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This invention relates to froth flotation proc-;

esses and more particularly is directed to froth

flotation of sulphide minerals, and still more

particularly to selective froth flotation of sul-
phide minerals such as zinc and copper sul-
phides.

This invention has for its principle objects
fo provide new reagents for carrying out froth
flotation processes, to provide new and effective
collectors for sulphide minerals; to provide new

collectors capable of selectively floating sulphide: -~
minerals such as copper and zinc sulphide from. -
pyrite or pyrrhotite; to effect economies through

higher recoveries, higher strength concentrates,

simplified operation and/or reduced operating

time; to obfain advantages as will be pointed
out; and to avoid the disadvantages of the prior
art. PFurther objects Wlll appear’ as the de-
scription proceeds.

These objects are accomphshed in the present
mventmn by carrying out froth flotation in the
presence of a suitable thiopyrimidine.
found that certain thiopyrimidines are effec-
tive collecting agents in the froth flotation of
minerals, particularly sulphide minerals, and, be-
cause of their relative inability to float iron sul-
phides are particularly valuable in selective flota-

tion of sulphide minerals containing pyrlte or

pyrrhotite. By means of the collectors of the in-
- vention, I am able to float a wide variety of
minerals and in many instances, as, for example,
with sulphite copper-iron ores and sulphide lead-
zinc-iron ores to obtain improved concentrates
and improved recovery along with greater flexi-
bility of operation and shorter flotation periods.

Thiopyrimidines which are effective accord-

ing to this invention, are compounds charac-

terized by a 2-mercapto-l,3-diazine structure
as represented by the following formula:
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in which the R’s are the same radical selected
from the class consisting of methyl and ethyl
radicals, such as may be obtained among other
ways, by the condensation of ammonijum thiocy-
anate with acetone or methyl ethyl ketone, or
the corresponding alpha, beta unsaturated
ketones resulting from the aldol condensation
of acetone or methyl ethyl ketone. The prod-

ucts are well defined compounds being crystal-
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lme solids of low water. solub1l1ty even 1n the
form of their alkali metal salts.

These compounds may exist in one or more
of the follawmg ta.utometrm forms: |

CHs R - CH» R CHy R
N/ NS NS
N N 2N

HN3 _5ﬁ,‘H N 'Hb[I . ?H _, N1 s5CcH

Hs—cl:g\ 1 /ﬁO—R — S=o\' /OR — HS—(’L@\ 41':'3-11'

BN | 3

N N | N/
| H H

which aceounts for the various names which have

keen applied to these in the prior art. The prod-
uct obtained from mesityl oxide and ammonium

thiocyanate, for example, is variously shown or
designated as 2-mercapto-4,4,6-trimethyl-3,4-di-

. hydropyrimidine or 2-mercapto-4,6,6-trimethyl-

I have .. ..~

- .1,6 - dihydropyrimidine

(structure I); 2-thio-
4.4,6-trimethyl-1,2,3,4-tetra-hydropyrimidine or
2-thio - 4,6,6 ~ trimethyl - 6,1,2,3 - tetrahydropy-
rimidine (structure II); or 2-mercapto-4,4,6-tri-
methyl- or 2-mercapto-4,6,6-trimethyl dihydro-

~ pyrimidine or 2-mercapto - 4,4,6 - trimethyl AZ2S
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metadiazine (structure III) depending on the

tautometrlc form and whether the ring is num-
" bered clockwise or counterclockmse In the enol
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form the mercapto hydrogen may be replaced by
inorganic radlcals formmg salts Suitable meth--
ods for their preparation are disclosed in U S.
Patents 2,131 790 2 181 217  2.234,848: and
2,244 5417, |

- The compound 2-mercapto-4 4 6-tr1methy1 3 4-5
dlhydropynmldme results also when acetone or
diacetone is used instead of mesityl omde ‘Thus
the same type of compound is obtained from
ketones which by self condensation (aldol con~-
densation) or by dehydration are capable of
formmg alpha beta, unsaturated ketones.

" Methyl ethyl ketone orits self condensation:
product, 5-methyl-4-penten-3-one, s1m11ar1y con-
denses with ammonium thlocyanate to give 2-
mercapto-4,6-diethyl-4-methyl - dihydropyrimi-
dine. In the above formula this compound is .
represented when R is the ethyl radical. If the
ring is numbered counterclockwise, the name

- is 2-mercapto-4,6-diethyl-6-methyl - dihydropy-
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rimidine as disclosed in U, S. Patent 2,356,710,

In carrying out flotation processes in accord-— |
ance with the invention the th10pyr1m1d1nes as
described above are utilized to condition the min-
eral in essentially the same manner as standard
collecting agents such as xanthates, dithiophos-
phates and substituted thioureas. They may be
incorporated in the mineral pulp in any suitable
manner as, for example, in the liberation, clas-
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sification or conditioning operations along with
such other reagents as frothers, depressants, con-
ditioners, other collectors, etc., as are commonly
used or as may be desired, and the treated pulp
subjected to froth flotation according to any suit-
able procedure.

The effectweness of the compounds of the in-
vention depends upon the nature of the ore, the
amount used, the pH, the time and like factors.
In short their efficiency depends upon the usual
variables which affect the efficiency of collec-

9]
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tors in froth flotation. In general, however, they

are less susceptible to va.r1e.t1on in pI-I and more
effective in depressing pyrite and pyrrhotite and,
in particular cases, float less insolubles and give

lower tailings, higher concentrates and better

over-all vields than collectors commonly used.
Another advantage of the compounds of this in-
vention is the fact that lime can be used to give

the desired pH even in cases where other flota-

tion agents now employed reqmre ‘the more costly

soda ash as an alkalizing agent Thus While the
collectors of this invention are generally useful
in collecting a wide variety of minerals, particu-

larly sulphide minerals, they are more particu-
larly useful in effecting selective flotation of cer-
tain sulphide minerals such as copper and zinc
ores containing relatively large quantities of

15

20

25

4

mesh, 46.29% mintis 200 mesh with 6 lbs. of lime
and 0.2 1lb. of 2-mercapto-4,4,6-trimethyl-3,4-
dihydropyrimidine (obtained by the condensation
of mesityl oxide with ammonium thiocyanate)
per ton or ore. The ground ore was conditioned
for 20 minutes and then subjected to a 10 min-
ute flotation at 25% solids to which 0.1 lb. per
ton pine oil was added one half at the start and
the other half at five minutes. Two rougher
coricentrates were produced: the first taken for
the first two minutes of the rougher float and the
second for the last eight minutes. The resulls
are tabulated below in Table I.

" B. Procedure A was repeated except that 2-
mercapto-4,4,6-trimethyl-3,4 - dihydropyrimidine
was increased to 0.3 pound per ton of ore.

C. The ore was ground as in procedure A with
12 lbs. of lime per ton, conditioned for twenty
minutes with 2 1bs. of sodium sulphite per ton
and subjected to a ten minute flotation period at
25% solids to which 0. 025 1b. Minerec B (Minerec
B isa trade name for collectors obtained by dis-
solvmg a Xanthate probably potassium butyl
xenthate 1n ethyl chloro carbonate), 0.1 lb, of
pine oil and 0.1 1b. potassium ethyl xanthate per
ton were added. Two rougher concentr ates were
taken as in procedure A the resuits are tabulated |
below 1n Table 1.

Table I, ——Flotatzcn of copper sulﬂde according
to the invention (A and B) as compared with
the przor art (C) |

M .
Welght Percent Cu,
Percent Ro. Pﬁgceggr?cu- Percent |Percent] Recovery
Procedure Cone. T | Insoluble ¢ G, Ro. Conc.
Jocead o Ro, Cone. | Ro.
o oy . 1 Tails B
1 2 1 |2 | 1 2
Ao 24. G 5.7 23.20 1 473 |ocme e 0. 32 02,2 4.3
B 23.'1 8.6 24. 9 4.53 | e .23 91.3 f. 2
S 23. 4 14. 4 24.73 1 2806 foe . (. 22 Q1.8 6.0

Ro Cone = Rougher Concentrate.
Ro. Teﬂs—Rougher T'uls

pyrite. Thus through the collectors of the in-

P

It is 51gn1ﬁcant to note from the data given in

vention it is poss1b1e to produce a hlgh grade cop- 45 the above table that better selective flotation of

per concentrate essentially free of pyrite with rel-
tively low insolubles from low grade sulpmde
copper-iron ores and to. prowde h1gh grade zince
concentrates from Slﬂphlde z1nc-1ron ores with

unusually high recoveries of zinc. Such terms as

copper-iron -ores and zinc-iron ores are intended
to ‘include virgin ores, concentrates, tarhngs and
like products which contain the named metals
with or Wlthout other values in adm1xture Wlth

Eangue
‘The amount required varies according to the

particular ore and according to the effectweness_

of the partlcular compound used but is of the
sa.me order of magmtude as the requlred amounts

of like agents of the prior art. Suitable results

have been obtamed W1th1n the lnmts of 0. 0025 to
0. 025% by welght of the n:nneral (0. 05 to 0.5 1b.

per. ton) but greater or lesser. quant1t1es may be
used For any partmular compound and any

ticular mineral those skilled in the art hav-

ing m mind these pr1nc1p1es will readlly be able.

in view of the data given below to determme
suitable amounts.

" The inventlon may be more fully understood by

reference to the following examples in which the
parts are by welght unless otherwise spec1ﬁed

EXAMPLE )|

A. An Arizona sulfide copper-n'on ore contaln-
ing about 6% copper was ground to 4. 0% plus 65

ot
] |

GO

75

copper sulphlde is obtained according to the pro-
cedures of the invention than are obtained with
g, standard treatment using ethyl xanthate. The
14.9% by weight of the secondary concentrate
of the standard test C shows a large circulating
load of iron, a factor undesirable in plant oper-
ation, It should be noted also that in the pro-
cedures accordmg to the invention it is not nec-
essary to use sodium sulph1te as a depressant for
iron: moreover that these advantageous results
are obtained without sacrlﬁce in the percent re-
covery of copper

EXAMPLE II

A. Standard procedure.—A sulphide lead-zinc-
iron ore obtained from Park City, Utah area, was
ground to 2.3% plus 100 mesh screen and 77.9%
minus 200 mesh screen along with 5 1bs. soda ash,
0.2 lb. sodium cyanide, 1.0 Ib, zinc sulfate and
0.025 1b. Minerec B per ton, and subjected to a
three minute flotation at 25% solids with the
addltion at the start of 0.05 Ib. B23 alcohols
(B23 alcohols are a mixture of higher molecular
weight alcohols, about Cr, obtained by high pres-
sure synthesis, whmh are commonly used in about
equal admixture with pine oil in or der to obtain,
a more brittle froth) and pine oil and 0 01 1b.
potassmm ethyl xanthate per ton to give lead
rougher concentrate and tails. The lead rougher
tails was conditioned for 10 minutes with the
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addition of 0.05 1b. B23 alcohols and pine oil, 0.05
Ib. potassium ethyl xanthate, 2.0 1bs. of lime and
0.5 1b. of copper sulfate per ton and subjected to
2 10 minute flotation to give zinc rougher con-
centrate and tails. The results are given in 5

Table IT.

Table 11 ~Flotation of zinc sulfide according
to the prior art

G
proved effective whereas .3 1b. per ton of the
xanthate was required. The same collector of
the invention was also found effective in float-
ing zinc sulphide in a marmatite zine ore assay-
ing 154% zinc, 0.4% lead and 30.4% iron. With
the prior art collectors such as Aerofloat 25, soda

Percent Composition Percent Distribution
Product P -eé}]fnt - '
Pb Zn Fe Pb Zn Fe
Pb. Ro. Cone.. ... 19.1 | 70.2 3.42 | 2.4 96. 2 7.1 8,7
Pb, Ro., Tails_._._..___. 80.9 0.656 | 10. 50 5. 04 3.8 02,9 01.3
S, oo _1 100 13. 93 3. 16 527 1 100 100 100
Zn. Ro. ConC. .. _..__. 18. 9 1.8 43, 48 2.5 2.4 89. 7 8.9
zn, Ro. Pails_._._._.___ 62. 0 0.3 0. 47 7.0 1.4 3.2 82.4
Pb. Ro, Tails__..._.___. R0.9 0,601 10.50 {1 - 5.94 3.8 92, 9 91.3 .

ielelele—

B. The standard procedure was repeated sub-
stituting 0.2 1b./ton of 2-mercapto-4,4,6-trimeth-
y1-3,4-dihydropyrimidine for the 0.05 1lb./ton of
potassium ethyl xanthate in the zinc circuit. The
results are given in Table IIT, 25

Table IIT.—Flotation of the sulfide accord-
- ing to the invention |

Percent Com-~ | Percent Distri- 30
' Percent position ‘bution
Prqduct Wt , ,
Zine Fe Zn Fe
Pb.Ro.Cone e 19.0 2.8 1.8 5.9 6.5
Pb.Ro. Tails_.______.__. 81,0 10.5 6.00 84.1 03.5 35
Heads_ ..o 100. 0 9.056 5211 100.0 100.0
Zn, Ro. Cone___..._ SR 16.0 { 52.42 2.2 02, 7 6.7
Zn, Ro, Cone__ oo ... 63, 0 0. 20 6. 95 1. 4 86. 8
Ph, Ro. Tails. . ..., 81.0| 10.5 6. 00 04, 1 83. 5

From the data of Tables II and III it may be 4o
seen that process of the invention produced a
zinc tail assaying less than half that obtained
with xanthate and that the grade of concentrate
was about 10% better. |

The above procedures were carried out with
nne ore because coarse zinc is generally diffi- 45
cult to float selectively. When the procedures
were repeated with coarse ore, about 62% minus
200 mesh, the zinc tails in the standard increased
from 0.47%, Table II, to 0.98% ; whereas with 2-
mercapto - 4,4,6-trimethyl-3,4-dihydropyrimidine 5g
the zine tails increased only to 0.3%.

The collectors of the invention have also been
found unusually effective in the treatment of
marmatite ores, natural zinc-sulfide ores con-
taining large amounts of pyrite. The collectors sx
cf the invention are unusually effective in flotat-
ing the zinc sulphides in these ores from the
pyrite gangue. For example, marmatite zinc-
iron ore assaying 0.049% lead and 5.429% zinc was
subjecied to froth flotation using 2-mercapto- go
4,4 6-trimethyl-3,4-dihydropyrimidine in com-
parison with sodium isopropyl xanthate which is
commonly used as a collector for this ore. In all
tests a brittle froth was obtained with the xan-
thate making the froth removal from both g5
rougher and cleaner cells difficult, whereas with
the collector of the invention satisfactory froth-
ing conditions were obtained throughout. The
collector of the invention proved more selective
in that considerably less circulating load was 79
involved than obtained with the xanthate. The
process of the invention also produced a higher
grade cleaner concentrate assaying 469 =zinc as
compared with 43% for the xanthate. .2 1b.
per ton or less of the collector of the invention ys

ash is required as the alkaline reagent. By us-
ing the collector of the invention it was found
possible to obtain effective flotation with this
ore using lime as the alkaline reagent, more-
over the collector of the invention proved more
potent and more selective in the lime circuit
than the Aerofloat 25 in the soda ash. |

The foregoing examples serve to illustrate typi-
cal embodiments of the invention and to point
out some of the advantages of the invention with.
respect to the prior art practices. It is to be
understood, however, that the invention is not
limited to these particular embodiments or to
any of the details thereof but that the inven-
tion may be variously embodied within the scope
of the invention as outlined above and as set
forth in the appended claims.
_ I claim: |

1. In a process for froth flotation the steps of
preparing a mineral pulp of a sulfidic ore, in-
corporating therein a thiopyrimidine having the
following structure:

in which the R’s are the same radical selected
from the class consisting of methyl and ethyl
radicals and subjecting the pulp to froth flota-
tion.

‘2. In a process for froth flotation the steps of
breparing a mineral pulp of a sulfidic ore, incor-
porating therein 2-mercapto-4,4,6-trimethyl-3,4-
dihydropyrimidine and subjecting the pulp to
froth flotation. |

3. In a process for froth flotation the steps of
preparing a mineral pulp of a sulfide ore con-
taminated with pyrite incorporating therein a
thicpyrimidine having the following structure:

C\]E\[: R
e
N CH

I j
HE——C\ /C—-—R
N
H

In which the R’s are the same radical selected

Irom a class consisting of methyl and ethyl radi-
cals and subjecting the pulp to froth flotation.

4. In a process for froth flotation the steps of
preparing a mineral pulp of a sulphide ore con-
taminated with pyrite incorporating therein 2
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mercapto - 4,4_-,._6-trime_thyl'-_-ﬁ3jf1:-'dihy.dmpnlmidin.e-

and subjecting the pulp to froth flotation.

5. The method of claim 4-in which the mineral
is selected from the class consisting of sulphide
copper-iron ores and sulphide zinc-iron ores.

6. In a method for selectively floating copper.

sulphide in a sulphide copper-iron ore the steps
of preparing a mineral pulp of the ore, incorpo-
rating therein 2 mercapto-4,4,6-trimethyl-3,4-
dihydropyrimidine and subjecting the pulp to
froth flotation.

7 In a method for separating lead, zine and
iron sulphides in sulphide lead-zinc-iron ores by
means of froth flotation comprising the steps of
selectively floating lead sulphide leaving a lead
tails containing the bulk of the zinc and iron-sul-

phides, and selectively floating zinc sulphide by
subjecting said lead tails to froth flotation the

improvement which comprises effecting said froth
flotation of said lead tails in the presence of a
thiopyrimidine of the formula:
CH: R
/N
N CcH

Hsr-gi“ .gérR
N/
H .

in which the R’s are the same radical selected:
from a class consisting of methyl and. ethyl radi-

cals.

3 In a method for separating lead, zinc-and
iron sulphides in sulphide lead-zinc-iron ores by
means of froth flotation comprising the steps-of
selectively floating lead suiphide leaving: a lead:
tails containing the bulk of the zinc and iron.

sulphides, and selectively floating zinc sulphide
by subjecting said lead tails to froth flotation

the improvement which comprises effecting. said

froth flotation of said lead tails In the presence
of 2-mercapto-4,4,6-trimethyl-3,4-dihydropyrim-
idine.

0. In a process for recovering zinc sulfide by
froth flotation the step of preparing a mineral

5.

10

15

20

25

30

40

8

pulp containing the zinc sulfide, incorporating
therein as a collector for said zinc sulfide a 2-
mercapto - 4 - methyl-4,6-dialkyl-3-4-dihydro-
pyrimidine in which the alkyls are the same radi-
cals selected from the class consisting of methyl
and ethyl radicals and subjecting the pulp to
froth flotation.

10. In a process for recovering zinc sulfide by
froth flotation the step of preparing a mineral
pulp containing the zinc sulfide, incorporating
therein as a collector for said zinc sulfide a 2-
mercapto - 4,4,6 - trimethyl - 3,4-dihydropyrimi-
dine and subjecting the pulp to froth flotation.
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