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Depression effect of azo organic depressants on sulphide minerals
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Abstract: The depression effects of azo organic depressants on galena, jamesonite, marmatite, pyrite and chalcopyrite
were investigated by flotation test. The flotation results indicate that single-azo compounds have no depression effect on
sulphide minerals, the double-azo compounds have no or weak depression effect, and the triple-azo reagents have a good
depression effect on sulfide minerals. The frontier molecular orbital energy calculation and analysis of relationship
between molecular structure and azo reagents depressing effect indicate that the frontier orbital energy differences
between reagents and minerals can be a preliminary quantitative analysis criterion. The depressing ability of azo reagents

is determined by their molecular structures.
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Fig.1 Effect of dosages of azo reagents on recovery rate of

galena
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Table 1 Molecular structures of azo reagents

Depressant Structure Type
OH
Acid orange 7
N=N 1
0N Na0,s—¢_>—
OH
Acid brown 4 NH, N=N 1
(AB4)
SO;Na
Basic orange 2 H,N 1
(BO2) @—N=N—2 }— NHCI
Acid yellow 36 SO;Na 1
(AY36) %}N=N—ON H—<)
NH; NH,
Direct red 28 N=N —@—@—N=N 2
(DR28)
SO;Na SO;Na
H,N OH HO NH,
Direct blue 6
N=N— > H>—N=N 2
(DB6)
NaO,;S SO;Na NaO,S SO;Na
H,N OH OCH;  OCH; HO NH»
Direct blue 15
N=N N=N 2
(DBI15) SO;Na NaOs;S SO;Na
SO;Na
NH, NH,
Basic brown 1
(BB1) H,N N=N~©—N=N NH, 2
H,N OH

Direct green 6

(DG6) HO_Q_NZN_Q_@_N:N N=N_©_NO3 3

NaO,$ SO;Na
I
N=N S —NH—_)—N=N SO;Na
Acid black 234 NH Il
2 0 NH; 3
(AB234) OH
= N
NH, @N N SO,Na
NH, H,N OH
Acid black 210
(AB210) NH:—6—N= N—_>—SONH— >—N=N N=N—_>—NO, 3
SO;Na SO;Na

NaOOC HO
Direct brown 95 HO —©—N= N—@—@—N= N‘Q HO

3
(DBYS) HO N=N—Q

SO;Na

Type 1—single azo; Type 2—double azo; Type 3—triple azo.
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Table 2 Molecular structures and HOMO composition of azo reagents

Type  Depressant  Molecular framework HOMO composition Depression
AO7 Phenyl, naphthyl Azo group, phenyl, naphthyl No
) AB4 Phenyl, naphthyl Azo group, phenyl, naphthyl No
Single azo
BO2 Phenyl Azo group, phenyl No
AY36 Phenyl Azo group, phenyl No
DR28 Phenyl, naphthyl Azo group, phenyl, naphthyl Jamesonite(w), Pyrite(w), Chalcopyrite(w)
DB6 Phenyl, naphthyl Azo group, phenyl naphthyl Jamesonite(w), Pyrite(w)
Double azo
DBI15 Phenyl, naphthyl Azo group, phenyl, naphthyl pyrite(w)
BB1 Phenyl Azo group, phenyl No
DG6 Phenyl, naphthyl Azo group, phenyl naphthyl Galena(s), Jamesonite(s), Pyrite(s)
] AB234 Phenyl, naphthyl Azo group, phenyl, naphthyl All (s)
Tripple azo
AB210 Phenyl, naphthyl Azo group, phenyl, naphthyl All (s)
DB95 Phenyl Azo group, phenyl No

Note: w—weak depressing action; s—strong depressing action.
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Table 3 Frontier orbital energy differences between reagents and minerals

‘AE|:‘ Ercagcnt, HOMO — Emincral, LUMO‘ /eV

Reagent
Pyrite Jamesonite Marmatite Galena Chalcopyrite
Xanthate 0.485 1.520 1.900 1.64 0.540
DR28 0.405 (w) 1.375 (w) 1.755 (n) 1.495 (n) 0.395 (w)
DB6 0.439 (w) 1.341 (w) 1.721 (n) 1.461 (n) 0.361 (n)
DBI15 0.168 (w) 1.612 (n) 1.992 (n) 1.732 (n) 0.632 (n)
DG6 0.288 (s) 1.492 (s) 1.872 (n) 1.612 (s) 0.512 (n)
AB234 0.252 (s) 1.528 (s) 1.908 (s) 1.648 (s) 0.548 (s)
AB210 0.310 (s) 1.470 (s) 1.850 (s) 1.590 (s) 0.490 (s)

Note: n—no depressing action; w—weak depressing action; s—strong depressing action.
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