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THE leaclli~lg mebllod tha t  /\vas first \viclely used with the cyanide 
process consistecl of per~olat~ion leaching of crushecl ore in vats or leaching 
tanks. It uras frecluent,ly necdssary to sepn.rate the sand for cyanide 
tfreatment a~ i t l  cliscarcl the slimis, because only gm.nular material allo~vs 
the necessary amount of solut,idn to percola,t,e through it in a reasondjle 
time. La.ter a slime process cdnsist,ipg of agitn,tion followed by t,hick- 
eliiilg ancl filtration was develohed, and is estellsively used t o  the pres- 
ent day. 

Eve11 t11oug11 t , ~ ~ e  agitatioil-lbac11ilg slilne process is coi~rklered satis- 
factory, the cost of pl:tnt a,nd of operation are both greater than for a 
percolatidn-leacliil~g plnnt of ehual capacity. This sit,uation 1 1 ~ s  been 
recogl~izecl in the hyclrolnetnllllrkicaa~ treatment, of copper-bearing slimes; 
and a considerable nmoiunt of /work has l~een, clone a t  the Southwest 
Experiment Station of the U. S./ ~ u r e a u  of Mines in an effort to develop 
n percolation met,l~otl of t,reating slimes. Esperime~ltal  work on the 
copper-leaching problem nr:ts siartcd'  by H. E. I<eyes1, and later tests 
were made hy J. D. Sullivan a,dd A. P. To\\ine? The Bureau of RIines 
work resultecl in the c1e\!elop~ent, of a process by which slimes were 
~noisture-agglulneratecl n.it,h sn~id  and cri~shecl ore, to  form a permeable 
mass t,hrough whic,ll solut,ion could be trickled wit,hout breaking clown 
the glolnerules. The ngglomer:?tion trickle-leaching metllocl nras devel- 
opecl on a srna.11 scale ant1 finall,y tried out in a 12-ton vat.  Successful 
results were obtained a.s long 4s the leach .solut,iol! was adcled slo\vly, 
so tha t  the agglomeratecl chargk was never flooded. If the leach s o h -  
t,ion flooded the charge, the glonlerules broke down andl the charge 
hecame iml)ervioi~s. 

Tl3ere are two ilnport,mt clifficulties in the application of the agglom- 
erat'ion t.rickle-1eaclling;method to  the cya~iide process for gold and 
silver ores: 
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2 STABILIZING AGGI,ORIERATED SLIMES E'OIC C ~ A N I D E  1,EACHINC; 

1 .  NIoist.ure-ugglc)111eratecl particles a r e  heltl together by t , l~e surfncx: 
t,csnsion of the film of wat,er aro~tncl t l~em.  Whenever more solution is 
nclclec1t;Iian nrill t,rickle cloivn in a thin film, the surfttce forces no longer 
I~old the p:irt,icles t,ogether and the porous glo~nerules slump t,o :t runny 
mud. In t,l~is condit,ion ll lal~y finely cli~~iclecl ores arc practicn.lly impervi- 
ous to 1ent;h solutions. Consecluent,ly, in orcler to  prevent flooclillg 
:tucl t,he r e s ~ l t i n g  loss of a leac~liing-t.anli charge, the rate of adclillg 
solut.ion must be colitrollecl wit,li s11c1i ext,reme care tha t  tile process 
appears impract,iCnl. 

2. The ~noisture-agglu11ler:ttion t~ickle-leaching pror:ess requires tl~ci 
incorporn.t,ioli. of ;I, ~~onsiciernlsle amount of snllcly nncl .gralirllar m:tt,erinl 
in tl;e glornerules in order to give them sufficient. statj i l i t ,~.  I n  the Bureau 
of Mines 12-ton test,, t,he mixture n.gglomeratec1 colitaillecl only 27 per 
cent of minus 200-mesh mtzterial and 32 per cent w:ts l a g e r  t,h:tn 10 
mesh. Only very rarely will gold and silver ores yield a good est,raction 
\che.n sr~cll compnrnt,i\lely coarse rock is leachecl. 

T h i s ,  paper clescriljes the development of :t methocl of stabilizing 
agglomernt,etl slimes t)y t,he for~nnt,ioli of a cementing subst,anc.e in the  
glomerules. \\'lien glomerules tire stnbilizeil in t,llis way the llecessit,y 
for incorporating c.onrse material with the sli~lles is eliminated, and the 
glomerules clo not, break clown ivhen flooclecl. For lencliil~g with cyanicle 
solutions, n stnl>ilizat,ioll of agglomerntetl slimes by t l ~ e  precipit,at,ion 
of c:zlcimm carbonate in the  glo~~lerules is recommenclecl. 

Two samples of cluartz, which hscl been ground thy  in a laboratory 
ball ~ilill, were useel in a prelimin:try stt~cly of moisture agglomer a, t '  ,I(~III. 
The  particle-size tlistrihution of the t,wo saml~les is sho\vn in Tnl~ le  1. 

TABLE 1.-Scrcerj -4 ~~o1y.si.s (If Q ~ r t z  Snn~plcs  

hlesh (Tyler S tanda rd )  ) Sarnplr No. I Per Cent 1 Fanlple N O  2. Per Cent 

Neit,her equipment nor ore sufficient t.o 11l:ike large-scale tests was 
a~ni lab le .  Consecluent,ly, many of t,hk t.ests were ~nncle in s~ua l l  glass 
tubes. I t  1vn.s thouglit t,hnt ngglomerat,ecl material \iloulcl not pack in 
small-clin.meter tu l~es  ns it does in large lexChi1ig t,anks, because of the  
supporting n.ct,ion of t,he side walls on the charge. Furthermore, some 
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i 
means of cont,rolling the nmoik t  of packing \\.as ilesired for the s:tke of 
d~~pl icat ion.  After numeroud endeavors to determine a means of 
art,ificial packing t.li:tt \vould serve t,he pllrpose, 'vibration was t,ried, and 
gave a.s unifonn n cornp:tct,ion Ins was clesirecl. .This was carriecl out hy  
placing the charged glass t,nhe{, with a rubbe? stopper in the bottom, on 
the vil,rnt,ion strip of :t Tyler F u m - ~ n e r  screen. 

RiIoisture agglomer:ttio~i obtnilled by adding t,he clesiretl nniount 
' i- 

of solution slo\illy fro111 a burette to t,he clry sample in a pan while the 
sanlnple i n s  st,irred and sbaken; On r larger scale, R~l l ivan  alid.Tolme 
obt,dnecI stttisfnctory agglomeration by tmmbling the material in a 

I cement miser during moisteniilg. 
In  the  first test, 90 grams oJf sample No. 2 wits agglolneratecl wit11 10 

grams of water, charged into a glass tube lp. in. in dialneter on top of a i 
lml  of con.rse cluart,z, vihratecl for one minute and then comparecl wit,li 
90 grams of t,he same snmple that  IVRS dry allcl not agglo~neratecl. The 
agglolneraterl u m p l e  occupied /about t,wice tlie volume of the lllltreat,ed 
ruaterial. This sliL~vs t,hat agglomernt,ion produces n very large increase 
in porosity. 1 

Porosity itself is not necesshrily n measure of penneabilit,y, because 
t,he voids i a  t,he becl may 11ot bk interconllectilig. Therefore, nn appara- 
t,us was constructed to measu@ permeabilit~y by means of t.he rate of 
flow of air t.hrough a l-~ecl of t,lie material. B y  this means the effect, c.~f 
viI)rstion, moisture usetl in dgglomerntion, ancl particle size on t,he 
pe.mied,ility \\::IS inoest,igated. ! The  effect of vibr:ttion on tlie permen- 
bilit,y of sample No. 1, rvlle~r ?gglollreritt,ed ~vit~lr different m l o ~ ~ l l t s  of ' 

water, is slio\\rn in Fig. 1. Theieffect on the permeability of the nmoiult 
of ~v:%ter used in  agglomeration^ with t,he t ~ v o  ss.mples in which pnrticle- 
size clistrihution differecl are shown in Fig. 2. I n  this work the n.ir flow 
\\.as converted to clarcys. One rlarcy is the permenbility tha t  will permit 
a rate of f l o \ \ r  of one centimeter !per secolid through a cross section of one 

I 
square centimeter, and n lengt,h of one cent,imeter 111lcler a pressure 
differential of one atmosphere wit21 n fluicl of one centipoise viscosity. 

Conclusions 1,ased upon agglomeration t,est,s :%re as  follow: 
1. The porosit,y and permed>ility of finely grouncl ores ca.n be greatly 

increased by moist,ure agglolnerattion. 
2. Trariations in the amount(gf solution used in agglomeration causes 

a noticeable difference in the a:nlotult of per~nenbility. The  ~n;~.ximum 
permeability is reached betweed 10 and IS per cent moisture. 

3. A point of saturat,i6n occurs alllen too much solUti&l is aclded, 
causing the glon~erules t,o bread down to  a rrilllly n ~ t ~ c l .  Beyoncl. 22 per 
cent moist,nre, none of the  materials testcd hnd s ~ e a s u r a b l e  permea- 
bility by . the  neth hod used. 

4. Tlle nlnount of solution ilnecessary to give masimiimpermeal,ility 
by agg1omer:ttion i~lcreases wit,b the finelless of tlle pnrt,icles. 

I 
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5. The  permeability of loose beds of :zgglomer:ttetl mnteriul decl.cnses 
with packing, hut t,he permeability decrease l~ecomes less ns pack- 
ing progresses. 
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T h e  resistnnce of agglomerated material t o  slumping, when wet ~iritll 
solution, is considered to be it,s stability. The  following test was devised 
in order to  meizsure the stability of ngglomerntecl materials. 
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A glass t i ~ b e  155 in. in dianjeter was f i t t~cl  \vith a scree11 t,o s ~ ~ ~ p o r t  it 

layer of coarse cluartz. The  charge, consisting of 100 grams of agglom- 
erated material to  be tested, \\:as packed on top of the cluartz by a ohe- 
minute of vibmtion. Aft.er packing the charge, n filter paper was 
placecl on top and solution was aclcletl slowly until the  charge was just. 
covered. Then the charge \va$.alloivetl to  drain. When solution ceasecl 
to drip fro111 the ore, the chaige uras subjectetl to  nr1otlier minute of 
vibration. If the ore colr~rlllil was not stable i t  subsiclecl cluring't l~e 
second vibration period. The: ngglomerated materirtls, which did not 
subside enough so tha t  further flow of solutiou was impossible, were then 
flooclecl to  n ckpth of 10 cm. land blie rat,e of passage of solution \\-as 
me:tiurecl in seco~ldv per cubic centimeter of efflus from t,he bott,oln of the 
column of material. This valile \\-as converted to  inches of clecresse of 
solution on t,ol) of the charge per llour, and in that, form mas used to  
coinpare the effectiveness of s t ~ l ~ i l i z i n g  treatments. 

I 
1 

~ r i - i r s  -4. ~tnbi l ! ' t y  Tests with Sonl,nplc N o .  1 
I 

Sectiojz I .  Sbm~da~cr! Test. N o  Means  of Stabilizcttiora Used.-111 
order to  obt,nin a standard n,gai~lat \vliicli to work, n st,ability test was 
~nacle on ngglomeratecl -mat,eri,al tha t  had not I~een st,abilizetl. T l ~ i s  
material became pr:tctically impervious l~nless solr~tion was acldecl slo~irly 
until efflux started to  discharge from the bottom. Therefore the first 
tests were made with carefully  ont trolled solution. 

Test 1. Conditions: ~ a m ~ ~ l e  No. 1 a.gglomeratec-l witch 14 per cent 
\vn.t&r. No std)ilizing agent. Solut,ion adclecl slowly until first efflus. 
Results: Efflus not clear; f i l lo&i~~g fines carried by solution. Rate  of 
flow 1.56 in. per hour. 

Section I I .  L ime  as (L Stctbilizing Ayo1.t.-Tests were made with 
lime alone as  a stnbilizi~ig agelit,' to determine whether lime, bec:tuse of 
its flocc~~I:tti~lg effect, woulcl i l k e a s e  tlie stability of glomerules. The  
clesiretl amount of I~yclratecl ]'!me, containi~lg 70 per cent CaO, was 
misecl with t,he sample before nioisture agglomeration. 

General condit,ions: ~arn~l le !  No. 1 agglomerntecl with 14 per cent. 
\vnt,er. Solution rtdiled slowl$ until first efflus. St'al~ilizing agent,, 
lime in vnl-iecl ?mounts. Resr11t.s l~resentecl in Tahle 2. 

Discussio~i: The tests with lime'sho\t~ that  lime alone has a te~idency 
to increase t,lle stability of rhoisture-:tgglomerated quartz particles. 
The flocculati~lg effect of lime i~ncloubt~eclly aids the formation of fluffy 
glomert~les dnring moisture agglomeration. 

Sect.io.)r I I I .  Li?,le ( ~ n d  Caebo,t~ Dioxide; ~ i n z e  Varied.-Tc;: sts were 
macle to clet,errninc the stal~ilizilig effect of calcium cnrbonat,e precipit:ttecl 
from l i ~ n e  in the glomerules by the action of car1,on clioside. Hydratec-I 
lime containing 70 per cent ~;10 was added dry l~efore agglo~nemtio~i.  
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After ~ l l o i s t ~ ~ r e  agglomerntion, c,llarging, 2nd one mi i~u te  of vibrat~ion, 
cttrbon clibsicle gas was pnssecl througl~ the  ore column. T h e  gas \\;as. 
i11t,roclucecl under apressure  of 1 in. of water, nntl the  lengt,h of time 
during ~vhi~11 i t  was introduced was cont,rolled t.o give t,lie a m o t u ~ t  clesirrcl. 
For t,llis purpose, the  amount of gas t.liat ~voulcl flow into t.he agglom- 
crat,ecl bet1 in a given tilile '~vas  det,erminecl in a sepnr:tte test. I n  the. 
.test,s of section 111 n constant a m o ~ u ~ t  of cnrbon dioside mas usecl :tncl 
the  amount of lilne was variecl. 

General conclitions: Sample No. 1 agglomerated \vit,l~ 14 per cent, 
wt ter .  Solut,ion nclcletl slowly until first efflux. St,:tbilizing :tgent,s, 
lime :mil carbon cliosicle; lime in \7nrieil aniount~s, carljon diosiile npprosi- . 

matelp 6 per cent of the cllarge l ~ y  weight,. Time nllo\vecl for CaCO3 
formation nlld setting before solut,ion aclclecl, 3 minut,es. Results pre- 
sented in Tnl.)le. 2. 

Discussion: The prec,ipit,ation of calcium cnrbonnte in the  glomeri~les 
by  the  action of lime and cnrhon cliositle increases the stability of t,he 
glomen~les. This is shown by: (1) a clecrease in subsidence of the bed 
cluring the seconcl periocl of vibrxt,ion; (2) a lack of fines in the  efflux; 
(3) a n  illcrease in the percolat.ion rate;  (4) n not,icealjle rigiclit,~ in t , l~e  
Illass of ngg1omer:ttecl material relnovecl from. the  bube after the t,est. 

I~lcreaseil stability is t,o be espect,ed \vit.li increaseil nmounts of cdcimn 
cnrbonate formed. I11 thebe t,est,s n true v d u e  of tlie stability cnusetl 

' 

Ily tile smaller n.mou11ts of lime is not. shown, I~ecause a n  escess of cal-l,on 
clioxicle was later found t o  be hnrmful. 

Scctio,~ I V .  Li.tt1.e and Carbo71 Diozitlc. Rapit1 Fboocli?~~-In the  
pre17ious t.est,s, solution \ms slolvly addecl to  t.he :~gglonleratecl column 
until efflus start,ecl to  cliechn~rge fro111 t , l~e  bot.t,om. This w ~ s  done in 
orcler t,o o l~ t~a in  results in t,he st,:tnclnrcl test on glo~nerules which hacl not. 
Ixen stabilieecl. The test in this sectio;~ was ma.tle to  fiticl ~vhet,ller 
glomerules st,abilizec~ with calcium cnrbonate would st,ancI rapid floocliag. 

Test 9. Conditions: Sample No. -1 a.gglomerat,ed ~vitl i  14 per cent, 
water. R.a,pitl flooding with solut,ion. StaLiliziag agents, lime nrld 
carbon cliosicle; lime, 1 per cent;  carbon cliosiile, 6 per cent. Time 
allowed before solut,ion nilcleci, 3 minutes. R.esult,s: Efflus clear. Rat,e 
of flow 6.0 in. hour. .., , 

Discussion: The  rate of flow in this test with rnpicl flooding is t h e '  
same 3,s ill t,est No. 6, in ivhich sollltio~l was aclded slo~vly until first, 
efflux. This slio~vs that. glomerules stal~ilizecl with calcium csrbon:tte 
are  st,rong enough to  stand rapid flootling. Rapid flooding was usecl 
in all of the follo\ving tests. 

~~cr l io t t  T I .  Lime wtztl Ca,-bon Dio:ridc. Tf7c/ter ['set1 i,n. dyylon1erab~io~rt. 
1,'crricd.-Test,s were made to  fincl t , l~e  effect of varying the  :tmouxit of 
water useil in agglomerati~ig.sar~lple No. 1 ~vlien lime ant1 ca.rbon clioxicle 
were used t,o st,nl)ilize the  glomerules. 



General conclit,ions: S ~ I I I ~ I ~  No. 1 agglomera.tjctl wit,h varying amount,s 
of water. Stabilizing  agent,^, !lime ant1 carbon dioxide; lime, 1 per cent, 
carbon tlioside, 6 per cqnt,.  result,^ present,ed in Table 2. 

Discussion: According t,o the test,s in t,lris section, 10 per cent wat,er 
shoulcl 11e usecl in  agglomerating s:zmple No. 1. In  all of the following 
tests with sample No. 1, t,he fvn.ter usecl in :tgglomerntioil amounted tro 
10 per cent of the charge. ( 

Section. V T .  L i m e  (171d ~ h r b w z  Dioxide; Carbon D.iorirlc Varied.- 
Test,s were r l~ade to  find tile c o h c t  amount of carbon dioside to use wit,h 
1 per cent lime. 

General conclitio~ls: sarnpie No. 1 agglo~rlerated with 10 per cent 
\vater. Stabilizing agents, lirbe and carl~on dioside; lime, 1 per cent,, 
carbon tlioxide variecl. Time allo\ved before solut,ion added, 3 min. 
Results presentmeel in Table 2. 1 

Discussion: About t,he thedretical n m o ~ m t  of carbon dioside to form 
calcium carbonate with lime gives the best result. An escess of carbull 
clioside appears to reduce the tementing effect of calcium carl~onat~e. 

Sectio?~ V I  I .  Li,~,te a?ld Ca.rbon Dioxide; T.imc -4 bbo wed jor C'crC03 
Fortr~,a,tioa Varied.-In tlre prdvious t ~ s t s  \\,it11 li111e 2nd carbon cliosirle, 
a periocl of 3 min. was alloweil between the aclclitiu~l of cnl-bon ilioside 
and the secol~d flooding. ~ l l e  t,ests in this section were designed to find 
the effect of varying t,his t,ime; allo~vecl for forlnatio~i anel setting of t,he 
calciulll carbonate. I 

General conditions: ~ n r n ~ ~ l k  No. 1 agglomeratetl with 10 per cent 
water. Stizbilizing agents, linie ancl carbon diositle; lime, 1 per cent,, 
carbon diosicle, 1 per cent. Time allo~ved for C a C 0 3  formatioil variecl. 

I 
Results presented in Table 2. , 

Discussion: The  for~natiolj  of calci~lrn carbonat.e is evidently coil- 
current with the pa.ssage of cai-bon dioside. A period of setting is thus 

. unnecessary in orcler to ol)t:zili the ma.simum benefit from the lime n ~ l d  
carbon diositle ushd. 

Sectio,rl V I I I .  L i m e  a,tlcr! 1 ~ o d i w m  Cnrbonabc, Prebi,ni,,tcr,ry Tests.- 
I t  was thought tha t  in some ckses i t  might be more con\renient to form 
calcium carbon:tte from t,he ren'ction between lime ancl socliunl carl~onate. 
This ivoultl ha\re the adclitionalad\:ant,age of supplying sodium hytlroside 
for alkalilrit,y in the cyanide process. I n  these tests hyclrat,ed lime I .  containing 70 per cent CaO was ~lllxecl into t,he dry mat,erial, \\:hicli \vns 
subsequent,ly agglolnerated \\?it) n soclimu carbonate solution. 

General conditions: Sarrlpl~ No. 1 agglomer:ztecl with . l o  per cent 
of solution. St,abilizing ngen:t,s, lime ancl socli~ml cnrbonnte. Time 
nlloiirecl for C a C 0 3  format,ion nlid sett,ing, only t,liat recl~~ired in mnnipu1:t- 
tion of the t,est. Result,s preskiltec~ in T d d e  2. 

a 11 ization of Discussioll: These prelimina:ry tests show tha t  effective s t  1 '1  
glomerules lnay be 1)rought a b o / ~ t  by the use of limeallel s o d i ~ ~ m  carbonate. 

I 



S STABILIZING AGGLOMERATED SLIMES FOR C\-ANIDE LEACHING 

TABLE 2.-rSlt~b.l:lit!l Tes t s  with Sn:~,~plc  No. 1 

Test No. I \ 'ari:~hlc I Emus I Rate of F l o w .  
In. per H r .  

SECTION 11. TESTS WITH LIME . 

. SECTION V. TESTS WITH LIME A N D  CARBON DIOXIDE 

St:i~rtl:irtl 
2 
3 
4 

SE~'TION VII. TESTS \VITH TAME A N D  CARBON DIOXIDE 

H t ~ y  
Slightly hazy 
Slight.1~ hnzy 
Bliglltly ]lazy 

LI. \IE.  P E R  CFNI. 
None 

1 
2  
3 

7 . O  
S . 9  

, 6 .0  
3 . 7  

SECTION VIII. TESTS WITH LIME AND SODIUM C A R B O N ~ T E  

1 ,513 
2 . 5  

, , 2 . 7  
2 .S 

SECTION 111. TESTS MYTH LIME A N D  CARBON DIOXIDE 

Sligh t.ly 11:lz.y 
Cle-:ir 
Clc:ir 
Cle:tr 

10 
11 
12 
13 

1s. 1 
11.2 
10.0 

$1 . 5  

20 
21 
22 
23 

24 
25 
26 

R'ATER I N  A G G L O ~ I E H -  
A T I O N .  PER CENT 

G 
10 . 
14 

. 1s  

SECTION VI. TESTS \VITH LIME A N D  CARBON DIOXIDE 

5 
6 
7 
S  

14 
1 5 
16 
17 
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Bectio7r 19.  Li?)l.e (171~1 Sudi.(~?)z Ca,rbonate; Ti,~,ae Allowed for Ca,C03 
Fouunt ion  Vclried.-It was' thoi~ght  t.hat ill drder t,o oht,:tin best resultls, 
t.lie form:tt,ion of cementing I I. , cal)ilum cxrl)on;ite.,frorn . . lime ant1 sorlium 
carbonate would require n: of tinie. . I n  tile tests in this section, 
varying amounts of t,ime were allowed after agglomeration, ivhich marks 
the stmart of cdciurn cdrbonnte, precipitatibn, 'kntl before the chnrgc 

' I I was flooded. , . : ., , . 

. General conditions: Sample No. 1 agblonlkrated \vit,ll 10 per cent of 
solution. St.abilizing agents, lime anti soclitun carbonate; lime, 1 per 
cent, soclililll carbonate, 1 per cent. Time allo\vetl for CaCOa forma- 
tion varied. Results present,etl in T d ~ l e  2. 

Discussion: The.efficiency of lillle and sodium carbonat,e increases as  
t,lle time allowed for calcium cn.rbonate formation is incre:tsecl. Conse- 
quently, n periocl of t,ilne stioultl be alloivecl fo! the react,ion to become 

a Ion complete, and for the calcium carbonate to set before solt~t~ion percol t '  
is started. 

Scrics B. Strtbility Tests with S(rmplc Nu. 2 

All of t,he previoiis t,ests wcre lnacle with s:tmple No. 1, cont.:~ining 
40.4 per cent of minus 200-mesh 1nn.terin1. The test,s in this series werc 
made t,o find whether or not extremely fine material, such as sample No. 
2, could be agglomerated ant1 stnbilizecl for percol:~tio~i leaching. 

Section. I .  Stn,lda.rd - l'est. No  Mcan.s of ,SStnbi l izat io~~.~ IJscd . -  
Test 31. Conditions: Sample No. 2 agglomerstecl with 10 per cent wtter.  
No stabilizing agents. 

Results: As sooli a s  the ore \vns flooded for the first time, i t  suhsicletl 
and packed tight, so t,Iint solut,ion \voultl not percolate. 

Discussion: Wit, l~ sample No. 2, wl~ich hncl heen grounrl so t.lrat it. 
\vould all pass talirough a 200-mesh sieve, the glomerules collapse very 
reaclily upon flooding. T o  prcserve the permenhilitmy forlnetl by ~tgglorn- 
erntion, the glomcrules must be st:tbilized before flooding. 

Scct io , )~ I I .  L i m e  a.urr! Sodi.i i ,~t~ Ca~)'bu?~(it~.-Gellel;tl conclitio~is: 
Sample No. 2 agglomerated wit11 18 per cent. solut,ion. St,:ibilizing 
ngent.s, lime and soclium car1~on:ttc. Aggl~mernt~ecl m:tt,erinl allo~vecl to 
sta~icl one hour before flooding. Result,s presentecl in Table 3. 

TABLE 3.-Stnbil.ily Tcs t s  zoith. 12.i?ne u.?d S o d i . t p  C ~ l r b o ~ l a t e  011. Sn?,~p2e 
N o .  2 

1 Linlr, ppr  c:ellt b d i u n l  Cnrboil i te .  Rate of F l l , r ,  
Per Cent. 111. per Hr.  
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Discussioll: The degree of st:ihilit,y of the glomeru1c.s i11cre:isetl ~vitli 
the .amount of ~t~abilizing agents usetl. These test,s irltlicnte that rela- 
t.ively large amounts of st,al:~ilizing agents will be required with est,remely 
fine l~articles. The  fact remains, ho\vever,, tallat very fine material, 
~vhicll' wit,liout st,abilizing soon becomes imperme~ble,  can be st,al~ilizetl 
so t h j t  solution nxty be perco1:ttecl by flood 1e:zching. 

CYANIDE LEAC:HINC; TESTS WITH ASHDOWN TAILINC;~  

Actual cyanide leaching tests were 1n:icle in order to clet,ermine 
whether or not t.he precipitation of calcium carbonn.te in the glomerules 
\i~oultl coat t,he minern.1 particles so tliat tlie values could not be dis- 
solvecl. For t,liis I ) L I ~ ~ O S ~  a sxnple  of old t'aililigs .from the Asliclo~vn 
clist,rict, containing 0.036 oz. of gold per ton, \vas usccl. The sample 
contained lumps of clay slime, w11ic.h mere liot. broken ljefore leaching. 
Ta.hle 4 sliolvs tlie pnrt,icle-size clistribut,ioll obt.ailled by :t wet screen 
analysis, :tncl the size of the nl:zterial in the sample obtained hy a clry 
screen analysis. 

TABLE $.-Scre~tz .411(11y8is of .A S ? L ~ O Z O . ~ I .  Ta,ilings 

Mesh ~ Dry  Screening, Per Cent  I Wet Screening, Per Cell, 

The presence of cltty in t l ~ c  t:iilings was sho\vu l ~ y  t,lie p1:isticity of t l ~ c  
moist slimes slid I)y nn :tnalysis ~irllicli gave 13.9 per cent alumina. 

,Sectio.u. I. Cyuwitlc Agitation.-leachi?~g 7'ests.-Cynniile agit,at,ion- 
leaching t.est,s were made t,o filicl the estraction thnt coulcl be espectecl 
from t,he Ashtloiv~~ t,nilings. These t,est,s were mntle \vit,ll 200 grams of 
t,nililigs nl~cl 500 c.c. of solution in 2.5-liter l~ott~les. Cyanide equivnlent 
to  2 111. NnCN per ton of solut,ion a.ncl linle ecluivnlent to  4 lb. C::t0 per 
toll of solution \irere used. The  bot,t~les were pla.cecl in a bott,le agitator 
:ind left for varying periods of t,inie. After the agit,ntion period, the 
resiclue was removed ant1 washed I.)y filtrnt,ion. 

Thc gold cont,ent of t.he pc)rt,ions of Ashc lo~~n  t,nilings used in thc  
different t,est,s varied consider:tl:)ly. C:ollsequent,ly, tile recovery in eacli 
test was comput.ecl from the gold in solution :alicl tlle golcl in t,he resiclue. 

l'lle cy:znicle agit,at,ion-lencl~ing t.ests gave a inn.simum recovery of 
75 per cent in 1.5 Ilr., with :t cya~licle confi~iupt~ioll of 0.50 11.). NaCN per 
to11 of ore. 



Section I I .  C(yn?j.idc Percolntio,~.-lcnchi,~,g Tests.-For pcrcolatioll- 
leacliing tests, the 1)ottoms were removecl from 2.5-liter reagent l~ott~les.  
A rack \\;as constructecl t,o l~olcl the bottles in :in inverted position. 
Screens were placecl over t , l~e lierks of t,he bottles, and-adlayer of minus 
3-mesh plus 4-mesh cluaftz placed on the screens to make n bottom 
for the becl of material t,o be leachecl. Samples containing 1800 grams 
of t,he Ashdown tailings tha t  lliacl been given the pre1imin:try treatment 
clescribed in each test were then chargecl int,o the I~ottles and packed by 
f,i-min. vibration. The bottles were t,hen 111:iced in the rn.ck and the 
aclditiol~ of cysnicle solution w:ts st,arted. 

Test 1. Percolation leaching without agglomerntion and stabiliza- 
tion. T o  find ~vhet.her or not t , l ~ e  Ashclo\vn tailings coulcl be leachecl by 
percolation without ngglon-leration allel st,al)ilization, one l)ott,le was 
cllnrgecl with the Ashdown tailings without any 1)relimin:try treat,lnen%. 
Cyanide solution containing 2 11). NaCN per ton of solution was then 
:tclclecl :it the top. 

Results: Considerable subsidence took place ~vlien the charge became 
wet with solution. A tight bed fonneci, pre\~ent,ing any appreciable 
percolation of solut,ion. 

Discussion: The test shows blint this snnlple of Ashdown tailings 
cannot be le:zcl~ecl by the percolat,ion met,hocl without a pretreatment, 
to for111 alicl n~aintain  a permeable bed. 

Test 2. Percolation leaching with ngglomeration and stabilization, 
using lillie ant1 cal.bon clioxide. Conclitions: 1800 grams of Ashclown 
tailings; 20 gra.nns hydrnted linie lllixecl in dry; 200 c.c. cyaliicle solutioll 
used in :tgglomeration; C 0 2  pn'sses into clinrge for 4 minutes. 

Four lit,ers of :t cya~licle solution conbaining 2 Ib. NaCN per toll of 
solntion was passed t,hrougli the charge eight times in 15 hr. The  clinrge 
\\?as allowed to clrjill between passages of solution, ill order to  draw air 
into the bed. Follo\ving the cyanicle solut,ion, two \v:tslles containing 
1.5 liters of water were applied. 

 result,^: A recovery of 76 ljer cent of t,he gold was nlacle in the test.. 
Tlle glomerules did not make washing difficult l~ecause tlie first nrash 
relilovecl practically all of the cl'issolved gold. A cyanide collsr~nlptioll 
of 0.82 111. NaCN per ton of ore occurred in the t,est,. The permeability 
relllaillecl uncliminishecl cluring'tlle t,est,. 

Discussion: This test shows tha t  tlie agglomeration-st,zhilizntioii 
treat,ment with lime ancl diosicle clevelopecl for cluartz is effective 
for proclucing ancl maintaining permen.l)ilit,y in ores and tailings even 
\vhen considerable clay is present. The estrnction is not adversely 
nffectecl l ~ y  t,lie sba1jiliz:ttion ' tre:tt,ment,. Cont,inued treatment wit'h 
cyanide solr~tions does not affect t,he permeal)ilit,y of an  ngglonlernted 
and stabilized hetl. The cons~unption of cyanide was greater t,h:tn in 
the agitation-leaching test. Probably an excess of cnrhon cliosicle 
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rcclurkcl t , l~e protecti\le alkalinit,y sufficie~ltly so tliat a part  of t,he :~lkalinc 
cy:tnicle w:ts usecl to form hytlrocyanic acicl. 

Test 3. Percolation leaching wit,I~ agglo~neration a~icl st,nbilization 
using lime and sodimn carbonate. Conclitions: 1800 gmms Ashclown 
tailings; 20 grnuns liyclratecl li~ile misetl in dry; 200 c.c. cyanide solutio~i 
cuntnining 20 gmms Nn2C03 used in agglomeration. Charge allo~vecl 
t,o st:incI 1 hr. before solution inflonr started. 

Four liters of cynnicle solut,ion containing 2 lb. NaCN mas passed 
tlirougli t,he charge 10 ti~lles in 15 hr. The  cliarg'e was allo~vecl t.o clrain 
between' passages of solution. Follo\ving tlie cyanide solut.ion, two 
~v:tshes containing one liter of water \Irere applied. 

Results: A recovery of '74 per cent of the  gold was made in the test,. 
Tlie first, wash removed prncbically all of tlie clissol\7ecl golcl. A cyaaicle 
cons~.~mption of 0.60 Ih. NaCN per to11 of ore occurrecl in t l ~ e  t,est. The  
permeal~ilit,y remainetl unclin~inislietl cluring the test,. 

Discussion: Tliis test, using lime ancl soclium c:irbona.te to  st,abilize, 
gnvc subst:intinlly the snmc est,r:iction a ~ l d  permeahilit~y :IS the test wit,h. 
limc and csrl,on cliositle. The cysnicle conslumption \vns reclucecl to  
nl)o~ut, the a ~ n o u n t  lost in tlue ngit,:ttion-lencl~i~~g t,est,. 

1. R~loisture agg1omer:ttion increases the permeability of slimes 
ancl finely groiutld ores sufficiently to allo~ir satisfactory percolation of 
leacli solut,ions. 

2. Beds of moisture-ngglo~~~eratccl slimes subside nncl become prac- 
t.icnlly impervious when flooded wit11 solution. 

3 :  A luethod of stabilizing moisture-agglomerated sliuiles 1:)y t,he 
~vecipit.stion of calcium carbonate in the glomerules 11as been clevelopeel. 
Lnborat,ory tests wit,h ngglomerntecl a~icl stnhilizecl slimes. gave sntis- 
factory ~jerc;ol:l~t,ion of solrltioul hy floocl lrncliing. 

4. Ln1:)or:ttory cya1licle-lencl1i1lg tests on a golcl-)miring t,aili~ig gal7e 
sul~st,nnt,ially the same est,ract,ion I>y percol:ition 1e:tclling after agglonier- 
ation :tnd stnI~ilizn.t,ion as t11:tt obt:tined by agitation leacliing. 
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