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OH 2SIS »ETEL0JIAEy2 OF AH SPFICISH3 CHMKCQAL 
FOH TilS PMCJMSAMOI OF GOLD AUD 3ILTSR 

FEOH msXK CIUilDIS 3QUJ2IGHS.

imoDocsion.

B»at charcoal has the property o f  precipitating certain 
metals from their solutions is  no new discovery. John Percy (1)* 
mentions the v*»rk done in th is connection as early as 1848 by 
iczowsici and he also gives some results o f  his own experiments 
made in 1859, when he precipitated s ilv er  from a s ilv er  nitrate 
solution. 3. K. Hose (2) gives Percy the cred it o f being the f ir s t  
to obtain gold  from a gold ohloride solution since Percy succeeded 
in  obtaining m etallic gold on charcoal from gold ohloride In 1869.

2he f i r s t  commercial uee o f  the precipitating power o f 
charcoal wae in 1880 when W. II. Davis used charcoal to precipitate 
gold in connection with the chlorination process in a chlorination 
plant in Carolina. The use o f  charcoal in chlorination did not 
become very widespread tho i t  was successfully used at the Mount 
Morgan Mine, Queensland, Australia.

As the eyanide process began to replace the chlorination 
proeess i t  was only natural that charcoal should bo given a t r ia l  
ae the precipitant o f  tho precious metals from the cyanide solution , 
especially since the success o f  the cyanide proeess I ts e lf  depended 
largely upon the finding o f  a suitable precipitant. Consequently, 
in duly, 1894, Dr. W, D. Johnston o f  San Francisco, California, was 
granted U. S. Patent number 522,260 for the precipitation o f  gold 
and s ilver  from their cyanide solutions by charcoal.

Lxoept in special instances charcoal precipitation was not 
accepted. Shortly a fte r  Johnston obtained his patent i t  was, however, 
installed  at the South German Mine, Maiden, V ictoria , Australia, and 
was successfully operated for several years. Donald Clark (3) has 
written a more or lose detailed account o f operations there. "Shile 
these operations at Viotoria showed that charcoal would do the work, 
i t  was not an o ffio ien t competitor o f  sine because o f  its bulkiness 
and consequently practica lly  a l l  oyanide plants favored the ainc

* lumbers in parentheses refer to bibliography at end o f  a r t ic le .
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precipitation with the result that ch*rooal precipitation asrer 
became very important.

Jtaring the decade prerious to 1911 very l i t t l e , i f  any, 
interest was manifested in charcoal precipitation from cyanide 
solutions. I t  was about this time, tho, that certain graphitic 
schists and other carboniferous ores began to present treatment 
d iff ic u lt ie s  by premature preoipltation. I t  was because o f  these 
d if f ic u lt ie s  that cyanide metallurgists began to study the e ffe ct  
o f  carbon in i t s  various fonts on cyanide solutions containing 
gold and s ilv er . Much literature {4) has been published in this 
connection and the general conclusion drawn is that carbon is  a 
deleterious constituent o f ores to be cyanided.

Up to this time no one had studied the problem o f 
charcoal precipitation  from cyanide solution systematically to 
get at the underlying cause fo r  the precipitation and to determine 
the mechanism o f the precipitation . There were various theories 
propounded at various times but no defin ite results had been 
obtained in support o f  any one theory. --orris ureen (6) in 1915 
undertook to determine the nature o f the precipitating action and 
fin a lly  arrived at the conclusion that the action was due to the 
occluded carbon monoxide gas contained in the pores o f  the charcoal. 
W. &. Feldtmaan (6) then advanced another theory in which he stated 
the compound formed during charcoal precipitation was probably a 
carbonyl o f the problematical formula AuCyCOCy. 0. C. Balaton (?) 
favored the idea that the action was an adsorption with a subsequent 
chemical ohange. S till others held to the older theory that the 
action was anelectrical one but this theory was indeed extremely 
vague.

Considering the known facts attending a l l  the above theories, 
A. W. Allen (8) conceived the idea that the charcoal caused the 
removal o f  the gold from a cyanide solution by the simple adsorption 
o f  the potassium-auroayanide molecule by the charcoal. As proof of 
this theory he gives tide straight lin e  adsorption isotherm* using

* This isotherm has been obtained incorrectly since Allen plots 
the logs o f  amounts o f  metal adsorbed against the logs of amounts 
o f  gold in solution at beginning o f  test. Correct adsorption 
isotherms are obtained only by plotting the logs o f  amounts o f  
metal adsorbed against the logs o f amounts o f  metal le ft  in solution 
at end o f  test , when adsorbed metal is  in equilibrium with metal le f t  
in solution. 2 » t  Allen obtained a straight line is  an accident but 
i t  can be explained by the fact that Feldtmaxm's tests did not cone 
to equilibrium in the time given.
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John dross and g. Walter bcott (9) hare recently confirmed 
A ll end ■ conclusions in extensive experiments conducted at the Bare 
and Precious Be tala Station o f the U. S. bureau o f Mines. 2hey - 
show that the straight lin e  adsorption isotherm is  obtained and 
gire  other reasons* strengthening the simple theory o f the adsorp
tion o f  the potaaeium-aurocyanide molecule by the charcoal. Seats 
using silver  as well as gold were also made and these results show 
that s ilv e r  acts in the same manner as gold. It would seam that 
the sisple adsorption theory o ffe rs  the easiest explanation fo r  the 
precipitation o f gold and silver from cyanide solution by charcoal.

about 191?, during the World War, the cost o f zinc prec
ip itation  at the Yuonmi Mine, West Australia, became so excessive 
due to the high in it ia l cost and the scarcity o f zinc that A. Byron 
Moore and H. R. Bdmands developed and installed an improved charcoal 
precipitation  scheme to tales the place of the zinc precipitation . (10) 
It  w ill be noted from reference (3} that the old Victorian method 
was very crude and particularly teat they made use o f only the 
coarse oharooal. She patent** granted to Moore and BOmands embodied 
the ideas o f  stage filtra t io n  and fine grinding, the la tter being 
a d istin ct contribution to oharcoal precipitation practice. She 
oharooal "duet11 was used in f i l t e r  presses and upon becoming loaded 
to a figure o f  around 770 ounces gold per ton o f  charcoal, was 
burned. Shis Aoore-Ittmands process merits consideration and represents 
the best-developed method o f  charcoal precipitation from cyanide 
solutions today.

In even this improved scheme there exist two conspicuous 
d iff ic u lt ie s  one or both o f  which must be ©veroome before charcoal 
precipitation can compete with zinc preoipitation. 3ie f i r s t  o f  
those is the large amount o f oharooal necessary to precipitate a 
email amount o f  precious metal; the second i s  the d ifficu lty  o f  
obtaining the precious metal in tee fora o f bullion a fter it s  prec
ip itation  on oharooal.

I t  should probably be stated at this point that the writer

data ob ta in ed  by Peldtm ann.

* One characteristic o f  charcoal precipitation o f gald and s ilv er  
from cyanide solution is  teat the gold and s ilver  are obtained 
on the charcoal In a form which is  non-metal l ie  and which i s  
invisib le  even under the microscope.

** Australian Patent number 566.17



doaa not think charcoal precipitation w ill ever entirely compete 
with sino precipitation hat i f  either o f  the above d ifficu lt ie s  
oan be overcome there w ill be a f ie ld  opened for charcoal prec
ip itation  There aine precipitation 1b being used at jreeent 
eiiaply for  nant o f  some slightly  bettor or easier method* fo r  
examples, the precipitation o f  extremely low-grade waste solutions, 
the precipitation o f  foul solutions, and the precipitation o f solutions 
at extremely isolated camps where sine is  scarce but where plenty 
o f wood is  available,

The remedies fo r  the above two d ifficu lt ie s  are respectively 
as follows*

1. Finding a "super”* charcoal which by virtue o f  i t s  method 
o f  preparation or subsequent treatment would be capable 
o f  an extremely high precipitating e ffic ien cy  ae regards 
both rate and capacity;

2. Finding a method for  the easy removal o f the precious
metal from the charcoal, leaving the charcoal unimpaired 
for its  re-use as a precipitant,

This paper is  intended to present results of tests conducted 
toward effecting  remedy number one -  the development o f  a "super”-  
eharooal. These results are presented under five  headings*

1. VARIOUS FORMS OF CHARCOAL -  OR C ARBOR I
2. CHARCOALS MALE FROM VARIOUS WOODS*
5. PHJB-TREATED CHARCOALS*
4. CHMICALLX TREATED CHARCOALS*
6. activated add other industrial charcoals.

* A term suggested by Mr, Ralston, Assistant Chief metallurgist o f  
tne J. S, bureau o f  Rines.



222K3 a MD ABBIiLVUTIOKS DEFINED

Activated -  bo treated that the rate (and) (or) capacity 
is  increased.

activ ity -  used synonymously with "rate", q .v .

Japaoity -  used synonymously with "load", q .v .

Carbonization -  making oharooal by gently heating raw material at a 
dull red heat un til a l l  vo la tile  hydrocarbons hare 
been driven o f f ,  then increasing the heat to about 
1000° C. and holding this temperature fo r  ten minutes 
Operation conducted in  a d osed  oruoible.

Charring -  used synonymously with "carbonization", q .v .

9 -  dried.

t^pi] -  the ultimate capacity o f a charcoal fo r  gold or  
s ilv e r , Expressed in ounoes precious metal per ton 
oharooal.

# -  pulverized.

Pulverised -  ground in  a porcelain mortar, usually to  -200 mesh.

Q -  quenched.

flenched -  charcoal reheated to approximately 1000 C. fo r  two 
or three minutes and immediately plunged in  water. 
Operation conducted on lump charcoal unless other
wise specified .

Quenched direct -  oharooal plunged in water while s t i l l  red hot from 
carbonization o f  raw material.

Bute -  the speed with which gold and s ilver  are removed
from solution by charcoal*

6-



B&JJIBEiEKYS OF A SUPSB CHABPO^L

Perhaps a clearer understanding o f  the work to he accom
p li she t  can he obtained by f ir e t  considering the requirements o f  
a super charcoal. Enumerated, these are

1. A high load capacity.
2. A good rate o f  preoipitation.
2 . A fa ir  degree o f  density.
4 . A structure capable o f  withstanding any necessary 

pretreatment.

1. A High load Capacity -  Beyond a doubt, the most important 
requirement fo r  the ordinary adaptation o f  charcoal preoipitation ie  
that the oharcoal should have a high load capacity} that is ,  i t  should 
be capable o f  removing a large amount o f  gold and silver  from cyanide 
solution per unit weight o f  charcoal. Just why some charcoals should 
be more capable o f  removing precious metals from solution than others 
is  not rea lly  understood; the theory attending this question w ill be 
more fu lly  discussed under the section on Activated and Other Industrial 
Charcoals, page 41*. At this point su ffice  i t  to say that i t  ie  probably 
due to a "cleaning out" o f  the pores o f  the charcoal.

load figures as given in the literature vary considerably 
and o f  course depend on conditions o f  the solution to be precipitated 
as welllas on the oharcoal i t s e l f .  She figure obtained during the 
work at the Yuanml Mine UOa) was 770 ounces gold per ton o f  oharcoal. 
Very l i t t l e  data is  available on silver load figures but Mr. dross and 
the w riter, in experiments conducted at the Bare and Precious Metals 
Station o f  the U. 3. Bureau o f  Mines, have found that fo r  a given 
oharcoal the s ilv er  load value is  65.1/J that o f the gold load value; 
in other words, s ilv er  is  praotica lly  twice as d i f f ic u lt  to remove 
from it s  oyanlde solution as gold.

Considering the load figure obtained at toe Yuanml Mine as 
being toe average figure one could obtain with ordinary charcoals, 
what is  mount by a high load capacity requirement o f  a wiper charcoal? 
While the answer Is merely one o f  opinion, it  seems that a super 
charcoal should be capable o f  precipitating at leaet around 5000 ounces 
gold, or toe corresponding s ilv e r  figure o f  1650 ounces, per ton 
oharcoal from an ordinary m ill solution. A load figure o f  from 5000 
to 10,000 ounces gold would probably better represent & super charcoal, 
and while th is  figure seems extraordinarily large as compared with

7-



the Australian figure o f  770 ounces gold, s t i l l  i t  may not be 
impossible to find a charcoal which w ill accomplish this at present 
impossible feat sinoe a load o f  17,000 ounoes gold per ton Charcoal 
has recently been obtained froma gold chloride solution at the 
Bureau o f  Mines,

2. A Uood -Hate o f Precipitation -  It should be remembered 
in considering load values that these are values obtained by long 
contact o f  solution with charcoal; consequently, in order to have a 
truly e ffic ien t  charcoal, i t  should be capable o f  loading to a high 
figure in a comparatively short time, or in other words, it  should 
have a fa ir  rate o f  precipitation .

During any commercial charcoal precipitation  scheme i t  is 
highly improbable that i t  w ill be economically possible to allow 
a charcoal to be in  contaot with a solution until i t  i s  fu lly  loaded.
A counter-ourrant precipitation  scheme o f  course approximates ideal 
conditions but even then i t  is  very probable that the charcoal w ill 
never be oorapletoly loaded. It is  impossible to give even approx
imate figures as to the rate o f  preoipitation. Ideally, however, the 
rate would be instantaneous; p ractica lly , the rate would have to be 
fast enough that the charcoal could become loaded to a suitable 
figure in the tine during which it  could be conveniently le f t  in 
oontaot with the solution in the m ill,

3. A Fair Degree o f Density -  Upon f i r s t  thought i t  might 
seem that a good charcoal should possess some particular density 
but this is  hardly the case, although o f  course there are lim its 
either way. For example, a charcoal should not be so hard and dense 
that i t  is  d i f f ic u lt  to pulverize nor should i t  be so light and 
flu ffy  that i t  1b d i f f ic u lt  to wet or occupy too muota volume per 
unit weight, thus necessitating excessive f i l t e r  area. Fortunately 
the density requirement is  in most cases automatically taken care 
o f since i t  is  the exceptional charcoal that is  either extremely 
light or extremely heavy.

4 . A Structure Capable c& Withstanding any Necessary 
Pretreataenb -  Siat the charcoal should lend i t s e l f  readily to any 
pretreatment necessary is  a requirement which needs no further comment.

In addition to the above requirements i t  i s  obvious that there 
should be a supply o f  raw material readily available, and that the 
process o f  charcoal manufacture should not be too complicated. These 
are requirements which are not peculiar to a super charcoal but which 
are common to any aharooal intended for precipitation  purposes.

8*



MEEiOD OF TESTIfifl

2he e ffic ien cy  o f a aharooal as a precipitant fbr gold 
and silver from cyanide solutions depends primarily upon its  
capacity* or load value, and secondarily upon i t s  a ct iv ity , or 
rate o f  precip itation . Consequently, tests were made on the various 
charcoals to obtain values on these two characteristics,

data on the standard tests employed are aa follows*

It w ill  be noticed that the differences in the two tests are 
that the loading tests contained wore gold (or s ilv e r ) , less charcoal, 
and were allowed longer time o f  contact, than the rate o f  precipitation 
tests, 3he gold and s ilver  content figures are given only approximate^ 
as they varied considerably in  d ifferent series o f  testst tin charcoal, 
however, was always accurately weighed.

It w ill be noticed in some o f the follwwlng series o f  tests 
that only a gold loading and a s ilv er  rate o f  sreoinitation testa was 
made, l i s  ia true o f  those tests made during the la tter part o f the 
work. A fter the work had been started, by p lotting results o f  numerous 
tests i t  was found that a gold load figure was always an indication of 
the silver load figure; that i s ,  that a charcoal having a low (or high) 
capacity for gold would a lso  have a low (or high) capacity fo r  s ilv er . 
It w%s also found that the rate o f precipitation  o f  the s ilv er  waa 
also a measure o f  the rate o f  precipitation  o f  the gold. It  did not 
follow, however, that a high capacity meant a high a c tiv ity , or v ice  
versa; in fa c t , there seemed to be no direct and constant relation 
between capacity and a c t iv ity .

Loading Zeata 100 cc solution, containing 
15 ragm gold (or 8 ragm s i lv e r ) .

no free cyanide or a lka lin ity , 
200 m&s charcoal, >200 mesh.
48 hours contact.

Intermittent agitation. 
Boom temperature.

Bate o f  Precipitation Jests -  100 ce solution , containing
6 ogm s ilv er  (or 4 mgs go ld ).

no free cyanide or a lka lin ity .
400 mga charcoal, >200 mesh, for s ilv er  testa 
200 a&x oharooal, >200 mesh, fo r  gold testa 
30 minutes contact.

Intermittent agitation. 
Boom temperature.



From the results of these conclusions i t  was evident that 
the oapacily o f  a charcoal could be obtained by a gold loading teat 
and the a e tiv ity  o f  the charcoal by a silver precip itation  teat.
Hxe KOld load teat m e chosen since i t  gives higher load figures than 
the s ilv er  and is  therefore more accurate re la tiv e ly . She s ilv e r  rate 
o f precip itation  test m s  chosen since s ilv er  is  slower in  precip itation  
than gold and therefore does not approach a "clean-up" o f  the solution 
so qulohly. Naturally, a oleaa-up -  or 100J* precip itation  -  over a 
series o f  tests  would give no relative  figures.

In the ease o f  either a loading test or a rate o f  preoipitatian 
test, a fte r  the charcoal had been in oontaot with the solution  the 
prescribed length o f  tine the eolation m s  f i lte r e d  and washed with 
d is t il le d  water four tinea, the washings being caught with the solution . 
I t  was allowable to oatoh the washings with the solution since results 
have shown that very l i t t l e ,  i f  any, o f  the adsorbed metal ia removed 
from the charcoal by washing with cold  water. Both charcoal and solution  
were assayed.

3hC charcoal plus the f i l t e r  paper m s placed in a ten-gram 
fire c la y  crucible  and ignited at a low heat in an e le c t r ic  m uffle. She 
resides from the ign ition  was fluxed with a charge consisting o f 
15 grams soda-ash, 5 grams s i l i c a ,  1 gram bo rax-glass, SO grams litharge, 
excess flo u r , and was fAsed. Hhe resulting lead button m s cupelled 
and the assay finished in the regular manner.

2he solution containing the gold (or s ilv e r ) was precipitated 
with slno dust and hydrochloric or sulphuric aoid , and fi lte r e d . Ihe 
f i l t e r  plus the precipitated metal m s  placed in a ten-gram fire c la y  
oruoible. Ignited, fluxed, fused, and finished in the same manner as 
the ohareoal.



X. VAHICHJ3 POMS OF CHA2COAL -  OB O4BB0S.

Charcoal can bo mad© from several substances and in  several 
ways and any attempt toward producing a super-charcoal should include 
sodw work with at least the most promising charcoals -  or carbons -  
made from substances other than wood.

Starwood and Clark (11) give a l i s t  o f  substances supposed 
to possess the power o f  precipitating precious metals from oyanide 
solutions and among them are some forms o f  carbon. Morris Green (5) 
also gives a l i s t  o f  various predp itants.

A l i s t  o f  the various forms o f  carbon, together with their 
methods o f  preparation, which were tested in  connection with this 
work follows*

Coal -  Shis sample was a piece o f  ordinary king coa l, a 
sub-bituminous coa l from Utah. In ons test the coal was simply dry- 
crushed to ->200 mesh and used in that condition. She same coal 
oarbonized was a lso  tasted. She carbonizing process consisted o f  the 
standard method given on page 6, the ooal being carbonized at about 
4 mesh e lse . Tests were made on two d ifferen tly  treated easples o f  
the carbonized material -  the f i r s t  sample was simply dry-crushed to 
-200 mesh, and the second was quenched d irect , pulverized, and dried.

Coke -  Two tests  were made on samples o f  coke d iffe ren tly  
treated. The f i r s t  consisted o f  using the material obtained by dry- 
crushing tide coke to -200 mesh. She second consisted o f  using material 
which had been quenched, pulverized, and dried.

Graphite -  Dixon's "Sconderoga Ho. 2" Flake graphite was 
dry-crushed to -200 mesh. Shis material was also quenched and tested.

Flour Charcoal -  Charcoal was made from flou r  by the standard 
carbonization method given on p%ge 6. Teste were made on the resulting 
charcoal simply dry-crushed and on the resulting charcoal a fter  
quenching d irect.

lampblack -  This sample consisted o f  the ordinary commercial 
grade o f  lanpblaak. Tests were made on the material as received, and 
on the quenched material.

Faffed Bice Charcoal -  Puffed Bice made by the <«naker Oats 
Company was oarbonized by the standard method. Tests were mads on both
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In p artia l explanation o f  the seemingly absurd choice o f  
materials used fo r  making these various charcoals i t  might be mentioned 
that puffed r ice  pus selected as a material from which an exceedingly 
porous oharcoal might possibly bo made. Shis idea proved erroneous, 
however, as during carbonisation the material lo s t  i t s  strik ing ly  
evident porosity .

■ter. -  ***» charcoal was prepared by the standard
method o f  carbonization. 'Die resulting charcoal was tested both dry- 
crushed and iuenched. Dae charcoals made from flou r  and sugar resemble 
each other very much in that they are heavy, dense, and bard.

Sugar charcoal has often been used in connection with work 
on adsorption as i t  represents a very pure form o f carbon. I5o data 
m s available as to it s  power o f adsorbing precious metals from cyanide 
solutions; hence it s  selection in this series.

th e  d r y -c r u s h e d  c h a r c o a l an d  th e  qu en ch ed and p u lv e r is e d  m a te r ia l .

She results obtained on the above forme o f  carbon are 
tabulated below. In a l l  oases standard tests ware used.

am  of paacipiimos tests 
. T rn W SLFfM ?  .

Jest Charcoal
ties* Silver in 

. Char___ 3oln flotal
%

ppta,

956 Coal dry-pulv * 0.06 6.12 6.18 1.0
967 * carbonized dry-pulv 1.48 4.72 6.20 23.9
958 « «• Q d irect P D 1.31 5.92 5.24 25.0
692 Coke dry-palv 0 .12 4.06 4.18 2,9
693 * 4 r u 0.18 3.87 4.05 4.4

1098 Craphite dry-pulv 0.16 6.05 6.21 2.6
1099 0.18 6.20 6.38 2.8
962 Flour oharooal dry-pulv 1.42 4.58 6.00 23.7
953 " rt * d irect P D 1.22 5.00 6.22 19.6
954 lampblack as received * 0.36 6.10 6.46 5.6
955 " * D * 0.51 5.36 5.69 8.6
697 Puffed r ic e  charcoal dry-pulv 1.42 2.59 4.01 25.4
698 » •» •» »« Q P D 1.79 2.21 4.00 44.8
950 Sugar charcoal dry-pulv 1.44 4.54 5.96 24.1
951 « “ <4 d irect P S 1.36 4.60 5.96 22.6

• Very hard to wet.
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WkJtlVa fSS3?S 
▼ABI008 FOKttS OF CHARCOAL

lest Charcoal _ .
____*g>. & M J *

Char Soln Sotnl
l<oad 

os/ton

932 Coal dry-pair * 0.10 11.57 11.67 15
933 carbonised dry-pulr 4.65 7.19 11.84 678
934 “ ** <4 direct P S 4.59 7.31 11.80 669
704 Coice dry-pulr 0.15 14.70 14.85 32
705 ** «t r  h 0.16 14.68 14.86 26

1074 oraphlte dry-pulr 0.10 11.34 11.34 15
1075 ** h P D 0.08 11.38 11.56 12
938 flou r  onarooal dry-pulr 4.60 7.68 11.86 671
939 * * <4 d irect P Ji 4.53 7.15 11.78 675
930 laflqoblaoh as reoeired * 0.16 11.34 11.53 26
931 * * D * 0.61 11.35 11.86 69
709 Puffed r ic e  charcoal dry-pulr 8.31 6.46 14.79 1313
710 It W It ^ p p 9.61 5.18 14.79 1402
936 Sugar charcoal dry-pulr 4.37 7.48 11.85 637
937 " M <4 d irect P D 4.39 7.60 11.89 636

* Very hard to wot.

12i» conclusions drawn from th is series o f  tests ares

1. -tone o f  these ouarcoals hare exceptional precipitating power.

2. ruffeu r ice  maices the beet charcoal* the reason probably being at 
least In part to  i t s  high porosity .

3. Carbonised coa l, flon r charcoal, and sugar charcoal are at best 
only average preoipitants.

4. Direct quenching is  o f  no benefit to any o f  the charcoals lis te d  
under conclusion 3.
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IX . GBAfiCQALS MADE TRQk. VABI005 WOODS,

Wbat wood la  the bast charoo&l made front? 5his certa in ly  i s  
a vacation worthy o f  a l i t t l e  study, and while the subject is  not a 
new one by any means, s t i l l  i t  deserves a place in an a rtic le  o f  such 
a nature as th is .

Mr. 3. W. Saith (12) mentioned that he thought perhaps the 
wood from which the charcoal was made a ffected  the precipitating power 
o f  the resulting charcoal. And his point may be well taken. At least 
we do know that woods wary considerably in ce llu la r  structures some 
are exceedingly porous and some are exceedingly dense.

I t  i s  knew to  the chemists employed in charcoal de-coloria ing 
work that the rcry  fin e  cap illa ries  so necessary for gas retention 
must be replaced by larger i f  the charcoal is  to be successfully used 
for deoolorising, because o f  the larger molecular aggregates which 
most be dealt with in the decolorising work (15). Seasoning along th is  
line i t  would seem that perhaps the oharooals with the large ca p illa r ie s , 
or those made from porous woods, would be the most e ff ic ie n t  preoipitante 
fo r  gold and s ilv er  from cyanide solutions sinoe the molecule adsorbed 
in tills instance i s  rather large. Shis at least is  a lin e  o f  reasoning 
which could be used in ju s t ifica tio n  for  trying various woods. She 
writer does not commit himself as to the v a lid ity  o f  the above hypothesis f 
he simply states i t  as a possible theory.

In making the comparative tests on d ifferen t woods a l l  the 
various obtainable woods were used but the l i s t  is  not nearly as complete 
as desired. It was hoped to be able to obtain an exceptionally hard 
variety, suoh as ironwood, but there was none available. She woods l is te d , 
however, do ra% e from so ft  to comparatively hard and consequently some 
idea o f  the variation  o f precipitating power with density can be obtained.

Both gold and s ilv er  rate o f  precip itation  and gold and s ilv er  
loading tests  were aside on most o f  these charcoals. Each charcoal was 
mads from it s  respective wood by the method described under "Carbonisation" 
in the previous l i s t  o f  defin ition s. Each charcoal was then quenched, 
pulverized, and dried and the teats were made on this product. Mo tests 
were made on the plain charoo&l; that i s ,  the charcoal not quenched.

She resu lts o f  these tests follows



BA2S OF PEBCIPIEASIOH TESTS 
CHABOttdfl m m  FROM VARIOUS WOODS.

Te«t Charcoal
item Metal 

Char Sola
in
lOtal

%
Potn,

481 viOld Pine 4 P 9 1.60 0.02 1.62 98.6
552 H Redwood .*? I 2.15 0.02 2.17 99.1
464 If Yellow Pine * P 9 1.61 0.02 1.53 98.7
486 If Hickory 4 P 9 1.46 0.03 1.49 98.0
485 it Walnut ( f  D 1.51 0.04 1.55 97.4

679* Silver Willow * P 9 5. 60 0.41 4.01 89.6
487 If Pise 4 P 9 2.85 1.52 4.37 65.2
566 If Redwood 4 P 9 3.03 0.40 3.43 88.3
490 If Yellow Pine * P 9 2.62 0.61 3.43 82.2
492 ft Hickory Q P 9 3.17 0.48 3.65 86.6
491 m «alnut 4 PD 3.64 0.22 3.66 94.3

Standard test (400 qgm. charcoal)} a l l  others 500 tags . charcoal.

LQA9I54 TESTS
£3*Bopals m m  ebom various woods.

Tft* Charcoal
Hob Metal 

Char Soln
in
Total

load 
os/ton

483* Cold Willow 4  P 9 10.59 4.31 14.90 1544
493 It Pine 4 P 9 10.00 7.77 17.77 1167
580 •f Redwood 4 P 9 11.02 10.68 21.70 1285
496 If Yellow Pine 4  P 9 10.57 6.98 17.55 1233
498 If Hickory q P 9 11.12 6.73 17.85 1297
497 If Walnut 4 P 9 11.75 6.03 17.78 1371

499 Silver Pine 4 P 9 3.47 4.18 7.65 405
594 n Redwood 4 P 9 3.50 4.22 7.72 408
602 it Yellow Pine 4 P 9 3.84 3.46 7.30 448
504 it Hickory 4 P 9 4.18 3.23 7.41 488
603 H Walnut 4 P 9 4.42 3.06 7.48 518

Standard teat (200 oga. charcoal)} a l l  others 250 aga,. charcoal
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Che conclusions to be drawn from the above tables are not 
very numerous. Chess tests do indicate the following general facte 
however:

1. She precipitating e ffic ien cy  o f  a charcoal is  p ractica lly  
independent o f  the kind o f  wood from which i t  is  made.

2. Chere eeeus to be no d irect relation  between precipitating 
e ffic ie n cy  and density o f  wood.

In view o f  the preceding conclusions, the large majority 
o f the follow ing teste were made on pine since pine was the most 
easily  obtainable wood.



I I I .  PEB-TREATED CEARCGAL3.

CAH30HI«I%0 AT PIFPEBSKT TMPKIATOB33 -  In view o f  the fa ct 
that active carbon is  presumably* made at 1 orr temperatures while 
inactiee carbon i s  made at high, temperatures, tests were made on pine 
carbonised at 5Q0°C, 70Q°C, 900°C, to observo the e ffe c t  o f tiie 
temperature o f  carbonisation on the precipitating e ffic ie n cy .

In each cose the charcoal was dry-pulverised to -200 mesh 
a fter  I t  had been made at i t s  respective temperature* .Standard test 
conditions were used in each case*

She results o f  these tests follow*

BATS OF HUSBIPITATIOH TESTS 
DIPFSBSgT T3£PEHATUHB3 OF CARBQSIHA TIOH

________
Silver in  %

Char *> In Total ?ptn.

93 7 Pine charred. 500“ C dry-pulv 
959 " " 700°0 "
941 " * 900°C "

1.28
3.41
3.56

4.72
2.67
2.56

6.00
6.08
6 .12

21.3
56.1
58.2

IDABIH8 TBST3
M P«BAT0235 OF CdBBPraUTIOK

Tost Charcoal
M&n Cold

- Char___ 3? In
in
Total

Load
dd^ton

913 Pine charred 500°C dry-pulv 2.62 9.19 11.81 382
915 " "  700°C 5.16 6.70 11.86 752
017 " "  900'C n G.00 6.88 11.88 729

These testa show very clearly  that oiiarooal formed at 
500°0 Is  not nearly as good as that formed at the higher temperatures. 
While th is i s  in seeming contradiction to the Hydrocarbon Theory

* See Hydrocarbon Theory under chapter on "A ctiva ted  and Other 
Industrial Charcoals".
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It possibly shows that the moat important point in making charcoal 
is  to ra ise  the heat to a point which is  su ffic ien t to break down 
the hydrocarbons adsorbed on tne active carbon base, The fa ct  remains,
however, tmfc aign temperature is  oondnoive to the formation of an 
e ff ic ie n t  charcoal.

GABBQglH-W SOB 31?iiSUbfl t LShbiHS OP anas -  when oarboniUlng 
a wood i t  w ill  oe noticed that tne f i r s t  result o f  heating is  a 
v o la tilisa tion  o f  the light hydrocarbon constituents o f the wood. It 
is  customary to heat the wood only gently daring this stage and then 
a fter a l l  the gases have boon driven o f f  to increase the temperature 
to the fu l l  heat, The charcoals used in the follow ing teste serenade 
in two ways and w ill be designated by the le tte rs  A and S. Samples 
of both A and b were reheated a fter cooling from the in it ia l  oarfeon- 
iaution fo r  periods o f 5, lb , and JO ainutoa, and were thsn^uenohed, 
pulverised, dried, and tested by the standard tests .

Charcoal A was prepared by driving the gases from the wood 
in u closed oruoible at a very low temperature -  a dull red. A fter 
there was no further evolution o f gee the heat was increased to 
300° 0 and th is temperature was maintained fear ten minutes. She charcoal 
was then allowed to c o o l.

Charcoal 3 was prepared by driving the gases from the wood 
in a closed oruoible at the high temperature of 900°C. This same 
temperature was maintained fo r  ten minutes a fter  a l l  the gases had 
been driven o f f .  The charcoal m s then allowed to coo l.

The resu lts o f  these tests follows

BATS OP SB93XPIXATX08 TS3TS 
C1B30NHIBC

togn Oliver In %
Zm JL- Charcoal_____________________ Char Join Total fr»tn.

11 Od Char A reheat 900° C 5 rain. f4P 2) 3.92 2.11 6.03 66.0
1103 It N « ** 15 ft D 4.68 1.63 6.21 73.8not M If It " 30 It » 4.69 1.22 6.11 60.01106 Char £ reheat 900°C 6 min. % S 1) 3.80 2.17 6.97 63.71106 « n V# » 15 *» * p V 4.61 1.66 6.16 74.81107 it 19 If " 30 It <4* I) 6.18 0.90 6.08 85.2
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LQU3I3U TESTS
CABBOHIZISG FOB DIFFEBEST LENGTHS OF TXiiE

Mfisa Gold in load
S— _____ SiftSSg&l____________________  Chur Solo Total os/ton

1078 Char A reheat 900° C 5 min. q P D 6.64 4.68 11.32 966
1079 It ft M • 16 » q p p 9.83 1.53 11.36 1433
1080 It N W ” 30 ” (i P D 11.09 0.27 11.36 1617
1081 Char B reheat 900° C 5 Bin. 4 P S 6.94 4.40 11.34 1012
1082 H It If " 16 " Q P D 10.06 1.32 11. 37 1466
1063 It ft It " 30 » q P p 11.09 0.29 11.38 1617

3h«r« are two defin ite  conclusions to be drawn from these tests . 
They are;

1. Zt is  not nscess&ry to drive o f f  teases at low temperatures; the 
fu l l  heat o f  900° C may be applied from the f i r s t .

2. She e ffic ien cy  o f  the charcoal increases with the time exposed to  
heat up to a period o f  th irty  minutes at least.

JJgaCHIHQ -  She subject o f  quenching i s  onv which is  o f  much 
importance and i t s  value has just o f  la te  been realised , quenching a 
charcoal consists of heating the charcoal to a given temperature -  
usually around 900°C .- and then plunging i t  in water. Hie action  
whereby a charcoal obtains a greater precipitating power by th is treat
ment i s  probably one o f  a cleaning-out o f  the pores.

The subject o f  quenching i s  so large that i t  has been thought 
advisable to divide i t .  Consequently only a few tests have been included 
in this particular section but several comparisons o f  quenched and 
unquench ad charcoals w ill be found in the follow ing pages. A specialized 
branch o f  the subject -  that o f  quenching in various chemical reagents -  
has been inoluded under the ohapter on "Chemically Pre-Treated Charcoals” . 
Therefore, i t  should be remembered that the space given to th is  subject 
at th is particular time is  not at a l l  indicative o f the value o f 
quenching.
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An interesting series o f  tests follow s which shows the 
e ffe c t  o f  quenching charcoals from different temperatures. In th is 
series charcoals carbonised at 500°C and 900°C were quenched at 
600° C and 900°C. Standard teats were made. The resu lts follow :

EA23 OF FRECIPXTIOI BEOS'S 
M C H IM  FB&h MOTHEST X8MPSKATUBS3

M«m Silver in
Test Charcoal Char Spin Total Fotn.

943 Pine charred 500,° «* soo; P D 1.06 5.27 6.35 17.0
944 ff " 900°, * 500°, P D 3.50 2.67 6.17 56.7
945 * " 600°, Q 900°, P D 3.71 2.48 6.19 60.0
946 If " 900; k 900°, P 0 3.69 2.07 5.90 65.3

LOaDIBO tests
AJSBCHlgd FHOl D1FFJ2LSBT TmpgiATOBES

_____ Kga Cold in____ load
Test Charcoal Char SDln Total oz/ton

919 Pine charred 500, Q 500°, P » 2.85 8.65 11.66 413
920 " " 900°, * eoo; P D 5.42 6.44 11.86 790
921 * ” 500°, 4 900°, P D 5.13 6.63 11.76 746
922 " « 900°, q 900°, P D 5.54 6.30 11.64 808

These resu lts  show that the charcoal carbonized and quenched 
at low temperature is  Tory in ferior  to that carbonized and quenched 
at hign temperature* A study o f  the above figures seems to show that it  
is  immaterial whether the charcoal is  exposed to the higher temperature 
daring carbonization or during quenching; the high temperature is 
necessary during one o f  these treatments, however.

The subject of quenohing w ill be elaborated on by means o f 
various comparisons la ter in the paper.
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7ABYI??U H353H OF CHARCOAL -  As mentioned in the introdnotion, 
the Itoore-IMraanda process malms use o f  the fin e ly  divided charcoal 
because i t  m s found that the fin er charcoal possessed the greater 
precip itating power.

A screen test m s made on a sample o f  the pine charcoal, 
quenched, pulverized, and dried, as used on the ordinary test . The 
screen analysis is  given below.

.qfCTO BftMBaa. . f i o a a . .,u>, a*

___ a a&____  to k M U a L S a m

- SO + 70 2.49
-70 * 300 2,14

-  300 _ & 5 6 „

24.4
20,9
54.7

Total 10.21 100.0

Saoh o f  the products was then tested for  it s  precipitating 
power by uslnf i t  in both rate o f  precip itation  and loading teste . In 
the rate o f  precip itation  tests  0.5 gran charcoal m s added to 100 cos 
o f  a two-pound cyanide solution containing approximately one milligram 
gold or two milligrams silvers in the loading testa 0.25 gram charcoal 
m e added to 100 cce o f  a two-pound cyanide solution containing one 
pound lime per ton and approximately fifte e n  milligrams gold kmA or 
twenty-one milligrams silv er . Thirty minutes contact m s given in the 
rate tests while twenty-four hours contact was given in  the loading 
tests . 3he results o f these tests are tabulated below:
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BATE OP PBJBIPITaTIOH TESTS 
YAHTITra HESS CHal-CCAL

Test. Mesh Charcoal
_________ ifrtea M ________

Char___ Spin Total
%

Pntn.

230 Gold + 70 0.96 0.27 1.23 78.0
231 m -70 + 500 1.20 0.02 1.22 98.4
232 H -  300 1.25 trace 1.25 100.0

233 Silver + 70 1.00 1.04 2.04 49.0
234 -70 + 300 1.28 0.89 2.17 59.0
235 ft -  300 1.81 0.23 2.04 88.7

Test

LOADING TESTS
S A m m .u sm  chabcqal

Kga Uetal in
iJesh Charcoal__________ Char So In Total

iio

212 Cold 4 70 7.38 8.08 15.46 861
213 «« -70 + 300 7.91 7.61 15.52 923
214 H -  300 9.40 6.06 15.48 1097

215 Silver + 70 3.33 17.90 21.23 368
216 ft -70 + 300 3.30 17.64 21.14 385
217 It -  300 4.36 16.68 21.06 511

It w illbe noticed that these teste show that the fin er mesh 
sises hare both a fa ster  rate and a larger capacity than the coarser 
mesh sizes.

Another test similar to the above waw made la ter . It d iffered  
from the above in this respect however. In the above test thB d ifferent 
meshes were obtained by the usual screen analysis method; that i s .  the 
sample was simply screened to the various sises. In this ordinary 
screen analysis method i t  might be that the coarser mesh also represents 
a harder charcoal, or one which is rea lly  d ifferent In nature from 
the finer meshes. I f  th is ware true i t  is  possib le that i t  would not 
be a s tr ic t  comparison o f the e ffic ie n c ie s  of the various s ises . The 
follow ing test m s made to eliminate this possible error.
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In thin experiment the ordinary quenched pine charcoal was 
used. After quenching it  i* s  vcl-ptlveriised to -CO neeh and. then 
dried. IJhe d ifferent nueh okarcouls t/ere then prepared according to 
the follow ing flowsheet* an examination o f which w ill ukow that the 
sample o f any me ah oJiurcoal coneiete o f  exactly the came material as 
the sample o f  any other mesh charcoal.

ffiBF-ABAglQg OP DIFFEREBI JIE3E CHARCOALS

rPSLtTp
4 rJSi.&SSB

LISJAELS)



Standard rate o f  precip itation  and loading teats were then 
made on each o f  the samples taken from the various meshes, axe results 
on these tests  follow :

BATE OF PIUsD IP I TATI OH TESTS
__VABiara chabcqal

Lign Metal in %
Test -esh Charcoal Cher So In Total Potn,

900 Sold - 6 0 + 7 0 0.42 2.24 2.66 15.8
901 If -  70 +100 0.42 2.33 2.75 15.3
902 It -100 +140 0.53 2.40 2.93 18.1
903 ft -140 +200 0.53 2.18 2.71 19.6
904 It -200 +300 0.53 2.27 2.80 18.9
90S ft -300 0.64 2.15 2.79 22.9

906 Silver - 6 0 + 7 0 1.75 4.10 6.85 29.9
907 ft -  70 +100 1.81 3.94 5.75 31.1
906 ft -100 +140 1.81 3.60 5.41 33.5
909 ft -140 +200 2.32 3.32 5.64 41.1
910 ft -200 +300 2.33 3.67* 6 . 2 0 37.6
911 It -300 2.79 3.54* 6.33 44.1

* Assn■y seems too high.

Test

LQASI50 TESTS 
TASTING MBS;! CHABCQaL

____ is _______________
__Bsah Charcoal__________ Char___ Sola Total

Load
os/ton

888 Gold - 5 0 + 7 0 1.94 8.47 10.41 285
889 II -  70 +100 2.00 8.71 10.71 292
890 »t -100 +140 2.06 8.44 10.50 300
891 ft -140 +200 2.19 8.62 10.81 319
692 ft -200 +300 2 . 2 0 8.47 10.67 321
893 ft -300 2.45 8.30 10.75 357

(S ilver loading tests continued on follow ing page).
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LGADIHO 39ST3 
YABYiaa MESH CHAIiCOAL

Man Metal In___ I«ad
Seat Mesh Charcoal _ Char So In Dotal os/ton

894 Silver - 5 0 + 7 0 3.77 3.74 7.51 550
895 t* -  70 +100 3.91 4.11 8.02 570
896 ft -100 +140 4.34 3.82 8.16 633
89? it -140 +200 4.95 3.34 8.29 722
898 •* -200 +300 5.08 2.79 7.87 741
899 tf -300 5.62 2.46 6.08 820

2he curves fo r  this la tter  ■•rice o f  tests are shown la  
Figures I and I I ,  In these curves the ordinates are the load figures, 
or the percentage precipitation  as the case may he, while the abscissas 
are figures representing the ratios o f  surfaces exposed by grinding 
a unit volume o f non-porous material to the d ifferen t meshes. In the 
application o f  these ratios  to those curves, the porosity o f the 
charcoal has been ignored.

In explanation o f the method by which these ratios  were 
obtained, ths following table is  given. It ehould be remembered that 
the amount o f  surface exposed, neglecting porosity , varies ae the 
square o f  fee diameter o f the p a rtic le .

OB’EAlKINli SUBFACE RATIOS PBR PHI? VOLUME -  IGNORING P0B03ITY.

Usah
Slits Opening Ratios 

Mesh/Mesh
Surface Batios 

Per Unit Volume

- 5 0 + 7 0 0.300 6.0 1
-  70 +100 0.210 4.2 2
-100 +340 0.149 3.0  . 4
-140 +200 0.105 2.0 9
-200 +300 0.074 1.5 16 \

-300 0.050 1.0 56
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A comparison o f  the two screen or  sixlng tests shows that 
fine grinding increases both rate and capacity bat the increase i s  
sot enormous, at least not on th is pine charcoal. It  may be mentioned, 
however, that the Activated Charcoals insome cases show as much as a 
ten-fold  increased precipitating rate and a two-fold increased 
capacity with a difference in grinding from -8  mesh to -200 mesh. For 
these resu lts ses tables under chapter on "Activated and Other 
Industrial Charcoals".

q" W TT  “  Charcoals were prepared by heating and passing 
steam thru then while at the elevated temperatures. Shis treatment was 
was given at. three temperatures -  620°C, 750° 0, and 900°C respectively -  
and at each temperature quantities o f  charcoal were exposed for various 
lengths o f  time.

2*e method o f  steaming was as follow s * A weighed qroount o f  the 
lump charcoal was placed in a s i l i c a  tube and the tube was then placed 
in a cornua at io  a furnace which had been previously heated to the desired 
temperature. Steam was then started flowing thru the charcoal. The 
starting point o f  the tost was taken as the time when steam f i r s t  began 
to condense in the condenser at the cold  end o f  the tube. A fter steam 
had been passed thru far the desired length o f time, toe tribe was re
moved from the f&rnaoe without disconnecting from the steam or condenser 
pipe, and tha charcoal was alloweddto co o l. The charcoal was then dry- 
crushed and used in the teste .

From results obtained in steam activation  o f  charcoal for war 
purposes, i t  was found that about one pound steam per pound charcoal per 
hour gave the best resu lts. Consequently th is  figure was aimed at during 
these tests but due to  the small weights o f  charcoal used, it  was 
impossible to  keep the steam consumption to this figure. E© other 
particular d if f ic u lty  presented i t s e l f  at the two lower temperatures but 
at 1die high temperature o f  880°C the charcoal consumption was extremely 
h i j i  due to the fortmtion o f  water-gas.

The follow ing table gives the resu lts obtained during the 
steaming.
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XftPA. Off SgBUHHa OPSRiTIOH

Ten?), o f Hours Loss in Weight Lbs. Steam per Lb
Charcoal Steaming Steaming t Charoo&l per Hour

Pine Low -  620° C 1 3.3 3.7
* it at 2 5.0 5.0
It it it 4 8.3 4.7
ft at ft 6 16.7 3.8

Pine tied -  75Q°C 1 13.3 1.7
It ft It 2 38.3 2.8
It ft It 4 58.3 6.6
at It It 6 67.5 1.5

Walnut high -  900°C 30 (min.) 60.0 3.3
Pine N ft 30 (min.) 36.7 4.7

It It It 1 48.3 2.7
Hiekery It it 1 78.3 3.3

Bate o f  p recip ita tion  and loading teats were made on the 
various steamed charcoals in comparison to  a standard sample o f  pine 
quenched, pulverised, and dried. The rate o f p recip ita tion  tests were 
made using 100 ooa o f a two-pdaad cyanide solu tion  containing approx- 
imately two milligrams gold or three and one half milligrams s ilv e r  
and 0.5 gram charcoal (except where noted) with interm ittent ag ita tion  
during th irty  minutes. The loading tests  were made using 100 ocs o f 
a two-pound cyanide solu tion  containing approximately twenty milligrams 
gold or eight milligrams s ilv er  and 0.250 gram charcoal (except shore 
noted) with interm ittent ag ita tion  during twenty-four hours.

The resu lts o f these tests  fo llow :
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B&TE OF PBBCIPmSIQli TESTS 
sTOiira) CHAIvOQh.1

Men M eta l in  £
__Oharooal____ Char Soln Total Pntn.

6S9___ Gold____Pine ____ 2.33 o • o M 2,34 99.6
fM  " Pine 620°C 1 hour 2.29 0.03 2.32 98.7
541 ft It 2 ft 2.40 0.02 2.42 99.2
542 ft ft 4 If 2.38 0.02 2.48 99.2
543 ft ft 6 ft 2.32 0.01 2.33 99.5
544 Pine 750° C 1 hour 2.11 0.01 2.12 99.5
545 It It 2 ft 2.30 0.01 2.31 99.6
544* ft ft 4 ft 1.15 0.01 1.16 99.2
547* ft ft 6 It 1.13 trace 1.13 100.0
548* Walnut 900“ C 30 min. 1.18 trace 1.18 100.0
549 Pine ft 30 min. 2.20 0.01 2.21 99.5
550 t« ft 1 hour 2.29 0.02 2.31 99.1
551** Hickory ft 1 ft 0.84 0.01 0.85 98.9

553___ S ilver Fine ,P D ____ 2,91 0.62 3.53 82.4
554 ft 620° C 1 hour 2.89 0.70 3.59 80.5
555 ft ft

2 ft 3.19 0.47 3.66 87.2
556 M ft 4 ft 3.25 0.41 3.66 88.8
557 ft f» 6 ft 3.13 0.45 3.58 87.5
558 Pine 750“ C 1 hour 3.21 0.22 3.43 93.6
569 W ft 2 ft 3.45 0.14 3.59 96.1
560* It ft 4 n 2.20 0.15 2.36 93.2
561* ft ft 6 it 1.63 0.11 1.74 93.7
662* Walnut 900° C 3d min. 1.51 0.26 1.79 84.4
563 Pine ft 50 min. 3.24 0.22 3.46 93.7
564 ft It 1 hour 3.11 0.15 3.26 95.4
565** Hickory ft 1 ft 1.28 0.54 1.82 70.4

* Used SO cca . solution  and 0.250 gram charcoal.
•• " 40 * " " 0.200 " ■
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JDADL80 TESTS 
SmilBD CHARCOAL

g B  M eta l In  Load
Test.. Charcoal Char So In Total oz/ton

567 Sold ... Pine A P D____ 10.62 11.18 21.80 1239
668 ft Pine 620" C 1 hour 9.76 12.00 21.76 1139
569 ft •* , It 2 " 9.63 12.03 21.86 1147
570 ft it «« 4 * 9.68 12.25 22.13 1152
571 M It M 6 * 9.40 12.71 22.11 1097
572 <1 Pine 750° C 1 hour 8.67 11.10 19.97 1035
673 It It It 2 " 10.35 11.18 21.53 1207
574 *f n ft 4 ■ 9.32 12.35 21.67 1087
575 It •t ft 6 * 8.14 11.44 19.59 949
576* ft Walnut 900° C 30 min. 4.76 6.24 11.00 1111
577 ft Pine ft 30 min. 10.75 10.97 21.72 1252
578* It ft It 1 hour 5.82 5.25 11.07 1358
579** ft Eiokory •t 1 • 3.76 5.04 8.80 1097

581 Silver Pine Q P B____ 3*30 4.74 6.04 385
562 n Pine 620° C 1 hour 2.93 4.98 7.91 342
583 ft ft ft 2 « 3.06 4.90 7.96 357
584 t« •t ft 4 * 3.00 4.91 7.91 350
585 it ft ft 6 w 2.70 5.16 7.86 315
586 »t Pine 750* C 1 hour 3.24 4.54 7.78 378
587 it It Cl 2 * 3.35 4.15 7.50 391
588 ft ft 4 " 2.81 4.82 7.63 328
589 « ft ft 6 •» 3.23 4.60 7.83 377
590* »t Walnut 900*0 30 min. 1.61 2.38 3.99 376
591 v» Pine ft SO min. 3.35 4.33 7.68 390
592* n ft 1 hour 1.83 1.96 3.79 427
593*** ft Hiokory ft 1 " 0.47 0.56 1.03 416

* Ueed 50 cos. solu tion  and 0.125 gram charcoal.
** Ueed 40 oos. solu tion  and 0.100 gram charcoal.
*** Used 13 oos. solution and 0.035 gram charcoal.



She resu lts obtained from the teste on the steamed 
charcoale indicate the follow ing points:

1. That steaming at high temperature accelerates the rate o f  
p reoip ita tion .

2. Shat steaming a t high temperature increases the load capacity o f  
oharooal for gold  and silv er  s lig h tly .

3. That steaming fo r  mote than two hours decreases it s  e ffic ie n cy .

She curves showing resu lts obtained on steamed charcoal* 
arc given in Figures 111 and IT.

▲t a date la te r  than that when the previous steaming teeta 
were made a pine oharooal was steamed for only fiv e  minutes at 900“ C 
under the same conditions as the previous tests and was found to 
attain  a load o f  1644 ounces gold per ton oharooal and in so doing 
p ra ctica lly  "cleaned up" the solu tion . This would indioate that 
steaming at high temperature fo r  a short time only would produce the 
best oharooal. Unfortunately time did not permit the further inves
tiga tion  o f th is particu lar point.

OARBOKLu IBU IS L&gfiS In ease oharooal preoip itation
were to be in sta lled  in  a m ill one o f the attendant problems would be 
to determine the s ise  o f  pieces o f wood a t which oharooal could most 
e ffic ie n t ly  be made. Usually th is problem would resolve i t s e l f  into a 
qestion o f whether the charcoal could be made in large p ieces. Con
sequently pine was carbonised in two-inch ohuaiai -  the largest s ize  
convenient to make in the laboratory -  and the resu lting oharooal was 
tested to see i f  i t  was as good as the charcoal made in the usual 
quarter-inch lumps.

A fter carbonization, the largo chunk was divided in to two 
portions -  the outside h a lf, and the inside h a lf. Bach portion  was 
tested separately. For the resu lts o f these tests  see page 36 
under the comparison o f "In side o f  Charooal vs Outside".
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P recip itation

eo
Hoars Cont&ot 1 2 3 4

FIGURE III .

RATE OF PRECIPITATION TESTS 
8T3AMRD CHARCOAL 
Tests 539 -  564.

Geld -  Steamed a t 750°C* 
Geld -  Steamed at 620°C.

Gold
Pine QPD

S ilver -  Steamed at 750°0.

S ilver -  Steamed at 620“ 0.

S ilver ..... ♦
Pine QpD
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hiaCjgJA^'SPg^ 2SO&u£Igff23 -  several m iscellaneous treatments 
were given various charcoals and these resu lts should be lis te d  although, 
none o f  them are o f exceptional value, 'Fhese teste  were not aU  made at 
the same tia e  now were they toads under exactly the same conditions so 
the re suite given are not s tr ic t ly  comparable. !3iey do g ive an indication  
o f tne values o f the various treatments, however, and are included in 
this paper fo r  that purpose only. Only the load and. the percentage 
precip itation  figures are included in th is table* the assays o f the 
d ifferen t samples have been om itted.

gtiafcBABffgg

% load
P recip itation_________ oe/ton

2eet Charcoal -silver Cold .. S ilver Gold

598 (a) "Heatoc wet- 91.0 100.0 592 1288
599 (b) "boiled" 56.3 99.7 308 1015
244 Fine w P D, fresh ly  made 79.4 96.4 — —

245 Fine <* P D, 20 days old. 79.9 97.8 — - —

355 Pine heated to  600°C in vacuum ------ 93.3 294 689
961* Pine Q pulv wet poro mortar 56.2 —— m rnum 700
962* Pine tiD " dry "  " 55.2 ---- — - 690
963* Pine a pulv wet iron mortar 53.7 ~ ~ — — 680
964* l  ine hH " dry " " 55.5 — 70S

* standard test conditions.

(a} Heated wet" charcoal -  Iwnp pine charcoal thoroughly soaked with 
water, them heated to  high temperature, cco led , and dried .

lb) ’Boiled" charcoal -  pine charcoal pulverized dry, boiled  inwater, 
washed on f i lt e r  with hot water, and dried .

A® follow ing conclusions may be drawn from the above resu lts :

1. "Heated wet" charcoal is  vary e ff ic ie n t .

2. Charcoal shows very l i t t l e  deterioration  with 20 days.

3 . Vacuum plus heat does not destroy the precip ita tin g  power o f charcoal.

4 . Charcoal may be pulverized in either a pebble or a b a ll m ill.



comparison or Various ’m ^ m ssra

In order to con?) are, or contrast, certain  methods o f  treatment 
with other sim ilar, or d issim ilar, methods the follow ing tables hare 
been compiled. In these tables only the gold  load figures and the silv er  
percentage p recip ita tion  figures are given. A ll tests  have been choseb 
so that the only variables are the ones being compared or contrasted.

BEY m m ia iT IO H  VS WgJ PULYBBIEAMOH.

jK L m im tzk B Q K  V3 ggg rpLvasizAnoi

% S ilver Cold Load
■ ■■■gr»oApitat^pn________ Qs/ton

59Ita----------- V a s s a l------------------------- 2ss_..m r le t , Pulr Dry Pulv Wet Pulv

739/40 Pine not q ______ ______ 1053 962
736/41 Pine 4 — 1 0 2 2 1 0 0 2

747/49 Pine Chunk not q -  outside 40.1 36.6 968 951
746/60 * ■ ■ • inside 46.6 39.8 942 938
923/24 Pine steamed 900° C 5 min. 62.2 77.0 1544 1496
962/64 Pine q -  Pulv pore mortar 55.2 6 6 . 2 690 700
961/63 " • "  iron “ 55.5 53.7 703 680
966/66 B u rrell's  50-min. not Q 6 6 . 6 56.4 1530 1533
967/68 M  M  N ^ 66.3 92.5 1660 1702
970/71 70-min. Abeorbite not Q 68.1 66.3 1495 1553
972/78 * « 94.1 94.5 1649 1674
982/83 Pine ohar soaked 1% £0y  not * 22.9 82.5 599 640
980/61 91 IV «V t» tt ^ 63.5 6 6 . 0 814 881

1014/15 "  * ■ • 54 S notv* 2 1 . 6 40.8 546 569
1016/17 « n « « «*  ^ 47.2 60.3 673 969
1026/27 • " "  HaOH notq 40.0 50.1 588 627
1026/29 tt M *» It # 66.5 64.4 605 879
1032/33 "  " • * anClgnotQ 78.8 70.5 697 675
1034/36 M  n It M M  ^ 96.8 93.6 1044 1 0 0 0

1063/64 "  " "  eat. CaO not H 29.0 29.9 665 6 6 6

1065/66 " •» « «» * q 54.9 58.6 882 878

Qutae figu res shew that there ie  very l i t t l e  to choose between 
vet end dry crushing.
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m m : m  ra sot oimchsp

WPBBCHBJ Y3 SOT WEBGHBD

% S ilver Gold load
-------------og/ton

Sm SI----------- SfeMggfti---------------------------------M______S»t A k got *

760/65 Pino wot pair —— 1002 952
769/71 Pino obunk Outside wot pair 40.7 36.6 1005 951
770/72 ft " Inside • * 43.5 39.8 951 938
965/67 B u rrell's  50-min. dry pu.lv 86.3 56.6 1660 1530
966/68 n I* H wet " 92.5 58.4 1702 1533
970/72 70-nin. Absorb!te dry pair 94.1 58.1 1549 1496
971/75 It ft wet pair 94.5 66.3 1674 1553
980/83 Pine ohar soaked 1% KCy wet P 66.0 32.5 881 640
981/82 n It 19 " * dry P 63.5 22.9 854 599

1016/15 ft H « " n&2s wetP 60.3 40.8 989 569
1017/14 «» It It " “ dry P 47.2 21.6 875 548
1028/27 »t ft It -  HaOH wet P 64.4 50.1 879 627
1029/26 ft It «t • " dry P 56.5 40.0 805 588
1034/33 ft •t It ■ ZnCl2wet P 93.8 70.5 1000 675
1035/32 it ft It • " dry P 96.8 78.8 1044 697
1065/64 n a  * sat. CaO wet P 58.8 29.9 878 666
1066/63 it t« m " " dry P 54.9 29.0 662 665

Shoso figures show beyond question the favorable resu lts 
obtained by quenching.



122 ]g& M  vs aiaac? t,bt kily.

-g0g.^3SCaE> D5Y FffX,y Y3 mmClOO DIHBS? W3? ?tn.T

-2 « H . ------ Charcoal

913/14 
916/16 
917/18 
923/26 
926/27 
928/29 
933/34

£ S ilver 
P recip itation

Gold Load 
oa/ton

Pine made at 600°0
• * "  700° C
• " " 900°0

P ise steeaed 900* 0 6 a la . 
Sugar charcoal 
Flour charcoal 
Coal carbonized

*ot Q $ D irect Kot y Q D irect 
jBar Wet PiUv Pnr Pulv Wet fu lv

21.3
66.1
58.2
82.2 
24.1 
23.7

24.1
44.1
61.8
88.2 
22.8 
19.6

382
762
729

1544
637
671
673

449
717
713

1711
626
675
669

It  vuuld seem from these figures thct quenching d irect with a
2 S 8^ " r t X r lT * r U 1 ” ' !  h ad  r ~ 7  1 1 W 1 *  “ * “ “ = « *  " «  » *

lo g  M l z m f 73 JPmOHlj. WBf HUT.

M j f f l B S a  & 17 fcdv vs o isicifia  i b  ppyr

(2able given on following page.)
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sot & m sn&  dbt pulv 7 9  wuekohkd wbt pulv.

% S ilver Sold load
j reo ipltaU on________ StsIiSSL__

sot h, k so t <a k
Tests Charcoal Dry Pulv le t  Pulv Pry Pulv Wat Pa]

744/40 Fine 8)>T. -rwm mm ma mm mm 1055 1002
773/69 Pine chunk -  Outside 40.1 40.7 968 1005
774/70 "  ” -  Inside 46.6 43.5 942 951
678/79 billow  charcoal 12.1 89.8 292 1544
686/86 Puffed r ice  charcoal 48.0 64.7 1212 1402
930/31 lampblack 5.6 6.6 26 69
965/68 B u rre ll's  60-minute 56.6 92.5 1550 1702
970/73 70-minute kbaorbite 58.1 94.5 1496 1674
982/80 Fine char soaked 1$ XCy 22.9 66.0 599 881

1014/16 m m n m JJfcgS 21.6 60.3 548 969
1026/28 « * m m  anOH 40.0 64.4 568 879
1032/34 a a m n ;nQlg 78.8 93.8 697 1000
1065/6 5 " " 0 saturated CaO 29.0 58.6 665 878

These testa help a tren ch  on the conclusion that quenching 
improves the charcoal. However, there is  another variable in  this 
particu lar aeries -  that o f  wet over dry crushing. In a preceding tab le , 
the, i t  has been shown that there is  l i t t l e  d ifference between wet and 
dry crushing! consequently i t  would look as the the large d ifferences 
in the above table were due prim arily to the quenching.

Bcbaeade (10, d) states that charcoal which has been quenched and 
wet pulverised is  ten to twenty times better than a charcoal which has 
been a ircooled  and dry pulverized. These two variables are the ones 
compared in the above ta b le . There is  no indication  o f such an enormous 
d ifference between the two as Edmunds g iv es; rather the author is  more 
Inclined to agree with Feldtaann (14) who thinks Edmands has exaggerated 
the actual improvement.



iSSim  OF CHiUtCQAL VS OUgSXBS,

IIT3I5K Of CKAKCOAL VS Oq?SIPK

fj S ilver Gold load
.. f w IbXW X ps________ zs/Jb*_____

.Testa Charcoal_______________ _  puta.ldQ Id side Out Bide

769/70 Pine chunk ^ pair wot fi 45.6 40.7 951 1006
771/72 • w not Q "  " D 39.8 36.6 938 951
775/74 * » « " » dry 46.6 40.1 942 968

As mentioned before (page SO), thGsa tests  vsere node to determine 
whether or not the size o f  the piece o f wood daring carbonisation had 
any marked e ffe c t  on the precip ita tin g  e ffic ie n cy  o f  the resu lting 
oh&roo&li or in  other words, does the precip itatin g  e ffic ie n cy  H a lt 
the else at vhioh charcoal can be made?

She conclusions as c lea rly  shown in the above table ares

1. Charcoal made in two-inch pieces is  p ra ctica lly  as good as that 
made in smaller lumps.

2 . She inside o f  a two-inch p iece has a s lig h tly  Increased p recip ita tion
ru '.m te over that o f the outside.

S. The outside o f  a two-inch p iece baa a s lig h tly  Increased eapaollgr 
over that o f  the in side.
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IT. CALL! SUULSSD CHABCOALS

In the fore-going chapter* a ll  the teste hare been concerned 
with charcoals which hare been treated or altered ph ysically  or 
m echanically. Creating charcoal* with various chemical reagents lias 
bean investigated and the resu lts obtained are included is  th is 
•haptor.

Shis subject naturally divides i t s e l f  into trio d iv ision s 
lin es there are two ways In nfeieh a charcoal may be treated ehsm ioally. 
Inc f i r s t  d iv ision  includes those tests  raado on charcoals sfaere both 
Via charcoal ojut the wood (before carbonizing) hare :>een soaked In 
the chemical reagent. She second d ivision  includes those teats made 
on ch&reoola which have bean quenched in  the chemical reagent.

Obviously, i t  was im possible to determine the e ffe c ts  o f  a l l  
the various chemical reagents ava ilab le ; consequently only a few of
tho oo'.mon or more pertinent ones wore tr ied .

CHARCOALS OR W00P3 S0AK5T- BI LSiGHHI -  She methods o f exposing 
the ohnreoal or wood to t&e reagents were Identical with each reagent.

In the case o f the wood it  m s as fo llow s: the pine cubes, 
before carbonisation o f  course, were soaked fo r  16 hours in a one per 
cent solution  o f the particu lar reagent a fter which i t  was carbonised 
in  the standard way. then th is operation wqp fin ished  i t  was allowed
to cool and ,*as then quenched, wet pulverised to -200 mesh, and. dried.

Xn the case o f  the charcoal i t  was as fo llow s: the pin* 
charcoal was soaked for 1C hours in a one per cent eolation  o f  the 
particu lar reagent a fter which i t  was removed from the solution  and 
allowed to dry, A portion o f the dried charcoal was then dry pulverised 
while another portion  was reheated, quenched, wet pulverised, and then 
dried . This quenched produet gave a charcoal which was then comparable 
to the charcoal made from the treated wood.

In the follow ing tables the length o f  time exposed to reagent 
(16 hours) end the strength o f solution  (l£ ) are omitted ft>r brevity . 
They are understood, however, in each case unless other conditions 
have been sp ecified . Standard test conditions were used thruout the 
series .
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BA.Z5 07 PKBCIPITATIOS TESTS 
CHMgOAL JPO_q.QPl-3pjy^  .M I SS

Kga S ilver to  %
3m $_ _____g.fr»fPPftl______________________pjw .....%>AB. Jeliftl____Pptek.
1003 Pine wood KCy 4 ?  9 3.04 2.90 5.94 51.2
1004 Pine char It H p D 3.83 1.97 5.80 66.0
1006 «« fl m dry pair 1.40 4.72 6.12 22.9
1037 Pin* wood SfcgS 4 P 9 6. SO 0.07 6.27 98.9
1040 Pin* ohar it 3.64 2.40 6.04 60.3
1038 tt m H dry pair 1.32 4.786. 16.10 21.6
1043 Pin* wood h«o3 Q P D 4.95 1.00 5.95 83.2
1046 Pin* eh&r ft 4 P » 4.71 1.24 6.95 79.2
1044 W  ft ct dry pair 6.28 trace 6.28 100.0
1049 Pin* wood 8aOH a  P B 0.66 5.21 5.87 11.2
loss Pin* oh&r It 4 PD 3.90 2.16 6.06 64.4
1060 n tt tt dry pulT 2.40 3.60 6.00 40.0
1055 Pin* wood 3nCl2 4 P 9 4.28 1.62 5.90 72.5
1058 Pin* ohar ft 4 P 9 5.80 0.38 6.16 93.8
1056 m m It toy pair 4.79 1.29 6.08 78.8
1086 Pin* wood •at. CaO (4 P D 2.80 3.30 6.10 45.9
1089 Pin* ohar It tt 4 P D 3.55 2.49 6.04 58.8
1087 It tt ft « dry pulr 1.76 4.30 6.06 29.0
1100 Pin* ohar 5$ H2SC4 15 min. P S 2.21 3.64 6.05 36.5
1101 It ft Sc,e HC1 15 min. P D 4.38 1.57 5.95 73.6
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LQA2M3 E33TS
CHABQOAL (OR *002) 30AaS2 IB BMSBIg

A r A I A J *
?oot Charcoal Char So In 5otal

979 Pine wood KCy 4 P D 6*83 2.94 11.77
980 Pino char 19 V*P 9 6.04 5.70 11.74
982 n a If dry pair 4.11 7.64 11.75

1013 Pino wood Ha2S *  P 2 4.81 5.62 10.43
1016 Plfio char If <4 P 2 6.78 3.51 10.29
1014 ft « If dry pair 3.76 6.60 10.36
1019 Pino wood HKOj <4 P 2 7.42 2.89 10.31
1022 Pino char It *  P D 7.83 2.54 10.37
1020 ft « ff dry pair 4.68 5.65 10.33
1025 Pino wood HaOH H P I 2.87 7.44 10.31
1028 Pine ehar ft k p D 6.03 4.29 10.32
1026 19 «t n dry pulr 4.03 6.31 10.34
1031 Pine wood «nCla H P D 6.66 3.56 10.22
1034 Pine ehar It VI P 2 6.86 3.46 10.32
1032 tt tt •9 dry pulT 4.78 5.60 10.38
1062 Fine wood s tt . C&O k P 2 6.03 5.36 11.39
1065 Pino ohar sa t. CaO k P 2 6.02 5.33 11.35
1063 If It ft It dry pair 4.56 6.83 11.39
1076 Pino ohar 5% 15 min. P 2 4.51 6.89 11.40
1077 •f It 5% HC1 15 Min. P 2 4.82 6.53 11.35

Load
o«/ton

1288
881
599
701
989
548

1082
1144
682
419
879
588
971
1000
697
879
878
665
658
703



Besides the increased evidence that quenching is  o f  benefit
to  *  ch&roo&l there are these few other conclusions to be drawn from
the above tests*

1. Charcoal made from wood soaked in  cyanide has the largest capacity 
o f  any o f these chem ically treated charcoals but i t  does not have 
the fastest rate.

2. a sodluie hydroxide treatment of the wood before narbonination 
ruins the resu lting charcoal both as to capacity and rate.

3. N itric acid  treated wood and charcoal give good capacity te sts .

4 . Sulphuric and hydrochloric a cid  treatments do not increase the 
precip itatin g power o f  the charcoal.

5. Soaking In a reagent does not seam to  be the way to produce a 
super charcoal.

CHARCOALS 3J3BGB3D JN REACSNg -  I t  was thought perhaps a 
better cleaning out o f  the pores o f  the oharooal would be obtained 
i f  the oharooal was quenched in a eolation  o f  the reagent than i f  i t  
waB simply soaked in the solu tion , therefore a few o f  these tests  
were tr ie d .

In a l l  case a but one the char coa ls ware heated to approximately 
900°C and then quenched in a one pew cent solution  o f  the reagent; in 
the ease o f  lim e, a saturated solu tion  instead o f a one per cent so l
ution  was used. Standard test conditions were used thruout the aeries.

the resu lts o f these tests  are given in the follow ing tables*
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BATE OP rliUCIPIEATIOH TESTS 
CHAHCQA13 CBBBM ffl IH HB6.ti£KTi.iiiin i.t. wS»r.T.7.TT.M■ . . . ■■ ,S!<. V ' m i T T S tJ..

s iiig r  ___ %
That Charcoal Char ooln Total Potn.

766 11

v hot water P D 3.82 4.22 8.04 47.5
767 n m «l< K O y P D 3.74 4.60 8.34 44.8

1042 IV «
H  1% Ha23 P D 3.46 2.45 5.91 58.5

1040 n n
k  1 i  HB03 P D 6.29 trace 6.29 100.0

1054 it ct
k  1% SaOH P 9 4.28 1.71 5.99 71.4

1060 »t it <4 ljb ZnCl2 P D 4.96 1.10 C.06 81.8
1091 %t k sa t. OaO P P 3.39 2.76 6.15 55.1

Test

LOADING TESTS
OHA3COAL3 ^ C tlS P  IB BJL433ST

Hen Gold
Charcoal Char Solu

____
T otal.

Load
oz/ton

742 Pine char Q hot water P D 7.50 4.C4 12.14 1094
743 n ft k 1$ KCy P D 7.67 4.56 12.23 1119

1018 tv ft k 1% Va.i> s P 9 6.20 4.16 10.38 904
1024 Ml «• k 1% HB03 P D 6.59 3.74 10.33 961
1030 ft ft k 1% Kaon P 3 7.51 2.32 10.33 1095
1036 It m k 1$ 2>»\Qlz P 9 7.75 2.49 10.24 1130
1067 It n k sa t. CaO P 9 6.32 5.04 11.36 922

The only conclusion to be drawn from these te sts  is  that 
quenching in  various oheoioal solu tions increases the precip itatin g 
e ffie ien oy vof a charcoal no aore than quenching in  water. Ib is  would 
seem to indicate that during the quenching operation the action  is  
merely one o f steaming and that the oheoioal in  the solution does 
not eater in to the action  a t a l l .
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7, ACTIVATED AND OffiLSR INDUSTRIAL CHAHC0AL3

During tho War several Huctivatedn charcoals were produced 
fo r  use is  gas masks fo r  the rapid and complete adsorption o f 
poisonous .gases. It was thought they sigh t work as w ell fo r  the 
precip ita tion  o f gold and silv er from cyanide solu tions as they did 
fo r  gas adsorption. Before giving resu lts o f the tests made on these 
ehardoala it  is  advisable to give a b r ie f description  o f  the theory 
o f charcoal activation  esp ecia lly  as worked out by the Chemical 
Warfare Service.

Dr. * .  D. Bancroft (15) In a series o f a rtic le s  hea given a 
very good sunnary o f  the status o f  charcoal as regards it s  various 
uses daring the time p rior  to  the War* and a lso discusses methods o f 
pretxM-atlun before that time. It vu? at the beginning o f  the War that 
morn extensive experiments were made en the various m aterials which 
could be need fo r  making charcoal suitable fo r  gas adsorption.

7 . M. Dorsey (16) who was a member o f  the Chemical Warfare 
Service makes the statement that "the denser the rs.w m aterial the 
better the adsorptive power o f  charcoal fo r  gas". lie gives the 
follow in g table o f  comparisons to emphasize h is str.tonent:

Willow (one o f  ligh test woods) -  1 unit adsorptive power
Iroawood (one o f  heaviest woods) -  3 units * *
Coooauut hu lls (extrerwly dense) -  9 " " "

From th is i t  is  evident that the extremely dense charcoals 
are the beat gas adsorbents; hence the great demand fo r  nut sh ells and 
a l l  kinds o f fru it  p its  and seeds during the War.

This statement o f Dorsey's is  corroborated by work done by 
J . 0. P h illip , Sydney Xtannill, and Olive Workman (17) who make the 
additional statement that ligh t charcoals are more ea sily  activated 
but do not have the ultim ate capacity o f the denser charcoals.

la te ly  there has been an attempt to produce these extremely 
dense oharooals by a r t i f ic ia l  means from a so ft raw m aterial such as 
sawdust. Dr. L. 7 . Hawley (16) has treated th is subject rather fu lly  
and finds that i t  is  possib le to make a very dense oharooal resembling 
anthracite coal from sawdust by d is t illa t io n  under extremely higfr 
pressure and high temperature. This contribution came a fte r  the close  
o f  the War and consequently was not given an exhaustive t r ia l.



Hie re have been two theories (19) advanced, in  oocneetion 
with charcoal a ctivation , both o f thorn dealing with activation  by 
heating. Hie f ir s t  o f these is  that the structure o f  the charcoal is  
changed by the heat alone; the second is  that the hydrocarbons 
contained in the charcoal are oxidised by some means or other. Big 
f ir s t  theory has never been en tire ly  disproved bat i t  has bean 
discarded in  favor o f the more popular Hydrocarbon Theory as worked 
out by the Chemical Warfare Service, and as described by H. K, Chaney (2 0 ).

Hie Hydrocarbon theory of activation rests on two postulates:

1. ilufct elementary carbon (other than diamond and graphite) ex ists  in  
two m odifications -  active and in active, or alpha and beta.

2. That a ll primary carbon consists o f  a sta b ilized  complex o f 
hydrocarbons adsorbed on a base o f  a ctiv e , or alpha, carbon.

The a ctiv e , or alpha, carbon has a very high adsorptive power 
w hile the in active, ox beta, carbon is  characterized by it s  extremely 
low adsorptive power. A ctivation , then, consists o f  removing the 
beta carbon by some means ani leaving the alpha carbon; or another
way c f  making an activated charcoal is  to produce the alpha m odification 
without the beta m odification.

Hie a ctive  form is  deposited at re la tiv e ly  lew temperatures -  
below 501“ u to 600“ C -  by chemical or thermal deeaupcciticg o f carbon 
boaring m aterials; the inactive fora  is  deposited in  lik e  manner at 
tenporatures above 600° G to 700“ C.

Hae a ctive  fora  is  rapidly attacked by oxid izin g agents, so 
rap id ly , in fa c t , that i t  i s  s lig h tly  oxid ized  by the a ir  alone; the 
in active fora  is  re la tiv e ly  stable toward oxid izin g agents.

The two possib le ways, then, o f  producing activated  charcoals 
would seem to be:

1. Carbonizing wood at a temperature below 500°C to minimize the 
formation o f  inactive carbon;

2. D ifferen tia lly  ox id izin g , by means o f a ir , steam, or carbon dioxide, 
the hydrocarbons adsorbed on the a ctive  base, leaving only the 
active oar bcm.



She f ir s t  method has been proved to be im possible fo r  the 
follow in g reastot

As before mentioned, a l l  primary carbon, regardless o f  the 
temperature at which i t  is  made, con sists o f  hydrocarbons adsorbed on 
a base o f  motive carbon. A temperatore o f  600“C is  not su ffic ie n t to 
drive o f f  these hydrocarbons because o f the pecu liar conditions under 
which they are adsorbed. Consequently the temperature must necessarily  
be raised to about 1000° 0 at some time or other to g »t r id  o f  the 
detrimental hydrocarbons. And the ra isin g o f  the temperature would 
m  a formation o f  the in active oarben. Therefore, by th is  method, the 
oharoo&l autom atically becomes more or lo ss  in active -  in  case o f  the 
low temperature, by hydrocarbons, and in  ease o f  the necessary high 
temperature, by inactive carbon.

fin  second way has boon successfu lly  accomplished and was the 
method used during the War. In th is b r ie f spies i t  i s  im possible to 
diaoues the development o f th is peooees for i t  wee a development, step 
by step (Id ). She b r ie f mention o f  the method as fin a lly  worked out 
w ill have to  be su ffic ie n t. 2h is  method consisted o f subjecting the 
charcoal previously mode from ooooennt, and ether nut, sh ells to a 
temperature o f  around 900° C and then treating it  at the elevated temp
erature with superheated steam for  seven hours. One cubic centim eter 
o f  a charcoal made by th is method contains an adsorbing area o f 
one thousand square meters.

A l i  st e f  the Activated and other industrial charcoals tried  
as prsoipitaA ts fo r  gold and s ilv er  from cyanide solutions together 
with a b r ie f description  o f each, fo llow s:

1. flarnebyChaney Ho. 1 -  S oft, du ll grains about 6 mesh but 
meetly fin e s . Grinds easdly. Does not quench good. Hard to wot -  about 
h a lf flo a ts .

2. hajTBefrw-Chaney Wo» 2 -  Her*# bright grains about 12 mesh. 
Grinds hard, iuenehes fa ir ly  good. Contains so da-lim e.

3 . Barnebr-Chaney 30-migute Abgprblts {So_. 145A1 -  Hard, bright 
grains about 6 mesh. Grinds hard, ^usnohss good. Contains soda-lim e. 
Evidently made from nut sh e lls .

4 . BarnsbyChaney 40-mlnate Absorblte (Ho. 1551) -  Same as 
30-mi nuts Absorb! te .



5. .1.EM), -  Same aa
30-minute Absorbite.

*• iferneby-Cfraftey Sfr-ajputg, Ab.ggrb jto_£Kg^ JL57A], -  Same at 
30-minute Absorbite.

7. Bsraaby-Chaney 70-ajgute Absorbite -  Same as 50-minute 
Absorbite.

8. *-<hq4na*b Qi^roQal -  Same as Barneby-Chaney 
30-minute Absorbite.

9 . Barrel! * s, 5&nanu$e. Oharqaa.3, -  Seme as Barneby-Chaney 
30-oinute Absorbite.

10. Kelnohar *  A very fin e ly  divided, charcoal made from kelp. 
Poes not quench good. Is  not ea sily  wet. Poes not se ttle  in solution  
w ell.

11. gnohar -  A very fin e ly  divided charcoal. Very ligh t and 
f lu ffy . Hard to quench. Hard to  wet.

12. Saner-FI Itchar -  S oft, dull grains about 8 mesh but 
mostly fin e s . Tory lig h t . Hard to quench. Hard to wett tends to flo a t .

fallow ing are the addresses from which the above charcoals 
can be obtained*

Charcoals 1 to 7 -  Barneby-Chaney Engineering C o.,
Columbus, Ohio,

Charcoals 8 and 9 -  Burrell Technical Supply C o.,
Pittsburgh* Pa.

Charcoal 10 

Charcoal 11 

Charcoal 12

-  Kelp-Potash P lant, Summer land, C a lif.

-  Industrial Chemical Co. * lew York C ity.

-  Industrial Chemical C o., Tyrone, Pa.



She two standard testa -  rate o f  p recip ita tion  teats and 
load testa -  were made on each o f  these charcoals. Standard conditions 
o f  testin g , as given on page 9 , were adhered, to except in  she eases 
o f the two charcoals marked with asterisks.

A l i t t l e  d ifferen t procedure has teen adopted In comparing 
these activated charcoals than that used in the preceding examples.
I t  w ill be noticed that the follow ing tables o f tests  give a rate 
o f  p recip ita tion  and a loading test on each o f three d ifferen t forms 
o f each particular oharcoal; the f ir s t  form is  the charcoal ju st as 
received without an? preparation except taking some particu lar s ize  
whioh did not necessitate crashing; the second form is  the oharcoal 
dry-crushed to -dOO mesh; and the third form is  the oharcoal quenched* 
wet-crushed to -200 mesh* and dried.

She chapter on 'Pre-Treated Charcoals'* includes numerous testa 
which prove that both fine-grinding and quenching serve to increase 
the p recip ita tin g  e ffic ie n cy  o f  a charcoal enormously and w hile the 
teBte on the second and tn ird forme o f each o f  these activated  Charcoals* 
as given in the preceding part^raph* could have been included in  that 
chapter to strengthen the conclusion that fine-grin din g sad quenching 
are b en efic ia l, i t  possib ly  is  better to keep a l l  the work done on 
these special Activated charcoals together in  one chapter.

She follow ing tables give the resu lts  o f  teats made on these 
Activated oharooals:





LOAD!Hu EE3I3
_^QTt7ATSD m 9!BBLLm m U ^  CH^BOCW

... . G9.i4. ln____ Load
le st Ch&roo&l Char So In Total oz/ton

608 fi. 0 . Ho. 1 as reo 'd . 7.19 7.75 14.94 1048
809 ft « M dry pair 6.58 8.04 14.62 960
810 ft ft ft kPT> 8.56 5.68 14.42 1248
811 JBs C. So. 2 as re o 'd . 5.16 9.86 15.02 753
812 n ft »« dry pa ir 7.94 6.83 14.77 1158
815 w ft 1* a p i> 12.28 2.55 14.83 1791
796 C. 30-rain. Absorb!te as re o 'd . 3.97 10.36 14.33 579
797 H  ft "  dry pair 7.72 6.66 14.38 1126
798 n « H " a ?  p 14.26 0.67 14.93 2080
799 0 . 40-rain. Absorbite as reo 'd . 5.48 9.45 14.93 799
800 ft ft ft " dry pair 8.60 5.90 14.50 1254
801 19 •f It -  * i P 5 10.90 3.72 14.62 1590
802 Jrs C. 60-raln. Absorbite as reo 'd . 5.31 9.63 14.34 774
803 ft H  ft " dry pair 6.55 8.13 14.68 955
804 ft It «« U P 11.81 3.00 14.81 1722
805 «• 0. 55-rain. Absorbite as re o 'd . 5.47 9.45 14.92 798
806 It ft n " dry pa ir 9.30 5.45 14.75 1356
807 19 •t »t a p p 12.36 1.93 14.29 1802
711 C. 70-sin . Absorbite as re o 'd . 6.76 9.00 14.76 840
712 ft It It " dry pair 9.24 5.60 14.64 1348
713 «• *» n _____ " _____ U P ____ 10.69 4.04 14.73 1559
706 B oxrell*« 40 -sin . as reo 'd . 4.71 9.22 13.93 687
707 m * dry pair 9.03 5.70 14.73 1317
708 ft H _____ U P ___ 11.76 3.06 14.81 1715
793 B a rren 's  50-sin . as re o 'd . 6.85 7.73 14.58 999
794 ft H dry pair 8.97 5.27 14.24 1308
795 M rt_____ <s P P_________ 11.99 2.74 14,73 1748
415 *Kelpehar as re o 'd . 1.79 n.78 13.67 209
416a • *____________________________ 5.86 7.63 13.48 682
494 *3aehar as reo 'd . 5.52 11.56 17.08 644
496 • "_____ 9.03 7.66 16.69 1053
814 Sopsi>-Filtcb&r as re o 'd . 8.41 6.44 14.85 1226
815 tt tt dry pair 9.30 5.00 14.30 1356
816 it «t . . . .t t .P ______________JLisgft- J.t.54 ■ frrfig 1646

* Used £60 agm. charooal instead o f  £00 mgn.
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Xt w ill be seen that a l l  o f  these Activated charcoals act 
more or loss  a lik e , the charcoals as received a l l  being rather poor 
precipitant* • These tests  a lso emphasize the statement that the rate 
o f  p recip ita tion  is  not necessarily proportional to the load value; 
fo r  example, Kelpchar, ae received, with a s ilv e r  rate o f  p recip ita tion  
o f  60.6> shows a gold load value o f  only 209 ounces per ton , while 
Barneby-Chaney Ho. 1 , as reesivsd , shows a s ilv e r  rate o f  preoip ita tion  
o f  only but a gold load value o f  1046 ounces per ton.

She e ffe c t  o f  pu lverisation  is  strongly brought out by these 
te s ts . AH the charcoals show increased rates o f  preoip ita tion  and 
load values upon being crushed to -200 mesh*. She rate o f p recip ita tion  
increased as much as tw enty-fold with the oase o f  the B u rrell's  
40-minute while the load value was inseveral eases doubled.

Quenching these A ctivated charcoals with a subsequent wet- 
pu lverisation  to -200 mesh renders some o f them the closest to the 
desired super-charooal o f  any o f  the charcoals experimented with. Xt 
should be remembered, however, that even these do not approach the 
load values a super-charcoal should have. Because the teste  made on the 
quenched charcoals are not s tr ic t ly  comparable to the tests  made on the 
dry-crushed charcoals since the quenched charcoals were wet-crushed and 
therefore d iffe r  from the dry-crushed tests in two ways, i t  i s  d if f ic u lt  
to say Just how much o f the increased precip itatin g power is  due to the 
quenching and how muoh to the wet-crushing. Previous tea ts, however, 
together with the tests  on Xelpohar and Bochar, in d icate that the 
quenching is  the active treatment.

By virtue o f their previous activation  treatments, these 
Activated ** charcoals can adsorb gases rapidly and abundantly. Assuming 
the quenching process to be a further cleaning-out o f  the pores o f  the 
charcoal, a fte r  quenching, these charcoals should a l l  consist essen tia lly  
o f  alpha carbon according to the Hydrocarbon Theory. Consequently they 
should a l l  exh ibit sim ilar precip itatin g  powers a fter quenching. And, 
while not iden tica l by any means, their respective load values do fa l l  
w ithin the range o f  from 1500 to 2000 ounces per ton while a l l  but two 
come within the range o f from 1560 to 1600. Xt would therefore seem that

* Except Barneby-Chaney Bo. 1. Shis oan probably be explained by the 
fee t that th is oharooal is  exceedingly porous and is  permeable to 
the solution  even in  the oo&rse condition .

*• Xelpohar, Suehar, and Super-Piltohar are not included in  th is 
hypothesis since they are Industrial and not Activated Shareoals.



alpha
even the eattreuely active /carbon has a lim it to Its  capacity. I f  
th is is  true and i f  £000 ounces gold, per ton charcoal represents th is 
lim it o f capacity it  would seem hopeless toward ever producing a 
super-charcoal with the requirements as given in the f i r s t  o f  this 
a r t ic le .

B rie fly , the conclusions drawn from the testa  on activated 
and other Industrial charcoals ares

1. A ll Activated charcoals, as received, are re la tiv e ly  poor precip itan ts.

2. .Pulverisation Increases th eir precip itatin g  e ffic ie n c ie s .

3. -quenching, with a subsequent w et-pulverisation , g ives even greater 
precip itatin g e ffic ie n c ie s .

4 . Bameby-Chaney 30-minute Absorb!te, H P St ia  the charcoal which 
gives the fa stest precip itation  rate and a lso  the largest load 
value o f  any o f  the charcoals tested .

5 . A ll Activated charcoals, <4 P D, which were tested were found to be 
better than pine charcoal, * ?  D.
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aa?m i cosciErsioffi

The main purpoee o f  th is research ha* not exactly been fu lly  
accomplished since tills  purpose was to derelop a super-charcoal and 
I t  lias not htHXu done. Sotsr©rer, In the search fo r  tills  super-charcoal 
setae valuable data has besu gathered, therefore the w riter fe e ls  that 
the work; has been o f rea l value and that the resu lts contained in th is 
report are a contribution , even tho i t  be a au&l! one, to the general 
problem o f charcoal precip ita tion  o f  gold and silv er  from cyanide 
solutions.

The follow ing general conclusions have been drawn from a 
study o f a l l  the preceding tests*

1. Charooal fo r  the p recip ita tion  o f gold and s ilv e r  from cyanide 
solutions can be made from miy Sind o f wood without greatly  
a ffe ctin g  the precip ita tin g  e ffic ie n cy .

2. Charcoal is  most e ffic ie n t  when made at a Mgh temperature,

3 . ihe wood used fo r  asking charcoal can be carbonized in  any s ize  
lumps (up to tw^-inoh chunks at le a s t ).

4 . Charooal aade by carbonising wood fo r  a period o f  th irty  minutes 
is  more e ffio ie n t than charcoal aade by carbonizing wood fo r  a 
shorter period o f time.

5. quenching improves the p recip ita tin g  e ffic ie n cy  o f  a charcoal.

6. viien oh log  the charcoal from a high terap&i>ature gives a more 
e ffic ie n t  charcoal than quenohing from a low temperature.

7 . Quenching charcoal in a solution o f  a choralcal increasos it s  
e ffic ie n cy  no moire than quenching i t  in ra ter.

8. Steaming, fo r  a short period o f  time a t a high temperature espec
ia lly , activates the charcoal.

9 . A  charcoal may be either dry or wet pulverised with hardly say 
change in  it s  precip ita tin g  power resu lting .

10. A charooal may be pulverised in  either an iron  or a porcelain 
mortar ( i .  e . , a b a ll or a pebble m ill).
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11. She precip it»i;ln^  e ffic ie n cy  o f a charcoal inoroases with 
fin er grinding.

12. T'wonty-day old  charcoal lias p ra ctica lly  as good a precip ita tin g  
power as fresh, charcoal.

13. Soaking the >-ood p rior to carbonisation, or soaking the charcoal 
i t s e l f ,  in  any o f  the ordinary ehemleal reagent solutions does
not greatly  benefit tho oharoo&l.

14. 2he Activated charcoals developed fo r  gas mask use during the War 
shor the greatest p recip ita tin g  powers o f  any o f the charcoals 
tested.

15. 2hs high cost o f  any o f  these Activated charcoals would very 
probably preclude it s  use in  & commercial application  o f  charcoal 
preolp itation  o f  gold and s ilv er  f m  cyanide solu tion s.
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