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YANG AO*-

A STUDY ON FLOCCULATION OF FINE
CASSITERITE, HEMATITE, AND QUARTZ WITH HUMATE

The flucculation of hematite, quartz and cassiterite separately,
and the selective flocculation of theirjmixtureswith sodium humate
in the ebsence end presence of various modifying reagents (CuSO
Pb(NOg) s CaCl,, hexametaphosphate, citric acid, sodium tripoly=
phosp a%e, watér glass) have been described in the paper. Also,
the mechanism of flocculation of | these minersls is discussed.

Introduction

Selective flocculetion is one of the methods used to solve the
problem of fine-grasined ore sepsration. Selective flocculation is not
only widely studied theoretically, but also applied to ore-dressing
practice. Flocculation-flotation of non-msgnetic ferroflint has been put
into commercial application [1]. Many years’experience has proved it
fessible to separate fine-grained ore by means of selective flocculation
[2], but the problems of power consumption in fine-grinding and the
costs of flocculant should be taken into account.

Studies of the flocculation of fine-grained cassiterite ere now
being carried out in many places. But how to chose a cheaper and safer
flocculant is still en unsolved problem. Studies of sodium humate
emerge along with the production asctivities. However, there is 1little
information available on separating fine cassiterite with sodium
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humate, which is still in the preliminary stages of study.

Sodium humate is a kind of highly oxidized lignin snd & macromole~
 cular compound with & complex composition and structure. It consists of
varous cationic asctivating group such as; —CH! -COCH, -OCHB, 'NHZ’
-SOBH and-PO3H, etc. It occurs in solution gs free-spirochete polymer,
and acts as a linear-polymeric electrolyte.fSalt humate is of soil,
river and coal origin, and is at its highest content level in brown
coal. It is e sort of non-toxic and odourless reagent which is easy to
prepere and low in cost, end has found e wide application in ore-dressing.

There are different electric properties on the surface of various
minersals [3], which can be adjusted with activating and disoersing
agents. The macromolecule of sodium humate shall be used to "bridge
chain" the minerals to be processed in order to achieve selective
flocculation by the action of its activating group.

Samples, reaggnts and equipment

The samples come from mines in Yumnsn. Their compositions are shown
in Table 1. :

Table 1
The Compositions of minerzls
iinerals Main compositions %
Fe 5i0, Sn | Cel Mg0 A1203
Cassiterite 4.3 74 0.1 0.04
Quartz 97.3 0.23 - 0.2
Hematite 67.2 3.7 1 0.2 0.1

Flocculant —— Sodium humete is supplied from Qu Jing, Yunnan. The
compositions are shown in Table 2. :

Table 2
The content of active groups in humate

Acid active Caxboxyl Phenolic hydroxyl
group group group

% nN/g ni/g ni/g

Free humic

28.55 4.05 1.20 2.89
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Eouipment and method

Zeta - potential Anslyzer, Type 2P - 10B, menufactured by
SHIMADZU Corp., Japsan. )

Grading Aﬁalyzer, manufactured by SHIMADZU Corp., Japan.

All of the floceculating testes were done in dﬁép beakers. The
adsorbed amount of the flocculants was assayed according to The
Standards Issued by the Coel Indusiry Ministry of P.R.C."

n

Test and Research

1. An anelysis of the grading chara_cteristics of - the tested
minerals

Measured by hydrolysis process, over 97% of all three minerals —
cassiterite, quartz end hematite, were of -20 um. The minerals were
leter assayed with the grading anslyzer made by SHIMADZU Corp., Japan.
The results obtained asre indicated in Figures 1 and 2.
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From the results, we came to the conclusion that during the process
of fine grinding, cassiterite wes easy to grind, while hematite difficult
and quartz just intermediate. However, these three minerals were ground
finely. Over 68% of them reached =10 um. Almost all the cassiterite weas
-10 um end 95% of the others was -5 um; thus, the grain size of the ores
met the requirements of flocculation.

2. The dqtérmiﬁation of pulp pH

When flocculating minersls, pH is the most important factor. 1In
order to flocculate ore selectively,.a prerequisite is that the minerals
must be in & state of stable suspension. Some selective flocculants
should be added to flocculate the objective minerals selectively, while
the nonobjective minerals remain in a good dispersion state [4]. The
whole procedure is simed at adjusting the electric properties of the
mineral surface. Dispersion may lead to the phenomenon that the mineral
surface and the ions in the solution have the same electric properties,
but flocculation results in the formation of opposite charges. Those of
the same charge repel each other, while those of different charges
attract each other. .

These three kinds of minerals - cessiterite, hematite and quartz -
are ell oxidized minerals. H™ and GH' in pulps are their positioning
ions. Therefore, dispersion and flocculation are alsoc the procedures
for adjusting the pH of the pulps.

In order to adjust pH value and control the dispersion and
flocculation of the minerals, the electric properties of the minersls
surface should first of sll be clarified. The relatioship between the
pulp pH and the kinetic potential of the mineral surface assayed by
means of sireaming potentiometry is shown in Fig. 3.
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‘From the figures above, it can be seen thet under various pH
conditions the electropositivity of the three minersls is very weak,
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but the electronegativity is sirong. When pH varies between 2.5 and 7.5,
heterogeneous flocculationwill likely occur among the three minerals,
so in this case selective flocculation is impossible. Only when pH is
below 2 or above 7.5 the minersls can be stably disperse in the pulps.
When the adopted pH of the pulps is below 2, the consumption of alid is
high and the corrosion of the equipment serious, which would be harmful
to the health of the workers and should be used only on rare occasions.
Therefore, during the test , it is better to use week-alksline pulps
with a pH of 8, which is favorable in the test as well as in production.
When the pH of the tested pulp equals[8] the surface streaming
potentials of hematite, quertz and cessiterite are -7.36,-11.57 and =16
(mV), respectively. Under such conditioms, the surfaces of thelthree
minerals sre negatively charged. However, there ere certain differences
and strength in the electrical properties. For this reason, the minersls
are all in stable suspension stdtes and their dispersion and floccu-
lation conditions can be adjusted with other reagents and électrolytes.

" As we know from Pig. 3, each of the three minerals has its own
point of pH, in this case, the electrokinetic potential is zéro, which
is the so-celled zero electric point 4 . The zero electric points  of
the three minerals are shown in Table 3. It is known that the surface
electric properties of oxide ore change with pH, according to this
regularity, the heterogeneous asgglutination of the mineral perticles
occurs near the zero point. At this pH velue, the particles originally
having positive or negative cherges are no longer charged. The different
kinds of particles sgglutinate with each other and become coese-particle
floccule because of the electrostatic gravitetionel force or chemicsl
adsorption. In order to further asscertain this phenomenon, observation
was made of these three minerals under the condition of adding no
reagents when pH was at the zero electric point, and it was found that
the ore particles were of coarse floccules which sedimentated quickly,
leaving clear solution sbove. The spectrometer showed that the
transmissivity of the three minerals usually veried at 85 - 95%, and-
100% in mex, which clearly indicated that near the zero point, all of
the three minerals wonld agglutinate heterogeneously.

The zero electric points of the. three minerals measured are some
different from those obtained by D.W. Fuerstenau [6], which might be
caused by the differences both in the origin of the ore and the
measuring conditions adopted (e.g. we used redistilled water, and NaOH-
end HC1 for pH adjustment).

Begides, there are some advantages when pH is set at 8 e.g. the
activating group of the flocculant is easy to separate completely (after
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tomizing, the activating group of humic acid becomes acid). And the
function of the anionic uselective flocculation of the activating group
¢an be brought into full play, but not in strong base, beeause the
strong base may cut the macromolecule of humic acid into micromolecules,
thus decreasing the flocculating effect of the flocculent.

Table 3
PZC of minersls
Minersl PZC Grain size(mesh) Remarks
Cassiterite | 3.6(4.5) -40 + 60 Distilled water
Hematite 7.2(8.6) -30 + 60 n
Quartz 2.0(2-3) -30 + 40 "

The .data in brackets are from m;c. Puerstenau

3. A test of the effect of humate on the flocculation
properties of cassiterite, hematite and quertz

The results of the test regarding the effect of sodium humate on
the flocculation properties of cassiterite, hematite and quartz ere
shown in Pig. 4. ’
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It can be seen in the above figure that before the activator is
added and when the pH of pulp equals 8, the most efficient among <the
results obtained by flocculation is humic sodium to hematite. Its
recovery from floccule is more than 65%, while the recovery cof
casgiterite snd quartz are below 40%. So it is proved that humic acid
possesaeazagreater affinity to hematite, while the other two minersls
are harder to flocculate then hematite. g
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4. Observation of the role of the activator in flocculating
cassiterite and quartz with’{ sodium humate

A negatively charged hydroxylic surface of oxidized minerals being
put into the solution blocks or weakens the effect of the negetively
charged redicel of humic ecid. But when the activated ions of high
valency metal are added in pulp, they are adsorbed on the surface of
mineral, weakening the electronegativity on the surface or chenging the
potential from negative to positive, end causing the mineral to fully
resct with sodium humate, so that selective flocculation is achieved.

Ore samples for the test are cassiterite, hemitite and quartz.
Sulfuric copper, nitric leed and calcium chloride (varied in amount)
are used as sctivator. The dosage of sodium humate is 20 mg/l.

The results of test are shown in figure 5, 6, 7.
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Tt is obvious from the above figures that the activated efficiency
varies widely among the three minerals. Sulfuric copper gives &
remarkeble sctivatory efficiency to all three of these minersls. The
recoveries of floccules are raised as the amount of activator increases.
When little asctivator is sdded (45 mg/l), the recovery of hemitite
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remains on s high level, meanwhile the recoveries of cassiterite gnd
quartz are low. This means that when the activator is used ir smaller
amounts, the majority of hematite is still flocculated, but the greater
part of the other two minerals is dispersed. However, in comparison
with Pigure 4, when the activator is used in smaller amounts, the
activability of all three of these minerals is low, and vice versa.
There was not really much difference smong these three minerasls, so
they are difficult to separate. ]

Nitric lead promotes flocculation of cassiterite only in high
concentrate, but not in other circumstances.

Calcium chloride has effects the flocculation of hematite but not
of quartz and cassiterite.

Oxidized ore is somewhat soluble in water. Its surface is easily
hydroxylable [7_], and its solubility is the product of the solubility
of the different minerals. The solubility depends on the pH of the pulp.
When the mineral adsorbs H' or OH™ and other ions on its surface, the
latter will get potential forming electric double layers. By measuring
the adsorbed amount of H' or OH ’ the change of agent on the surface of
mineral before and after floatation can be observed. The floatation
mechanism can be explained, provided we know the change of electrokinetic
potentials and the adsorbed amount of agent on the surface of minerals.

Table 4
Cuso, cacl, Pb(X0,),,
unactived - - Remarks
. Activated |Vashed |Activated [Washed ,lettu_tcd. VWashed
Cassfterite| =11.57 | ~2.29 |-3.32 | 8.6 |-10.5 | —-6.F | -7- | 10 >Kc% |
Quartz -6 ~3.2 -4 | -2 [-153 | 7.3 -5 -
Hematite =7.35 +10 +5 © 3.44 1.5 ] =6 6.6 -
Condition: Humate 20mg/L Concentration of pulp 100:1
Ore sample 5¢ . Activator 60mg/L .
7, . . Table 5
inerals .
Adsor=
\@;{ Cassiterite | Hematite | Quartz
ount :
Condition N
- Unactived 0.0392 0.0810 0.0112
Adding 0.11415 0.1598 0.026'!
CuSOy4 ' B

Condition; CuSO4 60 mg/L . - Humate 100 mg/L .
Ore sample 5 g Concentration of pulp 100;1
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Table 4 shows that in the case of activating cassiterite and
cuartz, sulfuric copper gets the greatest decrease of electronegativity
among the three different activators. This means that after activation
by sulfuric copper, minerals are easy to flocculate. The chenge of
electrokinetic potential efter washing in distilled water shows the
edsorption of these three activaetors and flocculents. is physical
edsorption. Its effects are limited in the dispersed layer of elecirical
double layers. Both before and efter washing, the negative values of
the electrokinetic potentisls of cassiterite and qartz activated by
sulfuric copper are lower than when activated by the other two
activators; evidently, minerals activated by the former are easy to
flocculate. After hemetite has been activated by sulfuric copper end
celcium chloride its electrokinetic potential is changed from negative
to positive. This means that the lons of copper and calcium affect
humic sodium, ceusing chemical adsorption on the surface of hemitite,
and after washing, the electrokinetic potential remains positive,
showing that their adsorbability is sirong. In addition, surface
adsorption untilizing sulfuric copper as an activator is stroger than
that activated by calcium chloride. According to theory of chemicel
adsorption of activated ions, it may be concluded thet ca™t cu*t and
humic acid are adsorbed on the inner layer of electrical double layers.

Pig. 5 shows that humic sodium hes lower adsorbed amounts on the
surface of cassiterite, quartz and hemitite before being activated, but
right after activation, the adsorbed amounts of humic sodium increase
more than 100%. Such an incresse on the surface of hematite is the
highest.

5. Observation of the effect of disperser in flocculating
caspiterite, hematite end quartz with humic sodium

In the test sodium hexametaphosphate, citric acid, sodium tripoly-
phosphate, sodium silicate and EDTA were used as dispersers. pH of the
pulp equels [8] and the amount of humic acid is 20 mg/l.

Results of the test are shown in Figures 8 - 12.

From the above figures, it may be concluded that the dispersion
efficiency of sodium hexsmetaphosphate, citric acid,sodium silicate and
EDTA is better for cassiterite, but lower]than for hematite; and is
medium for quartz. Tripolyphosphate haq‘anidentical law, but is not as
remarkasble as the former.

From these result, it can be seen that by using the dispersing
agent mentioned above to adjust the pulp, it is eslso possible to geparate
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quartz, cassiterite andlhemé¥ite while for separating cassiterite and
ouartz, only hexametaphosphate, citric acid, sodium tripolyphosphate
and EDTA can be used.

The above conclusion can be verified by measuring the adsorbed
amount of flocculant on the mineral surfece and the kinetic electrical
potential. )

Tables 6 and 7 indicate that cessiterite, hematite end quartz in
distilled water or a solution of sodium humate have negative kinetic
electrical potential, but the negative value differs greatly with or
without sodium humate. Adding sodium humate in pulp will reduce the
negative value due to the competition of ions, or the "bridge chain®
effect of sodium humete. As negative value decreases to some extent,

Table 6
The influences of dispersing agents on the Zeta potential
onditions _
Zeta pistilled Reagent smount 10 mg/L
potentials water . Remark
(mV)
Minerals] PH = ? 1 2 3 4 5
Cassiterite ~11.57 =20.45|-18.60|=-17.63|-22.08}-22.62
Hematite -7.36 ~12.15|-12.45|-11.56|-18.72]-16.4 | 1072kc1
Quartz ~10.10 =15.36[-13.80]-14.27}-19.83{~-18.46
1. Hexametaphosphate 2. Citric acid ' 3. Sodium tripolyphosphate
4. EDTA 5. Water glass
S Table 7
The influence of dispersing agent on kinetic electric potential
onditions
zeta Sodium _ Reagent smount 10 mg/L
potentieals humete . RéHark
(mv) - i
Minerals L 2 3 4 >
Cassiterite 100 -17.87{-16.36|-14.34|~18.97}-16.32
Hematite 100 -10.521-10.10{=11.68|-14.91}-14.4 10'3K01
Quartez 100 ~-15.87|-13.15|=12.27|-16.15|-15.22

homophase flocculation will ‘occur. Without edding sodium humate, the

negative value will increase, so flocculation does not eagily occur, or
the degree of flocculation is lower. As seen in Tables & and 7, wgatever
dispersing agent hes been added, the negative kinetic electric potential
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of hematite is low, while quartz is slightly higher and casgiterite the
highest. When sodium humate, ie added, the Phenomenon i{s sbout the same,
The result of tests of the adsorption of humic acid on any kinds
of minerels (see Tables 8 and 9) indicates that without the dispersing .
agent, the edsorbed amount on hematite is higher than that on quartz end
cagsgiterite, while the adsorbed amount of quertz is less than that of
_cassiterite. After the Qispersing agent has been added, the adsorbed
amount of sodium humate on the three minersls decrease greatly, however,
whatever dispersing agents are used, the results are always that the
adsorbed amount on hematite is greater than that on cassiterite, and
that on quaertz is greater then that on cassiterite.
The measurment of the kinetic electriecal potential and the adsbrbed
amount conforms to the testing of the dispersing agent. These fully
- indicate that the‘dispersing agent itself is a strong electrolyte, -which
can be adsorbed to the mineral surfece, snd makes the surfsce increa~
singly negatively charged, hindering end decreasing the flocculgnt ;
edsorption ability. Thus,decreasing the adsorbed amount, will obviously
reduce the floccule recovery. t

Table 8
The adsorbed amount of sodium humete
Minerals Cassiterite Hematite Quartsz
Adsorbed: amount : :
e N/g 0.0392 0.0810 0.0112
Sodium humate 100 mN/g pH = 8
“ Teble 9
-The adsorbed amount of sodium humate ’
- Adsorbed smount mN/g
Minersls - -
L 2 3 4 5
Cassiterite | 0.0090 | 0.0167 |. 0.0190 | 0.0112 | 0.0392
Hematite 0.07665 |. .0.0879 0.0767 0.0542 0.0842
Quartz 1 0.0538 0.0577 0.0228 0.0577 0.0074

Concentration of pulp 100:1

Ore sample 5 g [
Sodium humate 100 mg/L

Dispersing agent 40 mg/L

The adsorbed amount of flocculating7agent on cassiterite is greater:
than on quartz when the dispersion reagent is absent (see Tables 8, 9),
but the reverse ie true if a dispersion reagent is present (no matter
which of the above dispersion reagent is asdded): the strong negativity
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of ouartz under the action of the dispersion reagent is the cause of
this phenomenon.

Both the dispersion resgent and ectivating reagent are strong
inorganic electrolyte, their electrical properties, adsorbed smount on
the minersl sur%ace as well as adsorptive charascteristics all coincide
with the DLVO theory and hetero-coagulation theory [8].

Physical adsorption is maihly affected by electrostatic force, but
chemical adsprption is a result of the chemical adsorptive force of the
hydroxyl complex ions which are produced by the slight solvation of
cations from the minersl surface. Because of the strong surface activity,
the hydroxyl complex ions are able to be adsorbed stably on the minersl
surface. In case of high concentration, the 8ign of the electrokinetic
potential can be changed: it even can be adsorbed on the surface with a
positive charge.

Separation tests of dassiterite, hematite and quartz

The selective flocculation process is chosen for separation tests
of cassiterite, hematite and quartz.

MIXTURE

FLOCCULATING * HEMATITE

'FLOCCULATING QUARTZ

|

HEMATITE QUARTZ CASSITERITE
CONCENTRATE CONCENTRATE CONCENTRATE

Fig. 13.‘Selective flocculafion process flowsheet

Test condition: Ore mixture proportion; cassiterite; quartsz;
" hematite = 2:4:4; pﬁlp PH = 8; pulp concentration is 1%.
Reagent dosage and procedure: dosage of water glass 40 mg/l and
sodium humete 20 mg/l priof to hematite flocculation; dosage of calcium
oxide 40 mg/l, sodium hexsmetaphosphate 60 mg/l snd sodium humate
20 mg/l.
, The results of the tests are shown in Table 10.
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Ta%le 10
The results of separating the mixture
sk & |pre | pon psi g Fe €sn €si
% % % % % % %
Hematite * 33.0 46.4 8.7 22.3 55.31 8.50 34.77
Quartz 7.2 25.2 18.0 40.5 5.60 3.80 13.78
Cassiterite 59.8 17.7 49.5 18.2 38.09 | 87.7C 51.45
total 100.00 100.00 | 100.00 | 100.00

It is indicated in Table 10 that:

(1) Hematite concentration with recovery of 55.31 % and iron
content of 46.4%, and also grade 49.5% tin concentration with recovery
of 47.7% can be obtained by the selective flocculation process,

(2) The recovery and grade of the hemaiite concentrates are quite
low, but both the tin content in the hemstite concentrate and iron end
iron content in tin concentrate are'decreased {as compared with +the
preceding tests).

(3) Increasing the cleaning times, as well as feeding in rising
water flow to minimize the mechanical impurities, wouid help the
completeness of the tin and iron sgeparation.

Conclusion

Humete is usually used in the flotetion process as a desliming
reagent and depressorJ having the advantasge of widespread resourse, low
cost, safety end non-tbxicity. In this study, it is used as a flocculant
for tip — iron ~—— silicon minerals mixture sample separation.

A regularity in the separation process is found.

People involved in ore dressing have peid & lot of attention to
the selective flocculation process which has been practicelly proved to
be an economical and feasible new process for fine grain separation.
Good results were reported from our preliminsry study in which sodium
humate was used as 2 flocculant for cassiterite ané hematite separation

The base ;for using sodium humate ss a flocculant for cessiterite
geparation is not the ssme as for hematite separation. Acting with
various minerals, the organic and inorgsnic electrolytes cause different
surface electricel properties: some of the minerals are depressed, as
cthers are activeted. Minersl flocculation and dispersion are depénded
on the contrel of slectrical properties, and the long chain melscule of
sodium humate "bridge chein" the objective minersl and the action of
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its active group promotes the selective flocculation process.

Under the ssme pH conditions, the above three kinds of minerals
have different streaming potentisl and different zero potentisl points;
the sodium humate adsorbed amount of these minerels is different at
various sodium humate concentrations. Affected by the activating
" reagent, the sodium humate adsorbed amount incresses as the mineral
streaming potentisl incresses. On the other hand under the action of an
depressor, the streaming potential and edsorbability of the mineral
decresse. Different minerals have different increase and decrease
amplitudes, so thet various minerals can be separated.
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STRESZCZENIE

Yang Ao, 1986. Bedenis flokulacji zawiesin kasyterytu, hematytu 1 kwar-
cu przy uzyciu huminiandw. Fizykochemiczne Problemy Mineralurgii
18 39-54.

Zhadanc i okreélonc warunki flokulecji drobnoziernistych zawiesin,
hematytu, kwsrcu i kasyteryiu craz flokulacii selektywnej mieszanin
flokulant ugyweno numinisnu sodu. Dodwiadczenis

wu i oz dodetkiem rdinych odczynnikdy modyfikujgcyen
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. Jak: CuS0,, Pb(NO5),, FaCl,, szesciometafosforen sodu, kwas eytrynowy,
tréjpolifosforan sodu, szko wodne. W pracy dyskutowano takize mechanizm
flokulacji wymienionych mineraiéw.

COIEPRAHVE

fArr Ao, 1986. Hcc:te_,noﬁaﬁm @ndxymm CYCHeH3HR KacCHUTepwTa, I'eMATHTa
¥ KBAPIA IPH WCHOABSOBAHNA I'yMAHATOB. $HSURO~XWMWYECKEE BONDOCH
odoramerma, 18; 39-54.

HecnezoBanH X onpeneseHH yCIOBMA (VIOKYJAITEE MEJKO36PDHACTHX CYCHEeH-
3l TeMaTHTa, KBapoa ¥ KACCHTEPHTA, a TAKRe CEJeRTHBHOH QUIORYIAIME CMe-
ceif TEX MuHEpalOB. B RagecTBe (VIOKY/IAHTA MCIONH30BAH TYMHHAT HATDHA.
JKCOEGPEMEHTH TPOBOXWINCH Ge8 NOCABIGHUR X ¢ HOGABICHEOM DasEIHHX MOIE—
PUIEPYIUMX DEaTeHTOB KakK: CusO,, Pb(NO3),, CeCl,, mecTEMeTofocHaT marpus,
JOMMOHHAA KECJOTa , TPEnoJMPocHaT HATPRA, XRIKOE CTERIO0. B padoTe Taxxe
OOCYXI6H MeXaHHsM QMIOKYJAMEE IPeICTABICHHHX MEEODAIOB.

Because of problems in correapondeitceA with the Author in order to verify
of manuseript , this ‘paper is published in the original version.
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