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Designing and mechanism of dephosphorization collector molecular of
iron ore reverse flotation
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Abstract: The influences of polar and non-polar groups of collectors on dephosphorization from iron ore were
investigated by analyzing the collecting ability and structural relationship of common flotation collectors, and a
conceptual design of collector molecular was provided further. The new-type collector molecular contains sulfonic acid
ground and non-polar group does not contain unsaturated bond. With the Gaussian computation, the net charge
distribution, dipole moment and orbital energy and compositions of the frontier orbital are obtained. The collecting ability
of the collector on mineral was proved and molecular structure was optimized by comparing it with the common collector
like oleic acid from the perspective of related quantum chemistry parameters derived by Gaussian software. The
mechanism analysis resuts show that chelation will happen between the collector and Ca** on the surface of collophane
under the given pH condition to form a stable six-member circle and separate the dephosphorization from iron ore.
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Table 1 Hematite mineral phase composition (mass fraction,

%)

Iron grade of Iron grade of Iron grade of
iron carbonate iron sulfide magnetite
0.33 0.01 0.02
Iron grade of Iron grade of
TFe
hematite (Limonite) iron silicate
67.98 0.33 68.67

w2 W2 LR Y
Table 2 Chemical composition of collophane (mass fraction,
%)

P,05 Ca0  MgO  SiO, F Cl
38.09 5319  0.79 2.35 3.23 0.57
Al,O; K,0 Na,O MnO COs™
0.78 0.18 0.35 0.27 0.12
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Fig. 1 Effect of different polar groups of collectors on

flotation of hematite (dosage of collector: 1.0X 10™* mol/L)
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Fig. 2 Effect of different polar groups of collectors on

10

flotation of collophane (dosage of collector: 1.0 X 10~* mol/L)
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Table 3 Effect of different collectors on hematite and collophane collecting ability

Recovery rate of different collector/%

Feed Sodium Sodium Penzyl
Sodium oleate Sodium laurate o
dodecyl sulfate dodecyl sulfonate hydroxamic acid
Hematite 28.00 22.60 18.80 23.50 23.40
Collophane 75.04 43.10 77.05 87.60 47.30

Collector concentration: 1 X 10~ mol/L; pH=9
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Fig. 3 Influence of nonpolar groups of unsaturation collector
on hematite flotation (Collector concentration: 1.0X10°*

mol/L)
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Table 4 Critical micelle concentration and iodine value of

some surfactant

Agent ¢(CMC)/(mol'L™") Todine value/g
Potassium stearate (A.R.) 45%107* -
Potassium oleate (A.R.) 1.2%107° 45.31
Sodium oleate (A.R.) 2.1%X1073 46.82
Sodium alkyl sulfonate »
7.5%X10 -
(AR)
Sulfonated alkyl sodium =
1.05%X 10 49.33

naphthenate (synthetic)
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Table 5 Effect of different carbon chain lengths of fatty acid molecules on carboxyl oxygen atom electrostatic charge and

molecular orbital energies

Molecular charge Molecular orbital energy/eV

Collector
O: O E(HOMO) E(LUMO) AE

Dodecanedioic acid —0.323 43 —0.114 54 —13.100 40 4.513 65 17.614 06
Hexadecenoic acid —0.323 54 —0.11531 —12.877 53 4.523 72 17.401 53
Octadecenoic acid —0.323 28 —0.114 98 —12.83590 4.519 37 17.35527

Ten carbon naphthenic acid —0.323 53 -0.114 57 —12.937 95 4.519 10 17.457 04
Twelve carbon naphthenic acid —0.322 07 —0.114 50 —12.697 66 4.414 06 17.111 72
Fourteen carbon naphthenic acid —0.321 87 -0.114 71 —12.511 53 4.408 07 16.919 61
Sixteen carbon naphthenic acid —0.321 65 —0.114 85 -12.365 13 4.401 27 16.766 40
Eighteen carbon naphthenic acid —0.321 44 —0.114 93 —12.248 39 4.394 74 16.643 13

o NIEMTIRE AN IR BE R RO B U 1 A A 2 T HUE RE R IR R

Table 6 Effect of different carbon chain length of fatty acid ions on carboxyl oxygen atom electrostatic charge and ion orbital

energies
Collector Ionic charge Ion orbit energy/eV
O On E(HOMO) E(LUMO) AE

Dodecanedioic acid —0.507 08 -0.619 87 —3.454 84 6.938 52 10.393 62
Hexadecenoic acid —0.507 52 —0.620 56 —3.420 55 6.370 87 9.791 42
Octadecenoic acid —0.507 41 —0.620 55 —3.425 99 6.155 35 9.581 35

Ten carbon naphthenic acid —0.507 08 —0.620 02 —3.433 88 8.211 49 11.645 38
Twelve carbon naphthenic acid —0.506 00 —0.618 95 —3.447 49 7.751 07 11.198 55
Fourteen carbon naphthenic acid —0.505 94 —0.619 12 —3.443 68 7.451 19 10.894 87
Sixteen carbon naphthenic acid —0.505 84 —0.619 22 —3.44177 7.243 56 10.685 34
Eighteen carbon naphthenic acid —0.505 72 —0.619 34 —3.439 60 7.084 64 10.524 24
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Table 7 Dipole moment and electronegativity of naphthenic

acid molecules with different carbon chain lengths

Carbon atom  Calculation E(RCNDO)/ Dipole

number method eV moment/(C-m)
10 RCNDO -3323.00 4.8765X107%
12 RCNDO -3796.16  4.9346X107
14 RCNDO —4269.09  5.0947x107%
16 RCNDO —4742.03  5.2592X107%
18 RCNDO —-5214.97 5.4277X107%

o B IE I BREE T R 14~18.
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Table 8 Carboxyl oxygen atom and ion track energy in substituent fatty acid ion with different net charge
Collector Ionic charge Ion orbit energy/eV
O EHOMO) E(LUMO) AE
Oleic acid —0.507 42 —0.620 55 —3.425 99 6.155 35 9.581 35
Chlorinated oleic acid —0.495 25 —0.590 62 —3.429 80 5.722 96 9.152 76
Naphthenate —0.505 72 —0.619 34 —3.439 60 7.084 64 10.524 24
Sulfonation naphthenate —0.473 39 —0.588 85 —4.422 49 4.956 94 9.379 43

TR, IR hlas; ke, REH TG
Jrka . At, VRECTH F AR 0T IR B R 4
AR, Fdsank 9 Fir.

R AFPUCHIAGEIR Sl R 7y Ak S i e
Table 9 Molecular polarity of naphthenic acid with different

substituents and oleic acid and electronegativity data

Calculation E(RCNDO)/ Dipole
Collector
method eV moment/(C-m)
Oleicacid ~ RCNDO  —5208.20 4.8525X10°*
Chlorinated 30
. RCNDO 7 136.23 8.504 0X 10
oleic acid
Linoleicacid RCNDO  —5160.39  5.1329X10°*
Naphthenate ~RCNDO  —5214.97  5.4277X10%
Sulfonation 30
RCNDO -7 009.48 8.1398X 10
naphthenate
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