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Synthesis and study of phospate-polyalkyleneoxide
flotation reagent for oxidized minerals

Abstract. Polyalkylene oxidephosphates were obtained by phosphorylation ofpolyethylene oxide and
polypropyleneoxide of different molecular weight. Evaluation of flotation activity in experiments on the
extraction of tungsten oxide from wolf ramite pulp showed that the introduction of oxygen donor atoms into
phosphate group substituent, responsible for hydrophobization of the surface of mineral particles, increase

the degree of the heavy metal extraction.
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Introduction

Progress in the field of ore enrichment is largely
determined by flotation reagents. Use of moreef-
ficientcompounds from their number provides a
greater, compared to their value, economic benefit.
Because it allows extracting metals from ores with-
out significant additional capital costs and to lower
operating costs. Problems in refining and metallur-
gical processing are low concentration of valuable
components in ores and rock strength though the total
content of minerals in the Republic may be large, on
the whole. Due to processing of raw materials with
complex composition and often poorores, as well as
appearance in the chemical industry sector of new
resources and goals, particularly, in the energy effi-
ciency and environmental standards sector, involving
in the production process of effective flotation re-
agents is particularly important. Almost all flotation
reagents used by Kazakh processing enterprises are
imported products. Therefore, the State Programon
Forced Industrial-Innovative Development of Ka-
zakhstan for 2010 — 2014years, envisages organizing
of production of new types of chemical products, in-
cluding flotoreagents in Kazakhstan [1-3].

In present paper the ways to obtain competitive
flotoreagents by evaluating the impact of the hydro-
phobic part of their molecules on the degree of con-
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centration of the oxidized minerals flotation were
determined. The flotation reagents with the samei-
onic groups but differentin size were synthesized
and structure of their hydrophobic substituents and
their flotation performance were compared.

Materials and methods

Materials

Polyethylene glycol (PEG) of molecular weight
(Mw) of 450, 500, 600, 1000.Polypropylene glycol
(PPG) Mw 250, 540, 600, 1000, 4500.Aliphatic al-
cohols fractions C;, Mw 96 C,/ Mw 120 C_,) Mw
84-240, C, ,, Mw 360-396.Ether, phosphorus pent-
oxide, phosphorus oxychloride — products available
commercially.

Synthesis offlotation reagents

Synthesis of flotation reagents by reacting alco-
hols with phosphoric anhydride and with phospho-
rus oxychloride.

a) Preparation of alkylphosphates by reaction of
various alcohols with phosphorus pentoxide. 14 g (1
mol) of P O, (dry fine powder) were added to a 0.5
M of an alcohol with vigorous stirring, and reacted
at a temperature of 90° C until complete dissolution
of all P,O, during 6 hours.

b) Preparation of alkylphosphates by reaction of
various alcohols with phosphorus oxychloride.3.03
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g (0.03 mol) of triethylamine (TEA) and 0.03 mol
of alcohol in 50 ml ether for 1.5 h was added to
a mixture of 250 ml of ether and 4.70 g of POCI,
(0.03 M) with vigorous stirring and cooling (00C).
The reaction mixture was kept under stirring and
further cooling for 6 hr., the precipitated salt was
filtered off, washed thoroughly with ether. The sol-
vent was distilled off on a water bath. The product
was dried in a vacuum oven.

Characterization of flotoreagents

The resulting compounds of alcohols phosphor-
ylation were identified by IR spectroscopy.

Performance was evaluated by the degree of ex-
traction of tungsten oxide from minerals scheelite
and wolframite.

Minerals flotation was carried in the flotation
machine of 50 ml volume. For the experiment, sam-
ples of 3 grams of mineral with grinding fineness
140 +/- 50 microns were used. Flotoreagents were
prepared as the aqueous solutions with a concentra-
tion of 0.05% by weight of the mineral. Flotation
was carried out in distilled water in the flotation ma-
chine at a pH of 6.5-7.5. Flotation time was 3 min.

Results and discussion

Flotation reagents were preparedby known-
phosphorylation reaction of alcohols with pentoxide
and with phosphorus oxychloride.

Proposed structure of the synthesized flotore-
agents was confirmed by IR spectroscopy. A set
of bands in the IR spectrum in the region of 2700-
2450cm™ corresponds to the valence vibrations of
associatedOH groups-PO(OH),, the valence vibra-
tionsof P=0 correspond to a weak band1240 cm'.
Intense peak of 1045 cmis related to the presence
of the C-O-P, a band of 1170 cm indicates the rela-
tionship of the branched alkyl substituent Alk-C-O-
P. A small amount of P-Cl bonds are appointed by
the weak band 580 cm™'.

The resulting compounds were evaluated for
flotation extraction activity of tungsten trioxide
minerals scheelite and wolframite. Experiments in
the case of the reaction of alcohols with phospho-
rus pentoxide revealed that the greatest degree of
extraction of tungsten have collectors obtained at
80°C,with the ratio of alcohol:P,O_equal in moles of
1:2, during 6 hours. Products obtained under these
conditions were able to extract up to 65% tungsten
oxide (table 1).

Significant improvement of the collecting prop-
erties of the obtainedalkyl phosphates has been

achieved in the preparation thereof by reacting alco-
hols with phosphorus oxychloride. Experiments to
select optimum conditions for the reaction of alco-
hols with POCI, were conducted using the alcohols,
which showed the best resultsin the alcohols’ reac-
tion with P,O,: from paraffin— C, ,.alcohol, poly-
ethylene glycol (PEG) - having a molecular weigh-
tof 4500, from polypropyleneglycol (PPG) - having
a molecular weight of 4500 and, for comparison
with a molecular weight of 250.

Table 1 — Flotation activity of the reagents obtained by
reaction of alcohols with phosphorus pentoxide (alcohol:
P,0.=1: 2mol;90°C; 8 hours)

. Degreeofex-
Alcohols Molecular weight traction WO, %

C, 95 18
C, 120 18
C. 84-240 20

Cios 360-396 20-21
450 23
Polyethylene 500 37
glycol 600 46
1000 52
250 33
Polvoropvlen 540 49
© ypl Op}I ene 600 51
glyeo 1000 60
4500 65

The above data in table 1 of flotation activity of
the phosphate obtained by alcohols treatment with
phosphorus pentoxide indicate that phosphorices-
ter group together with the oxygen donor atoms of
the hydrophobicmoiety »work» more effectively.
Enlargement of the paraffin substituent at the phos-
phor-estergroup does not increase the degree of ex-
traction of tungsten. Increasing the aliphatic length-
from Cgto C, ., virtually has no effect on flotation.
The introduction of the oxygen atoms having high
affinity for tungsten atoms into the paraffin chain
appreciably increases the degree of oxidized min-
eral extraction.

Experiments carried out in the same manner
have shown that in the case of phosphorylation of
alcohols by phosphorus oxychloride, flotation ac-
tivity depends essentially on the nonionic moiety
of a reagent. Increasing the size of the oxyalkylene
substituent at the phosphate group increases the ef-
ficiency of the collector (Table 2). Varying the ratio
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of reactants (0.2-2.0 molesof POCI, permole of al-
cohol) showed that the most suitable in the event
of a collector on the basis of PPG with molecular
weight 4500 is an equimolar ratio.

Table 2 — Flotationactivity of the reagents obtained by
reacting alcohols with phosphorus oxychloride (alcohol:
POCI,=1: 1in moles;0°C, 8 hours)

DegreeofWO,

Alcohols -
extraction %

Molecular weight

Paraffin fraction

360-396 21

C30-33
Polyethylene 450 22
glycol 1000 49
Polypropylene 250 35
glycol 4500 89

Products of alcohols phosphorylation by phos-
phorus oxychlorideare significantly different from
each other. A phosphoricester group with simple-
aliphatic chainC, ,, «works» at around 20%, and
together with the donor atoms of oxygen in the hy-
drophobic chain acts much more effectively: with
polyethyleneoxide groups at up to 49%, and with
polypropyleneoxide groups obtained flotoreagent
extracts up to 89% WO.,.

The results of the experiments shown in Tables
1 and 2 suggest the following conclusions:

-the sizes of the molecule of the initial alcohol,
and accordingly, the alkyl substituent on the phos-
phate group, significantly affect the efficiency of flo-
tation;

- the size of paraffinic substituents affect on the-
collective properties of the products much weaker
than in the case of hydroxyalkyl substituents;

-considerably higher flotationability of the al-
kylene oxide reactants in comparison with collec-
tors based on paraffinic alcohols is obviously caused
by chelating with the surface of minerals not only
by the ionic phosphate group, but the ether oxygen
atoms of hydrophobic moieties as well;

-polypropylene oxide substituent is more effi-
cient than the polyethylene oxide one.

The literature on the mechanism of interaction
of the ore particles with flotation reagents, separated
forces that cause adsorption, as physical and chemi-
cal. It is considered that the selective interaction pro-
vides chemisorption. Realization of chemical bonds
through donor-acceptor interaction makes possible

to distinguish between heavy metal ions extracted
and waste rock particles. lonic hydrophilic portion
of flotation reagent’s molecule is serving as a donor
and atoms of heavy metals with unfilledd-orbitals as
an acceptor. Thus, it is generally accepted that the
chemical bonding of anionic groups of a collector
with mineral cation (or, respectively, cationic col-
lector with mineralanion) leads to the introduction
of reagent hydrophobic parts into a zone of hydrate-
layer, weakening and destruction of the latter, and to
the formation of the layer of the hydrocarbon chains
on the particle surface, which are able to cling to the
air bubble [4-13].

In the case of phosphate reagents synthesized in
the present work a big difference in the activity of
collectors with alkyl and oxyalkyl substituents may
be due only to the fact that the latter are involved in
the formation of bonds with tungsten ions. Moder-
ate effect of increasing length of the hydrophobic
substituent of the phosphate group on the activity of
the flotation reagents based on paraffinic alcohols
obviously due to the following. Fatty polymeth-
ylene chain of alkylphosphate trying to reduce its
volume in water, should curl up into balls. Hydro-
phobized mineral part of a particle surface is only
the surface of the coils.

% Phosphate
group
Ao
Q] A
£ A P C,H
S
5 2
L
= Z
”
=

Increasing the length of the chain (in this case-
from Cto C,,) slightly increases the surface rolled-
coils. Accordingly, it slightly increases the degree
of water-repellency and extraction of WO,- from
18% t021% of CtoC,,.

Significantly greatereffect shouldbe in the case
when the hydrophobic coils are deployed inchain
stretched along the surface of mineral. This is
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achieved by the introduction into alkyl substituents
of the donor atoms of oxygen interacting with the
atoms of the heavy metal tungsten on the surface of
the mineral particles.

Phosphate
erou &/\0//\)

Mineral

Increasingthe length of the ethylene oxide
chains increases the hydrophobized surface of min-
eral particles, and thus the degree of extraction of
tungsten oxide. In our case from 22-23% for poly-
ethylene glycol with a molecular weight of 450 up
to 52 and 49% for the polyethylene glycol with a
molecular weight of 1000 (Tableland 2).

A further increase of the degree of extraction—
up to 89% - is achieved in the case of polypropylene
oxide chains.

Additional methyl groups double the thicknes-
sof the hydrophobiclayer, substantially increas-
ethe likelihood of exposure of the hydrophobized
spotswith air bubbles:

cH, G

CH
cnm

Mineral

CHj

Phosphate
group

Conclusions

Ideas about strong enough adhesive interaction
of the functional groups and the donor atoms of the
hydrophobic part of the flotation reactant molecules
to the surfaces of the ore particles were useful not
only for understanding the mechanism of a possible
increase in the selectivity of the flotation, but were
purposefully used in the synthesis of flotation re-

agents with high flotation degree of wolframite. It
was achieved by introducing oxygen donor atoms
into the hydrophobic part of the collector molecules.
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