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INVESTIGATION TO CONTROL MINE DUST USING SURFACTANTS AND A NEW 
APPROACH FOR ELIMINATING THEIR NEGATIVE �E�F�~�=�=�~� ON FLOTATION 

MARIUS A. CRISTOVICI , P. Eng 1 

ABSTRACT 

The possibility of using surfactants as wetting agents for the 
suppression of sulphide ore dust has been investigated. 
Numerous surfactants were examined to determine their 
characteristics and to investigate their ability to improve 
the wetting of the sulphide ore dust. 

However, the surfactants selected as potential dust suppressors 
proved to have a negative effect on the flotation results of 
the ore contaminated with such reagents. 

An investigation carried out to eliminate this drawback 
succeeded in developing a technique by which the detrimental 
influence of the surfactants was eliminated. The method 
consisted of adsorbing the surfactants on activated carbon and 
separating the carbon from the ore prior to flotation. 

The technique which has been proved to work even under excessive 
addition of surfactants is simple and requires minimal changes 
in the plant flowsheet. 

A full scale investigation is under way. 

Canada Energy, Mines and Resources - CANADA 
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1 INTRODUCTION 

Dust measurements ih mines clearly lndicated (1 ,2) �~�h�a�t� 

the major mineral dust exposure is due to loading and transport 

of the ore from the mlnlng areas. One approach to the solutlon 

of thls dust problem ts the appllcatlon of water sprays to 

reduce dust dlsperslon. Wettlng of broken rock is very 

ef fectlve ln preventing fine dust from becoming airborne by 

blndlng it to the larger lumps. Experimenta have shown that 

most common rocks are readlly wetted by water. However, the 

dust origlnating trom sulphlde minerals exhibits an inherent 

hydrophoblclty that makes water spreading on the surface of the 

partlcles more dtfftcult, creatlng problema ln dust 

suppression. 

The surfacants are �k�n�o�~�n� to be able to reduce the surface 

tension of the water.racllitating the wetting antl the 

suppreston of the sulphlde ore dust, but on the other hand the 

flotatton of the sulphlde ore is susceptlble to lnterference by 

surfactants. 

A laboratory study was lnitiated to examine the effects of 

surfactants on the wettlng of sulphlde ore dust. 

Numerous surfactants were lnvestlgated ror thelr 

propertles and ab111ty to suppress dust and some of them were 

selected as �s�u�l�t�a�~�l�e� sulphtde dust suppressors. 
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However, further testwork 1ndicated that the presence of 

the wetting agents in the ore, adversely affected the 

efficiency of minerals �s�~�p�a�r�a�t�t�o�n� in the flotation process. 

Then a research program began to study the possib111ty of 

ellmlnatlng the detrimental effect of the surractants on 

flotation resulte. 

Several posslbllities were explored and flnally a 

technique was developed by which the surfactants used as dust 

suppressors were adsorbed on activated carbon and removed from 

the slurry. prlor to the flotation process. 

This presentat1on covers the resulta of the 1nvest1gat1on 

carried out to select suitable surfactants as potential dust 

suppressors and to annihilate their negative effict on 

flotation. 

�!�.�:�.�.�.�J�l�!�:�.�L�~�~�.�E�.�l�e� 

A sample of copper sulphide ore from Opemiska Division of 

Falconbridge Company was used for select1ng suitable wetting 

agents as potent1al sulphide dust suppressors. The sample also 

�~�e�r�v�e�d� to investigate the surfactants influence on copper 

flotation .and to develop the technique for surfactants remova! 

prior to the mineral extractton process. 
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The head assay of the sample is given ln Table I. 

�!�!�~�l�~�l�~�l�i�~�!�~�~�~�~�1� 

[--------------------------------------------------] 
Element Pb Cu Zn S Fe S102 

0/0 0.02 4.39 0.08 5.27 15.98 41.83 
---------------------------------------------------

The· sample w·as crushed to -12 mm and part of it was 

screened on 37 micrometer sieve. The -37 �~�m� fraction 

represented the dust product which was used ln the testwork. 

The other part of · the sample was employed for flotation 

experimenta. 

�~�~�-�-�~�~�~�~�1�n�~�~�~�e�n�t�s� 

A large number of surfàctants were received for this 

·1nvest1gation. 

G.A.F. supplied mod1f1ed linear aliphatic polymers of 

non-1on1c type under the commercial name of Antarox. 

Cyanamid offered sodium dioctyl sulphosuccinate 

surfactants of antonio type from the Aerosol ser ies. 

Canada Packers gave the Sterling surfactants: a phenol 

polyglycol ether of non-1onlc type, a sodium sulphonate of 

antonio type and a cationic surfactant ln an emulsion form . 
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Armak supplied some. polyethylene glycol esters of 

non-ionic type. Bate chemical offered an antonio surfactant 

and C.I.L . of WITCO Corporation gave the Coherex a dust 

ietardant. 

Dow Corning offered a large number of s111cone glycol type 

surractants 1n the experimental stage. 

Finally Alchem Inc., supplied some non-tonic and antonio 

polyectrolite �s�u�~�f�a�c�t�a�n�t�s�.� 

The carbon used to adsorb and eliminate the surfactants 

from �t�h�~� ore prior to flotation was procured from Calgon 

Canada. The product used in this 1nvestigat1on was an 

actiyated carbon known as SGL 8 x 30 obtained from �b�i�t�u�m�i�n�o�~�s� 

coal. 

III RESEARCH WORK -----------------
The research woek initiated to improve the dust control ln 

sulphide ore mines by the use of surfactants was carried out in 

three successive phases: 

1. Selection of �s�u�i�t�a�~�l�e� wetting agents; 

2. �D�e�t�e�r�~�i�n�i�n�g� the effect of surfactants on flotatton; 

3. lnvestigation to eliminate the surfactants negative 

effect. 
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�~�_�!�!�2�!�r�i�m�e�n�t�s� to evaluate the �s�u�r�f�!�2�1�~�1�!�-�E�r�~�~�!�!� 

The wetting agente were examined ror their ab111ty to act 

as sulphide ore dust suppressors. The most suitable 

surtaotants were selected on the basls ot the tollowing tests 

and determinations: 

a. Wettlng abllity 

The most important cr1ter1on ln selecting suitable 

aurtactants was based on their wettlng propertles whloh 

retlected the ability of these agente to act as dust 

suppressors. 

The laboratory method used to determine the 

�s�u�r�f�a�o�t�a�n�t�~� wettlng abillty consisted ln allowing a 

measured quantity of sulphide ore dust, spread at the 

surtace of the reagent solution oontained ln a 500 mL 

beaker, to get wet and descend to the bottom of the 

vessel. The efriclency or the wetting action was 

evaluated on the basis or the ore sinkage rate, expressed 

ln mg/s and determined as the requlred time ln seconds, 

ror wetting and slnklng a quantlty or 1000 mg sulphide ore 

dust spread on the �~�u�r�f�a�c�e� or the reagent solution (Fig. 

1). The sinkage rate ror tast wetting agente reached 1000 

mg/s while sinkage rate ot the same dust ln ordinary water 

was less than 1 mg/s. 
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�h�_�.�E�.�!�:�!�.�!�!�~� 

Excess1 v e and/or. pers·i sten.t f·oam produoed ·by the 

surfactants when mixed wi.th water ia an undesirable 

condition ror dust suppression and rurther processlng or 

the ore ln the mlll. The presence or excesslve roam 

Impedes a good spreadlng or the wettlng agents on the 

surface or the rtne particles reducing thus the errtclency 

or dust suppresslon. Also the rrothy wetting agents could 

adversely arrect the selectlvity ln the mineral 

separatlon process. 

The surTactants roamlng power was evaluited on the 

basls or roam maxlmum volume and roam perslstency. These 

lndlces of selectlon were determlned by measurlng at 

varlous tlme lntervals the volume or the �r�o�a�~� produced.by 

shaklng a surractant solutlon ln a graduated test tube. 

(Fig. 2). 

�~�~�~�!�~�!�~�!�!�_�2�!�~�!�!�e�c�t�!�2�~� 

Solubllity or the surfactants at amblent temperature 

and the requlrement of speclal precautlons ln handllng, 

storage or operatlng wlth these reagents were other 

ractors taken into account ln selectlng sultable 

dust-suppressora. 
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�~�-�~�!�!�e�c�t�!�~�~�~�!�-�~�!�!�r�r�!�!�~�!�~�~�!�~�S�~�E�~�!�~�!�~�-�~�i�!�~�~� 

The most significatlve results of the experiments carried 

out to evaluate the surfactants as potentlal dust suppressors 

are glven in Table 2. 

A final selectlon of the most suitable wetting agents was 

made on the basls of surfactants response to various �t�e�s�t�i�~�g� 

conditions. The required mark to pass a test was in most of 

the cases arbitra:ril_y cho:sen, dictated by the perrormances of 

the majorlty or the reagents with the intention to eliminate 

those that gave the most inferior results. 

For instance; the acceptability limit for sinkage rate was 

set at 500 mg/s and maximum foaming conditions were accepted 

when lnitial foam: solution volume ratio was 3:1 or lower. 

Also, poor solubility or toxic characteristics of the 

surfactants were other reasons for eliminating some of the 

reagents from furtheP testing. 

The following surfactants were selected to be further 

examined: Sterling NP-10, Aerosol OTS, DOW E5753-11-1, �B�L�-�2�1�~� 

and �8�A�O�~�.� 

�J�~�!�!�f�.�!�c�t�_�2�f�.�_�~�!�l�!�!�!�!�L�~�~�!�!�_�t�s�_�2�!�!�_�f�!�.�~�!�~�.�U�~�!�!�2�:�!�S�u�l�t�s� 

A sample of Opemiska copper ore was used to examine, in 

laboratory scale, the Jnfluence of the dust-suppressing 

su·rfactants on the flotation results. 
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To simulate the exposure or the ore to the wetting agents 

used as dust suppressors, the surfactants were added to the dry 

sample prior to the gr1nd1ng stage. Solution of 2J wetting 

agents was used 1n the amount varying from 2.5 to 50 L 

solution per tonne of ore. About 10 L/t is considered an 

adequate spray to suppress the dust ln an underground mine. 

After grinding, the slurry conta1n1ng the surfactants was 

transferred to a flotation cell and the copper flotation was 

performed under the cond1t1ons similar to those employed ln the 

industrial plant. The flotation results with and without 

�s�u�r�r�a�c�~�a�n�t�s� additlon were then compared. 

To simplify the testwork the copper flotation was 11m1ted 

�~�o� an open rougher-scavenger c1rcu1t, the rougher concentrate 

iepresenting the final copper product. 

The gr1nd1ng and the type of flotation reagents used ln 

this testwork were similar to those employed in Opemiska 

concentrator. 

A summary of the most s1gn1f1cat1ve flotation resulta (Cu 

grade and recovery ln the rougher �c�o�n�c�e�n�t�~�a�t�e�)� obtained in the 

presence of surfactants aré presented ln Table 3 . 

When no surfactants were used �~�h�e� results or the flotation 

ror the rougher concentrate were: 

Assay: 24'.73J Cu 

Recovery of �~�o�p�p�e�r�:� 95.3J 
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All the surtactants tested on Opemiska ore had a 

detrimental ettect on copper tlotation, by drastically reducing 

the grade ot the concentrate. The negative ettect on tlotation 

resulta increased with the amount ot surtactant soaution 

sprayed on the ore sample. 

The deterioration ot the concentrate grade was attributed 

to the excessive amount ot troth produced by the surtactants. 

This bas made the sllmes and some gangue minerals to become 

entralned in the troth and tloat along with the copper 

mineral&, reducing the Cu content ot the concentrate. It may 

also be possible Cbat during the grinding and condltioning the 

surtactants have been indiscriminately adsorbed at the surtace 

ot the mineral& (copper carriers and gangue) intertering 

with the selective adsorption ot the collectors. 

Since the surtactant 8k04 manutactured by Alchem Inc. 

attected the tlotation resulta to a lesser extent lhan the 

others it was decided to use this reagent tor the research work 

aimed to eliminate the detrimental intluence ot the 

surtactants-dust-suppressors on tlotation. 

�!�.�:�_�.�!�!�!�_�!�2�!�t�i�g�a�!�i�o�n�~�2�_�_�!�!�l�n�i�h�1�l�a�t�e�~�_�!�!�!�.�J�l�!�.�.�i�!�l�l�V�e�_�!�t�t�e�c�t� 

ot the wettinl_!gents on tlotation 

Research work to eliminate the adverse ettect ot the 

surtactants on Opemiska ore tlotation was initiated pursuing 

various lines ot investigation. 
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The adjustaent or the rlotation reagente, partioularly the 

rrother, was tri'd to oompensate ror the roaming erreot or the 

surraotanta. Although the amount or rroth was reduoed tQ 

oertain extent, no improvement or the oopper oonoentrate was 

obtained. Thererore, this llne or investigation was abandoned 

The manuraoturers or the seleoted aurraotants were 

oontaoted to inveatigate posaible oonditions ror surraotants 

destruotlon arter �t�h�~�l�r� use as dust suppressors No positive 

responae has been reoeived yet on this route or 1nvest1gat1on 

Sinoe theae two routea or 1nvest1gat1on oould not provide 

a method to restore the grade or the rlotation oonoentrate ln 

the presenoe or the aurraotants, the research work was directed 

toward rtnding meana to remove the wetting agents rrom the 

$lurry, berore the addition or the rlotation reagents. 

The 1nvest1gat1on oonduoted ln this d1rect1on auooeeded in 

developing a technique by which �~�h�e� wetting agents could be 

removed rrom the slurry by adsorption on aotivated carbon. By 

applying thia prooedure the detrimental erreot or the wetting 

agente was annihilated. 

�T�~�e� oonditions and resulta or this testwork are rurther 

deacribed. 

A. Q!rbon �a�d�s�a�r�2�1�~�~�d�u�r�!� 

The oonoept or removing the surtactants sprayed on the 

ore by using the carbon adeorption technique waa based on the 
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ldea that organlc matters can be adsorbed on certain types of 

activated carbon. lf the surfactants-oontaminated ore is put 

in contaot with aotlvated carbon, the wetting agente which are 

organic chemioals oan be adsorbed on oarbon. Then, the carbon 

loaded with surfactants oan be removed and the decontaminated 

ore will be further processed without diffioulty. 

The developing of carbon adsorption technlque for 

surfactants removal required detailed study of several 

conditions; e.g. type of activated carbon, addition point, 

amount of carbon and contaot time, method of carbon removal. 

etc. 

To find a proper brand of carbon for this application a 

•earch of the various types of aotivated carbon available on 

the market was oonducted. Several carbon �m�a�n�~�f�a�c�t�u�r�e�r�s� were 

oontacted and the final choioe was based on products 

speolfications and recommended us·ages. 

The place of carbon additlon and removal was carefully 

examined to · avoid possible adsorption of the flotation reagente 

of organic compoeition. For thie reason, in most or the teste 

the carbon was kept ln contact with the ore and removed rrom 

the slurry prior to the addition or flotation organic reagente 

(collector and fr other). 

The �s�u�r�f�a�~�t�a�n�t�e� adsorption was examined under two 

conditions: carbon addition ln the grinding stage and after 

grinding. 
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When carbon was added in the grlndlng mlll lt was ground 

with the ore, the eurfactante adeorption took place during 

grlndlng and the carbon wae recovered by flotation in the 

oopper �o�~�n�o�e�n�t�r�a�t�e�.� lt wae not poeeible to eelectively float 

the oarbon from the oopper. 

ln another eerles of teste the oarbon was added after 

grinding and wae kept in oontact with the ore ln a oond1t1on1ng 

stage for oertaln amounte of time. The eurfactants adeorptlon 

took place in the oond1t1oning etage. After that the oarbon 

whioh wae muoh ooareer than the ground ore wae eeparated from 

the slurry bY screenlng. The eurfactante-deoontamlnated elurry 

was then oond1t1oned with flotation reagente and the copper 

oonoentrate wae oolleoted. 

The addltlon of oarbon after grindlng was the preferred 

route to obtaln the adeorption of eurractante einoe ln thle way 

the carbon can be reeuperated �a�n�~� reused. 

Therefore, more detalled 1nvest1gation to determine the 

optlmum oarbon addltlon and oontact time wae carrled out wlth 

carbon added after the grlndlng etage. Varloue add1t1one of 

oarbon from 1 to 20 kg oarbon/tonne of ore wae tried, under 

oondit1on1ng time of 15 �~�l�n� to 2 h. The oond1t1on1ng etage wae 

performed at low rpm to avoid oarbon deetruotion by attrltion 

and abraeion, 

The teohnique of surfaotants adeorption using two variante 

of oarbón addition is briefly desoribed below. (Fig. 3) . 
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- The ore was sprayed with 2J solution of surfactant, in 

the amount of �1�0�~�5�0� L/t , to �s�i�m�u�~�a�t�e� the exposure or the 

mined ore to dust suppressors. 

- The contaminated ore was placed in the grindtng mill and 

the grlndlng was per formed under usual oondltions. 

- The ground ore was transferred to a �c�o�n�d�1�~�1�o�n�e�r� �a�n�~� the 

oarbon was added ln the amount of to 20 kg/t. The 

contaot time between �c�a�r�b�o�~� and slurry was maintalned 

ror 15 min to 2 h under low rpm to reduoe oarbon 

degradatlon. 

After condltloning, the carbon loaded wlth surrac&ant 

was removed by screenlng on a 425 vm soreen. As a 

precautlon, to avoid the possible presence or rew coarse 

ore partloles ln the carbon, the iround ore was screened 

on 425 vm before conditionlng wlth activated carbon. 

The �s�u�r�f�a�c�t�a�n�~�-�d�e�c�o�n�t�a�m�i�n�a�t�e�d� slurry was tránsferred to 

a �t�l�o�t�a�t�i�~�n� cell, the flotation reagente were added and 

copper flotation was performed as usual. 

!!.:._Resulta 

Detailed testwork carried out ln the reooverable oarbon 

varlant fooussed on investlgatlng the lnfluence of two 

parameters: amount of carbon additlon and oontaot time. 

Summary of the work condltions and resulta are given in 

Table 4. 
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The resulte of theee teste 1nd1cated that a certain 

relationship between carbon addition and contact time must 

exist in order to annihilate the surractants negative errect 

and to restore the copper grade and recovery in the flotation 

concentra te. 

For each carbon addition an optimum conditioning time was 

determined, conditions under which the copper grade and 

recovery in the rlotation concentrate were similar to those 

obtained when no surractant was sprayed on the ore. To 

annihilate the negative effect of surfactants the following 

relationehip between carbon addition and oontact time was 

established. 

Carbon additlon of 5 g rt>quires 90 min contact time 

Carbon addition of 7 g requires 60 mi !'I contact time 

Carbon addition of 1 o g req-ulres 45 min contact time 

Carbon addition o r 20 g requires 15 min contact time 

The relat1onsh1ps between carbon addition and losses 

versus contact time were plotted in Fig. 4. The carbon lose by 

abrasion, during various conditioning times was very low (1.2J 

or lese). 
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The carbon addition and contact time were invereely 

related. The same errteieney ln surraetant adsorption eould be 

obtained by using a emall amount of earbon ror a long 

eonditionlng time or a large carbon addltion for a short 

contaet time. 

The earbon addition and contact time were lnversely 

related. The same errteieney ln surraetant adsorption eould be 

obtained by using a small amount or carbon ror a long 

condltlonlng time or a large carbon addltion for a ehort 

contact time. 

However, the· earbon loss was �~�n� direet relation with the 

duration or eontaet time. Sinee carbon ean be recovered and 

reused lt was eonsidered more important to minimize the earbon 

loss rather than the carbon addition. Thererore the eeleeted 

conditions were: 20 kg/t carbon addition ror 15 minutes 

contaet time. 

inslgn 1t icant. 

Under.these �c�o�n�d�l�~�i�o�n�s� carbon loss was 

Aleo, it should be noted that the required amount or 

earbon and contact time to annihilate the negative erreet or 

surraetants was determined under exceesive addition or wetting 

agents, l.e., 50 L, eolution 2J, per tonne or ore. However, a 

more reallstie spray or wetting agente to suppress duet would 

be only tO L/t. 

Several �t�e�s�t�~� were carried out to determine the required 

carbon addition to annihilate a surractant spray of tO L/t. 

The contact tLme ror all these teste were kept to a minumum. 

A summary oi the resulta la preeented ln Table 5. 
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Table 5 - Resulta us1ng 10 �L�/�~� surfactant spray 

Surfactant adsorpt1on Flot. rougher cone. 

Contact Time Carbon Welght Assay �~� �~� Dlst. 
�!�!�~�u�t�e�~� ________ �A�d�d�e�d�~�~�!�L�!� _______________ !_ _____ �-�f�~�-�-�-�-�-�-�-�c�~�-�-�-

15 20 17.4 27.2o 93.1 
15 lO 19. 9 24 . 00 95 . 3 
15 5 20 . 7 23.85 96.6 
15 1 21.8 23.61 96.9 

The data of thls series ot tests showed that under 10 L/t 

surractant spray even l kg/t carbon addltion was enough to 

decontamtnate the ore and to· restore the copper grade ln the 

tlotat1on oonoentrate. The oarbon loss for l kg/t addition and 

15 minutes contact was undetectable. 

Another lmportant element to be considered, 1n minimizing 

the cost or surfactant use ror dust control and surfactant 

decontam}natton before flotation ls the poss1bl111ty or 

reducing the wetting agent concentratlon tn the spray solution 

below �2�~�.� �~�o�r� praotical purpose the surractant remova! 

testwork was ca-rrted .out uslng �2�~� solution or wetttng agent. 

However, the tests performed to determine the ability or the 

surractanta to suppreas dust 1nd1cated that for selected 

agents, the dust �s�u�p�p�r�e�s�~�i�n�g� efficienty remained unchanged 

under various solutton concentratlon down to �0�.�1�~ �.� 

The optimum concentrat1on or surfactants in the water 

apray ror dust �s�u�p�p�~�e�s�s�i�o�n� will actually be �d�e�t�e�r�m�i�n�~�d� during 

the experimenta that will be carried out ln underground mines. 
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It ·1s obvious that a decrea·se ln surfactant concentration or ln 

the amount of solution spray will �r�e�s�u�l�~� in a corresponding 

reduction of the cost to annihilate the negative effect of the 

wetting agents. 

�!�Y�-�f�~�N�C�~�~�~�!�~�~�~� 

The research work dealing with the influence of 

dust-suppressing surfactants on flotation resulta of Opemiska 

copper ore led to the following conclusions: 

1. Among the wetting agents examined eeveral surfactants 

were selected as potential dust suppressors. 

2. Surfactants used as wetting agents adversely affeuted 

the flotation resulta, particularly the concentrate 

grade. 

3. A carbon adsorptioh technique could eliminate the 

detrimental-effect of the �s�u�r�f�a�c�t�a�~�t�s� and restore the 

�c�o�n�c�e�n�~�r�a�t�e� grade, even when'excessive amounts of 

wetting agents were used. 

4. Under standard spraying conditions to suppress the 

dust (10 L solution/t of ore and 2J solution 

concentration) an addition of 1 kg activated 

carbon/tonne of ore for 15 min contact time was 

required to adsorb the surfactants and eliminate their 

detrimental effect on flotation resulta. The carbon 

loss was insignificant. 

5. The process to eliminate the surfactants by adeorption 

on acttvated carbon is very simple and requires 
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minimal changes in the plant flowsheet. A carbon 

adsorption unit has to be inserted between grinding 

and tlotatlon. Also, to regenerate the carbon a kiln 

�m�u�~�t� be installed in the plant. 

The findtng of surfactants that can be used as �e�f�f�l�c�i�~�n�t� 

dust suppressors in sulphide ore mines and the success of the 

carbon adsorption technlque to elimlnate the detrlmental effect 

of the wettlng agents on flotatlon, has opened wide the field 

ot investlgatlon to use wetting agents for better dust control 

ln underground suiphide ore mines. 
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Table 2 - Results of surfactants evaluation 

---------r-------------------------- ----------------r-----------
Surfaetant I Sinkage Foaming Solubility Safety 

----- �-�-�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�- ---------------- ----------
Surf. Foam:Sol'n mL Ratio Surf. 

Produet Name I Cone. I R a te Cone. --------- -Ãrte_r __ Cone. Sol'n Speeial Overall 
mg/s % Initial 30 min. % Clarity Condition Select. 

------ ---- ------- ------·-- ----- -------- ---------- -------
C.oherex 2.0 8 2.0 1:20 0:20 2.0 Good None Rejeeted 
Tergitol 08 2.0 3 2.0 2:20 0:20 2.0 Goód None Rejeeted 
Sterling NP-1 o o .1 1000 2.0 80:20 15:20 2.0 Cood None Aeeepted 

Sterling S. "ilhite 2.0 <1 2.0 8:20 6:20 2.0 Good None Rejeeted 

Aerosol OTS o .1 1000 2.0 85:20 1:20 2.0 Good None Aceepted 
Aerosol OT-1 oo 2.0 1000 2.0 100:20 90:20 2.0 Poor None Rejeeted 
Ethomeen C/15 0.5 1000 2.0 100:20 20:20 2.0 Cood Corrosive Rejeeted 
CES-372 2.0 67 2.0 S.: 20 2:20 2 . 0 Good None Rejectedll w 
CES-265 2.0 1000 2.0 25:20 17: 20 2,0 Poor None Rejeeted "' 
Q4-3667 2.0 100 2.0 8:20 1:20 2.0 Cood Not Rejeeted "' 

Assessed 
x2:..8o63 0.1 11 2.0 55:20 13.:20 2.0 Poor Not Rejeeted 

Assessed 
E-5753-11-1 o. 1 500 2.0 22:20 19;"20 2 . 0 Cood Not Aeeepted 

Assessed 
BL-214 o . 1 1000 2.0 3:20 1:20 2.0 Good None Aeeepted 

BL-330 o. 1 1000 2.0 30:20 3:20 2.0 Cood Toxie Rejeeted 
Vapours 

8A04 o. 1 500 2.0 60:20 40:20 2.0 Cood None Aeeepted 

8A07 o. 1 500 2.0 >100:20 >100:20 2.0 Cood Toxie Rejeeted 
Vapours 

8820 o .1 33 2 . 0 35:20 10:20 2.0 Poor Toxie Rejeeted 
Vapours 

�·�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-



Table 3 - Summary of flotation resulta in the presence of surfactants 

----------------
Surfactant 

2.5 L/t 
A'ssã_y_l!Recov. 
11 Cu Cu 

E-5753-11-1 19. 93 96 . 3 

94.9 BL-214 

8AOII 

Sterling 
NP-1 O 

Aerosol 
OT-S 

21 .112 

211 . 75 94 . 6 

23.83 93.5 

19. 39 79 . 9 

5.0 L/t 
Assay-rRecõv:-
% Cu Cu 

�2�0�.�~�3� 

20.07 

23. 33 

22.54 

17 .o 

97 .o 

97.2 

95 . 6 

911.6 

811.9 

10 L/t 
Assay-rRecov:-
% Cu Cu 

18.40 97.4 

50 L/t 
A'ssã_y_j Recov-:-
l!.cu cu 

16.09 95 . 8 

1 9. 1 4 96.6 17. 09 97.6 

21 .06 95.2 18.20 97.3 

21.711 95.5 17.44 97 . 3 

14.8 89 . 5 11.53 90 . 1 

L.l 
0\ 
-.J 
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Table 4 - Summary of conditions and results, 
carbon addition after grinding 

Carbon 

Amount 
kg/t 

Contact 
min. 

60 

Cu rougher concentrate 

Weight 
J 

23. 4 

Assay J 
Cu 

20.1 o 

J Oist. 
cu 

96.9 -----------------------------------------
60 19.9 22.96 96.8 

5 90 19.4 25.26 96.2 
105 18.8 26.50 95.6 
120 18.8 25.87 95.9 

-------
115 20.3 24 . 66 96.5 

1 60 17. o 26. 24 94.8 
90 1 9. 2 24.90 95.7 

120 1 6. 5 28.17 91.7 

1 o 20.4 22. 19 96. 2 
20 19.1 22.04 96.2 

10 30 18.5 23.48 95.5 
45 18.1 24 . 37 95.2 
60 1 5. 4 27.00 91.9 

120 12.3 29.119 83.1 
-------------------------------------------------------

15 20 .1 24.91 96.6 
30 1 5 . 8 28.58 91.0 

20 45 11.6 26.72 95.0 
60 16.7 27.93 94 . 1 

No surfactant �s�p�~�a�y� 18.2 24.73 95.3 



F1g. 1 Determining surfactants sinkage rate. 

F1g.2 Determining surfactamts foaming power 
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FiQure 3 SURFACTANT ADSORPTION ANO REMOVAL 
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FiQure4 CARBON AOOITION ANO LOSS vs CONTACT TIME 
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