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INVESTIGATION To CONTROL MINE DUST USING SURFACTANTE MND A NEW
APFROACH FOR ELIMINATING THEIR NEGATIVE EFTZIT ON FLOTATICH

MARIUS A&. CRISTOWICI , D. Eng

AESTERACT

The possibility of using surfactants as wetting agents for the
suppreasion of sulphide ore dust has been investigated.
Nimerouws surfactantzs were examiaed to determine their
characteristics and to investigabte their ability to irprove
the wetting of the sulphide ore du=z.

Howewer, the surfactants selected as potential dust suppressors
proved to have a nesative effeoct on the flotation resalts of
the ore contaminated with sSueh reagents.

An inwestigation carried out to eliminate this drawback
succeeded in develcping a technigee by which the deilrimental
influcnce of the surfactants was eliminated. The method
congisted of adsorbing the surfactants on activated carbon and
geparating the carbon from the ore prior to [lotation.

The technigue which has been proved to work even ander esoessive
addition of gurfactants is simpie and requires minimal changes
in the plant flowsheet.

A full seale ipvestigation ig undor way.

! Canada Energy, Mines and Resources = CANADR
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I INTRODUCTION

Dust measurements ih mwines clearly Indicated (1,2) that
the major =minerasl dust exposure is des to loading and transport
of the ore from the mining areas. One approach to the aclution
of this dust problem s the application of water sprays to
reduce dust disperaton. Wettlng ol broken rock 1s very
effective in preventing fine dust from becoming alrborne by
binding it to the larger lumps. Experimenta have shown that
most ocommon rocks are readily wetted by water. However, the
dust originating from sulphide minerals exhibits -an Idherent
hydrophoblelty that sakea waler spreading on the surfase of the
particles more difficult, oreatlng problems in dust
suppreasion,

The Surfacanta are knokn to be able to reduoe the surfaoe
tenslon of the water.facilitating the wetting and the
suppresion of the sulphide ore dusat, but on the other hand Lthe
flotation of the sulphlde ore ls susceptible to Interferencs by
surfackanta.

A laboratory study was inltiated to examlne the effeots of
surfactants on the wetting of sulphlde ore duat.

Humeroua surfactants were inveatigated for thelr
properties and ablllty to suppresa dupt and some of them were

selected a3 suitaple sulphide dust suppressors.
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However, further testwork indliecated that the presence of
the wetting agents in the ore, adversely affected the
efficlency of minerals aeparation In the flokatlon process.

Then a reaearch preogram began to atudy the posalbllity orf
eliminating the detrimentel effect of the surfactanta on
flotation resulta,.

Several posaibilities were explored and finally a
technlque was developed by whiech the suwrfactanta used as duat
Suppressara Were adaorbed on actlivated carbon and removed From
the alurry prior to the flotatlon proceas.

This presentatlon ecovera the regults of the investigatlon
carried dut %o aelect sulbtable surfactants as potential dust
guppresaara and to annihllate thelr negative effeckt on

flotation.

IIL EXPERIMENTAL MATERIALS

I. Ore sanpls

A sample of copper sulphide ore from Opemiska Diviaion of
Falconbrldge Company was used for selecktling sultable wetting
agents as petential aulphlide dust suppresacra. The sample alsao
served to Anvestlgate bthe surfactanta Influence on copper
flotatlion and te develop the techrnigue for surfactanta removal

priocr to the mineral extraction prooceas,
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The head apsay of the sample ls given in Table I,

Table 1. Head asmay

Elament Fb Cu in & Fe 510,
arso 0.02 4.3% o.08 5.27 15.98 41 .83

The: sample was cruahed to -12 mm and part of 1t was
sgreened on 37 micrometer sleve. The =37 pm fractlon
represernted the dust product which was used Iln the testuwork.
The cther part of the sample was employed [or Clotation

axperlimenta.

2. Weiting agenta

& large number of surfactants wers recelved lor thla
inveatigatlon.

G.h.F, supplied modified linear aliphatiec polymers of
nop-icnie type under the commercial name of Antarox.

Cyanamid offéred sodium diootyl zulphosucclnalte
surfactantsa of anlonie type from the Aerocacl aserles,.

Canada Papkers gave the Sterling supfactants: a phenol
polygliycol ether of non=-lonle type, & sodlem sulphonate of

anlonie type and a ¢ationie surfactant in an emulalon Form.
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Armak supplied aome polyethylene glyool saters of
non-icnle type. Bate ¢hemlical offered an anionio surfapgtant
and C.I.L. of WITCO Corporakbicon gave the Coherex a dust
retardant.

Pew Corning offered a large number of =illicone glycol type
aurfTactants in the axperimental stage.

Flnally Alchem Inc., supplied mome non-ilonio and anionic

polyectrolite surfactants.

3. Aptivated carbon

The carbon ussd to adsorb and eliminate the surfactants
from khe ore prior to Pleotation was prooursed from Calgon
Canada. The product used in this inveatigation was an
actlyvated carbon Known as SGL B x 30 obtalned from bituminoua

epal.

II1 RESEARCH WOREK

The reasarch woek lnitlated to lmprove the dust control in
sulphide ore mines by the use of surfactants was tarried out in

thres sucgesalive phaaes:

1« @Beleotlon of sultable wetting agents;
2 Determining the «rffect of surfactants an Flotatloh;
3. Investigation to eliminate the surfactants negatlve

effect.
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1. Experiments to evaluate the surfactants propertien

The wetting agents were examined for their ability to asct
as sulphide ore dust suppressors. The moat sultable
sur factants were selected on the basla of the folloving tests

and determinationa:

2., Wetting abllity

The most Important criterlon Im aselecting sultable
purfactanta was based on thelr wetting properties which
reflected the abllikty of theas agents Lo act as dust
suppressors.

The laboratory method used to determine the
surfactants wetting ability conalated in allowing a
mersursd gquantity of sulphide ore dust, aspread at the
surface of the reagent solutlon contained In a 500 mL
beaker, to get wet and descend to the bottom of the
vesoel. The effleliency of the wetting actlon waa
evaluated on the basis of the ore ainkage rate, expressed
in mg/s and determined as the required time In seconds,
for wetting and sinking a quantity of 1000 mg aulphlde ore
dust apread on the saurface of the reagent solution [Flg.

b The sinkages rate for fast wetting agents reached 1000
mg/a while ainkage rate of the same doat in ordinary water

was less than 1 mg/a.
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b. Foaming

Excessive and/or peralistent foam produced by the
sur factanta when mixed with water 1s an undeairable
condition for dust suppression and further processing of
the ore In the miil. The presence of excessive foam
impedes a good spreading of the wettling agents on the
surface of the Pins particles reducing thus the efficlency
aof dust suppressiaon. Alaso the frothy wetting agents could
adversely affect the selectivity 1ln the amineral
aeparatlon proceas.

The surfactantes foaming power wasa evaluated on the
basis of foam mazximum volume and foam peralstency. Theae
indices of selecgtion were determined by measuring at
various tims intervals the volume of the foam produced, by
shaking a surfactant solution in a graduated test tube.

(Fig. 23,

g. Other griteris of selection

Solubllity of the surfactanta at asblent temperature
and the requirement of apeclal precautlons in handling.
storags oFf operating with theas reagents were other
factors tlkIEI'I into mocount in seleoting sultable

dust-suppressors.
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+ Selecklon of potentlal dust-suppreasing agenkts

T

he most signiflcatlive results of the experiments carried
out to evaluate the aupfaétants as potentlal dust suppreasanras
are glven In Table 2.

A firal aselection of the moat sultable wettblng agents waa
made on the basilas of surfactanta response to varlous tesbing
conditlona., The regquired mark to pass a teat was ln most af
the casea erbltrarily chosen, dictated by the performances of
the majority of the reagents with the Intention to eliminate
thoss that gave the most inferior results.

For instance; the acceptability limit for sinkage rate was
g8t at 500 mg/s and maxinum foaming conditlons wére accepted
when ilnivial fosm: @Aolution volume ratlo was 3:1 or lower.
Alsc, poor =soclubility or toxie characteristiecs of the
asurfactants were other reasons for eliminating some of the
reagenta from further testlng.

The following surfactants were selescted to be further
examined: Sterling KP-10, Asrossl OT3, DOW ESTS53-11-1, BL-21A4

and BADY.

j. Effect of wetting agents on flotation resulks

& sample of Opemiska copper ore was uwaed bto examins, in
laboratory scale, the influence of the dust=suppressing

gurfactantsa on the flotatlon resultsa.
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To aimulate the exposure of the ore to the wettlng agents
usad &8s dust suppressors, the surfactants wers added Tto the dry
sample prior to the grinding atage, Solution of 2§ weiting
agenta was used in the amount varying from 2.5 to 50 L
sgolution per tonne of ore. About 10 L/t ls conaldered an
adegquate aspray to suppress the dust in an underground mine.

After grinding, the slurry contalning the surfactants- was
transfarred to & flotation cell and the copper flotation was
performed under the conditions similar to those employed in the
indusatrial plant. The flotatlon results with and without
gurfectants additlon were then compared.

To afmplify the testwork the copper flotatlon was limlted
to an open rougher-scavenger clrouwit, the prougher concentrate
representing the final copper product.

The grinding and the type of lletation reagenta uaed In
this teatwork sere alimilar to thoas employed in Opemiaka
concentrator,

Ak summary of the moat aignificative flotation reaults [(Cu
grade and recovery ln the rougher concentrate) obtained in the
preaence of surfactants are presented in Table 3.

¥hen no surfectants were used the reaulta of the flotation
for the Fﬂughe!‘ conoentrate were:i

Azsay: 28.T3% Cu

Recovery of copper: 065.3%
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K11 the surfactants tested on Opemiska ore had &
detrimental affeoct an copper flotation, by drastically reducing
the grade of the oconoentrate. The negative effect on flotation
results increased with the ampunt of surfactant solutlon
aprayed on the ore sample.

The deterloration of the concentrate grade was atbplbuted
to the excessaive amount of Croth produced by the surfactants.
This has made the palimes and some gangue minerals to become
entrained in the froth and float along with the copper
minerals, reduclng the Cu content of the concentrate. It may
alao be poaaible that during the grinding and gonditlioning the
surfactants have been lndisoriminately adsorbed at the surface
of the minmerals {copper carriers and gangue) interfering
with the selective adsorpktion of the collectora.

Since the surfactant BN0Y manufactured by Alchem Inc.
affected the flotatipn results to & leassr extent than the
others It was declded to use thla reagent for the research work
aimed to eliminate the detrimental influence of the

sur factanta-duat-suppressora on flotation.

b, Investigation to annihilate the negative effsct

of the wetting agents on Flotatlon

Research work to eliminate the adverse effect of the
surfactantas on Opemiska ore flotation was iniltisted purasulng

various linea of inveatigation.
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The adjustment of the flotation reagents, partloularly the
frother, was tried to compensate for the foamlng effeak of the
surfagtants. Although the amount of froth was reduged ta
certaln extent, no ileprovement of the copper concentrate waa
obtained, Therefore, thia line of Inveatligation was abandoned

The manufacturera of the aeslected asurfactantis were
contaoted to lnvestigate poasible conditlons for surfactants
destruction after thelr use as dust suppressors No poaltive
responses has been repeived yet on thia route of Inveatlgatlion

Zinge these two routea of investigation could not provide
a method to restore the grade of the flotatlon concentrate In
the presence of the surfactants, the researgh work was dirscted
toward finding meana to remove the wetting agents from the
glurpy, before the addition of the flotation reagentan.

The lnvestigatlon conducted In thia direction succeeded in
developing a technique by which the wetting agents could be
removed from the alurry by adsorption on activated carbon. Ay
applying this procedurs the detrimental effect of the wetting
agents was annihilated.

The conditlons and results of thia testwork are further

deacrlbed.

4, Carbon adsorption procedure

The concept pf removing the surfactants sprayed on the

ore by ualng the carbon adsorptlion technlque was based on the
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idea that organliec mattera can be adsorbed on certaln types of
agtivated carbon. If the surfactants-contaminated ore i3 put
in contaot Wwith metivated carbon, the wetting agenta which are
urgtnic cheéemloala ocan be adsorbed on oparbon. Then, the carbon
loaded with surfactants can be removed and the decontaminated
ore will be Turther processed without difficulty.

The developimg of carbon adsorption techalgue for
surfactants removal regulred detalled study of several
conditlions; e.g. type of activated carbon, additien polnt,
amount of carbon and contact time, method of carbon removal,
eta,

To find a preoper brand of carbon for this applicatlion a
search of the varioua types of activated gcarbon avallable on
the market was conducted. Several carbon manufasoturera wvere
contacted and the final ocholce wvas bassd on produsts
apegifications and recommended ugages.

The placge of carbon addition and removal was carefully
examined to avoild poasible adsorption of the flotation reagentsa
of organic composition. For thla reason, in most of the tests
the carbon was kept In contsct wilith the ore and removed from
the slurry prlor to the addition of flotation ur;aniq reagents
{eallector and frother).

The surfactants adsorption was examined under two
conditions: oarbon addition in the grinding stage and after

grinding.
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When carbon was added in the grinding mill Lt was ground
with the ore, the surfactants adscrption took plaoce during
grinding and the carbon was recovered by flotatlen In the
copper concentrate. It was not poaaible to selectively float
the carbon from the copper.

In ancther asries of testa the carbon waa Added alter
grinding and was kept Iin contact wWith the ore in a conditloning
atage for certain amounts of time. The surfactants adsorption
took place In the conditloning atage. After that the carbon
whioh was much coarser than the ground ore was separated from
the slurry by soreenlng. The surfactanta-decontaminated alurry
waa then conditioned with flotation reagentsa and the copper
goncentrate waa collected.

The additlon of garbon after grinding was the preferred
route to obtelin the adsorption of aurfactants sinoe In this way
the carbon can be reguperakted and reused.

Therelore, more detalled investligation to determine the
optimum carbon additlon and contact time was carried out with
carbon added after the grinding stage. Varlous additions of
carbon from 1 to 20 kg carbon/tonne of ore was tried, under
conditioning time of 15 min to 2 h. The condltloning atage waa
perforasd at low rpE to avold carbon destruction by attrition
and abragion.

The technigue of surfactants adsorption using two varlants

of carbon addition Lls briefly desoribed below. (Fig. 3).
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= The ore was sprayed with 2% soclution of surfactant, In
the amount of 10a50 L/t, to simolate the exposure of the
mlined ore to dust auppressora.

= The contaminated ore was plaged in the grinding mill and
the grinding wass performed under usual conditiens.

= The ground ore was trensferred to a conditioner and the
carbon was added In the amount of 1 Lo 20 kg/t. Thea
contact time betwesn carbon and slurry was maintalned
for 15 min toe 2 h under low rpm to reduce garbon
degradatlon.
After gonditioning, the carbon loaded with surfactant
was removed by soreening on a 425 pm screen. Aa a
precaution, to avold the poasible presence of few coarse
oré partlisles in the carbon, the ground ore was soresned
on 425 ym bhefore conditloning With aestivated carbon.
The surfactant-decontaminated slurry was trénaferred to
a flotation ecell, the flotation reagents were added and

copper flotatlon was performed as usual.

B. fesults
Detalled testwork carried out In the recoverabls ocarbon
variant focussed on lnveatigating the Influence of twe
parameters: amount of carbon addition and contaect time.
Summary of the work conditions and results are glven iIin

Table 8.
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The results of thess tests Indicated that a certaln
relationahip betweesn ocerbon addition and contact time must
gxlat 1n order to annlhilate the surfaestants negative effect
and to restore the c¢apper grade and recovery In the flotatlion
congentrate.

For e®ach carbon sddition an optimum condltioning tlme was
determined, conditlons under which the copper grade and
recovery in the Clotation goncentrate were similar to thoae
obtalined when no surfactant was sprayed on the ore. 7o
annihilate the negative effeotr of surfactants the following
relationship between carbon addition and conteact btime was

eatabllished.

Carbon addition of 5 g reguirea 90 min eontact time
Carbon addition of 7 g requires 60 min contact tlme
Carbon addition of 10 g requirea 4% min contact time

Carbon addition of 20 g requirea 15 min contact tlme

The relatlonships betwesn carbon additlon and losses
veérsus contact time were plotted in Fig. 4. The carbon loss by
ebrasion, durlng various conditioning times was very low (1.2%

or less).
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Thne carbon additlon and contact time were Inverasly
related, The same effliclency In surfactant adsorptlon eould be
obtained by using a small amount of carbon for a leng
conditioning time or a2 lerge carbon addition for a ahort
contast tlme.

The ecarbon additlon and contaot time were inversely
related. The same effliclency In surfactant adsorptlon oould be
ebtalined by waing a small amount of carbon for a long
conditloning time or a large carbon addition for a short
corntact time.

However, the carbon losa was in direct relatlon with the
duration of contact time. Since carbon can be recovered and
reused It wes consldered more lesportant to minimize the carbon
loas rather than the carbon additlion. Therefore tha selected
ponditlons were: 20 Kg/t oarbon edditlon for 15 minutes
gontack time. Under.these conditions carbon loss wEs
inalgnifloant.

Also, 1t should be noted that the required amount of
carbon and gontaot time to annfhilate the negatlve alffest of
surfactants was determined under exceaslve addlition of wettlng
agents, L.e.; 50 L, solution 2%, per tonne or ore., However, a
more realistioc spray of wetting agents to suppress dust would
be only 10 L/E.

Several teats were carried out to determine the regulred
oarbon aAddition to annihilate a surfactant spray of 10 L/t.
The eontaot time for all these teats were kept to & minumum.

A summary of the resulta 1s pressnted In Table 5.
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Table 5 - Results using 10 L/t surfactant apray

Surfactant adsgrption Flot. rougher oone.
Contact Time Carbon Welght Assay 3 3 Diat.
minutes Added, kg/t ] Cu Cu

15 20 17.8 27 .24 93.1

15 1d 19:9 24,00 95.13

15 L1 20.7 23.85 96. 6

15 1 21.8 23,61 86.9

The data of this zeries of teats ahowed that under 10 L/t
sur factant spray even 1 kg/t carbon addition was encugh to
decontamlnate the ore and to reatore the copper grade In Ehe
fletatfion concentrate. The carbon leose for 1 kgft additilon and
15 minutes gontmct was undetectable.

Another lmportant element to be considered, in minimizing
the coat of purfactant use for dust control and surfactant
decontamlnatlon before flotatlon is the possiblillity of
reducing the wettlng agent conoentration Im the apray solutlen
below 2%8. <For practical purpose the surfactant removal
testwork wasm parried out uwelng 2% solution of wetting agent.
However, the tests performed to determine the ability of the
surfactants to suppress dust indicated that for selected
agenta, the dust suppresasing efficlenty remained unochanged
under various scolutlom congentrabtion down to 0,1%.

The optimum concentratlion of surfactants in the water
Bpray for dust suppression will actually be determined during

the experimenta that will be capried out in underground mines.
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It 13 obvious that a de¢crease ln surfactant ooncentration or in
the amount of solution spray will result in a corresponding
raduction of the cost to annihilate the negatlive effect of the

wettlng agents.

IV CONCLUSTIONS

The resesarch work dealing with the Influence of
dust-suppreasling surfactantas on flotation results of Opemlska
copper ore led to the Following conclusions:

1. Among the wetting agents sxamined several surfactanta

were gelected as potential dust suppressora.

2. Surfactants used as wetting agents adveraely alfected
the Flotation results, particularly Lthe congentrate
grade,

3. A carbon adsorption technique could eliminate the
detrimental-affect of the surfactants and restore Lhe
conoentrate grade, even when’ exceasive amounis of
webtting Agenta were uasd.

4, Onder atandard sprayving condlticns to auppresa the
dugt (10 L solutienst of ore and 2% solutlon
conpentration) an addition of 1 kg activatad
cerbonftenne of ore for 15 min contack tlme was
required to adsorb the surfactants and #liminate theilr
detrimental effect on flotation reaultsa. The garbon
loss was ifnaignificant.

5. The process to eliminate the surfactants by adesorption

on ectivated carboh is very simple and reguirss
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minimal ochanges in the plant flowshesat, A esarbon
adserption unlt has to be inserted between grinding
and rlotatlan. Alad, Lo regensrate the carbon a Kiln

mugt be imstalled in the plent.

The finding of surfactants that pen be ussd as efflaient

dust supprezsaora in aulphide gre mineas and the sucocess of the

carbon adsorptlon teohnlgue to elisinate the detrimental effect

of

al

in

the wettlng agenta on Tlotatlion, has opened wide the [leld
investlgation tg uee webtling asgents [or better dust eontrol

ufiderground sulphide ore minea,.
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