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ABSTRACT 

The aqueous systems, including pH regulators and 
collectors, that affect the floatability of eleven common 
non-metallic minerals are outlined. The effect of six common 
modifiers on thelloatability of these minerals in the aqueous 
systems employed is also outlined. Results are presented graph-
ically for ease of comparison. 

As the work is extended to include other minerals, 
similar minerals from different sources and additional aqueous 
systems, further reports will be issued. 

The project is intended to assist workers in the 
solution of problems involving non-metallic mineral flotation. 
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Wyman* 

RÉSUMÉ 

L'auteur trace les grandes lignes de l'action de 
diverses solutions aqueuses, des régulateurs de pH et 
des agents collecteurs sur la flottabilité de onze minér-
aux nonxxl‘lUquss,c9mmuns. , ainsi que de l'effet de six 
agents modificateurs 	courant sur là flottabilité 
de ces minéraux en solution aqueuse. Les résultats sont 
pré sent é s graphiquement pour• faciliter les comparaisons. 

Au fur et à mesure de l'extension des études 
d'autres' minérauk et Ides minéraux similaires mais" 
d'origines différentes, et d'autres solutions aqueuses, 
les rapports pertinents parattront. 

Ces travaux ont été entrepris en vue d'aider les 
chercheurs à trouver des, solutions aux problémes posés 
pat la flottation des Minéraux non métalliques. 

*Chef de la Section de traitement des minéraux industriels, Division du 
traitement des minéraux, Direction des mines, ministère des Mines et 
des Relevés techniques,. Ottawa, Canada. 
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LNTRODUCTION 

Although advances are being made in the isolation and control of 

phenoména that produce flotation, no direct routes have been found to the 

solution of flotation problems, particularly with non-metallic minerals, The 

same non-metallic mineral originating from two different sources rarely reacts 

to flotation in precisely the same way. In some cases minerais  from different 

parts of the same deposit require variations of treatment. In general, a 

comprehensive study is required for each instance and a great deal of time and 

effort is consumed. 

More or less "standard" approaches to the flotation of many non-

metallic  minerais have already been worked out, and there is a tendency to 

apply variations of these systems to new caSes. It is quite possible • hat 

more efficient results could be obtained by other systems, if the proper 

approach was known. Moreover, the separation of certain non-metallic  minerais  

. has never been satisfactorily achieved. Such separations should be possible if 

the correct type of approach was known. 

The intent of the present study is to outline such approaches .  

This and  subsequent reports should become a suitable reference for starting 

new non-metallic flotation problems, pointing out new systems where effective 

separations may take place, and suggesting methods for the separation of 

minerals that now present difficult problems. 

SCOPE 

The study is intended to embrace as many non-metallic minerals as 

can be obtained in a rèlatively pure natural form, and,if possible, two or 
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more representatives of each mineral obtained from different locations. 

The floatability of each will be observed under.acid, neutral and basic 

conditions with representative collectors from each class, preferably with 

two or more of each type. The effect of representative modifiers will also 

- be Observed. 	- 

Since it is a comprehensive project that will require many years 

to complete, a report will be issued whenever sufficient, useful information 

has been developed. The work reported herein is believed to constitute such 

a body of information. Eleven well known non-metallic minerals to which 

flotation is commonly applied aie reported upon. The response of these 

minerals to seventeen different collectors - under acid, neutral and basic 

conditions is indicated, and the effect of six different modifiers is shown. 

EXPERIMENTAL PROCEDURE 

The underlying principle is a simple experimental procedure that 

is positive but requires only a short time to perform. Most bench-scale 

flotation methods allow only one or two experiments per day and require some 

time-consuming form of assessment, usually chemical analysis. A great deal 

of time and effort is thus involved as well - as the services of several people. 

' Bench-scale experiments are,however, an essential step in process development. 

Any reduction in the number of such experiments for developing a process is an 

advantage. The procedure employed in this study was worked out originally to 

aid in reducing the time and effort involved in the bench-scale development of 

a process. Its success'in doing so encouraged elaboration into the present 

extensive project. 

Minerals to be investigated are obtained in the purest form 
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available; where possiblel as crystals. Each mineral is pulverized and the 

minus 28 plus 325 mesh fraction is isolated. Each is theh washed thoroughly 

in dilute HC1 and rinied with distilled water to neutral P11. Each is stored 

in'a separate clean bottle in distilled water. The minus 28 plus 325 mesh 

fraction was selected for two reasons: It is within the size range to which 

flotation is usually applied; and a rough visual estimation of the number of 

particles picked up by a bubble can be made. 

The approach used is extremely simple. The apparatus consists 

of a small turntable, a beaker, a stirring rod,  and a glass  tubé  with a rubber 

eyedropper bulb and screw clamp at its top. In performing an individual 

experiment, the beaker, stirring rod and glass tube are rinsed with chromic-

acid cleaning solution and washed thoroughly with distilled water. Measuring 

devices such as graduates and pipettes are similarly cleaned once or twice per 

day. 	. 

A single experiment consists of the following steps: 

1) About 100 ml of distilled water is put into the beaker. 

2) A small, measured quantity of a particular mineral (about 0.01 g) 

is added. 

3) The pH regulator, if used, is added and mixed with the stirring rod. 

4) Modifier (to glve 0.05 gpl concentration), if used, is added and 

mixed with the stirring rod. 

5) Collector to give 0.1 gpl concentration is added and mixed with the 

stirring rod. 

6) The beaker is placed on the turntable. The bubble tube is lowered 

until its tip is about A in ,  above the mineral at . the bottom of the 

beaker. 

7) The screw clamp on the rubber ball is turned to produce a bubble at 
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the lower end of the glass tube, 

The beaker is raised with the turntable until the bubble makes 

contact with the mineral. 

9) The beaker is lowered until the bubble is well up into the liquid. 

10) Approximately the number of particles adhering to the bubble (i.e., 

none, 1 or 2, approximately 5, 10, 15, etc.) are observed. 

11) The glass tube is lightly tapped and the tenacity with which the 

particles cling to the bubble (i.e., poor, fair or good) is observed. 

12) These observations are recorded on a standard form. 

The experiments .progress from simple to moré complex. The first 

step for each mineral is to run a blank, 	the bubble is placed in contact 

with the mineral in distilled water only. With many minerals, several particles 

will be picked up but they will usually drop off as soon as the tube is tapped 

lightly. Each mineral is then tested for response to each collector in turn, 

under acidic, neutral and basic . conditions. In the neutral case, the system 

.consists only of the mineral and the collector in distilled watei". With acid, 

1 ml of H2504  of a predetermined strength is added from a 1-ml dispensing 

bottle. Similarly, for basic conditions, 1 ml of Na2CO3  of predetermined 

strength is added from a 1-ml dispensing bottle; For both the acid and basic 

experiments the regulator is mixed in by stirring, the collector is added and 

also mixed in by stirring, before bubble contact is made. 

In the acid case, the H2 sq4  in the dispensing bottle is of such 

a strength that when 1 ml is added to 100 ml of distilled water a pH of 3.0 will 

result. The pH will vary slightly during the experiment owing to the presence 

of the mineral and the éther reagents. However, the quantity of both mineral 

and reagents is comparatively small and the operations are conducted rapidly. 

It has been found that the pH varies little from that of the acid in distilled 

• water. 



Similarly with the basic conditions, the Na2CO3 is of -a strength 

to produce a pH of 10.0 when 1 ml is added to 100 ml of distilled . water. This 

has also been found to hold closely after the addition of mineral and other 

reagents. 

The maximum change in pH is observed when ionizing modifiers 

are used. Since the general acid or basic nature of the system is not 

altered, however, and the total variation is rarely beyond one pH point, it 

is considered preferable not to readjust the pH to the specified points. This 

would add greatly to the tiFe required to perform an individual acid or basic 

experiment. Moreover, since the'observations are not absolute, the overall 

results must be considered as relative only. Nevertheless,they are sufficiently 

accurate and informative to be of importance. The one operation with any 

significant bias is that for "neutral" when HF is used as a modifier. The pH 

in this case is always on the acid side. However, as this would also be the 

case in larger scale flotation practice,adjustments should not be made. 

In experiments with modifiers, eachsystem . mineral, collector 

ald pH control - is rerun with each modifier. The modifier is added before 

the collector and mixed by stirring. 

MINERALS INVESTIGATED 

In order to get this program started, a canvasswas made of 

minerals available in the Division. Wherever a suitable mineral was found, 

in older collections, more recent collections, or large crystals, a sample 

was obtained for inclusion in the study. Because of this, the geographical 

origin of many of the minerals is not known with certainty. However, each one 

is in itself of good quality and representative of a natural mineral occurrence. 



The minerals currently reported upon are as follows: 

1. APATITE 

2. BARITE 

S. 	BERYL 

4.  1  BIOME 

5, 	CALCITE 

6.* 	FLUORITE 

7. MUSCOVITE 

8. ORTHOCLASE 

9. QUARTZ 

10. SPODUMENE 

11. TOPAZ 

.COLLECTORS'INiESTI GATED 

The principle of collection in flotation is in itself ,  quite 

simple - to render the surfaces of the mineral to be floated hydrophobic, 

thus allowing attachment to an air bubble and elevation to the surface of an 

aqueous system. In theory this should be possible with any mineral. In 

practice there are many complicatin3 factors, and finding a chemical which 

will be selective for one specific mineral in a mixture of minerals is by no 

means easy. 

Since the minerai surfaces are the sites  of the action, the 

chemicals involved are the so-called surface active agents (or surfactants). 

Broadly, these agents fall into three classes according to their activity - 

non-ionic, anionicp and cationic. The first do not ionize in solution. In the 

second, the negative, or anion, is the active member, and in the third the 
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positive, or cation, is the active member. Although fatty acids are anionic

they are widely used in non-metallic mineral flotation and, for the purpose

of this report, have been considered as a distinct class in themselves.

At the present time there are many thousands of surfactants avail-

able and the list is rapidly increasing. For the purposes of flotation these

can be narrowed into a comparatively small number of general types with an.even

narrower grouping as applied to non-metallics. An effort was made to select

reagents that are in more or less common use as flotation collectors and would

represent the principal types.

The collectors tested are listed below according'to their activity,

type and composition.

CLASS TYPE COMPOSITION

Non-ionic Ethanol Alky]. phenoxypoly-(ethyleneoxy) etlianol

11

Anionic Petroleum
sulphonate

I I

I I

It
Fatty acid

sulphonate

I I

n

Alkyl sulphate

Sodium taurate

Cationic Primary amine

I I

I ,

it

Diamine

Tertiary amine

Quaternary

Nonyl phenol polyethoxy ethanol

.(Not available)

Sodium alkyl-aryl petroleum sulphonic acid

Naphthalene sulphonic acid derivâltive

Fatty acid aliphatic sulphonate

Sodium octyl sulphate

Sodium N-methyl N--"tallow-acid" taurate

Technical tallow amine acetaté

Tallow diamine acetate

Hydroxyethyl alkyl imidazoline

(glyoxalidine)

N(lauroyl-colamino-formyl-methyl)
pyridinium chloride

n-alkyl trimethyl ammonium chloride
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CLASS 	 TYPE 	 COMPOSITION  

Cationic 	Quaternary 	 Cetyl trimethyl ammonium bromide 

se 	 Cetyl trimethyl benzyl ammonium chloride 

Fatty acid 	Tall oil 	 Tall oil base 

It 	 Oleic 	 Oleic acid blend 

MODIFIERS INVESTIGATED 

As pointed  out in the previous section, flotation is effected by 

causing the surface of a mineral to become hydrophobic by the action of a collec-

tor agent. In most cases, however,it is necessary to use modifying agents to 

achieve this. Such agents simply aid in getting the collector onto the surface 

of the  mineral to be floated by altering the conditions in a suitable manner. 

This action - is called activation. On the other hand, a modifying agent may pre-

vent a collector from getting onto the surface of unwanted minerals. This action 

is called depression. These are probably the most important functions of 

modifiers. 

The regulation of pH is itself a form of modification. As indicated 

earlier, all the experiments cover three pH levels. The cleaning of surfaces, 

dispersion of ultra-fine solids, precipitation of dissolved salts, and other 

factors are handled by modifying agents. Some agents serve more than one 

purpose - e.g., sodium carbonate may act as a dispersant, activator, depressant, 

• or means of pH control. Metal ions are believed to alter the mineral surfaces 

by adsorption. Organic colloids are thought to blank off surfaces. Organic 

acids may aid in activation or depression or as surface cleansers. 

The pH-controlling agents employed have been described under 

EXPERIMENTAL PROCEDURE.. Other modifiers used in the experiments are: 

1) three to provide metal ion resurfacing - FeSO4  for iron, Al2 (SO4 ) 3  for 

aluminum, and HF for fluorine; 2) two organic colloids to .blank mineral sur-

faces - starch and dextrin; and 3) one organic acid - citric acid. 
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RESULTS 

The object in the method of presenting the results is usability. 

Ready comparison of the results for individual minerals is necessary in order 

to facilitate selection of the liquid systems in which separations would be 

likely to take place, In this report the resultg for each mineral have been 

condensed so that they will fit onto the front and back of a single sheet. 

Each sheet may be removed from the report so that it may be laid beside 

another, or that two or more may be overlapped, for easier comparison. 

On the front of each sheet the flotation is given by collector 

class at the top and by type at the bottom. On the reversé the effect of the 

modifiers is shown. To make coMparison as easy as possible, the floatability 

is depicted by four symbols - black for excellent, cross hatched for good, 

stippled for fair, and  blank for poor. Thus the darker areas, black and 

cross hatched, generally indicate acceptable flotation, whereas the lighter 

areas, stippled and white, indicate unsatisfactory flotation at best. 

In the initial recording . of observations as described under 

EXPERIMENTAL PROCEDURE, the number of particles adhering to the bubble and the 

strength of the bond were indicated. Thus, 15G stood for ± 15 particles picked 

up and dislodged from the bubble only with some difficulty (good bond). If the 

record was 154then some or most of the particles could be dislodged by a light 

tapping on the bubble tube (fair bond). A record sudh as 3P would indicate 3 

particles picked up and either dropping from the bubble after a moment or two 

on their own or dropping on the initial light tap of the bubble tube (poor bond), 

In making the assessments reported herein, excellent flotation: for individual 

cases is considered to be 15 or more particles picked up and adhering with a 
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good bond. Good flotation is 10 to 15 particles picked up and adhering with 

a good bond. Fair flotation indicates 5 to 10 particles picked up and a fair 

bond. Poor flotation is less than 5 particles with a poor bond, The only 

"gley". area is between good and fair flotation. In certain cases a pick-up 

of More than 10 particles is classed as fair if the bond is not good. Sim-

ilarly, certain cases of less than 10 particles picked up are classed as good 

when the bond is strong. 

In assessing groups of collectors (such as the 4 quaternaries), or 

the results for a class (such as the 6 anionics), a form of weighted average 

has been adopted. This consists'of arbitrarily allotting the number 1 to poor 

bond, 2 to fair bond and 3 to good bond then multiplying the number of particles 

by these numbers. The aggregate of all cases divided by the number of cases 

has then been used to determine the average floatability. The occasional 

doubtful situation between fair and good flotation has been •indicated by using 

both symbols. 

The name of each mineral has been placed in the upper. right  band 

 corner for facing pages and the upper left for reverse pages,to allow ready 

identification. The minerals are recorded in alphabetical order, and each is 

dated so that with following reports and included extensions of the work the 

latest and most up-to-date sheets may be retained. 
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KEY: Excellent Flotation 	III 
Good Flotation 

Fair Flotation 

Poor Flot • tion D 

\TE1»tre1 	Beteig 

c:3 
keld. 

1:7-1 

tt 

• 
• • 

It 

11 

1 

1 

.eee: 4 Quaternary ECH;:?•fe', 

• 

RESPONSE TO COLLECTORS 

Class 	No. Teeed  

Non-ionic 	 2 

Anionic 	 6 

Cationic 	 7 

Fatty acid 	2 

	

TYPE 	Class 	No, Tested Acid 	Neutral  

	

Ethanol 	Non-ionic 	2 

Petroleum 	Anionic 
sulphonate 

ratty acid 
sulphonate 

Alkyl 
sulphate 

Sodium 
taurate 

Basic 

3 

1 

1 

Primary 	Cationic 	1 
amine 

Diamine 

Tertiary 
amine 

Fatty acid 	1 

Oleic 	 It 	 1 

Dat 	Apri1,1965 o..,....... ...... 
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APATITE 

EFFECT OF MODIFIERS 

No 	 eitric J 
Modifier 	Fe 	Al 	F 	Starch 	Dextrin 	Acid 	i 

NON-IONIC 	Ethanols 	 . 

Acid 	 D 	 D -- _ 
Neutral _ 	 — 
Belle  . 	 1 ANIONIC 	Petroleum Sulphonates 	 -..-.- 
Acid 	è.›..e.; 	' 	: 	;•.•94: 	 e*-1. 	me.! 	'::::'•:: 	I .• 
Neutral re,' 	 ne••••4 

	

:•:-:-: 	 • 
 

	Basle ._ 	 '.::e 	.e.,...$ 	' 	 ' • 	) ' 	' 
.TIONIC 	Fatty  4 	id Sul 	note , 	 i 

	

>>.:•: 	eik 	W. 	I Acid 	- 	 '''. 
'•-•:-:  Neutral 	 -.-: 	 --..;•• 

.e. .m 	'eke: 	 :•••••• 	1 
	lia_sic 	 . .

.;.:::::. 

ANIONIC 	Alkyl Sulphate 
• OM 	• • Acid 	

I 

• • 	3 	: Neutral 	1:7:; 	 — 
Basic 	 1 

ANIONIC 	Sodium' 	811ratp . 
. 	-..., 

Acid 	- 	›: 	e:i 	MI 	• • 	
.......: 	 akk!  

Neutral 	 MU  

Basic 	•... •••. 	 . 	0.; 	 •.' 	 1 
CATIONIC 	Primar 	Amine 

	

••••■■•■•1 	
W. "410 

•• 	. 	 :e< 	i>::: 	•4•■••••' Acid 	 e..•... 

e;; 	e: 	 ::::: 	 : 

	

e!..te 	 • 	 ; 	
p..

Neutral 	 ! 

	

. 	 .  Basic 
	

::::::: 	 • 	. 	.....:  

CATIONIC. 	Diamine 
Acid 	%»: 	

....... 	
::::::; 	

• • ••. 
Neutral  
Basic 	kk,:i 	:w. 	. ee, 

	

:r.m..: 	 .:::e.  
i CATIONIC 	Terti 	Aminé 

•›: 

	

-...... 	kk? 	 pee.,  Acid :4  

	

•• 	
• . • Neutral 	• • . • • • 	 >.:■;::■ 	....:: 	1  

• r:::::: 	 I Basic  
CATIONIC 	Quaternary 	 _ 	-:,--1- 	

1 
• • 	• 	• Acid 	-.-!••■;e: 	 •.• 	 .••• 	: 

• . • 
Neutral 	e 	 • • 	 : :: 	1 

*. 	 .. 	• . • Basic 	'.•::::: 	- 	E:•:ge 	 :•: ,. 	.. 	...; 	,:;•:.:, 	, 
FATTY ACID 	Talloil 	— 

d 	»•.«  Aci 	 ... 	i 
,...t..! 	 ..,: 	 • 	• 	! 

Neutral 	e 	;ik: 	7:::;;:f 	•. 6 	 -;•:•• I 6 	 •••••: 	 lin 	1 ...■■• 
• • 	

. • • ••••••••1 aaSie e•kk:. 	e:Î 	■■;:k: 	
I . I 

	

0-•-• 	 : 	
I 

FATTY ACID 	Stearic 	 1  
Acid 	::::;:. 	

•.• 
• • 	 i 

- 	- 	-..-..-.. Neutral 	 iei:i 	 • • . 
Basic  

Acid' 	 I 
Neutral i 

1 Basic 	 ,i 

Acid 	 1 PI 	El
.— 	 1 

Neutral 	 1 
Basiç 	 i 

Data ..e1W-.1-e..?- 965  
t 



KEY : Excellent Flotation 	11111 
Good Flotation 

Fair Flotation 

Poor Flotation r-1 
'14' .  

Neutral Agid  

L:J 

• • 
• • 
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BARITE 
RESPONSZ TO COLLECTORS 

Bxto,  

Basic 

es 

D 

Clnss 	No. Tested  

Nonmionic 	 2 

Anionic 	 6 

Cationic 

Fatty acid 	 2 

	

TYPE. 	Class 	No, Tested  Acid 	Neutral  

	

Ethanol 	Non-ionic 	2 

Petroleum 	Anionic 	3 
sulphonate 

Fatty acid 	 1 
sulphonate 

Alkla 	 1 
sulphate 

Sodium 	 If 	 1 
taurate 

Primary 	Cationic 	1 
amine 

Diamine 	 1 

Tertiary 	 1 
amine 

Quaternary 	 4 

Talioll 	Fatty acid 	1 

Oleic 	 1 

Date.eheip%%elignsees 
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EFFECT OF MODIFIERS. 

No 
Citric -1  lodifier 	Fe 	Al 	F 	Starch 	Dextrin 	Acid 

	 I : 
NON-  IONIC 	Ethanol 

Acid 	 MI 	 — 	— 
...._ _ 

MUM 	 — 

..,:*.  

Ne utr al 	 _ 	 — 	— 
Ba.eiC 

ANIONIC 	Petroleum Su .•onates..., 
Acid 	..: 	 ■::: f:;:: 	 Ob . 	I b * U.. 

V...b 	 .:... 	 ›Z« NeUtral 	:::•:. 	:-:-:- 	 ..•••:. 
Bas 	 :•:•: 	re.:-. 	Peee; 	:::k:: 	 '1 

ANIONIC 	Fatt 	Acid Sul.honate 	 's 
lied ;•;•:•: ......, 	• - • . 	. 	:-.-_-,;-: 

	

.•.-.e. 	:i.::::, 	;..W 

	

......: 	e 	1 
Neutral 	 M. 

	Basic 	 ::•:• 	 MI)::::i ,;:::...1 	i 
ANIONIC 	Alk 1 Sulphate .,.  _ 

Ac id 	• 	 IMO 	 • . • 

	

. 	. 	. 	. . • . 
lil Neutral 

II 	
III 	: • : 

• . • 	

• . • 

	

7:.7".- 	

• . • 

	

. 	• —.. . 
• . Basic 	.. 

	

.. 	 MI 	 RH 	I 
ANIONIC 	Sodium 	aura e 	 1 

Acid 
_ 

!:':: 	 :.: 	•:•:-. 

	

:-...•• 	.:e 
Neutral 	III 
Basic  

CATIONIC 	'Primary Amine 
Acid • 	: 	'4::::'•:. 	 e 	 •••• 

	

eee. 	
• 	e: 

Neutral 	. : 	,':e 	 . 	w:. 	• 
Basic 	e 	kk? 	• . • 

• • 	 .5..;., •-• ..*. 	 I 

CATIONIC 	Diamine 	 ! i 
Ac Id 	e: 	T77 . • • 	 ;5SS TT  
Neutral:•••••• ...0 	• 	• . O . ......, 	 :::g.:, 	

I 	 • 

Basic 	:': 	• . • 	 ;.;.O.,I 	 . 	: 	 : • : 	 j 

CATIONIC 	Tertiary Amine 
Acid 

___ 
›: 	:'tel 	-7::. • • 	• 

	

••• 	:.: 

	

— 	..:" -" ........ 
Neutral ilL: 	1T 

	

'..: 	 :•:' 	._ è 
4 6  ■ 

Basic 	 .., . 	. 	 •.• • .  
CATIONIC 	Quaternary 	 ! 

Acid 	---1 	• a ' 
■ 	I

4 . I 

	

4 	b' 	 : 6 : 	 ) 
Neutral 	 — 	 :.: 	! 
	Basic  	— 	

4 

	

. 	. 

	

6 	• 	. 	I 
FATTY ACID 	Talloil 

Acid 	. • 	MU 
Neutral 	>»; 	 ;•;°;*; 	 J 

) Basic 	 :55:: 	:5» 	•.: 
FATTY ACID 	Stearic 	 1 

Ac Id 	 1111 	: i 
• :.: 	I Neutral 	 • • 	 i 

	 Basic 	 :::k:.: 	:::::::  
I 

Acid 	 i 1 
Neutral 	 I 
Basic 	 1 

I 
Acid 	 J 

,1 Neutral 	 1 
Basic 	 I i 

J 

Date ..e.PF.142 1965 ..... 
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eu t  ral 

El 
D 

It 

NEI 

[11 

C:1 

Basic 

C:1 

11] 

RESPONSE TO  COLLE CORS  

KY: Excellent Flotation 	Ill Fair Flotation r-i 
Good Flotation 	1§M 	Poor Flotation 1:271 

C1Rss 	No. Testee  

Non-ionic 	 2 

Anionic 	 6 

Cationic 	 7 

Fatty acid 	 2 

TYPE 	Class 	No  Tested Acid 

Ethanol 	Non-donic 	2 

Petroleum 	Anionic 
sulphonate 

Fety acid 
sulphonate 

Alkyl 
sulphate 

Sodium 
taurate 

Primary 	Cationic 	1 
amine 

Diamine 	 1 

Tertiary 	U 	 1 
amine 

4 Quaternary 

3 

1 

1 

1 

Neutral 

El 

11: 

oil 

Fatty acid 	1 

Oleic 	 1 £.3 

DateApril,  1965  
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BERYL 

EFFECT OF MODIFIERS > 

	

, 	1 No 	 • 	 Citric 

	

Modifier 	Fe 	Al 	- F 	Starch 	Dextrin 	Acid  
	 I 

NON-IONIC 	Ethanols 

	

 —, 	 1 
Acid 	 1 — 
Neutra ]. 	 j 
B.a.ei.  e  

ANIONIC 	Petroleum Sulphonates 
cid 	 777 	 :.: A 	

1 

	

_ 	77: 	BW.: 
NeUtral 	' 	,_, 	:.: 	 ___ 	— 
	B alig___ 	 ''.1 

ANIONIC 	Fatty Acid Sulphonate — 
,._._. 	• . •  Acid 	' 	T x•:.: 

Neutra]. 	 6 • 
■ . • 	 • t 	 M 

	_Bas Ill 	: 
ANIONIC 	Alkyl Sul.hate _ 

Acid 	... 	 ' . 	:.*;-.. 	 —1 , 
FM Neutral ]. 	 . 	 1 

Basic 	 ..e  

ANIONIC 	Sodium Taurate 
Ac Id 	Wil 	

_ 	 • .. •- • 	 _ _ 
NeUtralIIIM 	 . 	1 ___ 
Basic 	 •.• • . 	 1 

CATIONIC 	Primary Amine 	 1 
Mid 	• ■ 

• • 	 RR 	;55..  
Neutral 	•*t 	illi 	::::::: 	;:::::: -.•••• 	,;-:-;, 	,;-:» Basic 	 .• .  de*  

CATIONIC 	Diamine 

	

.-...-. 	-.----;- 	.,•• Acid 	 . • 	 IS 

	

:•. 	— 
-;---;- Neutra ]. i 	 • 7-; Basic 	 .. 	 ›:  

CATIONIC 	Tertiary Amine 
Ac id 	• 	..:::: 	%.: 	ei 	Elill  
Neutral 	› 	 •:•;•;•: 	•.• •• 	 e:. 	;::::;*. 
	Basic 	' 	6. 	.•.••• 	•••.•.•: 	••.. ••••.• .•••.•• 

CATIONIC 	euaternary 
Acid .. •-• 	:::i::1 	

• . 6 
• •  

Neutral 	::;••••:.: 	• 	•I•!..f. 	i:;::::: 	
e 	

:;:e:  
Basic ;:•::::: 	we 	 - - . 

• *. •  
FATTY ACID 	Talloil 	 1 

Ac id 	•,• , . 	F1 	 — 
Neutrà1 	• 
Basic 	

- Li 
FATTY ACID 	Stearic 	 '1 

Acid 	
_

:.:1   
Neutral 	 1 
Basic  

Acid 	 UM 	Mil 	1  
Neutral 	 III 	Mil -  
Basic 	 '1 

A 
Acid 
Né  

	' 	[El 	1  
utra1 	

[11 Basic 	 Pt • 	P1 	fl 	1 

Date 	Arrll,  1965  . 
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1

^ FtESPONSE TO COLLECTORS

I KEY: Excellent Flotation M Fair Flotation '-'_I'-

Good Flotation ® Poor Flotat#.on F-I

Clasg No. Tested

Non-ionic 2

Anionic 6

Cationic 7

Fatty acid 2

3 Q QI Q

1 Q Q ^-^1-

^ Q Q Q

TYPE' Class No. Tested Acid Neutral Basic

Ethanol Non-ionic 2 Q I^ Q

Petroleum. Anionic
sulphonate

Fatty acid.
sulphonate

Alkyl "
sulphate

Sodium it
taurate

Primary Cationic

Diamine

Tertiary
amine

Quate rnarin

m

I

I

T'alloil Fatty acid

Oleic

BIOTITE

M

in

0

Ne ut .r a1,

Q Q

0 0

®

® ®

1 0 Q

M
EI

Q

+ April, 1965
Date• .................



EFFUT OF  MODIF IER 
BIOTITE 

- 18 - 

--I 
No 	 Citric;, 

Modifier 	Fe 	Al 	T 	Starch 	Dextrin 	Acid 

NON-IONIC 	Ethanols 
t-+--- 	 ..-- 

Acid 	 iii 
Neutra]. 	11111  

ANIONIC 	Petroleum Sulphonatee 
Acid 	 :.: 
NeUtral 	 ::::::: 	la 	

, 

	Bu 
ANIONIC 	Fatty Acid Sulphonate •, • 	— 	 (1.--7- 	_ . 	• 	.: 	 ••• 	_ Acid 	 : 

Neutral 	 :••...: 	 — 	— 
_Peel°   

ANIONIC Alk 1 Sulphate 
Acid 
	

Mil 
Neutra].   
Basic  	 

A/IONIC 	Sodium Taurate 	 . 
Acid 

 Neutral 	

---., 	 ---- 	r 1  

:fo 
Basie 	 ."• 	  1 

CATIONIC 	Primary Amine 	 1 
Aeid 	 -•:•:••:: 	 ;e1;.: 	,;•:•;•.: 	. 	i 
Neutral 	 :•::::•-; 	 :;:;:.:.: 	 : 	I 

:•:•:•:- 	 1 Basic 	 :•..f.f..; 

CATIONIC 	Diamine 	 I 
Ac Id. 	 • . • 

6 	• 	
, 

Neutral 	 eel 
Basic 	 

CATIONIC 	Tertiary Amine 
-,........ :k:.:•>: 	
...., 

Ac Id 	 ,.. .„ ...., 	 i 
Neutral  
Basic 	 ,-• 	• 	

:::;:•,:i  
CATIONIC 	Quaternary 

•-...*. 	
:.•■■•■■•:. Acid %......  

M« 	 ••... 	 .:;•:•: 	
e..•• 

•:•:--.... 	wy. 	e::::::: 	,•:•:•- -•-•• 	 .-...-.• Neutral •  ..,..... - 	 ›»: Basic 	 :• 	 „,...... 

	

,:«. 	ek  
FATTY ACID 	Talloil - 

	

••• 	 •,,, 
.:-:•:• 	ii 	• 	• Acid ::•:•;-: 	 • 	• 	

, 

Ne utr Al 	;;;:i:;. 	 .;,;-;-: 	 ■ 

Basic •, • 
• • 	 MI 	1 	

i 

FATTY ACID 	Stearic 
Acid 

la 	
.-: 

Neutral 	 :•: 
Basic 	 UM 	 III 	 Mil ' 

Acid 	 ......... 
Neutral  
Basic  

, 
Acid 	 Mil 	 ! 
Neutral 
Basic 	: 	 illi 	IIII 	!......i 

Date ennq 	 1965 



et 

•;.• 

• • :* 

I:1 I 

- 19 - 

RESPONSE TO COLLECTORS 
CALCITE 

Penteel 4eete4 Ac 

EgR 

3 

1 

1 

EBY: Excellent Flotation 	ill Fair Flotation EIJ 

Good Flotation Pelor Flotation Eli 

Clase 	No. Tested  

Non-ionic 	 2 

Anionic 	 6 

Cationic 	 7 

Fatty acid 	2 

	

TYPE 	Class 	No  a Tested  Acid 	Neutral 	Basic  

	

Ethanol 	Non.donic 	2 

Petroleum 	Anionic 
sulphonate 

ratty acid 
sulphonate 

Alkyl 
sulphate 

Sodium 
taurate 

Primary 	Cationic 	1 
amine 

Diamine 	n 	 1 

Tertiary 	 1 
amine 

Quaternary 

Fatty acid 	1 

Oleic 

Date  .4'1r1rê 



EFFECT OF MODIFIERS 
CALCITE 

-20 - 

	

No 	 Citric 	*,J 
Modifier 	Fe 	Al 	F 	Starch 	Dextrin 	Acid 

	

, 	  
NON-IONICEthanols --- 

Acid 	 — 	— 	 — 	-- 	1 
Neutral 	 _ 	 i 

--ANIONIC 	Petroleum Sulphonates 

	

M

_ 	 1 
Acid 	 .. 

	

.. 	

-1 
Neutral 	M 	

_ 	 .t..': 
:•: 	 • 	I 

	

! 	
*..- 
•. 

	TEJ.Asig,_ 	 J 
ANIONIC 	Fatty Acid Sulphonate 	 1 

•••• Acid
, 	. 	 •••••,•.1 

.0 •••••• 	 ■:::Ii:: 	 ' 1 

Neutral 	 • . • 
0 • 	 ei 	 - 	 I 

	._B..esie 	M 	•1 	-::::.:: 	 1• 
ANIONIC 	Alkyl Sulohate 	 1 

Acid 	 '..: 	 . 	1 
,. Neutral 	:.: 	

_ 	 T77 — 
Basic • . 0 . 

e 	• 	 • 	, ■• 	1 
ANIONIC 	 Sodiura Tauraté 

:--- 	

:.: 	

....... 

Acid 	
[1:1 	

• • 	 .-::::1. 	 1 
Neutral 	 ..: 	-;.:«:- 	•.• •• 

	

11:, 	! .• •.• 	eel 	• • 	. Basie 	ri 	
. 

	

CATIONIC 	Primary Amine 	 II  
Adid  
NeutralI 	 0.0 	 ••■■ • • 	 ...e* 	1 
Basic 	 .::::::. 	• . 6 

• • 	 • 	 i::: 	 ..........: 	1 

	

CATIONIC 	Diamine  1 
Neutral 	 ••• 	J 
Acid 	 ' 	. 
Basic 	 ' 	7: 	lI;J 	.. 	• : 	: 	1 

	

CATIONIC 	Tertiary Amine 	 I ...._ 
Acid 	'-: 	• . • 	 47-7 	1 

	

_ 	 • • . 

Neutral 	 '..'. 	I 
Basic 	 •.• ••  

	

CATIONIC 	QuaternerY . 
Acid 	 :•: 	 .. 	1 
Neutral 	 =I 	I- 	BE 	:  

B as ic 	 1 

	

FATTY ACID 	Talloil 
Acid 	 1 

i 
Neutral. 	 i 
Basic 	›: 	 ... 

	

FATTY ACID 	Stearic 	 1 
•••• Acid -.,..  
eee. 	 .• : 	 .•. 

Neutral 	
...*: 

•. 	iii 	-•-•-.- 

	

;:;i: 	•.• 	 •••• 	 K:. 
Basi e ••••••••• 	 1 

1 
Acid 
Neutral 
Basic 	 1 
Acid 
Neutral 
Basic 	 fl  

Date „Unlu  1965  



Agut Neutra), Bastg 

Class 	No. Tested  Acid 

Non.ionic 	2 

TYPE 

Ethanol 

Neutral Basic 

ft 

Anionic 

11 

3 

1 

1 

1 

Cationic 1 

Fatty acid 	1 

1 

El 
1 

1 

- 21 - 
FLUORITE 

RESPONSE TO COLLECTORS 

KEY: Excellent Flotation 

Good Flotation 

Fair Flotation 

eu% 	Poor Flotation 113 

ClasA  

Non-ionic 

Anionic 

Cationic 

Fatty acid 

Po. Tested  

2 

6 

2 

Petroleum. 
sulphonate 

Fatty acid 
sulphonate 

Alkyl 
sulphate 

Sodium 
taurate 

Primary 
amine 

Dimnine 

Tertiary 
amine 

Quaternary 

Talloll 

oleic 

Date... mi.», 1965. ... 
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F4UORITE 

EFFECT OF MODIFIERS 
I No 

Modifier 	Fe 	Al 	F 	Starch- 	Dextrin 	Citric j 

	

Acid 	ï  

	 :I 

	

NON-IONIC 	Ethanols 	 
Acid 	 — 	 ...._.. 	1 _ 	_ 

	

_ 	 _ 	1 Neutr al 	 ____ 	_ 	_ 	-- 	'1 
B&sjc  

ANIONIC 	Petroleum Sulphonates 	 i 
Acid 	 •••• 	-.77: 	1 

	

,....m 	•-•-•-•• 

	

.......:-: 	
...,;•-•-, 

NeUtral 	„v.... 	 ,......• 	 •:.:.›: 

	

,-..!..1.. 	• 	
• 	• • •>»: 	Bas 	W 	•:•:-.-. 	 ... 

ANIONIC 	Fatty Acid Sulphonate 
Acid 	 ::e: 	:.:. 	I 
Neutral 	........ 	 :-: 	1 Basic 	...  

ANIONIC 	Alkyl Sulphate 
Acid 	e»: 	 1114 	 011 	 .. 
Neutral 	, 

	

..• 	. .-... 	 _ 	. 
Basic 	• 	2: 	• • 	• • . 	 1 

ANIONIC 	 Sodium Taurate 	 - I 
Acid 	 ••••;:-: 	,::.:•: 	 I 
Neutral 	 ......., 	

t 
Basie 	 ..«e.e. 	41.0.1.1. 	Fil 

	

ill 	 TO 	 'l 
CATIONIC 	Primary Amine 	 I 

Acid 
Ne utr al 	 t Ill • 	 • +1 	

,1 

Basic  
CATIONIC 	Diamine 	

4. Acid 1  , 	• • •-• 	.••••••• .....„ 	•::::::: 	 • 	• 	, 

	

••••• 	 • 	. 
Neutral 	 ..».  Basic 	 ;;;;;;;;  

CATIONIC 	Tertiary Amine 	 1 
.... Ac Id 	 iek 	 :::;::: 	— 

Neutral */.. 	eee. 	
.-., 	..zie: 	eik. 	.1 

eee. 	 . 	
• 	• 

	

e•>>. 	eg 	..•»: 	 • • 	I 
Basic 	 e: 	:;:;:::e; 	-;-:* 	••.. 	. •. 	.. 	1 

CATIONIC 	ouaternar 	 t 
Acid 

	

	 ••• 	....... „..,..0 	:.:;:;::: 	••:•:••.• .. 
Neutral • • 	•,. 	

*•.*:.*?; 	't • • 	• 	:::;::: 	:::::: 	•• 	• 
Basic 	.M. 	• . • 

	

. 	 -- 	..,...... 	. 	.-e::::::: 	......., 
FATTY ACID 	Talloil 	 1 

0 . 1 
V.e> 	

..."'...."1 	
.......« 

Acid *41  
,.. 	 t Neutral 	 1113 	 . 

• • 	1 Basic .-..., 	:: 	 • • 

FATTY ACID 	Stearic 	 's 
Ac Id 	;•: 	

—. 	...• 

	

_L..... 	'..'. 
Neutral 	 •„• 

• • 	.• Basle 	 . . 	. 

1 
Acid 	

— 	ill Neutral 
Basie 	 1 

..1 
Acid  

Neutral —. i 
Baec 	 à 

Date ..4eld“ 	 1965 
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MUSCOVITE 

RESPONSE TO couscroRs 

Good Flotation Poor FlotatiOn E:: 

Agie. 
C:J 

Beeig  

1,;•;•.. 
te:« 

El  

KEY: Excellent Flotation 	BR 	Fair Flotation 

alau 	Po. Tested  

Non-ionic 	 2 

Anionic 	 6 

Cationic- _ 	7 

Fatty acid 	 2 

TYPE 	Class 	Nb, Tested  Acid 	Neutral 	Basic 

Ethanol 	Non-ionic 	2 	CJ 	I = 	C r 

Petroleum 	Anionic 	3 	RH 	El 	C".3 
sulphonate 

Fatty acid 	it 	 1 	El 	El 	El 
sulphonate 

Alkyl 	 et 	 1 
sulphate 

Sodium 	to 	 1 	El 	u 
taurate 

Primary 	Cationic 	1 
amine 

Diamine 	n 	 1 	 C:3 	sum 	III 
Tertiary 	II 	 1 	03 	IS 	gMl 

amine 

Quaternary 	If  

Talloil 	Fatty acid 	1 	 El 	U  
Oleic 	 tt 	 1 

• 
• • 

1:- :1 

..... 



MUSCOVITE 
- 24 - - 

EFFECT OF MODIFIERS' 

No 	 Citric , 
Modifie/ 	Fe 	Al 	F 	Starch 	Dextrin 	Ac id 	1  

NON-IONIC 	Ethanols _ 
Acid 	 — 
Neutral 	 A 
Basic 	.  

ANIONIC 	 Petroleum Sulphonates 	 I 
Acid --.--.-  • -77 	" ••  • 'i 
Neutra]. 	' 	 C 	I 
	Bae 	 in 

ANIONIC 	 Fatty Acid Sulphonate 	 1 __ , 	___ 	 _ 
Acid 	 TT 
Neutral 	 777 •• 
Basic  

ANIONIC 	Alkyl Sulphate 	 .i 
Acid 	 , 
Neutral 	 ..• 	 WEI 	 . I 
Basic  

ANIONIC 	Sodium Taurate 
Acid 'I 
Neutral 
Basic 	[A 	1 

CATIONIC 	Primary  Amine  
Acid 	

_ 
••• 	 ... _ 

Neutral • • . bb 	 ; 	; 	 !:::::f; 	
• 	• 	, 	

. 

- 	 • • 	 ;.1 

Basic . 	 •.• 	 • 	: 	 :,;:;:i: 	.::::-:•:: -.„  
CATIONIC 	Diamine 	 . 

Acid 
11 '   

„ 	
—:-._ 

I Neutral 	 BEI 	-.: 	 • 
Basic 	 TT  	1  

CATIONIC 	Tertiary • 	ne 
Acid 	 ke 	..«..: 	:::::: 
Neutral 	r•:•:••• 	 i:;::::: 	..f.m. 	eim. 	 i:i:::::.  
Basic 	::•».:. 	 ;:;:;:;:; 	 .:•:::. 	 :;:;::::. 	1 

CATIONIC 	*uaternar 	 1 
Acid 	 . Y 	• 

Wet 	 ig:":54 	 :i:i:::. 	 .. • 
Neutral :i::::: 	•.• •• 	ei:;:i:••••••: 	:.:::;:;:i. 	.•••••••: 	i 
Basic) 	.... , 	•• 	• 	......... 	::::::;... 	'e• 	::i::::: 	

;...;.:. 

	

FATTY ACID 	Talloil 	 1 
Acid 	 • •  
Neutral 	 •m•:•. 	 A 

Ba sic 	 1.• 

	

*t 	

' / 

	

FATTY ACID 	Stearic  — 	 _ 
Acid 	

_ 	
g ••: 	' • , 

Neutral ,1  . 	' 
Basig  

1 
Acid 	 _ 
Neutral 	 1 
Basic 	

•___ 	1 

Acid 
Neutral 1  _......., 	 i 
Basic 

Date ..ePrll, 1A6p. • _•••••• 	••• 



KEY: Excellent Flotation III Fair Flotation • s  • 
• • 

Age. 
1:::1 

Neutral 	Bael‘ 

[.• ".• :  

- 25 - 
ORTHOCLASE 

RESPONSE TO COLLECTORS 

Good Flotation 	 Poor Flotation E] 

Cl g 	Po. Tested  

Non-ionic 	 2 

Anionic 	 6 

Cationic 	 7 

Fatty acid 	2 

	

TYPE 	21u1 	NO.  Teste,  Acid 	Neutra1, 	Basic 

	

Ethanol 	Non-ionic 	2 	f1 	1J 	D  

Petroleum 	Anionic 	3 	CI 	111 	C:1 
sulphonate 

Fatty acid 	n 	 1 	E.:1 	CI 	El 
sulphonate 

Alkyl 	 It 	 1 	II[ 	E] 	El 
sulphate 

Sodium 	ti 	 1 	Et . 	U 	ED 
taurate 

Primary 	Cationic 	1 	111 
amine 

Diamine 	n 	 1 	0 	III 	Ill 
Tertiary 	ti 	 1 	RH 	in 	iiii 

amine 

Quaternary 	 4 	 ali 

Fatty acid 	1 	E1 	 D  
Oleic 	 1 

Date April .?  1965 



ORTHOCLASE
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EFFE.CT OF MODIFIERS

No
odifier Fe Al F Starch Dextrin

Citric
Acid

NON- ZONIC Ethanols
Acid
.Neutral
Basic

.,.

ANIONIC Petroleum Sulphonates
.Ac id
Neûtral
B

ANIONIC Fatty Acid Sulphonate
Acid
Neutral
Ba ic,

ANIONIC Alkyl Sulphate ^
Acid
Neutral
Basic

ANIONIC Sodium. Taurate
Acid
Ne utral
Basic

_

CATIONIC Prirriary Amine
Acid •.•.
Neutral :•' t
Basic

CATIONIC. Diamine
Ac 3.d
Neutral
Basic •;

CATIONIC Tertiary Amihe
Acid ^
Neutrâl ^
Basic t

CATIONIC ûaternar
Ac 3d •^ • 1
Neutxal

•
•; ,

Basic .•.
FATTY ACID Talloil ^

Acid
Neutral . ..•.
Basic

FATTY ACID Stearic
Ac id tNeutral •,• t

sBa ig t

Ac id 1 i
Neutral
Basic t

Ac id
Neut. r al !
Basic

.APril,.1965Date 04be



- 27 - QUARTZ 

KEY1 Excellent Flotation 

Good Flotation 

Fair Flotation F-1 
Poor Flotation 11] 

It  

3, 

1 

RESPONSE TO COLLECURS 

class  

Non-ionic 

Anionic 

Cationic 

Fatty acid 

Po. Tepted  

2 

6 

7 

2‘ 

item 

D 

Ennui 	 

Li 	LI] 
1111 

TYPE 

Ethanol 

Petroleum 
sulphonate 

Fatty acid 
sulphonate 

Alkyl 
sulphate 

Sodium 
taurate 

Primary 
amine 

Diamine 

Tertiary 
amine 

Quaternary 

Oleic 

214111 	No. Tested  Acid 	Neutra,l 	Basic  

Non-ionic 	2 	CI 	1= 	Cr 

Anionic 	3 	CE 	1:11 	El 

El D 

Et 	 CI 

El 	Ili 	CI 

Cationic 	1 	El 	El 

n 	1 	E:1 	.113 	III 
II 	 1 	[::1 	Tal 	Ea 

n 	4 	UM 	la 	Ill 

Fatty acid 	1 	(1.1 	D 	El 

1 	U. 	El 	0 It 

Date 	April 
1965 OOOOOO 



QUARTZ 
EFFECT OF MODIFIERS 

- 28 - 

' 
No 	 -Citric 

Modifie  	Fe 	Al 	F 	Starch 	Dextrin 	Acid 

NON-IONIC 	Ethanols ......-- 	 _ Acid . 
Neutral 	 1:1 ___.  
Basic  

ANIONIC 	Petroleum Sulphonates 
Acid 	_ 
Neutral 
Basic 	 ri  

ANIONIC 	Fatty Acid Sulphona e  ____ 
-  Acid 
Neutral 
Basic  

ANIONIC 	Alkyl Sulphate __ 	 ____ Acid 
Neutral 
Basic  

ANIONIC 	Sodium Taurate 
Ac ici.  
Neutral 	

El
I] 

Basic  
CATIONIC 	Primary Amine 

Acid 	 ;;;:;:if:  
Neutral 	 IIEJ  
Basic 	 • 	 i  

CATIONIC 	Diamine. 
Acid 	 Hsi 	 Ili 	 , Neutral 	

i
e
mu 
	 EN 

CATIONIC 	Tertiary Amine 
Acid 
Neutral 	 ::....:.: 
Basic 	ii_  

CATIONIC 	Quaternar 
Acid ... 	. 	,:.:.:•-• 
Neutral 	 •,. ;::;:;: 	 :•:::::::$: 	'.' 
Basic 	 ;.:.:•:: 	

.:::::::: 	 ::::;::: 	
.....:.:,  

FATTY A 	Talloil 
Acid 	 ___ 
Neutral 
Basic  

FATTY ACID ___. 	Stearic _____  Acid 
Neutral 
Basic)  

Acid 
Neutral 
Basic  

Acid  
Neutral 
Basic 

Date  AFi11. . (? 65  ... 



Primary 
amine 

Diamine 

Tertiary 
amine 

Quaternary 

Talloil 

Oleic 

Cationic 

rt 

Fatty acid 

tt 

- 29 - 
SPODUMWE 

RESPONSE TO COLLECrORS 

KEY1 Excellent Flotation 

Good Flotation  

• 	Fair Flotation 

§Z) 	Poor llot at ion 113 

Class  

Non-ionic 

Anionic 

Cationic 

Fatty acid 

No. Tested  

2 

6 

2  

Agle. 

D 
: • : 

Neutral 	B.eeM 
E] 
El 	E] 

El 	C.11 

TYPE 

Ethanol 

Petroleum. 
sulphonate 

Fatty acid 
sulphonate 

Alkyl 
sulphate 

Sodium 
taurate 

Plas  s 	Nb. Tested Acid 	Neutral 	Basic  

Non-ionic 	2 	ni 	f= 	1:3 

Anionic 	3 	El 	El 	El 

1 	El 	E:3 	ci 

1 	:....:.: 

1 	Ei u 	c] 

1 	gE. 	IMM 	Ill 

1 	0 	ill 	Ili 
1 	MI 	:i;K: 	gii 

4 	El 	RI 	MI 

I. 	11:1 	D 	CD 
1 	D 	EJ 	113 

Dete..Pern.42eP 



:5 
SPO DM/22\TE 

EFFECI' OF MODIFIERS 

-- 30 - 

. No 	 Citric 	J 
Modifier 	Fe 	Al 	F 	Starch 	- Dextrin 	A6 i d 	i  

NON-IONIC 	. Ethanol s 
Acid 
Neutral 

, 'Basi.0 ,  
ANIONIC 	Petroleum -Sulphonates - _ Ac id 

Neutral 
Basic 	'  

ANIONIC „ 	Fatty Acid Sulphonate 
Acid 	1 BEI 
Neutral 

 Basic  
ANIONIC 	-Alkyl Sulphate 

Acid 	 • Neutral *... 
Basic 	

M 
 

ANION.IC 	•Sodiuta .Tau rate  
Acid 	1 	 , 
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RESPONSE TO COLLECTORS 

KEY.: Excellent Floteion 	on Fair FliitatiOn ED 
Good Flotation 	 Poor Flotation E] 

po. Tested  

Non-ionic 	 2 

Anionic 	 6 

Cationic 	 7 
Fatty acid 	2 

Neerel  Beet 

	

TYPE 	Class 	giu  Tested  Acid 	Neutral 	Basic  

	

Ethanol 	Non-ionic 	2 	I3 	 I 

Petroleum 	Anionic 
sulphonate 

Fatty acid 
sulphonate 

Alkyl 
sulphate 

Sodium 
taurate 

3 

1 

EI 	 D 

1 	 MI 	El 

• 1 

Primary 	Cationic 	1 	,:.:.› 	III 	III 
amine 

Diamine 	n 	 1 	ID 	iMM 	MUI 

Tertiary 	n 	 1 	il] 	u 	El 
amine 

quaternary 	" 	 4 	BE 	E:.] 

talloil 	Fatty acid 	1 	 1111 
Oleic 	 tt 	1  «e: 	III 

D.ate  
April, 1965 
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EFFECT OF MODIFIERS ,  

	

No 	 Citric 
Modifier 	Fe 	Al 	F 	Starch 	Dextrin 	Acid 

	

NON-IONIO 	Ethanols 

	

--. 	 --- Acid 	_ 
Neutral 	_ 	 —.........,-- 	_ 	_ Basic 	 r  

ANIONIC 	Petroleum Sulphonates 
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ANIONIC 	Fatty Acid Sulphonate 
Acid‹ 	 >4:;,;:: 	, 	i:::::::.: 
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 Bic 	
el 	!I!  

as 	 : .. 	 : • . 	:::;:e; 	: I 	I • 
ANIONIC 	Alkyl Sulphate 	 1 

Acid 	 Mg 	:.: 	 ... 	ï 
Neutral 	..›:. 	 :::::::;.: 	 . 
Basic 	 '..: 	• .  

ANIONIC 	Sodium Taurate 
Acid 	 I -,7-: Neutral 	!I! 	____ . 	. Basic 	,. 	••• 	 i 
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Acid' 	eii;': 	 vm -- em. 	 g 
Neutral 	 ee 	 ' Basic. 	• 	 •;:;eli 	 • 

CATIONIC 	Diamine 	 g 
Acidegi 	: : 	. 	 --1-.. ,. .. 	:-:  
Neutral 	ee 	••• 	 :•*. 	.-.. •. 	: 	 • 	• 
Basic e 	-.::: 
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DISCUSSION 

A detailed discussion of the results would be both unnecessary 

and tedious - they are designed to be used. Examples of the various effects 

show up . clearly and may be readily picked out. A few cases are given below 

to illustrate; 

1) Non-collection: Barite with anionics and non-ionics; 
calcite with quaternaries. 

2) Effect of pH: 

	

	Barite with petroleum sulphonates; 
quartz with cationics. 

Activation: 	Beryl with primary amine and starch, dextrin, 
or citric acid; topaz with diamine.and fluorine, 

Depression: 	Topaz with fatty acids and fluorine; 
fluorite with fatty acids and metal ions. 

The Industrial Minerals Milling Section has found this type of 

graphic presentation of results effective and easy to use. It is hoped that 

other workers will find it similarly useful. 

CONCLUSIONS 

Basic flotation systems have been outlined for eleven common non- , 

metallic minerals and the effect of certain modifiers indicated. The graphic 

method of presentation of results allows relatively easy selection of systems 

,for the possible isolation of individual minerals from groups composed of the 

minerals covered. 
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