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'ir-ﬂocculatibn;of q:,uart‘,zvin aquequs‘sbli\:l‘tions, qf dodecylamme
; ¢ ration of the aniine, size,of thie, coarsi es,
d ials ‘were ‘torrelated Wwith flocciila ‘
cle hydroplibbicity and pH were hiost important since the' odecylami
n§are pH- and coricentration-dependent.: :

icié hydrophobicity is a basic criterion for the separation of minerals
tha flotation process and by shear-flocculation. The: hydrophobic aggre-
formed by shear-flocculation can be subjected directly to flotation. The
liector coated particles, depending on the mineral-collector system under
tidy, usually hold high surface potentials and hence higher energies are re-
d to overconte the energy barrier between the similarly charged particles
ffect shear-flocculation. The aggregates form by hydrophobic interaction,
{ the particles collide with each other: For non-sulphide minerals a hydro-
dbic reagent (usually a collector) is necessary. For example, in the case of .
lite the aggregates were found to form only in the presence of sodium
¢ (Warren, 1975a;b). The removal of anatase impurity from kaolin-clay
sing calcite as a coarse carrier mineral was explained to be due to the
ferential adsorption of oleate on to calcite and anatase and not on kaolin-
¢ (Chia and Somasundaran, 1983). In the carrier flotation of wolframite,
Hhere collisions between particles take place at high shear rates, better recov-
#ies obtained at pH 6-7 were explained to be due 10 a favourablé reagent
ﬁSbrptio'n and lower electrostatic repulsion (Huét al., 1988). In both shear-
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EXPERIMENTAL MATERIALS AND MET HOES
Preparatzon of quartz samples ‘

The silica sand sample obtained from Ahlsell~ Stockholm, was dry grom} :
in a steel rod mill and sieved-to separate different size fractions. The: fm :
were further subjected to microsieving tq separate the —5 um and the:co
size fractions —20+5, —38+20, —53+38 and —75+53 um were trea
with dilute HCI'to remove the impurities and then washed several tim th
deionized water to obtain a clean surface The samples thus obtam
pure white in colour, and under microscope appeared like transparent
crystals of angular tp sub-angular shape. iThe — § um: fraction was. ch
with a:sedigraph to}etermme the size distribution of the partlclcs and.
found to be 65% —5um and 35% 5-10 ym. ‘

Reagents

- The reagent used for the, ﬂocqqlat}on tests was dlgdecylamme thon g
fresh solutlons of deslred concentratiq ¢ prepared in dejonized
before the tests, Dxlq;q HClor NaOH was.\u

E Iectrokmetlc measuremen ts

Thq, zeta pot@pn ere N ured. v L I
k.nowg quantlt pf r s . rtz was,ads 1o ¢ t;xpmz,ed
prepated. aquemﬁ sqlption of; dnggylam _,lonﬂc of desir

(dispersed ini asopic for, 15 mip; after adjusting the pH
i vsurq;qpnts Gy

t ‘. 0
!

The degree oﬂ aggregatlon was measured by t,he decrease in turbgdl
susp *on A known quantity of fines was taken in an aqueous, mediy
dlsp xsqd in an ultrasomc bath after adjusting the pH. To this suspe

Arse | amcles‘were added along with the solution of dodecylamine ¢hig
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of requlred concentration and pH. The suspension was later stirred in a baf-

¢ fled plexiglas container with a paddle type stirrer. The stirring speeds were
;—vaneeH?mm—SGO— }Swrpm—"fih&mrb}dmbefiselutmns was measured- byua
i-Hach Ratio XR Turbldlmeter

:.___

3 S‘cannmg electrarr rmcrographs

;. - Scanning electron micrographs were taken on selected samples of floccu-
“fated quartz with 2 CAMSEAN microscope. A dilute suspension of the floc-
:culated quartz sample was prepared in acetone solution. The aggregates were
evaporated onto a carbon stub while thc suspension was under magnetxc
Fstirring,

: versal occurs and to negative and once agam the pamcles attain a positive
arge at pH 9.6. The change in zeta potential from positive to negative at pH

S o WITH 9.02%10°M DDA C! o
i ia— ABSENCE OF DDA ClI

’\./\ N

76 85 N/10.0
pH of SUSPENSIO

iZeta potentials‘of quartz as a function of pH. !
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Fig. 2. Zeta potentials of quartzas a fun“ctior of DDA_CX concentration:
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Fig. 3.(a) Turbidity of solution as a function of time for different pH’s (coarse particle si2és
—~38+20am); (b) Turbidity of solution as a function of pH.

1988). Figure 2 shows the effect of DDACI concentration on the zeta pote
tial of quartz. For concentrations below- 8.5 10~3 M the surface holds neg
tive potentials. .

Shear-ﬂ‘occulat‘ion' of quartz

The concentration of —5 um quartz particles in suspension for diffe
pH’s as a function of stirring time is shown in Fig. 3a. At pH 3.18 the flo
lation was found to be negligible. Figure 3b was plotted by taking the turb
values for 15 min stirring from Fig. 3a and the general trend in both
ures is that the flocculation reaches a maximum at pH 9.6. A further incré!
of pH rises the turbidity. Figure 4a shows the effect of DDACI concentratid
on flocculation for different stirring times. The maximum- and mini
flocculation correspond to concentrations of 2.26 X 10~? M and 9.02X
M, respectively and is i conformity with-the data- plotted-in Fig. 4b
min stirring. The effect of particle size on the concentration of fines. il
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pension is shown in Fig. 5a. While there:is a general decreasing trend in the
concentration of fines for different coarsel particle sizes, that for — 38+ 20 s
shows the lowest turbidity, i.e{-maximum flocculatiop. Figure 5b shows thei
~ flocculation behaviour as a furigtion of coarse particle size; The effect of s‘t%«
ring speed on flacculation is shown in Fig. 6a. The t sts were carried out,
-pH 7-and the turbidity was found to be lawer for a sti;ﬁ'ng speed of 500
The data of Fig. 6b for 15 min stirring shows that the c’oncet";t'ra{ion of fi
in suspension increases for stirring speeds higher than.500 rpm. ;

!
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DISCUSSION -
Interactions of quartz—DDACI

The charge on the particle may vary in accordance with the chemical en

' ronment — pH, teagﬁilt concentration, etc. The changes in thq,;et,a potentialfs
of quartz in the presence of DDACI (Fig. 1) suggest that the adsorption: g8
‘amine on quartz is physical i.e. involving attraction.between opposite charg
Figure. 7 shows the distribution of various-species of quartz.and DD
i different pH values. . ' ' : ;
. When quartz particles are in equilibrium with the agueous solution t
different hydroxylated sites =SiOH;3", =8iOH and =SiO~ can be expected
'pending on the pH. At very high H* concentration, the hydroxyl covered
face can adsorb an extra proton to form a substituted surface hydroniur
=8iOH7 : o : ‘ ] ’

~SIOH + H{yq) = =SiOHY o

and at low H?,@hwﬁtqgﬁdns the{ne%g_a;iy?d site Svi,O‘
a protap 1o the splution (pK =6.8; Schipdler, 1981):

LY

~SiOH=Si0~ +H{,) L

]
P i I
LTty |
< Tcl/mM foraSi=OH < 0IPM o
- Tci/mM for R-NH = 107M : [ P
|
L

I

Fig. 7. .Species di'agra*nvas“a functionof pH. | - = & i




changes-in-the.ze
rtz surface at different pH values and the interaction of amine species.
positive potentials noticed at pH<3.2 (Fig. 1) can be attributed to the

complexation of R-NHj3 on to the neutral =SiOH:

shift in the zeta potential to less negative values in the presence of DDACI

ge neutralization between SiO— and R-NH? and is dominated by.an
tatic'interaction:
+RNH{f ==5i0" *NH;R . FN G

positive potential observed above a collector concentration of 8.5X 107 3

sexpected tobeductoa further adsorption of R-NH{ and amine precip-
anon the quartz surface (Fig. 2). , )
reactions of amines in aqueous solutions are given by:

_s.) :R‘Nﬂzqu) . - ) (5 )
1;+H,0=R-NH{ +OH" , _ ()
e log concentration—pH diagram for 1 10~* M dodecylamine, the

fikrstenau, 1982).

1ty i.e. maximum floccula-
to the point of zero charge of

" monofayer coverage

>12.0; 0 ] amine|molecule precipitation and neutral
molectile alone cannot adsorb

‘ 6.0“ - 40 "+ submgnolayer coverage

¢ FLOCCULATION OF QUARTZ D 289 -

ta potentials of quartz are related to the hydroxylation

fiform in the range of pH 3.2-6.0. pH 6.0=9.6 appears to be favourable

| pH for the precipitation of R-NH,(,, species was shown to be 10.2

RNHF ==SiRNH} +H,0 , 3y



N éd;"mﬁhﬁcasons“fbﬁmmn—ﬂowﬂmaml (1) less electrostati

- Fhe-reactions-of-agueous-solutions_of DDACI are pH and conqggt;aii_

“blé T, The Higher the contact angle- the-more hydrophobic is the particle si

2907 - EER : GB.RAJUETAL.

quartz in aqueous solution of DDACI (Fig. 1). This situation is 'explaip'ed‘

repulsion; and (2) favourable collector adsorption.

dependent. Sinice hydrophobicity is & critical factor for aggregation of patti-
cles the restlts of the present work are also analysed by the data of Kello|

and Visquez-Rosas { 1945) on the contact angles of quartz with DDACI (
face. In the pH range 9-11 the co:ntact‘angle‘ observed was 80° for an amifi
concentrationof 1077 M. A contact angle of 58° at pH 5.8 indicates parti
coverage of the amine. Even at a high concentration of 107> M the surface of
the particle attains only a submonblayer at pH 6. Higher contact angles (807
85°; pH 9-11) for concentrations of 10~°-10~* M are attributed to the par?
tial hydrolysis of the amine. . - b R oo
“From Fig. 3a it is observed that at pH 10.12 (pH region of amine precip
tation) a fluctuation in solution turbidity, i.c. a decrease for'the first 157
with a subsequent increase for further period of stirring suggests both fl
lation and dispersion of aggregates. Around the pH region of amine pr
tation physicalvadsorptidn of the precipitate on the surface of quartz m -
part enough hydrophobicity : and consequently  favour flocculation
prolonged agitation may peel off the amine precipitate from the surface
“thereby lead to floc redispersion. At pH 10:12 the particles hold pos
charges ~15mV (Fig. 1). Figure 3b shows a higher concentration of fines
suspension beyond pH 10 = i.e. a lower flocculation when compared to t
amount flocculated at pH 9.6. However; negligible flocculation at pH.
(Fig. 3a). is due to lack of enough hydrophobicity and the potential a
referred pH, as observed from Fig. 1, is +22 mV. On the other hand,
though the particle is hydrophobic enough (Table 1: contact angle 80° at
9-11), the flocculation is only minimum (Fig. 4a) for a DDACI con
tion of 2.26x 10~% M and the corresponding zeta potential is —58 mV (F
7). In this case hydrophobicity is not the factor for minimum flocculatio 3
the surface charge is responsible for the observed behaviour. When the
cles hold high potentials it becomes niecessary to apply higher stirring s
to overcome the energy barrier. The same argument holds good for th
crease in flocculation at higher amine concentrations. As seen from Fig.
ﬁ&s‘ffﬁé‘iﬁt@ﬁﬁﬁl’s'increasé:for-amine'concentrations above 8.5 107>
the reasons are clear for the trend observed in Fig. 4b. '

' Effect of particle size and stirring speed:

‘The size of the coarse particle is af important factor in shear-floccula
since it influences the collision mechanism. Samygin et al. (1968 ) found.
the adhesion rate of fines to coarse particles to be 10°~10* as high as the:
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‘fect was attributed to dx erefit mecha-

bhesxon ‘between the fine Such e
tons between fines an inertia fdr Wi

is at work, i.e. diffusm collist

I4ions between fine and ¢o
re 5a shows the conc tr

dnzou et al., 1988) obsery:
i forces generated in the:

| to ecredse. Samygin et al. (1968),
out ‘that as the dlfference between the sizes of coarse Lcmd fines increases
\ er may" ‘flow past the former. msteid of colliding. Whe{her it is low
it isions ‘between fines and coarse (when the coarse size is beyond the opti-
11 ) or attrition that leads toa lower ﬂocculauon 1sopen to question. The

00 tpm; pH 9 6).
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Flg. 9:. Aggregage of,coarse-ﬁne parucles (= 53+38 and —5 um mixture; conc. DDACI;
9.02X 1073 M, spmng speed 500 rpm; pH 9. 6). . =

scanning electron micrographs (Figs. 8 and 9) are shown for two experimen-
tal conditions. When a —75+53'and ~ 5 um mixture was subjected to shear-
. flocculation the aggregates formed mamly between fines (Fig. 8) and the ag-"
gregates of coarse-fine were-sparse. -Figure 9 shows a coarse-fine aggregate
formed after stirring a mixture of =53-+38and —5um parucles szeetypes:
of aggregates, i.e. fine- fine, fine-cparse { d 1o
form when a mixture of coarsn a d fm
stirring. L : T
In another set of expenmcmslthc ‘s]t rring sgeed was varied. from SQ
1500 rpm and the pH was mamtam:“ |at 7.0 (Fig. 6a). As the stlrrmg spe!
increases the amount ﬂocculatedl decrgases. The reasons for'such a trend wg
“be Lapparcnt when- the factors; i; gree of hy grophqblcny and chargc, arg.
considered. The electrokinet el avio) partz-(] ¥
negatively charged surface. 7571
to ja less negative potenti TR
adporptxon Hurther Table 1
thﬁ contact angle mcrease&
a it can b copcluded jat.at pHi
drpphobic. If it is assumed hat th grticlesiarg. sufﬁc:,ently hydrophob;q
hdldmg potentials of the order ol'f —40 mV {l w' ’ncreas;ng speed of
rmg the flocgulation should ingrease )T actithat he solutjon turbidity
creases with qtnmne speed (Fl . 6a nd, b) suggpsts that the particles are not
hy dro’phobic enough’ andt st b1 ity of floc redispersion at higher stlrn ;
speeds 1s alsp. not ruled out, It must pe pointed out that the agitation spee
vary from system to system 1500 r}pm in scheelite-sodium oleate (Warre

w
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| 1975); galena-xanthate (Subrahmanyam et al,, 1990a,b); 400-1200 rpm in
hematite-sodium dodecyl sulfonate (Fuerstenau et al., 1988) and even im-
peller speeds as low as 225 rpm were used by Samygin et al. (1968). Two
'phenmﬁena;’tk‘)lowcrﬂoccxﬂatienand (2)-floc redispersion, need to be rec-
ognized in shear-flocculation. Several reasons like high similar potentials be-
tween particles, lack of enough hydrophobicity, a large difference between the
. ‘sizes of fine and coarse particles, insufficient stirring speed, etc. may result in.
" a lower flocculation. Whereas floc redispersion occurs mainly because of the
factors such as attrition, breakage of flocs due to a high stirring speed, re-
moval of the adsorbed reagent (physical adsorption ?) from the particle sur-
face and consequently detachment of the adhered particles at higher speeds

of stirring, etc.

 CONCLUSIONS

(1) From the results of the study on shear-flocculation of quartz inaqueous
olutions of dodecylamine chloride (DDAC!) it has been shown that the hy-
ophobicity of the particle and charge influence the aggregation mechanism.

i At the point of zero charge the repulsive forces between the particles are min-
mum and the particles are hydrophobic enough to aggregate ever at low stir-

g speeds. o

(2) The electrokinetic behaviour of quartz in aqueous and DDACI solu-
ns indicates that the mechanism of adsorption is physical. The reactions of .
ueous solutions of DDACt are pH and concentration dependent; the hydro-
bicity of quartz and consequently the charge on the particle are governed
ose reactions. The flocculation was found to be maximum for the con-.
s: pH 9.6; DDACI concentration 9.02 10-3 M- stirring speed 500 rpm

4 the size of the coarse particle —38+20 ym.
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