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- PREAMBIE -

A quarter of a céntury ago the concentration of
ore by flotation was regarded as a remote possibility.
Today, 1t i1s being universally practiced with an ever widening
field of applicatidne Its origin and groﬁth have been |
concerned primerily with the separation of sulphide dr metallic
minerals from their associated non-metallic gangue mineralso
In the last ten or fifteen years, however, it has béen‘found
possible to float almost any of the wide group of}non—metallic
substanoes, but selection of one‘mineralufrom anothér hag been
accomplished in Only a few instances. It is with the prospect
of expanding the present supply of information concerning the
selection between these éubstances, ﬂhat the work carried oﬁt

in the preparation of this thesis is considered justifieds
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- CONCLUSIONS =

In stating these,conclusions’it must~be‘noﬁed that thi$:
' t@eéis‘Shduld be cdnsidéred ask§ pre1iminary rep5rt dnvthé‘
}floﬁation of barite, liméstone,;and~quartz;"The reshlts

" 05tdiﬁed from the various reagéhtsfused, arefnot cohélusive
' regard1ng thelr actlon, as time would not permlu more than a

fcursory examlnatlon of each one, except in a few spééial g

'cases, notably sodlum metaphosphate and alumlmum nitr&teg

‘Depm6331on of Sulphldesa_

The 1nh1b1t10n of sulphldes was not oomplete. For

further remarks see conclusLans,at,the endyo;ftestkéo

o

' Quartz FlOuatlon°

(l) Quartz may be elther floated or depressed accordlng
ﬂo the. reagents used. Recoverles obtalned varled.between,

l;S%iandVQS;O%}, In the latter, the reductlon ratio was 1.7t l

' “fﬁom a feédJof 2¢65:Ls With further cleanlng it is highly

 probable that this re&uctlon ratlo could be lncreased but
there was inaufflclent tlme to varlfy'thls p01nt° ’
(2) As an actlvator of quartzg:copger sulphate Was the
"most satlsfactory of the heavy metal salts used w1th1n the
experlmental gH,range (7 5 - 9&75) |
o (3) Lead nitrate &cted_as an actlvator for harlte and

Jllmestone rather than as an actlvauor for quartzo In comparisal'
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with cépper sulphate, Lead hitrate incregsesvthe gra&e of
‘~liméétone and decreasesrthe“grade of silica. Used in higher
concentratlons lead.nltrate actlvates barlte sllghtly but
;has no apparent dlf¢erence in the effect ‘on llmestone or‘
‘ quartzé, | \ r | ’ | |
~  (4}~ Sodium Aiﬁminate has a felativé1y'good depressing.
acﬁiénan quartz’and.coﬁid theréfofe'be'used'in plaée of

~ Sgdiﬁm Silicate,'the standard reagent er fhiS~purpﬁse;

'Barlte Flotatlonv

(1) It ‘became appaient in these tests tbat 1t was
dlfflcult to qelectlvely float barlta and llmestone w1th
reagents ther than Sodlum.Metthosphate and Emulsel Xrl.
’ (2) Barlte can be separated from llmestone most efflclently
‘ hy the actlon of Sodlum Metaphosphate as a llmestone depressanu
A serles of tests condueted w1th varylng concentratlons of
‘,sadlum.metaphosphate 1ndlcates that l.5#/ton of ore glves the
best results When gudged by the “Three Mlneral Tndex“

(3) Wlth the use of Sulphonated Gastor Olls 1t would be
‘ p0581ble to make & bulk concentrate contalnlng 957 of the ;
barlte, 907'0f the>llmestone and only 117 of the quartz, Whlch &
Wlth adgustments could be 1mproved, By the addltlon of
: sodlum metaphosphate te the cleaner cells, a nractlcally pure

/barlte ooncentrate could be obtalned. Thls 1s~supported_by

,tests 60 - 66 lnclu31vea The grade of'this concentraté'could;
7!be lm@roved by a Judlclous contro1 of temperatureo'- |
,(4},The use of heavy meual salts‘asiguggested_by éeveral

investigators did not promete the barites



 (5) The tests support the opinion of I. We Wark that the
theory‘formuTated by Professor Taggart and hle associlates

regardlng the solubillty of mvneral f11m81s not adequate in .

“oall~oaees,~ It is recognized that the presence of the Lead

Vand'eopper sulphides~were possibly detfimental to the selec-o
tlve flotatlon, but this is not substantlated by any of the
resultso 7 ’ ;
(') ﬁxbeﬁter7diffefential‘aoﬁioﬁ‘cah,be Obtainee'when
us1ng a eynthetlc ore by employlng a coarser cell feedo Thié
is an eyperlmental oon51deratlom, as ln the m&gorlty of orea K
’lt 1e lmposelble to completely unleek the oomponent mlnerals
kwhen ground to only 427 - 200 mesha ” |
(7) A hlgher gulg dllutLon glvee an 1mproved‘harlte‘
llmestone separa.tlons but thls would be counteracted mater»
ilally by a - subsequent lowerlng of oell oapaolty. .
‘ (8) The deellmlng of a pulp prev1ous to flotatlon eub-‘
stantlally 1ncreaeee the eeleet1v1ty between barlte and
llmestone°, It must be noted, however, that apgrox1mately
207'of the sollde is loet as sllmeeo A eatlsfaotory flotation

“'treatment of the sllmes could gosslbly be evolveds rendering
 ,’the process economically practlealo

(9) An increase 1n temperature ceusee the ohemlcal’
reactlons to go more nearly to completlono, This &pplleS
especlally to -Emulsol .XI-I9 reeultlng 1n a iarger hulk
»oonoentratee The depresszng actlon of sodlum metaphosphate
kon llmestone is greatly 1mprove&.ln a hlgher temperature o

range.


http://cou.ntera.cted

(10) Variation in the pH range has apparently slight
effect upon the flotation of barite, limestone, and quartz.
It may be noted here that a oH lower than 7.5 could not be
’obtained due to the golubility of limestone inkan acid

solutions

TLimestone Flotation:
wThé‘fioiation of Limestoune was not covered in these

tests due to insufficient time.



= RECOMMENbATIONS,;7k

(l)k The sodlum alllcaue used in these tests was in the
 ‘1nsolub1e anhrydroue form. Other forms such askthe Orthog“
Meta,rand Hydroue, mlghtfbe'advantageousiy empioyeda

(2) A seriee of tests 1nvest1gat1ng Sodlum,Alumlnate as
a quartz depressant mlght be @rofltably carried out. -

(3) If, in future testlngy'only the experlmental or’ |
theoretlcal v1ewg01nt lS con51dered, it Would be advantageous
to use &a coarser cell feea comblned w1th a pulp of lese than
207 solmds. - \

(4)' When eﬁdeavcuring ﬁc’bbﬂaiﬁeé purer,barite,eoncemtrat%,‘
a shorter sklmmlng perlod is advlsableo - k o

(8) It has been stated.prevrously, that 2 deslimed cell
feed would be d681reable if such a great loss 1n sllmes dld
not occure Development of a satlsfactory treatment for these
: sllmes should be serleusly con51dered by future 1nvest1gatorso

(6) The use of heat in many of these tests mlght be of
defihite advantage, as 1llustrated by the 1ncreaaed selectlve
1ndex when u31ng a hlgher temperauure with sodlum metaphosghate
- asg a llmestone depressant. , |

(7) The folloming list,of'reageﬁts baSed on their
c0mperatire,solubilities is sugéested from‘a etu@y'of’k‘
 solubility tables taken from Seidell's "Solubilities of

Inorganié and Organic Compoumds®s
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| Desired
. Film

|Solubility in Water
Solution in gms/literﬁ“

,Mineral to bel
, Suggestedo

floated

Reageht,

Caleium Butyratdg
‘Barium Butyrate

18
36

- | Limestone

~;Buﬁyric

Acid

'foéléiumkcaproate

| Barium Caproate

22
3.9

| Limestone

Caproic
Acid

| caleium chlorate
Barium Chlorate

640 in sat. goln.

‘fBarite

Pot assium
Chlorate

| caleium gitrate |
| Barium Citrate |

250 in sate soln. -

Oo 8
Q0.4

Barite

| ive

Citric acid
was found

to be slighsl
1y select=

| Calcium Fluoride

| Barium Fluoride |

0,016 in sats solns

1.60 in sate solne |

Limestone

| Fluoride

j.“(}a,lc‘ium ;Eo:rma;t’ae |

142 in sat. Solns

Iimestone

| Sedium

Barium Formate

256 in sat. solm.

. |'Formate

| calcium Hydroxide &
| Barium Hydroxideg]

 1.65
59

M Limestone

| HeoH nad
l1ittle
| effect

| Wickel Hyd. |
| Alum. Hyde |

Potasgsium
Hydroxide

| caleium Nitrate

‘Barium Nitrate |-

560 in saﬁa solne
- 84 in sat. solne

Yo

%Barite

Nitrate

was succes=

COpper
Lead Nits
sfule Alume-

inum Nitratd

Barium Salicylate
Calcium Salicylate

290,in;aa£.'solﬁ
2269 in sate.soln

Limestone

Salicylic

| Mono-acetic|

Acid

~ACid.o .
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‘(8)‘ If in limestone fldta:tion-, a. suitable barite
‘depi‘essaﬁt is us.edi,v it is recommended that the sulphonated
oils, particularly castor oil, beused as a collectors

(9) Sodium Sulphate in conjunction with Palmetic Acid
for the flotation of limestone, warrants further |

investigation. See test 42



FROTHERS 3

. Pire 0il =

Terpineol -

- one of the most pure frothersoﬁav1ng sllght

COLLECTORS*

- REAGENTS -

usédkas:a frother‘onlyg“butkfgund_ﬁqkhave a
slight 501LeCting~éctipn for sulpﬁides§ 
therefore its use was discohtinuéd,in’latér
testss - |

coﬂétitutimg~up ta:607 giné~oilf;

Lcollectlng actlon it was used in all tests

reqq;rlng,a,frother,

A - Trl—methyl-cetyl-ammonlum-bromlde

Llssolamlne

(Manufactured by CeIs Lo) Used as. a collector

~:for 51llca. Has good frothlng propertleso

For further lnformatlon regardlng thls

‘reagent see sectlen on theory of collectorso

Retarder L.A,‘e composmtlon unknown a produce of C Te L.

sed/at Trall, B.C., for the fletatlon of

sgilica away”from magneslteo Found to be

"sllghtly legs effectlve than Llssolamlne A

as a collectar of 3111ca - also requlres a‘

, frother., ‘

. Emulsol X-1

- a sulphated higher alcohol manufactured by

the,EmuIsdlkcorpdration of Chicago I1ls Found



to be the best‘collector of barite used in

 these pests. It has a definite collecting

action for limestone and requires nmo frother.

Oleic Acid = has a general collecting action for non-

stilphides as well as sulphidés; Appears'to'be'

the most suitable collector for use in a

“rougher® cell. Has slight frothing actions

. as obtained from Cave & Coe; Vancouver; BeCo

‘ Has‘a‘bettérjcolléctingkaptibnffor_b&ﬁiﬁéfand

limestone than for silica. Requiresa frothers

Sulphonated

daSﬁor’diI z asﬁbb%ained'frbmeaveS&'GQs§

- Vancouver, B«Cs It is a good collector for

barite and limestone having, however, no

selective actlione 'This*reagent wduld pfobably

‘~be more sultable 1n a “rouﬂher" cell than Oleic

_Acld due ta. 1ts 1esser collectlng actlon on

quartzo ;*

' Sulphonated

Cad 011 - as obtalned.from Cave & Go.,

: Vancouver, B.C. Itzhas good eollect1ng~actian

_for barite and,llmeétdne“withknc'apparent'

®. L0

VSeleotive a¢tiaﬁs In common w1th sulghonated

castor 0il and flsh 011, 1t lncreasea the grade ‘

of the limestones

;'Sb§?“m7oleate - a collector often recommended in the

flctatlen of non sulpnldea, found in ‘the case
of thls ore to. be an lnferlcr preferentlal

»collecuer~to that of Emulaol,Xkli,,The,barLte
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gréde'was 20% lower, limestone grade:8%'w

higher and the"qﬁartz grade 10% higher. Due

. %6 & 257 increase Of’bulk@ﬁhe'barite recovefy

E was'highef. The tests indicate that it is also

1n£erler to Sulphonated Castor Oll.f Thié'

reagent requlred a frother.‘ =

Palmltlc Acld - Thla reagent was recommended,by Gaudln f

AGTIVATORS°

'i ;andiHansen im the separat1Qn,of bar1te and ’

limestone in the'presende‘of‘S@&imﬁsulphaté

as a llmestone degressant, It was, n0u satls-

factory 1n thls ore as no selectlve actlon was

f,1ev1denced, The addltlon of Terglneal as a

frother was found to be nece&sary.

Copper Sulphate‘- generally used ag: an actlvator for

1" quartz. Found in these teats to be more S

f:sultable than Lead Nltrate. Best results

obtalned 1n a bH range of 6"11@ Also has a

sllvht actlvatrng actlon on barlte and to a

lessér extent on llmestone.i Thls agrees w1uh ,

~the results publxshed by Hiélbich in Uber dle

Anwendunvsmoglichkeiten,elnlger Netzmlttel 1n

"‘“der Flotatlono

Alumlnum;Chlorlde - used as an- actlvatgr for barlte, but

poor results Were obtalned. This'agrees with

" the results‘of H&lbl@hiy
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'Lead~Nitr&téi# usea;as an activator for guartz. Itfis,le&s
~efficlent than copper sulphatasa

Citric scid - found to have slight activating action for

,Barité; Iﬁ‘wés menﬁioned by Rs Ralston in The
Flotatlon and: Agglomeratlon of Non Metalllcs
'(U; Se Bureau of Minesg).

 DEPRESSORS: |

 Potassium-cyanidekand Zinefsulphate:;vased jOintly as a

&epresSOf'of ch&lcopyrite and pyrite.

Pot&sslum chhromaﬁe - used as a depressor of galena
and pyrlteo—

,Sodium*Silicate - u&ed as afdepfessdr of qu&rtzkin Which

T comp&res favor&bly with Silicic ACldo As it
Was qulte 1nsoluble it was added 1n all cases to
the,mlll. For chemlcal actlon see notes on
'theory of depressorso

Slllclc Acld,- used.as a depressor for quaruz.

Lead Chromate - uged as~a depressant fOr llmestoneo The
 use of chromates was suggested by the use of
’301Ublllty tables, “the theory as supported by Wark,

"~Rose & Macdonald.belng that 1nscluble coatlngs are
less amenable to flotatlon.

Potassmum Chromate - uaed as a llmestone depressanta,

| Results c@mparable with Lead Chromatee

 Gthmid AQld,* used as a limestone depresﬁant;‘ Results

 obtained Wefefunsatisfactorys,

Chromous Odee - pged as a llmestone depressanta Results

obtalned.were unsatlsfectory. Thla reagent



" gaused an unaccountablykbigh pH value for fhe
pulpe

Acetic Acid - The use of aceticeacid ls explained in

conclusion.of test 48.

Sodlum Oxalate - and Oxallc Acld - ueed a8 deuressants
for llmestone.ﬁ For actlon see conclus1on of -
- test 44.

!Aluminﬁm‘Nitreﬁe‘—~usedﬁas a,limestohe'depressanﬁ, fBest

results obtained using 0.5 #/ton. For
Chemlcal action see conclusion test 55.‘

Sodlum Alumlnate - ueed_as a quartz depressant for Whlch

progerty it may be compared favourably Wlth

~Sedium Slllcate,,

Sodium Sulphate - The use of Sodlum Sulphate was euggested
as a theoretlcal llmestone depressant but
eteete,;ndlcate the;099031te, 1,e9 lt‘haekmoie

of;enkeetivaﬁing,actioh an limesﬁdne with no
;effectie# baiite flet&tion,' See conclusion

L

; teef“éz;‘ 

"V'Fer:ie Sulphatek? This,reagent was used.as a limestone

. ' ’depreesant.as amcomparison of a heavy metal

| sulphate w1th Sodlum Sulphate wasg deSLredo
Results showed,no dlfference between the twoo~'

Sulphurlc Acld - used to test the effect of a low pH on

the Ilotatlon of barlte limestone, and quartz,
~and also to form a monomolecular sulphate

'coatlng. No satlsfaotory results obtalnedo
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'Sodlum Hy&rox1de - usad to test the ‘effect of a hlgh pH |

-  om the flotatlon Qf barl@e limestone and k

8 quartz;"Gaudln suggesteq a pH greater,than‘
10 for the inhibition of calcite. No satis-

; faoﬁofy results Were Obfainéd,dQe‘té_the |

_ lnablllty of atualnlng a high pﬁo ’

‘. Argo1s = (Potassium bltartrate) - used as a quarﬁz

depressant. Found to ‘have little effect.

‘\Sodlum Metaphosohate - used as & llmestone depressant.\,
- Thls reagent was found to glve the best |
resulﬁs for llmestone deore551on. For.
(dlscu531on of actlon see theory of depreésors
&nd for comparlson of: results aof varylng

amounts see test 649;1;

Sodlum Hexametaphosphate - thls reagent suggested by

' Rose and Macdonald ln UsSe Patent No. 2 040,187
“as an 1nhlbltor of - llmestone. The reagent%k

showed‘a general deore551ng actlon,

e



- THEORY OF FLOTATION -

The thearetlcal feundatlon of fl@tatian is based
on the behavicur of surfaces - both Ligquid: and solld.
Surface phenomena w111, therefore, be reviewed under the~'
 ~£011eW1ng headlngs' a8 related to the propertles of the
:, var1aus reagents used, gartlcul&rly those pertalnlng to
non-sulnhlde mlneral fletatlon. | ‘

1;’ Pha&es of the Flotaulmn System,

2 kMﬁGh&HlG&l Aspects a£ F:oth;Fcrmétion;y

5. Adsorption. |

4. «Reagents,-'

 ‘PHA8ES OF THE FLOTATION SYSTEM‘

There exists 1n any flatatlon operatlan, three -
| @hases‘ gas, llquld, and,selld- of which the liquld phase~'
qappeara to be of greatest lmpartance and,the gas phase ef~

1f least 1mportance. L e R | -

= The gaseaus phasé‘presenta‘lts importance as the

i,mechanism for llftlng the segregated partlcles.{ Althouga .
»the c@mpasitlen af the gas, consldered as a pnase, makes

kvllttle dlfference, 1t can con81derably affect the fleat-

;abllity @f mlnerals 1f reactlan proceeds between the gas

molecules and the mlneral surfaces, or dlssolved reagenta

LVOr the water 1tself, Thus,;@xygen 1skoftenTanfpx1dlzlng
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\le’agentg earbon dioxidekfefms'cérbonétee, and'hy&rogeh
‘,sulehlde 13 g ghrong eulfldlzlng agent, all of which may
%play an 1mportant part ag such in flotatlen systemSo

’ The llquid.phaee has always been a dllmte aqueous o

"solutlan, Why this should be the case is qu1te evident

;when the. propertles of water are considered, Water 13

‘vamivers&llv avallable and 1nexpenslve, lt hag great solveat

f~power, low electrleal coaductlvity, yet great lon131ng

’power, and.hlgh gelarlty which makee it auitable for fl@t~

ilatlon. Other liqulds ceuld be used for special flotatlon

1nvolv1ng the recovery of valuable groducteo
| A factor of great 1mportance 1n gerformance of

‘,'flotaulon systems ig tae hydregeﬁ?en concentr&tion of the
yEUIQo Thls is measured 1n the llqu1d phase and recorded B

as the EH or the 1ogar1thm to the base lO of the hydrogenfon;

’ concentration., By coatrol af thls facter (loee acldlty ov

'kalklllnity) of the gulg, lt is 90331ble to floaﬁ ar depress

. varloua sulphlde and non-sulohlde mlneralso : ’

@ In contract to the fact that there 1s but one gas

Teand one llquld phase, the number of solid phasee may be

o large and. ef cemplex.assocmatlon degendlng upon the numher
%’of mlneral specles presento o |

ﬁ Mbst minerals are unlonlzed,and lnsoluble in W&tero’

'eIonlzed\aubstances have much greater selublllty 1n water :

ﬂ‘and are therefore rarer as mlneralso Calcxte is an excepﬁien;,”

belng an lonlzed mlneralo
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The gelarlty or nonépolarlty of mlnerals, together
Wlthkthe capa01ty of hydratlon Whlch transforms the surface
of certaln otherwise non—golar mlnerals 1nto Qolar areas
,koontrcls thelr Wettability by Water and ultlmately thelr
flotatlon or non»fletatlono~ The surface of a mlneral adsorbs
‘ water molecules which forms a tran31tlonal layer between the h
crystal and the solution which cements water to the mlneral§
The case of a non»palar solld,whlch cannot be hjdrated 13
etotally dlfferent - the phaaes must then be bound :

dlscontinuously.

MEGHANICAL ASPECTS OF FBOTH FORMATION“

b A study of the mechanlsm of frethlng reaolves :

.ltself inta the rate at Whlch mlneral partlcles ‘cone 1nto‘
contact with bubbles, whether or not uhey adhere to the
bubble on - contact and bubble formations |

The.extent to Whioh bubbles and‘partieles encodﬁter“
each other is 1mposs1ble to predlct in a complex system such
‘as an aerated pulp.‘ Much lnfarmatlon can be gathered hewever
afrom the study ef a slmpllfledvsystemo To represent such a
!aystem it is assumed that the bubble 15 spherlcal, rises
’wertlcally Wlth unlform veleclty 1n,a Qerfect liquid whlch
‘hag no v130051ty and is 1nf1nltely leLSlbleo Freﬁmgiagram
ewhlch represente a bubble rlalng vertlcally 1n a perfect
liquld, 1t can be seen that only p&rtlcles Whlch lie along

the line ZZ will come im contact w1th the rlslng bubbleo

Ideal condltlons such as thls can not ex1st in an aerated
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,fmFldw\Linesfof~Water
around a rising
- 'bubble.
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1~§ulp; Here, there is rotatlon of bubble and partlcle,
'ilateral movement, and non—spherlcal shape of partlcles, whlchv

'Wlll nOu allaw settllnn 1n a straight line, Allvof these
 factors cause the CGlllSlons to be greater in number thaa
'ﬂ that ex1&t1ng in a perfect aySuem. Therefare‘;t would seem
: tnah a ratherkflne bubble froth would be‘desirabie, and fine
: partic&es Wduid‘be undesirable as faétara'in prdbabihitykof

encounter - hence fletatlon. . \

k Gas=-solid attachment may best be dlscussed,under
 ;several headlngs - types of wettlng, coataet angle,
‘selectlon 1n attachment, and bubble structure and formo,

The essential cond1t1en for frcth flotatlen 1s that

a partlcle completely wetted by water become attached to an

'air bubble.' A partlcle may become Wetted 1n elther of -

three ways - as shown -

BOE

(h) . (

CONTACT ~ SPREADING 1
WETTING ;  WETTING ‘ L IMMERSIONAL
. : ' : - WETTING
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. CONTAGT ANGIE -

. - The studJ of na»other 31ngle property of minerals

  has been of such great slgnlflcance ln the theory of -
:flotatlon as the study of contact angleso;'lt is the~ﬁeasure
'of the tenaelty of adhesxon between mlneral and air; that

is, ‘the tendency of a bubble‘to remaln ‘attached to a7

’Tmlneral, thereby rendering 1tffloatablee

50//d ) L 50;,01

‘where TS& é Surface tenalon of A1r4Water 1nterLace. ,
~‘TWé & Surface ten51on af Water-Solld 1nterfaceo

TSA = Suriace ten51on of Salld‘ﬁlr 1nterfaceok

TSA 2 TWE  +  TWA CosO.. ... (1)
In erdérﬂthaﬁ ah'air aolié/ihterface be eSﬁéblished

1A { mA o+ s

fhénéékwark donekto‘perform;this will be
) 7 W = s o+ TWA — ook
(where W= Wofk done per unit,areé)'
substztutlng in equation (l)
. W % TWA (1 - cos d) S
‘ 1£'(1 =z 09 then W‘» 0 and there is no tendency for the
‘bubble to sticks If d = 180°,then W = 2 TWA,which is a

maXLmum of adheSLQn tenaclty.



- Both CX and TWA can be measured experimentally -
which is obv1cusly of great 1moortance in flotatlon. It
,\may be noted that not every factor 1nfluenc1ng flotaﬁlon |
_ also influenoes conﬁact &nglegralthaugh~any factor influending
contact~angle influences flotaﬁidno Thls is ev;denoed by
the fact that frothers have no algnlflcant effect on contact

angle,as they,lower the»surface ten51on only slightly.

SELECTIVE ATTAGHMENT o (1)

Attachment of partlcles to bubbles must be selectiveb
| between mlnerals having dlfferent surfaees, in order that
flotatlon be successful.: If a oartlcle hav1ng a non-polar
ksurLace encounters an alr bubble 80 that dlrect adherencek
‘Qf air and solld axlsts at a certaln 1nstant ~the contact
‘angles that become establlshed at the solid surface iadlcate
& tendency for the gas to dlsplace the water at the solldt
surface. Slmllarly if a partlcle hav1na a polar surfaee |
'~encounters an alr bubble (whlch may be dlfflcult because of
ithe hydrated lons re31d1ng at tne surface of such a partlcle)
- the ccntact anglea 1ndlcate a tendency for the water to
'kdlsylace the gas at the solldﬁs surfaceo Thus, one of the
f,partlcles w1ll tend to pass 1;K%he gas phase and the other

to return in the aqueous phaae.
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k Return of oerticles heving~a pcler‘Surface'ﬁo the agueous
' phase 1s favoved by the agltation and subsequent encounters
“1nvolv1ng the gae bubble and by the crcw1ng effect exerted
at the bubble surface by other particles Whlch are better

prepared to adhere to the gas
(1) Goudin Flotation P98.

: BUBBLE STRUCTURE -

An aggregate of bubblea ls a. froth,ﬁ The most
i deelreable froth is one 1n Whlch the bubbles rlse w1th

euff1c1ent velacmty to carry over an abundant concentrate,

«yet trawel slew enough to allow dralnage of unwetted materlal

k, back to the pulgo

. The bubbles vary in form durlng thelr llfe due to
several causes (l) extent af mlnerallzatlon of pulg° (2)
k31ze of égrthlESo (3) 31ze of" bubbleok They flrst appear
‘spaerlcal in shape, but due to laadlng they beceme forced

~together where ‘some unlte to ferm larger bubales, and

‘,e@entually attain a polygonal outllne.




EXlstence of a golygonal froth produces a filter through
“Whlch the gangue materlal passes on its downward dralnageu
'Goarse maéerlal would tend to become retalned but this 1s
'veaunueracted by 1ts fast settllng rate 1n censequence of
whlch it would not ag 11kely be at the top of the froth.
‘Fine parﬁlcleﬁ, due their small descendlng veloclty over-
‘flow Wlth 1nterbubble water° ' |
In agreement With the seeend law of thermedynamlcs,/
i/(surface energy tends to be a mlnlmum), partlcles adhere
‘te a bubble wall with the largeat area compatlble under the

; clrcnmstaneeso Due to thls faet the bubbles are llned one

B layer thlck.and present a smocth 1nner surfaceo

Camera-luclda dramlng of a dry bubble)
~ (aectlan) X80,
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k1 Seﬁe?a1 arguments,héve‘been put'fbrﬁhués to ﬁhe“correct,

| Size of.ﬁubbléa Small ones, Whlle they have a greater
ksurface per unlt valume9 and more tendeéncy to attach to
;flnes, cast‘more to produce. They may alao be@ome heavily 
,enough leaded to. attaln the same spe01flc graviiy of tha

: pulp, thereby hav1ng no llfting powers '

The gorrect theoretlcal 312e can be obtalned from

. Allen's Law =

~7Where,K~ = A Constant (O 5)
S = SPGlelc grav1ty of bubble,

Acceleratlon due to grav1ty.

S | B

Radius of bubble

o 9 «a G
L

“A‘anatanﬁ,(6¢0034'am)

i

"

viSGOSity of mediuma,ﬁ

 From thls equation and other data,(l) the best ratla of

‘5 bubhle 31ze to Qartlcle 51ze in a pulp of Lo 25 ﬁor ca101te is ;

‘ithe ratlo a8 895'°1

(1) = caudin = TFlotation FPLO4s
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- ADSORPTION -

¥
] w e A

-

Adeorgulon is the term used to denote the formatlon
B of layers of molecules attdched to ,0T attracted,by,a Solld
surface.(g) Selectlve flotatlon ig: dependant upon a-

B seleotlve absorptlve power of mlneral surface for certaln
5organlc compounds , |

' The surhace of & SOlld ar- llquld phase has an. unbalanoed"

j‘lnter»molecular force, not posaessed by the 1nterlor. In the  '

ehlnterlor, the ChemlCal aturactlon of an atom 1s equally
dlstrlbuued among the surroundlng atoms, At the surface the
atomlc attractlve force on- one 51de ex1sts unsatlefled, |
causing a deflnlte chemlcal attractlon to extend out 1nto
"spaceﬁ This force is oapable of holdlng other molecules
efwhlch come w1th1n the. zone of 1nfluence to a varylng extent
‘ fdependlng dpon the type of molecule g0 adsorbed. D1s0u351on
' t,1s here lelded 1nto two parts'» adsorgtlon at llquld surxaces

kand adsorptlon at solld surfaoeso

ok

~ (2) millard = Physical Chemistry - P.138.
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‘ﬁAdeorpﬁion at LiQuid‘Suifaceeé

‘ many organlc substances when dlSSOlVed’ln water, lower
lts surface tension, whlle 1norganlc salte “tend to sllghtly
ralse the  surface ten51one Je Wlllard Glbba (l) Suates that
;thls phenomenon is due to a hlgher concentratlon of the
organlc substances at the surface 1ayer than in the bulkg
Whereae the surface concentratlon of 1n0rganlc ealts must
be 1cwer than the bulkeconcentratlon,' The organlc substances
are sald to he g031t1vely adsorbed and the 1norganlc salte

‘negatlvely adsorbedo The amount is glven by Glbbs’ equatlen »:.

C ¥

Af,‘Re o€

'Adsorptlon in gme molecules /bm 2

“

“where

A
R
Q

]

Concentratlcn in 7 or gram mnlecules

. gf‘Gas oonstant in ergs per degree centok\
= eAbsolute temperature in: degreee Kelv1ne’k

‘“kL&ngmULr has shown that Glbbs equatlon leads to the conclu51on :

| that the adsorbed.layer lS -one 1on or moleeule thlck(g) Im‘
ethls unlmolecular fllm the Qrganlc molecules fix thelr

- erentatlon w1th respect to the surface, the dlrectlon depenéi‘

dant upon the type of molecule,f Far example,organlc compounds

1) Wdrk = The Prlnclplee of Flotatlon Po64e B
7,(2) Gaudlno |




such as those employed as frothers, are made up of an active

',fand an- 1nact1ve group, whlch orient themselves w1th their

actlve group dlreoted towards the watere In this way ‘the
i adsorbed molecules become concentratea at the alr—water :
';1nterface on the lnner and outer walls of the bubbleg

1cau31ng a loweflng of surface ten31an°e:

Adsorptlon at SOlld Surfaceso
. Flve dlfferent types of adserpﬁion'are considered by
Kolthoff, (L) % k o .
i:,l;‘fAdsorptlon by a salt hav1ng aﬁ 1on 1n’eommon Wlth the
lattleeo ; o :
“2g' Exchange adaerptlon between lattlce ions in the
'yeurface and forelgn 1ons fram the SOlUtlQnoa’ ’
o 3; ‘Exchange between adgarbed,“counterwlens“ and.forelgn
Vlons in the solutlono - h

'Moleeular adeorptlon of non-electrolyte and true

8.

adscrgtlon of salte.lkr
:S;ﬁ Actlvated a&sorptlona ’ ‘

"Type (1) lS desmrlbed asg adsorptlon ofkpotentlal- ‘
kdetermlnlng ionsg such as the adsorptlon of heavy metal lons
'~from solutlon by an electrede of the same. heavy metala
E Type 2) lS very commone Nanonen (2) faund that 1f
fkbarlﬁm eulphate was ahaken with lead chlorlde, some of the
1lead 1ons in solutlon were replaeed quantltatlvely by barlum;
o) Tournal Phys1ca1 Chemistry, 40, 1027, (1936)

(2) Wark.~ The Pr1n01ples of Flatatlon - P67,
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elons from the crystal lattlce ,but the ohlorlde ions were

"'unaffecteda

 Ba 80 + == pB 80, + Batt

~Type (3) iS'made‘clear by an eiample; Ve have seen that
smiver 1od1de when thoroughly washed, stlll retalns an excess
,of 1od1ne :r.ons9 and that 1t is surrounded by an ionic.
',atmosphere of hydrogen 1ons as counter 1ons° Lead 1ons from
a dllute solutlon of lead nltrate can replace these hydrogen

lons themselves becomlng the counter 1ons accordlng to the

"jequatlono

Z(AgI »‘)"é;H+—‘|—MPb++=‘—o‘»—"_2'(iAgI...’.’l,-9) potte 2rt

, Tyge (4)» Suoh substances as water and alcohol can be

’.adsorbed by lOHlO latulcese They may be firmly helde For

g example even 1n a hlgh vacuum, calclum fluorlde holds fasﬁ to‘”“

o'water adsorbed from the atmosphere» The water can not be

k:removed even by heatlng to 400 C, but hydrogen fluorlde ls
;revolwed 1nsteade‘kH R |

Cafy -+ HoQ — Ca ¥ (floH) + il |
' Kolthoff considers that’equivaientfnumbers'ofeanionsk
"and catioﬁs canfbe a&aorhed.by an ionio”lattice*if the
- lattice and adsorbed salt have no ion in oommon, thls process
is equ1valent to the adaorptlon of a salt. Thus lt has been
clalmed that varlous salts are. adsorbed on barlum sulphate

‘ln unlmolecular filmss

Tyge (5): Actlvated adsorptlon* By'aetivated,adsorp;



is meant that the adsorbed molecule is chemically changed
- or strongly distorted by the adsorptione This property
makes it'possible to react with other substances not
ordinarily touched; |

Adsorption may be distinguished from‘chemical reactione.
Invpractice thére is‘a continuous range of adsdrption
" phenomena ffom the loose vah der Weaal's adsorption to
indisputable chemical reation. Iﬁasmmch as all chemical
reactions must begin és adsorption of ions or molecules,

adsorption can be considered as chemical reaction.
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- THEORETICAL ACTION OF REAGENTS -

#, oy

COLEECTION'

" Collectlan is that element of & flotatlon operatlon

whlch’comprlaea selectlve attachment @f certaln mlneral

” partlcles to bubblesa Seweral theorles of the operatlon of

| collectors have been advanced. Nearly all have been dls-‘
credlted or dlsproved, whally or 1n part by varlous erterq
: 1n favor of the 80 called “chemlcal“ theory. In a paper by |

'Taggart, Taylor. and Knoll(lz 1t was posﬁulated that ®“AIL

kdlssolvea reagents Whlch& 1n fl@ﬁatlon pulps, elther by
 act1Qn on the to-be-floated or on the not»to»be-flaated
parulcles affect thelr floatablllty funtlon by reason of

 .chem1cal reactlens of well recognlzed,types between thev

“ 3 freagent and the Partlole affected“ Thls hyp@theSls te

f?lntended to embrace Wlthln its generallzatlon9 collectlng
‘ ‘agents, depr6881ng agents, and actlvatlng agents, both organlc
| and 1ndréanlco It is subgect to the one llmltatlon that

 the reagent must dlssolve in the Water of the flotatlcn

pulp, and react an the solld garﬁicles therelng to affect

'  thelr floatahllltyg_ This limltatlon however, does not mean-
that chemlaal reactlon hag no part in the functlonlng of thek
fother types of substance. Nor the contrary. The exclualon

(l) Taggart Taylor & Knell; Chemlcal Reactiona Ln'
Fletatlon.; Trans. AsToM.Ee 87 1930. P, 2110




~51mgly narrows the field of dlscussion to the extent 1ndlcated.
Ghemlcal reactlon between soluble flotatlon reagent

‘and the solld partloles of the pulp was suggested as early a8

,‘1904 (13 and perlodlcally supporued 31nce that tlme.~ The

early all aqueous dlfferentlal- flctation patents (2) almed

to effect by dlgeetlon 1n strong aqueous solutiens, chemlcal
eurface changes slmllar to those effected.by the fractlonaln
roaatlng @rocesses., But when some of the same 1nveet1gators

Q»found that very. dllute solutlen of lnerganlﬁeeubstances had

;°%f_somewhat the same effects on the floatablllty of certaln

esulphldes as the strong solutlons had, they apparently dropped

. the chemlcal—actlon 1dea, because w1th dllute solutlons, there

“were no readlly v151ble surface changes on the mineral

affeeted, There have fellowea, in consequenoe, many theorleso .
ﬁ‘WQ Oﬁtwald has advanoed.a theory of the actlon of ’

 »f soluble collectors; an essentlal part of Whlch ls that only
efba.rlng of the collector is necessary for flotatlon-‘the

kelocatlon of the rlng belng the alr-water-mlneral line of con-

;"tact& The grocess by WhLCh thls ‘ring is assumed to be held
vvals styled by hlm'“adllneatlon“ Its theory is based on the
;postulatlen that a soluble collector such as pota551um, ethyl ;;~;
xanthate is concelved,of as a three legged molecule whlch .
“first adsorbs at the surface of bubbles and sulphlde partlcles
"penetrates the bubble wall, drylng 1mmed1ately on the part
kextendlng 1nto the gas cav1ty of the bubble, and the three~
legged molecules 31mu1taneously Jump 1nto p051t10n along the '
’_411ne of three-phaee contact, w1th one leg extendlng into the
~one

gas, into the llquld and one agalnst the solid phaeeo Inkthe;‘, et
(1) De Bavay, U.S. Patent 864597 (1904) L : '

(2) Ramage 967671, Wentworth 970002; & 980035:
- McGregor 972459 Herwood.l@&QSﬁ&, etce
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K' cdmgoﬁnd potassium ethyl Xanﬁﬁate -
t s

05 T f\O e ‘
o) "G\SK
~Ostwald concelves the ethoxy group a8 a1r-av1d, the double
bonded sulphur as metal—av1é, and the SK group as Water—av1d.‘
‘ This theory is in ep9051t10n to that adopted by
’af'Wark and Cox5 cl) namely that a monomolecular film lS
~ adsorbed by the surface of the mlneral, and that for eleag~’
1neus collectors a thin fllm &preads on the surface. The
~only ev1dence advanced by Ostwald.ln opposwtlon to Wark and
/ rCox 15 that the amount of reagents addedrseems te be lnsuff-
ﬁrlclept to form a unlmolecular fllm.f Gaudln, Glover and
"Hansencl) demonstrated ‘that the amount of reagent was o

sufflclent. FUroher, the adllneatlon theory is not in accord

ffr w1th aeveral experlmental faots and accredlte&vprlnCLples ef

1rj‘ surface phy31cs. (2)

| - Ravitz and Porter (3) attack the chemlcal theory frem ;
' a dlfferent angle0 Us1ng the 1nvest1gatlons in Lhe flotatlon
k"behaVLOur of “oxygen-frea“ galena, in Whlch they were able to
‘ float galena Wlthout a reagent, they concluded that thelr |
xex,perlmentq supgnrted ﬁhe old lde& of 1nherent floatablllty

,of certaln mlnerals°~ Thls canclu51on le@ to the statement

that collectors such as xanthate may act as a cleanalng agent ' " 3

(1) Flotatlon Fundamentala Part l, Us of Utah 1929 .
,(2) Gaudln Glover & Hanseng JaPhys, Ghema mar¢1933. P.815°
‘r(S) Rav1tz and,Porter, A. QM;Eo Tech. Puho 513 (1954)
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"fofrémdveioxidaﬁicn surfa¢é §rodu¢ts leaviné'the non-polar
";sulphide free for tﬁe disglacement of water by gas.
5§E,grauproffinvestigators, among'wgom,may be 

‘nam&ered‘ Takakuwa (1) a.ndv‘Ralétdn (2) forrow su.nmaﬁ.j (3,)
in‘a;sc‘ribing“ flo‘lﬁa@tien to differential floceulatioﬁ of the
,vpartlcles to be fl@ated - w1thout examlnlng the mechanlsm :
 that controls flccculatlan.‘ Slnce~the chemlcal theory
~'deals Wlth the antecedent step, the argument is not effectlve
as a theoryo i | ,' | ,', o

| Anether thecry is advanced by Otls Be Welsch (4)
vy;suggestlng that the flotatlon of mlneral partlcles, sulphlde
;ior non-sulphlde, is the result of buoyancy created by

‘y developement by chemlcal means, at the surface of the S

ff?partlcle, ef a wel&tlle substance. He supports his theory by

   f;c1t1ng the works of such erters as Re So Dean, A We Alleng

iIaggerﬁ and.others, |

| However, the theory as presented does not seem |

i conv1nclngo i " " k |

k The generally accepted “chemlcal“ theory of |
‘Cdllegtlen as‘sgonsored by~Taggart and_Gaudln,;lnfers,th&t~a 2
‘fcéiieetor'attaChes itself to a mineral SGrface by chemical
,reactieh. It does not denj the fact that collectora are
'adscrbed as unlmolecular fllms - 1t empleys the prepenly’

o) Takakuwa« Prec. World Eng. G@ngress, Tokioe 19299

(2) Ralston; Trans. A.I.M.Ee. (193Q) 87, P, 247,

(3) Sulman, Trans. Inste Mine & Met., (1919) 29, 44. |
(4 Welsch, E & MaJs Oct. 1932 Po 528.
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defiﬁéd,and clearly understobd definition of adsorptidn’é
fhafkadSOrptian_isknothihg’ﬁore than a‘concentratian of
‘solute‘at an~interfa¢e (thé;me&hanisﬁ Of_conéehtration may or
‘ ﬁay nOt‘be'cheﬁicai,reéoticn)i' | | | ’

| ,Célleétor agents eﬁpléyed,are~capéble;of forming
:aﬂvéry SIight1y~SOIUblekdompound‘wiﬁh‘soﬁekintfinsic
k;_compound ar surfaoe 1on of the mineral to be floated, 2heyk
'_have the characterlstlc of belng of a dual nature part of
their molecule is polar (and waterswettable) whlle another
4p&ru is non»polar (and non»water—wett&ble) Thus; in the
| case of sodium xanthate, the sodlum end ls polar and the

"annthate (Alkyl) end is non—pol&ro Slmllarly,after

'"  pree1p1tat1on, as the metalllc Xanthate, the metalllc end.

of the molecule is polar Whlle the xanthate end. remalns non=

k“fflpolar,.kIhelzkarlentatlonvcf ‘such reagents (texmed;heteropolar) w

~cen be illustrated as follews =

R = Alkyl 1nact1ve SIOUP" o

X,,— Actlve Group.

Increased.length of the hyﬁrocarbon chaln resulﬁs

"@ln 1ncrea&ed effectlvenesa of the- collecter. Nb'dﬁflnlte

g optlmum,has, however, heen establlshed,for,the‘numbér,of :

‘fcarbOniatoms in thé non-polar part of the molecules . The




fkproperty of nen wettablllty in the exposed part of the

7molecule is essentlal to a Solld subatance or its coatlng,

: to be: amenable to collectlon.ln a flotatlon frothe

v Madern usage has 1nclwded promoters in the ﬁermk~,
‘:collectorgj‘ All collectors (therefore promoters) cantaln
;bbfh polar and non-polar groups - alI must be adsorbed to be

' 5effect1ve. Th@se used 1n~present day flotatlon praetlce are
malnly xanthates and aerefloatq or their derlvatlves. Both

of these reagents releasefaotlve-waternregellent a;nlcns?’on1

~dissociation =

from a xanthate Re O = 07 _ and a cation u*
L D NGRS PR D N e
from an aerafloat Re o, 8 o e
p B L and a cation H

| "*R.‘ o s e
These anions are‘strongly adsorbed at all water
W’éurfaces owing to thelr Water regellant hydrocarbon (RQO.) .
.chalns, and some come 1n contact w1th the partlcles of ere
5;at every water~salld 1nterfaceo The dﬂuble bonded sulphyr

gatom ( S), ar p0831bly the Whole group 1:§-~: appears to
hawve the property of attaehlng 1tself to the surface of
sulphlde mlnerala and ‘some natlve metalsﬁ renderlng them
'ywater<re§ellent and therefore floatable.' k
kk Of the p0331b1e xanthates, only gota331um and
o sodium ethyl, butyl and amyl.xanthates are used, with the
,fpota531um belng in preference to the scdlum compounds. As
gy rule the low xanthate is less powerful but more selectlvef

‘ than the hlgher alkyl forms.
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Aerofleats are made in varlous grades degen&lng
= upon the percentage of P2 85 contalned. They‘areknotkas strong
: aS‘hlgher Xanthates in actlong but they~are preferred in

/ flotatlan of pyritlc ores, due to thelr leaser aetlan on the

n:L pyriteo Because of the presence of free cresyllc acld, which

t”i_ls a frother, aerofloat has both frothlng and collecting

‘,(or promotlng) propertles.

In addltlon,to the above mentloned promoters, whlch

'ﬁ{ contaln a - group of the type

A - 'V‘*SM )

:  ;there are others with alngle or double sulphur groups.
ﬁ {Th1ocarban1l1de with the 31ngle sulphur groug -

(}6 HS. -f H - H, C i 5 Lo
CeEgem=n"

‘;;fér &iéxanthogens w1th ‘double sulghur group of the tyge'

by

i&re fy@iéél;, Both arékless emplayed than éérdfloats or
‘VXanthatea, although they are qulte effectlve in their own
:gartlcular flelda. | ‘ |
= | A new class of reagent has recently been
lnﬁroduced,u cf which the actlve water repellent part is

;7conta1ned_1n the catlon, The subsﬁltutedvquaternary‘ammonium.
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"Vcompound.as used by’Wark (1) in the flotatlon of 31110a 13
JV of the cation active class» He employed tr1—methyl-ceﬁyl~‘
o ammonlum brcmlde, (commerc1ally known as Llssalamlne.é),
1~Which dlssoclates into a catlon : o

_CHg.

OHy L N g
s :::: ¥ %  and an anien Br " .
om0

- CHg(CHp), o

~Heré,’theiactive‘i@n carries a positive charge in contrast

with the negatlve oharge on the actlve ion of the xanthates,

' aerefleats and SLmllar promoters. It appear& that thls.

property makes the oompound a premater for 31lica and other

‘ reck forming mlnerals. | -

Many cat10n~act1ve compounds are known, the
 ,pﬁéperties'of whlch~have been. 1nvest1gatedg Most of them
‘bring up sulphldes as well a8 non-sulphldea w1thout selectlve

actlon - gome w1ll float the whole of an ore.

 (1) I. We Wark, “Tbe Phy51cal Ghemlstry of “JZ‘ILcrl:.atlen‘t

o Js~of Phys. chem, Vcl. 40 Hmy 1956.
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;iFROTH:NG -

: Frothlng ig: the moet consp&cucus of the phenomena
'comprlsing the flotatlon procees. It is of vital 1mportance,
;belng the factor centrolllng owerflaw, ‘hence concentration,
The mechenlsm of the formatlon of bubbles by frothere is
epurely phy31ca1 and is baeed on one ef the propertles of .
llqulde - namely surface tenslon. | | |
| Je Willard Gibbs (1) has shown that a substance
lowers the surface ten31on of & - llquld only by adsorptlon,
If two llqulds are then mutually soluble there can be no :-;
'adeorptlen.1 In all grobablllty, therefore, the so called ,_J
soluble frothlng oils are in colloldal suspen51ons rather
:bythan.true eolutlons.'l ! | |
The frothlng agents are found by experlment to
: eoneentr&te 1n the bubhle fllms, thereby 1ower1ng thef ‘
‘,,surface tension of water.( This is in complete accord.w1th
the prineiple of mlnlmwm energy, 1nasmuch ae any ather
‘behaviour of such substances would.not produce a state of
‘,emlnlmmm surface energyo (2) : :

» A study of substances Whlch lower the surface
tenSien-ef water shows that they are; practlcally w1th0ute
‘exceptlenw erganim compounds, whereas eubstamces which ralse
-ethe eurface ten81on are inorganlc compoundso

(L) Thermadynamlsche Studlen

"“~,(2) Frothlng, GoR.M. del Guidice; E & M T3 Vol 155 (1934)

Pe 153
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 Statistical analyses'(l)'of theVStiucture of
’j molecules of good organlc frothlng agents has shown that they
Vare 1nvarlably made up of two dlstlnct groups = namely a -
’hydrocarban group and some one of the follow1ng groupse

OH (hydroxyl s CO(Carbonyl), Coo(ester), GOOH(G&rboxyl),
‘CQEﬁ(Amldﬂ); NHz(amlno), Furthgr,ithe analy31s has shqwn,‘
n'thatfthe’sclubility in water decreases~With increéée‘in;length
of‘thefhydrOGarbéﬁ'chaine ~Theane£ effect théh5~is that4all L:
frother molecules must have an 1nseluble water repellent

(hydracarbon) greup ceupled,w1th a soluble water-aVLd o

(hyrexyl s carboxyl, carbenyl, etc.) group¢ Aa & hygothe31s,'

it is concelved that the hydroxyl end of the molecule of these'

substanees ls attracted,byéand tends to dls&olve in Water, the
hydrocarbon end does not (2 )(Wlthout water repellence of the
”]hydrocarbon end, these molecules would oe drawm 1ﬁto the
jlnterler 0¢ the water.) These twa tendenc1es, therefore'

’vkresult in the adaorptlon ef the reagent at the water surface

:w1th the hydrocarbon end af the melecule away from the Watero

(1) A. F. Tagg@rt Ts c. Taylor, &_C@R» Ince' Transo AT MoEo
 (ii1ling Mbthods 285) 1930. | L

(:

(2) Langmulr and Harkness»*,




=behé frathing agenﬁ;~dUe to tﬁe~water aVidity of the hydroxy
group, and the alr. av1d1ty of the hydrocarbon group, collects
rkln,the bubble films

| | There is iess surface energy or state of ten51on,‘
°fk1n the a1r~water~reagent 1nterface than 1n the water»reagenﬁ
1nterface - hence bubble formatlous' In other wordsg the |
formaulon of bubbles w1th the frothlng agent in thelr Tilms,.
represenusa reatorauion of equlllbrlum im a system by a | |

,decrease in ten510no (l)

The attachment ef mineral partlcles to bubbles is
edue ta the lesser energy of the alr»solld 1nterfaoe, than

‘that of the solutmon—salld 1nterfaceo At,the~solutlon-solld;

FES ‘1nterface there is a certaln ten31on.. When an‘alr bubble

,_presents itself at the surface, the ten51on becomes lowered,

i1 thereby restorlng the equlllbrLum of uhe system.

Good frothers are organlc cempounds with a eelub»
- 111ty of around ane gram per lltre,ef water, of the general
fofm = i s E
- R ggoﬁ‘ ~where R 1s a hydroearbon with a carbon
S GO0~ = o SRR
,contenﬂbeQualfto abOutksix; These compounds concentrate at

‘the alrawater lnterface and_funotlon by causmnﬂ rapld.changes

2y
‘in surface tensmon for relatlvely small changea in coneentratlan.F,)

2 ,(l) A. Je Welnlﬂ & C E. carpenter~f The Trend of Flotatlon'
AT - Vols 32 (1937) Ps21s

7(2) GaRola del Guidices Frothera, B & M,Jg Apr. (1934) P0155.

T




Frothlng tests have found that if a large amount
of frothlng agent is already in use, llttle 1ncrease ‘in

frothlng effect way be expecte@ by furtaer addltlons of

'reagente

falos
C h MR 5 i - *‘ Sy )

|80 .
R 50&\0“‘\

20|

o \~,"‘|oo , 200 . *,'_3oo~
. Gonce in geDsle of water
Surface tension curve obtalned.by addlng e

grepared solution of ecleic acid in benzene
to a glven clean surface of water.

Surface Tension in dynes/cm.

’In mo&t cases frethers are Glls or olly substances
generally dlstlllatlon products of wood or coal. Anlmal
products have not been found 80 efféctlve for thls purpose?‘
Varlous reagenta on the market are: made to form dlfferent B
freths, gradlng from "brlttle“ or gquiekly broken bubbles to
the other extreme of volumlnaus perSLStent bubbleso Flneness

fof grlndlng has a Bt&blllﬁlng effeCt mgom the froth, often"

N :anre a51ng IGCQVEI‘lGSo '

Plne 01ls, pine tars, wood<tara, coal tars, creosotes

1 ] 1and,the1r derlvatlves have been used as frothlng agents, some

g
i3
é
5
>
g:
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of which also have a collecting actions Modern practice is
turning towards steam distilled pine o0il, cresylic acid,
coal tar derivatives and higher aocoholss The guantities

are very small and must be individually determined by triale
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= ACTIVATION =

A&ﬁivétién a&ents are generélly iﬁorganicianidns
or cations 'whlch react with the surface of mlnerals to be
j7‘floated, thereby modlfylng them,_so that these surfacea
kmay subsequently react w1th collectors to form thereon,
adherent water repellent films. It ls generally conoeded that

fthe mechanlsm of activatlon by heavy—metal aalta 1nvolvea

~;~metaihe51s between the actlvator and a surfaoe lngredlent of

the mlneral, resultlng in the de9051t*on of a compound of the

metal of the actlvator at the mlneral surfacee, By use of a

“'~tab1e of water solabllltiesﬁ an actlvator can be chosen,g,'

o wh@se catlon forms with the ‘anion of the ‘mineral to be
, float@a; a less soluble comgound than that formed between thls
. same. 1on and the eatlon of the mlneral, 4 llmltatlon is that
‘ the reactlon product between activator and mlneralimnst;net

T-be both hlghly 1nsoluble and highly resistant to chemlcal

"‘k;reactlon.

: The tyne example of sulphlde mlneral actlvator
 ,$13 cooper sulphate in connectlon with sghalerltee Capper

ksulphate changes the surfaoe of Sphalerlte to covellite

' ;  which 1s readily floatable with a xanthate cellectore

Research ln the field of non»aulphlde mlneral
‘;aculvatlon as carrled out by Gaudin, qublch, Kraeber and
:‘kBQQpeL;fhaa developed.a newkclass of reagents, of whlch the

- active part is contained in the cation. Investigations

ot T G U T i

T
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‘have shown carbonate and sili¢ate minerals\may have their
Hsurféceéisoﬁaltefed by'heavy metalksaits,that they can be
f’floaﬁed‘b& zcollectprsfwhicﬁ formerly’had‘no effect in the
absence of an’activatcro‘v B -

| ; _ Copper sulphate used in the flotation of calcite
,iB,£YQi¢ai Cf the cation-active class} Hgfe, preéhmébly the

_caleite becomea,énated with a film 0fy$ome Iess soluble salt

~ that is able to adsorb the collector. Gaudin and others( )
“'aa331gﬁ this actlvatlon by copper (and also by lead) salts,

;;of calclte floated thh soap, ta exchange of Ca Wlth Cu and
Pb, ilons at the calclta partlcle surfaceso They asseft that
capner and lead soaps are less soluble than calolum soapso

(In general, the cerreepondlng anlon has no effeot thus

B manganese and chromlum chlorldes actlvate quartz but pota531um

r_permanganate and potasslum dlehromaﬁe do not)e ‘Gaudin and
,Hanaeg (2) found tnat nltrates and sulphates of several heavy
 metals actlvate calcmte for flotatlon by hegtyllc~and un—
'dec&ilc aclds.’ No metalllc salts wnere found,to actlvaue
,calcltp u51nc olelc acld as a collecter, due pr@bably te the
leW‘solubllLty of oleates of the heavy metals,~cau51ng

  lnsufficlent olelc acid to remain in solutlon for the

‘;productlon of a goodffroth. It 5hou1d be noted that an

“Vk,;excess of actlvator almost 1nvar1ably leads to denre331on of

the mlneral -l ;
‘(1) 'Gaudln‘ Unlv, aof Utah, Pub. 1 (1928)
' [(2) A. M. Gaudln, He Glaver, M. Se Hansen, & Co We orr;

Flotatlon Fundamentals, Part Le Unlv.of Utah & U.S.
;Eureau of Miness TeCho Paper #le (1928)




With the tervalent Metals more effective than the bivalent

—

—
-

2 3 4 5 € 7 @
Sacr Aooep »#/*oh. ‘

_ -  Flotation of calecite with heptylic acid 12#/Ton.
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- DEEmEION -

Dearessors are usually lnorganlc anlons Whlch

"prevent the'hdsorptlon“ of & colleeuor by some mlnerals but

  'knot by others. It has not yet been establlshed Whether the

depressor 1s adsorbed ltself by the mlneral, or whether they
alter the chemlcal nature of the solutlon so that the cellector
eannot be adsorbed from 1t° Gaudln and ‘his collabor&uors have
‘shown that excess ef any heavy metal salt denresses almest .
'any mlneral and that many 1norganlc anlons, if in sufflclently
hlgh eonoentratlon, w1ll deprese most mlnerals.v Metalllc~lons
'are seldom used ag depressants in praCulce but @ccaslonally a
comblnatlon of both anion and catlon is employeda | |

. | Wark and Cox (l) habe done exten31ve research work
on. the actlon of cyanlde as g8 degressor for copper and irten
ir‘sulphlde mlnerals. Plant practlce and reeearch have agreed

.that the most lm@oetant sulphlde depressors are alkalles, |

' oartleularly llme and sodlum carbonate.k Wlth zanthate as e

:collector sufliclent alkalle willk depress any m1nera1~“
5'ﬁconsequently selectlve separatlan dependa to a large eytent

 on pH.contrala | , | | ’ |
sl 'e Alﬁhough mlttle is known about the depresalon of
nqnesulphldes, there‘are,a few valuable pracﬁlcal reagents
iﬁ:uséa:‘SQdium éiiicate;can be regulated to activate or

depress silica. With an acid salt it forms a gel on the

"~Gf1)¢‘Wark and Cox, AsT.M.E. (1934) P.189, 245,




‘ﬁhe surface of quérﬁz; Tost kinVeStigators (1) have found
lfthat the sodlum silicate produces a gelatlnous comblnatlon
'of metal ox1de and - alllcaﬁ nots 51mply slllca gel and no'
"obvmous reason for supposmnﬁ that tme gel ls attached to the
‘quartz “because af related chemlcal 193:‘opertj.es“~ Bartel
and others have shown thls adsorptlon to be hydrolytlc ~l
\that is, 5111ca, adsorbs the baSlK constituent greferenﬁlally ,
~and leaves the acld.ln;salutlono' Slllca is then said to be
"acﬁmvated“ because the adsarbed.lons are capable of formlnv
Wlth olelc a01d a floatable surface of lnsoluble base»metal
’scap° The adsorbed base-metaT 1ons are also capable of
 form1ng w1th &adlum smllcaue a hydrous gpl whlch acts as a .
'&epressort Sedlwm slllcate shauld be: used in excess 80 that
;all metal 1ons Wlll be taken &é - thls 15 counueracted by
‘1nteractlon,of'sodinm 5111cate w1th olelc a01d°

Just as some saltg capable of formlng 1nsolub1e
kacapé@acﬁlvate ca clte,'certaln other salts whlch form
: 001101dal hydrox1des, result ln &epressxon ef GalCltee

jChromlum and allumlnum nltrates are typlcalo i

: In thelr 1nvest1gatlons, Rose and Macdonald(zy

;havéffound that certaln partlally or 1neompletely molecularly

"hydrated phosphates such as sadlum netapbosphate, 1nhlb1t the‘: -

flotation of nonvsulphlde mlneralsa Under au1table condltlons,

lsodlum metaphospaate brought into contact with llmestone

”f(l) Te Me Patek; Soap Flotatlon- E° & MeTs Mar. 1934 P, 1?5,

= 1(2) Rose & Macdonald° U.s, Tatent No. 2, s040,187,
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(calcite) coated with calcium oleate, will so modity the
coating of calcium oleate as to inhibit‘the flotation of
limestone. 'If the sodium metaphosphate is adde& first, the
formation of the floatativé calcium oleate film is prevented,
The Sﬁrfaoe of barite is also similarly effected9 but to a

minpor extent, allowing the selective flotation of barite.
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-,PRE;ARATIQN,QF;THE;ORE -

The research, as @rlglnally planned, called for an
.ore composed,of selected gangue mlnerala from a looal mlnel

An orekof ‘this type was obtalned, but afterfseveral tests

,itkbecame épparent that'its'compleX'GOmQOSiﬁion would'intrbv~
3 duce factors beyond the soope of the progosed Work« “Cohse- 

/quently it was de01ded that. further work would be more
_advantageously carrled out on. a synthetlc oreo‘

| The synthetlc ore mlnerals con81sted of crystalllne

ba:rlteE clear Whlte marble, clean 51llca sand, and sulphldes
'kbomposed of galena chalcopyrlte and pyr1te~ all of a very pure
\ gradéu These mlnerals were mlxed in the follow1ng approx1mate

;proportlons -

Barite - 20,0

. Limestone - - 25.0
" ‘Quartz = 40.0 | PR |

Sulphides - 1540

1007

A second mlxture was made: up WlthOUb the sulphldes,

' When it was dlscovered that the reagents used almost invar- ’ -
1ably floated the sulphldes before the gangue mlnerals.; The | ;}

approx1mate proportlons af this mix was =

Rarite / - 300
Limestone. o o B0eQ

" Quartz =400
, SR 1ﬁo 7
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‘Bach of the mlnerals was crushed in stages on a
;1laboratory type J&W crusher ‘and rolls, belng mechanlcally

»screened after eaoh reductlon stage until the flnal product

J7  -was all - 14 mesh. The &eparate mlnerals Were then Welghed ,

-~ oub and thoroughly mlxed in the above proportlonse, Two
51mllar mlxes Were pregared as the supply in each case
became exhausted. ‘ |

Grlnﬂlng testS'Were'made to déterminé~thé tiﬁe best
,suitéd‘for'a satisfactery;grind. Prom the rééults of whiop

are tabulated below, the SOfminutéfgrind‘Was considered

 most satisfactorys

" All sereen tests were carried out on a mechanical

~ screening machine each sample being scfeened'for 25 minutese

o Pls  GRINDING TINE RO
MESE FEED = 5 Mln,k‘ 15 Mine 30 Mine 60 Min.
1q Qo O X

Q
0/14 ‘,0 -v4 fo" ;o‘
‘ 14/20;‘ 2.0 ;" ;§# | 0
20728 lQ§§1~»u  d;8 0
28/35  : 12;6 o 063
5 35/48 : 18.¢  10.0 ‘~,1;5

© o © o o o ©

48/65 24,7 25,9 9.3

© o O o0 o o o

65/100 8.2 1646 19.2 L4
©100/150 3.5 8.8 16.5 7.7 0.9
150/200 2.4 5465  1Le0  15.9 4.8

S SR00  1B.7 3065 . 422 75.0 9443




. Head Samples

| ' To obtaln a representatlve semple for a head ess@y,
the mlxture was coned, quartered and Spllt on & Jones rlffle
untll 600 grams of the ore was obtalnedo, Thls sample was

then gulverlzed to enable 1t to pass through a 100 mesh

4',‘screen, thoreughly rolled and sacked preparatory to assaylng

.y by the method deserlbed in the sectlon “Aseay Methodsu

' StandardfTest GOnditiens'
| | 11 teets unlese speclflcally stated otherw1de,

’Were treated under the folloW1ng standard amndltlons.
(a) Grlndlng - carried out in (?iXG“ 1n31de) @orcelaln
pebble mill. .
Charge - Ore = 500 grams.
Water = 50O grams.A
‘I¥on free pebbles 2950 grams.
Speed of pebble mill = 60 rpme :

f,Tlme of grlnd. = 30 minutess

(b) Cell4Procedure

L f 4 The ore from the mlll was Washed 1nto a

= ,Fagergren unlt flotatlon cell (ae in photograph) and water

added untll the pulp den51ty was 4sle Requlredvreagente ‘

~qwere(added~and the palp ECOndiﬁiOned" forr3 minutese; At
ethe end of thisg perlod, the alr was turned on ahnd regulated

A_eso that a satlsfactory froth.was produced for the enSULng
,lO mlnute “sklmmlng“ perlod.

On completlon of each test, a B0 ce sample

‘:Q‘eof the concentrate (and the tailing where it was thought

necessary) was taken for a pH determlnatlon, obtalned on .

';*a,Leeds andeNorthrup Galvanometero




s

'Ebtef& Insoluble reagehts~were useallyradded to the pebble
Lmill chafge. All concentrates and tailings were. dried in
stalnless steel pans, weighed, screened through a 65 mesh
'screens thoroughly rolled, sacked,and asgayed far Barlte
leestone Quartz and 1n the case of the first mlx9 for |

Sulphldee.

hicalculation of Recoverys

rWtsrof Concentrate

x 100 = % Recovery.
Wt. of Concentrate Wtc of Talllng . : ‘

| Calculatlon of Three Mlneral Reoovery Index:

i

and the remalnlng talllngs.« Thls number glvee a convenlent

;1ndlcatlon of the general reeult of a teeto~;.t

Témper‘a;turé 2e‘iet' "Pr'ocedur'e? i

Sever&l tests Were carrled out w1th the obJect of
determlnlng the effect of an 1ncreased temperature on the

‘flotatlon of Barlte leestone and @uartz. The proeedure‘

}Tfkfollgwed_was as followso, A stendard mlll charge was added

to the cell and. the pulp den51ty brought down to 4g l w1th

watere The pulp was adltated.whlle a thermostatleally ; ' -

fcontrolled heater regulated the temperature of that desirede
On obtalnlng a constant temperature the reagents were added

i and etandard procedure followed from.that paints

Sum of the pereent recoverlee of the de51red concentrate




~ PEBBIE WILLS AND TIMER =
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= CELL IN CPERATION =

- FAGERGREN FLOTATION UNIT -

= AWD TIME CLOCK =



RUOSTATIC THMPERATURE
CONTROL
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TEST I, | |
To*uest the effect of Trlmethyl cetyl aymonium
bromlde (Lissolamlne A) on the flotatlon of non-sulphldese
Charge to Pebble Lill .
o Ore - 'floOQ‘Grso

- “Water - o ,500 Grs¢
 Grind e 60 Minso. .

'Goncentrate 1

‘ >Addéd‘:‘k; ,kf«Llssolamlne A~ O.lﬁ#/Ton
dondoy‘ - ,v’ 3 Mlnso f‘ \
Skim. “ 1 Mlns.k B
P = & 30

Very hlgh sulphlde content - fair frothet; ?’7

' Goncentrate 2

1 \?§dded  i_b | ;Llssolamlne & - 0s 08#/Ton‘ |
Gond. = 1 ne
Skime - 5 iin.
P - 8.50

~Geglous but sllghtly mlnerallzed.frotho

Canentrate 3

 Added - Lissolamine A - 0.08#/Ton

. Conds = 1 Mins
Skim - 6 Mine
OE - 8.15

Concentrate &.froth similar to Nos 26




 |rEST

o

WTs

 ASSAY %

RECOVERY %

Basey

CaCos |S10z

Fe

| Basoy

CaCoz|Si0g

’Fe

 |Feed]
S TfIC?I ‘

c2

: 820,

10040
' 846
2.3

4.5

2.5

13.2

2.0

5:9|

| 27.5/42.8|

R4,9(404:6 | 4.2

 9.4(20.8
15.6[3605

23.7| 25.5

13,5

25.4

6o

2.0

14.5|

5.5

2.7

2.7|

0.7

10040
CLeQ|

l“ 2l

269

94,9

100.0|100.0
3e3|

,2’;.;"2"

4.3

89.7| 88.8

4.5

B8

2.9

10040

28,5

540

866

CLooo

10.3

606

867
2665

575|

Conclusions:

. See Test 6es




of non-sulphldes.

GHARGE

- CELL

ore

Grind

TEST 2.

Water

‘ Cbndentratefl .

_ Added

Cond.

Skim

'pH"'

-

2

J

- kto Pebble‘Mill‘

1000 Grss

. 500 Grse

60 Minss

To test the effect of Retarder LAs on the flotatlon

Retarder Lhe = O.él#/Ten
= Q.07#/Ton

1#5 Pine 011

",3~M1nsa

lO Mlnso

8055 K

f~Gangue did not start to float untll most

af sulphldes had been taken off,

Goncenﬁrate o

;pAdded Lﬂ,

Conds

- Skim

SPH

=

Retarder LA. - O.lG#yTon’

 3 mlnse

8e20

‘IQ~Mlns

“Wéak, pocrly mlnerallzed frotho4

 No;

|rEsT|

Wt

"ASSAY %

RECOVERI %

33304

C&G05 

8

: F\%’

BaSp4

CaOQ3

SlOg

kué

Feéd'

1ao

|11.6
1.0 |

21«0

[12.2

: 24,9
2308 .

3644

' 4@;6

GeG 120 3

17.3

44.9

N 492’

LeQ|

392

2,0
e4|
1e&
1.4

100s0/

6.9|

o e
92,0

lOQeQ

113
1.5

8702

10040
1.8
ik
978

1000
3343
069

1000
386D
Qe6

65.8

6049 |

|87.2 |

2143

© Conclusions

24.7“

-~ See Test Eeo




TEST 3¢

To test the effecﬁ of Retarder LA. on the flotation

of non-sulphldes, using an iron rod mlll for grlndlngo”
. CHARGE - to Rod Mill
S S ore - 1000
- Water = 1000 ;
Grind - .10 Mins.
CELL

Gohcentrafefl o

Added -~  Retarder LA = O.él#/Ton
S 3% Pine 0il - o.a7#/Ton
~Conde = 3 mins.

: - 10 minses -

PH = 8. 27

'B'
i

Poor fr@th - sulphlqes up at flrstoy

. GonCentrate 2 ;
_Ad&e&fé ) Retarder LAe— Q.I6#/Ton
“Condes = L Hine
Skime = .5 min.
Fair froth, little mineralizations

RESULTS:

e ASSAY D BECOVERY %
|trsT| % 7 _ ﬁ

“ “;N°‘;Wt'“;ABaS°4 CaGQS 8102~”Sk':Fe: Ba.So4 CaCG5 3102 :'S

: Ee‘;

Feed|100 |21+0 |24.9 | 4046 | 4.2[2.0 | 10040 (L0040 [10040[10040

|t [14.8| 9.8 |16.8 | 12.8 [F1.7|7:6  ,?01"1062“  4;a‘,59.7

|2 | 5.3|16.0 |27.5 | 28,7 3.2[2:5| 4.1| 5.8 3.8| 3.8

10
5440
663

T [7949 | 22:8 |25.5 | 4640 | 3.1|1.0| 88.8| 84.0| 91.4| 56.5

Conclusions

"f\Sée Tesﬁ 6o




g Zlno, Sulphate and Pota531um.

only.

TE’ST Lo

To depress the sulphldes by the use of Cyanldeg

' CHARGE =

Water 
KCN =

: Grlnd

Concentrate 1.

Added
C ond .;k

- Skims

oH
 :Chi§fly

ConCentrgtefz

; >;A&d¢d -
" ‘éand¢, ;;'
,Skime -

 Good froth

Ooncentrate 3

 Added =
Cond. =

- Skime -

M o=

chhromate & float~thekgangue

to Pebble Mill

1000 Grse ) .
500 Grse i oo
24/Ton ,

Zine Sulphate - 6#/Ton

60 Mlnﬂo

Pote chhromate - 1#/Ton
- Retarder Lhg¢ - Qe 98#/T0n
3 Mlns» v, .
10 Mins. -
" Bs30 ‘

sulphide concentrates.

Retarder The = 0.4li/Ton

#5 Pine Oml = 0607#/Ton
l Miné o
lO Mlna

823 -

~1sulphide up first.
Retarder LAs = O.Alﬁ/Ton
#5 Pine 0il =~ = 0»07#/Ton
L Mlno ) :

10 Mine

‘801;

Good froth - little mineralizations



 RESULTS

st 7 |
BaSoy

- B

_ ASSAY %

 RECOVERY %

’,CI&C"O 3 ‘ Sio”g

S‘

Fe

BaSe,

”C&COS

8105

38 Ibe 

Toq Wte

|Feed [100 | 21.0 | 24,9 | 40.6| 4.2]2:0| 100.0|100.0 10040 100.0[ 10040

1ol
8.3

6.2 |

lsg.a

15.4
IGJS
22:9
21.0

22,2

54.9

43,9 [13.3

30.7

1546

22.6

45,0

69
6.8

5ok

3.6

37|
3‘»’0‘“ 0

1.6

1e7

6.6
6.8

0.8|

1.5

B

14,8

07

345

9345

85,8

7640

207

Le8|

14,0]
8.4

' 75.8

Gonclusiansg

See

Tegt :6'-."
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TEST | ﬁe

| Ta 1nh1b1t the flotatlon of Galena & Chalcooyrlte

'by POtaSSLHm chhromate & Potasalum Cyanlde - Zlnc Sulohate

- respectlvely, u31ﬂg Olelc A01d ag the collector,

_ RESULTS

CHARGE -T0 Pebble Mlll

Grlnd
Ore
Water
KCX -
. ZnsSQy

CELL

s Canbentratevlb

added -

Conde : -
Skims L
pH -

' t-a;<r

60 Mlnoy

lOOO GMSe

500 Gms.

Lo O#/T Qlle
60 0#/Tone

‘Potassium chhromdte‘

- 2 Q;T/Tono

“Oleic Aecid - Q. 22#/Ton°
» 3 Mlno

10 Mines

8025

Least am@unt of sul@hldea in concentraue
for any test up to date.”

Goncentrate 2

| Added -

Potassmum chhromate
S luO#/TQno
Qleic Aecid = Q.11 #/Tono

 ASSAY 5

EECOV“RY 7

3;TEST~ 7z

[ No.

Wits Baboy

CaCoy

8i05] 8

Fe

_BaSog |

,CaCoq

5105 |

Fe

|Feed
e

,”}0 1
??i 

10;090;
8.3 19.8
’ 606: 1600

21.0 |

21.0

R4eQ

;32;5k
20,0
23.9

|40.6
11,1

44,5

4.2
5.5

1504|543

2.0

2;0
5?8f
2.2

10040

87,0

T 9"

100,01

7Te7|

B81.5(

10.8|

10040
2.0|

2.5
95.5|

100.0
10,6

8.4

8140

10040

15.7|
Te3|
7740

~ Conclusiont

 See Test




?EST‘G»

' To inhibit the flotation of Galena & Chalcopyrite by

potassium’Dichromate and Potassium Gyanide - Zine Sulphate

~.respeotively;,asing»LiSSolamine A'(tri-methyl cetyl ammenium

;brOmfde)

CHARGE

CELL

as the collector;

< to Pebble MALL

‘Ore :
Water
< KCN
ZnSoy
Grind

4 [,F“ﬁf

 Added

Fairly large

Goncentrate l

Concentrate 2

WB§§ELE§ .

' Added

1Condwf
Skine.

&

‘lOQO'Grss’
500 3?3.
290# Tone
GoQ#/TOHo
‘6Q MlnSq

5}Llssolam1ne A

27 0019)‘“ :
. 060 /Teno
 Pots ‘Dichiromate - 290#/T0n,

#5 Plne 011

- 0. ISZ#/Tonoy

amount of sulphldes at ?1rst -
“large amount of froth - theu died down so
.more #5 Plne 011 and Llssolamlne A adde&o

”LlSSQlo

A

"0+48#/Ton

Pots Dlehromate - loO#/Ton

3 Min.
10 Mine

,Goo&'Well‘minéralized‘froth;"

ﬁTEST
’ NQQ

ASSAY‘7

RECOVERY %

Wt

33804‘

V0a¢°s

SlOz

8 :

‘Fe-,BaSo4

Ca005

810, | 8

[Fe

- [Feed

:‘32:‘  

10040

1 1658{

| 3545

23.1

47.9 26,3

210

8e1

24,9

2145

12,5

38.8

40,6

174

115.0

3648

4o

gl7.2|
5s2

2:3

240 |10040

2.6| 2644

1e4| 6040

2.7| 13.6|

10040
15,4

25,7

1004010040

5946| 5542

75| 26.7

10040
225
29,1

32.9| 18.

48.4|

5869 |
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CONCLUSIONS = fforftests 1 - 6 inclusive.

: (1)~ Regardless of the colleotor used the metallic
‘sulphideeeLloaujmore;readlly than the non=-gsulphidess Py
o (ijrThe'use of PotaSsium Dichromate ea7a depressor for
,~gelena, and.a comblnation of Potaselum Cyanlde Wlth Zlno
Sulghaue as the chalcopyrlte depressant was moderatly euccessfulo
They dld not, however, glve a complete 1nhlb1tion When & large
amount of theee depressants was used. The eulphyr drooped from
25, 47 to 7e2% and the iron from 14057 to 2067 when compared
: w1th test L. | ', |
- (3) Trl—methyl-cetyl—emmonlum bromlde and. olelc aclid have .
‘differeht colleetlng aetloae. Thls 1s shown in the follow1ng

table Whloh compares teet & Wlth test 5, »

'_coLLEcTOR-BULK.*“ T GRADE, T
e 1 ,,fBarlte Limestone| Quartz Iron |Sulphur

: Oleic Less Lowerkek'Higberl‘LoWerv Highe* | Lower |

RECOMMENDATIONS g ;;;f

(1)7 The addltlon of a greater amount of . Pota331um chh-
romate and Zlne Sulphate w1th Potassmum Cyanlde mlvht help to
&eerease therquantlty of eulphldee in the’flrst'conoentratea “

'(23 A large amount of Sodium Sulphlde might be advantageous
R for the lnhlbltlon of the sulphldes. ’ ‘ | k
e (3) Hydrogen Sulphlde ueed as the gaeeous phase is known to
Videpress aulpnides. It,mlght,therefore~be trled ae g sulph;de f
| ?depressant in the flotatlon of non-salghldes im. general. _— |
| (4) A longer condltlenlng time with a shorter eklmmlng perlod

and a sllght varlatlon of reageats, mlght be advantageoua.



TEST 7,

To float quartz using Lead Nltrate as an activator and

Trl-methyk-cetyl~ammon1um bromlde (Llssalaminm A) as a collector,

CHARGE

- to ?ebble Mill
Grind = 30 Mine
Qre - 500 Grs.
Water = 500 Grse
- Lead Nltrate ~ Qo 5#/Ton,,
CBLL © -
Added “ Lissolamine A - 0.48#/Ton
Conde - - & mine :
- Skims - lQ Mlng
Sulphidea floated flrst, quickly followed
by a definite non sulphide concentrate.
jEroth voluminous well mineralizeds
| mmmﬁs;,V o
. ASSAY RECOVERY
- |TEST| % 7 T 7 |
5 ¥°} Wﬁo’ Ba804 Ca005 31923 '8 Ba804 CaCoSk‘SiO2 S | INDEX |
'iFeed_lOO o 2L.0f 24.9’ 40;6 4.2 '100.@ 100»0 100, O 10040”“"
e | 6167 ;4;9‘11;7‘ 63;715;5‘nl5,2~ 35;4'  94.5 51;4} 245,8
|r | 38.9 44.1|57.6 | 6.0|5.5| 84:8 |66.6 | 5.5 48.6
 kkG®NOLUSION' - On comparlson W1th test ll, 1t is seen that a.moreiV

seleotlve flotaulon is p0351b1e with the use of Lead Nltrate.

"The comparative Ilgures for the eoncentrates are -

:Teat No.: 7 wt. 7Ba804 70&003 78102 7 Beco 8102
11 | 67.9 | 22,1 | 17.9 | 57.9 |  94.8
7| ewem 4.9 11.7 | 63.7 94,5




‘TEST’B;'

To float Quartz us1ng Comger Sulphate ag actlvator

'and trlmethyl-cetyl-ammanlum bromlde as collector -

. CHARGE

CELL

RESULTS

sr‘to Pebhle

Grind‘»

- Ore
~Wat
cus
pH

er
0& '

- Added
- Cond.
Skim,t

- pH

R AR TR e

i-li~li

Mill

30 Min.
200 Grs.

500 Grss

'~Q;5#/Ton;g

‘Llssolamlne & e
& mins '

10 min.

f8'3l

0.48%/Ton

‘Froth same as ln prev1ous test but stronger
and more lastlng in the flnal addltlon of

Llssolamlne Ao

rest|

1 - Nes

ASSAY 7

"‘RECOVERY %

%
Wte ‘BaSol_]:

Cagea 8102 g

BaSO4

Cag 03

Slo2

,INDEK,”

rﬁéed~

607

) 3993;

10010

2150
550

,44;3

249 |
8.4

s |

4046 |
651

a7

5 ;,5’, o

4.2|

1000

14,7

85+3|

100.0,
25,7

76& 3 :

100.0

1 94.8

502

100.0|

5049

49.1|

25604

'CONCLUSION »‘7,

e

5.5

Gooper sulphate is a better actlvator for Quartz

than Lead Nltvate when Llssolamlne A 1s used as a collector.




TEST 9.

To float quartz u51ng a relatlvely large amount of Lead

Nltrate as an activator and Llssolamlne A gs . a collector,~'

- CHARGE

CELL

 RESULTS

= to Pebble Mill

. Grind
- Qre

- Water
Lead Nitrate

Added
Conde

Skime .

PH

-
S

s

B O O !

‘ 30 mine
500 gms.
500 gmse
, 1,of;~/’t{feno

Llssolamlne A - 0948¥/Ton
3 mln’; , _
10 min.

8. 30 ‘

Frdth same as in corrEGponding~Test Te

Armer| 2 |

ASSAY i%.

BEGOVERY 7

| Wo. | Wt ‘Ba804

kGaCas 8102 ;

Feed|100.0[21.0
le | 63.9| 6.8

'_T. __f36g1”45.z

|11.0 | 63:6

| 2409 | 40:6

39.8 | 5.9

4;2

2.0|
1 6.3

BaSo4 Ca003¢,5102‘§VS IyDﬁx
1004010040 | 10040 |100.0/
21:1| 32.9 | 96.8| 53.q 242.5

7809 6701 302 470 ’ k

s CONOLUSION =

There

9‘: obtained_in this

“cf Lead~Nitrate:was used.

15 little difference between the results

test’ahd test 7, in which a smallerfamount

A smaller bulk was obtalned 1n the

k latter, but this can be accounted for pr1n01pally by the lower

‘f_ Bar1te recoveryo;~
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TEST 110,

Tdkccmpare,the dollécfiﬁg'éctions of Retarder TohA.y

'With'LisSOlamine~A in the-flotation ofkquartz~when using Lead

Nltrate as an actlvauor.'

8 CHARGE.';g To Pebble Will

. gEIL -

RESULTS -

Grind -~ 30 Mins
Ore - ‘ = 500 Grse
Water -~ = B0Q Grs.
Lead Nltrate " Qe54/Tans

ancénfrate 1

Retarder LeAs - Qe33#/Tom
- S Tera&neol - Qel6 /Ton
- Conde = = 3 Nine -
- Skime 10 Mine
pH - 8‘30 o

Added

£

 Su1ph1de9 came up flrst° Froth not quite
~as heavy as that preduced with Lissolamine
A on the first addltlon but more durablee

Concentxate 2

- Added
Condse
Skins
pH

~Retarder Lqu'uvlol5ﬁ/Ton
3 mine o

10 min.

\8 36

~i:':"rfj

;Froth good, Bubhles heavily loaded for a
- short period after each addltlon of
" collectors

TEST
Noe

| ASSAY’7 | “ | _RECOVERY %

Wt

%;

‘ 1Feed

Ch

10040

17.9
43,1

«BaSe4 Caco3 Slogl' S i}Ba Say Gaco3:‘8102 ny [ENDEX

21.0|24.9 |40.6 | £.2| 1000 |100.0 | 100.0|100 |
15.8(21:2 | 807 [12.2| 11.6 | 16.8| 3.6|42.3 |
4 B | T - | 246.5
Te9| 647 |8546 [ 0.0| 4.0 | 13:3| 88.6] 7.8

| se.9

15.5(38.2 | 8.2|6.2| 84.4 | 69.9| 7.8lds.g|




'CONCLUSION*,

There appears to be a sllght dlflerenoe between the
action of trl-methyl—cetyl-ammomlum-bromlde and;RetarderAL.A;
- as quartz cqllecfcr55‘ In the following table the tailings

- are compared =

;COLLJCTOR | #Wse | % Basos | soaces | #siog | % Rec. siog
Lissols s 58.5 | 441 | 376 | 6.0 | 5.5

|retarder 1a| 0.7 | 43.3 | 38.2 | 8.2 | 7.8

| From the above it may be. lnferred that the Llssolamlne
A is & more satlsfactory collector for quartz than the

Betarder LA.




ammonlum-bromlde) as a collector w1th no depressor or collector
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TEST 1.

‘To study the use offtisédiamine A& (Tri-methyl-cetyle

in the fﬂ@tatlon of quartzo

CHARGE

CELL

RESULTS

Grind.

Ore
Water

Cond.
Skims-

pH

Added

to Pebble NWill

- 30

Mine

"‘ 500 gmse

= 500 gmse

, Terpineol
= -3 mins

o 10
e ‘8.03

mine

= Lissolamine A& - 0.60 #/Ton

bael 0049# Ton

,Freuher requlred when using Llssalamlne A
as a collector of quartz.

- htough and,per31stent.

On addition of
Terpinecl the froth became well mlnerallzed

fTBST‘

; NQ@

ASSAY 7

 RECOVERY %

/2
- Wts

Basos |

‘CaCo3

8102

BaSo,

CaCos

' 810g

Index |

|100.0

6749

1 32.1

27.4
22.1

39.3

| 17.0

2045 |

53,9 |

4306 |

57.9

646

100
5445
45,5

100

i:4l§7 :

| 58.3

1100 |
94.8
| 5.2

198,.6

;GONCLUSION

“ Thls colTector has a deflnlte collectlng actlon fer

‘VQUartz, but at the same;tlme.floats too large,a~percentage,af

the other components when no fUrther reagents are added.




[er

TEST ‘12,

To investigate the effect of a low pH value on the

OHARGR

CEIL

"RESU;ES;;~_'

~ flotation ‘of quartze

Grind
Ore
Water

Copper Sulphate =

pH

Added

Cond.
Skime
pH

Sulphlde up
. effervescence of pulg on addition of

R S

on.
-

g

- =  to Pebble Mill

500
500

Lissolamine A&

8e 50

3Q mins

ZnSe
ng -

0.+5#/Ton

- 0o 48“/T0n

,‘Sulphurlc Acid = 2,06#/Ton
-8 mine '
< LQ mins

7.55

flrsto

sulphmrlc acide

Froth strongo

Slight

TEST ,‘.% e
Nos| WE.

- ASSAY %

RECOVERY 7

BaSo,

:kGaCOEV

810p

S LBaS04

Caﬁaa

SiOg

| TNDEX

~ |Head 100

I'r k1.8

210
4.9

42,7

11.6

24,9

440

1650

40.6

57»5'

| 3.8]
5.1

4;2 

100

1349
8601

100

27.0
7500

100

92,5

755

100 |
43,3

56.6|

251.6

"CONCLUSION =

The lower pH.had llttle effect other than sllghtly

lowerlng the bulk of the concentrate.
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'TEST 13.
To lnvestlgate the effect of a thh pH value on the
flotatlon of’ quartZQ 4
CHARGE - Pebble Mill,
@rind = 30 mins
Ore = = 500 gmse.
Water S =500 gmse

Copper Sulphate -« Q. 5#/Ton
pH = 850

.

Added Llsaolamlne A - 04 48#/Ton
Sodium Hydrox1de Qe 80#/T0n
3 min.
lO mlno

Q678
Q.10

co ndo
Skinma

bH :
Tails gH

.uw e

',Sulghldes floated first. Froth weaker than
in previous tests. :

lrmsr| 2 | assay 4. | RECOVERY7

| Wos | Wt Ba804 CaCoa 8i0, | 8 Ba804 CaCos 8102",3' INDEX
~ [Feed| 100 |21.0 |24.9 [40.6] 4:2] 100 | 100 100|100 |

l e [56:4 | 6.1 |12.7 |6305 | 3.9|1646 |28.5 8840 56,0 | 243.1

T |45.6 |40.0 |41.8 [11.7 | 4.0|85.4 7Le? |12.0 laeo|

‘CONCLUSIOW -
The hlﬁher pH had llttle effect other than to slightly

- lower the concentrate bulko



| ' TEST‘l4. |
To investigate the actlen of Sodlum Mbtaphosphate as a.
leestone debressant» , ’
CHARGE =- to Pebble Mill

Grind -

= 30 mine -
Ore = 500 gmse
Water = 500 gmsse
CuSoy = 0s5#/Ton
PH = 8eDH
CELL ; . ; S : o
Tl Added ~ Hissolamine &4 =~ O 48%/Ton
: Sodlum Metaphospnate :
' ‘ i e 2@0#/‘1‘030
, - Cond.. - 3 min.
v Skime = 10 mine
~ CPH : = 816
Tails dH = 8.15

'Fr@th weaker & less mlnerallzed than 1n
, prevlaus tests w1th Llssolamlne Ag

 BRESULIS ~

s % ASSAY 7 e RECOVERY 7

| No | Wte ‘BaSoé ~ca003 SlOg s 33394,,E3005v~8102 SVVINDEX

[Feedl100.0 21,0 | 24.9 [20.6 | 4.2| 100 | 100 | 200 | 100
le |e6.1 7;?,9.14 4 bo.5 /846 | 25.5 | 38.3 | 98.0(60.8 23442

T |s3.9|as.7 | 4501 | 2.9 | 45| 7405 | 61.7 | 2.0]30.2]

'fOONCLUSION -

Copper sulphate is not successful as & barlte,
n‘écﬁivaﬁors The Sodlum Metaphosphate is not as good g depreSsor
of llmestone When in the presence OL Copper Sulphate as. it is

when4used,aloneo
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| | TEST 15.
~Tao compare the effecfiﬁéneSS~of Sedium'Héxametaphdsghate
‘ :With Sodiuﬁ ﬁetaghosphate as'a‘limbstone depiesséntg |
| CHARGE = to Pebble Mill

, Grlnd : 30 mine.
Ore - : - 500 gmse
Water - g 500 gmss -
"~ Copper Sulpnate - Qe 5#/Ton
= pH = BeH

Added - —"Sodlum Heyameta@hosphate
RS = 2.0#/Ton.
} ; , ' Iissolamine A = 0. 48"/Ton
R ) o ' ‘G?Qndo' s - 3 miire o ) .
' Skime = 10 mins
CPH .= 8.30

‘FIOuh poor - sulphides did not come up
fdlrectly as in previous tests. The bubbles
were large and fragile. Some sulphides

remained in the tailing.

| RECOVBRY % |
S | BaSoy| CaCoz| Siog| S |INDEX

TEST| Wt. |-

 |Feed| 100:0|21.0 |24.9 |40.6| 402 | 200 | 100 | 100 |100

e | 19.0{14.0 | 21.8 | 20,7 8.0 | 153.0 |16.4 1346 36.8 184.2

| T 35181;0;21g9'*25;91 43.9| 3.2 | 87.0 |83.6 | 86.4|63.2

j*ﬂ-;coz:w:c,usxom -

Sodlum Hexametaghosuhate has a general depressmng
5  aotlan for sulphldes and non-sulphldes when used in the

,nfahove~concentrataon.



. frmst| %

TEST 16.

- To Study the collecting action of Emulsol X-1 Reagent,

‘ When not in the nresence of an actlvator depressor or frother.

CHARGE

CRELL

RESULTS =~

Grlnd,
Ore
“Water

Added
L Gonde
- Skims

PH

e to Pebble Mlll

L

B

EF R A

30 mine
BQ0 gmse

500 gms s

| Bmulsol X-1 - Owﬁa#yTonv

3 mine
SO min.
8e3L

nWell mlnerallzed»coplous froth. Very '
S little mineralization of bubbles during
last 5 mlnutes of sklmmlng perlod,

_ASSAY &

RECOVERY %

No.|Wt. [BaSoy | CaCoz| Si0, |BaSo, | CaCoz| Sioy | INDEX
fFeed.ibo;qizﬂgé, 29,5 | 43.6 100 | 100 {00 |
¢ | 20.958.8 | 52.0 | 9.6 |c0.2 |4z.8 | 9.6 | 23608

T | 59.1 4.4(28.4 | 63,0 | 9.8 |56.2 [90.4

5*f cchLUsIoN <

Emnlsol X;l has a good colleetlng action for barlte

;'1~an@.llmestone but not for quartz&

Its collecting actlon 1s‘

Sllghtly stronger for barlte than for llmEStOEGok 
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| IEST 17.
~Ta float barlte, lnhlbltlng the quartz w1th‘sod1um
51110ate.f
- CHARGE ,a= to Pebble Mill
' Grind = = 30 mine
Qre L e 500 grse o

~Water = 500 grse .
Sodium Silicate = Q.25#/Ton.

B

Added
Co,nd.:.
Skim.
B PH e

BmulsolAX-l = Q°49#/Ton
3. m:Lno‘ o
10 mins

818

o l,&;‘ B

Coplous froth - slightly less mineralized
than‘usualo ' R

RESULTS -

rEsr| % "rj.MASSAY % | RECOVERY % |
[Woo |Wt. [BaSoy|CaCos[Sioy[ S | BaSo,| CaCos| Si0p] © | INDEX

 |Feed|100.0| 21.0{24,9 |20.6[4.2| 100 | 100 | 100 [T60 |
| ¢ | 39.5 41.2(27.2 | 7.8|8.9 | 77.6 | 43.8 | 7.6 |81.4 |226.2 |

T | 60.5] 7.8{22.8 |61.8|1.4| 22,4 | 56.2 |92.4 |18:6

'CONCLUSIONS o

Sodlum,Slllcaue in small quantltles has only a, sllvht

inhibiting action on quartze



- '~TESI 184
To investigate the use of Sodium Silicate and Aluminum
Chlorlde as quartz depressorao‘ |

CHARGE =~ to Pebble Mill.

Grind ~; 30 mine
Ore = 500 grs.
Water . - = 500 gTse
Sodium Silicate = 0.25#/Tone
CELL ,
- Added o Tmalsol %-1.® 0@48#/T0n '
S g - Aluminum Chloride = 0.20 #/Ton
Conde e 3 o mine
Skim. = 10 min.
pH = T3
Tails pH. = Te6

1Suluhldes floated flrst in good froths

[ — | 2 | assaxg |  RECOVERY %
| Moo | Wt ,BaSo4 CaCo,[ 8i0,[ ©| BaSo, GaCoy| SiO,] S [[NDEX

Feed [L00.0|21.0 | 24.9 | 40+6|4.2| 100 |00 | 100 [100 |
¢ | 38.2|41.2 | 2609 | 7.2|8.3| 74.4 | 41.0 | 6.8 |78i8 226.6

|z | 61.8] 8.8 | 2400 | 60.9]1.4| 25.6 | 59.0 | 95.2 |21.2

COWCLUSION -

\ The comblnatlon of Sodlum Slllcate and Alumlnum
Chlorlde has a sllghtly better 1nhlb1tln0 action on qu&rtZ»
than Sodlum Slllcate alone, but” When used in small quantltles

 has not a Very~great inhibiting actions
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) C‘.EST lgo
To float barite u51ng Olelc acld ag a: collector, ang
e cltrlc acld ag a depressor Tor quartz (and Limestone).

. CHARGE =~ to Debble Mlll:_

- Grind ~ 30 min.
Ore = 8600 grs.
Water =  DB00 grse S
Citric Acid - 0.10#/Ton
CELL e —
T Added - Oleic Acid = Q. 28#/Ton
‘ - ~Terpinecl = Qs lG#/Ton
Cond. = 3 mine :
Skims = 10 min.
PH - 8,15

Very sllght froth w1thout terplneolg On
~addition of frother resulting bubbles were
heavily loaded,  Sulphldes came up flrst°

Talllng DPH - 8.100

“RESULTS =~

|msr| 4 — asevz | micovERY % ]
‘Noe | Wt. BaSo4 GaCo5 8102 8 | BaSoy| CaCoz| SiOy| S [NDEX

 |reca|1o0  |21.0 | 24.9 | 40.6|4u2 100 | 100 | 100 |100 |
| ¢ [61.7 |52.1 | 36.6 |11:5]6.5 | 92.6 | o1.3 | 17.4|94.2 183.9]

| T ;58;3,424.2,  2§g$’k8mgag@;z 7.4 | 87 | 8206 5.8

 CONCLUSION -

Oltrlc acid has sllght depressing action on quartz

and 71mestone when used in small amountso




TmST 200
To 1nvest1gate the feectlveness of & higher concentra-
tlon of 01ﬁrlc a01d (compareé to test 19) as a denressor for
quartz and llmestone9 in the flotatlon of. barlteo
CHARGE =~ to Pebble Milla

30 mine

- Grind - ‘
Ore = 500 grs.
- Water = D500 grs.
- Citric Acid - 0.4 #/Ton.
CELL, - : o | ;
Added = Oleic Acid = 0.28#/Ton
L Terpineol = 0.16#/Ton
~Conde - 7 = 3 'min. ‘ :
Skime. - = 10 mine.
PH = 760
Froth more mineralized than usual.
Skimming time of 10 minutes insufficient
- for recovery of all the concentrate.
RESULTS =~
| L ASSAY Z | mecovamy z
iTEST % v — T ‘ ;
~ No. Wto BaSo4 GaCOS_‘SlOZ S| BaSoy| CaCog| 81i0p 8 |INDEX

.;_Feed 100 Q 21.0 |24.9 |40.6 42| 100 | 100 | 100 |100

| ¢ | 5358 55.8 36,6 | 6.9 7.0 9197. 78.0 | 9.2 |90.0 204.5)

YVT‘\V 46.2] 5.8 |12.0 [79.0 0.9 | 8.5 | 22.0 |90.8 10,0

1COHCLUSION ;; ’ '
''''' CltTlC Acld in moderate quantltles has a. sllght

fgeneral deoress1ng actlon3 but when used in high conoentvatlons
kfhas a very strong general depr8851ng act;onoi A test wasg. cond-'

ucted usihgll;5#/Ton of Qitric Acid produced no concentrate,

- hence was discardede.




TEST ,219‘ ‘
To ?loat barite'usinngmulsol,X~l as a-collector, with

- Sedium Silicate and Citric acid:as depreSSOrs'forllimestOne;

and guartz. =
CHARGE = to Pebble Mill
 Grind @ = 30 mine
Ore o = B0Q grs.e
- Water - 500 grg. -

Citric Acid - 0.80 #/Ton
~Sodium Silicate = 0+50#/Ton.

 CELL

Added s‘mhmulsol X—l 50, 48#/Ton
Cond. - & wmine
Skims - 10 min.
PH = 8035
Froth weak. Bubbles very slightly loaded.
Ph of talls = 8. 30

 RESULTS -

TEST ;Uo~ - . ‘ASSAY% e R‘“COV—‘RY /’ : ‘ ‘

| Wos| Wt 'Ba804 GaCos| 8109 -BaSo4 0a005 8102 CINDEX

, Feed‘lQO;O*:27;4~ 29;5;43;6 100 oo ,loo |

C | 5.5| 63.4| 22.8|18.9| 12,7 | 4.2 | 2.1 |206.4

fT\ | 9445 25;2  29;7~40;2  87.3 |95.8 | 97.9

f COTCLUSION -

The comblnatlon of Sodlum Slllcate and Cltrlc Acld had

‘a very great depres31ng action, probably due to the presence

“5 of a large quantlty of Cltrlc Acid. Citric Acid shows a

~ dlfferentlal action 1n éepre351ng llmestone preferentlallye




TEST'zzo
To lnvestlgate the use -of Sodlum Alumlnate as a;
quart? depressant, 4
| CHARGE - to Pebble ill

Grind = 30 min.
' Ore - = 500 grs.
L Water = 500 grss.
: B Sodium Aluminate = 0.2 #/Ton.
CELL ‘ | )
E Added
Conde.
Skims.

bH-
Tails gh

mine
1Q mine
810

‘%mulsol X1 = 0948#/T0n

z@]ra'r$

ConcentrateISame,as in previous test.

RESULTS =

‘féggTj 7 14;ASSAY A RECOVERY % |
 ; Nob Xzft 5 : BaSQ4 Oacos 8102 : Ba804: | CaCQS i E SiOg IN»DEK RS

|Feed |100.0[ 2100 |24.9 k4o°6 100 | 100 | 100 T
| e | 35.3/42.0 (26,4 | 41 | 71.4 |57.1 | 5.5 | 230.8

|7 | 64.7] 9.3 24.4a,61.Q 28,6 | 62.9 | 96.5

CONCLUSION‘»

This teot indicates taat Sodlum,ﬁlumlnate has a
frelatlveWy good depr8831ng actlon on guartz and could‘therefore

: 'replace Sodium Silicate in manyflnstancess
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TEST 23, |
- To 1nvestlgate the use of Copper Sulphate as an
actlvator fo; Barite and Sodlum‘slllcate as a- quartz depressanto

CHARGE - to pebble Mill

Grlnd : *; 30 min,
S R Ore -~ 500 gra.
L . Water - 500 grs.

Sedium Silicate = 025 #/Ton
CuSoy = 0.5 #/Tono

CELL
Added - Emulsol X-1 - Q. 48#/Ton°
Conds = 3 Milke -
Skime - IQ mine
jor: - 6,92 (%)
Tails pH- - 8,10

~ Concentrate similar to that of previous tests

 BESULTS -

rege| 7 | assaY 4 | mmcovamy 7

| Woo| Wts [BasSo, CaCoa SiCy | BaSos| CaCosz| Sioy | INDEX
[Feea|100.0| 21.0 | 2409 | 20.6| 100 | 100 | 100 |
C | 42.3| 40.5 | 29.9 | 8.2|81.5 | 49.8 | 8.6 | 222.90

LT | 5%7.7| 6.8|22.0 | 64.0 | 18.7 | 50.2 | o1.4

- CONCLUSION -

 CoerrﬁSu1phate appears to have no activating action

0 an barite*butarather it haska depressing action. The *

depreggion of the quartz is probably due to the Sodium Silicate.



| TEST 24,
To lnveatlgate the use of Copper Sulphate and Scodium
Alumlnate as' Barlte actlvatorkand quartz depressor.respectlvely; 
GHARGE - to Pebble Mill |
‘Grlnd - 30 mine
Ore -~ 500 grs.
Water =~ 500 grs. -

CuSog . = Qe 5#/Ton ;
Sodiunm Alumlnate - Qe2#/Ton

Added
Gonde

U S

‘Emulaol %=1 = 0o 48 #/Ton,.
mins _

Skime 10 mine
PH w820
Tails pH- . = 8.05

' Froth similar %o previous test."

'RESULTS -

':TEST‘—%V  |__sssav g __BEGOVERY % |
| Noe| Wte | BagSos | CaCos | 810, | BaSa,| CaCoz| siog | ImDEX

|Feed|100.0| 21.0| 24.9|40.6| 100 | 100 | 100

| @ | 38.3| 40.0| . 30.9| 8.2(73.8 | 47.1 | 7.6 | 219.1

T | 61e7|  9.0| 21.9| 63.0 | 26.2 | 52.9 |9z.4

~ CONCLUSION -

The test indicates that the combination of Sodium
Aluminate%and Cgpper Sulphate has less depressing action on
quartz than Sodium Aluminate alone, due to the activating

action of the copper sulphate.
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TEST 25,
To duplicate test 17 with a neW’batoh of ore.
CHARGE - to Pebble Mill

Grind - 30 mine.
- Qre = 500 grs.
Water = 500 gras
Sodium Silicate - Q.25#/Ton.
CEIL - E e
Added - BEmulsol = 0.494/Ton.
Cond.e | 3 min. '

Skime 10 mins
PH 8e4

B S R

Froth same as in test 17. Bubbles slightly
~Loaded at the end of the 10 minutes skim times

. RESULTS -

Cobmsr| 4 | assavyz | mecovemy % |
"iNOs ;‘th Ba394 Gaco3  Sio’ ‘3%304 CaCo, 5102 "INDEX;
[Feed | 100.0| 27.4( 20,5 | 43:6| 100 | 100 | 100

|e | 3.8 64.0| 27.8 | 10.4| 78.7 | 30.7 | 0.1 | 238.0

T | 66.2] 8.8] 50,9 | 53.4| 21.3 | 69.3 |90.0



TEST 260
Ta 1nvestlgate the flotatlon of barite with a vely
‘coarse cell feed and no reagents in the mlll,

= to Pebble Nlll

CHARGE

Grlndk.  S 5 mine
Ore ‘= 500 gmse
Water = 500 gmse.
CELL L , e -
T Added =~ Bmulsol X~1 = 0,60 #/Ton
Gond.. - & min. : S
- Skime = 6 mins
PH - = 8435
I Froﬁh Same as usual;"~
 RESULTS -
|mmsr| 2 | assav g ____RECOVERY 4 |
| ‘;Eog_; Wﬁo,~BaSQ4 ,GaQQ3 SlQa ’B§Sa4‘ CaC°5 5104 INDEX'
[Feed | 100.0| 27,9 | 20.4 42.7 100 | 100 | 100
C - | 2891.6793 2805 3»7 ) ,68;08: 2’7.,6 : 206 23806
| T 71’.97 15.5 | 29.2 | 58.2 | 3l.2|72.4 | 97.4
GONCLUSIOB - ’
Lhe results of grlndlng tests are as follows.
Time of Grind %’ GRADE % - ; RECOVERY 7o
- Iliins. Wt. | BaSoy| CaCod SiOg Ba804'0a003 8105
5 2801 | 6753 | 28.5| 3.7 | 68.8 |27.6 | 2.6
15 3663 | 6306 | 3064 | 647 | 86,6 |37.0Q 569
30 40,92 | B8.8 3200 | 9.6 | 902 |43+8 | 9.6
603 42.8 | 4505 | 38,2 |1644 | 72,3 |55.8 [17.1

It is obvious from the above table that an 1mcreased
grlndlng tlme decreases the average size of the partloles untll
they are small enough to allow flotatlona Evidently Barite is

su?flclently soft to break easily before the limestone & quartz
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with further grinding, the limestbneﬁ and lastly quartz, can
be floated,wgﬁh increasing efficiency, and at thg expense of
the barite., The recovery of the barite increases, however,
due to the increased bulk;of the concentrate, in all cases,
except the finest grind, where the decrease in grade more
than offsets the 1ncreased bulky resulting in a lower overall
recovery.

The reéults also show thdt the Barite floats more

readily, and that Emulsol X~1 is a fairly rapid-acting reagenta



TESTJZV,

To 1nvest1gate the flotatlon of bariet with a coaraer

cell feed_and no reagents 1n the ball mlllo

CELL

RESULTS -

| GHARGE &

To Pebble Mill

Grind
Ore
Water

‘Added

Conds

Bkime

~ Froth ss

- 15 min,
- 500 gms.
= 000 gms.

Emulsol X=1 = Ce6Q#/Ton
3 mine AR : ‘

9 mine

8e3L

I T

§:

usuale

~TEST5
- Nos

| Wte

%

ASSAY %

 RECOVERY %

: BaSo4

*Caco

5102‘ Ba8o4 CaGQB, 8‘th2 . INDEX

1, Feed 

10q;o

36.3

| 637

orea |

6346

5.6

29. 5|

a@g@)

2945

4346 | 100 | 100 | 100

6478646 |37.0 | so0 | 2amiv

6lel | L3.4 |63s0 [94.1

 CONCLUSTON =

- See Test 264
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| TESTKZ8;

To 1nvestlgate the flotatlon of barite Wlth a flner;

0

'cell,feed and noe reagents in the Mllle

' CHARGE --

QEIL -

mmmﬂswn,

. Ore -
Water = =

- Skime
pH

to Pebble,Mill

60 mins
500 gmsge -
500 gmss

Grind , -

Emulsol X-1
3 mine

10 min.

8.25

£dded

« . - 0s60#/Ton.
Conds S £

IR e

Frothas\stalgy

  «~TEST

: :" NO d;j

%

/k,ASSAY %

REC@VERY 7

Wt

Caﬁogy

C&COB

8102.

INDEX

;Eﬁed;

10040
42.8

B 57.2

'zvgg,f
,4555

13.0

29, 5

| 22.6

43,6 |
16.4

59,5

100
723

By

‘100
55,8 |

44,2 |

| 100
17.1

82,9

19944

 CONCLUSION =

 See Test 27,
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‘TEST~29,

To 1nvest1gate the flotatlon af Barlte u51ng a low pulp

L dllutlon of 2.5:14

5,1Eeed‘1oq;o 27.9 | 29.4 42,7 |100 | 100 | T00

-0HARGE,~ to . Pebble M1 o !
Two standard charges of 50Q grams were ground o

lndlv1dually in the mllls,' One charge was dried; the requlred

"portlon - 150 grsa Was taken, added to the othervcharge,fahd
the whole added;totthe“cellé

CCBLL =
S Qre

Water

Pulp Den51ty
Addea
Gond kY

- 650 grse
1625 grsa
26531
Bmulsol X=1 0.6#/Ton
L min. with no reagent
& mins. with reagent,
10 mins.
BekB

Y l LN 2NN

'

. Skim
pH

Froth much more mineralized than usuale

RESULTS -

lemsr| 4 | AssAY 4 | RECOVERY
| Mos | Wte |BaSog | CaCogz| SiOg | BaSo, [ CaCoz | Siog | INDEX

e | 53:2 |50.0 | 35.6 |14c2 | 95.7 |64.6 | 18.0| 213.1

T \;4656;;,2;61“22;3.*14@5', 4.3 | 3544 | B8R0

”5f CONOLUSION -
The follow1ng table shows results obtained for three

‘ variationsyln pulp dilution.




0a

Pulp | % GRADE % | = RECOVERY %

Density| Wte BaSo4 CaCo3 8102 BaSog | CaCoz [ Siog

2:5:1 83,4 | 50.0 | 35,6 | 14.2 | 95.7 | 64.6 | 18.0

£:1 140.9 | 58.8 [ 32,0 | 9.6 | 90.2 | 438 | .6

6:1 |4504 | 6150 | 5L.1 | 9.0 | 98.0 | 49,1 | eus

*

CONCLUSIONS - [

It would be advantageous to run a serlea of tests
JQarylng the pulp dllutlon in a range of 290 t0 860
';Althaughfelther extreme wauld not ‘be economlcally or
metallurglcally efflclentﬂ a compramlse mlght be reached
WlthlnAthese limitgs | | |
The lowesgt pul@ den51ty hereln glves too large a '
( céncentrate with a low barlte grade, at the same time
jﬁund851reably 1ncrea31ng the- grades of the llmestone and
s quartz respectlvely, ;
A The hlghest pulp den81ty, on the other hand, glves the

hlghest barlte grade and recovery, at the same. tlme cau31ng

a de31reable lawerlng of the limestone and quaruz recoveriess




TEST 30; 

To 1nve3tlgate the poss1b111t1es of barlte flotatlon
using a hlgher pulp dilutione
' CHARGE = to Pebble Midl

Grind & 30 mine
QOre : = 9500 gmss
wWater = 500 ng“,'

CELL =

Added .= Qre 350 grams
e - Water 2150 grams
. Pulp density - 6g1
- Bmulsol X=1 = Q. 60#/Ton

Conde = without collector = 2 mine

- with collector = - 3 min.
S _ Total = 9 mine. -
Skim . = 7 mine
pH - 8« 34

Froth as usuale Well~mineralized during
o first 3 wine ' '

'BESULTS -

TEST| % ‘-,,k‘ASSAY Z~ B BECOVERY %7  |
Moo | Wt. | BaSogq| CaCoz | 8105 |BaSo, | CaCoz| SiOy | INDEX

| meea | 100.0 27,9 | 2904 [42.7 | 100 | 100 | 100
¢ | 45.4{61.0 | 31.1 | 2.0 | 98.0 49.1 | 9.6 | 239.3

T | 54.6] 1.1 | 26.8 |70.2 | 2:0| 50.9 |90.4 |

GONCLUSION~-(

See test 29.
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TEST -31.
To investigate the éd#énﬁéges of a shortened and variable
skimmiﬁg Qeriod,

CHARGE = to Pebble Mill

Grind = 30 mine
Ore = 500 gmse.
Water = 500 gmse.

Sodium Silicate = Q.50#/Ton
CELL =~

~ QGoncentrate 1

. Kdded Emulsol < 0.24#/Ton

Cond., - 3 mine
Skime - 1 min.
PH = 8.70

Froth heavily mineralized and copiouse

Cohcentrate<2

Added = Emulsol = Q.12#/Ton
Conde - L Min. ;
Skime = 2 Min.

PH = 8,70

Froth less mineralized but still copiouse

Goncentrate 3

Added - Emulsol = Q.24#/Ton £)
C‘Qinda - L mine. e
Skime - 5 min,

pH - 8,70

Froth slightly mineralized at end of 5 mine
skimming periode.



o fer

‘»RESULTS;Qk
TEST| % | ASSAY 7 | RECOVERY %
Mo.| Wt. |BaSog[CaCo;] 50y [BaSo, | CaCoy | 830, INIEX
.Feed_ioc;gf‘27;4 | 20.5 | 43.6 ,ida 100 | 100
23.9 |65.5 |25.5 | 10.5 56.5 | 2008 | 5.¢
lce’ | 10.6 625 | 27.6 10,65 2$;7‘k‘io;o | 2.5 | 22402
cs 12.6 (2545 k4.8;$91 i 2:5;5» 11.5 | 21.2 | 7.1
T 52,9 | 4.2 | 26,5 | 66.1 | 8.3 | 48.0 |84.5

,; gradeso,

' CONCLUSION = ff

_ su008551vely with each concentrateg

1 floatable'With the collector Bmilsol X-L.

‘ The results from thls test conflrm those of Test 26,
fin‘whlah ltils Lndlcated‘that thekBarlte is more easily
| Most of it is -
; floated,at onceg followed by tbe remalnder ln decreaSLHg

The leestone and Quartz grade, however, 1ncrease
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TEST! 32,
To 1nvest1gate the effectlveness of a low pH value in

the flotatlon of barites

CHARGE =

‘QELL;ﬂ

EESULTS -

Grind
Qre

‘Water
,SQdium‘Silig%te -

- Added

Cond.

Skime
PH

-~ pH Tails

.

[

LS S l’

Froth same as

‘to Pebble Mill.

30 min.

500 gms.

50Q gms.
5#/Tono,

‘Emulsol - 006#7Ton.
Sulphuric Acld - 2094#/Tona
3 mine :

10 mine

7.68
.78

in previous tests.

| rEsT|
Mo

P

. ASSAY Z

BACOVERY 7

Whe

‘EaSo4

'~CaCo

Sio

Bas¢4

CaCoa

 8102;

INDEX

|Feea
|

100;6'
40,8

59 2

 27;4,

53.6

| 29. 5;/

43 6_f

11.95 i

100
79.2

100
4569

100
11.6

22167

| ';9;&r,'26;? 60,5 | 20,8 | 541 | 8804

;CONCLUSION -

The lowereq ‘hyrdrogen lon concentratlon had llttle

effect other~than lowerlng con51derably the'barite recoverys




TEST' 33,

To investigate the édﬁioﬁrdf Oleic acid as a collector
in the flotation of barite. '

‘CHARGE =~ to Pebble Mill

Grind & 30 mine
~Qre . = 500 guse
Water - 500 gms. ;
Sodlum Silicate = 0. 5#/Tone
CELL - ;
Added = OQlelc Acid =~ Q.14#/Ton
R . Terpineol = 0.16#/Ton
. C’Ondo : . ,,';“, 3 mine ) ) : .
Skime = 10 min.
bH. ' = 8;12

‘_‘Froth Well mlnerallzed.throughout but
particularly well mineralizeéd durlng the
o flrat quarter of the sklmmlng periade.

EESULDS -

CONCLUSION -

but 1ncreased the grade of the llmestone and ouaruz.,

|mor| g | sosw gz | secommg

_ To.| Wt. [BaSoy] Calos| §10p| BaBo, | Caces | 810, | ImmEx
 Feed|100.0 | 27.4 | 29.5 | 45.6| 100 | 100 | 100 |

e 69.6 | 3821 | a.n kr19;4 9846 | 97.8 | 33.0 | 167.8
p ‘,Laa;4f"1;3v‘ 22 | 90s3| 1.2 | 2.2 | 67,0 |

- Olelc A01d reduced the grade of the barlte concentrate

The

'recoverled for each mlneral were 1ncreased conSLGer&bly due

. to the large bulke

Thls la compared with Test 17.

This teat 1ndlcates that Olelc acld would be a good 1

; reagent far a bulk.flotatlon ina rcugher cell.
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TEST 34,
To investigate the action of Fish 0il as & collector for
non sulphldes, using sodium 31llcate as g depressor for quartz.’
CHARGE = +to Pebble Iill |

@rind ~ - 30 min.

Ore = 800 grs.
Water - 500 grse. :
Sodlum Slllcate - 0026#/Ton9k
S AddedV - Fish 01l = Q.60#/Ton

. : _ Terpineol = 049#/Ton
" Conde - 3 mine. ,
Skime - 10 min.

pH : ;,‘803‘

Flsh 0il alone has only sllght frothlng
actiaon neces31t@tlng use of a frother°
Bubbles heav1ly loadedo

RESULTS -

lrmsT | % __ASSAY % b RECOVERY 5 _ |
| Wae [ Whe BaSo4 fCaOas  8102"'BaSo4 CaCo3 b102 ~ INDEX

|Feea | 100.0| 27,4 2905,~'43,a 100 | 100 | 100

| @ | 2046 4205 | 42,7 | 14,0 | 33.3 | 29.6 | 7.3 | 2064

,,@ 4{,?9§44b23;2f 26;5;A 5.9 | 67.7 | 7044 | 9207 |

GONGLUSION -

: Concentrate grades of all minerals are hlgher, llme~
stone in partlcular. Due to a lower bulk, however, the

‘ureeoveries-in,each ease are lower;;when‘comparedfto Test,l?e




To 1nvest1gate the use of Sulphonated Gastor Oll ag

a collector for non sulphldes, vsing Sodlum Slllcate as a

depressor for quaruzo

CHARGE = to Pebble Mill

Grind & 30 min.
, Ore = 50Q grs.
L Water .= B00 grse -
e - Sodium Slllcate - 0.25"/Tons
CELL -
L - Added - Sulphonated Castor Oil =
L S O.63#/Tono
- Condo = 3 mine
Skime - = 10 mine
pH - 8e34
Bubbles falrly Well loaded.ﬂb frother
requ1redo ,
 BESULTS -
TEST) 4 | Assavy g | _RECOVERY /

.Noe| GWfQ B}&SQé G&COS 8102 BaSo;;__ C@-CQE 3102 o - INDEX
Feed| 100.0 27,4 | 29.5 | 45.6| 100 | 100 | 00|
¢ | 57.3 44.4 46;3Uj' 8402,94;5~i 8946 | 1049 |  194,0

T .42;7,f3;5f 7.1 | 86.9| 5.5 | lo.s|seir

"CONCLUSION -

Concentrate grades of all mlnerals are higher,; lime=

stone in- partlcular, indicating that the colle&tlng aotlon ofk
Sulphonated Castor 0il and Fish for llmestone is stronger than

that of Emulsol X@l as used in Test l?.

Recoverles alsa 1ncreased due to the larger bulks
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; B TEST‘36»
Ta fleaﬁ barlte uslng Sulphonated Cod 0il as a

collector* w1th sodlum 51lloate as a depressor for quartzo

- CHARGE = to Pebble Mlll
_ Grlnd = 30 mine
CQre = 500 gras
- Water = 500 grae
Sodlum Slllcate - 0 25#/Tono"
CELL = : -
R : Added - Sulphonated Cod 0il -
i ~ o o lo¢7#/Tono
- Conds = 3 mine
Skime =" 10 unine
PH - 3.55,

Most heav1ly laden froth of tests carried

out to this point. At end of 10 minutes
Skimming period the large bubbles were well
drained = clean on top but slightly loaded

~on the sidess Froth not persistent - terpineol
‘recemmended for future testse

. cowerusTONS -

T
j~TEST ' % _ ASSAi‘7' _ . REGOVERY % B R
,*Nbd‘ Whe 3&304 Wcaca5 Si02  BaSeé ‘Gacas 3102 IEDEX
Feed|100.0 | 2704 |29.5 | 48.6] 100 | oo | 100 |
| o | o1 | saee |aze5 | a6 2es | 53e0 | 405 | 219.1
1 | 618 | 9.8 |21.7 | 60.0| 2205 | 46,1 |95.5

The test indicates that Sulphonated Cod Oll 1ncreaaes

the recoverles of barlte and limestone as compared to Test 17,

F




TEST 37, |
To use Sadium Silicate and Sulphomated Cod 0il as
depressor for quartz and collector for barlte respectlvely.

GHARGE = %o Pebble Mill

Grlnd < ~3O wine
gre . = 500 grse
Water - 500 grse
, S@dlum Slllcate - 0.5,,/".12011°

CELL - - o s |

e ‘Added - ;Sulphonated Cod 011 ~lo76#/T0n
el . Terpineol - QoSZ#/Tona ‘

- Conds =3 mine .
Skime ; év,lo man;
Well mineralized fine bubble Prothe Bubbles
‘became miich larger by end of IO minute
- skimming periode
At end of 6 minutes water was added to brlng
the level up to that necessary for satis-
factory skimming. This dilution had no app=
arent effect on the mlnerallzailon of the
: : bubbleae o ‘
RESULTS -
,g:;eSt. gl assavg |  wecovmRy g |
| Toe ’Wt;g B?SQ41‘GaQ°3j'Sngﬁ‘BaS°4 FCaCQSVVSigz | INIEX

Feed|100.0| 27.4 | 29.5 | 43.6| 100 | 100 | 100

¢ | 85.2| 32.5| 528 | 5204 98.0 | 94.5 | 68.1 | 135.4

T | 14.8| 5.0] 1.T | 94.1| 2.0 | 5.5 | 5l.9

OONCLUSION -
| 4'1 Thls test is essentlally the same as the brevious test
axcept that 1t shows the effect of a large froth. The frother "
(Terplneol) has noe collectlng actlon, its meohanlsm belng |
’gurely phJSLGal in forming morekbubbles whlch‘present a. greater

“adhesion surfacees
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TEST 38.

To floaﬁ barlte with Sulphonated Cod 0il, using

Sodlum Metaghosphate ag a llmestone depregsant.

CHARGE;

CELL

VRESULTSv;v

- to Pebble Mill

Grind
Ore
Water

~Sedium Slllcate

T
-

30 mine

500 gmse

500 ngo S
- 0.5#/Ten

Sodium Metaphosphate = 2.0#/Ton.

,‘Added

g donds‘
Skime
CPH

Froth

,‘:f

as usuale

3 mine
10 mine

‘Sulghqnated Cod~oilV4

Xe 32#/Ten

841

'gTEST
Mos

fwte

RECOVERY %

' RaSo 4

ASSAY %
Si02 

~Ga903f

BaSo | CaCoz| Si0g

INDEX

Reed

100.0

45,0 |
5.0

27441
55.5 |
'73;Q

294 5
39.9

20.8

43,6

0.2 |

100 | 100 | 100
93,8 | 60.9 | 6.2

60,2 | 39,1 |95.8 |

22667

‘CONCLUSIQN -

‘Barite

~ Limestone

Quartz

GRADR
Better

Tails higher

Lower.

As compared Wlth Tests 65~~

REGOVERY : BULK
Same o Leés
Smaller Less

‘Better - Iessg




TEST 39,
To float barlte u51ng Sul@honated Céd 0il as & collector,
and_a relatlvely large amount of Sodlum Metaphosphate as a

Ilmestone-depressant.

CHARGE = to Pebble Mill
el Grind® = 30 mine
Ore = 500 gnmse
Water = 50Q ng°
. Sodium Silicate = 5#/Ton ~
- Sedium Metaphosphate = 5#/Tono
CELL -
S - Added = ~6'ﬁSu1phonated ¢od 0il - 1.52#/Ton
; o Sodium Metaphosphate - 095#/Ton
Conds o= B mine
- Skim. e 10 mine
DH - - 8032 »
Addltional Sodlnm.Metaphosphate to cell due
to decision that 2.5# was insufficients
: Froth as usual.
RESULTS =~
- ; . — mg
|mmst| % | SSAY7t:: | HCOUERY 7 o
| Moo | Whe BaSe4 | CaCes| 80y | BaSey| CaCog | S105| INDEX
‘Feed.lod;O‘t 27¢9 | 29.4 | 42,7 | 100 | 100 | 100 |
¢ | 45,2 | 58,9 | 32:8 | 9.5 | 91.0 | 49.7 | 9.8 | 23L.5
| | 5648 | 444 | 25.3 | 65.2| 9.0 | 50.3 |90.2

;CONCLUSION’-'

The Sodlum.Metaphosphate had llttle effect other than to
reduce the bulk, by 1ts general depressing action = partlcul~

arly in the case of limestones
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TEST"40.

To campare Sillclc Acid w1th Sodlum.8111cate as a

depressor for quartzo

CHARGE = to-Pebble Mill

30 mine

Grind - |
Gre = 500 grs.
Water - 500 grs.
Slllclc Aeid = 0, 5#/Ton,
CELL: =
o Added - Emulsol Xl - 0972#/Ton
Conde = 5 mine
Skimse « LO min.
pH - = 8gb ‘

' Froth similar to previous testsa Small
fragile bubbles 'at first, which later
develoged into the relatively strong type

; as in other tests°,

"Emﬁﬂs-
Test| % | ASSAY Z |  RAcoveRY % |
Moo | Wte BaSogq  ¢36°3, 3102~ BaSo, CaCoy Sicg INDEX
| Feea|100.a 27.4 | 20,5 | 23.6] 100 | 100 | 100 |
G | 39.7 [59.6 | 3004 | 9.4 86.8 | 41.3 | 01 | 23604
T | 60.3 \,,qm (2808 | 6243 15.2 | 5847 |90.9

'CONGLUSION'-

| Slliclc A01d appears t0 be 1ess efflclent ag a quartz

(depressant but apparently raiges the grade of the barltear




TRST 4T 4

fo,iqvesﬁigate the éfféétiveness of Sodium Sulphate

- as depressant for Liftestone.

CHARGE = Pebble mill

Grimd = - 30 mins
Ore ; = 500 gums.
Water .. - = 500 gmse
Sedium Silicate -~ Q.5#/Ton
Sedium Sulphate = L,Q#/Tone

Added = Bmulsol X=l1 < 0.60#/Ton
Conde = 3 mins e

Skime = = = 10 mine

PH = 8638

Froth same as in previous testas

RESULTS -

| rest]  # ___ASSAY % | RECOVERY % |
| NWee| Wte 3%304  cacoa‘ 8105 BaBoy | CaCoz| 8iOg INDEX

| Feea100.0 |27.4 | 29.5 | 43.6| 100 | 100 | 100 |

€| 42.6 55,2 | 34,0 | 9.1| 86.1 | 40.0 | 9.6 | 227.5

T | 874 | 6.6 | 2602 | 63.8] 13.9 | 510 |20s2

CONGLUSION = | , | P
'Aﬁ_f A¢¢pr&ing’toitheories ngnSOred~by Ig Wo Wark, calcium : o
sulphate; beiﬁg:moreyaoluble‘than barium SWlphate,Ashould be

1ess‘aMéhable?to flotati@no This ﬁeat does not support that |
theofy but*shows tha£~Sodium‘Sulphate‘has a‘slight\activating  

 action far barite when‘usiﬁg Emulsol X-1 as a collectors




108

TEST142s
To 1nvest1gate the use of Sodlum Sulphate ag a
depressor for leestone when Palmltlc Acid is used as a
collectqr?‘w_f
| CHARGE - to Pebble Will

Grind = 30 mine

Ore = 500 gmss
Water = 500 gmse

. Sodium Silicate « Q. 5#/Ton‘
- Sodium Sulphate - 100“/T0n

CELL - : :
o Added = = Ealmltlc A01d = 0e1l6#/Ton
. - .Terpineol = Q0o49#/Ton
Gondo' : - 3 mlno S
- Skim. - = 10 mine
CPH = 8.32

Froth copious and well,mlnerallzed initially
~but on second and third portiens ef palmitic
acld became con51derably less mineralized.

- On the third addition of palmitic acid the
froth became very shallow so that water had
to be added to bring the froth up to &
gractlcal skimuing level.

EESULTS -

(mex] # | sssaxs | ruovems 7 |
: Noe - WEe 'BEZSOA_L CaC,TO'g Si@g BaSeé- gacos Si()g INDEX |
Feed|100.0 | 27,4 | 20.5 | 45.6] 100 | 100 | 100 b

¢ | 37.9 | 39.7 48,2 | 1042 55,9 | 62,7 | 9.5 | 183.7

T | 621 | 19.5 | 17.5 | 58.8 4446 | 3743 (90.5

CONGLUSION =

‘ﬁ?iﬁié test does not support the theory of Gaudin and

: H&n%ehvwhc'stateWthat sodium sulphate is a depressant for

éalcite when collectors af‘the type Heptylic Acid are used.




Note - Palmitic Acid is four members higher than Heptylic
Acid in the sawme homologeous series.
The test shows that Sodium Sulphate is an activator

-rather than a depresgor for limestone.
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TEST 430f

To float barlte uslnw ferrlc Sulghate'as & limestone

aculvatoro

CHARGE - to Pebble Mill
" Grind - 30 mins
gre = 500 gmse
Water = 500 gms. ‘
Sodium Silicate = 0.5%/Ton
, ~ Ferric Sulphate =~ 1.0#/Ton
CQELL =~ |
——— - Added - Emulsol,XélA 0,60#/Ton
Condse - 3 mine.
Skim. = 10 mins
DH - 8.33
Froth.as usual.
RESULTS -
THST| % | ASSAY % , RECOVERY % |
No. | Wt. | BaSo,| Calo 510, BaSoy | CaCoz| 810, INDEX
Feed| 100s0 | 27.4 | 29.5 | 43.6| 100 100 | 100 |
G | 44.3| B6.1 | 3405 | 8e3| 9048 | 50.2 | 8.9 | 230.7 |
T | 55.7| 4.2 | 26.4 | 67.5| 9.2 | 4968 | 90.1

~GONCIHSION -

Thls test 1ndlcatea that Ferrle Sulpaate has the game

action @5 that of Sodlam Sulphate (Test 41) 1.e9, as an

actlvator for limestone'
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TEST 44,

To 1nve3u1gate the use of Sodlum Oxalate as a leestone

depressant when Palmltlc Acld isg used as the collector.

CHARGE - to Pebble Mill
Grlndk = 30 min,
- Qre - = 500 gmse.
Water - 500 ngo‘
Sodium Sllicate = 0,54 Ton
| Sodlum Oxalate = loQ#
: - © o Added = Palmitic Acid - (dlssclved :
‘ - in ethyl aleohol)-0.164#/Ton
s © Terpineol = Qe 33#/T@n,, :
Conde - 5 mine 3
Skim. = 10 min.
pH : - 8v39
‘}'FrOuh 1n1t1a11y well mineralized. Addition -
~of second portion of palmitic acid destroyed ¢
froth. This appeared to be a result of a :
greatly lowered surface tension causing =
- rupture of bubbles. With a frother (terglneol) 3
the froth became caoloua and‘well mlnerallzede ,
Test| £ _ABSAY 4 | . RecovERY Z_ |
Noe | Wte BaSo4 080@3 Siog , BaSo4 C&Gog\ Si05| INDEX 5
— —— S , D ] ' o
- Feed| 10050 27»4 29»5‘ 43:6 100 100 | 100 o
e | 23;2;1 4;1. 4504 | 11.5 (63,6 | 65,9 | 13.6| 184.1 |
o 5709 | :L'z..zg itz:.;l‘ | 615 | 3604 | 34,1 | 86e4| ]

’CONCLUSI ar - | ; |
| A Thls test does not supgcrt the theory of reduced Q ;" |  }
flo&tabillty aue to 1ncreased aolablllty of mineral fllms. |
.Calclum Oxalate is more soluble than Barlum Oxalate aocordlng

‘to Lhe sclablllty tables.
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| IEST 45.°
To, 1nvestivate the eLfectlveness of Oxallc A31d as &
depressor of calclte, in the flotatlon of barlte.
o CHARGE =~ to Pebble Mill

Grind - = 30 mine
Ore Co= - BOQ Brss
Water e 500 gTrge
Sadlum Silicate =~ 2»0%/Tcn,

CELL - S -
: ' ﬁdded' - Emulsol X—l - 0060#/Ton
' : Oxalic Acid = in twe parts -
of 0e5#/Ton each '
: : total - 1.0#/Ton.
- Conds 3 mins :
Skine. 10 mine
pH. = 8630

V

&

~ Froth same as in previous tests.

BESULTS~— o

EST| % | assav % |  rmucovERY 4
To. | Wt. [BaSay | CaCo, | 5i0, BaSo, | CaCo,| 510, | INIEX

r Eeed.,100.@7’37;4v‘29¢5 43,6 | 100 | 100 | 100
¢ | 43.8| 55.5 | 325 11.1 | 89.6 | 48.5 12,0 | 220.1 |

| 5652~ ‘5§¢~~26;9 | 654 | 10,4 | 52,5 | 88e0

,CONCLUSION S L T e o i .

’ Oxalle Acld lS a better actlvator of barlte than

Sodlum Oxalate - (Test 44)




TEST ‘469

TQ in?eétigate ﬁﬁevéffécﬁiVeness‘of Lead Chromate

as a‘depréésér for limeStone‘(galcite)'and Silicic Acid as

a depressor»fqr”quarﬁzg in barite flotatiens

CHARGE - to Pebble Mill

o Grind

‘= 30 mine

. Qre e
Water e
- 8iltigic 4cid

900 grss
D00 grss

L

045#/Ton

Lead Chromate = 0.8#/Ton

Added
Conds
Skims |
pH

Emulsol X-1
3 minse ‘
10 mins
8e25

~ Qs60#/Ton

R

similar to that prdduced‘inkpremious
= well mineralized small bubble frothe

Froth
tesgts

' RESULIS -

ASSAY % ___RECOVERY %

TEST 4 1
Calog | Sioy |

_ No. W

_BaSoy

BaSioy | CaCoys| 810, | INDEX

fFegﬁ‘idO;O--ZV,i;"29;5\ 4346 | 100 100 | T0O

C - 43,0 | 57.2 | 33.2 9.8 | 87,2 |49.3 | 10.2 |228,7

6ol 12,8 | 50.7 | 90.8

| 7 sr0| 26.0 | 63.5

~ CONCLUSION - | .
B A“tTHéfwse‘@f Chramaﬁes was~suggested by‘the solubility
of Galecium and Barium Chromates, the former being mare"

éolmble than the latter. There is ne apparent effects




TEST 47

To compare the use of Sod
~as & oollector for bharite, usin
A01d;as depressors for leeston
test -

OT{ARGE -

Grind

Water = =

Siliecie Acid

_ - Lead Chromate
o o Added . -

, Conds
Skims -
pE , B

-
-

~ Froth same as

RESULTS -

[
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°
ium Oleate Wlth Emulsol X»l
g Lead Chromate and.Slllclc

e and Quartz. As in oreceedlng

to Pebble Mill

- 30 min.
Ore e

500 grss
900 grs.

= 0.5#/Ton

0.8#/Ton

Sodium Oleate = - 0o24#/Ton
- Terpineol - QelG%/Ton
3 mins

10 mine

8430

in previous tests.

TEST| % ASSAY 4

_ REGOVERY %

o NOo

Wte

‘33564

18102'

BaSo4

CaCog |

5103

INDEX

Feed
‘C

100,0
67,58
3245

274

|8%.8

| i

29, 5
: 4102 :

4oa

43,6
19,9
| 8820 |

100
9540

5.0

94@4‘

. Be6

100'

: 100,
f32§0‘,
680

16846 |

‘.T‘ 

OONCLUSION »,.'

Sodlum Oleate gave al

‘COnd;tLons askEmulaol X&la

that of limestone and silica was higher.

larger bulk, under thé same
The barite grade was lower while

~Recoveries in all

cases wére higher'due to the increasedkbulk; ‘




FrTo 1nvest1gate the flotatlon of barite u31ng SlTlclo
Acld as a quartz depressant and Lead Chvomate in an Acetlc
acid solutlon, k

CHARGE ';’ to Pebble Mill

Grind ' g 30 mine

gre = 500 gms.
Water = 500 gmss

Silicic Acid « 0s5#/Ton
Lead Chromate = QQS#/Ten
Acetic Acid = oo#/Ton

f,é

Added - -Emulscl X-1 0660¢/Ton |
Cond. = 3 mine. .
Skims = 10 mins

i pH : - 77@6\2 Ry

~ Tails pH = TeT0
Some reaction between acid and limestone
visible. :
- RESULTS -
TEST| % AS&AY 7 L REGOVERY %

No.| Wt. |BaSoz. CaCos| Si0g fBaSo4 CaCog| 8i0g | INDEX
Foed [L00.0| 27.4 | 2945 |43.6 | 100 | 100 | 100|
G | 20.0| 57.0| 34.6 | 8.6 | 84.5 | 48.0 | 8o5 | 2280

T "60;0 7;9»«25;5 62,0 | 15,5 | 52,0 |91.5

GONCLUSION -"

| The use of a weak Acetle Acid solution was sugﬁested by
Scottts WMetallurglcal AnalySLS" which states that Barium
Chromate was- less soluble than Calcium Chromate in an Acetic
~Acid solutlon, ’ ; ;
A slight difference'in'bulk and limestone grade was noted

when obmpared with Test 46,
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TEST' 49,

To‘fleaﬁ bariﬁe using an'increaSed_amount of Eéad

' Chromate ag a llmestone depressant, and Slllclc Acid as a

; quartz degressante'

CHARGE -

B

RESULTS -

to Pebble MilL

 Grind = 30 mins

“Added

Qre y - 500 gmse
Water = 500 gnms.e
Silicic Acid = Q. 5§/Ton
Lead Chromate - /Ton

Cond.
Skime
PH

3 mine
-0 mine
,80 28

(RN SO T ’

Froth same as usuale.

~Emﬂlsbl X-1

s

0+60#/Ton

TEST

NOo

%l
’BaSb4A

Wte

 ASSAY %

RECOVERY %

CaCo5 VSiOZ;;BaSo4k GaCosz.

gio o

INDEX

Eeed
c

10040

43,1
<,56+9¥

274
56¢3

6e2

20,5 | 43.6 | 100 | 100

3505 | 11.7 | 87.6 | 49.5

1 26,2 | 63.5 | 12.4 5045

100
12.4

87.6 |

235.7

 CONCLUSION -

An lncreased ameunt of Lead Chromate has aoparently

ne effect,




To 1nveat1gate the advantages of sbortenlng the

TEST 509

sklmmlng tlme 1n the flotation of barite When u31ng Lead

Chromat@ as.a llmestone depressantb

CHARGE

CEILL

| EBSULTS -

- to Pebble Mill

Grind
QOre
Water

Sodium Silicate <= 1.0#/Ton
Lead Chromate

-

Added

o Gonde
Skime

=N
=S

8 '[ 1 S

i Fﬁqth same as

30 Mins

800 graeé
500 grs.

oy

3 mins

-5 mine

8e45

OS%VTQH

- Emulsol X-1

04604/ Ton

in previous tests.

Test| g | assavg | RECOVERY % |
Nos | Wee | BaSoy CaGoS | 8103| BaSo, [ CaCog 510y | INDEX
Eeea 10040 ‘27;4" 29,5 | 43.,6| 100 | 100 | 200 | ‘
¢ 39.6 159;7, 3050 | 11.3| 84.0 | 41.0 | 11.0| 233.0
T 50?4; '7;5 2805 | 60s0] 1600 | 59.0 '89°Q‘ o

COYCLUSION -

. A short skim tlme lncreases the grade of the barlte

concentrate but deereases the reoowery apgrox1mately ten

‘.percent.
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TESTQSIs

To lnveSulgate the effeotlveness of Pota581um

Ghromate ag a deoressor for llmestone and Silicic Acid as

a depressor for quartz in the flotatlon of barites

CHARGE %o Pebble,Mlll
 Grind -~ 30 min.
Qre = 500 grs.
Water =" 500 grs.-
Silicic Acid - Q. S#/Tan -
; Pota531um Chromate ‘- Q 8#/Ton ‘
CELL - o ‘ B
i Added - Emnlsol.XFI 0e60#/Tan
Conde ' - 3 mine- U
Skims = 10 mins
DPH- - 8ol
RESULTS -
TEST % S :ASSAY % 1 RECOVERY %

o+ | Wt. [BaSog] CaCoy [ 510, |BASog | CaCo, | 5105 | INDEX

Eeed~100;o"w27;4" 29;5 | 43,6 | 100 | 100 | 100

€| 41,0 (85,9 | 33,3 | 8. 3|79.0 | 47,0 | 8.5 | 2235

‘T | 5940 ,1@;4;,‘25,2 | 615 |21.0 | 53,0 | 91.5

;CONCLUSION &

There is lltﬁle dlfference between the effectlveness
of Pota331um and Lead Chromates ag llmestone depressants
~excegt that the grade of barlte and quartz dropped sllghtly
along with the bulk.
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TEST' 52,

To inVestigate theAeffécﬁiveness of Sulphonated Cod'
0il as a'doilector of barite,“employing godium Silicate and
 Potassium Chromate ag depressors for Quartz'ahd‘limestone.
CHARGE = to Pebble Mill

R Grind - 30 mins
Gre , =  BO0 grs.
Water = 500 grss

Sediuw Silicate = 0.25{/Ton
Potassium Chromate = Q+8#/Ton

'

Added = Sulphonated Cod 0iL -1e47#/Ton
S . Terpineol T = Qe66#/Ton
Conds = . <= 3 min,- ‘ i
Skim. -~ 10 mine

PH - 8445

Well mineralized fine bubble froth for first

5 minutes - subsequently poor, irrespective
~of amount of Cod 0il or Terpineol addeds

RESULTS - oy - | -

|mmsel % | assavy2z [  mmcovemv g | P
Nos| Wte 33504‘ CaCQ3~kSiQ2_ BaS°4 CaCog | 810y | INDEX C

| Peea| 10040 |27.4 | 20.5 |43.6| oo | 100 | 100
C | 5946 [42.4 | 45.7 |10.9| 93.8 | 93,0 | 15.7 | 185.1

v | 4002 | 4.2 | 5.2 |86.6| 6.2 | 7.0 | 4.3

CONCLUSION =

wéﬁlghonated.Cod Oil‘hasrakgood colle@tingraetion for
both barite and calcite with no evident selective action. It
confirms preVious statements regarding increased limestone

grade with the use of Fish 0ils as collectorss
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, TEST 53
To 1nvestlvate the effeculveness of Chromlum Oxide
(Crg 05) as ‘a depressor for limestone in the flotatlon of
barites

CHARGE = to Pebble Mill

Grind - 30 win.
Ore .= 500 grs.
~Water - = 500 grs.

- Chromium Oxide (Cragz) = 3.2#/Ton ‘
Sodium Silicate =~ | = 2.,0# /Ton

CBLL - Added - Emulsol X-1 = 04 Goﬁ/Ton

e Conde - & mine
-~ Skime’ = 10 min.
pH - 10.32
Tails pH = 9.80

; 'k,Frathaa usuals
RESULTS - |
{mast| % | assav g | RECOVERYZ

| Mo Wt. [BaSos CaCoy 5105 | BaSo, | GaCog ;SlOZk; IKDEX
‘Feed.Loo 0| 27.4| 20.5 43.6 | 100 | 100 | loo |
¢ | 46.6 53@? ‘29;5   16,9 | 89,7 | 47.4 | 193 | 223.0

T ‘~53;4k'Q5;3.h28$6 | 62.8| 1045 | 52.6 | 80.7

CONCLUSION’n

Chromlum Oxide (Grgas) has-a'slight general‘activating

actlon partlcularly towards barlte and quartz, thereby
1ncre931ng the bulk.
Note ,AV The hlgh PH value is lneyglicable as Chromlc OYlde

k Shauld,hydrolyze~to Chromic Acid.




IEST 54,

To float barlte u81ag Ghromlc Acid as a limestone

deoressant.
CHARGE - to Pebble IMill
Grind - 30 min.
- Qre - 500 gmse
Water g 500 gms.‘
- Sodium Silicate = ﬁ/Ton
Chromic Acid /Ton
CELL - Added - Emulsol X-1 0,60; /Tun
L - Conde -. & mine . ‘
Skim°» . - lO ming
pH - 8~21
Pulp appeared yellow when taken from
mill. Froth as usual.,
RESULTS -
TEST| % | ASSAY % __ mEcOVERY % | |
_No.| Wt. |BaSo, [CaCo,| Si0; [BaSo,| CaCos| 5105| INDEX
Feed|100.0 |77.4 | 29,5 | 43.6| 100 | 100 | 100
C,"'37;5, 53+2 | 36,0 |- 9.0 | 73.9 46,0 | 862 | 210.7
T | 62.5 |11.2 | 2504 | 59.2 | 26.1| 54,0 [91.8 |
~00NCLUSION,4"

Chromlc A01d has a: general aotlvaﬁlng actlon,

jparﬁlcularly towards barlte and llmestoneb Compared to

Ghromlc Ox1de, Ghromlc Acld 1s a stronger actlvator of

kllmeatoneg
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TEST 550

To float barlte u51ng Alumlnum Nitrate as a limestone

depressanto

CHARGE - +to Pebble Mill

Grind ~ 30 min.

Ore - 500 gmse
Water = B0Q gms. «
Sodium Silicate = 0.5#/Ton
Aluminum Nitrate - 9.2%/Ton

Added-

Conde
Sklmn ;
PH

Emulsol X-1 Qe 60#/Ton
3 mine, S
10 min.

o48

R

Froth as usual

 RESULTS -

TEST | 4 | ASSAY 7 |  rmECOVERY &
 Woe | Wte BaSoAv'CaCO3 8105 | BasSQ, | CaC0z| 8i0,| INDEX

Feed | 100.0| 27.4 | 20,5 |43.6 | 100 | 100 | 100
¢ | 40.9| 58.3| 312 | 9.1|93.8 | 42.7 | 9.2 | 24200

T | 591 2.7[20.0 |62.5| 6oL | 5705 |9008 | e

icowcwsxov i
| Alumlnum Nltrate is a stronger actlvator for barlte
‘thenkfor llmestone» |

’ Thls teat was sugg ested by a statement of Gaudln‘
vth&tkseltSjwhieh form/eollOLdal hydraxxdes act as_llmeetone

depressents,




TESTYSGg
To investigate the afzectlveness of Aluminum Nltrate
as a deoressor for llmestoneo |
 ‘CHARGE,'ak to Pebble Mill

 @ring - 30 min.

Ore "= 500 grs.
Water - B500 gra.

Silicic Acid = Q, 5i/Ton ,
: Alamlnum Nitrate < 0.5#/Ton

.CELL -

Added = Emulsol X-ks 0,60#/Ton
Cond, = 3 mine ‘
Skims - 10 min.
pH - 8432
k,Eﬁoth ag-asuals
RESULTS =
| TEsT %'y'b,,,A%MY7 | mwmmmffrA

Moo | Wh. |BaS0, | 0ac0s [ 510, | 5as0,| cac0s] 10, TiEX
Feed Ido;o | 27.4| 20.5 | 43.6| 100 | 100 | 100
¢ | 40.5 | 59.3 29:4 | 11o4 | 86,8 | 40.7 | 10.3| 235.8

T '59;5'~« 65 | 3040 6240 | 13.2 59,3 | 89.7

CONCLUSION -

| Increased amcunt of Alumlnum Nltrate gives an

lncreaned selectlv1ty between barlte and llmestoné.
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TEST%ST;
TQ 1nvest1gate the effectlveness of a higher
concentratlon of Alumlnum Nitrate as a llmeston° depressahto

CHARGE =

to Pebble Mill

- Grind o= 30 mine

Ore ' = 500 grs.
Water =~ 500 grss. :
Sodium Silicate = 0e5#/Ton
Aluminum Nitrate = I1,0#/Ton

CELL -

Added

k-Gande

Skime

- PH

Froth same ag

Brulsol X-l.
3 mine

1@ min.
8441

0+604/Ton

in previous tests.

TES‘T.

;NOonj

A

ASSAY %

__ RECOVERY %

‘Wt,

33804

‘0&303_

5105

B&SO4T

Cac0y

'8102 

INDEX

o Feedf

c

100.0
‘48;2

 51§8

27 4

55&4 i
2,0

| 29,5

34,5 .

43,6

950

;‘70;83'

100

’9692‘

3.8

- 5643

100

100

[ 10.5
8945 |

229.4

',COVCLUSION -

2447

43¢T

‘ Thls teat 1llustrates the prlnclple that an execess

of aotlvator usually leads to a depreSSLng actlono,




TEST,\5

8e

To 1avest1gate the effectlveness of Lead Nltrate as

a depressor of llmestone 1n the
fCHARGE‘ - to ‘Pebble Ml

Grlnd;

Ore g -

Water
Sodium Silic

Added .

Cond.
- 8kime:

PH

Lead Witrate

fLotatlon of barlte°
11

- 80 min.

500 gms.
16 10] gm8e .
ate = Q.5#/Ton
= Lle25#/Ton

Emulsol X-l -
3 mine.
L0 mims
8@4;

N

Froth similar to previous teats.

RESULTS =

0+604/Ton

TEST | % ASSAY %

RECOVERY %

__No.| Wt. [Bas0, | cacoy | 8idg

| BasS0y | caco, [ Siog

INDEX

| Feea | 1000 | 27,4 | 20.5 | 436

€ | 44.8|56.4 | 32.8 |1L.5

T "55,2 3,9 | 26,8

64,8 |

100 | 100 | 100

92.0 | 49,6 | 12.5

8.0 | 5004 | 87.5

23049

| CONCLUSTON‘- |

' Lead Vltrate has little

' slightly inorease_the bulke

effect ether than to
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TEST 50,
'"~fdgiﬁveétigaﬁefthé>effed£ivenessyof Argols (Potassium 
'bitarﬁraﬁeTVas:a-depressor for quartz in the flotation of
barite. | |
 CHARGE =~ to Pebble M:Lll
- | Grlnd
Cre

Water
Argols

30 mine.

500 grss
500 grse
Qe 5#/Ton

u.rjycf

Added

- Gondo
Skime.
PE

Emulsol X=1 - Q¢72#/Ton
3 minu ) :
10 mine

8.5

IR

Well mlnerallzed fine bubble froth =
much game ‘as in prev1ous tests.. ‘

RESULTS -

mmst| % | ,,'.ASSAY 7 1 mecovery 7 |
_Wo. | Wt |BaSQy | 0005 | siog | BaSO, | Cacls sia

| ripEx -

Feed | 100.0| 27.4| 29,5 | 43.6 | 100 | 100 | 100 |
¢ | 41.7| 58.9| 28.7 | 10.5 | 90.5 | 41.0 | 10.5 |239-0

T | 5853 4.5] 2905 | 4.1 | 9.7 | 59.0 | sa.n

GONCLUSION -

Argols has llttle effect;




TEST 60.;

To 1nvest1gate the flotation of Barite u31ng Sodlum

, Netaghosphate as a leestone depressant.

‘CHARGE i to Pebmle MLlY
Grind ~ 30 min.
Ore ‘ = 500 gnmse
: W&ter = B0Q ENSe
- Sodium Silicate - 0.5#/Ton
~Sodium Netaphosphate - Qs 5#/Ton
CELL - | L
A ‘ Adde&_ : - Emulaol = Qo6#/Ton
Conds = 3 mine :
Skim. = 10 mine
pH - 8.5
Froth as usuale
B _ ABSAY RECOVERY
mst | % | 3 — a2 e
No. | Wt :Basoé}a CaCOa slofz“ Bas0, Ca003 810g | INDEX
Feed | L00.0 | 27.4  ;,2~9°5 43,6 | 100 100 | 100
a 40.1 | 6249 | 2608 |10.9 92,5 | 36.5|10.7| 245.1]
T 59.9 | 3.6 | 3Le1 [60.6| 7s7 | 63.5 | 89.3

'CONCLUSION 6‘

i See Tegt 649
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TEST'Glo

To lnvestlgate the copsumptlon of Sodlum Metaphosphate

when used as a depressor of limestone in the flotatlon of

harlteoz

 CHARGRE

-

CELL =

 RESULTS -

Grind

to Pebble Mill

30 min.

Qre 500 gmss

Water ; 500 gmse
Sedium Metaphosphate -~ 1607 /Ton
Sodium Silicate -~ 0 5#/Tan

.
-

Added
Cond., -
Skims -
PH

Emulsol X-1 Q. 60%/Ton
3 m:Lno .

L0 min.

8030

R N

: TESTi

o

 ASSAY %

'f REOOVERY %

| Basoy

Cacas

‘Hsiog

Baso4

8102

Feed

10040

35.4 |

64.6 |

|27.4

66,4

29 5
22,5

33»9

43,6
10 '2’
574

 103

8749

12,1

;lkO(\)

2666

VBed

100

8e9

91.1

“INDEX

2524 |

5.0 |

coNeLUS

10N

Sée Test 64.




TEST 62,

".Eq investigats the conaumption‘of Sodium Meﬁaphos—
phate when uSedyas a depressor of limestone, in the flbtation
of barite. |

CHARGE = to Pebble Mill

Grind - 30 ,mil’le :

Ore = 500 gms.

Water = 500 gms e
- Sodium Metaphosphate - 1.5#/Ton
Sodium Silicate - 05#/Ton

CELL = o
' ~Added
Conde
- Skims
- pH

Emulsol X;l
S min.

4 mlrlo

‘8‘4

~ 0.60#/Ton

SR

Smaller concentrate than usual, due to
the general depressing action of the
‘godium metaphosphatee

RESULT -~

TEST |
Nos |-

':ASSAY

%

RhCOVERY

/

o, | Bas0y |

CaGOf

810,

| 80

4. 0@003

8102

INDEX

S Heed
o
T

| 27.a
| 82,7

9| seg’

2905j

12:6

35.1 |

43,6

6o

83s0

100

75,9
24,1

100

89e3

107

100
4.1

195.9

261l.1

CONCLUSIONf—

See Test 64
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TEST 63,

To investigate the effectiveness of a high concent-

raﬁion of Sodium Metaphosphate as a depressor of limestone in

the flotation of harite.

" CHARGE <= +to Pebble Mill .

e N

| RESULTS -

Grind = 30 min.

Ore - 500 gmss

Water 500 gms. ,
Sodium Silicate - 0.50#/Ton
Sodium Metaphosphate = 2,0#/Ton

e

Added
Gonde
Skimo
PH

= Emulsol =
& mine

6 mine.
- 811

0s60#4/Ton

‘Mineralization of froth very slight,

becoming negligible after 6 minutes
of skimming, :

TEST|

- No.

17-

P

SBAY % RECOVERY %

Wt. [Baso,

CaC0y [ 510, | Bas0, | cacoy | 510, | INDEX

| meea
G
T

; f8Ov3

87,1

v, 120 5 ‘,

27,4

| 34.8

4
29,5 | 45.6 | 100 | 100 | 100

8.2 | 5.7 | 62,9 | 5.5 | 1.8 2s5.6

49.8 | 37.1 | 94.5 [ 98.2

CONCLUSION -

. See Test 64,




TF.AST &‘ 64.o

To float barite using & large amount of Sodlum

Mbtanhosphate as a llmestone depressante

CHARGE -

CBLL -

to Pebole MiLll

Grind e 30 mine

Ore - 500 gmse

Water ‘ - 500 gmse

Sodium Silicate O 5%/Ton

Sodlum Mbtamhosphate -2 5%/Ton

Added - Emulsol X-1 Oe 60#/T0n
- Conde - 3 mins
- Skime =" 10 mlno

PH - 8,35

Froth strong but poorly mineralizede
-~ Bubble colum shorter than usual. Bubbles

larger and very persistent. Swmall amount
of concentrate,

'fm%mﬂsw'
g  ASsAY | REGOVER |
mmsr | g e o ROV}
SVNb‘f; thz BaSQ4 GaCO3, 8102“ BaSO4 Qa303 SlOgy INDEX
| Feea| 10@ o 27.4 | 29,5 |43.6 | 100 | 100 | 100
¢ | 16. 9 75.8 13,9;\ 8,0 |49.0 | 7.9 | 3.3 237.8
T un83@l,16;0f' 5207 48 4 |5L.0 92,1 | 96,7

VCONCLUSION Lo

The IOllOWan table summarlzes the results of varylng

amounts of Sodlum Metaghosghate ag a limestoune depresaant

E 2105

AMDUNTI % ASQAY % _ | _RECOVERY .
NaP03 Welght | Bagc4 CaCO3 8102 : BaSO4' CaCQ5 SlOz‘yk,‘
0s5 | 40.1 | 62,9 | 26.8 [10.9 92,3 | 3605 | 10.7
LeQ | 35,4 | 6604 | 2205  |L0.2 | 87,9 | 26,6 | 8.9
LB '25;1,' 82,7 | 12:6 | 6.7 | 7569 | L0.7 | 4.1

2.0 19,7 | 87.1 | 8.2 3.7 6209 5.5 1.8

7 .
16,9 | 75.8 | 13,9 | 8.0 [ 49.0 ‘709 363
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TEST 65.

- Ta float barite with Oleic Acid using Sadium

Meﬁaphosphate;as“a limestone depreSSantof‘

CHARGE =~ to Pebble Mill

CELL =

 RESULTS -

Grind

Ore

Water -

= 30 min.
. 5<OO gnl‘s,e
= B00 gmse

Sodium Silicate ~ Qo 5#/Ton

 Added

Conds
Skitm.

Sodium Metaphosphate = 2.0#/Ton

~ Oleic Acid = Q.11#/Ton
Terpineol = 0.33#/Ton

;S mine
- 8.30

Well mineralized froth.

rEST| 7

_ ASSAY % | REQOVERY %

No. | Wt. [BasSQ,

Gaco

3

810, | BasSo, [CaCQ, | 610, | INDEX

°FEe&fldd;Qf 27;4 
C | 63.8| 39.5

29.5

4Q.4

| 43.6 100 | 100 | 100

| 18,1 | 95.5 |8&7.8 R7.8 | 179.9

7 | 36.2| 3.3

- CONCLUSION -

10.3

82,6 | 4.5 |12.2 | 7202

 QOleie Acid is useful mainly as a collector in a

frbugher.cell,,as it tends to float the entire pulpe




: TEST| 66
‘To in‘v‘estigate the flfo‘ta;ﬁ‘ion of barite with a coé}’:‘sel*
dell feei‘énd Sodium.Metaphosphate to depress the liﬁestoneo
CHARGE =~ to Pebble Mill

Grind = 15 mine.
Ore - ‘ - 50Q gmss
Water - 800 ngo

Sodium Silicate - 05#/Ton
Sodlum.MEtaphosphate'» Lo O%/Ton

CCELL @ - el ]
e : Added_ = Emulsol X}I Qe60#/Ton
Gonds = 3 min. .
Slfims - 10 mi e

SE = 8.36

 Concentrate and'frbthksame as usuals

BESULTS -

rmst| 2 L _assav 2 | macovmmy z
No. | Wte 'Ba804 Caso; [ 510, | BaS0, | a0, S0, | mipEX

Feeé_lQO;O >2?°§ 29.4 |42.7| 100 | 100 | 100

!¢ |s0.8 |7306 | 2008 | 7.0 7905 | 22,2 5.0 252,53

¢ |69.2| 8.4 | 52,5 |58.6]20.5 | 77.8 [95.0

‘ CONCLUSION -

The coarser cell feed @1ves a better seleotlwe
fldtatlon~by‘increaaing the grade of the barite and decreasing
the grﬂde of the llmestcne, Recoveries are lower due to the

smaller bulk.
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IEST 67.
Ta flcat barlte u31ng a desllmed cell fee, and no

reagents in mllle‘

. FEED - Two standard 500 gram charges were
SRR lnd1v1dually desllmed after the usual

grinds.
‘Loss due to slimes = ~18.15%
Assay of deslimed ore
Barite - 25.0%
Limestone -  28.5%
Quartz - 46+5%

The ore wag drled and‘BOO grams used as
cell chargeo

CELL =  Added -  Emulsol Ykl O 48#/Ton -

Conds = éa) Before adding collector - 5 min .
' ~ (b) With collector = 3 min

Skim, - 5 mine RO

,§H ‘ o = 8@35

Eroth same as usuale .

RESULTS =

| masr| 2 L asshv 4 | RECOVERY % -
| ,HNb017WfoinaSQ4 _cacog 5102? BasQy | CacOz| 510, | INDEX

| Feea|100.0| 25.0 | 28.5 | 46.5 [ 100 |00 | 1ao

¢ | 53;0? 6605 | 2502 | 8.2 | 88.0 | 2000 | 6.2 | 252.6

T | 6740] 4.5]|30.6 | 59.4| 12.0 | 71.0 |93.6

'kCONCLUSION -

A desllmed cell feed results in a greater select1v1uy

~between the flotatlon of barlte and lLimestone than that found

in a standard cell feede
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Slimes might be evolved but this point was not investigated

by the authors.



TEST 68. |
‘ To float barlte u51ng a desllmed cell feed; with

Sodlum Metaphosphate as a llmestone depressant°

‘FEED =  Two standard 500 gram,charges were individ-
; ‘ vally deslimed after the usual grind,.

g Loss due to Slimes - 19.1%
. V ' Agsay of deslimed are
T : Barite - 2605%
Limestone  -. R256,6%
Quartz - 47e9%

The ore was dried and 500 grams used as
the cell charge. o -

- CELL = ' L : ; '
N Added - Emulsol X-1 - O»ﬁO#/Ton co
, - Sedium Metaphosphate = L.0#4/Ton
Conds. (&) With Sodium Metaphosphate
" but no collector =~ 10 mine
() With collector = 3 mins
| T3 mins
Skime - 5 min.
BE = 8,30
Most of concentrate came up in the first
‘minutes Good froth throughout, but na
‘ , mineralization in latter stages.
. RESULTS =
tEst| % |~ ASsAv 4 | . RECOVERY %

No.| Wt.” [BaSQ, [ CacOz[ 10, |Bas0,| CaCly| 810, | INDEX
 Feed|100.0| 26.5 | 25.6 | 47.9 | 100 | 100 | 100 |

C |23l | 88.5 | 7Ted | 4.9 |76.8 | 6.7 | 2.7 | 267.4

T [76:9 | 8.0 | 0.5 | 57.0 | 23.2 | 93,5 |97.3

CONCLUSION -

‘i' Tﬁis’test hag giVen the best selective action between
the flotation of barite and limestone to date. Howewer, it
- may be noted that this test may not be practical due to the

loss of SlimesgkbA satisfactory method of treatment of the




TEST 69,

- To investigate the fldﬁéﬁion of Barite at &

temperature of 40 degrees Centlgrade»

CHARGE

CELL

RESULTS =

e

-~ to Pebble WilL

Grind = 30 mine
QOre . 200 gmse
Water . 500 gmse.

Added
Cond.
Skim,
PH

Temp.

Emulgol K=1 0o 60#/Ton
3 Mite ’ s
10 mine

795

400 Ce

RS R T

?Frotb much same as usuals Largér;bulk,of
.concentrateo : S :

TEST|
Noe

% ,

ASSAY % | REGOVERY 4

Whe [BasS0y |

3

Feed|

o

T

10040 [R7.9
53&4 : 50 9’7

Cac0s | 810, ~ Bas0, | caco,| sio, | TwDEX
R9.4 | 42,7 | 100 | 100 | 1oQ
3602 | 13.7 | 97.9 | 67.1 | 173 | 213.3

4646 1.7

CONCLUSION e

See Test

20.4 | 75.2 | 2.1 | 32.9 | 82.v

709




TESTE

To 1nvestlgate the flotation of Barite at a temperature

of 60 degrees Centlgradeo;

CHARGE =
CELL -

' RE_SULTS -

Grind
Ore :
Water

Added

 Conds

Skime

PH

Tempo

‘ Concenﬁrate

appeared to

Brevious te
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70

-to Pebble Mill

= 30 mine

-~ 500 gms.

= 500 gms,

~ Emulsol X-1 0. 60#/Ton
- 3 mine :

-~ 10 mine.

= 8s40

60° C.

much same as usuale

Froth

be lighter texture than in

stse

“CONCLUSION -

tempefatqre onjthe flotation of barite

The follow1ng table summarizes the'reSults

tesT | % | sssav4 | mmcovarv z |
Moo | Who [BaS0y] c:aco3 510, [Bas0,| Caloy ‘SlQZ | INDEX
Féed‘ 1bQ;Qf2?;9 R9.4 42.7 | 100 100 | 100

¢ | 52.3[50.2 | 36.6 11, 5{96.0 | 65.7 | 14.3 | 216.0
T '4?0?"2;2?‘ 21;1 76,1 | 460 | 34.3 8507 .

of varying

limestome and quartze

_RECOVERY %

?ggfo 'Wé%ghf ‘B&SOASSggcg T810, | BasS0, | CaC0,| 810,
| ent 4 3| 510z 4 3 2
20 | '40.9 [58.8 | 2.0 | 9.6 | 90.2 | 45.8 | 9.6
40 | s3ea 5007 56.2 137 | 97.9 | 67.1 |17.3
11,5 | 96,0 | 65,7 |14.3

€0

52.3 50 4 ,55;5~




Temperature has little effect ahove 40° Q. The most
noticeable effect of increased tempersture is the relatively

large increase in the recovery of limestones.



‘To investigate the flotation of Barite at a

140

TEST

Lo

temperatufe of 40 degrees Centigra@e using Sodium Metaghos~

phates as a limestone depressant.

CHARGE =~

-~ CELL

RESULTS -

to Pebble Mill

Grind
-Qre
Water

Added

Cond.

Skine -

DH
Temp

=3
~ "

[ T

30 min,.
500 gms.
300 gmse

Emulgol X-1  0.60#/Ton
Sodium Metaphosphate.

S e lgO#/TOﬂ :
5 mine :
10 mine.
795
4Q0

Froth;véry much thetbame as usual during
the first half of skimming periods Later
froth was lighter in texture & more copious.

: Test

o |

%
Wte

ASSAY %

RECOVERY %

‘ faS.QAf; ‘

7SiQ2;

fFéed
Cop

100.0

7609

6.0

2%.9

29;4

16.2 |

3507

£2.7

70
59,7

Bas0,| Caco,| Si0, | INDEX
1¢d’31100 ‘100 |
8608 | L7.4 | 5e2 | 264.0
13,2 | 82.6 [94.8 '

CONCLUSION -

" The following table summarizes the results of

flotation of barite silica and quartz using Sodium

Metathééhaﬁe:as a depressor'bf limestone under temperature

conditions of 200 Cs and 40° Co
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- Tempf| b
L ~REAGENT | 7

_ ASSAY %

RECOVERY %

%, | | weignt

~Ba804 kCaCCS

510,

kBaso4

Ca003

5105

20 | ma Po; | 35.4

40 | Ma P05 | 51.8

fo [T 5304

66.4 | 22,5

76,9 | 16.2

0.7 | 36.2

10.2
7.
[ 13.7

- 97.9

87.9

8608

2666

1764

67.1

809

5.2

17.3

VV;: At 400 Ce & better selectlve flotatlon between barltek

- and calclte is obtained than that at 20° Ce

Both tests

fconducted Wlth uge of Sodlum.Metaphosphate are better than'

: that conducted at 400 Co-WLthouu Sodlum_Metaphosphateo
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- ASSAY METHODS =

The unique character of the ore allowed developement
of original assay procedures based on standard commercial
methods. Results obtained were recorded to the nearest tenth
only - further figures wOuld have been meaninglesse.

The methods outlined are divided into two parts, one
’for each type of oree

9 (1) Part A - Assay of ore containing
| (a) Barite . )

(b) Calcite

 (0) Quartz .

(d) Sulphides.

() Part Bké~Assay of ore containing

(a) Barite

(b) Calcite

(c) Quartz

PART & -

ASSAY OF ORE GONTAINING BARITE CALCITE QUARTZ AND SULPHIDES

Section (L)

Weigh out one half gram of ore into a 120 ce.cs
beaker; add ld cc HCL, coverywith a watch glass and place on
hot plates When violent action ceases, add 5 ce HNOz and
boil until b;own fumes are all off. Place beaker on a Low

plate, rinse off cover glass, and take assay to dryness.
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Bake at 120°C for 1/2 hour, cool, add 10 cc HOI and 40 oc
‘Water, boil till clear, filter through a 12 1/2 em rapid
filter and wash alternating with boiling water and 1:1 HCL
until yellow ferric chloride is all out of the paper; then
with water four times. Reserve the residue for determin-
ation of silica and bariume

Section (2) - (a) Determination of Iron.

| Make the filtrate ammoniacal; then 5 cc in excess.

Baoil, filter and wash with boiling water.

Reserve the filtrate for determination of calcium
as in sectiom (3).

Dissolve the precipitate of iron hydroxide with
l:1 HCL; then 5 ce in excess. Add 25 cc water and boil till
clears While still hot add Sn CLp drop by drop until the
yellow color of F32 CL6 disappears and add one‘drop in
execess. Coal thuxaughly add 10-15 cc of mercuric chloride
to neutralize excess Sn 032, and titrate with standard
potassium diehromate solutionm, - using potassium ferricyanide

(KzFe (CN)G) as an indicators

Section (3)
- "Determination of Calciume
To ﬁhe‘from;the iron hydroxide precipitate (Section
2), add HCL £i11 acid, then 1 cc in excess. Add 3 gmse.
ammonium oxalate, bring to boil and add ammonia drop by drop
till alkaline. (The calcium oxalate will be coarse and easily
washed ). Aliﬁw the precipitate to settle out for 1/2 hour,

decantrthé gsolution through the filter, wash precipitate into
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filter and rinse beaker out well to remove any remaining
-ammonium oxalate. (at least 8 times) Wash precipitate into
originallbeakerg fold paper aver edge of beaker, add 100 cc
hot water and § cc 1:1 HpS0,. Heat to about 60°C, titrate
to pink coior with KinOy, add the filter paper and finish

titration.

Section (4) - Determination of Barium.

Thordughly mix the final residue from Section (1)
with 3 graus of WepCOz in a platinum crucible and fuse at
950°C ti1l the melt is clear. Pour the fused material into
the cover of the cruciblekimmerse bofh crucible and cover,
togéther with the contents, in a beaker of hot water. Digest
for 10 mine., reumove cover and crucible, scrub and rinse welle.
When solution is complete, filter through 12 1/2 cm #1
Whatman filter, wash well with hot water. Reserve the filtrate
for determination of Silica.

| Wash the residue back into original beaker. Dissolve
cautiouélyiw;th 1l:1 HCL adding 10 cc of free HCL in excess.
-Boil for lbimin; Add 4 cc of HpS804 in 20 ce of Hg0 to the

hot barium @hlofide solution. Cover the beaker; place on a
medium plate and allow to settle for 20-45 min. Decant the
solution into a filter, wash %the precipitate in beakér with
hot water, wash into filter, wash the precipitate at least
8 times with boiling water. Ignite and weigh as barium
sulphate.

Section ()= Determination of Silica

F’Acidify filtrate of Section 4 as there identified,
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with HCL; then 20 cc in excesa. Bvaporate to dryness and
bake for 1/2 hour at 120°0. 4dd 15 co 1:1 HCL, 150 cc

water, digést 10 min. Filter, and wash the residue. To the
filtrate, add 10 cc HCL and again evaporate to dryness.

. Filter through the same filter baper. Wash 6 timeg with .

boiling water. Ignite and welgh as Si Oge

PART B -

ASSAY OF ORE CONTAINING BARITE CAILCITE AND QUARTZ

Section (1) = Determination of Barite and Quartzg

Fuse L gram of the ore w1th Y gms of Nas CO in a
platinum cruclble at 950 C, and proceed as in Section 4 and

subsequently in Sectieon 5 for guartz determinatione.

Section (2) = Determination of”Calciteo
- The determination of lime ma.y be‘made from either the’
filtrate from Section 4 Part A after reméval barite as
barium sulphate precipitaﬁs or may be made on a separate
sample. The latter procedure was used for the sake’of speed.
: Weigﬁ out 1 gram of ore into a beaker, bring into
_&olutiﬁn ag in Section 1 Part &, remove iron as a hydroxide

a& in Sectlon 2 Part A, and prdceed% as in Section 3 Part A.

(Notes) (1) Some silica may be contained in the bariun
carboﬁate residues; hence in the high silicas
such as the tallings,6 the filtrate from the
barium sulphate filtration is best further
acidified and taken to drymess, dissolved in

15 ¢ce 1:1 HCL made up to 150 cc with water,
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Qiltered ignited and the resuylt silica obtained,
added to the regular silica assaye
(R) Large excesses of g0dium carbonate should be

avolded in fusionse

SULPHURS
| Weigh out 1/R gram of sample into a 150 cc beaker.

Wet with 40 cc water and 30 ¢c nitric chlorate mixtures Keep
on a low plafe.until the solution is complete = preferably
ovér night. Take to dryness and bake at 120%¢ for 10 minutes,
Cool, add 5 cc water and 1 cc HCL, digest for a few minutes.
Add excess NagCOz and 25 cc water. Boil for 10 minutes.
Vake up to 75 cc with Water and boil again, taking care to
avoid heating too fast lest’bumping resu;tso

Filter using #1 Whatman baper. Wagh 4 or 5 times
with hot ﬁater; Add 2 drops of phenolphthalien %o filtrate.

‘Redissolve precipitate with water and HQL. Digest
t111l clear. aAdd Nap COz until brown precipitate is reformed.
Filter into .-first filtrates Acidify filtrate with HCL adding
3 cc in excess. BOiio Add boiling Ba CLg in excess and boil
for 10 minutes or until Ba S04 prééipitaﬁes settles oute
‘Filter through #1 F papef» Wash lO’times with boiling water
and 4 times with cold water. Ignite, slowly at first, then
at a highltemperatureo Cool and weighe

Wt_of Ba 80, X 0e1373 V‘IO:a = S
Wt. of sample % 1007 4
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