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with any arsenic sul f i  
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ay have been dissolved, 
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1 0 mesh 

to fa I low e 

e ~ r o g r a ~ h ~ ~  studies were made 

on specimens from this 
high values in mercur 

s were as follows: No. 1 (low 

The ddnsity of the s ~ e c i m ~ n  wa 

imen shows coarse- 
various types of siliceous sinter or chert. 



n t  st  e nt 

7 
1 
10 

3 

In s n s: 

n is 1 nt in s 



rains 

Th roximate d ~ s ~ r ~  

breccia 

stu ~us~ons w wn: 

grind to minus 
this ore, 

(3) The cementa~~on, although n I is ~ f f ~ c ~ e n t  to e 
to fracture across the fragme 
This w i l l  inhibit the release 

resence of voids, an sma II amounts of ~ ~ m o n i t e  and clay 
make leaching effective and ra id. The ores with h i  rosi 

should leach more readily than those of I 
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abl le 

size 

47,O 

Y: ulated, 1 
Assayed, 1 

the coarser sizes, 

n the values occur a le 
alysis results are enti ‘Y 

Table 3, Assay-screen analysis of sam 

Mesh Weights Merc u ry Mercury 
size rams umulative as d i s ~ ~ i ~ u t i o n  

percent (Ib per ton) (percent) 

- 104- 20 
- 20 + 35 

Totals 

27.1 
28.4 

3. 
3, 
3.3 
3.3  

100.00 

Head assay: Calculated, 3.5 Ib mercury per ton 
Assayed, 3.7 Ib mercury per ton 



Table 4, Assay-scr en analysis of sample No. 

Mesh Mere ury Mercury 

rcent (Ib per ton) (percent) 
sine assay distribution 

Toter Is 
1 

friable, breaks d idly than the gangue min rals with a consequent u 
n analysis of sample No, 6, which had a 
er ton, gave differences i n  assay from 9 

The assay-sc 
.9 Ib of mercu 

Q-mesh ~ r a c t ~ o n  to QQ-mesh fraction. This represents a differ- 
ence in  value fr 

Results of these tests ind~cate that, i n  order to obtain a high extract~on 
te and chalcedony types of ores 

rinding tests wer run on sample No, 
indicated that i t  m i  ht be the most di f f icul t  mat i a l  to grind. Two tests were run - 
one on a grind in ter, the other i n  N a  H solution. The purposes of these 

) to determine g ) to determine mer- 
~ ~ n d ~ n g ,  and (3) 

only, since examination of this sam 

water was a preliminary test o 
minutes with 1 ,Q 

-inch steel cylinder with c l  
~ ~ ~ o g r a m s ,  with ball sines 

nding, the ore charge and balls were dumped onto 
ip washed into a bucket. The pulp was then screene 

mesh screen, and only Q.8 percent of the pulp was plus 65 mesh i n  size. 

The second ~ r i ~ ~ i n g  test was a duplicate of the above except that grind~ng was 
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r and the fi l trate 

the results of which are given in table 5 
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The standard agitation leaching tests were run 

Variables i n  the leaching tests included finen 
strength of solvent. After IeachiGg, 
three washes as fool lows: 

i n  

, time of l e ~ c h ~ n g ,  and 
chner funnel and given 

400 m l  o f  solvent. Agitation was done in  2,5-lite I S .  

Wash No. ent solvent dilute 
Wash No. ent solvent dilute 
Wash No. 3: 1 

Results of about 70 a g i t ~ t ~ o n  leachin tests on the various 
i n  tables 6 to 13 inclusive 

The results given i n  ta 
f ic ien tly fine, dissolution 
test No.  1-8, 
the end o f  1 ho 
period seems to be desirable i n  order to insure relatively com 
cinnabar. Agitation for more than 4 hours does not give enou 
to warrant the 

e 6 show conclusively that when th 
f mercury i n  sodium sulfide solutio 

.32 percent o f  the cinnabar ha 
, mercury extraction was about 

wer consumption, cost of larger agitators, etc. In some tests w 

Table 6. Agitation leaching o f  sample No. 1 

High-grade chalcedony ore, Goldbanks district 

Standard conditions: Size o f  sample 200 grams 
Head assay 
So I u tion 
Washes 0 m l  5 percent sol -t 900 mi 

47.3 Ib mercury per ton 
m l  5 percent solvent 

ent sol. -t 100 m l  H 

Test Agi tation time Tailings 
N O  0 Hrs M i n e  Weight Hg assay 

(grams) (Ib per ton) 

Minus -48-mesh grind 

1-1 1 0 196.5 
1-2 2 0 196.7 95.91 
1-3 3 0 196.0 96.56 
1-4 4 0 193.2 1 .24 
1-5 4 0 196.4 1 .03 
1-6 5 0 197.2 '1.34 97.21 
1-7 6 0 197.5 1.34 97.20 
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00 g r a ~ s  

0 0.15 
0 199,5 0.15 
0 199.5 0.10 

4 0 199.4 0.07 
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B nu 

3 

s i s  
f i  It 

test run on a sa 



I nu r in  



4- 1 1 0 
4- 0 
4- 0 
4- 4 4 0 

Table 10. Agitati of sample No, 

palite, lvanhoe 

Standard conditions: ize of  sample 
Head assay 
Solution 
Washes 

Test e x t r ~ c t ~ o n  
No percen~) 

5- 1 1 0.31 91,74 
5- 2 1 30 
5- 3 2 0 
5- 4 3 0 4.41 
5- 3 3 94,4 
5- 4 0 198.1 93.0 

5- 7 4 0 198,Q 94.41 

In the leaching of high- and low-grade opalite ores (tables 9, lo), results are 
quite similar. A 5-hour leach o f  minus 48-mesh high-grade ore gave one percent 
higher extraction than did a 4-hour leach, n the 65-mesh grind, extraction on the 
5-hour leach was slightly lower than on the 4-hour leach (less than one percent lower). 
This is probably explained by the formation of more slimes during the longer ieach time, 
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7- 5 1 0 .i5 
7- 0 .i0 
7- 7 3 0 e 07 
7- 4 0 e 09 



40 * 6" F 
P6" I." 1 

E"0 L "  b I, 



T s t s  

Time 
hrs. 

4 

Limonite 1 5 

crushing and grinding, 

It should be noted that consum~tion o 
i s  high for the perco1at;on leaches, as com 

bly be accounted for by the contact time for ~ercoiat ion ~each~ng  
formation of sodium silicates. Reagent c tion was high on the 

th sodium sulfide and sodium hyd 
gitation leaching (see tab1 

limonitic ore because of reaction with the iron oxide i n  the ore. 
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ve settling tests and 
how much of the mer 

lly, i n  counter-curren 
res, i t  i s  assumed t 

with solution for as 

i n  500 m l  of  5 percent solvent for 30 m 
diately f~ltered, the fi l ter cake washed 
transferred to a beaker and stirr 

were as follows: 

Assay of heads 
Assay of  No. 1 tails 
Assay of  No, 

3 Ib mercury per t 
5 Ib mercury per ton 

0.10 Ib mercury per ton 

1 hours of contact with sodium sulfide solut~on, 
amounted to 0.05 Ib per ton, or 0.96 percent of the mercury c 
sample.. In a counter-current washing circuit where three or more 
this dissolution of mercury becomes a significant factor in incre 

~ I L T E R I N ~  TESTS 

Three series of  filtering tests were run on pulps prepared from ore 
The tests were run by the f i l ter ing method described in  Taggart (1 9 
square-foot filter leaf covered with canvas. 
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inus 10-mesh ore 
Ils were then was 

rat~on tests then h 

3 

45 .0 

I time cycle (min.) 4.5 

~ ~ t r a t ~ o n  d 

1 

4.5 

80.0 

45.0 

4.5 

3 \  

Weight of  wet filter cake 

rren wash f i  I Irate 

115.3 
17 

0.3 

6.60 
5. 
1. 
3.5 

1 .I5 
13.5 

In the f i l t rat~on tests, each test consisted of  three i ~ d i v i d u a l  runs with the fi l ter 
nd the values given i n  each column o f  table 15 are averages of  the three 

runs. In the first test (No. 1 , table 15), pregnant filtrate and the f~ltrates from wash- 
ing were not kept separate, therefore assays were not run on these solutions. 

Average calculated fi l ter area for the three tests (total of 9 runs) i s  2.74 square 
4 hours. For a pl  nt treating 100 tons per day, required r ton of ore fi I ter 
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Filter area wi I I b 
r this size mi" II 

tion tests were run on 

r ~ c ~ ~ ~ t a t i ~ n  tests i t  i s  conc 

aluminum gave t 
order to obtain sufficient contact between 
mercury ~ r e c j ~ i t a t ~ o n  btained in  these tests was 

n ,  Descr~~ t~ons  an tabu la ted resu I t s  of 



tion Mercury rema i ni n Mercury 

(percent) 
in solut~on recipitated 

0 
30 
50 

0 1 50 
55 

('I) Five grams aluminum shot adde 

.7 0.00 

.4 46 0 09 
0.1 
0,0 
0.019 99.31 

This method of rec~pi tat~ng mercury re uired too long a contact time in order t 
completely stri 
minum was insufficient to give ad 

ury from the solution ently the surface area of  the alu- 
tween solution and me 

c o n t ~ n u ~ u s l y ~  a 4-h 
hing time i s  4 hours). Otherwise, 
ould be needed. 

In addition to mercury meta I, the precipi some floured mercury and 
a small amount of black mercu Iso was formed Hydrogen 
gas was evolved during precip ng direct reaction between the aluminum 

and sodium hydroxide i n  the solution. Further tests on this method of precipitat~on, 

using a long column of aluminum shot, might give effective prec~pitation i n  4 hours or 

less. Because of the large volumes of solution required i n  such a test, this should be 

run on a continuous pi lot  plant operation. 
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o n  m e r c u r y  p r e c i p i t a t i o n  w i t h  i n i t  
of I 7 6 4  g r  p e r  l i t e r  
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a m o u n t  o f  a l u m i n u m  
0 1  m e r c u r y  c o n c e n t r a t i o n  
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-mesh granulated aluminum 
f mercury per liter. 

Ratio of mercury to aluminum 

n ~ e r c u ~  

- 1 
1 0.0 
1 41.40 
1 
13-4" 

5 3 0  
5.50 

cess ofa~um~num metal than i n  the table 18 

tion * 

n a l l  of  the forego~n art of the mercury was recovered as 
th the aluminum metal, and a small 

regnant solution ( 
vered as liquid met 

m ~ t e ~  with aluminum 

Total accounted for 

Grams 

3 026 
2.6550 
0.3570 
0.0140 
0.0003 
3.0263 

ercent 

100.00 
87.73 
11.80 
0.46 
0.01 

100.00 
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n. 

grams of alum~num 

- 0  
4- 1 
4- 
4- 

- 4  
- 5  

4- 7 

0 
0 

4- 7 0 
4- 1 0 
4- 1 1 40 
4-1 1 1 45 

0.00 

91.43 
e 98 
.I5 

99.10 

small lubor~tory vibrating feeder was bui l t  t 
t solution. Results of this test are sh 

i tation of mercu nably large amount sf 
, with a small, cgntinuous 
fficient to give ra 

er should be added at  the start of preci . At the start of this test, a lu~ inum 
aluminum powder added during the 
m per hour. ~ o n t ~ n u ~ u s  feed of a l  
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h -S i m  

n 

4 5 

7 

recover the mer~ury  

1 -  
er 

5 -1 1 
5- 1 71.13 9.05 
5- 5 96.54 11.47 
5 -4 500 90 96 05 1 3.95 
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rder to make a 
lution using bo 

f sodium hydroxide were varied 
n the solution, three dro 

increases the  mount of mercury sulfide 
ms of  mercury 

tation i n  the la ratory, a series of 
50-gram la bo ra tory f I o ta t ion 

ve a mixing action similar to the 
rowe process. Solution was then 

ata on these tests 

Time Mercury remaining Mercury 
(min.) i n  solution 

(grams) (grams per liter) (~ercen t) 

4-0 - . 00 0 0.00 
14-1 00 1.12 - I 

14-2 00 1.12 - - 
14-3 200 1 .I2 3 0.046 9.61 
1 4-4 200 1.12 6 0.036 99 70 
14-5 00 1 .I2 12 0.072 99.40 

In the first two tests most of the mercury was floured and this, i n  combination with 
ssible. A large amount of  mercury sulfide 

also was precipitated i n  a l l  of  the tests. Test No. 14-5, run for 12 minutes, showed 
slightly lower mercury ~recipitat ion, possibly due to re-solution of mercury sulfide. 

dered aluminum, made fiitration i m  

This method gave rapid, relatively complete mercury precipitation and for plant 
operation appears to be the best method of  precipitation. n the first two tests in- 
sufficient time was allowed for the floured mercury to collect, The method should be 
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-__- - -  I 60 - l i t e r  
p r e g  n o n l  
s o l  u t i o n  

d r u m  

Agt No. 2 A g t .  No. I 

F igure  2 D i a g r a m  of a p p a r a t u s  used f o r  c o n t i n o u s  p r e c i p i t o t l o n  o f  

m e r c u r y  o n  o l u m i n u m  s h e e t .  
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Vo I ume ssays Amounts 
( I  i ter s) (grams per liter) 

H 

e: 

5 

gram per l i ter  
Tota I 

~fference 

luminum 

Sodium sulfide 
Pregnant solution, 57.0 liters @ 4 

29 9 
74 9 

155 9 

Sodium hydrox~de 
Pregnant solution, 57.0 liters @ 8.1 grams per liter 462 g 

6.25 grams per liter 327 g 
135 g 

This latter result was obtained from continuous operation after equilibrium was attained 
in  the precipitation circuit. Mercury precipitated, after the first cycle through the 
system, was 95.90 percent. 

In the metallurgical lance there i s  shown an unaccountable gain of 8.4 grams of 
mercury, equal to 1.6 percent of the mercury originally i n  the system. This  gain came 
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