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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 the floatability 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,
gimilar minerals from different sources and additional aqueous
gystems, 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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LA FLOTTABILITE DE ONZE MINERAUX
COMMUNS NON METALLIQUES

par

R.A, Wyman¥*
- RESUME

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 non métalliques chmuns, ainsi que de 1'effet de six
agents modificateurs diusage courant sur la flottabilité
de ces minéraux en solution aqueuse, Les résultats sont
présentés graphiquement pour faciliter les comparaisons.

Au fur et 2 mesure de l'extension des études &
d'autres minéraux et 3 des minéraux similaires mais’
d'origines différentes, et 3 d'autres solutions aqueuses, :
les rapports pertinents paraftront,

Ces travaux Qnt été entrepris en vue d'aider les
chercheurs 2 trouver des solutions aux problémes posés
par la flottation des minéraux non métalliques,

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

Although advances are being made in the isolation and control of
phénoména that produce flotation, no direct routes have been found to the
solution éf flotation problems, particularly with non—metailic minerals, The
same non-metallic mineral originating from two differemnt sources rarely reacts
to flotation in precisely the same way. In some cases minerals 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 miﬁeralé have already been worked out, and there is a tendency to
apply variations of these systems to new cagses, It is quite poséible ‘that
more efficient results could be obtained by‘other systems, if the proper
approach was known, Moreover, the separatién of certain non-metallic minérals
. 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 relatively pure natural form, and,if possible, two or




more represenfatives of each miﬁeral obtained from different locations,
The floatability of each will be observed under-acid, neutraliand basic
conditions with representative collectors from each class, preferably with
t&o or more of each type, Thé effect of representative modifiers will also
be bbéervéd. ' |

Since it is a comprehensive project that will require many years
to complete, a report will be issued whenever sufficient, useful information
has been'developéd._ 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 are reported upoh. The response of these

minerals to seventeen different collectors under acid, neutral and basic

conditions is indicatéd, and the effect of six different modifiers is shown.
EXPERIMENTAL PROCEDURE

The underlying principle is a simple éxperimeﬁtal procedure that
is positive but requires onlf a short time to perform, Mést bench-scale
flotation methods allow'only one or two experiments per day and require some
time-consuming fofm of assesgssment, usually cheﬁiCal analysis, A great deal
of time and effOrt 1s thus involved as well as the services of several people,
Bench-scale experiments are,however,-én esséhtial step in process development,
Any reduction in the number of such experiments for deVéloping'a process is ah
advantage, Thg procedure employed in this study was worked out originally to
aid in reducing the fime and effort involved in the bench-scale development of
a proceés. Its success in doing so encoﬁraged eléboration ip£o the present
extensive brojéét.,

Minerals to be investigated are obtained in thé purest’fbrm




available; where possible, as crystals, Each mineral is pulverized and the
minus 28 plus 325 mesh fraction is isolated. Each is then washed thoroughly
in dilute HCl and rinéed with distilled water to neutral pH, Each is stored
in;a separate clean gottle in distilled water, The minus 28 plus 325 mesh
fraction Was selected for two reasons: It is within the size rénge 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 tube with a rubber
eyedropper bulb and screw clamp at its top, In performing an individual
experiment, the beaker, stirring.rod and glass tube are finéed with chromic-
aclid cleaning solﬁtion and washed thoroughly with distilled water. Measuring
devices such és‘graduates and pipettes are similarly cleaned once or twicevper
aey. |
A single experiment consists ofAthe 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 give 0,05 gpl concentration), if used, is added and
mixed with the stirring rod.,
5)° Collector to give 0,1 gpl concentration is addeéd and mixed with the
stirring rod,
6) The beaker is placed on the turntable., The bubble tube is lowered
until its tiﬁ is about 4 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



the lower end of the glass tube,

8) The beaker is raised with the tﬁrntable until the Bubble makes
contact:witﬁ the mineral,

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

10) Apﬁroximately the number of particles adhering to the bubble (i.e.,
none, 1 or 2, approximately 5, 10, 15, etc.) are observed,

11) The glgss'tube is lightly tapped and the'tgnacity with which thg
particlés cling to the bubblg'(i.e., pqor;’fair'or_good) is observed.

-12) These observations are recorded on a sfandard form,

The experiments progress from éimple to.moré_complex. The first
step for each mineral is to run a blank, 1.e{,-the_bubble is placed in contact
with the mineral in distilled water pnly. With many minerals; several partic}es
~will be picked up but they will usually drop off as soon éé.theﬂtube is_tapped
lightly, Eéch minerél is then tééted fof response to each collector in turn, -
uhder acidig, neutral and”basic’COnditions; In the neutrg1 caée, the system
'consists only ofvthe'mingral and.the célleétdr in distilled Watef. With acid,

1 ml of HeSO4 of a predetefmined strength is added from a 1l-ml dispensing
bottle, Similarly, for basic conditions, 1 ml of NayCOy of predetermined
stfength is édded from a 1-ml dispenéiﬁg bottle: Fdr bdth ﬁhe acid and bgsic
experiments thé‘regulator is mixed,in bj.stirring,_the pollector is added and

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

"In the acid case, the HzSQ, in theé dispensing bottle is of such

a strength that when 1 ml is édded to 100 ml éf distilled watér a pH of 3,0 will
result, The pH will vary slightly during the exper;ment owing to thé presence
of the mineral and the othef reagents, However, thé quantitxlof both minegal-
and reagents is comﬁarafively small and the operations are conducted rapidly,
It hasg been found‘that~the pH varies little from that of the acid in disti}led

water,




Similarly with the basic conditions, the NagCO3 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 tb hold closely after the addition of mineral and other
reégenfs.

| The maximum change in pH is observed when ionizing modifiers
are used, 9Since the géneral 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 pointg. This
would add greatly to the time required ﬁo perform an individual acid or basic
experiment, Moreover, since the observations ére not absolute, the overall
results must be considered as relative oniy. Névertheless,fhey are sufficiently
accurate and inférmative 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,adjﬁstments should not be made,

In experiments witﬁ ﬁodifiers, each system = mineral, collector
and 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 prograﬁ started, a canvasswas made of
minerals available in the Division. Wherever a suitable mineral was found,
in older.collections, more recént collections, or large crystals, a sample
was obtained for inclusion in the study. Because of this, the'geogrgphical
origin of many of the minerals is not known with certainty. ﬂoyever, each one

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




' The minerals currently reported upon are as follows:

1, APATITE
2.  BARTTE.
3,  BERYL

4, . BIOTITE
5.  CALCITE
6"  FLUORITE
7.  MUSCOVITE
8,  ORTHOCLASE
9.  QUARTZ -
10,  SPODUMENE

11,  TOPAZ

 COLLECTORS - INVESTIGATED

The principle of collection 1n -'f-lota;jti.on' is rin'its:el_fl, quite
simple - fo render the s'urfe.ces of the mineral to be floated lf\vdrophobic,
thus allowing attachment»to‘an air bubble and elevatioh ‘to the surface of an
aqueous sysfem. In theory this should be possi_ﬁle with any mineral, In
practice there are many compli'ca’tin‘f‘fac‘toz"‘s 'a’nd 'f‘inclinv a chemical which
will be selective for one specific mineral in a mixture of mi.nerals is by no
 means easy. ' o | o

Si‘nce’ ‘ﬁ.'ne mineral surfaces are 'the -sltssof the action, the
chemc'als involved are the so-called surface ac'tive agents (cr surfactants)._
; Broadly, these agents fall into three classes according to their activity -
non-ionic anionic, and ca‘t:.onic. The first do not ionJ.ze in solut:l.on. In ‘the

second the negat:.ve or anion is the active member, and in the third the




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,

type and composition,

CLASS

Non~ionic

1"

Anionic

”"

Cationic

n

TYPE

Ethanol

Petroleum
sulphonate

1"

Fatty acid
sulphonate

Alkyl sulphate
Sodium taurate
Primary amine
Diamine

Tertiary amine

Quaternary

n

~

The collectors tested are listed below according to their activity,

COMPOSITION

Alkyl phenoxypoiy—(ethyleneoxy) ethanol
Nonyl phenol polyethoxy ethanol

(Not available)

Sodium alkyl-aryl petroleum sulphonic acid

Naphthalene sulphonic acid derivative

Fatfy acld aliphatic sulphonate

Sodium octyl sulphate .

Sodium N-methyl-N-"tallow-acid" taurate
Technical tallow amine acetate

Tallow diamine acetate

Hydroxyethyl alkyl imidazoline
(glyoxalidine)

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

n-alkyl trimethyl ammonium chloride



CLASS TYPE ‘ R - - COMPOSITION
Cationic . -Quaternary Cetyl. trimethyl ammonium bromide

1" 1"

Cetyl trimethyl benzyl ammonium chloride

Fatty acid Tall oil : Tall oil base

L ~ Oleic Oleic acid blend

- MODIFIERS INVESTIGATED

As pointed'ont in the previous section, flotation is effected by
causing the surface of a mineral to'beoome hydrophobic bv the action of a collec-
tor agent, In most cases, however,it is necessary to use modifying agents to
‘achieve this, Such agents simpl& ald 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
1s called depression; These_are'probably the“most important functions of
modifiers, | |

Thelregulationlof pH is itself ‘a form of modiiioatioh. .As indicated
:earlier, all the experiments cover three pH levels. The cleaning of snrfaces,
dispersion of ultra-fine solids,‘preoipitation of dissolved salts, and other
factors are handled'by modifying agents., Some agents‘serve'more than one
purpose = €.8,., sodium carbonate mnay 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
aclds may ald in activation or.depression or as surface cleansers,

The pH-controlling agents employed have been described under
EXPERIMENTAL PROCEDURE,' Otber modifiers used in the ekperiments aret
1) three to provide metal ion resurfacing - FeSb4 for iron, Al,(S04)4 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,




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 §eparations would be
likely to take place, In this report the results for each mineral have been
condensed so that they will fit onto the front and back of a éingle sheet,

Each sheet may be removed from the report so that it may be laid beside
anofher, 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 fevérse‘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

éross hatched, generally indicate acceptable flotation, whereas the lighter
areas, stippled and white, indicate unsatisfactory flotation at best,

In the initial recording of observationsg 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), Ifithe
record was 15F, then some or most of the particles could be dislodged by a light
tapping on the bubble tube (fair bond). A record such 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 thé ihitial light tap of the bubble tube (poor bond), ;
In making the assessments reported herein, excellent flotation for individual

cases 1s considered to be 15 or . more particles picked up and adhering with a
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good bond, Good flotation is 10 tolls particles picked up and adherihg with
a good bond, Fair flotafion indicates 6 to 10 parficles picked up andva fair
bond,” Poor flotation is less than 5 particles with a poor bond;. The only
"gféy",area is between good and fair fldtééion. In certain cases a pick-up
of moré\thﬁn 10 particles is classed as fair if the bond is not good, Sim-
ilarly, certain cases of less fhan 10 pafticleé picked up are classed as good
when the bond is strong, |

In aéSéssing groups of collectors (such as the 4 quatefnaries), or
the‘results for & class (such as the 6 anionics), a form of weighted average
has_beehAadoptéd.:‘This consists - of arbitrarilf allotting the nﬁmber 1 to poor
bond, 2 to faifAbénd and 3 to good bond then muiéiplying the number of particles
by these nuﬁbers. _The aggregate of all cases divided by tﬁé-number.of caséé
has then been used td'détermine thé average floatability, The oqcasional
doubtful situstion between fair and good Flotation has been-ihdicated by using
both éYmbdls.v .. | '

The name of each mineral has been placed in'thé upper. right hand
corner for facing pages and’thé upper left for revgrse'bageé,to allow ready
‘identification. The minerals are recorded in alphabetical‘o?der, and each is
dafed éo that with fdllbWing‘reports and includéd'extensioﬁs of the work the

latest and most up-to-date sheets may be retained,
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RESPONSE TO COLLECTORS

KEY: Excellent Flotation [} Falr Flotation
Good Flotation % Poor Flotation 1

Neutral

Non=ionic 2
Anioniec 6
Cationic 7

2

Fatty acid

TYPE. Class No, Tested Acid
Ethanol Non-ionic 2 —

RN

>
.

,,
2od
heS
>

Petroleum  Anionic 3 3
sulphonate

Fatty acid " 1
sulphonate

Alkyl " 1
sulphate

Sodium " 1l
taurate

@@DE BB mL

+
%
%

Primary Cationic 1 Eﬁﬂ
amine

Diamine "

Tertiary " 1
amine

Quaternary " Y

Talloil Fatty acid
Oleic "
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APATITE |
EFFECT OF MODIFIERS
No | | - Citric
Modifiey Fe - Al - F Starch | Dextrin/ Acid
NON=-IONIC Ethanols
Acid ,
Neutral :
Bagle . : ,
ANTONIC Petroleum Sulphonates ,
Acid RE S
Neutral : g o
Basic ) “Te®e . e ')
Fatty id Sul nate
Acid
Neutral
Baslec. 3 I
Alkyl Sulnhate o . .
Acid g : P - .
Neutral | ﬁ ¥ X e
Basic el N .
Sodium aurate___ p— -
potd i , 2
Neutral : B H A R
Baslc N o I B et RS
CATIONIC __ Primary '
Acid o : '
al, i 2 W
Basic 2ol R el , :
CATIONIC = Diamine ' o a n
i .
Neutral 2t AN E ' : A _
Basic : QP b : -
CATIONIC __ Tertisr Amine S m.
Acid X R £ @, @
Neutral B - ,
Basic _ e . , —
CATIONIC Quaternary . '
Acid R i ! e |
Neutral - ZHE o
Basic _|[:% RR R BB RR e -
_ TATTY AGID  Talloil — , . o b
Acid . : et | éé% iii" RH .
Neutral Ak ' P I
Bagic _ el : v ECH
FATTY ACID Stearic R 1
ﬁcid N - A i _ :
eutra el - i
Basle [ :
Acid T |
Neutral ¢
Basic :
P
Acid R :
Neutral i
Basic : )
Date .. '-Ap ;Lu’ .1-906050 . :
]
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BARITE
RESPONSE TO GOLLECTORS
KEY: Excellent Flotation [l Falr Flotation
Good Flotation B Poor Flotation [ |
Class No, Tested Aeid Neutral  Basie
Non=ioniec 2 D l:l [:]’
Anionie 6 @ @ -
Cationic 7 | IRE|
Fatty acid 2 D . |
TYPE Class No, Tested Acid Neutral Basioc
Ethanol Non~ionic 2 —a —J 1
Petroleun  Anionic 3 B L
sulphonate |
Fatty acld " 1l @ || [ |
sulphonate
Alkyl " 1
sulphate
Sodium " 1 B || |
taurate
Primary - Cationic 1 @
amine
Diamine " & )
Tertiary " (I ]
amine
Quaternary " Y I ]
Talloil Fatty acid |
Oleic " 1 ] |

Date ce .‘A.p‘r.ja]t’o .lsg.qs! XX N}
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EFFECT OF MODIFIERS g

4

No : , 3

Modifier| Te AL | F | starch | Dextrin| soigC |

_ {

NON-IONIC Tthanol L 9

Aeid |

Neutral [

Basie : | ‘ |

AN Petroleum Su onates '

Acld RH % ﬁ !

Neutral | B3

Basie Eﬁi_ : R

Aecld -
Neutral
_____Basic |

Acid
Neutral
Baslic

Fatty Acid Sulphonate

., .

HE

-

Alkyl Sulphat

e

v

etfe oo
- Gl &7

-0
.

Acid
Neutral
Basile

Sodium Taurat
.=I

- v

m '. '.i

Acid
Neutral
Basie

'Primary Amine

XN

5%
>
X

Acid
Neutral
Basie

Diamine

el

Acid
Neutral
Basic

Tertiafy Amine

> ole oK
-]y
I.‘.'

Acld
Neutrgl
Basic

!

Quaternary

Acid
Neutrsl
Basic

FATTY ACID

Talloil

Acld
Neutral
Basle

FATTY ACID

Stearic

-l D i e e wn ey T T we temmT @ eme ey wn e

Acid
Neutral

Basic

Acid
Neutral

Basic

Date ..APT

i1, 1965

~ =2 A 00 s0 00D

4
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BERYL
RESPONSE TO COLLECTORS
KEY: Excellent Flotation || Falr Flotation
Good Flotation B Poor Flotation [
Class No, Tested Aeid Neutral  Basig
Non=ionic 2 [:] [:] [:]
Anionic 6 | ]
Cationic 7 B (2]
Fatty acid 2 ] | [:]
TYPE' Class No, Tested Acid Neutral, Basic
Ethanol Non-ionic 2 — —_ —
Petroleum  Anionic 3 1 (|
sulphonate
Fatty acid " 1 ] 1
sulphonate
Alkyl " 1 1 Cd
sulphate
Sodium " 1 . E] D
taurate
Primary Cationic 1
amine
Diamine " D || -
Tertiary " B B
amine
Quaternary " Y B3 5]
Talloil Fatty acid 1 1 ]
Oleic " 1 = 1 —_
April, 1965

Date

'00'..'.00000.....
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BERYL '
EFFECT OF MODIFIERS
No | . . . , Citrie
Modifier] TFe- Al °F Starch | Dextrin| aeid
NO —IONIC : Ethanols. .
Aclad
Neutral - .
Basie : ' A S ' -
_ANTONIC Petroleum Sulphonates N
Acid [ T 3 BH
Neutral | | | HR L :
Basgie 1
ANIONIC - Fatty Acid Sulphonate
Acid ) SRENE R g B
Neutral L ] ol
Baslc ;
ANTIONIC e — -
Acid ] i ﬁ | ] |
Neutral ] ? .
Basic ‘ .
i ANIONIC o .
Acid e 1L .
Neutral . ] .t PN
Basie - . , s
CATICNIC =~ + Primary Amine 4
Acid v RN ‘
Neutral | [ B R 6 R : '
Basic o v : . l I
CATIONIC _  Diamine ‘ _
Acia ] 1T 337 e '
Neutral , , ﬁ ot I P .
Basic : ' N R
ATIONIC - "Tertiary Amine _ S .
Acid g g il R <
Neutral ~ : NN g | -
Basic . ‘ : R a2 B 1
R | CATIONIC ] '
Acid =R R 1
Neutral N g K
Basic |
I
Acid R R - i
Basic _ : : _ R : -
"FATTY ACID Stearic o , : Y
Acid ] [ HH o
Neutral : ' i
Baslie ]
J
Acid (| ] )
Neutral -
Basic 1
Acid ] y
Neutral v ﬂ
Basic y
Da‘b‘ L 3N BN BN ’I‘Oil 09.0965 ;’:::
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BIOTITE
RESPONSE TQ GOLLECTORS
KEY: Excellent Flotation 1 Falr Flotatien
Good Flotation B3 Poor Flotation [

- e e e wm e e e e e e W e wm M) e e e

- T e s = e e e e e e m wm e e e e e e e m e e e e me e em e e me e e

Classg No, Tested Acid Neutral  Basie
Non=ioniec 2 l::l D D -
Anionic 6 D E] [:J
Cationic 7 B || |
Fatty acid 2 [:[
IYPE Class No, Tested Acid Neutral Basic
Ethanol Non-ionic 2 (| —J 1
Petroleum Anionic 3 [j I:[ l:[
sulphonate

Fatty acid " 1 1 1 1
sulphonate

Alkyl " 1 | 1 [:1
sulphate

S0dium " 1 1 [ 1
taurate

Primary Cationic 1 . - -
amine

Diamine " . -

Tertiary " i || |
amine

Quaternary " Y BB e u

Talloil Fatty acid 1 B

@leic " 1 D —

April, 19695

Date-..,.,..oo.-oo.‘.-
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BIOTITE _ §
EFFECT OF MODIFIERS. -
. — o '3 1
No Citric i
Modifier| Fe | AL F Starch | Dextrin | Acid
' - _ ot
NON-IONIC Bthanols ' )
Acld | A
Neutral )
Basle : 1 A : ’

ANTIONIC Petroleum Sulphonates . !
Acld ] 1] 5% ]
Neutral | | P§# A
Baslie - ' L
ANIONIC _ Fatty Acid Sulphonate b
Acid | R R il L
Neutral - [ E
Basle A . )
ANIONIC Alkyl Sulphate . - )

Acid | it - 2 I
Neutral | o
Basie | i S
ANIONIC ‘'Sodium Taurate . s

Acid ' m e ‘ ‘ v . |

Neutral ‘ Ve ' : ' A 1
Basie . . B3 "
. ~ CATIONIC Primary Amine -
Acid ’ o tesse i )
Neutral , : 5% |
Basic : N
CATIONIC Diemine L
Acld BN R o
Neutral )
Basic s Vel )
CATIONIC Tertiary Amin o
Acid B R R % L
Neutral 8 ;,
Basic e R R "
CATIONIC Quaternary L
Acid ] B 2 [
Neutral :i= -
BaSic ) . . o X o
FATTY ACID Talloil - s M
Acid : R e 1
Neutral . 3 _ by
Basie AN : ' : )
FATTY ACID Stearic ‘ R
Acld 3] BN 1
Neutral FCH .
Basig | | |
. : l
Acid 1 )
Neutral b
Basic 2:
Acid g , ;:
Neutral - -
Basic —
Date APTil, 1965,..., o
P |
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RESPONSE TO GOLLECTORS CALCITE
KEY: Excellent Flotation B Fair Flotation [3
Good Flotation B Poor Flotation [
Clasg No, Tegted Acld Neutral Bagle
Non=ionic 2 l:' 1 d
Anfonic 6 B i)
Cationic 7 R
Fatty acid 2 @ @
TYPE Class No, Tested Acid Neutral Bagic
Ethanol Nonsionic - 2 - —J (I
Petroleum Anionic 3 @ C]
sulphonate
Fatty acid " 1 B2 &2
sulphonate
Alkyl " 1 &
sulphate
Sodium " 1 ' (I 1
taurate
Primary Cationic 1 @ @ m
amine
Diamine " B B
Tertiary " 1 ]
amine
Quaternary " b . ] O
Talloil Fatty acid 1 B2 B
Oleic " 1 B =

D.ate v e .,éprill 019650 .
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o —— ——— — — —" - - — o " - - - — it o - e e wd

CALCITE _ )
EFFECT OF MODIFIERS :
No o Citrie
Modifietr - Fe AL F Starch |Dextrin |Acid
NON-IONIC Ethanols
Acid - ‘
Neutral :
Basi¢ . : : - .
ANTONIC Petroleum Sulphonates o
Acid ] . N
Neutral ::1 et 2
Basie . ot
' > Fatty Acid Sulphonate
Acid , R P!
Neutral ‘o . !
Basic s : P o
ANIONIC = Alkyl Sulphate _ L .
Acid @ e . e L
Neutral 1o ] e
Basic . vl o
- _ANTIONIC Sodium. Taurate
Acid BB BH RN @
Neutral ] - N A gHE
Basic P _
CATIONIC Primary Amine
AC 1d (XX :‘ 2 “ﬂ;,
Neutral Ve o 1
Basic R S N . o
, CATIONIC | Diamine ' '
Il\xr'cic% 1 ¥ 22 | :
eutra _ : el
Basic el vl _ - .
_CATIONIC _ " Tertiary Amine L L
Acid B e - i3] |
Neutral B 3 ).
Basic Ve ]
_ CATIONIC Quaternar }
ACid : . :': . s |
Neutral ] . e ey v [
Basic 1 - . , , ]
FATTY AGID ‘ ‘ ' I
Acld 2 , :
Neutral 1
Basic K R : :
' FATTY ACID ‘ o . [
Acid B F BE) l . [
Neutral “ Lo sl L
Bagsie N !
: ]
Acid [ i}
Neutral [
Basic {
Acid B [
Neutral | 1
Basic s

Date ,.ART1i1,,

o
(1}
-
o«

/
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FLUORITE
RESPONSE TO COLLECTORS
KEY: Excellent Flotation [ Falr Flotation [+
Good Flotation B Poor Flotation [

¢lass No, Tested Aeid Neutral

Non=ioniec 2 [:] L—._l

Anionic 6 . |

Cationle 7 @ @

Fatty acid 2 53 |
TYPE Clasg No, Tested Acid Neutral Bagie

Ethanol Non-ionic 2 | —_ —

Petroleum Anionic 3 - - @
sulphonate

Fatty acid " 1 B
sulphonate

Alkyl " 1 @ &
sulphate

Sod ium " 1l . - -
taurate

Primary Cationic 1 . - .
amine

Diamine " - @

Tertiary n 1 B ]
amine

Quaternary " Y

Talloil Fatty acid 2]

Oleic " 1 B

Date.,, APTil,, 1965

cdeesveicesesen
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Acid
Neutral
Baslc

-.Pri

%
Latatat.l,

mary Amine

+%a%

FLUORITE , _ |

EFFECT OF MODIFIERS I

NO . . B jl

Modified Fe Al F Starch. | Dextrin| Vitric .

: : Acid A

) ) °|

NON~IONIC Ethanols B

Acld ' ] |

Neutral i
Basie . A .

ANTONIC Petroleum Sulphonates L

Acid s BN : A

Neutral g % : )

Basie - : _ e B X

ANIONIC ~Fatty Acid Sulphonate |

Acid | 2 v R

Neutral i i

Basile [ses el |

C Alkyl Sulphate g

Acid . : ‘ Tel _-:‘_:" 5 T

Neutral T o B

Basic Ve [N . - [

odium Taurate : L 4

Acid } ' 5 A

Neutral s : !

Basle B A |

i

i

1

i

)

.:|

Aclid
Neutral
Basic

Acid.
Neutral
Basic

Acid
Neutral
Basic

Acld
Neutrsl
Basic

Basie

Acid
Neutral

Acid
Neutral
Basic

Acid
Neutral

Basic
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: MUSCOVITE
I RESPONSE TO COLLECIORS
|
' .
[ KEY: Excellent Flotation | | Falr Flotation
|
' Good Flotation B Poor Flotation [ |
Class, No, Tested Agid Neutral  Bsslg
Non=ioniec 2 l:' l:l D
Anionie 6 1 ]
Cationie—- 7 @ @ @
Fatty acid 2 C l:[ |
IYPE Class No, Tested Acid Neutral Basgigc
Ethanol Non-ionic 2 —1 —J —
Petroleum Anionic 3 E] E_—l
sulphonate
Fatty acid " 1l 1 ] 1
sulphonate
Alkyl " 1 & B B
sulphate
Sodium " 1 1 |
taurate
Primary Cationic 1
amine
Diamine " D .
Tertiary " 1 = B &=
amine
Quaternary " L. & B &
Talloil Fatty acid 1 ] 1 |
Oleic " 1 ] 1 —

e e e W m e = e o e m e we ™ W e e = e = m = e e = = e o e e = = s e e = S e e e S e e = S

Date.. ‘AP}'}}-’- 12

82

LR 20 3 O 1



;-

MUSCOVITE &4 -
EFFECT OF MODIFIERS
o ' | - | | citric
Modifieny Fe Al F Starch | Dextrin| asigq
NOM-IONIC Ethanols
Acid | T
Neutral
Baslie ‘
ANIONIC Petroleum Sulphonates
Acid BH B HH XK
Neutral | ] iy ]
Basie L
ANTONIC Fatty Acid Sulphonate
Acid ] B N 1 :
Neutral | o] v
Basice :
ANTONIC Alkyl Sulphate _
Acid e [ ] ] [
Neutral : nH
Basic . : RS
‘ ANTONIC " Sodium Taurate
Acid | [ I | | | ]
Neutral || m
Basile e ' _
Primary Amine
Acid ™ B
Neutral R 228
Basic N RN . .
CATIONIC Diamine’
Acid ) [ T o3
Neutral e 1 el R
Basic I ' S -
CATIONIC " Tertiary Amine
Acid B N ] B
Neutral ; o 2
BaSj_.___c . & 0%t :l..' |
: CATIONIC
Acild B3
Neutral g
Basic : S 2 o
FATTY ACID Talloil’
Acid s | . e
Neutral ' , N
Basic A N . )
FATTY ACID Stearic ;
Acid ) 1 (] . TN
Neutral e :
Basie
Acid [
Neutral
Basgic
Acid , - ' i ;
Neutr-'al g :
Basic

Date ..APFi:,.1965...

SRR ERSELE U LI ST PR oA CECRS NI S I U S I RS RGNy BEQ SR pick SSGPEE I AU AL I L L
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RESPONSE TO COLLECTORS

ORTHOCLASE

KEY: Excellent Flutation [l Falr Flotatioen
Good Flotation B Poor Flotation [J
Class ~ No, Tested Acid Neutral  Basiz
None=ionie D 1 C
Anionic 6 D | ]
Cationic Vi B S |
Fatty acid 2 ] 1
TYPE Clase  No, Tested Acid  Neutrsl  Basic
Ethanol Non-ionic 2 (.| —J —
Petroleum Anionic 3 [:I D ':[
sulphonate
Fatty acid " 1 1 1 1
sulphonate
Alkyl " 1 | ] 1
sulphate .
Sodium " 1 1 [ 1
taurate
Primary Cationic 1 [:__[
amine
Diamine " . | N
Tertiary " 1 | | [ |
amine
Quaternary " Y & B |
Talloil Fatty acid 1 ] 1 ]
Oleie " 1 Cd ] [
April, 1982,...

Date-cc

edee®
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ORTHCOCLASE - j

: o EFFECT OF MODIFIERS ;

odﬁgier Fe AL F Starch-|Dextrin §§§§1°;

- NON-IONIC Ethanols L ! ;

Acid ] ] .

Neutral - e o o j

Basle [ | | L ' i

__ANIONIC ‘Petroleum Sulphonates :

Acid , ] ] : : ;

Neutral - ] ;
Bagle 1__ :

: v _ANIONIC Fatty Acid_Sulphonate B g
Acid 1 [ ‘ : e ;
Neutral - ] -

Basic. o

T ANIONIC Alkyl Sulphate -
Acia | IR « N ‘-
Neutral ]

Basiec | 1

. _ANIONIC Sodium Taurate L —
Acid = - : il
Neutral | [_] |
Basic S L ,

CATIONIC Primary Amine
Acid mE X 1 7]
Neutral 272
_Basic . ‘ R :
' CATIONIC Diamine
ﬁcic% 1 o [ : A ‘ : iet
eutra - . e
Basic B - N = : f
, - CATIONIC Tertiary Aminhe B :
ﬁCi% N SR i " T ;
eutra . N
Basgice - - L R W R ;
. CATIONIC uaternar :
Acld B - = [ ;
Neutrgl , R 2 :
Basic_ - B RS B
FATTY ACID Talloil : ;
Acid i : 3
Neutrsl | e '
Basic - a2 : i
' FATTY ACID Stearic ;
Acid T =
Neutral . '
Basie .
Acid [ g
Neutral ‘
Basic .
: |
Acid - j
Neutral |
_Basic

Dato

April, 1965
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QUARTZ
RESPONSE TO COLLECTORS
KEY: Excellent Flotation [ Falr Fletatien
Good Flotation B Poor Flotation []
Non=ioniec 2 D El D
Anionic 6 D | ]
Cationic 7 @ -
Fatty acid 2 Cl ] 1
TYPE Clags No, Tested Acid Neutral Basgic
Ethanol Non-ionic 2 (- —_J (I |
Petroleum Anionic 3 D [:] |:[
sulphonate
Fatty acid " 1 1 1] 1
sulphonate
Alkyl " 1 1 ] ]
sulphate
Sodium " 1 1 [ 1
taurate
Primary Cationic 1 D \ @
amine
Diamine " D -
Tertiary " 1 B &
amine
Quaternary " Y B3 B [ |
Talloil Fatty acid 1 1 1 |
Oleic " 1 [:l D 1
April, 1965

Datev¢¢¢¢'.oooouooo.oo
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Basic

QUART?Z
EFFECT OF MODIFIERS
No : : _ R Citrie
Modifienr Fe Al F Starch Dextrin| Acid
, NON=-IONIC Ethanols o
Aclid . :
Neutral
__Basie , , ,
ANTIONIC - Petroleum Sulphonates
Acid ] ] ] ] ]
Neutral | ] -
..Basie - '
ANIONIC Fatty Acid Sulphonate .
Acid [ ] I o ' :
Neutral | - ]
Basilie = 1 '
_ANTONIC Alkyl Sulphate .
Acid N s , [ ]
Neutral N N %é% )
Basiec ‘ N -
ANIONIC Sodium Taurate . .
Acid ] I —1 ] [
Neutral | |_| ] |
Basic : . _
CATIONIC Primary Amine
Acid 1] ] : [
Neutral BN
Basic m =
, CATIONIC Diamine
Acid c o
Neutral % 2ot
Basic ‘ K
Tertiary
Acid ' e
Neutral
Basic : .
Quaterna
Acid e vt
Neutral e
Basic S
Talloil __
Acid N
Neutrasl

Acid
Neutral

Basio

Stearic

Acid
Neutral
Basic

Acid
Neutral
Basic

Da‘b. . 'ép

ril, 1965

1
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SPODUMENE
RESPONSE TO COLLECTORS
KEY: Excellent Flotation B Falr Flotation T[]
Good Flotation B3 Poor Flotation [ ]
Class No, Tested Aeld Neutral  Basie
Non=ionic 2 D I:I D
Anionic 6 r—_—l 1 ]
Cationie 7 @ .
Fatty scid 2 cl 1 1
TYPE Classg No, Tested Acid Neutral Basgic
Ethanol Non-ionic 2 1 A O | 1
Petroleun  Anionic 3 d 1 -
sulphonate
Fatty acld " 1l 1 ] 1
sulphonate
Alkyl " 1 B | 1
sulphate
Sodium " 1 1 [ 1
taurate
Primary Cationic 1 B = .
amine
Diamine " 1 [:l - -
Tertiary " 1 B2 B B
amine
Quaternary " Y |
Talloil Fatty acid 1 1 1 =
Oleic " 1 L__] E:] D
D.ate.,'.A.}‘.i.]'.’o,}ogoeosooco.
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= S N N N

et e e e e e Rt e d de el e e e m e i el e e e e -t -

SPODUMENE .
E 'EFFECT OF MODIFIERS .
‘No . ; / :
Modifier| Fe Al F Starch | Dextrin 2§I§i°
_NON-IONIC Ethenols o
Acid ] |
Neutral -
_Basgle - - 1 e _
‘ ANIONIC _Petroleum Sulphoneates
Aeld 1 - ‘ ‘ ' ‘
Neutral |1 s .
Baslie o : _ N 1
ANIONIC . ~_Fatty Aclid Sulphonate
Acid N R AF ' 8 F :
Neutral I . L
Basle , S I - .
ANJTONIC - Alkyl Sulphate . .
Acld : [ _ A 3 ‘ . ,
Neutral R y
_Basle L B
C _ANTONIC Sodium Teurate ., _
Acid 1. [ ’ - ,
Neutral ﬁ:{. 1
Basie 1 ~ 1 : ‘
‘CATIONIC ‘Primary Amine
Acid N AL -
Neutral.|. et
Basic: - s o
- CATIONIC - Diemine
Acid ‘ ] - TR
Neutral . .
Basic : 11
CATIONIC
Acid _ : : !
Neutral 4 /
Baglc - s B
‘ CATIONIC
Acid ) B ;
Neutrgl R :
Basic
Acid _ . ;
Neutrsl : N
' ATTY ACID . Stearic j
ACj.d [ el ;
Neutral :
Basie _
Acid ]| f
Neutral f
Basic j
Acid 1] ;
Neutral :
Basic

[ Sqpalip il baliopinih aboNiiy Pty

Da‘b. )

April, 1965
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: TOPAZ
I RESPONSE TO COLLECTORS
[
|
[ KEY: Excellent Flotation ] Falr Flotation
|
' Good Flotation 2 Poor Flotation [
Class No, Tested
Non=ionic 2
Anionic 6
Cationie 7
Fatty acid 2
TYPE Clasg No, Tested Acid Neutral Bagic
Ethanol Non-ionic 2 | (|
Petroleum Anionic 3 | - E]
sulphonate
Fatty acid " 1 B [
sulphonate
Alkyl " 1 = 1
sulphate
Sodium " 1 | |
taurate
Primary Cationic 1 @ - -
amine
Diamine " @ @
Tertiary " 1 1 ]
amine
Quaternary " Y 1 RH|
Talloil Fatty acid 1 55 | BR
Oleic " 1 3] | B
Date., APT1L; 1902 .,
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EFFECT OF MODIFIERS

No
Modifiery TFe

Al

Starch

Dextrin

Citric
Acid

Acid
Neutral
Basie

NON IONIC

:ED

Ethanols

Aclid
Neutral
Basiec

AHIONIC

H

.|

Petroleum Sulphonates

0
.

Acid
Neutral
Basice

ANIONIC

Fatty Acild Sulphop@ﬁe

XK

TRIICK

o

- . N T B g P PR

Acld
Neutral
Basic

~ANTONTC
.Bﬂr

| Alkyl Sulphate

Acid
Neutral
Basic

Sodlum Taurate

Acld
Neutral
Basic.

CATIONIC

Pfimary Amine

Acid
Neutral
Basic

CATIONIC_

Diamine

Acid
Neutral
Basic

‘CATIONIC
[._'— TR

0
'
——

———

Tertiary

Amine

Acid
Neutral
Basic

_CATIONIC

»

-
.

Acliad
Neutral
_Bagic

~Quaternar

EH IR
vaATTY ACID

sy
.......
.....

B

........
e

3
BERS

Talloll

Acild
Neutral
Basie

Acid
Neutral
Baslec

FATTY ACID"

Stearic

el

22

Acid
Neutral
Basic

V Date )

"0.“

April 1965
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DISCUSSION

" A detalled 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,

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

4)* Depression: Topaz with fatty acids and fluorine;
fluorite with fatty aclds 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 ele?en common non-
metallic minerals and the effect of certain modifiers indicated, The grapﬁic
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,

ACKNOWLEDGEMENT

A substantial contribution to the project was made by J,H.-Colborne
of the Industrial Minerals Milling Section, All of the 1nd1vidﬁal experiments
(some 3500) and the observations were made by Mr., Colborne, The success of the

project 1s in large measure due to his careful and thorough workmanship,






