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March 2. 11967

March 3, 1967

METALLURGY
BLUE RIB3QON MI:.E& GROUP

First day on location, no metallurgy, but worked around the hboratory
cleaning upe.

Much the same as March 1. Crushed ore with hammer to size it for the
on_uhor. '

Caloulstion 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
oFe per vat was made on a sample of 200 mil volume (256gms) of(~9plus 20)
mesh sized ore. The volume of water required to f£ill the voids in this
sampls i3 85ML. On a second sample-not used in this calculation, but
determined on a sample of the ore containing slimes,fines and oversise
the volume of water to cover 200 KL of the ore was 113iL. This indicated
that the boiler horse power required is subject to the sise of the particlss
in the crushed ore and final determination should not be caloulated until -
- —the sige of the ore feed and conssquent volurme of water is determined,
200 ML volume of (-9 plus 20) mesh ore = 266 GM weight of water to caver
mo ML ore - 85 GM. Ratio of volume of water to volume of Ore = 83/’200

42,5 % vaids.
——-—.Mﬁﬁ,_ = 85 tons \mter for 200 tons of ore. Opoutinc temperatures

3.h-67

Monday
3-6-67

o degeh vt 1o 16 Be 175°F. Assumed temperature of the water supply
s 40 175 ~40 = 135° F. Temperature rise for the lsech solution. |

85: azooo x 135 = 22,950,000 = BNtomtutohotumtmw
to 175
mvuu of fuel cil - = 18000/gallon.

,rmmnlrourmp.nu

| 22,930,000/18,000 - 1275:galions fuel oil to heat 85 toms of water charged
esach lsach

batch, for 135°F. temp. rise,
1275/3'& 531 = Oallons per hour of fusl for 24 hour peried.
3 HP Hour » 31o5 BTU. o
37.3 37.3 HP Boiler to heat Water in leach from 4 !’.

“175 .inzf&houra.

The heat load for the ore is basedonsp-ciﬁcmtotqm or 0.2 BTV
1 1b equivalent to approx. 5 gal. fusl for 24 hrs.

On job until 3.00 PM waiting for an outside fire assay.

Isach Test

16 os. ore v 5 N. solution of MeCH

6.8 oz, water ‘ror leach solution

39 GM MNaCH .8 oz Hy0 « 192,44 GM nzo
192,44 & B0 M FacH

Results:s Two days leaching time. SN.NnCH solntion will not extracé all
of the copper and as leach progresses, the leached copper axidizes and

drops out of the solution, becomng mixed again with the ore, Rosults

Unsatisfactorye.
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Wednesday
3-21.67

| leach #1

Leach #2

1b ore (plus 9 mesh)(some *'' size)

1
- 80 GM NaCH. 10 NaOH in 200 ML HQO

50 cM (N4 ), SOy '

water first added to ore, then NaCH, then 40 GM (Iﬁ4)2804. Heated to 180°F.
/Addition of Ammonium Sulrhate caused very strong reaction between hot

NaGH solution and the (Iii,)SO4. HMuch ammonia escaped. This also weakened
the NalH solution. At 30 minutes the leach was incomplete., At &0 minutes

the leach was very near conplete. Tne ore was stirred frequently during . -
leach

leach began 8.05 A.M.

Leach ended 9.30 A.M. 1 hour 25 minutes.

The leach solution began turning black in color indicating insufficient
caustic. This required an end to the leach. CuO did not adhere to
tlili.ncs.

1 lb, ore ( plus 9 mesh) Same as #1,

- 80 Gm. MaCH

200 M1 H20 : S
10 GM (2HA4),SQy . Amonium sulphate to be added only after leach has
.. nearly completed with caustic.

Start: 10.00 A.M, _
11.10 leach solution turning black. Added the (M) 22Q; 10 grams,
Decanted ard washed 11.15 A.li. '

= om0 Ammondum Bulphate did not redissolve the copper axide,

March 23, 1967

10.50 A.M.

By

Testing solvent power of (Mi,)2SQy,
1l Ib, ore : . :
200 ml ¥

Start 2.20

132 e (é,%ﬁsq, = S5N. solution

E

Ures

. Gre (plus 9 mesh)
- gm Caustic ~ :

al. water

+ Ures

ter. added to gre then caustic added to make solution. Heatsd to 175%F.
or mims 5° F.) o |

» Urea added after 15 minutes leaching, then 10 more gms. urea at
mimtes of leaching, No violent reaction between caustic and urea.
ght odor of ammonia was perceptable.At 30 minutes lsach the solution
decanted from ore. Hand picked the greenish-colored particled out
tailings. The copper did not form the axide after dissolving to
extent of former tests. Volume of copper bearing solution approx. -

o

8!-‘

¥

4]

Egs;zgss

1 1b, ore

200 m1. water

80 gm, NaCH 4

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

25 gm. Urea. to hold copper in solution. Continued leach., The copper
cxide began forming. Emded leach. Decanted caustic solution from tailings.
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3-23-67

3267

8.20 A.M.
8.40 AM.

9.30 AM

10.30
10,50

11.55

13 os. MaCH

leach *

1 1b. ore , 200 ml water, 80 gms. NaCH, 25 gm. Urea, all mixed together

dry, then added water. .

12.55 P.M. start ‘

3,00 P.M. Faint odor of ammonia. Temp. 165°F. Copper oxide is not forming.
3.40 P, ¥. The black copper is forming. End of leach. Heated tto long.
Cu0Q formed too muche. ' :

leach #

4,00 P.M. Tailings from # 3 leach above.

_ Add 80 gm Naa{.ozoo ml water, 25 gn Urea.
4,15 P.M. Temperature ]B?og. '
| ]

4,20 180
4,22 . 190 F. .
4.25 ‘ " 2000 F.
5.9 " 175° F
4.35 Isach ended

200 gm Tailings from Leach #2 of 3=23-67
80 gun ¥aCH, 25 gm Urea

Start lsach of Tailings :
Leach removed from heat. Oxides forming. Indication is that axides form
when carbonates are dissolved complstely.

s 1bs. Hx5% - § 16.20 11w HpSOk o .30 1os= 1.8

Acid leach starts
1 1b. ore, 80 grems com. HxSQy

End of acid leach. Decanted and washed lailings.

Second Test | :

Tailings from acid treatment after one washe Add 80 gm. NaCH plus

25 gm Urea, A blue oolor appeared around the dissolving caustic. A brown
flocculsnt precipitate formed and floated in the solution. Temperature
160°--180° F,

. ol .
Very heavy brown rlocculent' has separated from the ore,

End of caustic leach of tailings from HpSQ4 acid leach.
The purpose of this test is to determine the efficiency of Sulphuric acid

in leaching the silicified copper ore. :
1. The cost of H,SQ and NaCH are approximately the same at retail price,

2. The Sulphuric acid is far more efficient than caustic in a one-leach
treatment. There is formed no copper oxide in tne acdd leach, No
scrubbing equipment is required. The electrolybe is in a form to
produce copper instead of copper oxide, which forms on electrolysis
of a caustic solution.
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Friday 3-31-67

start 7.45 AM.
8.35

8.50
9.00

10.00
.10.10

10.20
10.50

3.0
.00

b.25

8,36
“.45

4-1-67

, O o

3. The temperature of the leach may be less for HySO4 ywithout
limiting its efficiency.

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

of extracting copper from the carbonate ore.

Leach Test This size crush is too coarse for nommal leach.

| Ores oversize on § " screen of softest ore available, 1 1b. ore,

200 =l H,0, 80 gm NaGH, 25 gm Urea, 50gm, sucrose.

8.20 AM Black ppt appeares to be forming-Temp. 160°F,

Solution turning green

10 grams copper per liter = 1% copper solution

100 grams Cu/L == 10% Copper solution ,

Solution wher stirred appeares light brown in color due to iron hydraxide.
Solution beccmes red, especially at point of heating. Temp. 180°F. Red

- eolor most likely due to Cu. See page 695 Schlesinger,

Decanted and scrubbed tailings.

Zadlings from the first treatment plus 200 ml H20 plus 80 gm NaCH at

180°p,
Solution turned blus but copper content building up. _
Copper blue solution beginning to change to black color. Leach contimed

through noon hour. 2.20 PM Temp. 175° F.

‘Temp, 200° F, The flame was cut down.

Decanted solution blue to black in color. FPlaced on hod plate and heated

mch more, Red copper formed. Bright red color

Decanted solution from scrub and washing tailings. Color changing to
ﬁon 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
Solution began boiling and the red color increases,

Color becaming bright red. '

Added 1 tsp. sucrose

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
slines were washed off. Slimes contained metallic copper.

wlpe




L.3-67
Monday

11.00 AM

11.35
11.40

12,00

1,00
1.20
1.22

U,45

4367
Tuesday

b-6-67

1 5-67

10,10 AM
10,20 ¥

10.25

11.30.
3,00 PM

1 1b. of ore from the pan containing (~.20") particle size including

very fines, Previous leach tests have been made using 17.62% of the

weight of the ore as added weigznt of caustic. 80gm HaOH 200ml H,0

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

A - kS e NecH

Start lesach. Total water 400 ml to cover.
Caustic solution too weak,

Add 33.6 gm. NaCH Total NaCH 80 gm. Immediate strong increase in blue
color. Add 200 ml more HZO.

Isach removed from heat. Ore stacked out of solution.
lesach restarted. '

Temp. 196° F.
Temp, 162° F. 200 ml Hp0 added,

End csustic leach., Ko reagents but NaCH.
Tallings from above leach with slimes leached with 80 gr. H25Qy, Temp.

' toﬂp0°!’.

Standardizing caustic ~solution weight 1.(.211 gm.Potassiun acid, Phthalate,
and Titrate with XOH solvtion, Titration & 9¢8 (9.9 immediately after

 titretion.) 30 . 01,8201 N.0101 X5 g8 0,505 Normal KCH.

9.9
Rydrochloric acid titration = 26.8 ml KGE using 25 ml HEL by pipette.

Mtration for 5 HCL would have been 24,75 ml of KCH if KCH is 0.505 No

 1,0211 ga Petassium acid Phthalate requires 10,2 ml g KCH,

10,0 ml std 8 HCL required 10.2ml of std. KGH, HCL checks with Potassium Acic
Phthalate ngghod and is exactly gKCL.

Yor KGH g gijg 0.4501 N.KGH
2 1iters require 56.10 .x Z o 56410 ga for full charge of KH

= of 56,10 = O.sélen  80% (1600m1)

100 . )
ThB8gn  apprax. 5 gm KCGH

Test on ore fines in HCL leach.
1 1b, ore fines

160 gm ECL, comm. Diluted before adding to the ore to 400 ml.
calcite fiszing stopped, some slimes but not so much as pep HpSQy

There is a dissolving action with formation of mimute bubbles going on
throunghout test,

Many particles have become red in color.

Discontimied leach, A small wount of HCL on the red particles removed the
red color.
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L.b6-67 "Electrolyzed the H»SQ: leach on batch for April 3rd, second leach on that
date. This product is acid recovery after caustic leach,
10,30 Al Added 34 ml HZSOIJ» (cam) to neutralize NaCH in caustic leach of Heads on

Sample April 3rd, same cample later leached with HpSGy,
5 ml pg leach solution required 1.3 ml N XCH

1 ml H,SQ4 cone. requires 50 plus 29 = 79 ml g KCGH washed out papette

-1 ml conc HpSO4 papette drained only, not washed = 73.4 ml g KOH

1 ml conc. HpSQy titrates 73.4 ml g KCH

4.10-67
N .
~below Qgg}}_gt;ve Leach .
1 b, ore fines pulverized(approx. 100 meah)
400 ml water plus 100 ml
80 ml HzSQy .
100 ml grac.cyl = 135 gm
80 ml HpSQ4 cut plus cyl = 280 gm
280 « 135 = 4.5 gm = cut of H2SQy
1435 -Start heat |
1.45 Sampled acid solution for initial acid consumption 1 ml sample from
580 ml. 1 ml dilute Hp5Q4 solution after 15 min. contact with ore =
4.2 ml g KGH, Temp. 1800 F. 73.4 X80 = 5872 ml g'xm (for total 80 gm)
580 x 412 = 2436 m1 N KCH subtract 6
| i Z %3 equivalent 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 m1 of electrolyte re®overed---25 ml. for assay titratidn 26,0 m1
Monday 2640 x 0,00522 = 0,13572 gn. Gu in 25 ml leach sol.
_j%gg_g 214 0.13572 x 214 = 29,04 (gm Copper in leach sol)
29.04 . 06k - 6.4% Cu in ore recovered.
Lol
4767 Standard solution of Sodium thio sulphate
Friday 39.cl>l+ gn / 2 liters ( MNap Sp C35H20) \
x 12 '
41124 ‘

1{2504 solution does not digest Cul

St e ey Wew it ae P . Ry T L g ‘.*.ﬁ&%‘b\




4-8-67

» Saturday

4.10.67
1,00 PM

O O

Wt.of copper for standarcizing - 2353 gr (Scott -P193. p 140-1)

This titration - 45.2 nml.
84 ml. more water to stl. ( can not make out next word)

10 gr. sample of tailings from HpSQ4 leach to copper analysis.

Weight copper -~ 0,3338
Titration = 63.5

For Standardizing Hypo 52.56
grams copper per ml lMaz S2 03 5H2 . .00522 & .005256

1 1b. saoft ore fines pulverized to plus or mims 100 mesh

add 400 ml water
add 80 =1 ( 145 gm) comm. sulphuric acid

lsach time - 1 hr.

-Hashed 1.lch residue & t.imes by decant

Volums electrolyte recovered - 5,350 ml.

26.0 Titrix 0.13572 = 13572 x 214

Copper in electrolyte - 29,044 gm.

Percenmt copper &n ore recovered - 6.4%

Grams copper per Liter, electrolyte - 5.428 gnm

... .Coppar leached per ton ore = 128 lbs. »

Acid used by leach = 9.4 gu/lb
Percent of com. HzSQ4 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.
ibs. eom-scid per lb. Cu recovered = 3.27

Weight of Tailings recovered . 3875 gm.

 Cu plus PFe203 plus Tailings = 447.59 gms.

Copper in Tailings: 10 gm sample Titratdon = lel ml
Titratieon =~ 0.11 ml 1 gr. Tails
Factor = 1ol = (00522 x 0.11 = .00057%2 gm. Cu/gr Tails.

0,0005M2 x 2000 = 1.15 1b. Cu/ton Tailings

.. - et i e . Ce - P S o




4-11-67
Tuesday
8.30

845

9.00
915
9.30

930
940
9.53

10.00
11.00
11.40

12.00
1z2.30 -
1.00

4.12-67

4.13-67

EAOH
80 grams NaGH in 400 ml Hy0 = 20 ml J HOL std. Titration

Start leach . |
1 1b. ore 400 ml Hy0 80 gmn NaOn are pulvarized to
plus or mims 100 mesh.

Temp. 180°F

Leach is of creamy consistency. Added 100 ml Hp0

Leach is soupy .

Microscopic examination of ore in leach reveals very low solvency of the‘_
COppei‘ in the ore. ,

Added 80 ga 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 froa caustic leach. ‘

Temp., 194° F.

Leach almost dried out., Black all through cake. .

200 nl water added. From then took 2 ml. to titrate. Titration - 18.7
caustic value

Fire off for lunch

Heat on

lsach ended

Decanted leach. This is the caustic leach on sample treated 4.11-67
Eloctrolyzed 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 shis ore
finely pulverigzed occupies 400 ml space in cylinder.

Tested one pound of finely pulverized soft ore for geparation of slimes
or very fine portion before leaching the copper ore concentrates of the
separation. There is a portion 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 34 = o 30 C.P.H25% - 30 ¢ /1b.

8-




4-15-67

4-14-67

8.45

11.45
12.30

3.20

4-17-67

441567

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-c7)

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

Add 80 ml conc. HyS04

Add 250 ml water

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

Off for lurch :

Returned to digest ¥ heat.

Off heat. Leach completed

Filtering the slimes pulp. Settlement amd decantation is much faster
tahn filtering sands or slimes.

.10 ml of leach solution from consts of ore of leach on Apn.l %, 1967
amalysed for Cu _- Titr = 13.4 ml Hypo.

000522 x 13.4 = 4069948 o.: .070 copper

3000 ml leach comct solution x 0.0070 gm cu/ml = ,021.000 = 21.0 gn Cu
recovered by leach solution,
76 x .0898 - 6.82u8 ee=--6,82 grams Cu lost in slimes cake (recoverable)

+ Tailings from conct leach
?6 s. in slimes
(see April 17, 1967 notes)

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

diluted to 200 mi. __10 x 10 _. gn sample.
= * %

Titration = 8.6 ml  0.00522 Hypo.
000522 x Be6 = JO44BY2 Or 0.0449 x 2 = 8,96 4 Cu in carbonate slimes.




L.18.67
Tuesday

April 19, 1967

Wednesday

8.00 A M

8.10
8.30

8.45

9.00
9.15

ATTENTION
9430

945

10.00

K

strengtih
of caustic

(

10 ml caustic concts from Agril 11, 1957 analyzed. 1.0 ml of caustic
solution titrated. 0.3 ml std Hypo. Sclution is blue in depth but

nearly barren of copper. axamination 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 galatenocus 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 caustic leach pregnant solution
419 grems tailings

NaCH
1 1b. soft ore pulverized
80 gn BatH . 400 ml water

lesach begins

Covered the glass dish with another glads contalning water to collect
‘vapor aml prevent evaporation. Also to reduce air circulation in
contact with leach solution.

200 nl more water

Stirred cake. Temp. 1900-2000 F. Added 100 ml water. No blackening
of top of cake. : »

Stirred cake & salplo;l. Much of copper bearing ore is only slightly
lsached. o

Added 80 gm MaCGH and 100 ml water
Stirred lsach, Added 100ml water.

Before adding LaCH at 9.00 AM, the pulp had a darker brown color and

the 1sach solution appeared to have little copper in ite. At 9.15 AM

the brown color was lighter and the leach solution stronger in blue copper
colors.

Anple water and sufficient caustic has resulted in a very satisfactory
appearance of this leach. 3lackening at the surface has disappeared. ILeasch
solution is strong deep blue,

Sanple of the ore washed free from slimes has many blue particles of ore

incompletely 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 solution.
1 ml blue solution = 10.1 =1 N HCL
Solution is 5 normal or contains 200 gm/liter of active caustic equal to

((' 80 grams caustic in 400 ml solution.

-10-
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10.15
10.30

10.45

11.00
11.15
11.30
11.45
11.55
12.35

1.00

1.20
1.40
142
1.54

1.56

2.22
2.25
2.30

4..20-67
Thursday

Stirred pulp. No additions to pulp.

Stirred pulp. No additions. Temp = 180° F . 2100F

Scraped down sides of dish.

There is approx. # inch of leach solution covering pulp. Pulp bubbles
but does not spatter.

Stirred pulp.

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

Stirred pulp. Color is clean light brown solids.

Stirred pulp. leveled leach Dish. Pulp temp. 180° . 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 »l, leach solution titrate 6.6 ml g HCL

- 86 = 3.3 = normality strength of active caustic
2

3.3 40 = 13.20 -
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 approx. 300 ml

132 gn NaCH per liter or 528 gm. NaQGH in 400 ml

Weight, leach Tailings - 421 gm.
10 gm tailings for assay Cu. = 129.1 Titr.
10 ml leach pregnant solution for assay, Titr. = 0.25m1 of Hypo

otal vol strong solution = 2550 ml.
tr Hypo,o gn Salrf}gle tails :'_-12035

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

-1l




written
Thurs. 4-20.57

M22-67
Saturday

NaCH
Datas Caustic Leach 4.19.67
Ileach time - 4.5 hours |
Temp. = 160% 206° F |

454 grams ore --400 ml water --160 gm NaCH

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

Ore changed color after 1.25 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 43 hours,lsaching tims caustic still available in leach
was 52.8 grams

Caustic consumed = 107,2 grams.

Copper leached frcm ore pregnant solution = (.00522) £0425) ( 2550) g «2652gm
Copper in Tailings, 10 gram sample, - (0.1) (.00522) (422) 28.365 gms.
F.zoj (iron oxide) in Tailings = 15.7%

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

progress of the Saustic lsach ends as soon as black copper oxide begins

to form,

Next test using caustic shall bes

1 1b. ore(same as used 4-21.6?’
600 ml water
120 gm. caustic

- check regularly for CuO forming. Dip out spoonful sand and inspect

to fully determine if oxides are present,
Stop leach as soon as oxides form.

-12-




April 21, 1967
Friday

10.05

out leach

4e22-67

Beginning of caustic and acid leach, 1 lb. ore to each treatment. Ore

i1s 9 mesh with fines, an ore that is harder than leachings of (4-10)
and (4-19). Sample of 1 1b. is cut by splitter. (small one)

GAUSILC
1 1b. ore
120 gm. NaCGH ( 60 gm at 2.00 P.M.)
600 ml water

2 ml of caustic solution (120 gn NaOH in 400 ml 320) titrates 28.5 ml
of ; HCL, or 28,5 nommal caustic solution.

Jsjoh begins-leach vat(dish) covered to keep out air
10.15-stirred lsach pulp Temperature = 200° F

10.30 " " " " 1800 F
1045 . ) " ) 1900 F (no slime in loach)
" " " " 0
ﬁ:gg . . . . lg§ ° g (;xo cemgnting o{ sax.\ds)
11.30 ] . ) ] 180¢ F " " L
11.45 . " . n 1800 F ® “. =
12,00 . . " " 1800 F ® ] (I
12,45 ® ' . . 1959 P( no water added up to this
. time, cover
1,00 . LA " 1789 F (condenses vapors)

Sands were sampled at 1.00 PM. Many particles are heavily loaded with
oopper. The leach solution is very dark blue with coppere. 2 ml of leach

*solution titrates 14.6 ml N HCL- about § original strength

1,15 stirred leach pulp Temperature = 1740 F
1.0 ] . ) L

la5 @ LI ) 1600 F  increased heat
1,55 adding 60 gn NaCH to leach

2,00 stirred leach pulp. No cemnting. Tcnporatun = 1800 F

2.15 " . 1900 F
2.30 . . I a' 1850 F
2445 " CI | LR ) 1800 F

2.50 2 ml of pregnant solution = 35.6 ml N HCL

3,00 stirred leach pulp, No cementing, szporaturn = 180° F
3.15 . " " " " . 176° F
345 . . " . . . 180° F

1 ml strong solution(Cu) titr. = 2.7 ml Hypo

( «00522) ( 2.7) (1000) = 14.09% 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.

Tailings ( dried residue, coarse sand) = 34 grams, Titrates(Hypo) 8.7 ml
Tailings ( fines and oxides) - 56 gm s. 405 plus Fe & Hypo = 12.1 '

Fe,03 weight = 17.84 one gram sample ( source:coarse sand)

Strong solution 5 ml sample Titrate Hypo = 615

Copper in coarse sands = ( 0,00522) (8.7) -(349) = 15.819% gus.

Copper in fines & oxides (0.0u522) (121) (56) = 35371 gms.

Copper in strong solution,(l liter) - (0.00522) (6.5) (200) - 6.78 per liter
Total Copper accounted for - 26,1725 gns :

2 ml strong solution - 15.% al 2J HOL

-13-
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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--NaCH calculation- 120 gm NaCH in 600 ml water

Titration 2ml = 19.15 ml NHCL - 9.575 ml N HCL per ml of
4 Z

caustic solution.

120 _ 0420 gm Na®H per ml solution
&0 -

0.20 gn NaGH Titrates 9.575 ml N HCL
2

-1l




Sunday
April 23, 1967

(A)
(6 )]
()
(D) 2.30 PM
10,AM
42067

42467

(A) strong solution
(B) first wash

(C) 2nd wa

NaCH plus HpS04

1l 1b. - 9 meah ore 120 gm NaCH 600 ml1. H,0
‘Leach dish is covered. Cover contains ¢ooling water

2 ml. NaOH solution 120gm/600ml Titr. 19.15 ml N HCL

8.20AM Start heating 8.28 Temp. 160°F .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 HCL
9.30 * L " 178°F * W, Gy Titr, - (.6

9.50 25 gm Urea added

10.15 Ore sampled & checked for axides. Oxides are beginning to form from

" oopper in ore. The oxides are arrached to the ore particles where
copper is visible in the ore . Solution is medium dense in blue color

10.30 Temp. = 150°F

10,35 Qxides rechecked. No increase evident
10.50 [ ] [ ] : | ] " , [ ]
11.10 Temp. = 196°F

11,20 BEnded 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 wash - 445 ml - 5 ml sample Titrate - 1.0 ml Hypo
2“1“&:380‘1-25"118%})10 . :.OQBNIW
Tailings, coarse sands-lgm sample. Titration Hypo = 103 ml

Tailings. coarse sands after H,30, - 35 min., leach 5 gn sample - 12.2 ml Hypo
r.203 in caustic leach tad.lings = lgm sample = 0,1788 gm

Tallings after sampling = 312 gms--,gg_ = 6872
calculating an H,S0;, wash for tailings.

06872 x 80 = 54,976 gn HzSO4, on basis of 80gm/54 gm.
745 MM ( acid - 55gm}( water 400 ml)

750 AM Temp. 190°F - 8,05 AM Temp, 1P0°F

Leach period for H,SQy = 7.45 to 8,20 _- 35 -ming
Start decant & settllng V.50 AM

(F) 1 ml of acid solution from acid leach before washing Titrated - 3.6 ml g KCH

(G){Xolu.mo of HpS0, leach solution plus washes = 750 ml
ml to analysis Cu = 6.4 ml Hypo

(0.00522) (2.3) (3) (415) = 2.991245 grams Copper
(0.00522) (1.0) (1/5) (445) = 0.455025 grams Cu

sh = (0400522) (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) (1) (750) = 12.528 grams Cu.
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200 plus 4347 = 243.47 ml

1l ml diluted acid titrates 14%.1 ml N KBH
‘ 2

1.0 -
243717._ x8 (egn 32304) Titrates 14,1 ml . gxm

82 = 043285 gm. conc, H,S0,/ 4.1 ml N K
24347 " 3

«16-
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Tuesday

4.25.87
8.30
9.30

9.45

10.00

10.10
10.25

10,30

§26-67
Wednesday

o O

-~

B,S0,

80 gm. conc. HpSQy plus 200 ml. water = 24347 volume
2 ml, of above diluted acid Titrafion - 28.2 ml H.KOH. 28.2 . 14,1

start heating  8.45 Temp, 164°F 344 100 m1 water  9.19 Temp. 284°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, increasing 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 used. '

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.

. Bnd leach., Volume of pulp and leach solution « 450 ml, Strength of acid

solution before washing & decant = 5.9 ml KGH for 2.0 ml of leach acid

‘ aolutiog. 5,22_- 2.95

Volume of sleotrolyte ( strong solution) = 1370 ml. N KGH titr. = 3.5 0n

iai]ingspl‘ welght sample & beaker = 516 gnt = 139 = 5?? net.
1370 x 1.75 = 2397.50 331345 - 239?-5 = 916.0
235 x .1 g 3313.50 23975 - 331345 ; = 07235 = 72435% consumed

Tallings, Copper assay - 5 gm sample, titr. = 0.5 ml
Copper in tails (0.00522) (0.5) (1/5)(327) = O. 19679% grems copper in tailings
8trong solution Copper assay - 2 ml sample titr. = 6.0 ml Hypo
(0,00522) (6.0) (%) (1370) = copper in electrolyte = 214542 grams - 15.66
Percent of total copper present which is lost in the tailings

rcm wt. Cu/ton of this ore (;;_, 52 (2000) = 95.373 1b. Cu/ton ore.
Wh. of Cu lost in tailings (95.)?3) (.0092) 068774316 1b,

80 gm HySQy per lb. = 80“54 000) = 35242 1b. H,SQ/ ton cre

1bs. acid per ton ore consumed in this test = (352.42) (.2765) = 97.4% 1b,

Rate of recovery of the copper = 95,323 = 99.088%
96.25

ter
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April 27, 1967

Design the pPlant to,best treat the ore available at the surrace.

This ore may not be a true representation of the whole ore body, 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 dissolved from the ore, A use for the spent -

slegtrolyte may be dissolving the oxide copper from the caustic leach
tailinxs. ‘

18-




CAUSTIC

April 26, 1967 Caustic solutions 600 ml water-120 gm NaCH titr. = 19,7 mi B HCL
. 5
add 40 gn Urea. Titr, 18.8 (less than NaCH alone)

8,40 Start leach Temp. 160° F. 9 mesh ore fine grinds leach tray
containing 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 enpty glass tray.

8.50 Water added to top tray.(a double bbiler with cover)

8455 Temp, 176° Fo

9,00 Ileach solution is deep blue, Sampled pulp

9.07 Tempe 176° F 9433 Tempe 175° F. Stirred pulp
10,00 * 186°F  Pulp is dispersed, not caiking. Sampled pulp. Pulp

particles have not changed noticeably in color. Many copper bearing part-
jcles do not indicate any change from the leach, others have lost depth of
color, the blue being less dense in them.

10,30 Tenp. 176° F. Mo caking. 2 ml strong solution, titr - 19.1 ml J HOL
Noticeable odor of ammonia when leach vat was uncovered.

11.20 '!Ollpo 275°

| 12400 Added 60 grams more NaGH. No water added. The caustic simply is not
| affecting most of the copper.8ampled the Palpe # 35 sample

12,45 Temp. 178° F. |

140 Five hours of leaching, samp].ing pulp. Sample indicates there is no

important gain in leaching the ore. The #xidss are bullding up in this
leach. Strong oror of ammonia in vapor above leach solution.
The axides did build up toward end of lsach F

2,00  End of leach. The tailings when treated with conce HpSQy form an

‘ wutorﬁh sllica or slime

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

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

(400522)91.5)(4)(1230) = 4.8166 gm Cu recovered

Tailings ~lgn -titr = 7.0 Wt. 420gm _
(400522) (7.0) (1.0) (420) = 15.34680 gm.  3.65% Cus

«19-
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April 25, 1967
Sulphuric Acid Lleach

Ore (-9 mesh) -  1,lb.

Solvent - 80 gm. corc. HS0,
Water = 400 ml

fm - 2 hours

Total Copper in sample
Copper extracted by leach

Copper lost in Tailings

Percent of Coppoi' in ore,lost totailings
Pounds of Copper psr ton of ore

Pounds of Copper lost in 1 ton Tallings
Rate of recovery of the Copper

pounds of acid umsed, per ton of ore

- pounds of asid consumed, per ton of ore
percent of iron as (Fe293) 11 ore

-20-

21.65 gnm.
21045 mt

001967 Pne
- 0,928
= 9537 lbs.

0.8774 b,
= 99.088%

9744 1b.
- 17.88 %
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1.00 je |

1.15
1.50

2,00

4.3

5ek-67
Thursday

O | O

Wednesday, May 3, 1967

1 1b, ore, fine grind
120 gn. KaCH 600 ml. water 40 gn. 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 immedliately. Added 40 gm. urea. Care used not to build up
intermal pressure to break jar. Jar then placed in water bath at 140° F,

Mp. ‘ 160° F 3015 Tenpo l&o F
. 176° ¥
¢ 1x°r

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

Streng solution 600 ml _ ‘
total, leach strong solution & washes 3620 ml.

copper in leach solution & washs

( 0.00522)(2.8)(1/5)(3620) = 10.562 gn.

mnmi 'th - m gns. Titl'. = 5.“

On in tailingss (0.00522) (54)(1.0)(840) = 11.96 gn,

-21-
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See oposite April 25, 1987 -

Calculation of Residual Acid

1o, B KM - 0.3285 gm. HpSQy  spg 1.84

2
valume green (acid) solution 1150 ml.
Titration 1.0 green solution 1.0 m1l N KOH

2
e*e (0.3285)(1150) = 377.77
JLeIL = 26.79 gn conc. HpS% Residual

50,0 gms. conc. H504 charged in
26,79 gms. ® ®  presidue

23.2 . gas = wt ., gms. acid used to treat palp.

23.21 x 2000

5k
consumed in treating 1 ton of leach tailings as of May 5, 1967

= 88 1b conc. HpSG4 .. new ratio

Caleulation for Caustic see 423-67

8/23/67 = 120 ga MeQH in 600 ml water
& e 0620 gm NaCH per ml sdlution

1,0 ml above solution titrates 9.575 ml g HCL

Leaoch for $/5/67 3+ 1 ml titrates 0.25 m1 N HCL
0,20 gn Na® titrates 9.575 ml g HCL

‘1 ml BHCL = 220 _gm NaGH - 0,0208 gn. NaCH
.2 9.575 .

Alkaline pregnant solution = 1750 ml.
Titration per ml. = 25 ml g HCL

( 0.25)(1750)(.0208) = 9.10 gm caustic

Besidual in basic pregnant . solution
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May 5, 1967 Caustic Leuch with Yeta Bi Sulfite
1 1b. ore (~100 mesh) 40 gm. urea  pMata
‘ Bi

120 gw. Caustic (NaCH)

1.30 Start 145 PM  Temp, 160°F 1.50 PM4 Temp. 1767 F 4,25 PM Temp. 180°F

4,30 End of leach, Filteded by suction, Washed by suction until wash is
colorless, Removed filtered cake from filter and returned to leach jar.
To the pulp wvas added 400 ml water and 50 gm. conc, H3Q,, The cake was
pulped in the acid solution and shaken for 5 min, filtered pulp.Washed
pulp with 400 ml of water.Added 4 at a time. Finsl wash with 100 liters of
* water which is coming through the cake colorless . No heating was used

~ during the acid wash,

Saturday Blne Baxic pregnant solution: 2 ml Titr. = 0.5 ml volun = 1750 ml,
May 6, 1967  ( 0,00522)(0.5)(4)94)(1750) & 2.2837 gm.

‘Green copper con. sol, Titr, g 3.7 volume s 1150 ml.
Tallings, sands & fines = 375 gn., Titr. = 3.0

- (400522)(3.0)(1.)(375) = Tailings = 5.8725 ga.

 Cu in blue strong = (0.00522)(.5191.5)(1750) = 2.2837 gm

Cu in green strong = (0.00522)43.7)(+5)(1150) = 11,10
m solution -2 ml. titrates 5.1 ml EECL

crnn * " mplc titrates = 2.0ml E KoH

3/25/6? 80 gm oore, HpSQy in 200ml water . 2 ml #f this was acid
-mixture Titrates = 28,2 m1 N XH
‘ ' ‘ 2 ‘ .
%/23/67 120 gn NatH in 600 ml Hy0. Titration 2 mls. of this caustic

selution 2 19.15 al & HCL
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May 9, 1967

The possibility of interference from calcite in the caustic leach should
fully investigated. If NaCH sclution does not affect CaC03 (calcite)
could not be reached by the NaCH solution and would remain in the tailings.

This is the most plausable possibility yet occuring, to be checked.
Silicates should be more soluble in NaCH than in HpSOy solution.

Iron in the electrolyte may become an impurity in the Copper extracted by
electrolysis. Calcite will comsume the acidity of the electrljrte. increasing

the ph to approx. 3.5 to 4,0, when iron will ppt as a hydroxide, and is
filtered off. ‘

049041 gm HpSOu is equivalent to 1 ml of normal alkali (Lange Handbook

x.o.:.ﬂ.‘:l_ = 0,0245205
1 ml conc. HySO4 Titrates 75.5 ml g KCH

1.9% & L] { ] " » n
184" 0,02437 gm
ATEE—— .02“‘52 \
7545 ool 1ml NKEH - 0.02437 gn. H2S4

N

Amlysed 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. This lowered the leaching strength of the caustic

solution and extraction was very smalle The acid wash was imperfect because

the cake had hardened in lumps before vacuum filtering and a rumber of
unpulped lunps were noticed. When‘the acid wash was emptisd upon the

filter, The copper in the filter paper was not recovered.
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May 8, 1967

Mornday

9010 AM

9440
10.15
10.40

11.15

11.45
2.10

5400

May 9, 1967
Tuesday

1.1b ore 40 gn NaOH ©13.3 ueea 200 ml H,0

Start leach. Temp, 180°F

‘End leach, Filtrate has some copper

Start second stage: same amounts of NaGH & Urea on tailings from first

treatment, 100 ml H,0 180° §

Palp is too thick to pour. Add 100 ml water. After water the pulp flows
freely. 1800 F steady.

Emd second stage. Filtered & washed

Begin 3rd) stage of leach 200 ml water - 13.3 gn urea -40 gm caustic
End 3rd) * v »

Pourth stage: 30 pn HpSO; plus 250 ml water. acid wash was in contact
with ore cake for 7 mins-filtored very slowly.

Welght of tailings - 375 gnms. 1 én for Cu analysis. Titr = 8,1 ml hypo.

Tailings analysis - 1 gn sample = 375 gn = hypo Titr = 8.1
First stage filtrate & wash - 750 ml hypo Titr. = 0,10 on 2 ml

Second stage . "% wosgpy W * w020 * ® @

Third ® ] LI ] l750! l.lio‘zoonl
Acid treatment of cake 660 # . * 822 * « @

Treated Tailings uith 30 gn come HyS0, in250 ml water
Some of the cake failed to pulp, microscopic examination of the acid washed
tailings exposed presence of small flakes of copper oxide ¢

2 ml. of HySQ solution after treating ore titrates = 1.2 M0 ) KCH

(660)(0.6) (,02437) = 9.577 gn H2SQyresidual after washing. with
dilnted acid. This is equivalent to 90 lbs. Hp8Qy per tom of ore cake.
(200522)(8:1)(375) = 4.228% Cu. = 15»8557 g Cu in Tailings

68.27% insoluable Fo03 =
Cu m first staga - (.00522)(.05)<750) = 0419575
* ' 2 * (.00522) (.10) (780) = 0,40716

% 3 % % (L00522) (.10) (780) * 0.40716
® % Mthacid " (.00522)(1.1)(660) * 3.78972
® @ tai)ings " (.00522)(8,1)(375) " 15.8557
B ' 20.65519 Total Cu,

-25=
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May 10, 1967

Preparation of Head Samples from the ore brought from the mine
on May 9 & 10, 1967, by larrcy & Joe.

May 1.1. 1967 Thursday - Data on head samples prepared
5/10/67

6.05
%ﬁ'%_ Titr. on heads

(.00522) (#:80)(1) = 3:38%1 cu = 51.15601b. Cu /ton ore
Welght of Fep03 . .1480 - 14.80 % Fe20,

Weight of insoluble_ « 7225 = 72.25 % insoluble

Total-Cu, Fe03 4 insoluble - 89.61%

-26m
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O O
80 gn NaGh in 400 ml water titrates 9,9 ml N HCL/ml GM 1lbs.
80 gn NaGH/L = 2N, «° 80 gn/400 ml zzl;-o-" 2 = 5N

!
)
1 ml 5 N NaCH Titrates 10 ml .éN. HOL ) sk - 1¢

—— ]

1 ml of above caustic solution contains = 0,020202 gm Ha®H 100 1b/t - 22.7 gn/ls

80 = 0.2 m/ml(there are 400 ml) ,»,-Qs2 = 0,020202 gn 108 1b . ,05 (urea)
%00

May 12,

145

3450,

Saturday

*7 NaCH per ml % 05)%454) - 22,7 gn/lu
g HCL

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

Start heating leach pulp Temp. 180°F steady
leach ends, very strong ammonia odor with strong copper solution

00 ml. 1 ml st titre = 7¢2 N HC
m% ézger 11.1(.1<;1szP .636 ngm ho strong by 7e 3 HCL
AZB 1l ml wash titr. = 2425 ml jz\l HCL .

(azoaoz)(z.zm@m) 2930906 gn-( eaustic) NaCH

1135.0
Barren wash water 195 ml titr, 1 ml = 0.3 ml g, HCL 43,6363
(020202)(0.3)(195) = 1.1818 gm NaCGH 2i'°3°3
balance of camstic reacted with copper or is residue 73.9087 gn NacH
in the tallings. or ammonia

May 13, 1967  Weight of tailings = 4.05 gn Titr § 4.2 ml hypo

Monday

S8ilica Jell is presont in strong solution
Copper im tailings - (.ooszz) (412)(1)@05) = 8:879 gn Cu = 2.1925

May 15, 1967 10010 (?) Titr, 5 gm ore heads - 33.7 ml hypo.

(.00522) . (33.7)(1/5) = .0351828 = 3.52% Cu in heads
.5 - H 9&8 Cu 1 lb,
3.52% = & 36111 hypo titr.
Stromg solution & washes, Cu recovered _- 3.4
(«00522)(1/5)(1135) (2.9)
. Tailingss 5 gm. sample
(0400522)(1/5)(30.0) = 3.13% = 12.6846 gn. Cu.
15,9608 gn Cu in heads = 3.4362 plus 12,6846 = 16,1208
strong solution
15.9808 - 16,1208
Heads " recovered & Tailings
These results establish correctness within ons-tenth of one gra.ni
per pound of ore. |
Installed new burner for incirerating filter paper, greatly increasing
accuracy of analysis., See: Keefer-page 98
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Caloric acid eliminates the interference of iron in electrolytes.
P4s., Vol 2
May 16,1967 Tuesday

On April 25th the test results indicate that 100 1bs. H,S04 per ton

of ore is comsumed in leaching the ore, or a ratio of 100:2000.

This is equivalent to 22.7 gm of H,5Q, per lb. of ore. A marginis n.
necessary to provide leaching power at the end of the leach., This test is <
be made with 30 g H?_SO,+ per lb. ore or 1,321 x 22.7

80 ml water plus 21.1 ml H,S04 = 95 ml sol,

3000 divided by l.42 & 2 ml.

_DATA ON PAGE FOLLOWING

N. T.”-'" May 17, 1967 Wednesday
4 o
AR

N\

Another attempt to establish a lower acid charge for leaching the copper.

This test to be made with €0 grams HaSQ4 --60 Gm HpSO, peasures 32.6 ml

60 Gm. HpSQ4 in 400 ml Hz0, 2 ml acid sol titr = 11.6ml N KGH
on first batch. Broke jar with hot water. 2

(.00522)(.2)(19.0)(825)

(400522)(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 gm HZSQ‘ =400 ml water

7.50 - Start leach - .
10.10 Temp. 160° F 11,20 Temp. 160°F 12.50 Temp. 172°F
12.50 Bnd leach '

Wash water - 450 ml. .
Strong solution 375 ml. titr = 24.5 gkﬁ
“E
YeT!™ Iron hydroxide® 6.4 ml N K(H |
nel— o z
Strong solutdon & washes - titr Hypo - 19.0
(400522)(1/5)€19.0)(825) = 1643647 gm Cu recovered

Rate this test at $9.99% recovery of Copper. Microscopic examination
of sample of tailings did not disclose one blue particle,
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May 16, 1967
Tuesday

8.15
10.15

3 * O 3%m | 2
1w ¥ KOH-D= 0245278 H,S0, 3R
1 w1 JHCLC= 39999 gn NalH = 40199995 540

. Stromg sblution & washes =3 N ki -i'—

‘the % K reacting with the iron which becomes ferrie hydroxide.

. It 1s Andicated by these results that 30 grams of Sulphuric acid per

- acid value, the ph range of phenolpbthalein is 8.3 to 10, Iron forms the

O O

1 1b, ore - same ore as test begun on 5/12/67

30 grams HZS%

%00 ml water |

Test to be made using jar as container, heated at 180°F in water bath.

Start leach
End leach

leach was made in open jar to allow contact with air.
Recovery of strong solution = 270 ml.
Acid in strong solution, titr - sml titr = 13.4 ml gHCL

Check conversion of FesSQy to Fe(CH);
2rd wvash = 340 ml

( «2#5205)( 2.68)(270) = 17,7440 gm. iso“ equivalent remaiming in st sol

(02052)(1.12)(940) - 25-81“6 gn Hz$°u equivalent in the electrolyte- deduct

10,0 a1 strong solutions & washes for Cu
(mszz)u/m)(ls.s)(%) = 9+22 ga Copper recoversd

Heads, Cu (aane heads as for 5/12/67 - 15.98 orfib
Recaovery, strong solutkbon & washes Y 9,22 '
mnm by differernce » T 8786

Tallings, wi;ht 420 grams

pound of ore is not sufficient to complete the leaching of the copper,
Righ iron content in the ore also weakens the acid avallabls for leaching

copper.
In titrating with 3 N KH to msasure the umnused acid in an acid lcach. the
iron and copper also react with the K giving a false reading too high in

hydroxide at a ph of 3.4 to 4. Therefore all of the iron reacts before the

indicator color changes. This may be avolded by using an indicator which
changes colol.on or before ph 3.4, Such an indicator is BROMOPHENPL BLUE

also identified as TETRA BROMO PHENOL Sulphon-PHTHALEIN, P range = 3.0-3.6
on this leach. 43.3 % of Copper remained in tailings.

-29-
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NOTICE
Contimed fron page 28
o
Ore (9mesh) 1 1b.
Solvent 80 gm conc. HgSOy
Water 400 ml
Time 2 hours.
Total Copper in sample . . 21,65 gn
Copper extracted by leach 21 .45 Gn
Copper lost in tailings 041967
percent of Copper ore, loss to tailings 0.92%
pounds of Copper per ton of ore 95.37 1b.
pounds of Copper lost in tailings 0.877% b
Bate of recovery of the Copper 99.086%
Pounds of acid used, per ton of ore 352.42

lbs. Acid per ton of ore, consumed in test 97.44 lbs
' Percentage of iron axide (Fe303) iy ore 17.88%

~ 3= ' .
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May 22, 1967 Monday

Sulphuric acid leach test of May 16, 1967

Analysis of tailings for Coppers Cu = 0,00522 %
0,00522 $ Cu. - 0.93 1b. cf Cu per ton of tailings

not extracted by leach

60 e 3230} per 1lb of ore - 2@4’03 1b. st%/ton

60 x x X . 2000x 60 . 26443
ksh 2000 b -

May 23, 1967

300 1bs per ton = xGM per 1b.

%:ﬁ. x = (300)(454) - 68.1 gnf1b

2000

250 lbs. per ton = X gm per lb

- 4 - X = 56 .
%"Eﬁ" (250)(bsH) = x = 56475 gaflb.

2000 .
Prepared heads sample. Pulverized ore to # 100 mesh. The ore is not difficult
to pulverise. | .
o
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9430
10 .“‘0

2,00PM
2.25

3.10

730 AM

RS Y S A

May 24, 1967

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

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

blue color.

Cl;grﬁe 1 1b. ore 69 L NaCH Temp. 180°F
jgf' 25 gn urea . 300 ‘ml water

60 gn MaGH in 300 ml water. 1 ml of sol. titr, = 21.5 ml § HCL
leach begins 10.17 leach ends

Second stage of leach begins
same batch of ore . : .
60 gn NaGH 25 gm wurea . 300 ml water open jar Temp .180°F

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

same batch of ore N
25 gm urea 60 gm NaCH a.?:sqfnl. 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 &#th stage same batch of ore

25 gn urea 60 gn NaCH 200)ml water
End of stage & ‘

In strong solution from stage #1 there was & definite deosit of copper axide .
vhich must have formed after filtration,

May 2%, 1967

If the copper :.; 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.alins earth metals ..

present in the ore. Scrubbing will remove the iron be*ter than it does the ¢,
calcite so as to oxprose the copper to the caustic but a fine grind becomes
increasingly necessa:vy,

Continued on page 33




May 25, 1967
- Thursday

~ High reading of ' #1 due to copper hydroxide formed which conhsumed gHCL

#1 2 (,00522) (24.5)(1/5)(460)u_ 6.9635 gn Cu

#2* 0 (1.5)(1/5)(6k5) & 1.01 gn CU 9445 gn
3¢ ' QAa5)/5)(50) - 07720 * 10.728
M (1,15)(1/5)(590) « 0.7 B0 | edats
AR atdd , 1.338
" Todal copper in 1 1b. Heads s 1658915 gm |
% %0 talings " 5801 g
" 4 extrected o TIOTES

'otﬁomnmfmmhsthachunuﬁodfmmmnsandmnimd

‘fogming during caustic leach treatment on the sands , but there is o multitude

‘would possible to isolate a gram of this and analyse for chpper, irén,

‘The iron did not dissolve in the nitric acid, but formed gelatinous , reddish

O O I

w

Continued from pare 32

Strong solutions: aftcr lesdn ends: caustic residual _
Stage #1 1 ml titrate. 12,7 ml X HCL vol. of solution L60™E §1

" 2 n " Lo75 o omo g " 646 ml $2
d 3 u ¢ 6,00 " v m 510 * #3
L TN " ] 5,20% w » w « 590 ml #4

after ncutralization of residual caustic.
Heads a. .yzed for copper. titr = 7.0 ml hypo -
(+00522,(7)(1) = 0.03654 ng Cu = 3.654% Cu in heads

Tallings (10gm) titr - 29.45 (.00522)(29.45)(1/24)(. .) = 5.801ga Cu in Tails
S | 1.547% Cu in tails

Stages Solutions (5ml)

Copper which formed axide, dropped out of solution 1. rst stage s 10338 g
Copper in tailings » X9 $ of total copper in ore, The high resmidus
of copper in the tailings is due to the oxides of copper in the ore. A sample

Yy mioroscope. The residue is free from gopper axides such as have been comnon|
of particles dark in color appearing to be irom and copper as axides, It

sulpghur sontent to confiram the opinion offered that this is the : ..rce of the

failure of the caustic leach to extract the copper from this ore > . sampletly
as does the acid lsach. »

Tae stage process appesrs to have eliminated salting of the tailings by copper
precipitated from solution. : i _

May 26, 1967

Black particles were brittle or spongy. To about 2 gm of tallings in a dish
vere added several ml of conc, HM, then som. crystals of XCl03, e Mitric

acid turned pale green. Most of the black p:rticles lost the black color.
brown coh~sive residue units having shape similar to the particles before

copper was removed, Sir - the iron does nqt dissolve, it is oxide , not sulfidc
When combine. with the c. per and does interfere with the leaching in caustice
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8.10 MM
8.25
8450

9,00

May 28, 1967

P L . T P S

10.17

11.47
12,00
ZQOON

May 27, 1967 Saturday
Stage Leach May 28, 1967 Sunday

1 1b. ore 200 m1 H,0 20 gm urea 60 gn  NaCH

Jar contalning le:ch pulp is open, not capped

Start leach 8.22 AM Temp. 160°F(temp. of pulp).

Pulp is well dispersed, not sanding out.

End leach ,

Second stage leuch begins Temp. 1600F :

Sy’ oer, from 1st stage 200 ml H0 20 gn urea 60 gn caustic

Erfl leach , second stage Temp., 166°F

Bepin 3rd stage leach

sape ore €0 gn NaCH 150 ml H0 20 gm urea

end 3rd stage of leach -

Begin 4th stage of leach 10 gn HpSQy apd 150 m1 HO
B o %

Weight of tailings 3% gms.

Stage #1 residual caustic titr ¥ = S5e2 ml 3 HoL Vol. 500 ml
LI -] " " LI N N AL LY
LI R . v " 560 W " s
* g " acia v @ 0.2" » . % g8 @
Smell of ammonia sprongly perceptable from hot caustic leaches
Copper titrations ln.g.pio m:g;‘r X volume @ight of Cu.
Stage #1 b.2 . 043848 500 2,192% gn
L ] 3.8 0.39672 470 1.86@6"“
L ] 3.5 0.3654 545 1.99143¢gm
. . 'ﬂ" 1.6 0016704 680 . 101358?2 e

- Total wt. of copper leached from ore 7.184302 g
" % ® % 3inheads .. > ,16.58916 gm
- see 5/24/67

Ore tailings : (5gn) titr = 17.6 ml hypo |
(400522) (22:6)(39%) @ 7,2395136 gm Cu  14.42 gm Cu accounted for

- Yha




8.10 AM

925
10.10

10.35

1.25
2,05

2.35

b 40
540 ml #1
550 ml #2
730 ml #3

8.30

8,50
9.00

9.50

10,00

Wt. of acid
tailings
315 gm

' SAme Ore--. 200 ml water 20 gm urea 60 gm NaCH ‘

k_akoleton remains

Bnd second stage of leach (34hrs) residual Naof $ lml “)'ong S 4.9 nl%zﬁlCL

Added 50 ml water Pulp was a thick mud before the 50 ml of water was added.

- Yexy few( 3 or 4) black particles remain in pulp sample. They do not

May 29, 1967 “"Monday

1 )b, ore 60 gm Nacg 20 gm urea 150 ml water

Start leach  pulp is well dispersed in 150 ml watepr Temp, 160°F
Added 50 ml water

End of first stage ( 2 hours)

Start 2nd stage of lesch Temp. 160°F

sample from first leach: the solid blue particles are totally dissolved
in the leach rather than having the copper selectively removed no

caustic residue in leach solution = 9+25 m1 N HCL

Start d stagc' of caustic leach
same ore 200 ml water 20 gm urea 60 gn NaCH

8.25 P residual Math (1 ml) in #3 stage 9.zm}ucx.
Bnd of 3rd leach : o

Caustic residus in f1 stage strong sol « 4.8 ml NH‘EL

60 gn NaGH dissolved in 200 ml water, 1 ml titrate 1k.3 ml fm‘

Caustic residue in #2 stage 1 ml strong sol = boom F »
. L N KK . . b2 ® 8

Wedght of tallings to acid leach-s* 380 grams
4dd 100 ml water 40 gm HySQ, = 176.2 b/ton
Start Aeid leach Temp, 160%F -

Examimation of pulp sample with microscope indicates the blue particles are
completely dissolved. A few black particles remain in the sample

saften in leach.. Same of thenm shatter under needle prove.

End of acid leach 800 ml of aolntionN a’i nl sample for assay
Besidual acid &fter&ds}gt’%%gn w 1.5 md » K :

~Leach Copper Titration X1/s Volume ml
#l » 5ml = NaGH = 4.7 = . - 540 ml
F7R) P L L] 1.7 L o3 " 550
#3%" 0 0 a g 1.0 “| .20 230 ®
4" % % Aid 0 10.6 *l2az 0 800 ¥

" 1.5 L

#5 " Sgm * tails 0,30 » 325 GM

«35=

|




Q O

May 31, 1967

DATA ON LEACH OF MAY, 31, 1967

#l. strong solution:(.00522)(0.5%, ® 049068 % x 540 = 2,65 gn Cu

#2. (0,00522)(0,34) B 0.17748 % x 550 = 0,97614 Gm CU
#3. " (0620) " 0,204 2 x 730 = 0,76212 * ®

Acid #4. . (2.12) * 1.10664 » x 800~z 8.85312 " *

Tailings
Sard né

#5 ' (0.3) "0.1566 % x 325 * 0,50895 * *

Thursday Above copper accounted for =~ ===ev=---= 13,75033 gn Cu

June 1,
1967

. Copper in heads s 3,654 % or 16.589 gn. Cu per lb. ore

copper recovered from filter papers: add to avove Cu acctd,. for
(.ooszz)&‘?l X 130) = 1e9%1 gm Cu plus 13.7503 = 15,6913 gm Cu total gm.

total caustic used equivalent to 792.95 1bs/ton ore
Total Copper extracted by caustic , 19.31 lbs/ton
Total * . ® Acid 39,00 ¥
Contact-time for caustic leach 7 hours

. " Acid . 14 hours
Total copper in ore 3.664 % equivalent 73.08 1bs/ton
Copper in tallings (0.1566 $) equal to 332 ¢
‘Sulphuric acid per ton of ore 176.2 1lbs.
copper extracted from filter papers v 8.5 1b/ton
residual acid after acid leach 129.5 1lbs
sulphuric acid consumed in leach A 46.7 1b/ton

consumption of caustic in 3 stages
ured plus Ne(H residual as MaQHs
#l. strong sol, s (.020)(4.8)(540) = 51.84 gn (from 60 g NaCH plus 20 g. urea)

g2 ¢ v & (,02)(%5.9)(550) " 53.50 R T T T "
e v ® (L02)(8.2)4730) " 6132 g " & ® & n
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June 2, 1967
Mr. Joseph M. Reynolds.

Dear Joes

The test made on May 29th enabled me to determins 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 aw black oxide from forming during

" the leacshing. This left on],y that part of the copper in the ore which the caustic

had failed to dissolve, The caustic dissolvod only 19.3 1lbs. of copper from &
total of 73,08 lbe per ton,
Rcamination of the Tailings from the caustic treatment identified
the cause of the failure, In this ore very mimute particles of sopper and iron,
as oxides have formed nodules which the caustic solution does not penstrate. The

iron acts as an insaluble shield around the copper-bearing orystals, preventing
contact of the omustio with the copper. Some of the particles are soft like mud-

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

This information greatly simplifies the problem., The osustic leach
will be as ottoottw in cxtmung the obpper as the acid leach now is effective .
when these Wha are opened up to the leach solution. It is at this paint
that our lack af commumoation is a binderance. A sorubbing method would plp
most of these particlas. I used 40 grams of Sulphuric aeid per pound of cre,

equivalent $0.176 lbs. of acid per ton of ore to reduce the copper in the tail.
ings to the amount reported. Since you have M cbnsidered a scrubbing

tnamm. the alternative of acid treatment nay be’of small importance. .

It now appeares the saustic leach has been successful as far as it
could go. The use of urea is very helpful, and I consider it to be our disocovery,

While making tests in a ssaled glass Jar, I was able to prevent the loss of ammomia

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 escaps. Copper

concentretion in the caustic strong solution in proportion to the amount o.f
ammonia ( urea) peesent has much to do with the forming of the black axides of

coppers In the leach of May 27th, a large deposit of copper axides formed aftaer

the pulp was filtered. I was fortunate to goet the uolntion £iltered before they
formed, '




