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Shipment: 

Eight samples of oils which are the low boiling 

fractions dbtained from crude Douglas fir tar were received 

on January 5th, 1942, from the Forest Products Laboratories, 

Lands,  Parka and Forests Branch, Department of Mines and 

Resources, Ottawa. The samples were submitted by T, A, 

McElhanney, Superintendent. 
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Purpose of the Investlgation 

The investigation was made to determine the frothig 

properties of the various fractions and of the total loW boiling 

oil obtained from crude Douglas fir tar p  In comparison with 

Yarmor F. pine oll used in standard:flotation practice. 

Character of the Oils and Other 

Exce7;pts from correspondene by T. Ao McElhanney, 

Superintendent, Forest Products Laboratories, state 

nThese low boiling fractions have to be removed in 

order that the residual tar may be of a suitable grade for use 

• in the manufacture of rubber tires, and we are desirous of 

. finding a market  for  part or all of those low boinng fractions 

as flotation agentso n  

"The samples were Obtained as followS 

Crude Douglas fir tar, obtained by  the  destructive distillation 

of Douglas fir waste wood, was heated and all low boillaf; fraction 

distilling below 232 0  G. were collected. These low boiling olls 

gl, 

 

were  re-distilled and fractionated, The following samples wore 

submitted. 

(1) Total low boiling oil (225° to 27:2° C.) 
(2) 170° to 1800 C o  fractiOn0 
(3) 180',' to 190° 00 	te 

(4) 1800  to  220° 0, 
(5) 180° to 245c' 0. 
(6) 'Poo to 2200 c„ 
(7) 1900  to 245° C. 
(8) 2200  to 2450  Co 	ïs 

°AcCording to the literature," Mr. McElhanney co.iitinu@ 

 best grade of pine oil is obtained by the steam and solvent 

process and ba.s a boiling range mainly between 190 0  0. and 220° C. 

and a specific, gravity at 10. °  C,«from 0,933 to 0 0 937 0  

fraction corresponding to this pine oil in boiling range has a 

. specific gravity of 0,941 at 15 0  0. If the total low boiling 

oil or crude turps/ could be used for ore flotation purposes, 

Our  
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(Character of the 011s 0  and Other Data s  contîd) 

it would be a great advantage because of the greater potential 

supply of this fraction  The 1900  to 2200  0,›  fraction repre-

sents only about 10 per cent of the total low boiling fraction o n 

EXPERIMENTAL TESTS 

Tests were made to determine the frothing properties 

of the various smples of oils and also their effects on 

recoveries and ratios of concentration compared to the results 

obtained with Yarmor F. pine oil. 

The total low boiling fraction wa's used.  in  combina-

tion with various amounts of pine oil and cresylic acid. . 

The total low boiling fraction was also added to the 

hall  mill to note the results of adding the oil to various 

points in _the circuit 

As the  oils would be produced on the Pacific Coast, 

the outlet for those would naturally be the mills of' British 

Columbia. 

For this investigation a low-grade copper ore from 

the Granby Consolidated Mining, Smelting and Power Company 

Limited, Allenby, British Columbia, was chosen. 

This ore aesayedg 

Gold 	- 	0.01 oz./ton. 
Copper 	0„85 per cent. 
Iran 	5.69 
Sulphur - 0.89 

A second sample of the same  or  used for part of 

the tests„ assayed 

0 opper - 	1.0 per cent. 
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Results of Experimental Tests: 

The results of the tests indicated the followingg 

1. The characteristic pine oil froth was obtained with 

0.10 pound of pine oil per ton. 

Fractions No. 5 (1800 to 245° 0.),, No. 6 (190° to 

220° C.), and No  7 (190° to 245° 0.) Produced a froth when 

the quantity of oïl added averaged 0.30 pound per ton Indi-

cating that three times as much of low boiling oil aa of pine 

oil was required to give a froth. It was also noted that 

those olls did not give the same buoyant free froth as pine - 

11, 	oïl does but were rather more brittle. The froths did not 

rise from the same pulp level  to  overflow  from the cell, 

indicating that a higher pulp level would be required to give 

an overflow of concentrates. 

3. Fraction No. 4 (1800  to 220° C.) produced a froth 

which was more brittle and of poorer quality  than  Nos. 5 9  6 

or 7. 

4 ,  Fraction No.  3 (1800  to 190° C.) frothed very slow3v 

41O and gave a poor froth.. 

5. Fractions No. 2 (170° to 180n 00) and No. 8 (220° tO 

245° C.) were of no use as frothers when added to the flotation 

cell. They produced a thick scum of floating sulphides. 

6. The  total low boiling fraction No. 1 (2250  to  232° 0,)' 

would not produce a froth when added to the flotation cell but 

when added to the bai l mIll and ground with the charge resulted. 

In producing a good froth when approximately.  0.30 pound of the 

oil per ton was added. It also exhibited considerable collect-

ing power. This test indicates that about throe times as mueb 

total low boiling oil as pine oil would be required to produce 

a froth. 

The use of the total low boiling oil as a frother and 

ollector when added to the bail  mill resulted in good froth, 
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(Results of Experimental Teats, contud) 

with a recovery of 77.5 per cent of the copper. Adding 

xanthates Increased the recovery to 82.6 per cent of the 

copper, 

7. The results of mixing the total low boiling fraction 

with pine oil or with cresylic acid and adding this mixture to 

the flotation cell indicated that sufficient of the mixture to 

produce a satisfactory froth contained the equivalent  of pure 

bine  oil or cresylic acid  required when they are used  separately *  

8. The mixture containing 90 per cent total low boiling 

oil and 10 per cent Yarmmr F. pine oil produced a frothwhich 

appearod to ba as satisfactory as that made with pine oil. 

It was noted that a test using 0.294 pound of the mixture per 

ton (containing 0,03 pound of Pine oil) gave practically the 

same recovery as the test using 0.10 pound of pure pine oil 

per ton. The frothers were added to the bail  mill. 

Raising.tbe am6unt of this frother to 0.38 pound per 

ton produced a rather voluminous froth which raised considerable 

gangue slimes and produced a dirty concentrate, 

• Commarson  of  Results: 

The following table of results shows a comparison 

of the various low boiling fractions with Yammor F. Pino ollp 

i.e., grade of concentrate, recovery, ratio of concentration, 

and consumption of frother when added to the flotation cell. 

The type of froth Is also indicated.. 

(Gontlnued on next page) 



I I 

- Page 6 - 

(Oomparison.of Results, cont?d) 

Results: 

Frothors Added to the_Flotation Cell. 

FROTHER g of flot„gery of g of 	on 
Testg 	 eLboig conc., geopper,gconcen-: 	a pp e a r al1.0 

No.g 	Used in test 	gton gcopper, g per 	tra 	g 	of the 
gore :per cantg cent g tion g 	froths 

0 

• 
1 gyarmor F. Pine on 

2 g(1)  Total  low 
boiling oil. 

5 g(2) 1700  bo 180° C. 
4 g(3) 1800  to  190°  C. 
5 :(4) 1800  to 220Q C. 
6 g(5) 1800  to 245° C. 
7 g(6) 190° to 220° C. 
8 g(7) 190° to 245° C. 
9 g(8) 220° to 2450  C. 

:0,10: 15.42 g 85,9 g22 0 1gl 0 g0haracterlstIc 
g p.o. -froth. 

	

g036;  21.0 	78.9 g3202g1 0 gScumg no froth. 
g0028g 13,19 g 82.6 :1803:14:Scum; no froth, 
'ffl 0 36: 14.28 g.83.9 :2006g10:Poor'froth0 
g0.20: 14,30 g 86.4 g2104gl0gFair froth. 
0 0 28g 14.15 g 86.2 g2106g10:Good froth. 

	

.:0,28: 15.64 	85„6 g2209gl0gGood froth. 
g0 0 18g 16,38 g 84,1 :24.9g1.fflood froth. 
g0029g 16.64 g 80.1 : 2503g10gScum; no froth. 

• 

o 	. 

In the tests in whle: no froth was formed it  was 

 noted that the sulphides floated as a rather thick scum, whiffia, 

was scraped off. 

Total Low Bolling_Fraction Added to the Ball Mill. 

FROTHER 	g Assays gRecov- ghaA 
gof flot.gery of g of 	g on 

Toc3t. - 77177h e. pp o araneo conc., geopper,gconcen-: 

	

N• .: 	• sed In test 	gten gcopper, g per g tra- g 	of the 

	

gore :per cent: cent g tion g 	 froths 
O

tz:zn 	
si 	 0 

10 gT.L.B.F. (ln ball 	g 	. g 	' . 

	

: 	. 	mill) 	0,20g 17.34 g 76.2 g2800:10: Good froth. 
11 g - " 	(ln B.M.) 	g 	. 	. , 	. 	g 

	

. 	No xanthates 	g0.28g 19.74 .g. 75.6 	g3209g10g • îq 	u 

	

12 g 

• 	

ili 	Iv 	g0.36g 	18.24 g,77.5 	g27.5g1.: 	ts 	e 

	

13 : 	" (in B.M.) 	. . 	. 	. 	. 	• 	. 

	

g 	With xanthatom 	g0 4 36: 14.0 g 82 4 6 :20.6:1.g 	19 	IF 

• 

« T.L.B.F. 	5og Pine 011 Added to tho Cell 
e l 

14 g 	 g0.18g 1 4 .29 g 82.8 g2008g14: Good froth, 

5(2% T.L.B.F + 50% Crosyllo Acid Added to the Celt] 
15 : 	 :0 044: 15.71 g 04,8 .:22.610: Good froth. 

(Continued on next page) 



16 
17 
18 
19 

:0 0 08: 
:0 . 
:0,29: 
g0 0 38: 

s0.10s s100% pine oil 
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(Comparison of Results, contvd) 

Total LOW Boiline Fraction Addad to the Ball Mill (9fflt 2 d). 

16
,,...Ta-cwiffe•srtut.073rrae,en«ewexr,ws0v-,0s.,. 

FROTHER 	 ,nuuuv- 
gof flot.sory of g of 	on 

0 
ea-kau 

Test: 	 sLb./: conc., scopper,gconcen-g appearance 
No.: Used In test 	ston :copper, g per g tra• 	of the 

sore gper cent: cent 	tion 	froths 
G27-',....--1,AL,==,•n=i7EZZU=7:172Z-ZMZIMIZZ:17,"-f17Z7M).7.7.45UVI,27V.,r.il-Mr=aVetese=;4ZIVIere.Te.MM,Zrze=MCr-VAMZreattîi=LKneTSL YZ:=M-4=11,,,z-=7",:M."7,11,-,n,rza  

:90% T.L B F 	le Pine Oil Added to the Poll Mill 

13.70 g 79.0 g17 05s10s Good froth. 

	

11.97 g 84,3 	s14.2:1.: 	n 	GQ 

	

8,60 g 90,7 	g 9 08s10s. 	" 
6,48 g 92.0 g 703s1.: indlcates too 

g much frothcr. 
9,29 : 90.7 s10.6:1.: Characteristic 

g pine oil 
g froth. 

DETAILS oF TESTS NOS. 1 TO 9 (FROTHERS ADDED TO FLOTATION OELL). 

A standard test was made as follmss 

A sample of the ore was ground In water to 80 per 

cent minus 200 nesh with 1.2 pounds of lime and 0.1 pound of 

sodium cyanide per ton of ore. To the flotation cell, 0.04 

pound .of sodium ethyl xanthate (274-4), 0,02 pound of Reagent 

No. 301 e  and 0.1 pound of pine oil per ton were added. The 

concentrates were removed for 7 minutes. 

The concentrate was recleaned in a separate flota-

tion cell with 10 pounds of  lime per ton of concentrate. No 

otber reagents were usod for cleaning the final concentrate. 

The pH of the solution was 8.6. 

The pulp level ofthis test was noted and the remain-

ing.tests were brought to the  seine  level to note the lifting 

power of the frothers. 

. The following tests used the various low boiling 

fractions: 

0 

0 	 0 	 17 	 0 0 	 G 
0 	 0 	 9 0  	 e 	 0 	. 

(Contlnued«on next page) 
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Results of Flotation Tests: 

(Frothing Heaeents Added to Flotation Ce11.1, 
:Assays 

' 	
g Ratio g 

Test: 	 • gWeight,:copper,gDistributiong of 	Frother, 
Product 	g pe.)r 	g per 	g of copper, gconcen-: lb./ton 

cent, g cent u per cent, gtrationg 

1 gFeed 
:Rough conc. 
:Cleaner conc. 
gMlddling 
:Tailing 

g100 0 00  g 0.81 :100 0 0 :10000: 

	

g 15.42 g 85.9 	g22 0 1g1 0 g(Pine 
zu; g 28.82 	 g 75,5:4609:10:(0.10 
2.40 : 5.53 g 	g 10 04:4107:10: 

	

u 95 0 47 : 0.12 g 14.1 	14.1g 

oiip 
lb./ton. 

e o t 	 * 	 0 	
0 	 o 

0 ......,,,....,e.,.A. ,,,,,,,,,,, ,,,.,..=....,,,,,,,,,,,,m,,,,,,....,.r.=.•2...,s=-,.-.,,__-,..,.,..:...,.........j..-=,-,.....,....,---,_-.*.,..-.,,,L=.r=,>,-..,,,,,t-_,,,,,,-_,..•....-....-2,--,--e.....<,...o-,-*.....,.,--,,  
O 	 u 	 e 	 r, 	 e 	 a 	 , 
0 	 II 	 d 	 7 	 0 	 0 

:Feed 	 :100000 : 0,83 :100,0 g100 0 0: 	g(Forest 
:Rough conc. 	g 3.11 g 21,0 : 78 0 9 g 	g $2.2:1.:(Products 
gacaner conco .: ITC u 33,32 g 	: 65.6:61 0 3-g1'.:(Laboratorles 
:Middling 	g 1,48 g 7.43 g 	e 130g6706:10:(tota1 low, 

g 
Tailing 

gi 	
u 96.89 g 0 0 18 g 21.1 g 21.1 , g 
. 	 . 	. 	

g(boiling frae- : 	 • 
. 	. 	. 	. 	. 	. 	g(tion 225Ç - 

„ 
* 	 a 	 a 	 * 	 4 o p 

o 	 u 

:1803g10:(F, Po L, 
g 1.76 g 61 2 g 	g 63.1:56.8g 1 og(fractione 
o 3.70 u 4.60 g 	19.5:27.0:10:U700 -180°0, 
94.54 g 0.16 g 17.4 : 17 0 4: 	g(0 0 28 lb./ton. 

0 

5 :Feed 	 :100 00 e 0.87.:100.0 :100 0 0: 
:Rough conc. 	1 0  - 826 - .• 	 e 	 o 

gOleaner conc. 
:Middling 
:Tailing 

4 :Feed 
:Rough conc. 
:Cleaner conc. 
geddling 
:Tailing 

0 

:100 0 00 g 0.85 :100 0 0 :10000: 
14 0 28 g 83.9 	g20.6:10:(F. P. L. 

g 	50.86 : 	• g 66 0 1:56 0 5:1.:(fraction, 
g 3.08  g 4.76 g 	 g  17.8:32.5g1.:(1800 -1900 C., 
95.15 : 0.14  g 16 0 1  g 16.1: 	u(0.36 lb ./ton, 

. 	. 
5 :Feed 	 :100 	 :1 ,00 : 0,77 u100.0 	00,0g 	. _ _ 	: _ „ 	. 

:Rou )h conc. 	. 4 68 g 14 30 g 86.4 g 	:21.4g1.:(F. P. L o  . 	.7,....„_, 	t ct 
:Cleaner conc. : 1.85 : 29.67 : 	: 70.954.11.Qg(fraction 
:Middling 	: 2,03 g 4.25 u 	g 15 0 5:35.3:1 0 :(1800 -220e00, 
:Tailing 	: 95.52 g 0.11 g 13.6 g 15.6: 	g (0.28 lb./ton. 

7 

0...,sseeramf.r„.rn 	 .. • ca„ 	 . 	 • .-..1..,,•-v.-cata„ 	 .4? . z■cr- 	 -rea...•. 	 . 	 .nee:reraa...0 	 asnatz 	 - 

0 

7  

6 :Feed 
:Rough conc. 
:Cleaner conc. 
gMiddling 
:Tailing 

:Feed 
:Rough conc. 
:Cleaner conc. 
:Middling 
:Tailing 

:100 0 00 : 0,76 :100.0 g100.0g 	. . 
g ---47a, g lea5 2 86.2 : 	0 21.6 0 1.2(F. P.. L. 
: U--.-"e 	'•,-,7 0 40 g 	g 7207:4905.:10:(fraction, 
g 2 3 62 g 3.93 g 	g 13 0 5:38 0 2:1 0 g(1800 -245°Co y  
g 95.36 g 0.11 g 13 0 8 u 15 0 8: 	:(0,28 lb./ton. 
0 	 0 	 0 	 0 	

g 	
P 

Lt-ve.0.2.,,,,,,,,.......,..,ecr_tIzere!...,..un.-0..,,E..e.,,,-....tc-cr,... tyrre-a.,......,:..... X -1.7- 31'071,,,,n,IYI•37,7.1,5,Z. -X,See r,-,1,-1},,,tiCee..7, 1,--,--e‘x•a.,cz,,...ers...-,,,,,..--........--,.rere.e.,,r2.,ale ..t..7 

0 

:100,00 g 0.82 :100.0 u100 0 0: 	: 
Q  4 9  57 - 15.64 g 83.6 g 	:22 0 9:I 0 :CF 0  Pb  L. 

,..- ' 

: 1.99 u 29,40 : 	e 71 0 6:50 0 3glog(fraction, 
g 2.58 : 4,13 : 	: 12 0 0:42.0:1.g(1900  -220°C., 
: 95,63- g 0.14 : 16.4 g 16 0 4: 	g(0 0 28 lb./ton. 

(Continued on next page) 
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(Results of Flotation Testn e  (on .Ud) - 

cyrothine Reavants Addod to Fletation_Cp1U_copt'ed,) 
g 'hat:16f g 

Test Welght,goopper,:Distrlbutiong of 
No.: Product 	g per 	u per 	of copper, .gooncen-: 

g 	 cent g cent Lpor cent 	Iteationi 

:AnSay8„: 
Prothov, 
lb ./ton 

6 :Feed 
gRough conc . 
gCleaner conc. 
:Middling 
:Tailing 

g100.00 	0.70 :100.0 :100 0 0u 
g 16.30 g 84.1 g 	u24 9gl.u{F. P. L. 

71 0 '6§ t 31.20 : 	67.5:50.2g10“fractions, 
: 2.33 g 5.50 g • 	16.6g42.9:1.:{1900 -245°.C., 
g 95.98 g 0.13 g 15.9 g 15.9g :W.113 lb./to. 

9 	 0 	 0 	 0 	 0 
0 

9 :Feed :100.00 2 0.82 g100.0 :100.0u - —,..—,•. 	 / 	, - J-'tough conc. •. g 3.9?) : 16.64 : à0.1 u. 	26.6u1.2(P.  
.gOloaner conc 0  t re; g 30,72 u 	u 6903g54 0 1g1 0 u(fraction, 
:Middling 	g 2.10 t 4.24 g 	.g 10 0 847.6g1,g(2200 -245QC. 

	

, 	e 
:Tailing 	u 96.05 -:, 0.17 u 19.9.t 19 0 9g • 	g(0.29 lb./ton ),  

a 

C4aracter - of the .  Froths Observed in Tests Nos, 1 te 9. 

Test No. 1. - UsinE Yarmor F. iDine oil. 

Characteristic pine oll froth, small to modfi.um 

bubblos e  well covered with sulphidoc e  riSing unlïormly through 

the pulp. 

-Tecit No 2 - UsIner total low 	erDcWon otl ISgumplo o 	1) 

This oil was apparently.  more:or - lose Insoluble and 

took appreciable time - to go into  •3olution;. produced . a weaX 

end,brittle freth, The sulphide concentrate gathered on the 

surface of the, pulp as a thick scum which  did not rise to the 

lip of the coll:but could be scraped off. This oll .w6uld not  

ho selsràctory as a'frother when added to the flotation 

machine, ln comparison with pino.oil. 

Test No. 3. - Usine the 170° - 1000  C. fraction oil -  {Sample No 	) p 	 0 

This oil produced a poor, brittle froth, Some largo 

bubbles, sulphides mainly in a thick scum. This oil was . not 

a suitable frothing oil in comparison with pins Oil. 

Teet No. 4,, - Using the 1600  - 190° 0 0 .fraction oll. (Samplo N0, ;?;IJ 

This oll.required about 5 minute& agitation to 
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(Test No. 4, conted) - 

produce a brittle froth carrying sulphides on medium bubbles. • 

The froth did not rise in the cell to flow over the lip. This 

oil did not produce a satisfactory froth, 

Test No. the 180e - 220° 0, fraction oil. (Saneo, No.d)Q 

This oll produced a fairly strong froth with medium 

to large bUbbles well covered by sulphides. The froth held up 

well during the flotation period. •This froth did not raise 

the concentrate to the lip of the cell but it could be recovered 

110 	
by raisin  the 4.)ulp level. 

Tost.No 6. - Using the l000 - 2450 C. fraction oil. (SamPle 140. 5 ). 

This oil would apparently be satisfactory as a 

frothing reagent. The bUbbles were  medium Sized, woll covered 

with ,sulphidon, but appeared to bo more brittle than pine oil. 

This froth did not rise to the pine oil level but the concentrate 

could be removed easily by raising the pulp level. 

Test No. 7. - USinGthe 19CP - 220°,0. fraction oll. (Sallee No.6). 

411, 	
This oil produced a tenacious froth of medium to • 

large bubbles well covered with sulphidee. Tho concentrate 

was easily recovered«and the froth held up well. Except that 

thin oil did not raise the concentrate to  the came  level. »  It 

aPpearod to give satisfactory results  as a frother. Thio is 

the fraction that corromponda•most closely to  the  boiling 

range of pine ell. 

This oil produced a tenacious froth of medium to 

large bubbles well covered with sulphides. This oil worked 

as well as that of Sample No. 6 (190° - 220e -O.) and would 

likely prove satisfactory as a frother. 

(Continued on nont.page) 
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, (Character of the Froths Observed in Tests Noe 0 l'to  9 .  conted) - 

Test  No, 9 - Using tbe 2KJ0- - 2450  0, fraction oil. (Samplo No.8). 

This oil is apparently of no use as a frother. Tho 

froth appeared as large bubbles and the concontrate collected 

In a thick scum. The froth Wa •  very brittle. The oil appeared 

to be ineoluble in the pulp. No real froth was obtained within 

the time or flotation. Tho thick scum was scraped off. It Is 

apparent that this oil could not be used under the same condi-

tions as pine oil. 

TESTS NOS. 10 TO 20 (ADDING TOTAL LOW BOILING FeACTION TO  BILL  MILL). 

Since the most satisfactory fractions included that 

fraction recovered from 1900  to 220° C. and this fraction ro-

presents only about 10 por cent of the total low bollIng 

fraction »  further tests were made to determine whether the 

total. low boiling fraction could bo used. 

This fraction did not produce a froth when added to 

the flotation mach:Ins.  The  following tests  were  made by addIng 

various amounts to the ball mill and grinding with the charge.. 

In several tests the xanthate collectors were omitted to dis 

-cover the collecting power of the total low boiling fraction. 

Some tests  were  made in which the total low boiling 

oil was mixed with cresyllc aCid are with pine p11. 

De.pails of T.Elsto Nos 9 .10 to 20. 

Samples of ore  were  ground in water to 80 per cent 

Miall3 200 mesh, with 1,2 pounds of lime 0. 1 . pound of sodium 

cyanide »  (404 pound of sodium ethyl xanthate (Z-4),'and 0,02 

pound of Reagent  No  301 per ton, In addition, varflable 
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(Details of Tests Nos. 10 to 20, contd) 

amounts of frothers were addcd to the several tests as 

indicated in the  fol lowing tables. 

Except where omitted from the test, the xanthates 

wore added to the ball mill. 

Results of Flotation Tests: 

	

Tests 	 s per 	soopper„sDistributions of 

	

No. g 	Product 	cent s per , of 	 D cooper ,, concen-s _  
s Frother, 

lb ./ton  
cent, 	s 	per c,,,,mt 	s,L.Lat 

10 sPeed 
I.iough conc ,  
sOleaner conc. 
ulgiddling 
:Tailing 

u100.00 	0.61 
g -73-ZW 17,34 
u 1.36 :30.66 
s 2.21 u 9.14 
u 96.43 g 0.20 

s100.0 
s 76,2 

u 23.8 

s100.0g 	;(F. P o  L. 
g28.0 1 0 g(T.L013.F., 

g 51 0 4g7).5s1,1(0,20 to 
24.8:45 0 3s1og(bal1 

s 23,8: 
o 	 0 	 a 	 o 	 o 	 o 

" 	 O 	 " 	 a 	 0 	 0 	 o 

, 	 a 
t 	 o 	 o 	 o 	 n 	 0 	 o 

\ 

1.1 s100.00 s 0.79 s100.0 s100.0: 	s(F. P. L. 
g 	3.04 	s 75.6 s 	s3209s1.(T0L.B.F.e 

37:- 5S s35.54 	s 	g 46.1s97.1s1.:(0.28 to 
7 2.01 s11.64 	s 	g 29.5s49.8slos(ball 
s 96.96 	0,20 s 24.4 g 24.4u 	s(No xanthates. 

0 

0 0 	 o 	 0 	 0 	 0 	
, 

 

:Feed 
:Rough conc. 
:Cleaner conc. 
sMiddling 
:Tailing 

12 sPead 
sRough. conc . 
uOleaner conc. 
sMiddling 
;Tailing 

a00 3 (,)0 	0 0 86 

3' .6 4. 16.24 
s 3_030 	4 0 94 
s 	2 0 34 :; 8.96 
s 96.36 s 0.20 

g10000 s100.0s 	s(P. P. L. 
; 77.5 u. 	g27 0 5s1.s(T.L.B.F33p 

g 53 0 0s76.9a.:(0.36 to 
s 24.5s42.7s1.s(ball 

s 22 0 5 s 22.5s 	g (No xantbate, 

13 :Food 
:Rough conc o  
;Cleaner con0 . 
uM.iddling 
sTallIng 

s100.00 
s 4.85 

U7J-(75 
s 2.85 
s 95.15 

s 0 0 82 u100.0 
14.00 s 82.6 
g27.92 

	

s 4,24 	g 

	

; 0.15 	17 0 4 

s100.0s 	g(F. P. L. 
s20.6:1.u(T.L.B3F0„ 

s 67.9s50s1. 	s(0.36 to 
14,7s35s1 , 	s(ball 

u 17.4s 	s(with 
:(xanthates. 

3.4 sFeed 
uRough con c. 
sCloaner conc o 

 uMiddl:Ing 
sTalling 

d00 0 00 
; 	0 81 
u 1.99 

2 , 82 
qi5 . , „ o - 

s 0,83 
s14.29 
s28.16 
s 4.50 
0.15 

	

g100,0g 	s(50% T.L.B.F. e  
g 82.8 g 	s20.8s10g(50% pino oil, 

s 67 0 550,3s1os(0018 to 
15.3s55.5s10s(flotat1.on 

	

; 17 0 2 ; 17.2 	s(cel1. 
e 	 e 	 n 

:1 	 

(Continued on nezt page) 



.15 :Food 
. gRaugh cone. 

gOleaner eonc. 
:Middling . 
:Tailing 

:100.00  z 0.82 
: 4.42 15.71 

13,U53 g28 0 82 
2,39  g 4.57 

g 95 0 58 g 0.13 

: 
16. :Feed 

gRoUgh conc. • 
• :Cleaner cenc. 

:middling 
-• 	. :Tailing 

•-otro•Leale0o.oece44o,...oeroxool.• 
• 

17 eeed 
• :Rough conc. 

:Cleaner conc. 
. :Middling 

:100.00 ; 1.00 
u11.97 

3.273 :23,44 
g 3.83 g 2.50 
g 92.94  z017  

:100.00 g 

: 1.91 
g 3.75 g 
g 94.50 

0,98 
15.70 
32..00 
4.18 
0,22 

r•ox-401,-44oto,..,0,00.0,440., -4040.0:.«.040,400•0,•••stroo...0.1.04o.oen 

o• 
& a • 	 J 	 * 0 

3 
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(Results of •Flotation Tests, conttd 
• 

Assays
.---oteovoolo...•,44-oersoo.....ceo,mr.00e,0-.0-.44r.odot•owes,40.4-,o*tolusevo* ---••••,.........,000.m000a.o-0,0•040.0044, , ,,,,o0o,e,- -e‘• • 

• . 	
0' 	- 	 : Ratio e 
:W 	0 	or. eight coPp , :Distribon3 or  

	

- 	.. 
No.: 	Product e." per 	0 Per- .? ,..- 	: of coppor, :concen-: 

: 	 • g cent : cent, : per cent 	etration: • 
24•=-:,-:-.,,,,,,.:r,m,...T.m.,,,,-...,..,..,,,,,,,,e,•==..,,,,,,,,,,...-.-4,,,,,,,..„.„,,,-.,,,,,,,,,,,,..„-_,.,...,-,,..,...,•,•4,,,,....,.....,,,,,,,,,,,,,,,,,,,,,,,,...,•,....-,......•,....,...•,,,,,,,..„,,„.„.,_„,„ ., : ,  

:Protium » 
 lb ./ton 

. 	. 	. 	. . 	 . 	. 
:100.0: 100.0g 	:(5O% T.L.B.P.. 
z 84.8g .- 	:22.611.:(50% cresylic 

: 71.5:49 0 3:1 0 g(acid -„ 0 041A to 
. . ot 150341.8e10:(f1otation 
e 15 02: 15,2g: 	;(coll. 

O 0'  . 	 . 	. 
:100.0e 100.0: 	:(90% T.L.B.P., 
g 79.0g 	:17 4 5:1.3(10% Pine ofa. 
e 	; 63.1:51,5:1„g(0.00 to 

g 15.9:2607:10:(ball mill. 
g 21.0: 	21.0g 	. . 
4 	 • 	 0 

: 	.. 	 . 
;100.0: 100.0g• 	•• :(90% T.L.B.r.. 
'.' .84.3'• • 	:1402:10:(10% pine  oui 

 75,5:31.01 .:(0.21 to 
. 4 . 	8 0.8:2601:10:(ball m111. 
: 15.7g. 15ag 	.. 

. . 
e,aeeea.e.:,ae,..e,•ea.,;.,.ae,ee.a=a_ratee.e,P.eee,a,.a.,_earaa,..-ae,eeee-a,-eseeeae-,a-ae..a.Leei=aseeaaa,reaa.y.ae,eee.,,,a-s,ae-ae,a ,,  

a 	 a 

0 0 

18 :Feed 	• 
jUough conc. 

.,:gOleanor cone &  
'eMiddling 
:Tailing  

:100,00 u 

g 	6 ,; 41 g 
g 

 
8982  ; 

0.96.  :10000: 10000: 	- t(90% To1, 613pF., 
8.60 u 90 4, 7e " . • g 9 4 8g10gU0% pine oil, 
20.32  z 	z :7904:2605gi0e(0020 to 
1e70 g 	' ; 11.5eI5,6;10“ball mill. - 
0.10  g 9,5: 	9.31 

20 :Peed 
gRough Gone, 
:Cleaner  •conc. 
:Middling 
:Tailing 

	

0 4 97 0.00.0: 100 4 0g 	• :(100% pine , o11, 

	

9.29 : 90.7: 	.:10 0 gi 4 :(0010 to 
20.12  z 	g 704712903g10:(ball mill. 

•2000:1605g10: 
g 90..52 e'0 4 10 	g 	9 43g • 9.5g,. 	• 	g. 

:100.00 u 
9 Ø 48  - 

.g 	3.41 e 
: 6.07 g 5.20 g 

. 	
• 	 o 

O 	 14 	

• to 	 n 	 •••4 

e  
.g 

19 :Feed 	 :100 4 00 g 0.97 :10000: 100.0: 	g(90% T.L.B.F. e  
:Rough cOnc. 	i-TeNg : 6.48 : 92.0: 	,. 7i,51.(10% pine 011 9  
:Cleaner cone,  • g 4.51 :17 6 80 g 	, 

	

. 	82 0 8 g 2,'.'..2 gl . g ( 0.38 tO 
g Mix:WI .1,ng 	: 9 425 z 0 0 06 ; 	. 

	

' 	90210 0 01 ... ( bell .m111 4  
:Tailing 	: 86.24 z 0.09 g 8.0: 	8.0: 

e o 

	

`0-='e.-...1.= 1:*.;:=...r-4.`O .̂..g.=:. -4:egr=701,..= tç:':nr.>... A>=1.Ze.f. g t's: ;1... ,:e. At......:-. ‘_.;' .-70? e'È,^«,:.' ere.,,,re1='':.1:r.r.,-,-z.,e1.'-...-.'.-..7----, -e...-,=,•.44,72,.;,...-v.1:_gr.--fr.%-2.....-•.1.=,,,-- P.A,1  r 1--,i•> 	c 

Tho results 0P - TeSt No. 19••indica4e that•tr4o euch 

frother was ueod ..-Tbe,  froQI:Wa$ 

lime gangue was floated, 

voluminous and considerable ... 

• (ContIatted ôn mxt, 
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Character of the Proths Observed in TeStS NOS. 10 to 20. 

Adding this oil to the »all mIll resulted in the 

formation of a froth in the notation machine carrying bubble2 

well covered with sulphides. This froth did not rise ae high 

as the pino oil feoth and  the pulp level was raised. Aa no 

conditioning time.was required e  the froth forMed rapidly and 

the flotation time was shorter. 

This froth appeared at first as a thick mass ot 

Small bubbles Which broke down rapidly as the concentrate wae 

removed,.becoming more brittle'e  until after approximately 4 . 

Ili:autos very little froth was l 	 -eft on the .  pulp. • 

'i'est No 11. - Using 'total low boiling fractIon_ol) 

This test was one in which no xanthates wore ad0,9Ci 

to 0 the 'pulp, The amount .of . frotheP (T.L.B.P.) 'ems InOrCa0ed 

to 0.28 pound  per  ton added: to the hall . 

The pulp frothed well  and floated_ the sTaphides in 

2 minutes; the froth appeared clean of sulphideo Within 4 

minutes This froth wa etro.. ge r 'than tha t  o ".69 -No „ 10 

and per s t e d for the required o t2E -t t on PO r OCI 

TS t No 	Using' t al low b oil Ye‘ fraction o 11 „ 

No xanthatos r e adclo d to the pulp and the frothe 

(T L .13.P.) was ;Increased t,o 0.;56 pound pe'..c ton. This te t 

gave a strong tenacious "froth which f.loated the sviphides 

raPldlY. The froth held up well d'aring  te  flotation period. 

There was no difficulty ln 'cleaning ..tho'froth,e  which was not.• 

noticeably brittle. Thé bulblee were medium .sied and re-

sembled a pine oil froth. The froth dlffers frum a pine oil 

froth in that it appears less buoyant -and doea not lift the 

same amount. 

(Continued on .  next • page ). 
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(Oharaoter .of the Froths Oimeivd.in  Tests  Nos. 10 to 20 0  contld.) - 

Test_yo sinAtotal_kow_boWne_rea,ction og. 

In this test a ..kanthates were added to the pulp and 

the same amuunt of frother wan used., 0,36 pound per ton. Th 

froth appeared apprw.cinately the sam£ as that of West No„ 12 . 

excee,that It was  more belttla and did not hold up so well.. 

The overall recovery -of copper was higher by about 5 per cent. 

- Us .xJ,  a yra ture of 50% total lOW boill.n.g fraction . , 
ytt 	bu% 	IT) *U'l 	0 J. _5_ 	T.) y 1, 	< L‘.t 1.■ 

This fro tiler we. El, added to the flotation cell and. it 

WO. S KW teed t; ha t the amount required to produce the froth contained 

approximately  0O 1()  pound  of  pine oil 	JLe incUcate e that pl.r.k.a 

oil Is producing tl.e froth and the T  L F 	was not  hth 

• fieial when ad.ded, to the call 	 • 

ling a. m5.xture of' .5(4 tp•tal 	bolling_fre.etion 
• ..e .3Zi—tilir-diZi7ierf•FgriPrarr-FirZeppjr--  „„, 	aj,■■ •■■••,,,. 	 (),e, 

This frothor was added to the fiotatlon -e011 aml the 

amout,lt 'Mquirod to prOduce a froth Indicaton that  the • oresylle 

aeld was woduoing the froth  and 	in the case of Test No. 14, 

the total low boillnÈ fraction has no effect. 

Test NO.  •le. -  Usina:  a mtlxthre of 90(g  total  loW boilIng  fraction • 
winu 10e, e 	oil (by-  welpht 

The frothex—was added to the ball mill at the rate of 

0.08 pound  per  ton. The froth was medium-eized bubblea well 

covered with sulphAdos. The frothing was steady and held•uo 

for the flotation period. The froth rose about ono-half the 

height of the  froth produced by 0 0 1 pound of pure pine On per 

ton. 

• Tegt.  No. 17. - UsIng 90% T.L.B.F., 10% pine•oll mlxtUro 

The frother was increased to 0.21 pcund per tee Ln 

this test, This produced- a gOod.steady eeoth-whld4 overflowed 
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(Test No. 17, cont?d) 

from the cc11 0  The pine oil present in the frother amounts 

to about 0.02 pound per ton and produces a beneficial effect 

upon the character of the froth, making It less brittle and 

more buoyant. 

yest 

The frother was Increased to 0.29 pound por ton :In 

test. This produced a atrong buoyant froth with small to 

medium bubbles. It did not appear brittle at any stage and 

floated the sulphides well  More gangue was floated, as In-

dicated by the lower ratio of concentration, Pine oil present 

is approximately 0.029 pound per ton. This test C,OMpaZIOS with 

Test No. 20 In which 0.10 pound of pure pine oil was used. 

The overall recoveries were the same. 

Test No. 19, - Using eo% T.L.B. 1? 	101 pine (11.1 mixture. 

The frother was : increased to 0 0 38 pound per ton. 

The results indicate that too much frother was used. ()on-

Siderable gangue' floated. The froth was very strong and 

consisted of medium bubbles, carrying sulphides mixed With 

gangue slimes. These conditions were unsatisfactory for 

obtaining comparable results. The test 'indicates that too 

much of this frother is not satisfactory. 

Test No 20 - Usinc 10e Pine oil o 

This test was made to form a comparative test for 

those using the pine oil mixture. 0 0 10 pound of pine oil 

per ton was added to the ball m111. It was noted that this 

test compared very closely with  the results Obtained  in Test 

No. 18. 
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CONCLUSIONS:  

With Reference to the E 5g4t DilTerent Saa2les  of  Lew 
Boilinz  Fractions Inci -‘a:d in the First Nine Tets. 

:t was noted tnat the fraction No. 5, temperature 

range 1800  to  245° 0., appeared to be satisfactory . ae a 

frother when added in quantities enproxImately three times 

greater than pine ,  oil. 

The fraction No. 2 (1700  to 1800  C.) was unsatis-

factory as a frother. 

Several fractions within the range of No. 5 (1800  

to 245° C.) were not satisfactory as frothers, i.e„ the 

No. 3 (1800  to 190° C.) and the No  8 (2200  to 245° C.) 

fractions. 

It was noted that the fractions No. .b (1300  to 

190° C.) and No.  8  (220° to 245° C.), when combined  in  the 

fraction No. 5 (1800  to 245° C.), did  not  appear to prevent 

the formation of a satisfactory froth. 

The total low boiling fraction could not be used 

as a  frother when added to  the flotation machine. 

MOM». 

With Reference to the Propertes of the Total Low 
BoUlrujraTETI-67:.  Shown  in ?eats Noe. 10  to  20. 

The oil froths well  waen  ;round.  with tae charge 

and aCts  as a coliector, producing  a  clean uoncentrate  - 

with a high ratio of concentration. 

It Is apparent tat  Ulis  oil could not be added 

to various points of a ercuit e.s a secondary frother. 

The addition of 10 per cent of pie  oil to tae 

total low bollink; fraction indizates an improveent of 

the character of the froth, making  i lez.s brittle and 

more  buoyant. It prolonc,s the time of frothing befora 

the  froth begins tO'bree  down. 

(Continued on next  page)  
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(Conclusions, cent d)  

The addition of too much of this mixture indicates 

a tendency to produce a dirty concentrate by lifting slimes, 

The addition of a 50g50 mixture of pine oïl and 

 total low boiling fraction to the flotation machine la not 

beneficial, since the amount of oil required to produce the 

froth  centaine  the auount of pine  oïl  used In the pure form, 

The lifting power of the total low boiling fraction 

appears to be less than that of pine oil, as Indicated by a 

difference in level of the pulp which will oVerflow the 

frothed concentrato. 

The apparent advantages of tbds oil over pine oil 

are that it produces a clean, hi grade  concentrate with a 

high ratio of concentration and acte as a collector. 

The disadvantages of this oil are  g (1) that appar-

ently approximately  3  times as much total low boiling fraction 

oil is required to produce"a froth comparative to pine oil, 

and (2) that this amount of oil gives a'lese buoyant and 

more brittle fro'  h which breaks down more quickly. It does 

not produce a froth when added to the conditioner and  ca not 

 be used as a secondary frothor by adding it to various flota-

tion cells to increase  the  'froth. Tt has to be added to  the  

ball mill to produce the results notedin the investigation. 

It  Is  apparent that the total low boiling fraction 

oil can only replace pine oil where it could bo used as a 

primary frother and the addition of pine oil to it does not 

appear to change this property. 

This  total low boiling fraction can be used as a 



- Page 19 - 

(Conclusion 	cont ■d )  - 

frother when adde d .  to the grinding mill in quantities 

approximately 3 times greater than that required of pine oil. 

20 per cent of tills low boiling fraction can be 

fractionated (1800  to 245° C o ) and used as a frotber ln 

quantities equal to that of the total low boiling traction° 

It is evident then that this product In the crude 

foem can be used to replace pine oil e  the essential differ-

ances being Ulat It must be added to the grinding mill and 

in  qua.. titi  substantially greater than those of pine oil. 
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