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Abstract 
Twelve cationic, amine-salt silica-collectors were 

evaluated on three samples of magnetic iron-ore 
concentrate. Coco p r i m a r y  amine acetate was 
used as the s tandard  of comparison. Laury l  
p r i m a r y  amine acetate is somewhat more efficient 
in collecting silica than  the standard,  and equally 
selective. Tallow p r i m ary  amine acetate is equally 
selective and  somewhat less efficient than the 
the standard.  Coco diamine is more selective and 
somewhat more efficient than  the standard.  Oleyl 
and tallow diamines are more selective and some- 
what  less efficient than  the standard.  Tr imethyl  
alkyl ammonium chloride compounds are more 
selective but  less efficient than p r i m a r y  amines 
and diamines. Selectivity, in general, is inversely 
proport ional  to efficiency (silica pul l ing s trength) .  
St rong collectors, in other words, tend to float 
small amounts of iron along with the silica. 
F inely  g r o u n d  (90% less than 325 mesh or 
finer) magnetic concentrates with iron and silica 
almost completely l iberated are highly responsive 
to upgrading.  Concentrates of the same fine mesh 
size but  containing unliberated iron-silicate are 
less responsive. 

Introduction 
Cationic flotation, al though relatively new in the 

iron-ore industry,  has been used on a large scale for 
many  years  in the phosphate, feldspar  and beach-sand 
industries. 

Sa tura ted  p r i m a r y  amines with chain lengths of 
12 and 14 carbon atoms tend to be more efficient than 
the sa tura ted  Clo, Clo and Cls homologs for  floating 
silica f rom phosphate. Amines that  contain monoun- 
sa turated Cls (oleyl) along with sa turated C16 and 
Cls carbon chains are almost as efficient as the C1., 
and C14 amines for this purpose (1). Mixed alkyl 
groups of this type occur na tura l ly  in tallow. Pri-  
mary  amines with tallow derived alkyl groups there- 
fore have found extensive use in phosphate and 
feldspar  applications. Tallow diamine, as well as 
tallow p r i m a r y  amine, is used commercially in floating 
silica f rom beach-sand. Test data  tha t  follow in- 
dicate tha t  these same reagents effectively float silica 
f rom iron ore. 

Ore 
Three samples of magnetic iron ore concentrate 

f rom the Great  Lakes region were used in this study. 
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FIG. 1. G r a d e  r ecove ry ,  o r e :  8 . 0 %  SiO,~, 6 5 . 2 %  Fe .  

6 8  

Unliberated iron-silicate was present  in one of the 
ores. The iron-silicate was almost complete]y liberated 
(or unlocked) in the other two. All of the ore samples 
were ground to 90% less than  325 mesh or finer. 

Flotation Procedure 
The magnetic  iron ore concentrate was in the form 

of a wet filter-cake. Each flotation test was run  with 
a 600 g charge (dry  wt.) of filter-cake diluted with 
water  to 25% solids in a Fagergren  laboratory  flota- 
tion cell. Af t e r  the amine had been added and con- 
ditioned for  1 rain in the flotation cell, one drop of 
pine oil f ro ther  was added and conditioned for  30 
sec. Af te r  conditioning, the pulp was floated for 5 
rain with continuous removal of the froth. Flotat ion 
was carried out at  a na tura l  p H  which ranged between 
6.8 and 9. The cell p roduct  (concentrate) and the 
f roth  product  (tail ing) were filtered, dried and 
analyzed. The rougher-float only was run. 

TABLE I 
Chemical Structurea-Silica Collectors 

Collector Description Formula 

Alamine 21 acetate 
Alamine 4 acetate 
Alamine 26 acetate 
Diam 21 diacetate 
Diam 26 diacetate 
Diam 11 dlacetate 
Aliquat 21 
Aliquat 4 
Aliquat 26 

Coco primary amine acetate 
Lauryl primary amine acetate 
Tallow pr imary amine acetate 
N-coco 1,3 propylene diamine dlacetate 
N-tallow 1,3 propylene diamine diacetate 
N-alkyl 1,3 propyl~ne diamine diacetate 
Trimethyl coco ammonium chloride 
Trimethyl lauryl  ammonium chloride 
TrimethyI tallow ammonium chloride 

[ RNHa + ] [ CHsCO0- ] 
[RNHa+] [CH~COO-] 
[ RNHs+ ] [ CHACO0- ] 
[RI~H2+ (Ctt~)sNH8 +] [2 CHaCOO-] 
[RNH2+(C'H2)sNHa +] [2 Ct t3C00-]  
[lCNH~+(CH~)sNHa +] [2 CHsC00-]  
[R(CH~)3N+] C1- 
[R (CHs)sN+] C1- 
[R (OH.) aN+] C1- 

a Coco alkyl: Cs-1%, Clo-5%, C~-55%,  C14-22%, C16--10%, Cls sa tu ra ted-3%,  C1~ unsaturated-4%.  Tallow alkyl:  C1~-3%, Cls-28%, C~s 
sa tu ra ted-25%,  Cla unsaturated-44%.  
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Silica Collectors 

As described in Table I, atkyl p r i m a ry  amine 
acetates, N-alkyl- l ,3-propylene diamine acetates and 
t r imethyl  alkyl ammonium chloride compounds with 
alkyl groups derived f rom lauryl,  coconut and tallow 
fa t ty  acids were evaluated as silica collectors. The 
amines were converted to acetate salts before use to 
make them soluble in water. The t r imethyl  alkyl 
ammonium chlorides are a l ready salts. The t r imethyt  

T A B L E  I I  
F l o t a t i o n  R e s u l t s  

Ore Concentrate 

% % Collector L b , /  % % % 
Fe Si02 Ton Fe Si0z  Rec. 

65.2 8.0 Alamine  21 acetate 0.05 66.2 5,7 95.4 
0.10 66.7 5.0 88.9 
0.20 67.8 3.6 71.8 

Al iqua t  26 0.05 65.3 6.8 99.7 
0.10 65.4 6.7 99.4 
0.20 66.1 5.8 96.3 
0.40 68.0 3.3 78.4 

Al iqua t  21 0.05 65.3 6.8 99.4 
0.10 65.4 6.7 99.2 
0.20 66.2 5.7 94.7 
0.40 67.5 4,2 80,5 

A l iqua t  4 0.05 65.4 6.7 99.2 
0.10 65.6 6.4 98.0 
0.20 66.1 5.8 94.8 
0.40 67.1 4.5 84.0 

D i a m  26 di-acetate 0.05 65.6 6.4 99.2 
0.10 66.4 5.4 96.5 
0.20 67.6 3.8 84.0 

D i a m  11 di-acetate 0.05 65.7 6.3 98.6 
0.10 66.3 5.5 96.0 
0.20 67.5 4,2 85.1 

D i a m  21 di-acetate 0.05 66.0 5.9 97.0 
0.10 67.1 4.5 86.2 
0.20 67.8 3.6 75.7 

65.2 8.0 Alamlne  21 acetate 0.05 65.8 6,2 96.8 
0.125 56.8 4.9 89,7 
0.20 67.6 3.8 79.8 

n i a m  26 di-acetate 0.10 65.9 6.0 97.1 
0.175 66.3 5.2 95.9 
0,25 66.9 4.8 92.5 

E t h e r  amine acetate 0.10 66.3 5.1 92,2 
0 .175 67.2 4.4 82.9 
0.250 67.3 4.2 76.9 

64.3 9.6 Alamine  21 acetate 0.025 68.2 4.3 92.2 
0.05 69.4 3.0 85.9 
0.10 70.5 1.8 70.8 

Alamine  4 acetate 0.025 69.1 3.3 87.8 
0.05 69.9 2.4 79.0 
0,10 70.4 1.7 65.9 

E t h e r  d iamine  0,025 67.3 5.4 95.3 
/YIono-acetate 0,05 69.0 3.4 90.5 

0,10 69.4 3.0 86.9 
65.0 8.2 Alamine  21 acetate 0.025 69.3 3.2 88.0 

0,05 69.8 2.7 84.6 
0,10 70.8 1.9 74.3 

D i a m  26 mono-acetate 0.05 68.3 4.5 91.7 
0.10 69.3 3.2 88.5 
0.20 70.9 1.6 61.1 

A l a m i n e  2 6  ac e t a t e  0.05 69.4 3.1 86.8 
0.10 70.2 2.1 81.2 
0.20 71.0 1.5 54.2 

E t h e r  a m i n e  ac e t a t e  0.025 68.4 4.1 92.1 
0.05 69.4 2.9 85.3 
0,10 70.0 2.2 76.7 
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alkyl ammonium chlorides are 50% solids in iso- 
propanol-water.  The other collectors are 100% solids. 
Coconut and tallow alkyl are defined at the bottom 
of Table I. Alamine 21, Diam 21 and Aliquat  21 
contain coconut alkyl. The corresponding tallow 
homologs are designated with the number  26. Com- 
mercially available (not f rom General Mills) ether 
amine acetate (a lkyloxypropylamine)  and ether 
diamine monoacetate (a lkyloxypropyl- l ,3-propylene 
diamine) were also evaluated. These compounds are 
made by the cyanocthylation of long chain alkyl 
alcohol. 

Results and Discussion 

The test results are given in Table I I  and in grade 
Versus iron-recovery curves (Figs. 1-5).  The discus- 
sion that  follows, although organized on the basis of 
the grade recovery curves, is based both on the given 
grade-recovery curve and on the corresponding section 
of Table I I .  Flotat ion concentrates with 5% or less 
silica are considered satisfactory.  Since the grade 
recovery curves are based on per  cent iron in the 
flotation concentrate and not per  cent silica, the per  
cent iron corresponding to 5% silica is given in the 
discussion for  each ore. Coco p r i m a r y  amine acetate 
was used as the s tandard  of comparison. 
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Grade Recovery, Ore 8.0% Silica, 65.2% I ron  (Fig. 1) 

The ore used in this group of data contained 
unliberated iron-silicate. The iron content correspond- 
ing to 5% silica is 66.7%. The Aliquat surfactants  
are 50% solids in water, therefore the pounds per ton 
should be divided by two when making comparisons 
with the Alamine 21 Acetate s tandard (coco pr imary  
amine acetate). 

Satisfactory grade is achieved with 0.1 lb / ton  of 
the standard. The selectivity of the Aliquat  4 ( lauryl  
quaternary)  is for all practical purposes equivalent 
to that  of the standard. The Aliquat  21 (coco quater- 
nary)  is somewhat more selective and the Aliquat  26 
(tallow quaternary)  significantly more selective than 
the standard. The quaternary  ammonium compounds, 
even after  adjustment  for solids, are not as efficient 
as the standard. 

Grade Recovery,  Ore 8.0% Silica, 65.2% I ron  (Fig. 2) 

The ore is the same as that  in the preceding group. 
Diam 21 acetate (coco diamine acetate) is more selec- 
tive than the standard. At  the recommended use level 
(approximately 0.1 lb. / ton) it  is somewhat more 
efficient than the s tandard;  at the other concentra- 
tions given, efficiency equals that  of the standard. 
Diam 26 acetate and Diam 11 acetate (tallow and 
oleyl alkyl respectively) are equivalent to each other 
in selectivity and efficiency. They are more selective 
than the s tandard and less efficient. 

Grade Recovery,  Ore 8.0% Silica, 65.2% I ron  (Fig. 3) 

This ore is the same as that  in the preceding two 
groups. Diam 26 acetate (tallow alkyl group) is more 
selective than the s tandard but  only about half  as 
efficient. The ether amine acetate is somewhat less 
selective than the standard. Efficiency of the ether 
amine acetate equals that  of the standard. 
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FIG. 5. Grade recovery, ore: 8.2% Si02, 65.0% Fe. 
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Grade Recovery,  Ore 9.6% Silica, 64.3% I ron  (Fig. 4) 

The iron-silicate in this ore is well liberated. Iron 
content of 67.7% corresponds to 5% silica. 

All of the reagents are highly efficient on this well- 
liberated ore sample. Satisfactory grade can be 
achieved with less than 0.025 lb. / ton of the standard. 
These  results demonstrate the high effectiveness of 
Cationic silica flotation on well-liberated ores. Alamine 
4 ( lauryl  alkyl) is more efficient than the coco amine 
s tandard and about equally selective. E the r  diamine 
mono-acetate is somewhat more selective than the 
s tandard and less efficient. 

Grade Recovery,  Ore 8.2% Silica, 65.0% I ron  (Fig. 5) 

The iron-silicate in this ore sample  is also well 
liberated. The concentration of iron corresponding to 
5% silica is 68.0%. Again, as with the preceding ore, 
all of the reagents performed extremely well. Less 
than 0.025 lb. / ton is needed to achieve satisfactory 
grade. 

Alamine 26 acetate and Diam 26 acetate (alkyl 
group is tallow in each) equal the s tandard in selectiv- 
ity, but are less efficient. The tallow pr imary  amine 
is more efficient than the tallow diamine. The ether 
amine acetate is less efficient than the s tandard and 
somewhat less selective. 
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