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YANG AO*

A STUDY ON THE EFFECT OF 7-RAY IRRADIATION
ON THE SELECTIVE FLOCCULATION
OF FINE CASSITERITE AND ITS ASSOCIATED MINERALS

The paper is concerned with the study of the flocculatlon
properties of finegrained cassiterite, hematite and quartz,
irradiated by ¥-ray. First, we irradiated the minerals by Co-60.
Ther we performed a selective flocculation experiment. We also
studied the mechanism of the process. The outcome of the resesrch
shows that -ray irradiation can improve the effectiveness of
separating cassiterite, hematite and quartz. As a new process of
ore~dressing, it would find a2 wide application in production.

Introduction

Nearly six years have passed since the International Conference on
Fine Minerel Processing was held, yet the mineral processing of fine~
-greined ores remesins & problem demanding a prompt solution.

Processing fine minerals by means of selective flocculation was s
breskthrough in ore-dressing technology in the 1970s (Read and Hollick,
197€), end hes already been successfully applied to hematite processing
at the Tilden Mineral-Processing Plant in the United States (Péananen,
1978). Up to the present, however, it ig still at the experimental
stege in the treatment of other minerals. The technigue of nuclegr
physical mineral processing began in 19508, but so far it has not been
widely put into use in production. Thus, it is still a2 new method and
needs to be studied further (Tatasrhukof, 1983).

Our research is simed at combining the two new technologicel
processes, trying to use irradiation to change the character of the
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surface of minerals, make the difference in the surface characier of
different minersls more distinect, and separate several kinds o- fine
minerals by means of selective flocculatlon The investigatiorn can be
said to be & bold attempt. : :

The technique of using high-energy irradiation to intensify the
flotation process has frequently been gtudied a2t home and zbroad, but
meinly for doing research for sepasrating minerals, for controlling
squipment and for the autometion of the process. The objects thaet are
subjected to irradiation inciude dried minerals, minersl pulps,
flotation reagents and flotation water (Jien, 1981). The minersls used
in resesrch snd experiment are galena, blende, cassiterite, iror ore,
epatite, etc. However, there are few reference materials available on
tresting high-energy irradiated minerals with flocculation.

of more than tem kinds of X-ray sources, Co-60 is relatively cheap
and eesily aveilable. It 1is produced on a fairly large scale at home
and abroad, so there could be a steady supply for industrial prodtctian.
It provides powerful energy and has & long half-life. .Besides, the
minerals thus irrsdiated have no harmful radioactivity, and the process
can be conveniently controlled from fer away. We have therefore chosen
Co-60 with an energy of 1.25 MeV as the: f~ray source for our experiment.

¥aterisls, resgents, equipment and method

Meteriels

Cassiterite, hand-picked coazrse-grained crystal minerel, produced
in Wenghen County, Yunnsn Province. Composition: 74% Sn, 4.7% Sioz,
0.14 Cal, 0.04% MgO.

Hematite, produced in Weng Jia Tan Mine of Kumming Iron-Steel
Corporation. Composition: 67.2%4 Fe, 3.7% SiC,, 0.%% A1203, 1.0% Ca0,
0.2% Mg0.

Nuartz, supplied by Yumnan Iron-Alloy Plant. Composition: 97.8%
SiOe, 0.23% Ca0, 0.2% NgO.

All these minersls were ground separately in the pebble mill 2o
-200 mesh (over 95%).

To incremse the purity, the semple of cesgiterite was trested in
hvdrochloric acid, and then purified in distili ed water until the pH
we3 neutral.
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Reagents

Polyacrylamide 3#, made in China. Hydrolyzability, 30%. :
teroflioc flocculants, ACCOFLOC Type A100, A110, 4130, 0575, 0581,
¥100, made by CYNAMID, U.S.A. Concentration: 1/1000.

Equipment

Zeta-potential Analyzer, Type ZP-103B, menufactured by SHIMADZU
Corporation, Japan. : »

Transmissivity-Measuring Meter, 581-G Photoelectric colorimeter
mede by Shenghei Anselysis Instrument Factory.

Irradistion Source; Co-£0 Medico-Irradiation Meter, mede by

Shanghei No? Medical Instrument Factory.
Kethod

The experiment wes done in a deep beaker. The reasgents were addeé
at a fixed solid-liguid ratio. The mixture was gtirred and allowed to
settle for = set period of time. 4 sample of the suspended liquid was
then taken from the mixture and ite trensmissivity measured with &
photoelectric colorimeter. The flocculated and unflocculeted parts were
sepzrately collected, dried and weighed, and their flocculation
regults were compered.

The test of the effect of the selective flocculeticon was made in s
deep beeker, using a mixture of irrediated end unirrsdisted minerals in

a set proportion.

The choice of flocculants

The reagent property test showed that among the three different
kinds of imported reegents, 4100, C5871 and K100 were most effective.
Home-made polyescrylemide 3% wee slso used in the +est and compared with
the imported reagents under the seme conditions.

It can be seen from Fig 1 that 3#,1058i and A110, when used in
emall smounts (below 5 mg/l), have & good flocculation effect. With an
jnerssse in the dossge, the effect of ¢581 =nd A110 decreases, while
thet of X100 snd ¥ increases. aAfter the dosage exceeds 20 mg/l, the
affect of X100 end 3% drops to e ceriairn degres.

Although in smell arounts the «“feci of polyscrylamide 3%
than thet of C531 and £711C, there mey be = recovery of sver 204 whexn
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the dosage is larger (a¥out 20 mg/l). Since we are quite clear about
the structure and properties of the reagents made in other countries,
we decided to use polyacrylamide 3* (with a dosage of 20 mg/l) as the
flocculant for our experiment (Yang Ae, 1981, 1982)
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Fig. 1. The effect of the
amount of the four
flocenlants on the
flocculation result of
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It is to be noted that the cationiec flocculant €581 and the anionic
flocculant A110, when used in very smell amounts (C581 — 5 mg/1l,
4110 — 2 mg/1), have an extraordinary ‘binding power with cassiterite
end can promote its flocclation. It should be particularly noted that
C581 is uneffectived. When used 1n large dcsages, the flocculability of
both C581 and A110 decreases, while that of the neutralmolecule N100
and anionic 37 increases.
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RECOVERY OF CASSITERITE , %

The effect of XY~ray irrsdiation on the flocculation of
cassiterite and its associated minerels, quertz and hematite

The effect of the amount of irradiation on the flocculation
of cassiterite

Y-rey is a high-energy beam of photoelectrons. When it is irradis-
ting the mineral, 211 or part of it is absorbed by the mineral, giving
rigse to a chenge in the structure of the mineral, a change in elecirons
and a change in crystel defects (Yu, 1981). Therefore, the amount of
Y-ray irrasdiation is an sssentisl factor that affecis the changes in
the cheracter of the mineral. The results of the investigation of the
2fPeect of irrediation on the floceculation of the wminsrsls are shewn ir
Rlz. 2.

Trom Fileg. 2. we can see thet curves 2 and © give the same resuit.
4

j= 5

e recovery of cassiterite is not affszcted by irrediation znd ite
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emount. It is 2ffected only by whether or not the cassiterite hes been
activized. Thet meens the flocculation of cessiterite is not affectec
by its being irradisted or not, or by the irradistion amount.
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Curve 2 shows that after being irradiéted in smell amounts,  the
recovery of hematite increeses by 4.1% end it remeins the same with
fuprther increases in irradiation. The optimum irrediation amount is
500 rzc.

Curve 4 cshows thet the recovery of quertz falls rapidly when it is
jrradiated in small smounts, and there is & very slight change whexn
irrsdiated in 1arge amounts. This indicates that a small amount of
irrediestion depresces the quertz.

The effect of irradiation amount rate on the floceculstion of
the minerels

Irradietion emount rate is the irrediation amount within a definite
period of time. In our experiment, the irradiation smount is changed by
adjusting the distance from the Co-60 source to the irradiated minerals.
The fixed smounts ere 2000 and 4000 rad, the asdjusting distance being
45, 50, 55, 60, 65, 7O cm. Using the relevent formulae, we can work out
the corresvonding irfadiation amount rate for each distance.

The irradiation amount rate has different effects on the floccula-
tion of different minerals. The flocculation curves of cassiterite,
hematite and quartz under different irradistiom amount rates are
illustrated in Fig. 3.

It cen be seen from Fig. 3 that changes 'in the irradlation amount
rate (within the range of 18-169 rad/min.) have little or no effeet on
the selective flocculetion of the minerals. This shows that the changes
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of irradistion amount rate do not bring about any changes in the minersl
structure and electron state and hardly influence the flocculation
character of the minerels.
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The effect of the ley-aside time after irradiation on the flocculetion

Irradietion brings about ionization effect in the external sphere
of atoms, damage in the internal part of the minerel and defects in
cryatals. Such effects differ from mineral. to mlneral and may become
stfonger or weaker as time passes on (Hern. 19724).

The results of the test of the time effect on the selective
flocculation are shown in Fig. 4.
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It can be seen from Pig. 4 that within the two =zbove-mentioned
ranges of irradiation amount, the recovery of cassiterite varies w
the length of the lay-aside time of the mineral after its beling
irradiated. If the lay-aside time is five days or less, the rscovery of
cassiterite increages. If it is laid aside for ten days, the recovery
iecreases remarkadbly (18-23%). Thiz tells us that we'd neiter perform
sur flocculation experiment in 5-6 day‘'s time aft ¥

er the minerzi is
irradiated. Prolonged lay-aside time would lower the recovery of
cpsgiterite.
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) Compered with Curve 3 in Fig. 2, the above results show that f-ray
irradistion does not cause immediate changes in the stiructure, character-
and free electron concentration of the cassiterite. These changes tske
place slowly. Unirrsdieted cassiterite has the same reccvery as that
irredisted with a helf-dey ley-aside time (93.8%). & five-day lay-zside
raises the recovery of caBsiterite by 5%, but & ten-day lsy-sside

lowers the Trecovery by 23%. This also shows thet, unlike hematite,
cacsiterite is not sensitive to }-ray irradistion. It hes a slow effect,
which helps separation of Fe from Sn.

Investigetion of the functional mechanism of K-raj
irrediation and flocculation of minerals

in order to reveal the functional mechanism of Y-ray irradiestion
and the flocculetion of the'mineralé, we measured the amount of absorbed
flocculants on the surface of the minerals, the zeta-potential and the
specific magnetization_cdefficient before. and after irradiatiom.

Determinetion of specific magnetization coefficient

The specific magnetization coefficient is the magnetic moment
produced by one gram of substance in the suter sphere in a megnetic
f£ield with an intensity of one oersted. The megnetism is bound tc be
sfected by the changes in electrons before and after irradiation.

Fig. 5. Changes in the specific
magnetizetion coefficient of
cassiterite befcre end after
irredistion
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COEFFICIENT OF CASSITERITE .

It can be seen from Fig. 5 that, before and after irradietion,
gpecific megnetization coefficient varies regulerly with increeses in
megnetic field intensity. The specific megnetization coefficient of
cassiterite after irradiation is higher than before irradiation. Wher
the magnstic field intensity is pelow four, there is & remerkseble
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difference (over 1.5). When it is over six, there is a mimer difference
(below 0.5).

This result shows that after irradiation, the magnetism of
casciterite (which is a mimeral with wesk magnetism) increases; and
when the intensity of the magnetic field is four, the increase in
magnetism is most remarkable. It shows that, owihg to the motion of
electrons around the nucleus and their rotation, a magnetic moment is
generated in the molecules, thus megnetizing the substance. The
irraedistion causes excitation and ionizetion in the outer sphere of
atams =2nd changes the way in which the electrons move, thus increasing
the megnetism and raising the specific magnetizat;on crefficient.

The chenges in zeta-potentiel of cassiterite before
and after irradiation

The measured-results are listed in Tab; 1.

Table 1
The zeta-potential of cassiterite before end after irradiation
Irradiation amount (rad) 2000 | 4000 £000 0
Zeta-petential (mv) 6.99 5.23 4.45 T.11

(Proceeding in pH 5.3 distilled water)

It is shown in Tab. 1 that the negative value of zeta-potential for
everv irrsdiation amounte is smaller than that of non irradiated
cassiterite. This indicates thet irradiatin increases the zeta-potential
of cassiterite, which makes it more active in reaction with the anionic
flocculants.

within the Co-60 source range which we have chosen, the photons
in the photoelectricity effect or Compton effect can excite electrons
and pass energy to them, thus freeing them from afoms (Yu, 1981). The
surface of the irradisted cassiterite undoubtedly has less negative
cherge. Even with cassiterite with a negative charge, the irradistion
on its surface strengthens the positive charge or weakens the negative
charge. Besideg,there is an influence of pH pulp on the cassiterite,
s0 the electric charge of irradiated cassiterite is ouite different
from that of unirradiatei cassiterite. Tab. 1 shows that %the difference
is also affected by the irradiation amount rate —— the larger the
amount, the smaller the nesgative value of zeta-potential, and vice

versea.
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The determination of the sbsorbed amount of hydrolyzed
polyscrylamide on the surface of the cassiterite

The results measured ere listed in Tab. 2.

Table 2

The absorbed smount of reagent before
and after irradiation

Dosage of resgents After Before
(mg) irredistion irradiation

Reagent amount
in liquid 4.7 4.47

Absorbed reagent
amount on

cassiterite 5.83 5.53
Weshable amount 2.27 2.54
Unweshable smount 3.56 2.99

From Tab. 2 we can see that the absorbed gmount 6f hydrolyzed
poly=crylemide on the jrrediated cassiterite increases, including s
larger chemically absorbed part (Hu, 1983). This indicates that
irrediation enhances the electrical charge on the surface of cassiterite
and reises the ebsorbility of eniomnic flocculant. Therefore, irrsediation
cen increasse the esbsorption rate of the reagent by the mineral,
strengthen the stability of absorption andé improve the floatability of
the mineral.

Separation test of the two products

In order to further investigate the effectiveness of separating
the two products from easch other, we cerried out = separation test on
the cassiterite-hemetite mixture sample, in which SnO2 Fe203 = 23:3. The
flocculation test was done by adding 20 mg/1l hydrolyzed polyacrylamide
to the pulp with pE = 8.

It can be seen from Tab. 3 that the flocculetion effect of
irradiated minersls is much better than that of unirradiated ones.
Though the reccvery of iron from iron concentrate and cagsiterite
concentrate before and after irradiation is the same, Asn in
camasiterite concentrate before snd after irradistion is quite different.
there is a striking difference in the content of /2 Sn in iroen
concentrate before and after irradiation. A1l this shows that
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Table 3
The results of separating the iwo products
Amount of Mineral ‘ o ;
irradistion recovery Products Sn He sn e
(red) (%) % % % %
500 79.6 Iron concentrate 13.2 | 45.1 49 89
20.4 Cassiterite
concentrate 54.2 21.2 51 11
82.3 Iron concentrate [_18.2 | 41.1 €6 89
g 17.7 Cassiterite
concentrate 44.5 | 23.3 34 11

irradiation offers a good flocculation effect. If depressants had been
used, there cculd have been a better separation of Sn from Fe.

As our experiment was only aimed at comparing the effect of
irrediation with that of unirradiation, we did not use any other kinds
of reagent in our experiment.

Summary

The whole experiment shows that y-ray irradiation is beneficial to the
separation offin&&rained cassiterite from hematite and quertz.
Irradiation and its amount have no influence on the flocculability of
cassiterite. After irradiation, the recovery of quartz decreases
sharply, while that of hematite increases (When the irraediation amount
resches 500 rad, the increase is especially remarkable).

The above conslusion was proved by the test of separsting
cassiterite-hematite mixtire samples.

The irradiatior amount rate has relatively little effect on the
flocculation of cassiterite and hematite, but has a striking effect on
that of gquartz. The time effect after irradiation indicates that short
lay—aside time doesn’'t affect the flocculation of cassiterite, while
2 long lay-aside time (over ten days, for exsmple) can csuse a signifi-
cent drop in the recovery of cassiterite.

Irrediation can increase the amount of absorption of hydrolyzed
nolyacrvlemide, decrease the zeta—potential on the surface of ‘the
ceggiterite, and raise the specific magnetization coefficient of the
rinsral. The probable reason for this is that the combining energy of
chotons is much higher than that of electrons under Compton effect
when the electrons are fres. After irradiation, the excited and
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ionized electrone on the surface leave the atoms of the mineral, so

thet there is more positive cherge on the surface, which strongly
attrzcts the negatively-charged flocculent, forming physical (and even
chemicel) absorption. As & resgult, irradiation improves the flocculstion
process and increases the floatability of the mineral.
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STRESZCZERIE

Yeng Ao, 1987. Wpiyw napromienicwania promieniemi § kasyterytu‘i towa-
rzyszgeyeh mu mineratdw ns ich selektywng flokulacje. FPizvkochemi~
czne Problemy Mineralurgii 19; 165-176.

¥ precy opisano wp2¥w nepromieniowania Co-6C na wiasciwesel floku-
lacvjne drobryeh zisrn kasyterviu, hemetytu I kwarcu. 2adeno rdiwniez
mechenizm *vek procesdw. Stwierdzono, ze napromieniowanie badanyeh mi-
nersXbéw podwyzsza efekivwnosé rozdzialu kesvterytu od hematviu i wmoze
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takie zwigkszyé selektywnos$é rozdziatu kwarcu wraz z hematytem od kasy-
terytu. Napromieniowanie jako nowy proces w przerdbece kopalin moze zna-
leZé szerokie zastosowanie w praktyce przemysiowe]j.

COIEPIAHVE

Arr Ao, I987. Bamsdme OGIy4eHWA KACHTEDHTA X CORFTCTBYWITX &My MAHoDa-
JOB  f-IyYaMy Ha TX CEJIeKTUIBHYD OIOKYJIAIMD. @H37KOXAMIISCKIE BOM-
DOCH oforamemms, IS; 165~1T76.

B paGore ommucaHo BauwARUE Oo0xydenus Co-60 Ha QIOKYJAIIONHHE OCOolGed-
HOCTH MEJKFX 3eDeH KACWTepmTa, reMaTnTa 7 KBapha,. Yccraeronad TakTe Me-
XaHW3M 3TuX npomeccoB. Ompernesero, 4TO OCHyIeHWE WCCJASNOBAHHHX INTHEDA-
J0B moBumaeT 20PeKTHBHOCTE pasmena KaCcWTeDRTa OT TafeH?Ta, a TAKIE Mo-
¥eT YBEJVWIUBATH CEJEKTWRHOCTD DAsjeJa KBaplp BMecTe C TeMATHTOM COT Ka-
curepura. OCAydeHme, KAk HOBHI OpOmECC B OCOIaSHWM NOJE3YHX MCKOIASMHX
IOJReH HA#THE DDEMEHeHWE B IDOMHILIEHHOCTH.



	Scan165.jpg
	Scan166.jpg
	Scan167.jpg
	Scan168.jpg
	Scan169.jpg
	Scan170.jpg
	Scan171.jpg
	Scan172.jpg
	Scan173.jpg
	Scan174.jpg
	Scan175.jpg
	Scan176.jpg

