






































12 ROASTING AND CHLORIDIZING OF BOLIVIAN SILVER-TIN ORES

As soon as the furnace got up to its proper temperature, it proved to
be a success; it remained hot without the addition of fuel, roasting was
uniformly good, and after slight trouble in the beginning, the doors
could be operated quite easily. Chloridizing was excellent, and losses of
silver through dusting and volatilizing were even smaller than in the hand-
rabbled reverberatory furnaces. This was first proved by the higher
silver content of the product of this furnace, compared with the roasted
ore from the hand-furnaces, when both are fed with the same ore. Later,
when a lixiviation tank was charged with ore roasted by the new furnace,
it was found that the percolation was not as good asusual, which, of course,
had to be attributed to a smaller loss of fine ore during roasting. Dust
losses in the hand-rabbled furnaces must be considerably larger than in
the mechanically rabbled, for the furnacemen generally rabble by
making small heaps of ore in one corner of the hearth and then spreading
thése heaps with a violent push or jerk, which lifts small clouds of dust;
but in the mechanically rabbled furnace no dust is caused by rabbling or
moving the ore through the furnace.

The operation of the furnace is as follows: After bringing the second
and third hearths up to as high a temperature as possible by burning fuel
upon them, 700 kg. of ore is fed to the first hearth. If it fails to ignite,
some sulfur and oil are introduced through the working door until
roasting begins. As soon as the ore has begun to burn in the first hearth,
the sliding door to the second hearth is opened, and a certain amount of
ore is passed to the second hearth. Every revolution of the rabble pushes
a small quantity of ore through the discharge opening to the lower hearth;
and as the ore slides and does not fall there is no dusting whatsoever. It
is absolutely necessary for the ore on the first hearth to be ignited, be-
cause if it is cold it does not flow and moves soslowly that it is practically
impossible to transfer a charge of ore to the second hearth. Raw ore is
gradually fed to the furnace and, after ignition, is passed farther down on
the second and third hearths until there is a full charge of ore on every
hearth. From this stage the operation must be carried on carefully and
systematically. When the ore on the last hearth is ready to be chlori-
dized, the damper is closed, the necessary quantity of salt isshoveledin at
the two working doors, and the charge is chloridized in about 15 min.
The discharge slides and the damper are then opened and the chloridized
ore is discharged in another 15 min. After closing the slides, door No. 2
is opened and a charge of half-roasted ore is transferred from hearth No. 2
to No. 3, which requires 35 min. Door No. 2 is then closed and door
No. 1 opened so that freshly ignited ore from the first hearth is charged
on the second; about 25 min. are needed for this operation. Door No. 1
is then closed and the cycle of operations is completed by starting the
feeder and introducing raw ore on the first hearth.

Under the conditions described, the capacity of this furnace, which
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has hearths of 10 ft. (3 m.) inside diameter, is about 4 tons per 24 hr.,
when roasting an ore with 30 to 35 per cent. sulfur. The lowest sulfur
content at which the furnace can be operated without fuel is 24 per cent.,
and on such ore the capacity increases to 5.5 tons. The rabbles make
2.2 r.p.m.; if operated at 5 r.p.m. the capacity of the furnace is in-
creased about 20 per cent., but frequent breakage of gears and
bearings showed that the construction is not strong enough for the
higher speed. Power consumption is 1.8 hp. at 2.2. r.p.m. and 2.6 hp.
when running at 5 r.p.m. The operation is simple and easy. All that
the work requires is a little attention to the progress of roasting and regu-
lation of draft. The damper is always open just enough to prevent smoke
coming out of the two working doors on the third hearth, which are the
only openings through which the furnace draws air. A cycle of opera-
tions requires no attention but the opening and closing of a few slides
and doors, and starting the feeder, which draws its charge from a small
bin placed by the side of the furnace. After raw ore is fed on the first
hearth, there is nothing for the attendant to do until the charge on the
third hearth is ready for chloridizing, which generally takes several hours.
Bolivian boys quickly learn to do this work well, and one good man can
easily attend to a battery of four furnaces.

EFFICIENCY OF MODIFIED STRAIGHT-LINE FURNACE

In this furnace 85 sq. ft. (7.8 sq. m.) of hearth area are required to
roast and chloridize 1 metric ton of ore with over 30 per cent. sulfur;
in the McDougall furnace 58 sq. ft. of hearth are required, but 10 sq.
ft. per ton are necessary to chloridize the product in a reverberatory, so
that the capacity of the new furnace per square foot of hearth area is
20 per cent. less. If, on the other hand, the modified Merton furnace
were built with step bearings to support the spindles from below, instead
of suspending them from the framework above, it would be feasible to
drive the rabbles at 5 r.p.m. and to obtain a capacity of 5 tons per 24
hr., which would be 1 ton per 68 sq. ft., or exactly the same as the combi-
nation of McDougall and hand-reverberatory. But, even if the capacity
were considerably lower the quality of work done is so much superior
that loss of capacity is not a great objection.

The intermittent system of working, of course, means a certain loss
of capacity. The furnace is working at full capacity only when there is
a charge of ore on every hearth; therefore, counting from the moment
when a charge has been chloridized, it is working on two charges instead
of three during 85 min., which is detailed as follows:

MINUTES
DIESCHATEING . 1. v vt v et et e 15
Passing ore from hearth No. 2t0 No. 3........covvviiiinnnnn 35
Passing ore from hearth No. Lto No. 2.........ovviinnnnnn 25
Feeding raw ore to hearth No. .. ..vveeiii i, 10
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One-third of this time, or 28 min., must be considered as lost, since
there are only two charges of ore in the furnace; as the time required for
% one complete cycleis 4 hr., nearly 12
- per cent. of the capacityis lost. The
- diference in time needed to pass
£ » a charge of ore from hearth No. 2
to hearth No. 3 and that required

Voor

§§ Sl to pass it from No. 1 to No. 2 is
3 ’ ; N due to the fact that freshly ignited
y / ore flows more easily than half-
// roastedore. Further, the difference
RN - in level between hearth No. 2 and
] , 4 r hearth No. 3 is 3 in. (7 cm.) less
§d Y ¢ than the height of the rabble teeth.
/-3 i/ £+ When the ore is being chloridized
75, £ it piles up in front of the rabbles
SIS P & so that it is pushed against the
' § /3 E & communication with hearth No. 2,
W || 1 el S where it is apt to form incrusta-
ES M 5 tions which prevent the half-roasted
§ ] 5 ore from passing freely when the
¢ ’ ’ & door is raised. These incrustations
&8 : have to be removed every 24 hr.
;§§§ ; & For this reason the fall between
Egﬂ § hearth No. 2 and hearth No. 3
(I (@ : # should be at least equal to the
5 g height of the rabble teeth.
3 le In other furnaces of the same
‘ i ;'/ s § o typewhich are now under construc-
RV/ERN 3y ¢ tion, the spindles are supported
78 7 éiﬁ;: = on step bearings underneath the
N [ hearth, as shown in Fig. 3, and two
ﬂg i N §;§ rabbles are provided for every
T | b 5 hearth. The ore is to be fed at
! ) 3 the periphery of the first hearth at
$L | H the first rabble, which has an in-
;;gf ‘ @i~ volute tooth at the end, and will
£§ ) be discharged ‘to the second hearth
%E by the second rabble on the first
ks hearth, which has an evolute tooth
at the end. 1In this way the first
hearth will work wunder much

more satisfactory conditions than with only one rabble. The trans-
mission machinery will be so constructed that two speeds are possible, a

——

e
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slow one, from 4 to 6 r.p.m., to be used during normal operation, and a

high one, from 10 to 12 r.p.m., for discharging and moving the ore from
one hearth to another. In this way it will be possible to reduce the loss
of time perhaps one-half. An attempt will also be made to use two rab-
bles on every spindle instead of one; this will improve rabbling without
increasing the speed.

If a five-spindle furnace running at 5 r.p.m. has a capacity of 5 tons
per 24 hr., a six-spindle machine, working under better conditions as far
as the first hearth is concerned and-equipped with all improvements de-
scribed, ought to roast at least 6 tons, and probably more. Where larger
units are required the furnaces may be built with more hearths, or with
hearths of larger diameter. I would prefer the latter, because, if more
hearths are used, more time is lost in moving the ore through thefurnace.
Although the actual time lost is practically the same for a furnace with
more hearths, the percentage of time lost is higher on account of the larger
charges put through the furnace. For instance, assuming that a five-
hearth furnace is working under the same conditions as the present
three-hearth furnace, it would have a capacity of about 24 X 6= 10
charges; this means that every 2.4 hr. a charge is drawn off. The time
lost between discharging and feeding is:

MiINUTES

DD ISCIVARBITE s 6 oo w8 10 50 65958 56508 5 5 ich 9 0 60 b s o s ot B B o0 4 15
Passing ore to hearth No. 5......... ... ... i 35
Passing ore to hearth No. 4........ ... .. ... .. o 25
Passing ore to hearth No. 3...... ... .. .. .. . i 25
Pagsing ore 1o hearth N, Zoei:cuismee v gmassivssmssauioza@ses 25
Feeding ore to hearth No. 1..... ... .. oo 10

Bl s s m i re g b BRI D FE ARG S 2 k2 290 5 8 8 0 135

During this time the furnace would work on only four charges, so one-
fifth of the time, or 27 min., is lost, but as the time needed for a complete
cyele is 2.4 hr. the percentage of lost capacity is over 18. Further, if a
furnace were built with more than five hearths in succession, more time
would be needed to move a charge through it than elapses between two
chloridizing operations, which means that the ore could not be fed quickly
enough and poor chloridizing would result. All this is changed, of course,
if the movement of the ore from one hearth to the other is increased by
adopting a higher rabble speed.

If, on the other hand, three-hearth furnaces are used with 15-ft. (4.5-m.)
hearths, the charges could be made twice as large, say 1500 kg. It should
not take more time to transfer a charge of this weight from one hearth
to another than a 700-kg. charge in the 10-ft. furnace, because the open-
ing between the two hearths could be made so much wider, say 6 to 7 ft.
Therefore, the percentage of time lost, owing to intermittent work,




MzesH MESH Per Cenr. Per Cexr.

10 20 14 14

20 40 33 30

40 80 19 20

80 100 6 8
100 150 3 2 |
150 . 23 25 8
Tin content......... . ... ... . . . .. 2.35 2.74 4
Sulfur content......... .. .. ... . 33.6 2.8 i
Tron content... ... .. ... . . . . 32.0 39.3 I
Insoluble inclusive {1 26.6 32.8
B
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should not be more than in the 10-ft. furnace, although this question can
only be settled by experimenting with a larger furnace.

In furnaces of this kind, it is always necessary to have the two rabbles
of one hearth overlap as much as possible so that no dead corners are
formed. If an ore contains less than 20 per cent. sulfur, it is not likely
that the furnace will keep its temperature, so to avoid the use of fuel the
hearths may be built superimposed. During chloridizing and passing
the ore from one hearth to the lower one, all draft can be shut off; to
avoid loss through dusting, but there is always danger of volatilizing
silver because oxidation of the ore, when falling through the furnace, is
rapid and gives rise to high local temperatures.

ADVANTAGES OF INTERMITTENT SYsTEM

Wherever it is Important to obtain a uniform roast, the operation
should be conducted in furnaces operated on the intermittent system, as
described. If anything goes wrong in a continuous furnace, several hours
are required to restore proper working conditions, and in the meantime
a product that is not suitable for subsequent treatment must be dis-
charged. In addition to roasting for leaching, this system may be useful
when roasting for magnetic separation, or for differential roasting of
complex sulfide ores preceding flotation.

As regards the performance of the furnaces, the following figures may
be of interest.

Hand-rabbled Re verberatory Furnace

KiLoGrawms,
SILVER

Feed..... 15,353 kg. with 1038 gm. silver per metric ton contain 15.936
Product. . 12,868 kg. with 1187 gin. silver per metric ton contain 15, 274

Difference 2,485 kg. 0.662

The loss in weight during roasting was 16.2 per cent.; the loss of silver,
4.16 per cent. Screen tests on feed and product were as follows:

THROUGH Oox FEED, Propucr,

PSSR

A S e, s
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For chloridizing 4.9 per cent. of salt was used and 2.1 per cent. of
fuel was added. The furnace product contained 220 gm. per ton of silver
insoluble in water and hyposulfite solution, and lost 6.2 per cent. of its
weight by lixiviation, so that 0.938 X 12,868 X 0.00022 = 2.655 kg.
of silver were lost in the residue. This gives an extraction of 82.6 per
cent. of silver from the roasted ore and a total recovery of 79.15 per cent.

Mechanically Rabbled Reverberatory Furnace

KILOoGRAMS,
SILVER
Feed........ 26,866 kg. with 1119 gm. silver per metric ton, contain 30.063
Product. . ... 21,690 kg. with 1365 gm. silver per metric ton, contain 29.606
Difference..... 5,176 kg. 0.457

The loss in weight during roasting was 19.3 per cent.; the loss of silver,
1.52 per cent. Screen tests on feed and product:

T HROUGH on FEED, Propucr,
MEesH " MEesHE Per CENT. Per CENT.
10 20 20 16
20 40 28 27
40 80 18 25
80 100 5 7
100 150 5 8
© 150 23 25
Tin COnbEmh s sonssmrspmigmesmnso 2.01 2.38
Sulfur content.................... 33.1 3.1
Iron content..................... 31.7 38.6
27.8 35.3

Insoluble inclusive, SnOs. ... ......

Only 3.3 per cent. of salt was used, and no fuel. The residue of the
chloridized ore contained 175 gm. silver per ton after leaching, and 4.2 per
cent. of weight was lost during leaching, so the insoluble silver lost in
tailings was 0.958 X 21,690 X 0.000175 = 3.636 kg., or 12.2 per cent. of
the silver in the roasted ore. The total recovery is 86.37 per cent.
The larger loss of weight during roasting, compared with the hand-rabbled
furnace, is due to the smaller percentage of salt used in the mechanical
furnace and to the omission of fuel, which contains 45 to 50 per cent. of
ashes. Further, the smaller amount of salt used accounts for less soluble
salts and therefore for less loss in weight during lixiviation.

No detailed figures need be given for the McDougall and reverberatory
chloridizing plant, as the loss of silver in the McDougall alone is over 30
per cent. The McDougall product is never uniformly chloridized and
the insoluble residue of the final product is always above 200 gm. per
ton on an ore containing around 800 gm. per ton, so the total loss in this
system is well over 40 per cent.




18 ROASTING AND CHLORIDIZING OF BOLIVIAN SILVER-TIN ORES

The following figures show that nothing is gained by leaving the ore
longer in the furnace in contact with salt. After chloridizing a charge,

as usual, for 15 min. a sample was taken, and chloridizing continued

for another hour, samples being taken at intervals of 10 min.

CHLORIDIZING PERIOD, SiLvEr CONTENT OF INSOLUBLE SILVER,

MINUTES CHARGE, GraMs PErR ToxN Grams PeEr Tox
15 : 1160 160
25 1200 150
35 1130 : 150
45 : 1270 150
55 1260 140
65 1220 150
75 1230 150

The differences in silver content of the charge are due to imperfect
sampling, but it can be assumed that once the silver is chloridized no
volatilization takes place even if the finished ore is left too long in the
furnace. Chloridizing is improved so little by prolonging the process
that it is not worth while doing so.

The following figures give a comparison of the: cost of roasting in the
three different types of furnaces: ‘

McDoUGALL, WITH

HAND-RABBLED MECHANICALLY RAB- HAND-RABBLED

REVERBERATORY BLED REVERBERATORY CHLORIDIZING
Labor, . ... comesovasmmagsms $2.57 $0.52 $0.92
Balbeome sssmesmansmasses 1.60 1.38 1.41
B0 e 88 2 5 5 2 8 4 5 B 3 8 15 0.40 0.17
BRepairs. o suuvesswsesarnos 0.05 0.31 0.40
POWET: 55055 massmatomidns p—" 0.89 0.73
$4.62 $3.10 $3.63

These figures are in Bolivian dollars per metric ton; one Bolivian dol-
lar is equal to about $0.36 United States currency. At the time of
writing, the improved Merton furnace had been used for over 20 months,
and the only repairing due to normal operation was the replacing of sev-
eral rabble teeth. Since the charge-roasting system puts a much heavier
strain on the rabbles than continuous work, all the original gears had to be
changed for heavier ones, and rabble arms and spindles were broken in
the beginning through the carelessness of operators, whose cleaning tools
were caught by the mechanism, but these are not repairs due to normal
causes. The rabbles and spindles do not appear to become corroded by
the chloride fumes.

CRUSHING

Originally, No. 4 Krupp ball mills were used, but they were later
replaced by two pairs of 36 by 12-in. (91 by 80-cm.) rolls. The rolls did
the work for less than one-third of the cost of the ball mills, but gave a
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distinctly coarser product which decreased the furnace capacity consider-
ably. Therefore, a Toncap wire cloth of only 0.85-mm. opening was
used on the finishing screen instead of one with 1.2-mm. opening on the
ball mills, to obtain a product that was suitable for the furnaces. The
frst rolls were set with a l4-in. (6.4-mm.) opening and their product
went to a trommel with / -in. (9.5-mm.) openings, the oversize being
returned to the coarse rolls and the undersize going to the finishing
trommel, which was 42 in. in diameter and 12 ft. long. The last
trommel was operated in closed circuit with the finishing roll.

Afterwards, a ring-roll mill was installed to do the work of the fine
rolls and a 6 by 8 ft. (1.8 by 2.4 m.) Newaygo screen was used instead of
the trommel. Although with this arrangement the product was as fine
as that from the ball mills and the capacity higher than from the roll plant,
it was not found economical, on account of the high power and steel
consumption of the ring-roll mill, which also showed other weak points
in its construction after having been used for some time. At the time
of writing, the rolls are again used, but with a Newaygo screen instead
of the finishing trommel; although the product is not quite as fine as that
from either ball mills or ring-roll mill, it is sufficiently fine for the pur-
pose. The cloth on the Newaygo screen, which is a No. 8 with 0.078-in.
(1.9-mm.) opening, lasts over two months, and the screw conveyor which
distributes the the ore evenly over the screen surface has a life of about
75 days. Power consumption is 11.8 hp.-hr. per ton ground from 2 in.
(50-mm.) maximum size to about 1 mm., and steel consumption is 0.38 1b.
(0.17 kg.) per ton. The following list gives a comparison of products
from the different grinding machines used.

RoucHING RoLLS

RorLs Wit AND RING-ROLL
Krupp Bann  RoLis Wirh NeEwayco Separa- MinL WiTH NEW-
% ML 1.2-MM. 0.85-MM. T0R, NOo. 8 CLOTH, AYGO SEPARATOR
Mesu Toncar WIRE TROMMEL, 1.9-MMm. OpeENING, No. 6 Crors, 3.0~
CuroTtH, Per CENT. Per CENT. MM, OPENING,
Per CENT. Per CENT.
On 0 5 agn s minani 3.0 0.0 1.5 4.0
On 0. . uinnvisens 17.0 19.0 16.0 24.5
On 400 cessmenss 24.0 31.5 19.5 20.0
On 511 A 8.5 11.0 - 23.0 5.5
On {0 P 7.0 10.0 8.0 4.0
On 100........... 5.0 5.5 5.5 6.5
On 1504, :5:smss0n 3.5 4.5 4.5 9.0
Pass 150....... ... 32.0 18.5 22.0 26.5

100.0 100.0 100.0 100.0




