a reagent called LIX- 64, The solvent solution is then
separated from the barrem solution through an o0il and water type
peparation. The barren solution is then recycled to the leach
pads and the pregnant solvent solutiom is then stripped of the
copper by a high strength acid solution, which in turn serves

FB the copper- bearing electrolyte which ié circulated through
electrowinning cells, In these cells, copper is plated onto
copper starting sheéts which when removed weigh approximately
200 1bs, of 99,95% pure copper., |

(page 3)
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Tank Ieach Figure

()

The fine ore is fed to a scrubbing and mixing drum by meane of
a variable‘speed feeder, for aglomeration with sulphuiic

solution at about 40 % solids, and then pumped to wood tanks witH
air‘agitators. The pregnent and wash solutions are then pumped

to solution tamks and om to the solvent extraction plant,

Conclusion

The value or cathodes is six of sevem cents a pound more than
the value of leach copper cement, SX will eliminate the cOSt
of irom and replace this with the cost for SX resgents, and
pover for electrowinning. Opeiating cost for producing cathodes
wifh SX are only a trifle hizher thaen producing leach copper
cement with iron, s0 that most of the increase in value of the
product can be oredited against depreciatiom and return of

investment,

CeE. Forter

(page 4)
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