Mechanism of Collector Adsorption on Monazite
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Abstract

The basic studies of adsorption characteristics of collector on monazite were made by electrophore
tic measurement and by determination of the adsorption of some typical flotation collectors.

By above measurements made on monazite, it is concluded that H* and OH~ are identified to act
as potential determining ions and thus the electrical properties of monazite is controlled by the pH
of the solution, .

Therefore, anionic collectors are adsorbed on positively charged surfaces and cationic collectors on
negatively charged surfaces, which in turn controls the effective flotation condition with respective
collectors for this mineral.

These results have been correlated with its flotation behavior obtained by Hallimond tube test.
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Introduction

The heavy sands in Korea are chiefly composed
of ilmenite, but also contain such minerals as
monazite and zircon, which give additional im-
portance. Therefore, the fundamental investiga-
tions of heavy sand beneficiation is urgently
necessary. The monazite has been customarily
separated by the physical methods from its
associated minerals; however it is limited to up-
grade the concentrate for the desired purity.
Some other methods combined with above process
may be necessary for further improvement.

When the flotation is considered as the effective
beneficiation method, it is very important to
study the adsorption characteristics of collector
and floatability of the individual minerals.

Previous investigations on the surface properties
and flotation characteristics of hematitel’, cu-
mmingtonite?, and zircon® have demonstracted
the electrical nature of the interaction of the
collector with these oxide and silicate surfaces:
anionic collectors are effective on positively
charged surfaces and cationic collectors on nega-
tively charged surfaces. Thus, from the differences
in the surface properties of the above-named
oxide ard silicates, a theoretical basis has been
provided for their separation by some typical
collectors.

This article reports the findings on the general
information of adsorption characteristics of collec-
tor on monazite investigated by measurements
of the electropheretic mobility and the adsorption
density of some typical flotation collectors. lIts
fiotation characteristics was examined by simpli-
fied flotation tests using a Hallimond tube. The
basic information thus gathered was shown to
be directly applicable to the interpretation of
the actual flotation behavior of monazite and
such information is also practically significant in
the beneficiation of the heavy sands.

Materials

Preparation of monazite sample:
The sample obtained from the Korea Rare

AmRa2ai

Mineral Inc. was the concentrate of monazite
which was separated from the heavy sand pro-
duced at Ku-Rea area, Jun-La-Nam-Do. The
grade of this sample was 62 per cent for
R203+ThOs.

The sample was screened and the 100/150-mesh
fraction was taken for ¢he Hallimond tube flota-
tion tests and for adsorption measurements. To
obtaine purer material, the minor amount of
non-magnetic materials in the sample was sepa-
rated out with the induced roli type magnetic
separator. Furthermore, a small amount of the
other materials remained in the concentrate from
magnetic separation was rejected by vanning,
and followed by the sedimentation and decanta-
tion for the further purification of the sample.
The purified sample was treated with 2N-HCI

Table t Composition of monazite samples

Sample***
%) N.E No. 1 No. 2 No. 3
Composition
ThO, o2 6.18 5.92
Ce03 26.40 | 2499 | 23.29
R.05* 3270 | 3278 | 20.57
Fe;0s 0.45 0.91 1.55
AlLOs 1.43 1.65 2.28
TiO, 0.21 0.23 0.91
710, 0.44 0.48 1.24
HfO, 0.004| 0014 004
Ca0 2.53 0.57 1.78
MgO 0.21 0.18 0.20
MnO n.d. n.d. n.d.
PbO 0.20 0.45 0.37
UsOs " 032 0.41 0.59
Na;0 0.11 0.05 0.06
K:0 0.07 0.02 0.02
(Nb, Ta)0s nd. " nd n.d.
P:0s 25.19 | 28.19 | 26.02
Si0, 3.17 2.32 5.18
Coz 0.07 0.14 0.12
H:0 0.32 0.52 0.43

*Total rare earth oxides excluding cerium oxide.
**n.d. = not detected.
s**Sample No.1 : monazite produced from Ipchang
Sample No.2 : monazite produced from Koksung
Sampte No.3 : monazite produced from Dukryung
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solution for half an hour and then washed re-
peatedly with demineralized water. The cleaned
sample was stored in demineralized water in a
pyrex bottle.

Chemical analysis of monazite concentrate of
Ku-Rea area is presented in Table 1+,

For the electrophoretic mobility measurement,
a small amount of the cleaned 100/150-tmesh
fraction was ground id an agate mortar and
elutriated to minus 3 micron. The product was
-stored in demineralized water in a pyrex bottle.

Reagents:

The coilectors used in this investigation were

as follows:
Ci2HzsNHsCl  —  Dodecylammonium chloride
C2HosS0.Na — Sodium dodecyl sulfate
CiHCOOH — Oleic acid

CsHxCOOE — Linoleic acid

Dodecylammonium chloride was obtained from
Armour and Co. Highly purified sodium dodecyl
-sulfate was supplied by the Agricultural Research
‘Service, U.S. Department of Agriculture, Phila-
delphia, Pa. Oleic and linoleic acids(purite 99
per cent) were obtained from the Hormel Insti-
tate, Minn. The water-insoluble fatty acids were
converted to a water-seluble soap before use.

Experimental Procedure

PDetermination of the isoelectric point:

The electrokinetic properties of monazite were
investigated by measuring the electrophoretic
mobility of their aqueous suspensions as a fun-
ction of pH. The apparatus used for the mea-
surement was a flat-type, vertical microelectro-
phoretic cell constructed from microscope slides.
The electrical condition at the solid-soiution
interface was determined by the direction of
migration of the mineral particles, and the
mobility was determined as an average value of
at least dozen pairs of measurements.

Adsorption measurement:

Adsorption densities of dodecylammonium chlo-
ride and of sodium dodecyl sulfate on the 100/
150-mesh fraction of monazite were measured as
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a function of pH. The samples filled with the
test solutions iz 100 ml. volumetric flask was
conditioned by tumbling for 20 minutes. It was
jeft for two hours after tumbling to attain the
equilibrium before measurement, and then the
residual concentration of the electrolyte in the
solution was colorimetrically analyzed®. The
surface area of the monazite sample used for
the foregoing adsorption measurements was
determined, at the temperature of liquid nitrogen,
by the B.E.T. method with N; as an adsorbate.
An average of four measurements gave 7,090
square centimeters per gram.

Simplified flotation tests:

The cleaned 100/150-mesh fraction of monazite
was used for the simplified flotation tests, which
was made in a modified Hallimond tube®:.

Purified nitrogen gas for areation was intro-
duced into the flotation cell through a coarsepored
fritted disk. The Hallimond tube flotation test
was carried out with approximately 1 gram of
flow of 35ml.
In the present work, the sample
was conditioned by tumbling at a speed of 30 r.
p.m. for 20 minutes in a 100 ml. volumetric flask,
filled with the test solution, prior to flotation
tests. The collectors used in these flotation tests

the mineral sample at a gas
per minute.

were dadecylammonium chioride, sodium dodecyl
sulfate, oleic acid, and linoleic acid, which were
highly purified.
collectors used in this investigation was 10~ moles

The concentration of the all

per liter.
Results and Discussion

In order to observe the electrical condition at
the solid-solution interface, the electrophoretic
mobility of monazite was measured as a function
of pH. The resuits are presented in Fig. 1. it
shows that the iscelectric point of monazite occurs
at about pH 3.5
particles are positively charged below pH 3.5.

This means, the monazite

and negatively charged above this pH.

In Fig. 2. the adsorption densities of dodecyl-
ammonium chloride and of sodium dodecyl sulfate
(equilibrium concentration of 10-5M.) are plotted
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as a function of pH. It is obvious from the
figure that an effective adsorption of cationic
collector appears to be on a negatively charged
surface of monazite and of anionic collector orn
a positively charged surface. From the above
results, it clearly indicates that the adsorption
of collector on the mineral surface is essentially
due to the electrical interaction between the
charged surface and collector ions, although the
fact that the adsorption persists beyond the
isoelectric point indicate that the affinity is not
strictly electrostatic in nature. The collector
necessary for monolayer surface coverage is 6.66
x 1071° mol per sq. cm. It is calculated by
assuming the cross sectional area of the hydro-
carbon chain of the collectors to be 25A2,
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Fig. 1 Electrophoretic mobility of monazite as a
function of pH.

5

LR BRI

NaD$ (RSO

107

10%{lotation

Adsorption density, mol.fom?

Ll

pH
Fig. 2 Adsorption density of dodecyl ammonium

chloride and of sodium dodecyl sulfate

on monagzite as a function of pH.
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According to Fig. 2 and Fig. 3, ten per cent
flotation recoverv occurs with an adsorption of
collector amounting to 5.7 X 10! mol per sq. cm.
This corresponds approximately to a surface
coverage of 8.6 per cent of a monolaver.

In Fig. 3, the effect of pH on recovery of
monazite with 10—'M. of dodecylammonium chlo-
ride and of sodium dodecyl sulfate were plotted.
This figure shows that the cationic collector is
effective on monazite flotation above a pH of
about 8, whereas the anionic collector is effec-
tive below a pH of about 3. It is interesting to
note that the intersection of both curves occurs
at the region corresponding approxXimately to the
determined isoelectric point of monazite.

The floatability of monazite using 107‘M. of
oleic and linoleic acids are plotted as a function

0
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Fig. 3 Effect of pH on recovery of monazite
(100/150 mesh) with 107M. of dodecyl

ammonium chloride, and of scdium dodecy!
sulfate
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Fig. 4 Effect of pH on recovery of monazite
(100/150 mesh) with 10™M. of oleic acid,
and of linoleic acid.
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of pH in Fig. 4.
tained with 18-carbon aliphatic acids with those

Comparison of the curves ob-

for 12-carbon collectors shows that the flotation
region at the same reagent concentration extends
very widely into the adverse electrical condition
of monazite surface.

This increased surface aciivity of the longer
chained collectors indicates additional factors in
the adsorption process. One such factor might
be the ™squeezing out effect”™™ of ions from
water because of unfavourable ionic size with
respect tc the associated water structure, and
subsequent lateral interaction between interfacial
organic ions which have been squeezed out of
is due to

van der Waals forces between the hydrocarbon

solution. The lateral interaction
chains of adsorbed ions, which have a strong
tendency to stay on the adsorbed mineral surface.
The abrup: decline in the floatability with the
fatty acid collectors below pH 4 may be attri-
There-
-fore, the effective pH range is pH 4 to 11 for

buted to the precipitation of free acids.

oleic acid, and pH 4 to 9 for linoleic acid.

Conclusions

The basic flotation behaviors of monazite were
investigated by the simplified flotation tests and
results have been correlated with the adsorption
The results of this
investigation have led to the following conclu-

characteristics of collectors.

slons.

1. The iscelectric point of monazite occurs at
pH 3.3
charged at pH values lower than 3.5 and nega-
tively charged at higher pH.

The monazite surface is positively

2. Anicnic collector is effectively adsorbed on
positively charged surface, and cationic collector
is effective on negatively charged surface. The
amount of adsorption of the anionic collector
increases with increasing acidity. The converse
is true for the cationic collector.

3. In the adsorption of collectors on monazite,
a surface coverage of about 10 per cent of a

monolayer is necessary for the minimum flotation

Monazite @ E KA 15 B 95

requirement {(about 10 per cent flotation).

4. The catonic collector, dodecylammonium
chioride is an effective collector for negatively
charged monazite, and the anionic collector,
sodium dodecyl sulfate, for positively charged
monazite.

5. The 18-carbon fatty acid collectors extend
the flotation range of monazite to the alkaline
side which is the adverse electrical condition of
monazite surface. This may be due to the
“squeezing out effect” of organic ions from water
and subsequent lateral interaction of hydrocarbon
chains of the adsorbed ions.

6. The optimum flotation of monazite occurs
from pH 4 to 11 with 10—M. oleic acid. and

from pH 4 to 9 with 10—4M. linoleic acid.
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