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FORWORD

The recearch which is& deecribed in thie feport wa g Degun
as an effort to carry on the work of Elfetrom and Dayton in the
field of Non-Sulfide Flotation, carried on during the previous
University term.

During the course of their recearch they made numerous
teste, ueirg various reagents, to invesetigate the geparstion
oy flotation of silica, varite, and calcite. For the sake of
£imnplicity in preliminary investigation, they used a eynthetic
composéd of érushed barite‘and limeetona, and pure eilica

ore

£

£oid,

L»b

An examination of their report showed that they had made

el

an excellent curvey of the usgefulnegs of varioue reagenie in
the flotation of the avove minerals However, as they covered
a2 great deal of ground in the course of thelr work, ﬁhey daia
not make a very full investigaticn of the actior of any of the
reazents they used.

For example, in floating off a concentrate, they very of-
ten added o much reagent that the flotation of toc large s bulk
of conoentrate'prevented their obtaining a good recovery, as
exprececed by the Three-lMineral Index (i.e. the sum of the
recovery of the desired mineral in the concentrate, and the
losses of the undeeired minerals to the tails). At other
times the produchobﬁained was too emall to give a good re-
COVeTry.

In such casese, it was seen that good recoveries might be
?

cbtained, using the same reagents, but in different amecunte.



@ith this ecbject in view, the author and his colleague De-
gan to check over the teste giving promiece of best results,

The method used to check these results, i.e.--the removal
of a number of concentrates, and the drawing of graphe, showed
come very intriguing possibilities, and throughout this work more
attention ie paid to the method of investigation, and to itsr
possible’value a& a research tool, than to the making of good

ceparatione.



CONCLUSIONE

1. By taking off a number of concentrates from a single
test, smooth graphs may be plotted, showing

(a) Recovery ve. weight of concentrate.

(o) wWeight of product vs. amount of reagent used.

2. With some combinatione of reagents the graphe (a)
above are paire of intersecting straight linee, or, in other
words, the recovery is in direct ratio to the weight of con-
centrate removed up to a certain point, where there is a sharp
break in the curve, and the recovery varies from that point
ag a new direct ratio of the weight of concentrate removed.

3. The "recovery ve, weight of concentrate” curve may
bfeak either up 6r down, or may continue ase a!etraight line,
depending on the’mineral for which the recovery is being plot-
ted, and on the reagente used.

4. The break-points in the recovery graphs for eilica,
barite, and limestone may occur at very nearly the same weight
of product, in which case a graph showing the Three Mineral
Iﬁdex for any one of thé minerale wiil also show & sharp dDreak-
point, usually a maximum.

If the recovery graphse, when prodﬁeed, paes through zero
recovery at zero weight of concentrate, and through 100% re-
covery at full weight of product, then the Three Mineral Index

graph will pass through 200 at zero concentrate, and 100 at

the point where the full charge has been (theoretically) floated.

5. For combinations of reagente which give these broken

linee, the maximum Three Mineral Index obtainadble Dy varying



one reagent (frother—colleotor in these tesets) may be found from
a graph, and for this graph it may be necessaryAto take off
only tWo concentrates, one on either eide of the maximum indeX.

6. The maximum obtainable Index may alwaye be found from
the results of a single test, provided care ig taken to float
sufficient product to plot recoveries on both sides of the
maximum.

7. When a test is run using a reagent A as a frother-
collector, and reagents B and C as depreseor and activator, a
curve may be_bbtained showing directly the recoverieg obtain-
able by floating different yuantities of concentrate (by vary-
ing the amount of A). |

A test may then be run useing different amounts of B or
G, or with addition of a new reagent D, and a £ingle concen-
trate taken off. If the Three Mineral Index from this test
lies above the Three Mineral Index curve from the first teset,
it is indicative that a higher maximum Index may be obtalned
with this alteration in B or C, or the addition of D, than was
obtainable with the original combination of B and C.

8. A given guantity of a frothing-collection reagent
brings up a larger amount of product when added all at once
and a single concentrate removed, than when added in several
fractione, and a concentrate removed after each addition.

9. 'Sodium metaphoephate is not a completely satisfactory
depressor for limestone, in the presence of silica and barite,
using Emuleol X-1 to float barite. ZFProbably scodium hexa-

metaphosphate will be found to be more satisfactory.



10. Grinding in an iron mill does not appear to inhibit

the action of the reagente used in barite flotation.



RECOMUENDATIONS FOR FUTURE INVEFTIGATION

1. More work thould be done in investigation of the use-
fulnees of therecovery ve. weight of product” curves. Work
along thie line could be combined with continued research into
the use of various cationic reagents in non-sulfide flotation.

The author recommends that other reagente than those used
be tried,Ato gee if the curves oobtained using Liscolamine A
and Emulsol X-1 can aleo be obtained using other reagents.

2. If possible, & commercial ore, of as simple a comp-
osition ae can be obtained, should be used instead of a syn-
thetic ore.

3. The application of the graphs used in this research
to sulfide flotation should be looked into. In separation of
one sulfide from an ore containing other sulfidees and gangue,
it is possible that the gangue minerals might be considered as
a single component in plotting recoveries.

4, Regulation of the air inlet of the Fagergren cell
might result in better selectivity in some tests. In the work
done the air inlet was kept full open during all teste, for
the sske of uniformity.

5. Regulation of PH is suggested as a poesible means of

obtaining s better limestone-barite separation.



REAGENT S

Lissolamine "A"™ (cetyl trimethyl ammonium bromide--manufact-

ured by G. I. L.). This substance has good frothing proper-
ties, and excellent collecting prorerties for activated sil-
jca. It is fairly soluble in water, and was added as a water
solution to the flotation cell.

Copper Suifate-—?his reagent was used as an activator for

gilica. Experience has shown that silica will not float unlesec
activated by a base-metal salt.

Emulsol X-1--a sulphated higher alcohol (composition not

given), manufactured by The Emulsol Corporation of Chicage,
I11. Thie reagent was used as a collector for barite. It's
ehief draw-back is a definite tendency to float limesetone.
It needs no frother.

Sodium Metaphosphate--used as a depressor for limestone. This

reagent did not seem very satisfactory. Three Mineral Index
curvee obtained from tests where this reagent wae uced were
fitted in same cases by teests made by Elftom & Dayton, in which
they used no depressor.

Sodium Hexa-Metaphosphate--used as a depreesor for limestone.

Thie reagent was not very fully investigated, but seems to
show poscibilities of being a better reagent than the meta-
phosphate.

Sulfonated Cod 0il--(from Cave & Co., Vancouver, B. C.).

This reagent was uced ae a collector for barite. It seeme to
have some collecting action for both barite and limestone,
with a marked tendency tc prefer the barite in the preéence

of sodium metaphosrhate.



'PREPARATION OF THE ORE

(a) Materials.

To carry on work done by Elftom & Dayton, a synthetic
ore was used. This ore was & mixture of silica sand, crushed
white marble, and crushed barite. Assays on the limestone and

barite were as follows:

Limestone Barite
CaCOz wavrrans.96.4% B0  eesee...90.2%
BaSO& * & O 6 4 2 0 B @ 006 CaCO4: ® & & 9 % & % O 006
Siog > 4 5 68 & 0 00 500 81025 o & 0 0 0 & o @ 8'1
B 100.0% 98. 9%

The silica sand was assumed to be free of calcite and
barite, but may have contained small amounts of other silic-
ates.

(b} Crushing.

The marble and barite were crushed in a small lab-
oratory jaw crusher, then reduced by roﬁls. They were mechan-
ically screened after each reduction until all was minus ten
mesh.

The cerushed limestone and barite and the silics sand were
mixed in the approximate proportions of 30:30:40 reepectively.

The following assays were obtained from the mixture:

CaCly ovuvens 31.2%

BaSO4 caee-es £9.3
5102 LEE TR IR 58.6

99.1;0

(c) Grinding,
For the most part, the ore wase ground in a small por-

celain pebble mill, inside dimensions approximately 6" long x

74" diameter, with a charge of pebbles weighing 1425 gfams.
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The charge in a11 cases was b0O grame of ore and 500
grame of water. The grind was for 30 minutes, at 70 r.p.m.
An automatic etop clock was used to time the grinding.

Two tests were ground in an iron rod mill, inside dim-
ensions 11" x 10" diameter, with thirteen 1" rods. The grind
wae for 15 minutes at 44 R. P. M.

Complete screening tests were not made. A one hundred
gram sample of a 30-minute pebble mill grind showed the fol-

lowing:

, EE a8y %
Screen Size | % Weight Baf0, [ £10, [ CaCo,

-200 62.9 38.9 26.5 35.1
-180, +200 23.6 18.4 51.6 29.0
+1560 13.5 6.9 63.0 24.6

A sample of a rod mill grind--20 minutes at 44 R. P. M.,

with 13 rods, showed the following:

Screen Size % Weight
-200 69.3
~150,+200 2l.5
+150 9.2

This grind was too fine to run comparative tests with
pebble mill grinds, so the tests were made on a lb-minute
grind, which was assumed roughly comparable to the 30-min-

ute pebble mill grind.
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GENERAL PROCEDURE IN TESTS
l; Grinding.

The grinding procese was ag& described in the pre-
ceding section. 1In some caegee reagents were added to the mill
‘(COpper sulfate and sodium metaphosphate). The usual charge
congisted only of 500 grams of ore and 500 grams of water.
The full charge of pebbles was used at all times in the pebble
mill.

When the automatic stop clock stopped the motor,
the mill was unclamped from the frame, and removed to a sink.
The'cover'was removed, and adhering pulp washed into a pan,
using a fine stream of water, The pebbles were next removed
f;ﬁm the mill (by hand) and placed on a heavy wire screen
over the same pah, where the.pulp was carefully washed from
them. The mill was now tipped up over the pan, and the re-
mainder of the pulp washed into the pan.

2. floating.
(a) The Cell

The flotation cell used was a Laboratory Fagergren
Flotation Machine, with a molded pyrex glass flotation cham-
ber. The capacity was just sufficient for a 500 gram charge
at 4:1 dilution.

This machine has the advantages of very scimple and
convenient operation and easy cleaning, but gives lees oppor-
tunity of selective draining of the froth than does a Ruth

flotation machine. It is also more difficult to ekim.
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TESTE

Test No 72 (Repeat of Test No. 8)

To pebble mill--

Ore........500 gms.
Water......500 gnms.
Cug0, . .....0.60% lton
| Grind--30 min. @ 70 R. P. M.
To cell-- |
Water--sufficient to give dilution 4:1
#1 Conc.
Lissolamine 4 0.16# 1 ton
Conditioned 1 min.
Skimmed 3 1/3 min.
Froth--large bubbles, not’plentiful.
#2 Conc. |
Lissolapime A 0.16# 1 ton.
Conditioned 1 min,
Skimmed 3 1/3 min.
Froth--Smaller bubbles, fairly plentiful.
#3 Conc.
Lissolamine A 0.16# 1 ton.
Conditioned 1 min.
Skimmed 3 1/3 min.
Proth--Very fine bubbles, so plentiful that very
little skimming was necessary.

Ph Conc. #1 #2 #3 12.0

il

- Tails 12.2



1le

Wt. of Conc. #1-+#2+#3 = 253.3 gms.

Tails = 24b.2 gnms.
498.5
3 Min.
Test | % ASSAY D RECOVERY % INDEX
ne Wt. |Baf0, | CaC0, | S10, BaB0,| CaCOy| Si0,
Peed |100.0| 27.9 | 29.4 | 42.7| 100.0| 100.0 | 100.0
¢ | 49.2] 10.7 | 13.0 | 72.0| 18.8] 22.5| 88.5| 247.2
7 50.8| 44.7 | 46.2 9.1| 81.2/ 77.5| 11.5|

Purpose of Test--to repeat Test #8, which gave the best 3-

mineral index for Silica flotation in work done by Elfetrom
& Dayton.

Summary of Test.

It wae evident from the resu}ts of Test #8 that the
Lissolamine A was not added éll at once, but data as to how it
was added was not given.

A preliminary test was run adding the full amount of
Liessolamine &4 at the béginning. The concentrate obtained was |
too small to give any posesibility of a good recovery, £o the
products were not assayed.

A teet was then run adding 0.16# 1 ton Lisesol. (1/3
the amount used in test #8) at a time. The first addition was
not enough to give much of a concentrate. The second addition
brought up a fair concentrate, which was added to the first.
The final addition brought up a very heavy froth--fine bubbles
--rising in the machine and overflowing the lip without skimm-

ing. Thie was added to the firet two.

It appeared that the first addition was almost entirely
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adsorbed, leaving little or none to form a froth. The second
addition also left little Liscolamine to froth. ©On the 3rd
addition enough Liseolamine appears 1o havé accumulated in the
cell to give a good froth.

The assays of the combined concentrates, and of the
tails, showed an 88 5% 3102 recovery, and a grade of 72.0%
in the concentrate (from a heads of 40% SiO,). There was 22.5%
of the CaCO, and 18.8% of the Baf0, in the conc. The 3-mineral

index was 247.2--lower than for test #8.
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Test No. 73

To Pebble Mill--
| Orée..e.ee....500 gms,
Water.......500 gms.
Cugo,. . ....0.50# / ton.
Grind--30 min. @ 70 R, P. M.
To cell--
Water sufficient to éive dilution 4:1
#1 Conc.
Liséolamine A O.24# /ton
Conditioned 3 min.
Froth poor so no ekimming attempted.
Lissolamine 4--0.12# / ton |
Conditioned 3 min.
Skimméd 3 min.
Froth--fairly plentiful, bubbles coarse.
#2 Conc.
Lissolamine 4 0.12# / ton
Conditioned 3 min.
Skimmed 3 min.
Froth--very plentiful, bubvles fine.
#3 Conc.
Lissolamine 4 0.16# / ton
Conditioned 3 min.
Skimmed 2 min.
Froth--very plentiful, buobles very fine

well mineralized for % min.
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#4 Conc.
Liscolamine &--0.16# / ton.
Conditioned 3 min.
Skimmed 2 min.
Proth--very plentiful, bubbles very fine but
poorly mineralized.
#5 Conc.,
Lissolamihe A--0.16# /ton.
Conditioned 3 min.
Skimmed 2 min.
Proth--very plentiful, bubbles very fine but
poorly mineralized.

Cone--PH - 12.3
Tails--PH = 10.9



: ] (Weight x Assay)
Wb, Wb, Liss.A|. A ssayp RecoveryWwtlJ]Recovery (%
(gme) (%) # [ton|3aS0y | CaCO, | £10, | BaS0, | CaCOy| £i0, | BaSO, | CaCls 810,
Conc. #1 34,0 6.8 0.36 E.2 10.9 69.7 £.8 3.7 23.7 2.0 2.8 11.7
" #2 135.4 26.9 0.12 11.2 12.6 70.0 | 15.2 17.1 94.8 | 10.8 12.8 46.7
" #3 141.5 28.0 0.16 24.5 £21.3 49.2 34.7 30.1 69.6 | 24.6 22.6 34.2
" #4 105.0 20.8 0.16 46.5 39.9 .6 48.9 41.0 10.1 | 34.7 30.8 5.0
" #5 69.4 13.7 0.16 44,6 48.2 .6 30.9 | 33.4 3.2| 21.9 25.1 1.6
Tails 19.1 3.8 43,9 40.4 b B.4 7.7 1.6 6.0 5.9 0.8
' Grade of Accum.
Accum. | Accumj aAccumulative ) Product )
Product Wt %Wt Recovery (%| Graae (% 3 Min.
(gms)‘ Bag0, | CaClg €10, | 8aS0, CaQO,‘i‘ ~$i’02 Index
Conc. #1 34.0| 6.8 | 2.0| 2.68| 11.7| 8.2 | 10.9|69.7 | 206.8
#2 169.4| 33.7 lz.8 1E.6 58.4] 10.7 12,3 69.9 230,.0
#3 310.9| 61.7 37 .4 38.2 92.6| 17.0 16.4 | 60.5 217.2
1 415,9| 82.5 72.1 | 69.0 97.6| 24.4 21.9 | 47.8 156.7
#5 485.3| 96.2 94,0 | 94.1 99.2] 27.3 28.9 | 41.4 111.3
Tails 504.4|100.0 | 100.0 | 100.0 | 100.0| 28.0 26.4 | 40,3 1€0.0

91
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Purpoce of Test

Prom the result of #72 it was seen that a large number of
tests would have to be run to find the best possible index to

be obtained using Lissolamine A as a Si0. collector., There-
g

2
fore it was sought to devise a method Dy which the desired

quantity of Lissolamine might be clocely estimated from the
results of a single test.

cummary of Test

With the above object in view, a test was run using small
additions of Lissolamine at intervals, conditiorning after each
addition. (i.e.--eguilibrium established between Liges. in
g0l., and Liss. reacting with interval surfaces.)

From test #72 it was seen that adding less than 0.32# /ton
of Lies. would give very little recovery, but to make sure of
obtaining a good series of results 0.24# /ton was added for the
firet concentrate, and was conditioned for 3 min. The Froth
formed when the air-valve was opened was very weak and small
in amount, and no skimming was sttempted.

A second addition of 0.12# /ton Lise. was made, and the
froth thie time was fairly plentiful, with coarse bubbles.

A concentrate was taken off.

For the 2nd concentrate another 0.12# /ton was added,
and a very fine froth formed, rising in the cell and over-
flowing the 1lip.

Three further additione of 0.16# /ton Liesol. were made,
and a concentrate taken off after each addition. Toward the

end the froth, while very plentiful, was very poorly mineral-

T
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ized.
The five concentfates and the tails were ascayed.
Frém the results the following graphe were plotted:--
1. Grade ve. recovery for three products.
2. Lissolamine added ve, weight of product.
3. Weight of conrncentrate vs. 3- Min. Index.
In "1" the Cal0gz and BaSO4 grades increased as the recov-

ery went up for the whole range of the teste--up to 100% re-

covery--in a smooth curve, nearly a etraight line in both cases.

The SiO2 curve wags a straight line up to about 89% recovery,
but there showed a sudden break, the grade decreasing rapidly
with recovery, again in approx. a etraight line.

In "2" a smooth curve was obtained, showing a tendency to
level off at the top--due probably to the decreasing weight of
solide in thé pulp.

No. 3 indicated a sharp maximum 3-mineral index; rising
in a straight line to the max., and falling in a straight line
again. From this graph it looked ae though it might be pose-
ible to predict the best test with a given reagent by making
only two concentratese and a tailing--as two pointe on the graph
are already given by the initial index of 200 and the final

index of 100,
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Test No. 74

To Pebble Mill.

OTC4ssss00..000 gmse,
Waterees....500 gms.
Grind--30 min. @ 70 R. P. M.
To Cell.
Wéter to give dilution 4:1
Sod. Metaphosphate--1.0% /ton.
Conditioned 3 min.
;Froth——very poor €0 no skimming attempted.
#1 Conc.
Bmulsol(X-1) - 1 drop. (1 drop = 0.033 gm.)
~ Conditioned 3 .min. "
Skimmed ¥ min.

FProth--poorly mineralized, no skimming
attempted.

Bmulsol X-1-1 drop.
Conditioned 3 min.
Skimmed % min.
Froth--fairly well mineralized.
#2 Cone.
Emulsol X-1-1 drop.
Conditioned 3 min.
Skimmed % min.
#3 Conc.
Emulsol X-1-2 drops.

Water--500 ¢. ¢. Conditioned 3 min. Skimmed 3

min.
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#4 Conec.

Emulsol X—l-Z drops.
Water--600 c.c.
Conditicned 3 min.
Skimmed + min.

#5 Conc.

Emulsol X-1-3 drops.
Water--600-c. c.
Conditioned 3 min.
Skimmed + min.

#6 Conc.

Emulsol X-1 -3 drops.
Water--500 c.c.
Conditioned 3 min.
Skimmed % min.

#7 Cone. |

Bmulsol X-1-3 drops.
Water--500 c. ¢
Conditioned 3 min.

Skimmed + min.
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Test No. 74 (Con'a)

PH = 11.0
Prod. Wt. Emulsol X-1
(gms) (drops)&
Conc.#1| "77.1 2
#2 | 58,0 1
#21 n4.2 2
#4 | 46.9 3
#5 | 24.9 3
#6 4.5 3
#7| 1l.4 3

Tails 19606 i

X1 drop = 0.033 gm Emulesol X~1

Accurm. Drops of
Product Wt Emulsol X-1 i
(gms) | (accumulative) ;
Conc. #1 7.1 2 |
#2 | 135.1 3
#3 | 209.3 5
. #4 | e2B6.2 8
| 5 | 281.1 11
l #6 | 285.6 14
#7 | 297.0 17
| Tails 493.6

Purpose and Summary.

Test #71 (Blfstrom & Dayton) showed a good result using
Bmulsol X-1 as a barite collector, and Sodium Metaphoephate
a5 a limestone depressor. It was run at 40°, but there was no
evidence that the high temperature was responsible for the good
result. It was decided to run a test using the reagente Emul-
sol X-1 and NaPOS.

Test #74 wae run to find just about where the best concen-

trate should lie from a curve of "Wt. of product vs. drope of
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reagent”. A smooth curve was obtained, and it was seen that
between 3 and 4 drops eghould give the best result (about 150 gm)

(l dr- E‘m'f""x."l - 00132# TOH.).
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Test No. 75

To Pebble Mill

Ore.....}....BOO gme.
Water........ 500 gms,
Grind--30 min. @ 70 R. P. M.
To Cell
Water to give dilution 4:1
Sod. Metaphosphate 1.0# /ton.
#1 Conec. |
‘Bmulsol X-1 -3 drops. (ldrop = 0.033 gm.) ?
Conditioned 3 min.

Skimmed 1 min.

#2 Conc.
Bpulsol X~1 -3 drops
Conditioconed 3 min.

Skimmgd 1l min.

#3 Conec.
Emuleol X-1 -3 drops
Water--500 grams.

Conditioned 3 min.

Skimmed 1 min.
#4 Conc.
Emulsol X-1 -3 drops
Water--800 grams.
Conditioned 3 min.

Skimmed 1 min.
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#5 Conc.
Emulsol X~1 -3 drops.
Sodium metaphosphate 1.0# /ton
Water--800 grams.
Conditioned 3 min.

Skimmed 1 min.

PH--8.55
Product| Wt. |Emulsol X-1
B (gms) (drops)k |
Cone#l | 163.2 3 1
£2 | 86.0 3 .
#3 | 42.0 3 |
#4 9.0 3
#65 | 3.3 3

I Tails 193.6

X 1 drop = 0.033 gm. Emulsol X-1

Accum. Drops of
Product Wt, Bmuleol X170
(gms)|{{accumulative)
Cone. #1 | 163.2 3
#2 | 249.2 6
#3 | 291.2 9
#4 | 300.2 12 | _
#5 | 303.5 15 !
Tails 497.1 :

Purpose and Summary of Test

To check the collecting propérties of NaPOgz a test wae run i
with a second addition of this reagent after 12 drope of Em-X-1
had been added. The curve obtained showed no irregularity at
the point where the NaPOz was added, so it was assumed that the
amount of this reagent in the pulp had little or no effect on
the shape of the product-reagent graph, (provided it be present

in sufficient amount to depress the 1s.)
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Teet No. 76

To Pebble Mill.

Ore.......500 gme.
Water.....b00 gms.
Grind--30 min. @ 70 R, P. M.
To Cell.
Wéter to give 4:1 diluticn.
Sod. Metaphoephate--1.0# /ton.
#1 Cone.
Emulsol %-1 £ drovs. (1 drop = 0.033 gm.)
Conditioned 3 min.
Skimmed 1 min.
Proth--plentiful, bubbles fine and well mineralized.
#2 Conc.
Emuleol X-1--1 drop.
Water--500 grams.
Conditioned 3 min.
Skimmed 1 min.
Froth--fairly plentiful, bubbles fine and fairly
well mineralized.
#3 Conc.
Emuleol X~-1--1 drope.
Water--500 grams.
Conditioned 3 min.
Skimmed 1 min.
Proth--plentiful, bubblee very fine but poorly

minerslized.
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#4 Conc.
Emulsol‘X-l--S dropsg.
W¥ater--b00 grams.
Conditioned 3 min.

Skimmed 1 min.

Proth--plentiful, buoblee very fine and well

mineralized.
#5 Conc.
Emulsol X~1--3 drops.
Conditioned 3 min.
“kimmed 1 min.
Froth——plemtiful, bubbles fine but not well
mineralized,
#6 Conc.
BEmilsol X-1--6 drops.
Conditioned 3 min.
Ekimmed 1 min.
Proth--plentiful, buvobles fine and fairly
mineralized.

PH"806

well




Wt . Wt . Assay (% Assay x Weight Recovery (%)
a9 Rg O o o a4 Ba S 4
( ng) (/)) Bau‘04 CaCOg ui’@e Ba._04 Ca005 u102 33%4 10;‘
Cone. #1 | 107.8 2l.5 62.7 23.0 |13.5 67.5 24.8 14.5| 45.6 7.1
Fe 40.2 8.0 61.3 23.9 |16.7 4.6 9.6 6.7 16.7 3.3
#3 | 28.3 | 4.7 63.4 | 22.8 |17.4 | 14.8 | 5.3| 4.1| 10.0 2.0

4 bl.8 10.4 45,3 28.5 | 23.9 £3.4 14,7 12.4| 15.8 6.0

#5 38,7 6.7 24.2 44,0 129.5 8.2 14.8 | 10.0 5.6 4.9

#6 83.5 16.6 3.7 53.5 | 3l.2 3.1 44,7 26.0 2.1 12.5

Tails 160.6 32.1 0.38| 16.6 [82.0 6.1 26.6 | 132.0 4.2 64.2

dccum.| Accums Accumulative
Product wt. Wt . Recovery (%) Grade of Accum. 3 Min.
| Product (%)

(gms) (%) | BasS0, CaCO,| 810, |Baf0, | CaCly [ 810, |Index
Conc. #1 | 107.8 2l.5 45.6 17.7 7.1 62.7 1 23.0 13,5 220.8
#2 1 148.0 29.5 62.3 24.5 10.4 62.1 | 23.2 14.3 287.4
#2 1171.3 34.2 T2.3 28,3 12.4 62.4| 23.2 14.8 231.6
#4 223.1 44,6 88.1 38.8 18.4 58.5 | 24.4 16.9 230.9
#5 | £256.8 b1.3 93.7 49,3 23.3 54.0 | 26.9 18.6 221.1
#6 | 340.3 67.9 9b5.8 8l.2 35.8 41.3 | 33.2 £1.8 178.8
Tails 500.9 | 100.0 [100.0.[100.0 |100.0 28.5 1 28.1. | 41.0 100.0

Le
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Purpose
To see if curves similar to those obtained for Lissol-

amine A might be drawn for Emulsol X-1.

Summary

From the resulte of test #75 it was seen that the best
index couid not be obtained with less than 2 drops of Em. X-1,
g0 this amount was added first, with 1#/ton of NaPOz. Two
further additions of 1 drop were made, two of 3 drops, and one
of 6 drops. The last addition was made in an attempt to check
the shape of the product-reagent curve at the upper end, as
a tendency to rise after flattening was noticed from test #74.
1t was realized later that this addition should have Dpeen
carried farther. The graph showed the rise all right, but
another reason might have caused it. It was noticed prev-
iously that a single large addition of reagent seems to bring
up a larger bulk of product than two smaller ones giving the
game total reagent.
Graphs

Graphs were drawn as for test 73. Plotting the accum-
ulative recovery against the calculated grade of combined
products showed the sharp break in the BaSO4 curve that was
ghown in test #73 for siliea. A correcponding point was in-
dicated for limestone, while the silica curve continued as
a straight 1line throughout the range of the tests.

Interpretation of the above seems rather difficult at
present. It seeme to represent some difference in the action

of the reagents ueced on silica on the one hand, and on lime-

L

¥
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stone and barite on the other. The grade of eilica increas-
es ag& a linear functicn of the product taken up. The grades
of limestone and barite increase up to a point (where the re-
covery = approx. 94% for each of these minerals) and then
suddenly fall off.

The graph of recovery vs. weight of conc. showed some
interesting poesibilities:--

The Three-Mineral Index curve plotted two &traight lines,

passing through 200 and 100 as before, and intersecting to give

a max. index of 240 for these reagents under these conditions,
but the graph showing the losses of limestone and silica to
the tails did not pase through the 100 point, although they
plotted straight lines as before, with the break in the curve
at the product giving the maximum Three-Min. Index, as in

test 73.

The CaCO_, loss graph crosses the line of zero recovery

3
at 380 g. of product-~and may be interpreted as meaning that
if a produet were made containing 380 g., it would contain
all.-the limestone.

The eilica loss graph 4id not crose the line of zero re-
covery at all. It cut the 500 gm. product line at 40%--seem-
ing to indicate that all the silica could not be floated with
these reagents.

It was noticed that Lissolamine & brought up nearly the
whole at the charge during the test (#75)——whereas Emulsol X-1
began to bring up very little toward the end of the test (#76)

--and yet left a large tailing. This difference is well i11-
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ustrated by the irregularities of the graphs for Emuleol X-1.
When the limestone curve is produced to cross the 500g.
produet line, it cute at -40%-- which accounte for the balance
bringing the Three-Mineral Index curve to the 100% mark as
vefore. This may be accidental, and very possibly the index

curve does not always go through 100,
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Test No. 77

To Pebble Mill.

Orée.e.......500 gms.
#ater........500 gnms.
Grind--30 min. @ 70 R. P. M.
To Cell.
Watef to give 4:1 dilution.
Sodium Metaphosphate 1.0# /ton.

#1 Conc.

Emulsol X-1 5 drops ( 1 drop =

Conditioned 3 min.

Skimmed 1 min.

0.033 gms.)

Proth--very plentiful, bubbles fine and well

mineralized.,
Wt. of Conc #1 = 236.7
Tails = 261.7
Test | Wt. Assay % Recovery % 3 Mind
. % BaS0, CaCo,, Siog 83804 CaCO, | 510, |Index
Peed | 100.0 | 27.9 | 29.4 { 42.7 | 100.0/| 100.0 |100.0
C 47.5 | B3.7 26.4 | 17.0 89.5| 42.7 | 19.0 | 227.4
T 52.5 5.7 | 32.1 | 65.6 10.5| 57.3 | 81.0
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This test wae run to compare the effect of adding a large
single amount of reagent with that of adding the same total
reagent in smaller guantities. We had some indication pre-
viously (tests 72 compared to test 73, and the rise in the pro-
duct-reagent curve for test 76) that a larger product would be
obtained by the single addition, and we wished to find if this
wae truly the case, and aleo if the product obtained by the
large addition would satisfy the product-recovery graph obtain-
-ed by the smaller additions.

A point nesar the max. 3-mineral index was chosen, and
5 drope of reagent added, as indicated by the product-reagent
graph, to give the desired product. The product was larger
than that obtained by the smgll additions--236.7 gm. againset

210 gm. shown by the graph.




Test No. 78.

To Pebble Mill.

OT6evcascess. & DOO gms.
Water....... .= 500 gme,
Sodium Metaphosphate = 1.0# /ton.
Grind--30 min. @ 70 R. P. I.
To Cell.
Water to give 4:1 dilution.
#1 Cone.
Bmulsol X-1--1 drop ( ldrop = 0.033 gm.)
Conditioned 3 min.
- Skimmed 1 min.
#2 Conc.
Emuleol X-1--1 4rop.
Water--700 grams.
Conditioned 3 min.
Skimmed 1 min.
#3 Congc.
EBmaleol X-1--1 drop.
Water--600 grams.
Conditioned 3 min.
Skimmed 1 min.
#4 Conc.
fimulsol X-1--1 drop.

Water--200 grams.
Conditioned 3 min. Skimmed 1 min.
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#5 Conc.
Emulsol X-1--1 drop.
Water--300 grams.
Conditioned 3 min.
Skimmed 1 min.
#6 Conc.
Emuleol X-1--1 drop
Water--200 grams,
Conditioned 3 min.

Skimmed 1 min.



Wt. | Wt. Asesay (% Aeseay x Weight Recovery (%
v o% r ey O ~
(gms)f (%) |Baso, CaCo, 3102 Baf0, | CaCOg ?10§ Bdu04 Caco,
Conc., #1 | 90.0| 18.0 | 66.5 | 22.9 | 10.9] 59.8 [20.6 | 9.8 | 42.5 | 13.7 7
#2 | 64.2| 12.8 | 68.2 | 27.1(|16.2| 37.3 |17.4 | 10.4 | 26.4 | 11.5 9
#3 | 24.6 4,9 | 68.3 | 23.4|12.4 ] 16.8 5,8 3.1 | 11.9 3.8 5
#4 | 21.8 4.4 | 58.2 | 3l.4| 9.1 12.7 6.9 2.0 9.0 4.6 0
#5 6.9 1.4 | 54.0 | 32.9|12.9| 3.7 2.3 0.9 2.6 1.5 4
#6 3.6 0.7 ; 51.5 | 31l.6|21.3| 1.9 1.1 0.8 1.4 0.7 4
Tails 289.9 | 57.8 3.02| 33.4 | 62.4| 8.8 |96.5 [181.0 6.2 | 64.2 | 87.1
Accum. {Accum. Accumulative Grade oftidccum,
Product Wt. Wt. Recovery (%) Product (%) 3 Min.
(gms (%) Bafo, ‘CaCQZ $i0,| Baf0o, CaCo 83‘.02 . Index

Conec. #1 90.0| 18.0f 42.5 | 13.7| 4.7 66.51 22.9! 10.9 224,1
2 (1b4.2| 30.8| 68.9 | 25.2/ 9.6| 63.0| 24.6| 13.1 234.1

#3 | 178.8| 35.7| 80.8 | 29.0| 11.1| 63.6| 24.5| 13.1 240.,7

#4 | 200.6| 40.1| 89.8 | 33.6| 12.1| 63.3| 25.3| 1o.7 244.,1

76 | 207.5( 41.5| 92.4 | 35.1] 12.5| 62.8| 25.6| 12.6 244 .8

#6 | 211.1| 42.2| 92.8 | 35.8 12.9| 62.7! 25.6 12.8 245.,1

Taile 501.0| 100.0| 100.0 |100.0[100.0| £8.2] 30.1| 41.6 100.0
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Tests 69 and 70 (Blfstrom & Dayton), using the reagent
we uced (Emulsol X-1) without any NaPOgz were found %o £it our
Z-mineral index curve almoet exactly (although they were run
5t temperatures of 40° and 60° resp.). 4Also, several roughly
comparahle teste using Na5P05 in the mill, or conditioning it
several minutes oefore adding Em. X-1 gave a better index
than our max. They plotted a rough curve indicating a max.
index of about 270. |

Consideration of these data led us to believe that guite
poesibly our 1s. depressant was prevented from reacting fully
with the 1ls. by adding Em. X-1 simultaneousgly or soon after
it.

Test #78 was run to find out if our surmise wae correct,
and to see if a better index could be obtained by pre-cond-
itioning the charge with NaPOg;. To this effect the NaSPOS
(1# /ton) was added to the pebble mill. Producte were taken
of f with additions of 1 drop. of Em. X-1 per product--6 con-
centrates and a tailing being removed.

. The results of this test showed a max. index of about
245 with 3 points very close to the apex. This index was far
velow what was expected from the longer conditioning of the
NaPog. 1t was reasoned that perhaps the NaP05 coating on the
surface of the 1ls. (or mono-molec. film--adsorption layer--
or whatever..) was formed, but was worn off Dby continued
grinding. Or perhaps for some other reason the NaPO5 deter-

iorated before the actual flotation.

To check this line of reasoning reference was made %o 4
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tests oy Elfstrom & Dayton:--
#60--0.5# ton of NaPO , was added to the mill--together

with NaZSiQ The weight of product taken off in this test

3

gives, from our graph showing the relation between product

and index for T. 78, almost precisely the index they obtained.
#69 and #70--No NaPO, was used in these tests--yet the

results fit the curve we obtained by adding NaPO, to the mill.
The above constitutes fairly strong evidence that the

NaPOZ added to the mill was almost eguivalent to adding

none at all.
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Test # 79
To Pebble Mill

0T€4sessss 500 g
Water...... 500 g.
Grind--full charge of pebbles--70 R. P. M.--30 m.
To Cell
Water to bring pulp dil. to 4:1.
NaPOz--1# /ton.
Condition 10:min.
 Conc. #1.
Emulesol X-1--2 drops. (1 dr. = 0.033 g.)
Condition 3 min.
Skim 2 min.
PH conc. = 8.55

Proth as usual--fine and coplous, becoming coarser.

Conc. #2.

Emulsol X-1--2 drops.
Water 900 grams.
Conditioned 3 min.

Skimmed 2 min,

PH conc. = 8.50
Conc. #3.
Water 800 g.
Emulsol X-1--2 min.
Conditioned 3 min.

Skimmed 2 min. "
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Conc.#4.
#ater 300 g.
Emuisol X-1--2 drope.
Conditioned 3 min. 0
Skimmed 2 min. 4
Conc. #5. and Conc # 6--as for conc. #4, except that only
200 g. water was added for each.

Tails--pH = 8.05




Assay (% % Wt. x Assay Recovery %
Product | Weight | % Wt. | BaSO,| CaCOz| Si0p BaS0, | CaCO,| £i0,| BaS0,| CaCO,| S£i0,
Conc. #1 174.3 35.3 | B7.2.| 27.7 22.0 20.2 9.7 7.7 | 68,0 32.1 20.9
#2 72.9 14.8 | 46.6 33.0 26.6 6.9 4,9 3.9 £3.2 16.1 10.6
#5 11633 3.3 | 43.6 34.2 21.0 1.5 1.1 0.7 5.0 3.6 1.9
éé 6.2 1.3 | 42.0 39.4 24.8 0.5 0.5 0.3 1.7 1.6 0.8
5 6.0 1.2 | 23.4 | 50.2 | 26.8 0.2 0.5 | 0.3 | 057 1.6 0.8
#6 3.4 0.7 |16.9 £b.4 23.9 0.1 0.4 0.2 0.3 1.3 0.5
Tails 214.5 43,5 0.7 30.4 54.9 0.3} 13.2 | 23.8 1.1 | 43,7 64.6
L 493.6 | 100.0 29.7 | 30.3 | 36.9 |100.0 |100.0 [100.,0
Accum. Accumdaccecumulative Recoveryiccum. LOSS 3-Min. Accum. Grade
) Index of
Product Wt. % Wtd BaS0y CaClz| 840 CaCO3 Sio2 (Barite)| Prod. BaSo
2 : 4
Conc. #1| 174.3 35.3 68.0 32.0 21.0 | 68.0 79.0 215.0 B7.2
2] 247.4 50.1 91.3 48.2 3l.4 | 51.8 68.6 211.7 54.0
3l 263.5 53.4 96.4 b1.8 33.4 | 48.2 66,6 211.2 53.6
#4| 269.7 bB4.w 98.0 | bB3.4 34.2| 46.6 65.8 210.4 3.2
#bl 275.7 55.9 98.7 5b.1 35.0 | 44.9 65,0 208.6 b2.b
#6| 279.1 56.6 99.0 56.4 35.51) 43,6 64.5 207.1 £El.8
Tails 493.,6/ 100.0 | 100.0 |100.0 | 100.,0 0.0 0.0 100.0 29.7

104
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A
This test was run to see if conditioning in the cell bDefore

u
adding Emulsol might enhance the actlon of the NaPO..

Before adding Em. X-1 the NaPO(,3 was conditicned for 10
minutes. Two drops of Em. X-1 were added, and_the mixture con-
ditioned for a further 3 minutes. #1 conc. was taken off. The
froth was very heavy, and filled two pans with fine foam, be-
coming coarser toward the end. Five more conc. were removed--
adding two drops of Em. X-1 for each conc. |

The results of this test were disappointing in regard to
i&provement of 3-min. index. The curves obtained indicate a
a max., of about 220.

The 83304 recovery was very good, but the curves showing
loss of CaCOS and 8102 fall off much too ra idly to allow for
a high index.

The low result hers suggests that the Em. X-1, kept in
a warm place, has lost its selective powers. This idea is born

out by subsequent teste.



4z

To Pebble Mill

Ore 500 g.
Water 500 g.
Grind--30 min.--full charge--70 R. P. M.

To Flotation Cell f

Water to give 4:1 dilution.

5-—2#/ton.

Conditioned 10 minutes;

NaPO

Conc. #1. PH = 8.3
Emulsol X-1--5 drops.
- Conditioned 3 min.

Skimmed 3 min.

|
|
|
1
i

Tails PH-=z 8,3
Note--Thie concentrate filled two pans with froth, and

these portions were separately asscayed. They weighed

208.3 g. and 46.4 g.



Assay % % Wbt. x Afsay Recovery %
Product |Weignt |%iWt. | CaClx Ba804 8102 CaCo, Ba S0y 810, | Callgz BaSoéL €10,
Cone. la.) 208.3| 42.0| 26.6 56.4 20.4 11.2 23.6 B.6| 33.7 78.5 21.9
" 1o, 46.4 9.3 37.8 42.0 22.6 4,5 3.9 2.1 13.5 12.9 5.4
Tails 241.8| 48.7( 36,0 5.3 68,4 17.56 2.6 28.5| B2.7 8.6 72,7
496.5[100.0 33.2 30.1 29,21100,0 100,0 100.0
Accumulative| Accumulative Recovery | 3-Min. Index

Product Weight Bafo, CaC0z Baf0, BaS‘O4

Conc. 1la 208.3 78.5 66.3 78.1 228.9

Cone. 1D £b4.7 91.4 b2.7 2.7 216.8

Tails 496,65 100.0 0.0 0.0 100.0

74



44

4 single concentrate was taken off--using 2#/ton NaPO5
--conditioned 3 minutes. The concentrate filled two pané with
froth, and the pans were kept separate for ageay purposes,

The assays show that the first froth to come up is high-
er in Barite and lower in Limestone than the last to come up.
The silioa_was also slightly higher in the first pan-full.

The index obtained fits the curve from test #79--show-
ing that additional amounts of NaEﬂz do not increase the select-
ivity of the Em, X-1.

This test also indicates a difference in the action of
the Em. X-1 ae compared to test #76 and test #77. The point
it gives on the 3-Min. index ve. weight of product graph is

well below the curve for test #76.
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Test #81
Iron Mill.
To Mill-~
Ore 500 g.
Water 500 g.
NaPO 2#/ton.

Grind 16 min. @ 44 R, P. M. with 13 rods.

Porcelain Pebble Mill.

Ore 500 g.
Water 500 g.

NaPOy 2#/ton.

Grind 30 min. @ 70 R. P. M., with full charge.

To Cell (same for both)
Water to bring p. d. to 4:1
Emulsol X-1--4 drops.
Condition 3 minutes.
Skim 2 minutes.
Iron Mill.-~Conc. 226.5 g.
Tails 267,0
Pore. Mill.--Conc. 222.8 g.
Tails 270.9 g.

8.5.

pH

-



A, Tron Mill

Assay % % Wt. x Assay

Recovery %

A % Ba S S ' Ba.f 21 ‘ i £
rProduct Wt.e (% WH. CaCO3 Baf0, 102 HE?COZ BaSO4 102 Ca0057/33804 102
Conc. | 226.5| 46.0 26.8 56.0 25.4| 12.3 25.3 11.7; 38.2 86.0 27.0
Tails 26%.0| 54.0 36.8 7.6 bB8.5| 19.9 4.1 3l1.6] 61.8 14.0 73.0
493,51100,0 32.2 £29.4 43.3{100.0 100,0 100.0
3-Min. Index for 3af0, - 220.8
B. Porcelain Nill
, . Ascsay % % Wt. x Assay Recovery % AJ
) ; Bas g Ba S 83 328 €1
Product Wt.| % Wt. CaCOB Ba O4 102 CaCO5 Ba 04 102 CaCO5 Bai0, A102
Conc. 227.8| 4b.6 27.8 b6.6 17.9 12.7 2b.8 8 38.9 87.8 22.4
Tails £70.9] 53.4 37.6 6.8 b3.1 20.0 3.6 28 6l.1 12.2 7.6
498.7]100.0 2.7  29.4 36 700.0 100.0 100.0

o2
.4
.6

5

3-Min. Index for da304 - 226.

9y
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Test #81 was run with the two purposes;

{1) to compare grinding in a porcelain pebble mill %o
grinding in an iron rod mill--(as regards selectivity of Em, X
-1), and (2) to check again the apparent loss in selectivity
of the Em. X-1.

2/ ton NaPO; wae added in the mill, and 4 drops ef Em.
X-1 in the cell.

The results cshow 1little difference in the results from
the different grinds--and such differences as sppear may be a
result of different finenere of grinding, not to any iron ealte
formed in the mill.

The greatest difference wae ghown by the Si0p recovery
--being 27% in the cone.rfrom the rod mill grind, and only 22.4%
in the conc. from the pebble mill grind. The difference may be
due to activation of Si02 by iron salte.

The 3-Min. index obtained was 226.5 for the pebble mill,
against 220.8 for the iron rod mill. Both indices are well pbe-
low the curve obtained in test £78, where 1#/ton NaPO, wae add-

ed to the ball mill charge.

i
i
i
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Test #82.

A, Pebble Mill

Ore 500 g.
Water 500 g.
Grind 30 min. @ 70 R. P. M.--full charge of peobles,

To Cell--

Water to bring p. d. to 4:1.
fNaPog—-l#/ton.

Condition 10 min.

Cone. #l-- Sulfonated Cod 0il - 2 drops.

- (1L dr. = 0.036 g.)

(pH = 8.3) ( = 0.144F T)
Condition 3 min.
ckim 3 min.
Proth as for Emulsol X-1, but not yuite so
plentfful, and a little tougher.

Conc. #2.-- Sulfonated Cod 0il --2 drops.
Condition 3 min.
Skim 2 min.

Proth as above.

Conc.#3.-- Sulfonated Cod 0il -- 2 drops.
Condition 3 min.
Skim 2 min.

Conc. #4.--Same as Conc #3.

Conc. #6.-- Sulfonated Cod 0il -- 5 drops.
~Gonditioned 3 min.--Skim 2 min.

Eroth was oecoming poorer--much more brittle, out still
well mineralized.
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Tails -- pH = 8.2.
N. B. After each concentrate was removed, water was
added to bring the level of the pulp up to the original 4:1
mark.
B. Rod Mill.
Duplicate test to 82<A. Grind 13 rods --44 R.
for 15 min.
The froth was not so well mineralized toward the

as in the pevble mill grind.

P. M

end .



Test #82--4
' Assay % % Wt. x Assay Recovery % ‘
Product | Wt. |% Wt. [CaCOz BaS0g 910, Cal0; Baf0, Fi0p| CaCO, Baf0, fio,
Cone. 1| 63.7| 12.8 36.4 56.4 14.7| 4.66 7.22 1.88| 15.1  20.0 4.8
2| 60.8| 12.2 37.6 b8.2 13.3]| 4.59 7.10 1.63| 14.9 19.8 4.2
3| 65.3] 13.2 | 42.4 54.1 9.3| 5.59 7.16 1.23| 18.1 19.9 3.2
4| 47.1 9.5 | 49.2 48.2 9.8] 4.068 4.59 0.93| 1b6.1 12.8 2.4
5| b4.8] 11.1 62.2 19.2 22.6| 6.92 2.13 2.b1]:.22.4 5.8 6.4
Tails 204.7| 41.2 | 10.8 18.9 75.0] 4.45 7.80 30,8 14.4 2l.7 79.0
30,89 36.00 39.0 100.0 100.0__100.01
AcCcum.| accum. ACCUm. HE6COV. accum. Losg [ 3-Min. Index | Grade of
Product dt. % Wt CaCo, SiO8 BaSO4 CaCOs £1i0p for 83804 BaS’O4 in
i accum. Product.
Conec, 1 63.7 1z2.8 1.1 4.8 20.0 84.9 95.2 200,1 56.2
21 124.5 26.0 30.0 0.0 39.8 70.0 91.0 200.8 B7.2
3| 189.8 38,2 48.1 12.2 59.7 51.9 87.8 197.4 £6.3
4| 236.9 | 47.7 63.2 14.6 72.5 36.8 85.4 194.7 54.6
. bl 291.7 58.8 €5.6 21.0 78.3 | 14.4 79.0 181.7 48.0
Tails 496.4 | 100.0 100.0 100.0 100.,0 0.0 0.0 100.0 36.0
Test #82--3 ,
- 4 8 84y % 7 WE. x Aseay necovery %
Froduct] Wt. |% Wt. CaCo5 ﬁaSO4 Si0,p OaCog BaSO4 210 CaCO5 BaSO4 Si02
Cone. 1| B2.4| 10.4| 28.8 67.3 6.7 3.00 7.00 0.70] 9.50 23.5 1.6
2l 59.1| 11.8| 33.8 62.8 13.2 | 4.00 7.40 1.56| 12.60 24.8 3.6
31 81.7) 10.3| 38.4 66.1 12.2 3.96 5.79 1.26] 12.50 19.4 2.9
4| 43.1 8.6| 45,6 48.5 10.5 3.93 4,17 0.90] 12.40 14.0 2.1
. O 96.5/ 19.2| 56.8 22,9 26.9 |10.90  4.40 4,98 34.40 14.8 11.5
Taile 199.8] 3v.7] 14.8 2.6 8b.2 5.88 1.03 33.40[18.60 3.6 78,3
£02.6/100,0] 31.67 29.79 43,30000.00 100.0 100.0

laYe 4



Teet 82-8.--Cont'd

; , grade of
Accum,. Aceum.| Accum. Recovery laccum. Loge 3-Min. Index| BafS0, in
Product Wt % Wt CaCO5 SiO? BaSO4 Siog Oa005 for Barite.| Accud. Prod|

Conc. #1| 52.4 10.4 9.5 1.6 23.5 98,4 90.5 212.4 67.3
2l 111.56 22.2 28.1 b.2 48,3 94.8 77.9 221.0 64.9
3/163.2 32.56 34,6 8.1 67.7 91.9 6H6.4 225.0 62,2
41 206.3 41,1 47,0 10.2 81.7 £9.8 53.0 T 224.5 £59.8
bl 202.8 60.3 8l.4 21.7 96.5 78,3 18.6 193.4 47.8
Tails 502.6 100.0 [100.0 100.0 100.0 0.0 0.0 100.0 29.8

19
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§

| The purpose of this test was to check the work of Elfdtrom
& Dayton using sulfonated cod oil to float Barite, with NaPO,

as a 1le. depreseant; and to check the comparative results ob-
tained by grinding iron and porcelain mills.

Duplicate teste were run, using a porcelain mill for one,
and an iron rod mill for the other.

The results obtained were not very good from the stand-
point of floating BaSO4 away from CaCOz, The best 3-mineral
index obtainable, as indicated by the graphs of 3-Min. Index
vé. Accum. #t. of Product, is about 2287 for the rod mill grind.
The pebble mill grind indicated an index of about 200.1 as a
maximum.

Tests #38 and #39, (Blfstrom & Dayton) give indices above
the curve we obtained here (using an iron mill). They used Nag
Sioz in the mill, and this may have had some additional dep-
ressing ef”ect on 3102; and perhaps on OaCOZ.

Why such poor results were obtained with the pebble mill
grind is not apparent, and a check on this test seems adviscable.
. The "oreak-pointe™ in the 8102 and CaCO5 curves for sulf.
c. ¢c., do not occur at the same weight of product ae thecorr-
esponding point in the BaSO4 curve; conseguently the 3-Min.
Index curve does rnot show & sharp maximum point, but rather a
broader region of maximum 3-Min. Index. This irregularity as
cbmpared t0 the curves for Lissol. & will hamper soﬁewhat the
uce of these curves in predicting-the best obtainable index--
and the right wt. of product to give thie index. The same ifr-
egularity appeafs——tho' not to so marked a degree, in the Em: X1

. .

curvesg.,
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Test #83

time,

To Mill.

Qre 500 g.
Water 500 g.

Grind 30 min. @ 70 R. P. M., full charge of

To Cell.

Water to bring p. d. to 4:1.
NaP-O5 ——l#/ton.
Condition 10 min.
Conc. #l.
Added Emulsol X-1 ~--1 drop.
Condition 3 min.
Skim 2 min. Froth ae in Test # 79.
Conc. #2.
Added Emuleol X-1 -- 1 drop.
Condition 3 min.

ckim 2 min.

Same for Conc. #3, #4, #b, and #6. Water wae

to bring level of pulp up to the original 4:

Weights of Productse:

Conc. #1 = 70.9 g. Conc. #4 = 19.3 g.
Conc., #2 = 656.5 g. Conc. #5 = 8.9 g.
Conc. #3 = 51.6 g. Conc. #6 = 11.4 g.

Tailes = 268.7

pebbles.

gdded each

1 mark.



| Aesay % x wt, Assay % Recovery %
Product Wte | % Wt. | CaClgy Ba804 Si@g CaC@Z BaSO4J 5102 CaCQ3 BaSO41 5162
Cone. #1| 70.9 14.3| 4.27| 8.84 1.73 29.8 61.7 {12.1 | 13.0 30.0! 3.6
2l 6b.5| 13.2| 3.28| 8.38 2.b4 24.8 63.4 |19.2 10.0 28.4) 5.3
3 Bl.6] 10.4| 2.79]| 5.84 2.86 26.8 56.1 [ 27.5 8.5 19.8; 6.0
4| 19.3 3.9/ 1.13] 2.03 1.07 29.0 £2.6 | 27.5 3.5 7.1 2.2
b 8.9 1.8/ 0.49 1.03 0.38 27.2 7.2 | 20.9 1.5 3.5 0.8
6| 1l.4 2.3 0.66| l.24 0.69 28.8 53.9 | 29.9 |. 2.0 4.2 1.5
Tails 268.7 54,11 20.,15| £.06 |38.40 37.2 3.8 ] 70.9 61.5 7.0 80.6
496.3| 100.0| 32,77 29.42 | 47.67 100.0 |100.0000.,0
o Grade |
of Accum/
Accum.| Aceum. _Accum. Recoveryhccum. Loss 3-Min., IndexfProduct.
Product | Wt. % Wl CaCo | £i0, Baf0 | CaCOy | 810, (Barite) |(3af04)

Conc. #1| 70.9 14.3 13.0 3.6 30.0 87.0 96.4 213.4 61l.7
136.4 27.5 23.0 | 8.9 b8.4 77.0 91.1 226.5 62.56
188.0 37.9 31.5 14.9] 78.2 68.5 85.1 231.8 60.8
207.3 | 41.8 35.0 17.1f 85.3 65.0 82.9 233.2 9.9
2l6.2 | 43.6 36.5 17.9 88.8 63.5 82.1 234.4 59.6

‘ 227.6 45.9 38.5 19.4/ 93.0 61.5 80.6 235.1 59.2
Tails 496.3 |100,0 100.0 1100.0] 100.0 0.0 0.0 100.0 29.3

(o 2 I~ N I AV]

[ode
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The purpoee of this test was to repeat test 79, using newly
—purehésed Eulsol X-1, to see if the new Em. had better select-
ive propverties than the old.

In comparing the product-reagent curves of this test with
those from Test #79, the followingis shown:--

1. The silica loss lines for both tests are very nearly
straight lines, tho' both show a slight break downwards. The
curve for test 83, indicating a greater selectivity of the old
Em. X-1 for silica.

2., The Ls. loss lines are both much steeper than the
silica curves, with the curve for test 79 again falling off
more rapidly toward the right. There was a sharper break in
the curve than for Sioe, occurring with about 45 gm. less
product than the corresponding point for BaSO4. The curves
show that CalC0z is etill by far the more difficult to keep down,
and use of a better deprescor is necessary if BaS0, 1s to be
successfully floated away from CaCOZ.

3. The BaSO4 recovery lines in both tests rise very
rapidly to their maximum, which is nearly IOO% recovery, with
the curve for test 83 rising a little more steeply, and reach-
ing a max. at about 250 gm. of product, as against 280 gm.

for test 79.
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Test #84

To Mill
Ore 500 g.
Water 50O g.
Grind 30 min. @ 70 r. P. M.'—-full charge.
To Cell -- Water to bring p. d. to 4:1.
Sodium Hexametaphotphate --2#/ton.
Condition 10 min.
pH = 9.4
Conc. #1
Emulsol X-1 -- 1 drop.
" Condition & min.
Skim 2 min.
Froth--not as much as with l\IaPO5 depressor--and
poorly mineralized.
Conc. #2
Emulsol X-1 -- 1 drop.
Condition 3 min.
Skim 2 min.
FProth--ag above.
Conc. #3
Emuleol X-1 -- 2 drope.
Condition 3 min.
Skim 2 min.
Froth somewhat tougher--and finer at first.

Conc. #4

very



Conc. #4
Emulegol X-1 -- 3 drops.
Condition 3 min.
Skim 2 min.
Proth more copious, tougher.
Conc. #5
Emulsol X-1 -- 3 drops.
Condition 3 min.
Skim 2 wmin.
Proth finer.
Conc. #6
Bmulsol X-1 --3drops.
Conditiocn 3 min.
Skimnz min.
Larger vol. -- finer froth.
Weights of Producte,
Conc. #1 -~ 4.1 g. Conc. #4 -- 22.9
2 -- 4.4 g, 5 -- 2b.6

5 ""1102 g; 6 - 25‘8
Tails -- 401.5

An assay was run on Conc. 1+243. There was not enough

total product to be worthwhile working out recoveries.

A B Bay %
Product Wt. Bad0, | CaCO, | Si0_

Cone. 1 2 3 19.7 27.1 53,8 | 15.8




b7

Purpose -- To investigate Na6P6018 a8 a depressor for limestone.

Sodium kexametaphosphate was used by Elfstrom & Dayton
in an attempt to float silica from barite and l.s. using Lissol.
A. The guantity used (2#/ton) showed a general depressing act-
ion, and the recoveriees were all very small.

In this test -- (#84) -- the same quantity of Na P 04
-- 2#/ton -- was added and conditioned in the cell for 1C min.
A drop of Emulsol X-1 was added, and while a falr amount of
froth formed, it was poorly mineralized. 8ix gbncentrates were
taken off, with increased amounte of Em. X-1, but all frothe
were very poorly mineralized, and the total product removed
was only 94.0 gm. This was obviougly too 1ittle to give a good
Bad0, recovery, 8O complete assays were not run. 4An assay on
Cy¥ C+C, showed BaSO, 27.1%, CaCOy 63.8%, and £i0, 15.8%.
The CaC0z seemed to be depressed less than the 83504 or Siﬂg.
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Test #86
To Mill
Ore -- 500 g.
“Water 500 g.
Grind -- 30 min. @ 70 R. P. M. -- full charge.
To Cell -- Water to bring p. d. to 4:1.
Sodium hexametaphosphate -- O.5%/ton.
Conditioned 10 min. pH = 9.0
Conc. #1 --
Emulsol X~-1 -- 1 drop.
Conditioned 3 min.
Froth was poor -- little of it, and poorly mineralized,
g0 no skimming was attempted.
Added Emulsol X-1 -- 3 drops.
Conditioned 3 min.
Skim 2 min,
Froth -- one panful --well mineralized.
Conc. #2. --
Emulsol X-1 -- 4 drops.
Conditioned 3 min.
2kim 2 min.
Froth as for #1.
Cone. #3.
Emulsol X-1 -- 4 drops.
Conditioned 3 min.

Skim 2 min. Froth finer.



Conc., #4.

Emuleol X-1 -- 4 drops.
Conditioned 3 min.

2kim 2 min.

Froth not so sell mineralized -- not so

plentiful,
tougher.

-

Conc, #5.

Emulsol X-1 -- 4 drops.
Conditioned 3 min.
Skim. 2 min,
Froth as above.
Weights of Produets:
Conc. #1 -- 59.9  Cono. #4 -- 38,1

2 - 8000 5 - 5109
3 -- 6b5.2 Tails --221.1



Lessay % % Wt. x Assay Recovery %‘ _
Product | Wt. |% Wt. CaCO, ¥FiO, Baﬁﬂé, CaC®5 Si0, BaS0,| CaCO, SiO, Bafo
Cone. #1 59.9 13,1 18.8 7.1 7b.1 2.3 0.9 9.1 7.3 2.8 30.7
4 80.0 16.1 20.6 15,0 71.9 3.3 2.4 11.6 10.6 5.9 39.2
A3 65,2 13.2 32.6 23.6 46.6 4.3 3.1 6.2 13.8 7.6 £1.0
4 28.1 7.7 46.8 34,1 20.1 3.6 @ 2.6 1.5 11.5 6.4 5.1
g 31.9 6.4 46,2 46.4 6.9 2.9 3.0 0.4 9.3 7.3 1.3
Tails 221.1 44,5 33.4 65.0 1.9 | 14.8 £8.9 0.8 47.5 70.6 2.7
496. 2 1.2 40.9 29.6] 100.0 100.0 100.0
Accum. Accum. | Accum. Recov. % |iccum. Loee PB-lin. In. | Accum. Grade
Product Wt. %Wt CaCO5 S102 B3804 CaCOS 8102 For 83804 of Product.
Conc. #1| 59.9 12.1 7.3 2.2 30,7 92.7 57.8 E-SEI;é 25.1
21139.9 £28.2 17.9 8.1 69.9 82.1 91.9 243,.9 73.5
3| 2058.1 4]1.4 B3L.7 15.7 90.9 68,3 84.2 243.5 66.1
4| 243.2 49.1 4£3.2 22.1 96.0 56.8 77.9 £30.7 57.8
51275.1 66.5 52.5 29.4 97.3 47.5 70,6 215.4 £2.0
Tails 296.2 100. 100.0 100.0 100.0 0.0 0.0 100.0 £29.6

09




- Purpose -- To repeat #84, with less NagPg0, o

In this test only 0.5 #/ton NagPs0;, wae used. The froth
with addition of 1 drop Em. X-1 was small in amount and poorly
mineralized, so 3 more drops were added, and the froth obtained
waé better mineralized and greater in amount. Five concentr-
ates were removed, with 4 drops Em. X-1 per cencentrate. A
total of 275.1 gm. of cone. was taken off.

The curves obtained did not show the tendency to straight
lines, as exhibited by previous teste, but were guite regular,
and showed a poseible maximum 3-Iineral index for Ba804 of
246, Due to the fact that the weight of Product ve. Recovery
graphs for Baﬁoé, GaCOZ, and Si@z were not straight lines with
break-points, the 3-Min. Index curve showed a fairly wide range
of nearsmaximum, instead of a sharp point, as in some prev-
ioue tests. |

The loss curve for 3102, when produced to cut the re-
covery line, passes nearly through the 500 gram mark, whereas
the Ca005 curve passee cute this axis at 315 gm. -- indicat-
ing a rapid increase in Ca005 recovery with the smount of
product removed.

It would be interesting, from the theoretical stané-
point, to keep removing products until nearly all the charge has
been floated. If the curves continue as indicated, the L.s.
would be entirely removed if 315 gm. of Conc. were removed,
and pure 8102 would be left.

It ie quite possible that’smaller quantity of sodium
hexametaphosphate, and a smaller amount of Em. X-1 might give

a better separation than the above, and an investigation would



be advisable. By running several tests, removing and assaying
only one concentratevfor each, and noting whether the 3-min.
index fell above or below the curve for Test 885, a better com-
bination of reagents might be easily obtained, and the amount
of product to give the best recovery (3-Min. Index) could then

be determined from a graph eimilar to the above.
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ASSAY PROCEDURES

The simple composition of the synthetic ore used allowed
the use of special adaptations of commercial aseay procedures.
Such proce&ures were developed by Klfetrom and Dayton, and were

uced with minor alterations in this research.

Determination of Calcium

Weigh out 0.5 grams of ore into a 400 c.c. beaker. Add
10 c¢.c. HCL, cover with a watch glaes until all sction ceases,
add 5 c.c. HNO5 and boil until brown fumes are all off. Place
beaker on a low plate, rinse off cover glaege, and take assay
to dryness. Bake on a high plate for %+ hour, cool, add 10 c.c.
HC1 and 40 c.c. water, boil till clear, filter through a 12.5
cem. rapid filter, and wash with boiling water, with hot 1:1
HC1l, and then with water four times.

Make the filtrate ammonaical; then 5 c.c. in excess.
Boil, filter, and wash with boiling water.

To the filtrate add HCl until acid, then one c.c. excess.
Add 3 grams ammonium oxalate, bring to boil, and add ammonia
drop by drop till saslkaline. Allow the precipitate to settle
out for 3 hour, decant the solution through the filter, wash
the precipitate into the filter, and wash well (A5 times at
least) with boiling water. Rinse out the beaker, washing it
at lesst eight times, to remove all the ammonium oxalate.

Wash the precipitate into tHe original beaker, fold the

paper over the edge of the beaker, add 100 c.c. hot water
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and 5 c.c, 1:1 H2804, and heat nearly to boiling. Titrate to
a pink colour with KMnoé, add the filter paper, and finish

titration.

Determination of Barite and guartz

Puse 1 gram of ore with 3 grams of sodium carbonate in
a platinum crucible at 950° C. until the melt is clear. Pour
the fused material into the crucible cover, immerce both cruc-
ible and cover, with contents, in a 250 c.c. beaker of hot
water.

Digest for 10 miputes (or longer--overnight if convenient)
remove the cover and crucible, and scrub and rinse well.

When solution is complete (i.e.all lumps have disinte-
grated) filter through a 12;5 cm. #1.#Whatman filter, and wash
well with hot water. | |

Reserve the filtrate for determination of eilica.

Wash the residue back into the original beaker and dise-
olve with 1:1 HC1l, adding 10c.c. free HCl in excess. Boll
for 10 minutes. Add 4 c.cC. H2S04 in 20 ¢.c. water to the hot
barium chloride solution. Cover the beaker, place on & medium
plate and allow to settle for 4 hour. Decant the eolution into
s filter, wash the precipitate into the beaker, and wagh at
least eight times with boiling water. Ignite and weigh as

barium sulfate.



Determination of £ilica

'Aeidify the filtrate reserved for eilica determinatioh,
adding ZQ c.c. HEC1l in excess. Evaporate to dryness, and bake
for & hour on a high plate. 4dd 15 c.c. 1:1 HC1, 15@ CeCo
water, and heat to boiling. Piltér, and wash the residue.

Po the filtrate, add 10 c.c. HC1l and again evaporate to
drynees. Take up with 15 c.c. 1:1 HCL, and 150 c.c. water,
heat to boiling, and filter through the same filter paper.
Wash six times with boiling water.

Ignite, and weigh as 3102.

Note. Some eilica may be contained in the barium carvonate

residue, hence in the high silicas, the filtrate from the
barium sulfate filtration ié pest further acidified, taken to
dryness, dissolved in 14 c.c. 1:1 HCL and 150 c.c. water,
filtered, ignited, and the resultant silica obtained added to

the regular gilica assay.
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