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193610 (2)
ROASTING = TYANIDATIUN
Co 5 BUR A Of EINLS = Lodver, scalf, Jackeon

Purpese ot mvut#mtﬁ.ms
the effects of rossting.
Prossdure and éewlu:
) T products werc rossted 60 minuves =t 520%C.

Test Mesh “inal  Assays Os iw/tom
Ko, oast v tions sise rind cabs ixh o
L. Roasting tlon ® ?w 15Q -] .% ﬁ—
5, nireet nossting ef ore 2% 20 022 9 650 o2
Sa. " " s = 20 100 «23 &7 585

%ry gold is either loeksd up as an inseluble complex formed by roasting

or is an alteration product of sulfides. If gold is ensssed in silica liberatiem
will be difficult.

35 208

Purpose of Investigntien:
% ‘ollow up on previous to:is #ith a hizher Lempersturs roaste

Pregedure and lesulis:
ROGS were made for 90 alnutes.

Temp. Final  Assays O3 an/ten
. Srind Hords ils >N
i e e D B
560 100 2T W5 68.7
800 bt z28  WUT7 6boC
300 100 I N «U5h 68ek
lle. " 26 620 100 225 62 ?20‘&
12a. “ without grinding 3% 626 200 o3k <085 T2.2
12%. ’ with grinding 35 620 100 o227 4055 7547
5%:
Arinding the esaleine vo minus 100 mesh improves gold extragtione

aossting the ore followed by fine grinding snd eyanidaiion gives & 761
extractlion.

1.



193610 (2}
ROASTIRG « CYLRIDATION
Ce e AR-AY af WINLY = Lesavery, .00ll, Jackson

“he atlleats »f wossidn .

Procedure and 'esulls:
e Tollowin: produets were rossied o0 minuies at 52U%0.

Teat Kesk  Pinal AsEays On aL/tan

Hoe ROUS -Comﬁ.nima sise Grind Heacs  ‘falls %ﬁ
L. noasting {lotatios s T I ) <OL of
5. TAreet Rout.lm, of ure 20 20 22 o9 6L o2
L8, bl . L A 100 PR oI7 63.5

| !-*ncbom gold 1s elther losked up as an iansoluble gemplex foimed by roasting
or is an altsration produet of sul”ldes. If gzold is encesed ir silica likberstiom

oEa

Purpese of Investigation:
4 {ocllow up on previcusz rests »ith a hirher Lwspersture rosule

Progedure and Lesults:
Roaste were maude for U ainubes,

Test Tesp. Floal sasays .m Aw/tom

X0, Roastin i conaltions ~ige *g sring  Headz [adls %
C. Cyani -:int.hm of caldno 0 & a0 il i kS 55.
9b. ” 2 Gbu TE 4] 221 b5 68.7

1. * o " 0 800 20 os28 0077 6bi ol

idk, L " " 20 By 100 oy 0054 w.k

aresenlic Yinerals Floatsgd mt

il. - without grinding 2C I R0 33 W75 £7.8
1lle. " with grinding X% b2y 100 o225 U2 T2eis
12a, " withoui grinding 35 62u 200 234 JO68 T2.2
12%. " with grinding 35 620 100 o247 53 757

g%t

rinding the calsine tu rdnus 100 mesh lLaproves zold axireciion.
Rossting the ore iollowsa by fine grindiag and eysaldatiom givee a 704

extrsocticn.

L.




1937=-2
ROASTIEG « CYANIDATION
Ue S« PIR:AU of MIN'S - Leaver, woelf, Jucksen

% of Invut%ati%;
8 fact of srinding the roaster feed before roasting.

Time Tesp. Final Altm%u
el o O~

0 90 650 20 B L6 T3

eyanide residus from eyanidation of flotatiem tallings comtain seme
geld as the residue from roasting followed by cyamidatiem.

sise at which te reast.



1937=3~2
ROASTINC=CYAKI™ 4 TION
Us Se PORFAU of WIN 8 « Loaver, soolf, Jackswn

Freeedure and Ffesrulis:

Roaating Conditions ) Results
Test Tisue Tenp. Final Assays O A/ bon
%o, size o o Srind Hesnds ‘e o
1 ) % 7io 200 /3 % %—5
2 g 90 710 200 b2 80,8
3 é 90 710 200 68 79 o6
b £” 90 710 68 .125 3l.3

SUEERA Y

Eﬁ resulis of these laborsiory ressting and eyanidation tests siow that feed
&8 coarse 88 i amy be roasted satisfastorily as feed ground to 10 mesh.

Pinel cyznide residues from direst ayanidation of fiotetlem tails e¢umtains
about the same mmouni of gold av the eyanide residues from the syanidation of
seleines,

D212

purpese of Imvestigation:
A 600 pound xe a8 rossted in a Herreshof{ furnase for five hours. xach
hour of roasti was kept reparste,

Procedure and Resulis
Hhe &* fﬁ was roasted 5 hours with ths russting tempsraeture increased
slowly to & high end temperaturs,

Pest rssays = -u/tem
Hoe Haads '} 5 %t
m .;z .. ®
11 56 115 79.9
i2 57 12 791
i} .59 .11 8l.3
14 N 115 2.0

M?:
eontimious rsast gives the same resulis ss leng time rosating.

Purpose of Investi-=ilon
T determine Lhe besst size 5 rouster feed,

3e



1937~b-2
ROAS TING=CYANID« TION
Ue Se AUNIAU of MIN ° = Lsaver, volf, Jacksen

rooasdures
‘fhe followir: sises wers roasted LOU adnutes at 700°C, The cslolne was
ground to minus 200 mesh end cyanided for 43 nours with a 1.0 1b. MNa(H solution.

\

Results:

Test FRoaster Feed Assays (s Au/ton

ol L
' 1/2» oSk 225 76.9
, 17 3/ho bl A5 T5.h
’ ]-B l“ . 60 0153 7~ ok}

&gi

results show repidly inersasing smounte of gold in the aysnide residues
as the sise of the roester feed inereases from minus 1/27 t¢ minus 1" in sise,
the results with minus 1/4" and minus 1/2* roaster feed are about the same so it
would probably bs csomomienlly sdvantsgeous to use winus 1/2% material for reaster
fesd,

s Lo
“ellects of pretreating the calainea ;rior to qyanidaticn.

Procedurs and Resulis:
e ore was roasted 90 mimmtes at TUO®C,

m_w_%g. ults
Ny X o
v H2S04, 1@‘%5% = % ,—.lh?' % %'

Neae W67 o095 85.3

3b Aeid pBrine 20
ha 1,30, 24 48 Kr. Lsash 0 TL N e 3545
A® " 20 Hane 48 U35 $1.9
A Nacl ¢ mixed in feed for rcast /W 200 612 Qb 73.8
R Calgine trestad with ehlorins gas b & 685 32  T7.8
23 NS0, 27 2k Kr. leach 10 200 665 06 9.0
2“ % o " w» " m lOﬂ 0655 Od” .a's
25 " noon. " 10 65 L16  L1AS 76.4
| 26 v plue Pey50;, 2% 24 Kr. Lesch 1/ WO .62 035 9L.6
27 " LA ¢ L N 1/‘)" 65 0666 cm 90.2
28 " now " a woom " 1/}.:0 35 +Oh 09% 85.1
33 bl * one hour lesasgh 10 80 &b «205 8’.&
3k « n2h M u 10 80 oSk Q75 3.3
35 “- S§1L w = 10 WO 43 075 88,
36 w w2k w * 10 100 o6 08 %049
29 NaHCOq 5% boiled 100m ealaine 10 100 AN o115 &.2
30 KCl 1% boiled 10Cm caloine 10 100 62 O 23.9

(continmued on next page)




1527=lpm2
MASTINO=CYARIDATI TN

Ve T« TUREAY af LINLS = [eavar, Volf, Jogksom

Procedure and Tesulits: (Continued)

foasting Conditions &g%
Test FINGL  ASS&ys o m

0o Pretreatizent, of Culgines % Grind : {oads Iﬁ%p_
ReOll for eyanide protective alk. Ii'ﬁ el
37a * 10 NaCl/ter. scl. .ss' 095
33 llQGOg fer cyanide ;rotective alk, 10 .w:.:' A +12
38a 10 waCl/tes sol, 10 180 42 S
39 cad fer uymhm pmtoct.iw alke 10 100 o005 o3
39a LA " 0 100 62 12
Al Rossted with 15 c.(cm Ja 1/k" 100 635 W15
L2 " LIS S 1/k» 100 .59 il
A3 ) ¥ 4 % l/& 1c0 505 095
Ak Roasted -d *h 17 100m coal 1/ 100 525 W05
u L 23‘ " w l/‘;” 100 0535 «10 80 oy
“ L] " 5& u “ l/&" 100 555 95 529
L7 low temperature roast 330°C - 60 ain, 20 W0 o521 «20 615

' : ‘
¢ omusc of gama 0f the gold Lo e refrasetory Lo syanidstion may be:

l. Coated with mome subsiance impsrvious to ¢yenldation. 2. Associated wiih some
substanca pressnt in the caleine 30 the gold is not free to dlssclve. 3. L coate
inrg s forsed on somo of the »odd during eyanidatlen b resgtian of some constitu-
ant of the eslcine 'dth subsianses rosent in e oyanide soluticnie

|

=

Marpose of Investiration:
“Fn determine ths w.leets LI pretrceting the valelass prior to eyanidatiom.

preeediure snc Heaulie:
ore wase asted 90 mdinutes at TOO*C,

Rossting Condl tios M:m}.tn

ot Flnsl Asenye ¢ (2 mu,t.un

Noe Pretroatment of Caleines 2ise rind Heedz Iails  Sixt.
B Maoy 0 1‘571"‘m""§?'_£m‘q tlom hv/ Ol 3!'@ S75 L0 ‘%
Ay He0y 5% 96 hr. le:oh at 20m LY/ 20 J815 055 910
L9 reld rosidue ground 150 by 05 FRe2
A%  1ze0; 5 L3 hr. leseh et 1/4» 1/he vone o645 J65 9.9
L9 redd realdue grml?d I/ an 150 -235 .-325 9le3
m H ‘?r') 5 % hr. oh au 2 lfh' nm‘ L] 3 00 9‘»)-5
5Ch . R Aeid resldue ground 1/k» 150 61 W65 89,3

(teets continued on next page)




1937-5
AN PIRCIYART A Y0
Ve 3o MULLAU 9f LIN.S = waver, 3oLl Jackson

Frecedurs and hesults: {eentinued)

mﬁ
dast ong B
Test Asstyes 08 Au/ten

Condl
Sise
Yo, Fretireataent of Caleines yind Heacs ThEAb o
1 Agdiation Uy pump to Iniroduos alr b/ 10¢ 375 .# ﬁ .5
b Y4

Nay 0y 8 lbe/tem in cysmidation bW/ 30 L8575 105 4L.7
65 herated in Sub=i sell 48 hre, 1/ 100 575 12 77 <5
67  Pusp elrewlatloo~—NacH son. high /4 0 L.i75 5 8040
5% Cysaldation 48 urs. in 2 1b NaCH sol. 1/4» 20 .59 o 78,2
£9 » LI * n L /4= L3 &G a2 60,0
GO b “ " o s - " 1/5' 200 «6C oll5 20,8
é1 " " on "o LI L 200 <60 OS5 82,8
73 Fusp eireulation; A% hr. cyanidation /4 100 60 A3 784
Th Mg 5z in eysatdation /4" 100 593 A3 78,0
75 Hereuric eyanide VA' 100 om 13 78.6
73 Ha8%, 3% lsached § cays et 1/4» 1/in
78  Aeld residue eysnided L8 hra,. 20 62 7 83.6
7% ” . " with HgCx 20 613 L7 88,6
78e " L " A8 576 075 87.0
7684 " u w with Hgow L8 «578 07 88.2
78 " » . 100 593 073  87.4
78¢ " " " with Rgon 100 o592 075 7.4
78  Metallic mercury used 00 604 075  87.6
55 Roasted at 350°C; aon-magnetis portion

rerossted st TOO®C; o undded 20 150 «518 A28 7547

The ore was roasted 155 minutes at 300°C.
63 Janidation 72 hrs. 2 1b 5aCK sol, 20 Nene o623 A¥5 6646
é3a " b8 hrs, » " " 20 100 «589 o135 68,5
6ha " T2 hrs, n  w & 1/an W S8 AkS 7343
64d " b8 hrs, = " " 1/2% 65 542 b The2
640 " 43 hre, v 4w 1/2¢ 00 560 a4 75,2
63 ?

H) ™e addition of an exsess of ammonia to the pulp during eywnidation coee
not materially {mprove the axtraction,

(2) Treatment of the ealeins with HaSCy, prior to eysnidation increusss the
extragiion atwomt 10%. thse is, the aversgs extrastion W syaddation of meide
treated oaleine iz about 90%. reld troatment may be applied 1o caleine aa soarse
as 1/A 1aeh by percolstion end the aedd troated residue may be oyanided as ecarse

a8 20 mesh. ‘he lower lim.t of scid strenzth which ls sffestive has not been

(3) Low temperature rousting, remeval of msgnetie portion and reroasting of
non-magnetic portion to sbout 700%C. «id not produce & caloine ss amenabls to

eyanldstion as the straight 70090 roest,




1937=3
RO ITINImCOANTLATT N
Ue 3¢ BUREW of %IR35 =~ Leever, vool

[y
ey

¢ JREKBON

Swmmarys (contimed)

if) xbreas oaldstlon of pulp during egysnldation, accemplished by vans of
a centrifugal punp, by flotatlon machlas, or by & ghemlexl sxidisar, gave errutie
results and I{ indlcated wnat such vroeedure will not be Wenefliciai. These tests
wars made on ealeinad sullide ora,

(5) Direst syanlcstion of caleined sulfide ore jround to different sizoe
showed that th: ealeine shomld be ground to at least 42 wesh for est sconcale
results. These resulta were checked by s zizlng assay tost on 2 eomposite sample
of eyanlée reaidae,

(6) A high-temperature {300%() len: period (2 hours and 35 minutes) roast
on sulfisd ere produces a caleine less amenable 1o direct eyanication than the
ealaine from the ususl (700°:, 1 hour «nd 30 mimite) roast.

(7) The ues of mercury either 2s 4 cyanide or as metailie msreury is of neo
benefit in the gyanidation of acdd treatod culaines,

€8) sulfuric acdd solutions from caleins treatment shows arsenisc and irom
te e the main eleanents in the aeld wash., There were also presunt detectable
apownts of ecsloium, slumniur, solybdenun, vanedium and megnesium, Copper, lead,
2llicon and niakle were also present.

rrom this detemuination 1t appears as (I iren anc arsenic mizht ke the
troublesame ¢cating removed from the sold by the acld wash,

=1

rarpese of Investlzation:
% determine the sulfuric acid strength ocould be brought bask to 3%

strongth and reussd.

s
Decinted weid solutiams (rie Lest 77 were brought to 2 3% stre.gth and a
seriee of tests rmumn at <ifferent mean oaleine yrinde,

Teeults: :
e extreotion was 127 lower than extractions with fresh aclds. weak aclid
solutions cannot te reussd for leashing urlese some method of purifylng the scid
san e deviaed,

e of Investigation,
T deteraine zold extractions of a caloine produced from a rotary furnace.

T




1937=7
ROASTING=CYANTI N (TN
U. Sa WURE AT UF HIRES - Lﬂﬂwr' v"ffw‘ Juokson

Irocedure and kerults:

fossting conddtions Repulia
test T:np ¥inal issays O0s aw/ton
E®. Sdze F  Orind deads ls oKL o
&2 1z 1280 65 585 A2 79.5
22¢ J./;’ 1500 65 58 «12 The2

!
% results agaln show that L250°F or T00°C is the best temperature for
roasting.

¢ of stiustions
: scta of pretrestaamt on a 1250°F galaine.

Prossdure and Results,
Roasting In & rotory furnace was made on & 1/2% caleine at 1250°F.

Test Mnal saul

° L of Caleines ; vads @
B wso, 25 /T e o i @ 1
a5 " * seme) grind in lime water 200 « 587 L35  90.2.
a8 il " Aﬂhﬂ.ﬂ at 20 mesh 20 .éob cW’ K’Q’
] ] * samej grind in lime uater 20 595 06 89.
86 water sgitatiom at 1/2 20 <589 Jl 81,2
” * v same} grind in lime wetcr 200 420 09 85.3
%0 " *  at 2Um 20 o580 o1l 8.5
91 " * same) grind in lime water 200 «562 085 84,7
92 i) " &t 100m 106 «S73 13 0.5
93 u " at 200m 200 o573 «10 b
94 200

Grind in XaoN Solutioa SUT T 093 &2

2 :
%m at 1/2% maxinmm size gives as good recults by scld treatment followsd
by finer grinding for ayanidation as are obtained if the ccloine is erushed to

2C mesh vafore a20id trestaent, Orinding of the agid Lreated residue to ainus 200
mesh for sysnidetion iusrvases the extragtion approaxixetely 3£ over that obtained
by eyanld:ticn of the aeld treated residus at 20 smash,

Purposs of Imeat.%ntiam
riadne sha effest of quenshing hot ealeinese.




19377
ROASTING=CY ARY{ AT N
Ve 8¢ PUR.AU of UIho% = Leaver, . .0Lf, Jaczkson

Procedurs and Rerulia:
ére was roasted 25 mirabes at 700°C,  The hot salcines were (uenched in
the follewing sclutions st 1/2-,

.8
Test Final Azsays  Om su/tenm
Oe Preirsatment of © *rind a8 it o
k?' Basoy 1f DT oA atlon Tor %g Rese 0 o1 a.i_‘_'% %
“ o - | " bis) 21 3

96‘ i# 200 537 ® Ohioe
97a YHater agitestion s 055‘ 125 T1e5
e ® e ground in iime 200 . 115 799
[ Hp%0, 1% agitatien for 16 hrs. 20 553 11 79.3
93s L " 8 & w 200 545 1l 797
99b  water agltstion 2 o 20 oh%5 d2 7543
9%¢ " ~ ground in lime 200 « 500 108 7940
1006 Ha30y 17 no agiietien 20 #5330 W15 T8.5
1006 % " * * ¢ ground 4n lime 200 o523 05 80,0
usaary

Quesching of the saleine, in generel, ineressss elighily the extragtion of
the gold and that quemshing in 1Y Hgl0, is sameshat more effsctive than quensiiing ia
water, Bxtrsotions from quenchings sre not nearly so good as if culeinms is lesshed
for four days with 2% HalO, or agltated 24 hours with 2¢ K350, solutien.

Treatment of the saleine at elther 20 mesh or at 1/2+ wiih & 27 Kpso, sclutien
fellowsd by washing and treatment »1th cyanide at 20 mesh glver an extrastica of
878, The 2:5me asld treatasnt followed ty eyanidation alter griading to 200 mosh
gives an extraction of 9071,

It iz definitely sstallished that preliminary treatment eitber with water op
asid is more effsctive {f epplice to comrss caleine.

S i)

38 of Investiysiion;
10 delermine eilects of pretresiing a caleine roasted at 1000°F.

Procedure and Resulis;
Alter am‘ ; ©0 1/2% the cre was roested at 000°F in ¢ rotary furnase. The

ealsines wore ground to minus 150 mesh for cyanidstlon. Pretreatment at 1/2¢,

| Begulte
Test —— ABSAYE thgm/tp;
Ho. Pretreatsent i (ale eads :
108" wator agitatiom ¢t AOSC for ﬁu. pile 131 o551 %f‘ ;53
m bl a a » " ud » Dile 2311 571 o215 79 .8

(tests continusd en next rage)

9e
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1937-9
ROAZ TINO-CYARIDAZIOR
Ve 8. BURFAY of MINES « leaver, Voolf, Jacksen

L8

. g 2 e
%‘ : S ag ] pile 1:1 y
i3 s 1g = % 0 u noow ® Bl 57 W
1iz a 2% # L ® 8 @& + 15l »53 oy 98.7
113 s 24 « LI R % = e 2l 575 Dhd  Fiek
114 agitetiom 2t 15Gm ia 2 lb. Falk A8 bre. * &2l TP AR5
1lka water agltstion ay LO°C for 24 hrs. LIS ¥ § =573 sk 30.2
1lhe " ® » o L] * & ® 251 o524 o 80
e  Mgoc, gt » w CIEE » 1) +545 LHds
& # s = L " a # W = R o554 O65 88.8

x K - ¥ # ] ® e 3131 +522 o 8.5

Aiae 5 2 ™ F 5 " a LI T 89 26 .8

s prodused 1a 2 rotary frmscs ab & moclaum tespsraturc of LageT. |
Testa show definitely that preliminery trestasmy with 24 salution i
Mwmmmm‘mmﬂpmm. Also treataent wilh

sulfasrie ssid;which bad bean used for L saleines, was allowsd S0 stend
tse days during whieh 2 volusdnoas Wully wiite tate formed. The pepedpi-
tate comtained iren snd sysenic ond some lesad, silics, ,

J
t
;
]
E
g

eluminum, snd Symces of aatliaony were £
arseale 2o that 1% wes not offective when ueed a sesond Ling,

.WMmlﬂMMWﬁGM'

, e oye? Yo A
ﬁ*mm‘vm’mumﬂswmtforwmmat&#c. The exleine
wes ground to minmuas 150 mesh foy gyamidatiom. _

0,
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13379
RYSTIRG=SVAMINA TIOR
Ue 3o BUNELY of VTELS « Leawer, vonlf, Jucksen

froeodury xod jesults; | satinued)

Teat Assyw QB Au/ton
Do Fretryotaent of ?l&l Hes fails Sk,
k‘ C;'lnidﬁﬁ Iﬁ 5 II;O ha & s 0P 32’!":. L] 'B pR ¥
115% ‘water agitetiem «t 40°C for 18 hrs. Pile dedl $33  Jh  T3.7
1184 » " L " v Bll. 223 $27 ok 73.5
1151’ Kgf}% 1“ " L " " b nil. 111 .’B -Uo ?“2
p S LI " " n . " a Bil. 241 S5 A35  75.7
1154 . 24 = w u " " pdl. 1,1 538 245 7:.1
31 ) L Bil. 251 43 J2 7M.

The sslelne froz 115 rossted in an externally fired rotary fumses. The
Secperature was velsed o £30%C befors adding any gases; thereafter, fer 90 miwe

wies a mixturs of air and m&;.mwmmuuummmm
temporsture varied from LA8°C to Ge (alelns was ground (o minus 150 mesh for

aysaldation,

116 Qranided in 2 1Y, Nagk sol. for A8 hwe. o535 %5 &4
mb Water I@im at MPg v 24 hra, pii, lll qm um ﬂos
1154 % . " ® n " w on pjﬁ. :.i % ﬂ’ gg
:“f ] % w 4 LI D . )

Dl LAY 4 e e oy 21, 251 S22 208 79.9
1164 * 2L v aow LA I rdl. Xl I3 a0 8.3
116m LA - S noow oo Dil. 252 350 6y a8

. ,
uumﬂmmtmmrwuhmawnmmmmu

approximately TU0%0 under exidising eoadisicns with falrly close gsemtrel of the

bepereturs during the first hour of the roast consiatently produces a oxleine

Shet w411 allow an extresiion of 407 by dirset syaniditlon, or approximstaly 90%
th aulfuris asid.

of Tavestlgatiang _
terwine 8 A300°F roust would give a good extraction after preliminery
trestosnt . )

11,
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1337-10
ROAD PIRG=CY BIDL TR
Ue 3¢ BURLAY of LIILE » fLeaver, wxoolf, Jnskeen

eE bpogedure e Rosuibed

1/37 ore was romsted 90 mimubtes 5. 1500°F, he valaine was grevnd to misus
150 mesn for cyanidatlon. Protreatment of calaine wes at 1/2% size,

Testb L LaseyR Osksw

DI ter afiotion ¢ DT For A B, niaa R W

A7 " . B A w8 » Dil. 23k 565 i 787
1174 Hea0y 1 7 v 0w oa nl. 1sd 363 2 T8
n7e - e o w " " n " vile 20} o6iT 12 Nli
117k w Q¥ = " [ 5w f Dal. Lk o547 25 T80
1174 me 8 m om » oW pil, 251 339 S8 &Jd

. _
m”%mnmumwmmmwrmmmwm
is not ss smemable %6 preliminavy Srestaeat ss caledme {rem the l000°F to 12%0%p

g

) b Lo ¢
: %Eﬁwi IZ50°P ealedne showed that prelioinuyy trestosmt with werm

water followed by ovenidetion gave en wbrestion of adout 85%. Admos this L9 the
only ealeine thet has bean materially bmnefited by preliminery water trestaent
teats 115=110a wers msds to sheak thess previous results. Trsatmsut st the Getabell
tine is tc be es followss

galadne gromnd in water; thickemed) pertially weshed. Soda ash te talekened
pulps agilated; dewmedtered) oy wnidation,

Proe bay
.ﬁ. ore pebsied at 1230°F. ihe culeine was pretreated at 1/2v, The caleine
wee grouwnd Lo minus 200 wesh for gysnidation,

Tent ) Mwa%w
%- wator m. ™Mls 2:1 % % ﬁ‘

by Water wash) Soda Ash 2% eel. agitatiom
20 hws. ot AD*03 filvered; o amidation, SAT 085 Sk
Thess resulis show that 50da Ash is o more effectivwe
than & wator washk, They show wter is effective wa
a W" Caleine.

121 1/A" ore ressted ab 800°C and pretrested. Grind

for eymmidation waa miaus 200 mesh.
Lk dates ﬂglhﬁm Qs ).q'c :p p up. A2 T9.0
T 2 W B

?
'2?;

12,




1937-10
R’ﬁ&ﬁ?x%fﬁﬂﬁﬂl? “TION
Ue Se & of VIESS - L&(ﬁ“r. 3?9@1:, Jaekaon

w:
Nese resulis show a water treatmornt is not elfeotive, but suluric acld
in e 29 salution is very effective,

Pregedure end K !
VL7 ore was Fossted in an atmosprors of sulfer dicxide, 1/3 ocg and 2/3
alr passed through the furnsge during the roast, Roasting time was 9 mlnutey
a

tempecature of 85072, The saleins assayed 0e95% 3 and 0.10¢ 50, The

. %tgn

Lo
Lasays
Fret t of Zalelnes &t " Haods %
Water on & or v a o 231 . %
" n &0 08 %07
" 66 085 90,1
" 11 675 8 91.1
= ; 0055 920

2 2 3 =

2,1 069

furpose of %gﬁﬁm:
T® Poan Irescnse of axeeag 5502.

Prosedure and saulte;
IMmammmmummotsozrwmmchm
oniuungmumuamn- furnace. The feed wes 1/4n, Pretreatsent of the

culcine was ag AC*C for 24 hours at a 231 dllutionm, Celcines wore then Erwnd to
sainus 200 mesh anc agitated 24 hours,

wta
Test Assays 08 Au/tom
" Cretreatment of ¢eleines % % %‘
& 7ater . ® «
1254 Kag 1% 425 «05 2.0
126 arer 3 ) A
Wetler (Single Rosgt ®
1264  rrona 5¢ %2 ololS v 85,
136¢ 330# b 4 «535 45 91
lm ‘e (Rmt of 126) 053 06 8807
1274 rons 5% ' oAb 03 8.l
127¢ Has0y 2« «50 «0h 92,0



% results of these two series of tests, 126 and 127, show {iret tnad
roastinz in the rresencs of excess sulfur diomide followed by s partisl oxidizing
roast produces & ealaine, which, after trestment with warm water, cen e eyanided
with an extragtion of chout 854 of the gold with relativel:; low ¢;anids loss.
cegondly, the results show that if the caleine frun the sulfating roast is further
roasted to stbaln wore complets axdldatlon, the sxtraction b; ¢anidalion afler
preliminary wam water treatasnt is close to 90% of the pold, Uss of a trona
solution for preliminar: trestaent of the ealaine appsers to Le of no particular
benefit over the warm water Lreoatment. Trestmsnt of the ecaleine with sulfurie
a0id solution still produces 2 residue more amenable to granidetion Lhan Lhat
produned {rom the water treatowat. However, the difference Ln catlraetion 18 not
very mueh in the ease of this calcine snd the additional lime and ¢)anide coor
sumption for an scld trested revsidue =ill offaet in part the small incresse in
Zeld extrastion.

In general, the results of this ¢ pe of trealinent on the Getohell ore, that
i3 roasting in an exoess of sulfur dioxide to obisain sulfuting conditions follow-
ed Yy roasting under cxldizing eonditions, indieate that Lf this method sen be
worked out in a commercial nenner it «dll mean spproximately 10¥ inersane in the
gold axtrasted from the sulfide ore. Thet is, a waran water wash for s calaoine of
this type prepares it for am extrastion of about 90% of the gold by eyanldatiem,
wvhereas in the straight oxidiszing t ps of rowst it is nessssary to asld trest the
saleine in order to produce & residus from which 907 of the gold can be extreeted
by eyanidation,

)2

¢ of tiong
™ or benefits {im re=roasting.
Progedure and te1
[ " was ziven an oxidizing roast for 120 xinutes at 600°C. loss of

walght wos 5,87, This culeine was re-yoasted for 180 minutes ab 650°C with equal

parts of air and 50, (Cddising preceeds sulfating.) The calelne after treat~
ment waz gzround to minua 200 mesh and agitated with a 2,0 lb. Wall solutiocm for
A8 hours. Pretreatment was for 24 hours at 2:1 dilution.

Test nn,ys 08 Aw/tem
Ko, Pretreatmaent of Jal

I3 nirect gyanldation ﬁ? % %
128d weter agitatien wash 53 86.8
128  RpS0p 28 53 -05 904

Roasting conditions were reversed as the
wddising roest waz firstj thie was followed 4y a
sulfating roast.

129e Direot oyanidation 95 65 86.8
129¢ water agitation wash 53 65 8449
129¢ Ry 50 2% o Sib Lbs5 911
129h u““# «305 «09 &l.2
1294 Rps0y F - 4 55 05 90.9
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ROASTIRG=CYARIU. [T 8
Ue o DUKLAU of Wikis - Leaver, .calf, Juckaen

Semmary s

%ﬂ gold extraction 4s not as high s the tests with a sulfeting rosst fale
lowed by an wlciaing rosst., sulfating has the merit of aroducing & cajeins less
refraciory to direct eyanidation.

Caleine eyanidation residus sining test. | eamposits souple of residuss from
roast gysnidallion test on a 0.41 cunse head,

Resulis:
nedlght Assays Distribution
Freducls i 0me i';ﬁ Lom ég% d
Reads m . ®
*lus 200 mesh il.12 95 7«29
200/300 16.93 100 14487
¥inae 300 mesh 7198 120 T5.84

%t

ae resulis of this test shows some ooncenirstion of gold in the minus XX
mesh 8ize. It also shows = grind as fine &s 200 mesh is not meesssury. It indi-
cates thal the gold im ths reeldue Ls ooated or alleyed to retard or prevent its
dissclution in ¢yanide.

Ore for all tusts rwssted st winus one inoh in the plaut kilms.

(1) calcine orushed to minus 1/27 theu sgitated 24 hours st 231 with a 2%
K230, salmtion, FPiltersd, wosied, ground Yo sminus 65 mesh in cranide salution,
agitated .t 311 for 24 hours,
(2; Sane a8 1l exeept walsr wsed as a wusl prior to eysnidatien,

(3) Celedne a8 delivered from ldln, crushed snd grouad in eyanide solution,

without anr srelinina; treatment,
Jesullis:

”!'.t ASgay s

——etaten ‘{pads Talls SEXS o

1 207 s ﬁ.l

2 202 o061 69

3 «20 €7 66.5

13
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FPLOTATION=CYANIDATI N
Ue 5¢ WAL of MIN:S - Leaver, vWoelf, Jacksen

Purpose of Investigniliom:
T Tollow up on - relininary flelation sork done in 1935 on ore frum the tran-
sition Tume.

rrogsdure;
loteti 4 rind %m
Ko. Fletetion Pragllcs orind Hine | o b
T cyanidsticn of tails £V iC =5
2 7loat arsemie et po gold; cysalde talls 80 8 CA
3 sysnide flotstion talls ' & 5 =5
L rloat only arssmnie; cyanide talls 100 5 CA
é sulfide float; cyranide ‘ails 100 17 1=537515
7 rloat arssaie; oyanida talls 200 & CA
8 sulfide fleat; eyanice talla 200 i7 =5
11  Arsenis flest) cyanide lalls 20 5 CA
12 Arsenie flost; eyanide talls 35 5 CA
%nulu: Asesys 0@ Au/vom
Heads ‘S‘a"g‘%uhg % ﬁ
e ' ® 24 0 o »
x L J @ L3 &
2 o2 Y ¥4 o2d 75 108  5z.7
3 «22 43 21 8.5 il &7 .9
'S 22 27 «22 6.6 08 63.8
6 .212 .” 019 33.3 095 72:!6-
7 .215 39 «205 9.3% JLOBT 592
8 229 53 J65 37.8 Lh2  THe2
11 «228 « 34 224 5.1 L62  T72.8
12 223 23 «222 5.4 055 T5ed
" some L0 to 50% of gola ia refrncisry to cirect eyenidatiom even when

ts minus 200 mesh,

2. Virtuslly ell of the realgsr sad orplmemt e&n he removed by fletatian,
in a minus 20 mesh feed without ~smoviag more Lhan 5¢ of the total zeld.

3, stralght fletation with & minus 200 mesh grind resovers 0% of the gold
in & low greds consentirate.

L. Tletutlem resowvsrs s gold refractory Lo cyanldation. Ao overall resov-
ery of 85¢ eam Ye made by {lototlion and direet eyanidation of the fletatlon
tailing.

5, rletation of arsenls) roasting) sysnidation ylelds a net extractlom
(dedusting gold in srsenic gomoenirate) of 70%.
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FLOP: TI M=CYANTT ATION
Ue 8. BUREAU of UINAS = Leaver, svoif, Jackson

Proeacures

Feal

X0 lotation Pracilce Grind *% ;? snte
Is T ralse su conecntretls grade W i~

154 Cyantdatiem of flotation taillings from .15 A8Y  l.5/ualH
15¢ Fletatlion talls ¢rsnided w»iih Prosmo-Hack G961

174 » " " 3t 1.5./HalN
l?. - « " 96'

19 <uifide flotatiom cyanide tails 20 igr =5

198 7lotatica taile cyanided with Premo=-Nald Ao '
20 ulfide flotatliom; sysnide talls 200 18 i=5 NagO
Resuliss Assays  Os au/ton

k t flotation

Ho. sada ™D ils  “Ree,

15e o17

174 A7

17e 47

19 23 55 A58 432

1’. o159

20 219 A2 155 4k.O

Furpess of Ismvestigation:
To gompare Plotatiom remults of alfferunt ore sempless

Procedures

3 suifide float was mode after s 200 aesh crinde ilotstion tine was 17 wioe
utes wilh =5 &3 Lhe promoter rcageni, TFlotatliosm toilings wers cranided with a
2,0 lb. Ealy solution,.

esults g Assays (% iw/tem

%Z 1otatlon yenldetion

Ene Heads T ] 1500 SEXY .
@ &y

366

I 3

' e o% o2k M @ 01-25 50’0
5 602 1.62 ohsl h2e% «13 6541
[ 592 1.52 ohl K22 olds 667
7 611 l.é2 39 A7 o6 13 693
8 ® 5?0 1.60 03‘9 “ o7 015 6& o9

17.



1937=3-1 and 2
PLOT TIOH=CYANINATI N
Ue 5o BURLAU of WINSS - Leawer, uolf, Jockson

&? 4

vifferant ore aamples have eanslstently ziven alffereni results., The fical
rosidus from direet eysnidation of the Ilotation cails is aboul the same as the
resides from eysaidation of the caleine.

B o e S o

" Va»
a ﬂgoA 5% aeid treatment ahsad of fotation 100
23 i1 ” " ® % " n 100

%ﬂl&u .
e e B2 R0 o
% AT P (o7 ® 5 . ' »
139 22,6 50 215 1 9.0
<50 220 235 A9.3 2 83,0
c“ 1-,‘ 0}0 56-9 vws 6‘.0

-3
==
i 2

results ares the sane as withoul esid treataent,

of Im ationy
To Ly on sehame that was 80 suceesslul wi 2 slmilar ore at lderour,

18,
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’w?"\ ﬂﬁm-t:yagzﬂ A YI “H
Us So BURLA of EINEN ~ Leaver, :soolf, Jucksan

Progedure:
of the xanthate wzz edded to the grinaing eireult, the pulp sonditioned
with soprer sulfate follaowed by 3048 esh eddition Lo a pH of 8.0.
Test Ko, 122:r -6 was ugsed in z 200 mesh grind. FPletatlion was for 18 ain-
utes at 324 solids. the flotsilan talling was cysnidod for 48 houre with a 2.0 1b.
EaCY wmolutien,

Resulis;
a/ton

Assaye Os
i ) cal o

¥e improvement cver ether results.

19
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VISCELLINT US=CYANIPATTION ¢ DIRECT
Ue Se Buresa of iines - Leaver, ioelf, Jsekson

iding the ore 1o winus JC0 meah would ald sxtrsotion,

Frogsedure; Tests J13-14

-—-W%N ®as Cround Vo minus 590 mesh an. Syanided 96 houre st 431 dilution
with & 1.0 b, Naucw selutien, Cyanlde sonsumpllon »us over 4,0 lbs. per ton
and lise cansumption spproximatsl; 14.0 pounds,

tas
A Le2302 hesd gave a Col§ residue for a £0.07 extragiion,

¢ of Investization,
@ “ine eifect of pretreatlrny Lie org srior Lo ¢ auldeiion,

Frocsdure and Resulls: B
A us 2U mesh ore was ¢yenided for 49 hours 2t & bl dllution xith a 2.0 b,
Racy QDanQ.

Results
Test ‘ssays 08 Aw/tem
O Pretrestaent Esads '
h Direot gyrnldstlen~solutien ver: foul % .é’l ' gj
76 virest gyanidatiem-solution very foul o515 27 &7 6
Yad Ha30, 2% = 6 days aeid trestuent «515 o7 LT ob
TT®  Swmme seld trestasnt follewed Wy 100 mesh grind 55 o275 500
72 mo, in plses sulfuric seid treatoent no tenefit ot effective
af stigationg g76a
ay ore directly; float tuc arsenic sud regrind snd reeyanide.

Procedure:

® ore sus oqyanided st 20 mesh at a dlluticn of 34l. 2olutiocas were very
foul with 2 oyanide eormwaption of 10 lus. Nalli. e @y anide residue was flosted
at 2C mesk %o remove the arsenis sinerals. The flatation tallinge were zround te
minus 100 mesh end relloated Lo resover the gold, astdvating with Ka?(}oj and a-sc,‘.

Results:
rzBays 0% iw/ten Re=gy anldation

M%t
his method of trestment is definitel. cut besauss of Righ eyanide consump-
tlen and low gold recovery.
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MISCELLARECUS=CRIVITY CONCHENTRATION
Ue 3o DURSAY of UINIS ~ Leaver, %oolf, Jacksan

Eﬂ% and "rogedure of Investizstion:
ersine 8omd © e g eould be somsentrated by gravitye A

eyanide residue from a 200 mesh grind was sarefully paaned. (ne smsall thin plege
of gold was seen undar the microscope.

Resultss
sesays C(z ‘u/ton
Heunds Fap (ong. Talls ﬁg.
L 3 [

L] ®

&%s
se results ladicate there {3 littls chance of effeeting wmy comsentiration
of the gold in the eyanide residue.
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FIRERALOGICAL nats
Ue 3. BURIAY of HIEAS - Head

of Investiz=tion;
) oraelion on how the insoluble pertion of the gold is asacalated

with the ether constituents of the ore. Roasting tends t¢ liturate some of the
gold, Wt 2lsoc tends o loegk up 'old as an insoluble eonplex in sugh a manner
that it remsins {nsclutle in eyenlide,

ﬂm%c Examinations
ortions of ore crushed to minus 20 mesli, 88 well 28 coarser elses, were

sxamined in various VRYS under & miscrossope. This included exsadnsilon of SO
eentrated portions, hefore and sfter treatment with aeld,

The following minerals were identified; Realger, orpiment, prrite and
Areemopyrite. Thers iz s possibiliity Lhat Pyrrhotite and marcasite are precent
in very amall mmounts, out the ldentifieation of trese tws minsrals iz not dofin=-
ite. ¥o fres gold was dsteeted in sy part of the mlervssopie eniidination, shich
indieates that the sdd is sriresel;, finely divided, znc posslbl; diaseainated
through «ll the mincrals,

™ detemuine how mueh of the godd i3 held in the silicecus portian of the
o & mumber of acus regla dlssolution teste were made, The Lreatmwnt with squa
regia, as spplisd in the following tasts, ia drastie asough to dissolve all of
the eomstituenis of the ore except sllica and eartaon. Therefore, Lias resicue
froem the trestuent itk & us regls would contaln oaly that portion of the gald
engaged in the silics ana in Wy Qarionasecus material.

Aqua gﬁa Test No, 1
3 Le3% vas made on original ope fround to 38L minue 100 mesh, ™e resi-

Gus from this test assayed Ce0l75 cumee gold por bon from a 0.220 heed.

& Teat No, 2

& gy @ Ung from which realysr snd orpluent had been removed by
flstatlion. Residne assay 0,0125 oz. in/ton,

& Regls Test Neo.,
Fﬁﬁﬁm—cym!gaum residue &iter & .ua regds treatuunt assayed L0075 oz,
&\/tcn.
Aqua egia Test Yo,
sen ficated to remove realger and orplasnt, then roasted and
the esloins treated by cyeanidstion. Kesd asoa; UuUbh - foue regia tsiling O.Ul,

Chemiosl analvsis of the ores
"‘“‘gx@:—.l:'ﬁ.-:—:-:mm

“ - @ e wm W e L.é&

B = -~ e - ml
M = e - e - 0,6302 'u/ten
gaa_-,------ 528
-~ .- 2,4
A8 = - - e e - 2,3
§ emmemee 2,71

Dnacecunt for 7,
Total W‘é

22,



armmmuwwumuawiswmtmsamw

the agua regls trectment. Teot Hos & above shows further that the roasting

Wmlmmumo:mgadmamrmumuummo
in

WMIWcmﬂammm. The
cdﬁnml%ﬂuithlﬂm‘uidfaruhﬁrn washed) grownd to mimms 100
resh snd eranided, Feade 0.46 om. Tails 0.06 os, Bxt. 90,94

after b6 boure syanidation. It is evident that these partieles, whieh were
uaMmrm.muMmquWMemum
of the troatment given,

(3 WMMMermmmmMgMIMMM
with HGl » Cla, 1t appsers that gold bearing pyrite particles, after roasting
msy yield thelr gold to ayanids.

(3) sinee additional geld particles were found in the sandantrale pamed

the 8 after the pyrite had been reasted mmuwum*ma,.

and disselves tham,

() fthe finding of free gold particles in the eyanids residus indisatss
mtmmdmmmuhuwwmmnefmwm
mmtmmzmaemuncrmamnn with eyanide selutien does
not imsure their disselutien.

3.
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STF ALY L my N . ’ 2R Y B I L e em
CYANTINRA i ;“I-?xd.!; TY R AR TY AT L8

Be <4 BUR AU of MiKrs - L=aver, soolf, Jeckson

Progedure and Resulis;
M

Ross Lol tiong Roaulis
Teat ? Teap , r2aays O au/ten
No. Product Treated cise Min, 8o %a FAR 4
1% Plotation ulesner ing 20 50 i~ %ﬂ o &lq
ism Flotation elesner Coaneentrate 200 120 770 « 306 +10 87 .6
20¢ ?10“(«1@3 Rﬂﬂéﬁkv;l‘ Ooncnnhrat-c 200 90 670 0‘7 08 &.&
9 19374 rlotation Gonsentrate 200 %0 720 loya o 32 83.8

,Wa

~ recovery ssems to be Lhe e T flotation, cyanlastion of flotztion
tedilng, ana reasting~ayanication of flotution euticentrates,

The cemcentrets ceiging 13 ag Pelraotory as the gre,
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B et S
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rurposs of Investii ollong
T devesos ¢ rEihed of rseovering ithe sold frow Cetchsll sulfide ores,

yrmose and Remilie:

Tn &Ll £+ ts Lhas ro-ater shar,e was rabbled every five minutes, The ealoline
wae zround Lo sinus 200 mesh wnd ¢ronided for 72 hours st a Z2:1 dilution with
3 1be X278 golutiom,

soesting Conditdons Legults

Tast e Temp . imsey8 OB Aw/tan
{0 T retreatoont Sise :g._uﬁ *3 Heads % ]
%! RaoH 5 lba. L tem during ,rinding 10 ﬁ .W ’55.5
26 L) 10 120 400 369 07 BC U
29 Same 10 60 UG 355 U073 717
50 Non-oxidizing roast 35 60 650 0355 012 bhe2
51 SHDe 35 0 £00 o34 W78 7745
52 ¥as!l in grind follow by washing 35 &0 6.5 253 048 754
53 Jame 35 60 600 «353 08 774
s‘t }‘2."‘}05 10 1bs, fi‘ot-oO. - waahed 35 60 W 03&6 008 7@.9
60 stroms NalN 7 ltse peleve 38 &G &0 0353 03 77 ok
) =i

g’\ {rect granidation of the ore the oxides give 37 extiraulicn wherses the

sulfides zive 1587 dossting w3 400%. %o 6UO®C followsd L) «aler wash end oyan-
fdsilon for 72 hour: gevse on J.08 ounce talllnge. Zosstin Increused e:traciion
atout 607 plue.

ps) 1614

furpose ol Investlezatio:
To make a sood extrootion by roesiing witbout speslal Lrcitaemite

rrocedure and Results:
Teme teghnicue =s in previous tesus.

Test 4w ey asays  Oa ‘u/ten

KO sonditicns 2ise Line e Heads Tails Z.xte
78 row tempersture roasd 1 ﬁl) 20 ° 250
a2 epasled nt MUOPCiflosted~gran. 10 &0 LOO 13 b5 Ghel
23 ¥o ronsty pre llse treatnent o183 L7 546
8é 3low jer;erature rise 10 1a0 S0 0335 5 Bl
7 Ko rosst - Uromo NelR 18 15 16.7

250
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BO - TIN =V alIns VTN

THE NORR 2 LPakY = Darty

ccreer enalysis ¢f cclcine residus,

r?to e *’: 4 4 = uist.

[ ] .
200/325 2040 09 27 .2
325/L3 microns 2,0 «105 1247
-k;’ M‘r"u”.’ 66 .3 .Uﬁ 50 .2

,mgs

ere i very litile incicssed extractlon w0 bu gsalned by Jiner griuding.

Tt appears Lhat some other means i3 necesssry Lo unlogk the gold o make 14 aveil~
able for eyanidation. %ousting does this to a large exient Wit pot coumpletely.
The best roasting resulis were obtained from a elowly iuereasing rossting Lemper—
asture to 5LO*C in twe hours.

aé.
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e DORR NI ANY = Deroy, Racilngs

Durpose of Investl:ationg
To determine smenacility to flotuiion. Flotatlon heads sssayed U.L9 RINGES

of ﬂl/tra!'
Frogedure and Resulis
Resuliae
Tust Cung. Assaye 0% ‘u/tan
Q0 conditiona “rind Reagants iite SIS o udla 4 ;ﬁ . 1
Jeneral F‘l‘.ogadm 100 Ha30 —~.i5 Féﬂ -23 %I’ ol I
2 " “ 200 Ne,, 00,=25 PN L0 o1b 2040
3 " L 200 Hali=0ug A"‘.‘,S 2502 0&7 .1.:3 57.-J
84 suliide rletatiom 100 !482603-2:5 o275 19 3.6
85 ils 48l roasted 05  Theh
60 mia. 600°C; eyemided
86 sulride flotatien l7  12.08

Jumpmarr o
\ recovery,

A pood arsenlc recover, waes made ‘ul & very poor gold
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WO TIND= % 5IDe ) B
TUOMORRT L D, sLY = yler

arpose ol Investlirstion

T0 det rmine the pole eatracilen =n celeines st ddflerant Lemporaturs rowsta.

“yocadura end Resulis,

he mlnus 100 mesh erlednar vere ¢ onlided 62 8 25 dllutioe wibs

¥WalN sclution,

Teat TeEp o Wwite LET T |
e, op Tine He s
' 1 Cyanidation of caleines 060 13 573
? 2 . . " 1000 bz 5Th
; 3 n “ " 1200 13 Sl
' b . b " 12300 il 559
5 1 o “ 1500 8 1%
6 " " " A5G0 [ % o551
7 " " “ Y000 i3 o531
8 " “ “ 1000 13 375
12 n “ 1200 13 532
13 10m reruust - L5 NeQd 1200 14 «531

ey

Fuipose of Investl-atiom:
Te deteraine “he effects of pretrewtmant of the gilcines.

?rogedure and Resuliss

eyenided st & 2:1 dllution for 22 houre wiith 2 1.0 1be Nell! suluticne

a l.0 b,

Nesulta

Va J'xw von

Tolls
olld
olC
93
o
12
e}
115
115
U7
il

S.x% e

83 76
82 ol
83.%3
78473
LY. 5
81.17
3.17
875

7963

\fter 2 roast &b 1500°%¢ uhe erledncs wers Rouns. dm to winus 100 cosi wnd

: Acsuita
Test G838 Cio r~u7tm
0, Frelrestuant of alagines o auie Tuills G ioll o
EI vater agitation elth «lr 1o, 70 minutes 56 g 95.E
15 " 2 » 1C lbe, .80 for 30U atnutes o556 o33 i3k
' 16 Wagloy 5T sgitatdon at 200% ‘“or 3 ainutes o555 o7 375
17 * 2% " = 107®F for 5 base 551 38 AL
12  cater sgituilon=hot for 3 1/2 hours 53 w26 83,0
19  iqua nezie~bolled for 1 hour 56 iy Y3 el
21 nnzc.t\} 5¢ heeted 150°F for & Lours 582 5 AL.8
) 22 rlotation of e¢aleine w=ith “ine 04l o5 557 '3 el
23 Cranidation of flststlua vailing 53 10 2.0
24 " w n " 052 «l0 32 o0
25 AOOm grind A hrs. pressrstlon o558 o\ 23.8
26  samo but preseration in lirs «ater «555 o9 83.8
27  WOO0m 24 hr. agltation in sat, 53y solutiom 55 d25  T73
28 Ky5Q, 204/ton ~ 4 hre. sgitaion at 12007 Shiy  W055  §0.2

28,
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PUATTI =Y T PO
R ¥y B - ™ lap
Teosecurt . esulte:r (eontinued) lcaulip ‘
fost i s LB. N tom
£0e retreatacul of Ciielnes Heacs Talls it e
,'F, a1 = X zesh !‘iﬁl 1ollove :} vy o anide .ion al -
2e) dllunion with a 20 Ab. Nall solution zad
10.\ lbae Y
29 2 hour o anidetion «535 15 80.5
” h " . 535 «15 80.5
31 g o o538 o0 8L.3
X o oa o o545 012 7860
33 faue regia tesatasat 056 o2 964
yoadt o Lment
Teat %.' final e . "
5o, re=-ires tment *y, Srind petoy ) *r.
3':‘ ] HpS0,, 2% W8,00,"= R0 Ibas 1 Lon 18 hra. % W T 18
K4 " L R 1509 200 18 120
36 " 2¢ " . ow R 10 200 5 180
37 w 13 @ oy " v ow L 1000 200 1 130
32 oireast wymmum for 20 houre 1060 200
3 n‘z":\, "eTellse @rumided with N J)} 20 1000 100 120
W0 31. lb-. agitatiaon witl 2¢ NECN 1000 100 150
Al 4 34 1lbs, “ b KalH 1000 100 Roess
Reaulte
'wdulh
Tost ~BBH 8 DB A
KQ. .
T = Sy %?;
35 o346 oY 83.5
36 54 78 85,6
37 54 07 8 2
38 SW3 W08 35,8
¥ 556 26 39 o2
O 568 Ok  y2.d
hl 56y 08 2640

19

Purpose of Invesilgotion;

T Iind out 17 Lhere wss a Wiiferense in uitreetion betwsen alr coaled amd
Guenghod caleines.
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*rogedure wnd Jesultis;
‘The oaleinse were taken dirncuy from the Xiln and yuencheu in a 10 1b. Trona
solution. The euicines were urowxi %o 857 minue 100 meah and eyanided with a

3.0 lb. Ba.M salution lor A9 hours. ;

Test ROZEY Lemes s S AW/ton
- Prot rea ot H% ®
13 uvenched) sround; amnldod I&r % %’
AS tir gooledy v 055 .9
&7 uwnched; " " 1250 .56 055 90.1
L& tir eouled; " -" 1250 .m <06 ”0.

e of 0 wsg.au%a
’ﬁ prcgut Jotaell Plant reasted osloines and determine whieh trextasat

€ives the bhast jold extractionm,

rrogedure a:nd lesultes
The ecalelnes were ground to mimus 200 mesh, after being pretreated, and

Gyaniéod with a 2 lbke RalN solutien, m
rest Assays O Au/tem
Qo Pretreat .
Huter lelﬂrﬁr 20 hrs, % & ﬁ
53 vater leseh with milii of lime 20 hrs. o235 7847
5hA Trona leach 104 1 tan for 20 hre. «23 .os 78.3
$5 vater lesch - gold L 22 &7 68.2
56 nzftq.?: leagh at 13l for 18 hrs. o226 L8 b6
s¢ of Tavestigation:
A t sungbsite cample gave the following resulis.
ks Sald
Sesulte; \‘i‘- et ¥
Hesh mmalysis 7lus & 0 g 1.5
Yesh enalysis Nirms 6 LT.S Ce39 §6,i
&

fA = Xlln diseharge ground to 908 minwa 200 mssh and cyanided 24 hours.
#2 = Kiln diseharge re-roasted one howr at 1050°F (groumd to 907 mimmes 200 mesh and

eysnided 24 hours).
£2 é%t-
88,

Flus § mesh %’
Kigus 6 mesh H ﬁ

30.
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¢ of Imvestigatieny (1
™o ae ™ Wi Flant 088t was more effegtive on finer sines thun on
¢osrese siges,

Several dally idla discharge sauples were civided inte plus 3/8" wnd ainms
3/8 sizea. Eag) portien was grownd io winus 200 mesh and eyunided 48 hours,

Reoults,

43/8% 3 /8w 23/0n = /3w 43/87 Y/ 23/8  «1/gn
Reads . ° . .
™=ils «05 k5 058  .08% 05 055 L35 06

Herulte,

| 245 ¥osh =63 kosh 263 Yoot _-_6;_#
Tuils O «OhS <08 &7
Extrastion ¢ 50,0 699 0.0 223

i £3
Keokly somposite samples vere sspareted into +65 mesh and 65 msahy yround
tomumm“ms wished 24 Loure end gyanided 4C hours,

Ma'

4 *6 - +6 -l
Heade N e
Tails 07 135 10 «135 4 «083
Extreetion?70.5 28.9 67.5 55,0 €95 5440

Furpose of Inws%: ticn: ¢4
iGreen pls ) at Lalling

“f sifferent saylee

'auultq

| ' . d AS _A'w
tise 1 wt, G:m £ Wb '3&7:&‘ E tte ﬂ'm & ste On/ton
Z’ 5 oa ou , 5 .3 .T? e e
65/100 8.0 07 8.0 10 8,0 #06 940 07
100/20¢ 63.0 07 57.0 <06 51.0 «0b &4l L7
200/325 21,0 07 3540 07 35,0 9 36,0 08
32§ 6.0 08 3.0 «10 4o0 11 1.0 09
Mll 007 007‘ -m

.
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w elfest of caleine pretreated anerd of ayanleation.

Procodure and Results;

A ten Uy composite sample of Kilo discherge saa ground t0 mimus 200 mesh)
diluted to 431 and bolled on hot slate for was houry, flltered ind washed, 4o
sample was gplit into four portiosns s treated aa failove

Test LBERYS aa/ ten
Ee. Pretrea %? Tnils Zixk,
Cranidsd direst ree with 17/7 Bagl solutiom ¥] . ﬁ
2 50, agitation wlth 27 sol. sheed of eyanidatiom 70 e Gl T6.6
3 Sodivm triphosphate shexd of granidation 208 o7 66 ody
N Trons leach 24 hours n v " L77 L7 0.8

Procedure:
iTter a minus 100 mesh grind a idln diseharge was Lreated vith a 105 solusiaa
of st.a‘; & sesond sample with 3% Ka0B solutica, then eyamldad for A8 heours.

Rewulte;

Treatasnt Treatment
k&% Ral# H.80 Ball
Hasds ™ Iﬂ :I;
Tails 115 1l «08 085
ixtroetion 2 26.h 2646 395 i85

U=

of Investigntiuns
) g6 roasting teste, fellowed by syaamidation,

Frogedure and | Besulis:

L8
Teed fLaseys %m
hoested 1 %m; hot directly from plaat Lm .

2 Coolesd over aiuhbs roasted 1 hour at 1000°7 «d51 L0585 63.%
3 soelsd; mo roast <1588 055 66.:
Roasted 3 hours at 1000°p ° «18% ke
? . A ahl e with 1#/7 Gl ,?22 oldy &3.3
é. " . - “ v with 14/7 Joda Ash 477 b5  T75.5
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| ROASTING=JY 610 TN
GOPCHELL HITh « The “ebchiall yine Lests wileh are reported wiuhout glving the

wsde by e villa; Te Crowy Je ubthy, Fey Ce GarkK, 9P}
Je wodwerd or others.

™arpose of Tnavestlpatdon:
o compore Lhe eifuct of xold resover on g gsleine o lch kas bews grouncd
shead o) rxsting ane o #rincding 6 cuilsine aft.r roastinge

Frogedure:

s monthl~ compesite of kiin fead zanples was crushen Lo various elces und
roasted in ehurves 172" deep for two hours abt 700%0, Pulipe sore cjaalded for
72 hourse

) g_a_mf.t s

Treatmuent
eut vrervast i-mu&ot motal *J-.)h ieaByE B MI/W
Hoe srind Grin £8 £3 Hesus T4ils  Bhxt.
7 10 55 o2 o32 243 78 79
1 b 65 o7 28 +28L e 85
’ 5 A 200 0 W30 29 066 &8
é N 325 W0 W28 262 039 es
7 10 4% k2 32 283 78 79
8 10 200 L3 o330 277 062 83
) L 6% D6 Ll o267 A75 Th
2 L 65 a8 L322 291 oJ65 14
3 4 65 A2 07 295 L7535 835
, O b 65 98 Wl o207 &£75 74
& 100 2258 L0 L,028 o245 esbid 17
4 170 104 o5 [ S ﬁ} 23 CWB ac
TammAry ;

" rosster feed lner tham 1/47 delinitul) lowers gold recovery unless the
ealeine is ground finer tham 200 mesh., i e trewely {ine grind on & 1/4 culoine
sids -0l recovery.

33
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8,

ﬁ' Plus 1/« «}/2%43/8n “3/Mel0n  -1om Pallets Rercasy

Derieds 240 16,04 R0 2l su3g fposite Composite

1- wada o265 o233 o o7 32 X7
Tadls &7 OF$ 4] oll oll kS

R=Heonds .z e ¥ «21 o24 X3 ﬁ :g
il . o7 £8 08 L8 .

Jelsicy «355 I7% o318 «J1 7 «J28 «J2e

ot % 2 e I a b
Tally 069 P2 «108 o1l Q7 087

Trana uutmt-minm trona sale 1A hours agltstiom

S~teadn «238 23 22 «23 22 22
redly 071 00 O o102 10

"M' * R0 - 27 227 297 363 s
™ile o0 07 07 e V'Y 15 «0§

T-liesdn 26 26 26 29 255
™ils +O8 L8 11 133 LF

Bfiwag o %5 § %) «20 o2 0
Teils O7$ 003 08 9

Average Neads 232 +250 o2A3 275 297 «263 253

" ™ls .07 <O8R 084 o1 «10 «©79 051
'

m ot the abowe L LT

 § 3.0 é8, 71.0 9.0 66.0 0.0

2 70.0 61,0 62,0 67.0 65,0 78.0

b | 770 71.0 700 65.0 63,0 770

/'y 770 73.0 68,0 6.0  67.0 76,0

] 750 72.0 70.0 67.0 46,0 70.0

é 70.0 69.0 60,0 330 5940 .0

7 9.0 9.0 8.0 54.0 78.0

& 4.0 55.0 0.0 5940 75.0

Averuge 71.8 67.3 649 61.3 64.3 772
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t (cemtinued)
total sulfur in the eomposite sample averagsd approxlmstely 1.04, the
sulfste sulfur sprreximeately .15, ifter re-rossting the average culfur wes
OJhg with the sulfate sulfur 0.2%.

These results show that the rvast is incamplste, espeecially om ths finer
poriions of the ore. In prectice we have found that if wore heat is applied the
" ere fuses and sticks te the kiln lining.

) Masien starta from 1500° to 1600°F whioh is 400° to 500" above the rock
teaparature.

b [0S

mg % %nﬂmn
o and arsenis eliminstien in ten day peried composite

samples for six momths.

Jesume!
10 day Total sulfur Total irsenie Plant tettls Extrestienm
Periods feed Disen. _§  JFesd [iseh. _§ fesde Iells feils Plaat jettle

2,60 1.1 573 1.67 19 88.5 202 .05 033 753 73.8
2,08 oPh  She8  1.5) o2 Bhek 215 O O TT.T  Té.8
2.” Q“ ’3-5 l.w .m N.D u”, 0“ “.‘
224 97 567 2.9 o2 88,2 204 <085 734
. 1.7% 91 L8.0 1.02 22 T8.h o222 056 The8
1.50 9  54.0 93 A5 B 239 Lo, 732

1.87 70  53.9 1403 b Bh.ah 216 05 0952 76.8 75.9
2,03 106 47.8 85 A0 82,2 231 L0863 066 T2.8  T71.9
1.70 1.001  AD.6 73 i 30,8 299 082 08 7046 T2.0
1D .85 493 56 W2l 625 4256 068 065 T3.h  Theb
206 131 .4 76 A9 750 2k JO7TB  JUTh 63,0 697
1.97 1.21 38,6 77 27T 649 b JOTL 068 T T2
1.9¢ 1.14 h2.h A A9 Téeb JATI 055 054 6843 68.8
2,08 1.58 363 1.07 30 719 4293 JOTh .G85 Th.8  Tidd
2,87 1.65 38.2 68 JB 735 338 17 Q33 85.4 0 607
352 1.9 L45.8 1.21 2l Wb T3 A2 A3 T2 TN
2.Th 1.55 i; 4 1.0 o7 gol a9 56 -09‘ 67.5 66.6

SRS PELER v avewswe -

5.
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yose of Iavestigstion:
To detervine tfw olluots of rosating & Setehell ssleime at different sises
for different lengths of Lime.

%’2‘
¢ Bample was & camposite of ocalaines prodused over a two wonths periods

Regulte;
%’E&" goeditions rosul
Hours Final Assays O Aw/tem
~ T o ®
= s TRt =y By T B
2 b 1300 &3 «240 06 MO
2 b 1300 200 o266 3% 8.5
2 L 1300 325 268 039 85.8
[N [ 1300 65 281 Q35 8.5
é & 1300 &5 209 W @30
a 10 1300 65 75 A7  The$
2 10 1300 200 78 06 78.0
'y 100 1300 100 277 7 750
[ 100 1600 323 263 22 17.0

w:
o Ro-rewstins laproves the extraction if the teaperasturs is net cerried tos
high., 4 temperature bigher thar 1300°F fusas the vre sad “locks wp* the gold,

2. Pinar grinding after roasting imnreves the results.
J« frinding fiaer than 4 mesk before roasting leowsrs e extraction.

be ! re-roasting pericd of more than Swo houre seems to Le of little banefit.

Bea
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Purpess of Imvestiration: #1
™ deternine effeet of ore size of roaster feed om oyaaldation resulte,

Procedure

Composites of mix duys of kiln feud samples were spilt inte two porticas.
ne wus roagtod direct, the other orushed to minus 4 mesh and roaated, Reasting
was as (allows: Cold to 800° in 1US win,.} 600" te B0C* in A5 min.; 600° to
1050° im &5 mdm.s 1030° to 1300° ir 45 minutes. The calelnes were eocolod,
quenched, srownd to minus 65 mesh and washed by decantution. Cyenidation was
for 43 hours.

%ﬁ_: Total sulfur

faw Ore el E td
reyiods i * = OFriAZ e &) o ™

I . L2 X ' [ ] L L]

2 212 2.4 - N 1% 5 SN 08 06 1.0 8.0

3 2.08% 2.09¢ o554 Af% «222 <255 0O 06 768 77.5
Progsdure; #2

A two week gomposite aumple of kiin feed was separated into the sizes gl vem
belew, Essh si30 was rossted 0 to 850° in 105 wioutes) 850° to 1200" in 45 ala,
at 1200° in 30 minutes, ifber grindiag 40 minus 65 mesh the culsinmes were washod

and ¢yanided.
Fredust sulfur Assuys Assays O Aw/ten
s E &0 Calaine sads '
o 10 2% 0% B.'!B JIIE% ﬁ
an 20.9 2.9 79 305 A0 635.0
/20 - 23.0 2.8 o$b o362 dl 90
-k #10 3.2 2.96 8 o275 03 63,0
=10 «20 3.8 299 bl o261 08 654
-20 4100 13.4 3.3 ok 258 N 720
=100 507 2.& 065 02” .07 72-0

mgt

would sapeel the extraction to imerease as the sulfide sulfur was elisine
ated as the gold ooours in the sulfide partieles, and these ;azticles have to be
‘oponed up' before the gold cun be dlssolved by cyenide. This seems Lo be true
with the eoarwer material but not «dth the finmer material. The sulfide sul fur
saimol Pe the anly factor influemeing the solubility of the gold as in the

20 4100, and -l00 mesh products the sulfide sulfurs is completealy eliminated, bmt
the ayanide residues are still bigh im gdd.

.
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Procedure; 43

i two weeks coopoeite sumple of kiln feed was scpareted into sluss and sach
sige rossted 500° to 1300° in 135 minutss und held at 1300%F 30 minutes. After
grinding to sinus 65 mesh, the Pulp sas woshed and gysnided,

Sesulis s
. ‘ Results
- . Susfur sulfur \ss:ye  Os Au/ton
| & 211 (] il lHea ™
1/2" 25 ol 241 29 0269 08 7&‘0&
Al 27 & 245 28 272 08 707
1o 214 2.73 «3b 248 08 67.2
20!»2 12 01 2 06‘0 035 02&9 «08 68,0
+100 1044 257 olob 28 08 T1le8
"‘m 30‘ 3.18 07’ . cm 003 7&06
t 2
Composite 3.08 37 173 «06
l/ an L2 o8 2 067 o7 0153 oJ7
by 20k 2.76 ohi «195 U9
pis | 1l.2 3.28 38 «198 073
20 12.2 3.67 o3 213 08
+100 ¥e2 371 38 od 54, «03
100 bod 284 & o1y 0%

Jame samples 2s Test f2=#3efk; however, after rossting, the samples were
gramnd to miocus 63 mesh in hot trona selution (506/T ot 170°7) before syenidaticn,

Tests 24 34 LA

Taila ZoXb o alls LKL e Tells ki b e
> osite ca, 75 z @ ® n& ; ? 05‘ :
+l/2 oo 71.1 «07 73, U5 g6,
+1/k» 7 7.8 08 78,8 D6 67.5
+10 o7 71.0 <06 75.0 .06 700
20 «10 63.8 «06 750 44 67.0
+100 07 723 -7 The3 L 71.0
-m -08 6'3 03 .03 7‘}07 m “00

: 1
gc results of thess tesig show;

lo Thet finer erushing of the idln feed would be little sid in inoressing
extraction,

2. Owver-sll recovery would ve imeresscd alightly (2% to 37) W ihe use of
trona pretreataent in the plaee of the curreat water wash,

38,
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2._-_-_%-1' (cantined)
o The recovery of zold dees aot follow the sulfur eliminstion CUFVE,
whigh mewns there are other fastors influenelag the solubliity of the geld in
the casine.

Ls The Trena pretreeiavat Las & pronouncsd effect on the 410 mesh muterisl
and of little bemsfit on the =10 mesh material. The trona sttacks the sulfur inm
the saleine.

% of Em%ucm #3
™ ficlenoy of a water wash on calcines versus & salluris

a¢id wash,

g%n and Recults:
® ¢s wire ground to minus 65 meah, waaked in water and cysnided

48 hourz, The sulfuric asld wash was =% a 23] dilutiem - 2% o sclution.

teitation time wae 24 howrs; eafter washing the pulp wes ay 43 howre.
Test RUASTING QUL (TIOR3 AATER e/ TMENT HoROA TREA WM T
e to 4 a ssda ] » ®
- Sokt T et R oiae e A b ok M
98 1100 &0 1300 150 B8 055 T9.5 25k 05 80.4
99 1400 L 4] 1200 &0 28 03 79.9 o249 Q43 8.9
100 1100 &0 1200 180 0255 .06 T6.6 247 L35  T7.7
ia 1400 180 1500 60 2k5 0685 T3.5 «255 06 76.5

mf"

¢« An aversge of the results of all the taste shows the saifurie asld treat~
ment gives & slivhily higher extraction thun the weter treatmemt. Fer sulfurie
78.,0f and for water 76.7¢,

2, The ore needs to be heated to about 1100°F befors effestive roasting
bagine and the tempsreturs must bs reised ¢o at least 1LUO®F {or & short tims te
obtain optimum rueovery. Apparently this nigher tompsrature should not Le held
for 2 ver; long tiss or the ressvery wdll bsgin to deslinc. This may 06 Cue Lo
simtering or the fosmetion of insoluble arsenic suspounds.,

3. The arsenie 20says of the caloine or the oranide residucs swnnol be
tied in with the 1eeevery. The) haraly vary from rosst to rosst.

Fu o of Imvestigation; #6
To try offectes of sater, sulfurie seid and irome washes on
saleines nade at 4ifferent reasts.

g_r_g%a

salsises were (1) ground Lo ainue 55 mesh in water; settled 12 hours and
- washed by decamtastion. (2) Oroumd to minus 65 mesh snd digested for 6 hours in
hot trema, 504/T sclutiva. (3) Oround to zinms 65 mesh mud agitubed 24 hours
in Fp3Q solution. Oyamide treatmsnt was 48 houre.

3%
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goaluaés
105 500° to l200°F 6073 1200° to LLOG*F 503 hold 1L00* 130#,
4106 0 to 6X0°F 307; 600* to 12002 3073 1300° Lo 1400°F 80v;  1450°
to 1300°7 50 ciautes.
SA07 0 o 5000y 3043 $C0° to 1100*r 803 1100° to L400°F 805 1200
to 1250.? 50 M‘Oo

Results;

¥ATaR TRONA Tia Tl Bz?q T TEET
Test ‘ssays 08 Au/ten ‘ssays Us Aw/ien iesays Uz Au/tom
Ho, Resds %n I8xt. Heads Tells ixt. Hoads Tails Tixt.
m; @ '@ ;ﬂ’ cm gfﬁ o)y; m B:
106 «313 085 8.4 o408 L6 35,2 405 L0855 86,3
197 366 06 5346 o369 06 35,5 365 L5 85,5

?Rmia of Inwutiﬁaum:
® ¢ il ssrstiom of Lhe walcine efter grinding would bs of aid in the

sysnldation of ths orws.

Froosdure;

18 tests were sondusted In a large ezr vsing ispeller agitation; and serated
Ly intreducing compressed sir ¢ireculy under the impeller.

In ihe first set of tests the pulp was igltated 8 hours with varying arounts
of lime. Im the second serics one pound peto. lime wae added with time of aeratien
varied. In the third series no lime was used but the tiug varieds Oyanidiation
was for L8 houras.

2ordes sl
Varying asounts of lime Wz’ aerstion cunstant,

ethed of ° Percent sulfur
i B e al e e e

Pone 1 059 A 03? u{;‘? -05 1.37 “ 060 0237 0‘3&& §3 01

o3 1eh9 lei0 ohb 06 1. 256 o33 75 6760
1.0 le&9 1.9 hS 06 139 2.72 <238 075 677
2,0 l.52 1. L8 07 1.20 2.70 <211 073 b4ob

§

® 8w R
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Resulis: (ecaritinued)

Jerdes 2
Lime conatand - nra.ﬁan tins viried,
Mothoa of Treast, rorcent Sul fur
Time 50&3 Solutdom Consweption Assa)ys OB u/ton

, Hoeads
ieration  Added gwl Julfide Total sul, .| i Heads Talls Zixbe
ane Tmo ° Iom 05! m ﬁ ﬁ 'Y ng m
2 1.0 10“ lo” 053 .07 lnso 5 ..'L. m‘; 0033 &2.3
b7 1.0 1ed 1.3 57 0B 1.00 A.%% 209 78 6242
Y 1.0 1.50 1.43 ST o028 1.08 5.04 218 T 6540
32 1.0 1.50 1.43 &0 09 1,00 $.00 «208 O3 6347

series
No iime 2-71.““%1@-; varied.
None Rone 1.62 1.53 72 2 2.49 5.9% 26 Ry, <] 69.3

1) Hone 1.79 1.70 42 o1l 2.08 6.12 25 +OfL, 67 3
16 Eone i 079 1.62 0‘3 «30 X '” ‘0063 om <08 67 oby
25 Kone 1.79 1l.61 2 0 1e73 5455 2243 79 674
32 ¥one l-?? 1065 .61 .m l.“ 5.’5 .2’9 -078 67 oh

%%l
s resultas show that aerstion;

l. Lowers the cyanide consumption

2. Lowers the ayanide residues

3« Inersass tie loss of gold by diseclution in the water sireult, whieh
more than eounter-ects ths gold gained Yy the lower cvanide residus.

ke In all the tests a dlacrepeney exists Letween the caloulated heud
for the pulps c¢ysnided without ssratien., ‘this difference beoames greater with a
longer sermtion periec and eannet be agoowited for by the /u centent in selution.




1941
ROASTING ~CYARIDATIONS PLANT PRACTICE
GETOHELL MINE - wise

BILLING PRACTIC

In the sulfide orss the gold oecurs in xloroscopic sises, both in the free
state and locked up in minute pyrite and arsenopyrite partieles. It has been
established that the tulk of the free gald 1a costed with some substance,
thought to be an insoluble iren campound. /4 roast is required prior to treate
ment in order to secure esonomis extrection ty eyinidation. Rossting accom
plishes three things. The imsoluble coating cn the free gold is converted to a
saluble state; the gald bearing fine sulfides are oxidiged; and Lhe bulk of
the arsenic is eliminated.

Caleined ayenide residues shows micron sise gold included in 850G meesh
sulfides whieh, in turn, wers included in 30 mesh gangue particles. An witi~
mate talling sannot be reached until a dead roast is attained,

After rosating, & wash is recuired prior to cyanidatien. Zither hot water,
4 weak troma solutieam, or a weak sulfurie soid solution wash is suitable. The
wash dissolves the oosting from the free gold, removes suluble sulfates and
sulfites, ferrcus eompounds and other syanides formed during roasting.

Mrplmtpnmngmt.oawomﬂmonbh then to a 400 ton
roaster feed bin. Roaster feed is 18% + 1/2 inehy 19% + 4 mesh) 63% ~4 mesh,
The kilm 1s a 7 1/2 x 260 feet xith an inside diameter of & foet. It is set em
& slope of 3/8 inehes per foot and turns 1-1/3 ReP.Me with ore flow of Less tham
one foot per minute. Total time of rosk in the kiln is 4 1/2 hours with a 1000°F
temperature in the first 200 feet. Prom that point to the diseharge it reaches
1300° to 1400°P. Heating st 1000®P is not sufficient for goud gald éxtraction,
and heating above 1L00°F, for any length of time is detrinental te extraction.
Kiln gases dischargs from the feed end ot L30°F. Average kiln operating duta isy

Roek teiperature dissharge 1300°p

Sulfur in feed 2.91%
Sulfur in kiln dissharge 1.22¢
Sulfur eliminstion 583.1%¢
Arsenic in feed 2,018
Arsenic in kiln discharge 0,32%
Arsenic elimination 8L.1%
04l consumption 6455 gal. per tom.

Roasted ore dlscharged from the kiln at 1300%F ie fea directly to the ball
mill seoop box. The grinding unit consists of an 8 x 6 foot ball mill in closed
elrouit with an 8 x 30 foot multizons elessifier. Ball mill discharge iz 757
solids at a tempersture of 190°F and alassifier overflow is 33% sclidas at li0®p
temperature. Orinding and elassifiestion nre in fresh water, and it is in this
unit that a hot water wash is attained.

The alassifler overflow of 1.4% plus 65 mesh and 63.7% minus 200 mesh goes
to a 55 x 25 fooy, three compartament washing thickener. Uverflow wash water,
containes solubiec sulfates, sulfites, iren compounds and smsll mmounts of arsenic.
Thickener underflow at 65 to 70% solids went to the slims treatment plant,
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ROASTING=CY \R11. "IGN3 PL.UT PRACTICE
G TCHELL MINE - adge

¥illing Practice; (continued)

Under-{low i» agitated in ssries in twe 24 x 20 foot agitators at a dilo~
tion of 146311 with cyanide and lisme. ~“verflow goes to a 30 x 18 foot, thres
cemparinent tray thickener, Thickensr overflow BO83 to pregnant solution.
Underfles at 55 to 60% solids is repulped with barren solution and agitated in
three 16 x 16 fool agitators in series.

Secondary agitator cireult ovarflows to 2 AS x 16 foot thickener. Overflow
goes to mill solution wnd underflow goes to & 14 x L4 drum ildter.

The arsenic gontent of the pulp antering eyanide trestment is 0.29%, and in
the residues 1s & 0.28f. The residusl areenlc from roasting is not soluble amd
probably oecurs &s arsenopyrite. Sulfur entering is 1.29¢ and in the residuss
1.25%. Seluble zulfur cecurs ¢3 sulpho~ayanides .

h3.
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R ASTING=CYARIZATION
CETCHILL MINX - vayk

3 '
“—-&gum laborator; tests which sombine rozsting the raw ore and treating
the roasted produet have been condusted, as vell as maall seale roasting tests,
in 8 amall sized rotary xiln. laboratory tests almost invariably show that 4f
& complete rcast is made that the ¢yanidetion results are better than the plant
results. Ores rossted in the saall kiln also gave a produet tunal treated better
thar plsnt rossted ore,

Yost of the difference between plant reast and laborastory or experimantal
kiln reasts, is shown by the beiter sulfur and arsenie elimlnation., Mhis dif-
feremoe is due to the fact that 1n the plant the oxidatien of sulfur and arsenis,

would take plize. Gooling should be retarded as mush as pessible by insulatien
of the eylinder and proper stlrring lnsured by using *lifter briek" or heat
reeisting castings as lifters.

Present practice stope all sulfur and arssnie eliminstlon as 50,(804)
mozumu the ore leaves the kilna. Some, bt pot all, of these

rsenie compounds are cissclved and removed during the srinding and was
aperetion and are sent to mate, Others find their wa; iate the sysnlde eireuit
tnd eantinue dissolving, This scauses foul solutiomns snc interferes serioualy
with the recovery of gold a3 well as adding to chemieal sonsumption,

Prom the foregeing, it can be Someluded thot as far as 48 £088 our presant
roasting prasties i{s sound but that ehanges should be asde that would permit
full advantage to be taken of the heat put inte the ore for purposes of oxidining
the sulfur eompounds before it is put under trestuent y oysnidationm.

and
Sur
bing

the grindin- efreuit fer the removal, or dissolution of gugh compounds as
antimony oxides. T™is is another and a separate proclem as is Lhe question of
fltration of pulps sfter washin, in thiskeners as ot preasmat.
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ROAS TTRO~CY ARTDATION
GETC FLL MINE ~ Mwsphrey

e of Investigetion
-ﬁ ﬂfg{i‘mt Egt henefit of roasting the ere in the presente of coal dust

and sulfur.

Progedure; Xiln Feed
sst of nmplumm”duthzolm/twarwlw:od. end one
dmzolu/tuo:cm:mu.mun;mwo-rwuoo'rxoraxlzum.
and then held at 1200°F for two hours.
The calcines were given a hot NaOH wash for thirt) mimstes with » one pound
selutien before eysnidation for 48 hours,

Rewaltas

Oonsusption
e B @ A n 8 ,% M T
Ceal 1.6 LeS 1okl 2.41 0 17 b 23
Sulfur 2.5 546 1.58 2.6 oh7 69 o7 «Ofy
sulfur 1.3 6.0 141 a4l 73 76 b oy
19456

CETCHELL WINE - Oeorge (rerap

whea there is & reduging atmesphere in the roasi, as M:sozhmxngcﬂ
freely, the is is held in the arsenesus oxide ( ) snd passes out with the
gasses, wWhen lhe has been eliminated the res se is oxidised to the
arsenic oxide (uz;)j whieh combines readily with f{rom to fowm an arzenats
whieh will not yi & gold content to amy solveni. Anteneny reagte in exaetly
the same =AY

k3o
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35 TIHG=CY ANID A TION
GETCHELL VINZ - Meruiston

SRRIART «
Extensive research investigetions, and a natural mstallurgical evelutiom

after slx yesars of willing operations, have brought out several possible flow
sheet changus. It is believed that all this data e¢an be incorporated into a
redesigned, "streamlined" flow sheet which will give an estinmated redustiom in
milling costs, plus inereased gold extrastion, of approximstely $1.50 per tom
ef ore.

Redesigning the reasting plant Lo insure camplete sulfide sulfur elimina-
tiom along with removing the colleidal slimes, will lewsr tie overall eyanicatien
eosts appreciably. Metallurgiozl galn, by inereased gold extraetion, showld be
approxinstely 0,02 to 0.03 ownses of gold per tem of ere.

T™he followdng is s surmery of various data and ideas relating to iLsprevement
in milling and to the metallurgy of tie Getehell orea:

To insure a wniform mill foed the ore from the pit shouwld be bedded prior
to milling, The arsenis, antimeny, molybdemws, iron and othor mineral constite~
ents of the ors varies gresatly in somcsntrations fruc different sestioms of the
aine. These srretie ceeurrensss of »2:alis and minerals greatly effest metallurgl-
c2l results, snd bedding would do much tewsrds leveling off milling resultse
Redding sould ve ascomplished by doimg all ths mining sad trusk hauling in the
eight weather-favorabls months. Frestically all crusher jlant *wet ore problems®
will be eliminated. It has beon demonstrsted on seversl ceossions that the ere,
after buing stoekpiled for a period of time, presented no diffieult eyuahing
problems.

Rebuilding the erushing plant, for & capseity of 250 TFPN has been eansidered
under the plant expansion program. I% is bellewed a redssigned and rebuilt plant
mldgiuoo:nlulﬂmw.l()pcrmuumucupmddththopnmt
sosts of 10,186,

Thers {3 much evidenss indigating that washing ths primary eslleldal slines
from the oro will greatly «id rossting to obtain mere complets sulfur eliaination
from the ore. This {ine meterisl causes ruas through ths roaster, acts as in-
sulation on the cosrser partisles and areates a severs dusiing problem amd gold
loss. Removing this collefdal material will lower thickening, sgitatiom, filter~
ing and shemical coste. sashing the ore should result in ilneressed gold extrao~
tiom and lower milling coste approximately $0.50 per tom of ore. It also may
possibly permit leaching of a occarse ground saleine; however, laboratory test
work 12 16t L0 te done alamg this line,

Several years of plant and laborstory resulis defimitely show that the
roaster cxleines ocontain an appreciable amownt of sulfide aulfur. Numerocus
laboretory results from severel differsnt laberatories show concluaively that
the best gald extrestieon by cysmidation of the caleines i3 ebtaimed after the

ho ,
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ROAS TING=CY ANITATION
CITOHELL UINE - MeQuistom

FAMARY: (eontinued)
ore was roasted at 1200°P, and hald at or near this tempersture for a2 perieod

of time. In plant precilee the ore reaches & texper:ture of 1200°F and is thea
immedietely quenghed in water mhish stops all wmddation of the sulfides. For

the short peried of time the ore is at 1200°F it is in s reaucing atmosphere in~-
stead of sn etmosphere favorable to oxidatiom. It ls ouly necessary to ingorpor-
ate inte ths presant plant prectios a melhod of bolding the saleines ol a tem-
persture sufficient to sllow axidatiom of the sulfides to continwe wa to eompletien.
the sulfide sulfur reasining in the calaines is not mumeh loss than 50f of the
sulfide sulfur in the roaster feed. Conalderable data shows when exidatiom, or
roasting, is carried to completion the presant gold reccver; ean be imcressed 0,00
to 0,03 cunees of gald per ton of ouwe.

the fallowdng s an cutline of possible flow sheets, estimates in redusing
the present milling cost and imcreasing the gold extrestiom. The estimated mill-
ing oosty, ond increased gold extrastion is given in dollars per ton of ors.

FLOW SHERT 5« 1
syesent flow shoetl of roasting all the ore followed ly eranidationm.
Installation of subssjusnt roaster eguipment to obtaln complete alimination of
the sulfide sulfur.
POTAL INQHLALEL FRAFIV ™ = = w = $1.00

_SHEET NOe 24
s washing plant with flotatiom of the aliues perticn of the
ore. The feed to the srushing plant then becomss 1800 7D s0 ss to maimtain &

resster feed of 1500 TPD.
TOPAL INCREASED THIPIT = = = « = §1,.50

FLOW & T HCe Jt

- olation to laalude fine sends aleng with the primary slimes for cne
of twe purposes; {irst, en a 1500 TPD erusher feed this plan might permit
roasting and eyanddation of 1200 tems per day, in the preseat roasters, with enly
the additienal installation of a new crushing pliut and two oxidiser tubes;
seoond, if leaching is possible, flotation of the flne swnds will produss an ideal
leashing produst. @ flow sheet aleng this gemersl plan has considerabls merit as
it involves & low capllal cest,

T EQe &9
Eg féotau.m. vith reasting and cyanldatison of the flotstion concen~
trates. All fletation predusing & small conemntrates welight, gyanidalion of the
flotation tallings, rossting sad eysmidation of the flotatlen eemcsntratesa.

SHERT Nle ot
ﬁi&iﬂ( a four mesh wet grind, flost the aremic, snd antlasmy, from
the mimus tea mesh product. Slimes to flotation and sands to roast end gyanida-

tiems The merit of this {low sheet ia to remove the arsemisc to ald rossting or
te remeve the amtimamy if the content in the ore is high emough to esuse yanide
troubls.

bT.
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PLANT =oi0LTe
ROAZTIMG=-CY W TUATT L
CrTCHE I MINE

LVoF I MY

(fola 0. ver Ton)

Year {eade Undissel ved pissalved Total ket o
1938 198 #0600 L0035 0635 67«9
1939 o267 <606 0031 637 76.1
1940 o254 0652 L0054 706 T2 ol
1941 211 0630 #0045 0676 67«9
1942 «210 0897 0050 o647 9.2
1943 «203 0652 0037 REY ) 6641
1944 «198 0666 0033 «J70L Slvohy
1945 77 0819 0033 0652 3.0

woooSme g st s o

1944 2.03 734 <OK7 1. 1.40
1945 2407 509 <0851 2455 Le7h

k.
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RECAST=CALCTHY FLOTATICE~CYABIDA FION
GATCHELL RINK = wark, woedsard

Pu of Investigation;
: g G‘h!r'iﬁa possitilities of salsine flotatien preceding gyanidation,

]

;. otnposiie saaple ol 10 daye kiln cischarge was groumda to YO% minus 200
mesh, dlluted Ail aund volled 1 hour, filtered and washed. The pulp was {leated
with #2080~ 301 and #l5.

Flstatlen conesnirate wes ¢yanided 48 hours a% 331 with 1.0 ¥a(N solutiem,
Flotation tailings wers treated the some way. A seecnd sample of [lotaidem
tallings were given a 24 hour wash nm.un,so‘-mummuot oyunidatien.

Resulis:

Ururoasted
Flot, Come. » 8
FPlot, ® Asssy Us Aw/tem
w £ wWhe Normal w
Ceme, 14,6 ohhS 31.0
™ils 85 .4 OV | 69,0 <03 03
Extrastion 68,5 77.8

The eoncontrates corsisted mostly of hlack varbonasecus naterisl-some lree
sulfide and all of the olly soum found im the hesd sample.

by 102 ]

of tiems
ity of ecaleine fletatiwn.

Procedure;
~ Vo data glvem: Sample for fletailon was Plant washed thickensr underfliow,
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1940=-3 ,
RCATMC LOTIRL PLOTATIOE=OViNIDATIOE
GRTCHELL MI¥N® - ark, :vodward

Results;
rlotetion Conc. Tails dation Seasumption
A ABBEY %
M j g . fs; .? ® JB ton o8 A m / «  Hal v
33 ;0’& L ) ‘O e L
26 o375 931 26.6 30 128 8650 65 2.
14 «335 12.50 36.3 293 075 Je5 <55 2.30
28 36 il.32 2.7 o27 08 TOe5 65 2,30
29 2335 11.95 £ 3560 o275 «20% 6540 50 2.8
50 «39 10.6 1.05 293 «30 A0 66.6 A5 2,60
Flaotation hesads -~ No, 3 riicer Tuilinges
a5 11 7.2 28 <25 07
26 o143 9.6 36 29.2 <083
7 oid &.98 38 282 «il8
28 132 8,38 38 25.0 «A05
25 115 10,1 203 217 «08
30 012 k.S 0255 1-206 om

o

Purpase of %wc%?om
@ goid extrection on Lhs flotatiun eenceantrute obtained from

floating elalues for twe woeks July 21 to lugust 6, 1540,

Frogedure

he sasple of flotatlion concenirates »cs @yaniced before end ufter roasting,
The roast sas 23 follows: 0% - 600°F in 45 alney SW°F = 300°F in L5 cinutesy
800y - 1050%F in L5 winuies; LOSU%r « L u0%7 in 45 wicutes.

Results of Cranide Twsts:

Consungtion 888y 0% Aw/tom
Froduct Irind &;}'ﬂ ?ﬁ ] encs is (X1 o
Haw 5; ® ¢ m %" %
Caleine 65 l. 2450 ow 06 93,0
flase 328 1.2 240 o7& 26 67.0
Caleine 328 1.05 220 <821 +035 $4.0

inalyeis of Concentretes:

Twladfw oo guiflde adiy s
Bew g, 5 8 oby .52
Caleine 063 52 11 o)

50,
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ROAST=CALCIND FLOTATT N=CYANIDATION
ORTCHELL MIns

of Investigationg

# P on results on plant azlieine,

Procedure:

Piotation test made ou wish thiekener underflow and also on Plant tallinga,
Resultis,

tiashed "‘M.'mr Under{low rlant Tells 2y sndide

Tesd !“ldl v A 8 5 - Tieads %l mm
¥o. Qw~iu f . Qu-w £ km- O8=in QuTin  Qamiw  AfUeF. Po7adls
b § 135 S.62 51 18.5 i3 33 63.15
2 275 9.5 okl 25.1 o143 -035 03 6a.3 59 b
’ -m 7 .’ Qu 200 1 ou c“ ow & 0? “02
[ 170 7.7 58 25.9 o135 «Ch5 023 67 .7 6.5
5 A0 5.3 h85 19.3 12 «0b Q3 67.8 60.5
6 d35 4.5 wdody k.6 12 +OkS Q35 66.7 60.2
7 .120 ‘-1 .ns 12 ;J .ll ow 0035 & 0’ ” 01
é 155 6.3 ohd 18,0 135 035 -02% T7eh 66.8
9 A5 9.2 oh? 28,4 12 o0k 02 73.3 59.6




1939-6
MINERALOGICAL DATA
GETCHELL MINE - wark, ocodwaprd

Purpose of Investization,
™ determine ﬁm nolubiluy of the gould in Cetehell residues.

Procedure;
and the firet half of Juns nll dally plant residue sasmples were
treated with aque regia.

Resulta,
Cramidation nesiduss Aqua Regla Residuss
Assaye Agy/ ton Assays Os cu/tem
w 00056’ O.Cm
June 0.05%4 0.0275

Some acua regla residues assayed as high as 0.0k cunses gold on an 0,06
plamt residue, whils others azsayed 0.0l cunoes on an 0.065 eyanide residue,

2.
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MISCELLARESUS=0RAVITY CONCANTRATION
GETCHELL MIRE - sark, woodward

kjkmopurnhdmthabmuuﬁomrwuﬂmma with the
fellewing resulte;

Assays Os An/tom

Bed Hukeh Disebarge ot Y
#1 o1l A7 o3
2 15 ol5 12
I3 A3 A8

$3.




1938-42
OXILE “RE~CYARIDATION
GETCHhLL MINE

GENRRAL AISTOR it

The very first laboraiory test work done on etchell Oxide ores showed a
good gold emtraetiom by dirsct eyanidation, and practically no reccvery uy
flstation. All prelimdnsry teats, by numerous metallurgists, elearly indicated
these cres were amenabls, at & coarse grind, to s sand leashing~salime sagltatiom
conventlional qyonidation flow shest.

The follewing flow sheet wus in effeet for approaxlaately four and cne half
yoars. The ore was orushed to minus 3/4 inehes and ground im eyanide solution
at 70 per cent solids by two 7-ft. by 48~in., Hardings mills at an average raute
of 600 tons per day. R2ake elusaifiers, in closed cireuil with the ball sills,
overflowed ainus 20 mesh material =t 38 per osnt sclids to a bowl classifier
for a 325 mesh sand-alims separation. From this separation (5 per cent of the
ore was a sand produst and 35 per sent a slime rodust.

sand leaching »as saccomplistied in four &b by l6~ft. vets, eash with a
eapeeity of 1000 tems., A 246=hr. ieaching aycle with & lesshing rats of 4 in.
per hour was maintained.

Minus 325 mesh slimes were thiokened in 2 45 by lé~ft., two compartment
thiokener. The thickener underflow at 30 per cent solids was agiteted in a
series of three 22 ly; lé=ft. sgitators, ifter repulping to 12 per cent sollds
the pulp was washed in a secandary A4S by 16~f%., two compartaant thickener.
Thiektsner wnderflow was repulped and filtered an two 1i by 16~ft. drum filters.

A most unfavorabie feature ¢f the ore was the large thigkener and filier
areas recuired for settling and filtering the slime pertioe ef the ore. The
slimea had an inheremt tendency to form large gelatinous masses, locally termed
ialands'e This feature caused an endless anount of troudle in iLhlickening
resulting in high thiskener maintainee and operaticn costs. 3sitling arca for
the alimes required between 1C and 20 sq. ft., per tan. Foor filtering charsetor-
istics resulted in = high sold soluble loss.

Yrom 1938 to 1942 over 800,000 toms of cxide ore wus milled. The following

metallurgy was obtained,

Sand Total
os Tu/Ten 0:% On=iu
;| Cint o Heads ils XL o alls LKt o
we B9 T mE U O 59 oo 41
19%%9 20 0323 8hel 20 «0375 .7 0341 83.3
1940 .22 L3347 BL4 22 L0377 &.2 U365 83.6
194 22 0324 85.3 22 L0382 %2.5 <0347 82
1942 «23 L300 81,1 o2h Lh2T 82.2 L4271 R2.1

Ssnd and slime tallings were prectically ldenticsl) however, the ailimes had
s disgolved gold loss of approximately 0.0055 os. su per ton whicu lowered ths
gold regovery en this portion of the ore.

tverage chusieal consumption wasg

Lbs, Per wn!a'%ﬂ %ﬁ L—h&% %3

$he




1938=-42
OXIDE ORE~-CYAMIDATION
GETCRELL MINE

EATERIMBHTAL DATA.

1
%ﬁ work condusted on oxide orses gave the felleowing informatiom

ey ey P
extresticn on reground ieashed sand tailings.

72 heurs NaCh agitation gave the fallowing resulis

Origimal 3ise
2% + b =4fn/963 * 100m I8 = A00s
Roads 0,032 08 Aw 0,03 08 Aw 0.029 0z Aw
“‘-1- . .QS 00’ 24

Regrinding leach sand tails gave very little additionsl geld resovery.

BOASTINO- CTARIDATION

B LR
‘ roasting cxide ore would inerease the recovery and improve

the sottling qualities of the oxide slime.,

;%t

Ore: ground to 65 mesh in lime water; settled; cyanided for 24 hrs. st 2i1l.
Roasted Ore; Roasted at an evenl) increased temperature for feur hours ab
A00°P to 1000°F, Oseled and treated as above.

Qemposite Resulte: of daily tasts eundugied for appraximalely two menths.

Reagent Comsumption ¥alk *!!%: ﬁ

9,
Reagent Consumptiem Cad 0.1
Neads :sesr N8 Aw/tem 0.232 0.232
Teils Assay Os Au/ten 0.028 0.019
9Ge FAe Settling Area required 15.1 b
sulfur eondtent Qo142 0,111
Arsenic eontemt 0.A86 0.458
iverage mill tails obtained in the
plant for ipril and May 1941 0.032

(Seluble gold loss reises this tailing over the abave sailing)
The sulfur eamtent of the ealeine is prastically all sulfate sulfur while in
the raw ors it is mostly sulfide sulfur,

!
mg“““ the oxide ore will reduce the syanide consmptiom 0.33 lbs/ten ef
ore, and will insrease the gold resovery bty 0.0l34 ounces. The settling ares is
reduced 79% and the final gravity of the thicksner underflow wowld be raised.

5.
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1940~6
OXIDE STRITPINO=CYANID: TION
OETCHELL MINk

PROPOSAD TRUADGERD ¥ OXIDs STWICTINGS

Tae first work done {0 determine the possible feasibility of treating the
ttﬂppiuhmmwmnnaftmmmnwinmdaub:th.kn'ﬂl
company of San Franeisco la tis early part of July, 1939. Thie work wes done
on & grad sample taken from the “North Pit* and showed a regoverable value of
§#1.17 per ton. This, of ceurse, was not a representative saxple even of the
stripping removed froz this section, tut did poimt out that the plan to treat
this material should be investigeted.

The strirping has beem systematisally sampled as the work progresssd, and
the present report sovers tests made on a cunposite saxple of the material re-
moved to date June 1, 1940, and represents what san be done on this material
of whieh eppraximately 1,500,000 tons are on the dumps.

The sample tested was screened to various sises, amd the sisings assayed
te find out if a pertien of it cculd be rejeeted. All of 4t earried asugh
value to prohibit this procedure unless following tests showed that no resovery
comld be made on rejestable pertions. Tests woere nade en each siss, as showmm
in the sccompenying talulation. Each of the mises larger thau 20 mesh was
groud (o pass this size sereen and cymnided. Sizes smaller than 20 mesh wure
eyenided without grinding. Tests show a poesible reeovery of 99¢ per ton eam
be made with 8 hours agitation in 0.5/ gyumide soluticn with no rejegtable
portions. shorter tine of agitation did ned show as geod results. Filrering
tests show & sstisfactory filtering rate. Settling charscteristics are unim-
pertant as the proposed flow shest does not call for any thiskening deviees,
The substitution of sereena for hydremlis elassifiers sueh as the Dore, would
make 1t possibls to awvoid dilution of the pulp to a point where filtering would
be interfered with,

LABORATURY DiST RESUL)
Geld valucs in § Resovered

' by qyanidation of eash aime.
Product As £ Dist, T™me of rgitatiom

Yosh 3 % tom  g¥alwe  1/2 hewr Lhouwr § hours
LY 6.5 055 0.425 0.118 C.063 0.037
wf, 410 10.6 065 287 «106 o1b0 o149
«~10 +20 7.9 <065 168 «060 067 123
=20 +100 15.7 035 129 Oh7 083 116

«100 . y 6 . ]
Cyamidation tests were made with NaQl strengths of 0.50 /T snd 0,25 #/T of
lime at a 1:l dilution.

The setiling rate varied direstly with the time of egitation. :fter eight
hours sgitation the square feet of settling ares required for settling was very,
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of Gy
sampleny {de ore, sulfide ore after reasting, snd gysmidation
residus were investigated to ebtain:
de Tmantitative mu.o
2. Determination of the mode of ocourrence of the gold.
3. Distribution of the gold im the cyanidation residuse.

Results:
" .
Total Pe ¥ 123 2.38
Perrous Pe € 19 1.55
o g 254 o1é
yotal 5 & 2.35 o7y
8 e8 30y O 16

%t

appeared %0 be a ailieified tuff composed largely of fine-grained
quarts whieh eontained numercus lithic fregments of volesmie rocks. The follewing
metallies constituents were identified;

Orpiment

Araenepyrite Arssnop)y rite
Pyrite Pyrite
ryrrhotits Pyrrhotite
stimite

Sphalerite Sphalerite
Galena Calena
Chalosopyrite Chalsopyrite
thalsosite Chalosecite
Covellite Covallite
Rematite Hematite
Limenite

Zlectrum Elestrum

Realgar was the most abwndsnt minersl cemsituent. A wminor wsount of orpiment
was present in appresisble quantitiss. The enly gzold values noted ogsurred es
the gold—-gilver allay, slectrum. Pres grains of elestrum were charestarised ty a
ooating of what appeared Lo be lron oxide.

Pyrite and arsenopyrite were both geld bearing. HNo gold was observed in the
realgar. The realgar only sssayed 0,021 os Au/ten.

57,
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ieal: (eontinued)
&

Ar was obeerved. There were a few cocurrences of finely dissemin-

ated sulfides, with the most atumdant sulfide being a pyrrhetite~-like, perous

structure minersl. Comsiderable unrvasted write and wzenepyirite were prosent,
esidue

seroen analysis showed the plus 65 and plus 100 mseh frastions

8ssared 04322 o8 Aw/tom and 0.201 os. Ay/tonm respeciively snd sarried 10,72%

of the total gold., The minus 325 mesh fragtion ussayed 0,10 o8, and csrried
51.20% of the gold,

! superpanner test amsayed 6,90 ox. iw/ton and carried 28.82% of the ine

meil
gald in the pyrite sad arsenepyrite is exseedingly fine gradined. Peart
of the gold has ispermeable coatings of iron or other msterial,

A fletation talling, ml.uo.mvu.mmmtouwno.um

talling., when treated with mnqm-o.oosu.muumom.
m.huummgeuum.m-ammmumuamm.

38.
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of tiems
; é distridution im the ore, wnd i%s relstianship te
various sdineruls,

L‘?..."g'
m.ummmmmnmmnux«nns.rmmw
& mlfide float with the fletation tailings being qyenide. The oyanide residue
mduutodrormhmntw‘cdthazsﬂ-mumozﬂc:lhrmmtw-
oru.u-.nmam.m-awmu. Another portion of the residus
vas treated with a 25% soiutisn of urmmmummu-m.
!h-uutmt.«lmmuunnvm-.

Bosulta,
e gy Ble o

AS. Cans, 5,60 24 28.14
sul, Cane, 1-7‘ 1,18 n-‘l
R. tuils 88.47 199 o8 &L.9 29.30
Nove: Clesner tailing not reported
e talls 88.47 15 6.7
&g: on fine material in ore ’

100,00 «117 1.3 100,00 100.00
ABe Ooma, 1-” 020 19-31 Jeh2 2‘-2’
Sul. Cone, 10.49 oh2 8.60 &l .03 &l.88
Re Tulla 83.72 «063 29 45.30 19.64

The HCl leach and aysnidation recovered 33433% of the gold end removed
11,637 of the sulfur, The nitric soid leash recovesred 96,675 of the gald and
removed 97.65% of the sulfur. The fimal residus assayed 0,005 o8 au/tem.

Q|
&0 tesis indleate that thwe majority of the sold is assosisted with the
sulfides and that the more semplete the swifide sulfur elizination the bdettor

of £
%irumm-mmammuamwmmm
residue which eould be recovered by flotatiem,

w of th
songentrate vas flosted and the talling reground end reflested.

wm-momu-emmm. Finsl grind 659 minus 200 mesh,

.
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nesulis:

Flrot sulfide congentrute ssseyed 0,31 oe Aw/ton and segond soncentrete

00358 ofiy »'M/LMO
of the e

freary:

A more complete roast wwuld

gold resovery,

o

% of mnutogauma
& t na

2 sallsfastor; recovers by flstation followed by svanie

dation.

Procedusre

ﬁ ' iltiong
Flost arsenis %ﬂi thon

L1

FMalp diepersed wath N and Ma,5510 3
é Dispersed -~ [loaved L 5 "2 2

Results;

™ Uy e

z“v'\t. s & g - ® 9.61

ASEAY Om su/ton

5 152 23
‘ "t ¢ e 4 a .w.l.ﬁ

6 el 23
! wto ® ° & o 12.5‘

Summary ¢
ﬁmgtion showed &«

assaying C.39 o,

additional 11,307 of the &ald,

per tom,
T™he arsenic flotair’en concentrate contained 847 of the As and 643 of the “b,

e combined wei 4
Talling sssay

Tecover; of 55,387 of tle
'W'tm.

wis 10,358 and the resover: wis 26,388
Ce0b 08, ru/ton on 2 0,127 o, W/ ton head ascay.

zive ocamplete oxidstion anc probaldy a hi hepr

d * ts
sulfides E%EE . Ex rﬁ%}n
L 1.}

saxe 10

8%4~-200

.52 -035 0063 15033 wo,‘” °I5-M l.l..@
11,8,

B2 W02 079 17.97 33.02 099 11.05
10.22

€old into & rougher coccentrate

Qantdation of e flotation tedling recovered an
Consumption wee 1.37 lbe. Kack wc 125 lbee Cul
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~83% warious {loteavlan ena eyanldation procedures for the regovery of
gold and arsenle, by floating first the arsenie, then seperating the sands and
slimes for sepsrate trealmant,

P Tests ,O-41

owing a 20 mesh grind Lhe srseniec was {loated then the tallings were
elsesified into pus 200 mesh sands and sinus 200 mosh alimes, The xlines were
floated with the slime concentrate added Lo the sands foy roasting . Roasting weas
startad at 550°r and brought to 1200°F {n three hours and held there fop one hour,
The ealcine was relatively free of unrcasted sulfides. The caleined sande wore
ground to 60f minus 200 mesh and cyanided. A portion of the siime concentrate
anc arsenis cleaner tallings were alsv roasted and eyzolded, Slime floetation
tallings were eyanided,

Resulte

‘8saye Distribvution %

Lrodust Live ATslven s g - . -..........ﬁ
Feod 100,00 0.167 1.98 100.00 100,00
As (1. Ccome. 407 «20 36.09 be85 Thedk
As Cl. Tail 2.86 21 lq?G 3.35 20’0

o . 91,80 8
&1“ o0 od ﬁ:ﬂ 37.08 & 0“
Slin Cones .’3 o. ’ 093 l‘} -1’ 30-01
Slime Tail 2717 123 20 15.93 24867
%mm Fealdues A b Au a0

@ an !Ion m m

Caleinsd 31line Cones 7.36 «O43 2e26
Slime Tailing 27.17 <085 13.77
cwoﬂi te b’ ¢ TH8, 3? -“ 0053 23!‘7

mhlﬂoldﬁcwm ........-......-.67-26

%r

™e regover; of gold by oyanidaiion was 63.33% giving a residue that assayed
00053 0%, Avftm.

Test (bl was 2 sianllar tcaet And gove about the same results,

@ of Invesiiyation
To Jrove the results of Test WO ound 41,

Procedure: Test A2

seer grinding the ure to mimus 29 mesh and floating the areenie¢ minersls the
tallings wore ssparaeted inlo sands and elines, The slimes wsre floated and the
sand reground to minus 200 mesh before floating. The colloidal slimes from the
sands were cisearded and the sards @yunlded. Slise and sand concenirutes were
roasted and eyanided,

é1.
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Results; Test 42

AS " DiBt.rLbutim b

Produet & 5e. fx—%&m i £ A L8
Feed 100.00 o162 1.98 100,00 100600
LY ':1‘ Cone., Aoﬁ? 28 320’7 3.32 n.‘,
e Z1l, Tadil 3012 Py 095 k.25 1.51
Re Telil 92,08 ol 54 okl 87 043 19,04
Bands 56,81 o148 50,68
Aimes 36,54 +166 3675
Slime Flot, Cone. 1l.21 I35 2623
3lime flot, Tail 2533 08 12,52
Sand Flot, nong. 16-3} bl uc";
Celloidel 3lime

from tail 7.68 08 3.76
guldnu
& QLG 170“ 1l il.18
3lime Song. 1052& ow ko“
Sand ¥lot. ‘I‘&il 31.50 «02 A.SO

Tompesite Recover: 55426

%t
kreenis slesnsr comeeutrate ecnmtsined 79.45% of Lhe arssnio and 8.32%
of the gald, The slime flotatioan tailing asswyed 0,08 cunces. Comdi tioning
with sodium sulfide and copper eulfate was bLoneficial to gold flotation,
3y the sclhiame of Vrestnent fallowed in Test L2 the extraotion of goald by
yanidation was 55.267 and with Lhe eredit whioch would be obtained for the gald
in the arsenic escncentrste the total recovery of gold would be 62,08,
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Purpose of Investigzationm;
detornine the effect of sise of rosster feed om the finsl eyanide residue,

Procedure

The é‘pth of the charge wms about one inech. Eaeh charge was placed in the
fumage at 550°P ucd Lrought up to 1200°F. The time of rosst wese 2 1/2 nmours,
after reashing 1200°7 the furnece was maintained at the tempeweturs for one hour.
Rebbling was ever; 15 minutes.

The calcines were zround Lo 1.32% on 65 wesh and 56,664 minus 200 mesh,
Crenidation wus sade at 2 dilution of 511 for 24 hours,

B
eed 3,391 3 .00 om

Al ld { Ly

. Oetensll
%ﬁ He. ; ﬁ g P caleine
] sy %— - ] - " -l
irsenie £ 37 o33 ohb oh2 vh3 «28
‘ntdmony ¢ L1} o1l 085 074 06 03
Total 5§ £ AT A7 «50 58 52 1.54
Mfﬂn 8 ‘ 0&7 -u ou 0*9 ou nu
¥vt. Loss 8.5L 9'03 Gom ..32 .0‘7 l.”

//”’-IEL the Ameriean Qymnemid caleines much mers =ulfur wae eleminated than in
/the fetehell roast; however, Oetshall obtsined better arsenie and antisny
7\-‘ .]! sn.um'" R —— e e . 580 —en " =

”*_ﬁ__midatim 2esulte

Oanc;un tion fouds 884y 8 L,; A/ von "
F % Hech g ® .% wlls é hﬂt%g o
20 "“3“ .ﬂ . :I” . -om -

~10m 24 Al 1. o171 138 038 79.79
A <1k 2 .51 Jek 178 o193 «04S 76.79
22 -1/2% 24 .58 1.27 159 173 .G38 73,03
23 =ln 2 93 357 159 178 038 78,29

1

%o tests show that the courser tha feed to roasiing the better elizination
of As and 3bj however, the eliminstion of sulfur deereased.

Qanldation of the esleines gave walform extracilens of gold regardloss of
the coarsences of feed to ths roast.

The coarsensss of the feed to roasting had sn appresiable effect nn ey anlde
and lime consumption.
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furpese of Inwst.iﬁau.mu
eleriine whelher there wus any rolationship between the sulfide sulfur

ressining in the mill feed snd the #0ld extrected by eyanidation, ioasting of
different depth beds wes used to investigste this.

Progedure ;

@ charge »ss hrought to a temperature of 1200°F and held there for oae
hour., The charge was allowed to soal for an hour., The caleines were ground te
minue 65 mesh and ayanided for 24 hours.

’m. “ L"Pth [t
resasgh Min, at of S dedght
.;0_1 W; 1200y Ghargs  Asd 25 A5 e ALoss
m - - e - - - =
23 150 é0 1l 43 62 o2 20 8.7
2k b 3] é0 1 20 o84 31 33 70
26 30 30 1 ohdy N A N 36 75
27 150 60 5 o3 1.37 57 - 30 8.7
28 3 60 5 obl 1.83 o2y 1.%9 5.7
29 30 30 5 43 2.23 13 210 6.0
2 Cetehell roaster caleine 1.39
Rerossted 150 60 om v’? 023
Mu 1
Aseays (3 iu/tem Re&gent Conc.
]:ot, gnl& Resi due & ;'!Et, s&' La0
155 <115 25 7+6 25 .0
23 ATS 38 78,29 093 357
2% 75 -038 78,28 1.57 8.83
26 195 Ch8 75 .88 2.68 8.77
7 183 «05 72,67 3.27 8.9
a3 4;2 -3585 ?‘? .g; leh9 Jlin‘)
, . b de53 5
:Z ﬁﬁgz:iffa 76 6ram
Rercasted L33 82 o3 97 351

Relatively high extractions of gold were obtained when ruasted in thin beds
even when the ore was in the furnace only U minutes. (old extraetion decressed
when roastad in thiek beds.

fOold extraction is not relzted to arsenic eliminution; however, sulfur
elimination and gold extraciion ars reiated. The sulfur~gold relationshi; is
probably the sulfur which is eombined with pyrite,

tmount of swlfide sulfur wiich ean be talersted in the ealeine is about 0,304,

6k,
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SR Iy

i. Tetohell Vill feed as received was rossted under various comditions to
deternine the effect of such ecnditions on the extraction of gold by eyanidation,

2. roasting the mill feed in beds 1" thieck with eccasional rabbiling elim-
insted wuoh more sulfur thaz roasting in beds 5v thlek at the sace tenperature,
The elimination of arsenic however w3 not grestly affected by these roasting
conditionst in sach test shout 207 of the arsenic was eliminated. Cyanication
of the szlaeines however indicated thet there mas a relationehly between the
sulfide sulfur in the calcine and g£old extrazetion. Apparentiy for best extrsc—
tion of gold no zore than 04307 sulfide sulfur should be Fresent in the ealgines,
when the sulfide sulfur in the calelnes was lowsr thaa Ce30%, 78% of the gold
*a8 extracted snd gyanicatlen residuoes sseaying C.038%e/ton rald were consistent-
1,7 obtained,

3¢ A mample of caleine subritted ty Oeteciell Nins Ine., analysed 1.39%
sulfide sulfur. Oyanidation of this produet dissolved amly 63.80% of Lhe goid
leaving a residus aess)ing 44076 on/ton gold. vhen this produet wig rossted
and the sulfide sulfur thus redused 10 (o237 iLhe satraction ef zold was inereased
to 82.73¢ and the erenidation residue 8ssayod C.032 sa/ton gold.
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, e Lhe atlonshlp between the dagree of grindilig the ealcine
from the ccarse fraetion of the ore anc extrsetion of gald by o anidution., This
follows fras the peseible wcheme of rossting the gosrse frustion of the ore and
flotation of the slime plus fine sand,

Progedure;

he ore was serubbed on 35 uesh and Separcled into fines aud coirge {reetiuns,
Reasting of the soarss [raction was wade ot L30°F 1o 1200°¢ in 240 minutes, snd
then maintained st 1200%p for %0 winutss,

Resultsr orvanidation of Culeines from “OArse e Fregtians

Foed Ao UB A Hours tion

+20m Hone 2128 e'N 63 28 m 1 31 15 o7
+35m & 137 057 67.52 L8 1.20 1941
+35 10 2189 <055 7090 A3 1.30 14,8
+35m 20 «185 047 The53 L8 50 19,0
+lim 65 DTN o0l 7647 b8 1.0 1.2
+1hm 100 157 «Od Th.52 Y| 1.20 1.2
~lha 3and 100 o238 «OhT 30,00 24 ld0 17,
""m M 1’0 nm om “2 -33 2‘ .‘O 130&

though all of the resulis were unt direstly comparshle, it was evident
that extreetion was o funstion of the degree of srinding. It wus diffieult to
¢hoose an econumie paint, although in order b0 obtaln an extragtion of 75% or
Over, the caleine had to be ground to minus 65 mash, T™e minus 14 mesh sand
W88 more amenable than the plus 14 mesh,

.
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Jurpose of ETxamination;
' To study the cherseter of rofractor gold,

Senersl Desoriptiam,

The ore s Bighly sillcecus sith pyTite the woat abundant sulfide. It
oceurs as medium Lo Liny dissssinated particles. . maall quankily of arseno-
prrites is cresent sssuelated wili. the coarser pyrite and a8 tiny oervetais sestted
in gangue. Very rare small grains of chaleopyrite osceur with tne pyrite and also
in the gengue.

The crxin sise of the sulfides shows alatribution dowi to minus 23 mosll,
or minus 4 micrens. The fine pyrite of tie minus 6 sieron size is further die-
tributed dowt Lo 1 ateran. Approximately 7% of the mulflides are pius 200 msgh
and 20¢ minus 23C0. This 20K {» spproximately evenl; divided into ezeh miarom

sise from 1 to §,

There seemw to be two zzes of frrite-an older pcarse orystalline, dense
pyrite, and s youmger finely divided pyrite scattered throughout ths gangue in
stringers.

It can be safel; assumed that the froater part of the gold oceurs in the
ivon pyrite. Insbility te observe any fine gold in the pyrite erystals indlcates

the extremelyr fine sudbdivision of the gold. (It is quite possible to see parti-
elee of gold in pyrite &3 [ine as one Ltenth of a micron,)

The sarple of ors examined zssayed 0.4L5 os ‘u/ton.

67.




.\ .

1940~
FLOTATION-CYANMIDATION
HIRERAL SEPARATT R CORPOWATION = A1Lliams

Purposs of Invnugauam
out wt r flotatien would consentrate the refrastory minerals inte

8 product of amill wedght, this waking possible the eyenidation of the bulk ef
the ore without previous roasting.

Progedure

ore was srouncd to 931 minus 200 mesh and floated at 23% solids with 0.3
/% 2=5 15 minutes. The flotetionm talling was agitated 21 hours st & 2.5:1 dile-
tien with a Lo7$ lb. ¥aN solutien, Qanide comsumption was 2.4 lbs/ton,

Resmita,
i@ EL E: . 08, Aahn Dz-?i‘ )

Cons o 12.48 1.0 38.20
™ils 87-5’ 23 6:10”
Cy. Tailing <10 56.52 on Meads 34.93%

Overall recovery by fletstion and eyanidation 72.13%.

%
ﬁmum en this ore 13 not offective, %7’ ,
Ar
L




19419
OXIDE STRIP INO=CYARIDATION
NS OHT TRUTING ARG M i Y-o vl ston

Purpose of Investigation;

l. 7o obtain laborstory deta that might be of ald ia wiiling the etchell
Wine strippinugs at a profit,

2. To obttaln laboratory cata that coulid apply Lo profitable treatwsnt af
other low grade mineralised strustures whogs paysical charesteristics makes
settling and flltering difficult, &nd whose minersal eharscteristics mukes iLhen
noet amenable to flotation slone.

Prooedure:

1. Grinding Lo mirus 20 mezh followed by both a metallie and & nonmetal-
lie float with the final sand portion of fletation tailing being leached, guve a
total recovery inte low grads coneentrates plus salution of 6054 of the gold.
there was 32,81 of the values remaining wmth the slimes ind cating that any
sugeessful treatsent mstod would have to include cranidation of slimes,

4« Grindiag to mimus 28 mesh wes followed by a metallic float for regovery
of refrastory sulfides (which would be zivan a further treatment in prectice)
with the flotatiom talls being leached Wy 2 hour agitation. The dissalved
values were reeovered by adsorption on froshly prepared charecal, and the ehar-
eoal subesquently recovered inte a coneentraie by fletation. This gave a total
recovery lnte sulfide plus carbon cmeentrate of 80,5% leaving, 26 cents ia the
final residus,

3. Orinding to 2irmus 35 mesh was followed by sand=-slime separation with
the sand portion being given & metallis {lost and the slime portion being leagh-
od by agitation. The dissolved values wers subseuently recovered Ly adsorption
en freshly prepared charcoal and the sharsoal recovercd as a flotation earbem
Somsentrate. This resuited in a sand flovation tailiug aseaying 30 ceats per
ton in gold and a slime residue assaying 43 cents per tom.

Simulsting grinding in prastios to minus 20 meah with cyanide and lice
strengths 2s used in the Qetehell ill, with the equivalant of single stage
filtering of a classifier overflow wes carried out. The flliter residus was
repulped with astivated sharscal and the sculwalent of 30, gas. The object of
this was L0 use activatad charcoel in place of secondaery filtration, or thioken—
ing, for the alixination of soluble loss and at the oome Lime reactivate the
sulf{ides so that they sould be rucovered by flotation of the astivated eharcoal,
and the total sulfide plus the earbon comoentrate Lo be given & rossting treat-
ment ahesd of additional evanidation. This resulted in 56,07 of the gals being
reccversd in the filtrate und 27.3% of the geld recoversd in the comidned eo~
sentrate, This left a total rosidue asaaying 17.5 cenis per tom in gald.

ot

'
;’Egﬂ A motallurgieal point of view, and most probably from & sost plus
talling point of view, the foregoing test work has shown that a plant built
along the fellowing flow sheet, 1s indleated for the Jetehell Strippings:
Closed cireult grinding with syanide and lime to 20 mesh; elassifier overflow
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1 (eontinued
m with the rilirate going to precipitatien or low gold eirouit and the
residuc being repulped with aotivated charecal and geag  eharvoal
the dissolved valuce and sulfides being recovered ¢ r by flet:tion, the
flotation comoentrate being rossted ahoad of & segond qranidation peried., This
to bs carried out in thelr present sulfide ayanide eilrvewit,

T™e foregaing seheme should resover mere values than other schamss tried
to date on Cetehell Strippings for the following two reasens:

1, Eliminates from 5 to 10 eent soluble less inherent in agy strsight
oyanldation scheme, using sither filtrstion or thishening er 2 combinstion of
the twe for the recovery of soluble values from palps similar to the Getehell.

2. mmmmuumtm-mu.bynn.gupmncuumt
the mmall sulfide cuntent of strippings. ‘

70,
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REMONT TS TING LABORATORY - Carry, Prowen

of Investization,
Yarious vation teehniques, reagent combinstions and different

schemes of fleating the vulfides, attempiing to make a satis

sither by direet Motation or oyanddation of the flobasian t

Prosedure and Resultiy:

used for test Purpeses wus a compesits kiln food aample which

Sssayed 0,17 to 0.1 os. tw/tcm,

Test

! Cane,
!;.% % - Sonditions amd ) an g ;ﬁtt
gﬁMiéJ&MLNﬁ;j" "? B

»

15
17
20

38 B

Flotstion of slime from lla n 31,2
20 RaQB=Cus0, » » Sieb
30 r=1a. Ra S=RaOH-Cas0 ‘M’ &e9
0 0 '5)01-_
b &) PORS

Cr~Tla. NCl-Bati-Cus ol
&3 soparations nnﬂ }
sline float HGHMA-M &7 o
Flotation HCl~jian 01
Roust and eyunide floe s h2 .6

lotation~roars sand talls~refloat 32,1

IRFTE c. 2. wark

g¥Rvy

5

&5
33
100
100
63

100
100
100

Seap flstation; Jmm 36~Oleie~-1 18 23.7
Ploat carbom frem s b 301=-415(30,)y 15.5
Vator wash; 301-—?“0-!02{:03 29 b
Carban ﬂ“" ,m*ﬂm?uﬁc Un5
Carbom flost) 3G1-Na,S-isrosess A2.0
New Teet Sample: leads 0020 to 0421 o3=An
“ulfide flotatiom~sosk slimes 16 hra, L9 ody
Rtefleat; 301-%.\0-9;320& ~BA, KPP, 0,

BsOH treataent of amsznd anide 373
Raoii &54/T

Same as Tvst AT NaoH S4#/T

n.

factory tailing
lilim &
Ofie AI/M
o34 Ok 77.3
26k 135 47.8
0253 L “7 & .o
o313 i 85,)
29 widdy 8.6
205 042 877
7 =
o 9 ohy
. «Ob~3and
lime =,085 7.1
vk o2 2.0
22 o105 4.8
<364 ol0 60,1
o3l o7 778
Jl o079 750
036 005? ‘36 ol
Sands «Gdy
36 O35 7442
Sands 065
L35 &L
jands .03
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i FLOTATION=CY ANIDATION
‘ RERMCNT TESTING LAGORATORY = Ourry

Tert ¥eoh COfic . Lo

Ko g tions & Heagents % %ﬂ gons, ¥ :

50 Q% Samo a8 Shl=-total tedlle Xalll 594/7 o 20 55 %

51 100 same as #h7-sanc talls NaQH $7¢/7 0.2 b 86 69.6
Slime fleat tails .127

' Send Cy. heniduns 055
; 52 100 rlotation; rosst 2 hrs. at 1200°F 33,6 ol3 8L 75,0

8lise fleat talls J14
Sand Cy. deaidus LOL8
) 54 200 same as #A7 Radk 1004/T; 301-HayC0, W3 38 08 TheS
b Slime reiloati} Mao“ Slime float tails 103
! Sand Gy. Residue 023
55 65 3eme ea #Sh; MaOH 524/T; SCl~de, A8 Db Ob 88.2
56 65 pulk flstatiem; bax A9 326 A2 6746
éla 100 sandsy Nacs AdS/T) eyenidetion; Hde.0.081 O3 6340
2) g Mrest cyanidation of sands " 0,088 ‘ . #06 36.,'..
Separate S & 3 floaty M wbm SAND 6.2 o7 A0 2.
ALIMES 6.8 39 A6 12.8
65 65 Neat pulp to 100°F) 26~Fbe-iiin.B NayCDy 22.7 598 .09 662
&% 200 Gysnidation of rew ore A75 1647

DI curry, Brewm

mwy_ﬁﬁvﬁ&mm'
ow up o work Jome at the Univsersity of airisona of making a low

weight sulfide {lotation concontrate, and treating the {allings with Beul prior te
cyanidatien.

Procedure;
T™he sample used for $est work was a Oetehell plamt kiln feed composite
from iwgust 16 te Zeptembor 27, 1944, Arsenic minerals were floated at 35 meah,
which was Jallowed by a 200 mesh grind. After agitation with caustie for AD houre
the pulpy was filtersd, washed and glven a sulfide float., Flotatiom tallings were

eysaided 96 hours. Couposite sample, heads assay 020 os iu/beme

72
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FLOTA TTOM-CYANIDATICX
RIWONT TESTING LABORATURY = Curwy, Browa

P - -
B o i TS P

Mry of Am in So ) 6.8 75
L) Poe 7 oulfide Oona, ) * e’
" * " » Cranide 3el. é8.2
" * % ® oyenide Tails 7.3
o) Semple 642 Bast X-cut Some Je3 oTh o3 902
82 " " Same prossdure axcept sulfide fleat
ahoad of NaCM 1908/7. 2.5 o735 035 0.2
o Oompesite sample-is float at 20m; separete  Sand + 31, Cone. 065
sts;nutm..;m.m«awm Elime Float Tls, .22
roasted 2 bhrs, at 1230°F; agitate with W/
Wali for 24 hre; eyealde 96 hrs,
a5 m»Mnu#nmtmunnm
ground to mious 200 before eyamidation Sand ¢ 51, Come. 03 2.8
8lime Fleat Tise Cl’
92 ™ produss low walght in consemtrate me 773 1.20 A3  60.7
Gyenidation minus 100 mesh grinmd

mg}%ua Test 286
anmuumumuo,mmn;mmum

as
ﬂ&phmlmthuhptodau.

'
%c fletation was at 35 mesh. magrmmmozoom;m:mm
was made, with the tailings clasgified into sands and elimos, They were Lreated
separetely as follows,

H‘q} ire. BacH Hra,
5 %, X §§§da el %.'n 3 sale .%t.
Sand 10 o
3ime 33.0 10 8 72 1.0 &0
Resulte:
Assay We RwBe .
¥t Qt&l, ) B%e ' ®
As. Ceme. 3.5 032 5083 Cyanidatien
Sul. Conse 13.4 A3 A3.82 96.4
Sand s, 5507 o“ R v) § 2.9
Slime To, 27.4 ol +005 o7d
Solnticne &6 .72
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FLOPATION=CY ARXDATICON
NEMCNT ™sTING LABORATORY - Qurry, Brown

Procadure: Test #37
senie flotatiom was at 35 mesh with PBie = Cole = Cohe D tallings were
grownd to minus 20C mesh and treated with eaustic prior te sulfide flotation.

Besulte

Assay
% ¢ b4 ”j’t st. & &Qz
AS Cams, 3.3 o345 59 5.9
Sulfide Conc. S Ab 75 20,8 20,8
Cl. mils 13.27 33 22.6 90
R Tails T7 96 o125 507 29.3
Cr. mils 06

Furumery
Retter results are obtained whem sulfide flotation is macs prieor to caustie
leaching. Cmustic soda Seéms to have a depressing effest om the sulfides.

IRFT

of stigation; Test 291
% effest of NaOH at differvat stremgth losching salutiens.

Prosedure s
forventional arsenie and gulfide fimate were mads with the flotation tallings
split into several pertioms to study ceustlo stremgths and the effest ui straight

feoding or stage foeding.

esulte
% . Lo O Awfban
mtiaﬂﬂ% ?:%‘ %‘ % 20

Sulfide cleaner talls treated ».ith 1857 /7 - cansamption 728§ Shedy

zm ]
kecoveries favor the high ssustis strangths with straight feeding; however,
sonsumption favers stage feeding,
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FLOTATI OB~CYAIDA TT 0
NIWNONT T2 TTNG LABORAT RY = Curry

i of Invugtd stiany twst 491
g Qonpare ﬁ‘ treatnent wi th 30, treatiwnt om g flotatign Sailing,

Mﬂ:

A portien of » flotation Wiling was agitated 90 hours wWdth 205/7 gacy,
ARother portien vas agitutod the Saxe tine with 3004/7 &¢ 503 e pulps wre
filtared, washed and Qanided,

Bewglia, Residus _
OB gy
2

0. M

T

of Javestigniion: Test 93
M«- Sallings shead of eyanidatiem,

and Resul tg,
r A eaiven arsenie sullide [leoat the tails wepe split into three
portions ~ treated washed and qrenided WO hours,
e sulfidc cemesntrate sontained 7,355 by welght and assayed 1,19 o%e Au/tem,
&

QI- fion,
mt 9 4 ®
A FaCl 86.54/7 « i% ;.;-.Z*-‘?I’ fgltaidon 48 hours ﬁ- .
B Ka0M 28.44/T agitation 1 hre Standing osntaet 168 hours 0,078 41,8
¢ NaOK 554/T agitation = hot 24 hours 0033 75,3
ewmary ¢

Ao vas proved {im the Getohell Pllot lant o mLiafuc;u»ry btalling cannot be
nede by straight flotation or by slraige ¢y anidation of Lue flotation 3
however, after lezenlng the flotatian tellings witn caustig #oda & low eyasaide

tailiss can be ”

756
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FLOTATION~CYANTDATT W
WEWMCNT TESTING LABORATORY - Curry

Perpese of ?Nﬂ%&gums Test fl0R
n the flow sheot of a 28 mesh grind; arsemio flotation}

send~sline separeation; slims flotation; sands roasted for 2 houre at 1250°F

Resuliiss
‘ Assmy Bistritution
o T i~
Neads s o R A g
SV reey K9
m- m. 017
Sand Res. «0b
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SYARIDA L=l Ve DO Gt TRATHS
?ﬂiﬁﬂt‘j, ; i‘;‘-,_‘x 5 ":‘ 1.; ‘.: . ‘: ; oL ; 1“; ~ vmrr"‘

NM 0{ f(:'wn‘,;:j;
Te mlhﬁ

g o

Molatlus cungentrates «dthout roasting.
Procedare:
sample of Getehell !ilat “Lant iron someentrates was Lreated wish Haoi and
eyanided witnoui. gri-udiag.
Jost, 444 gltasion for 12U hours with 604/7T alM prior Vo oy snidation.
oat #78: sgitation for 67 hours wilth 6UJ/T KaGl prior to 95 hours eyunidation.

e Agitation for 48 nours at 10% solids in §¢ NeOH solutdon prior wo 96
hours e¢yenidation.

Resulie

o P
. S S
78 ‘a - %
= . o8 57 oh
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FLOTATT Wee CVARTOAIT N
DETCHELL “INL - S5ilvep

Parpose of Investiraiiong
f{ i L T | FY ., & i . . L T i E
To flnud & proser TRRLANL BOT UD Al Lo determine whuat Sunsiiluted Lhe lossea
1“ the ﬁlln’}ﬂ f.}..'.}c-“ﬂi'w'-. 'm”'.{h;'
The tusl heads wus 1 gslx wosks swsple of «iun feed [ram the suuti Jat uxter-
nian.

Proosdure and iesults,

e arseni¢ minerals worc [loated olter a 20 wesh zrind. The send portion
of the arsenic flotatisr tuilings wis resround and flowied sepurately, The slices
wers also fioated sepersiely., [hess ueads asssyed Ud2l OB Au/tan; .91 Age

Test Arsendic Concentrate
go. Sulfide Flotsti:n “onditions .nd Reagents 3 W D3 AM SAu Rec,
o WopCO3=J0I=FbY-Z13 “and Tillngs cyenld 62 4l 17,38
2. " " 8 v Fsrogsone~Xapthalens 1147 32 L8402
3. Slines centrifused into gramular and co dnidal 10.67 32 179

portiens; grenulsr re=tion ground and refloated
scparetely. resgents some as Test J)

he Rezgents same exoept as0, sdded - centrifuged 5ebl o32 2.54
28 above,

3. Reagents seme; slimes sentrifuged; granular portion 6.33 30 #,96
added Lo sands for regrind snu flotation,

b  POI~LILm 242~ u" } Combinsd flotati-a; une. reasted £ eFd 32 w71

Te Soal=¥=3Cl=§a, 0=F0; %and-slime separition Bt 295 045

8, orind shaad :3 ﬁ.zcmic float; oo ode b sdded to 7ol o3& 15454

avold pulp discercion; Racl. to As taii: 4rind;
Recuvery =33 attempted rather Lha- comosutrate
grade; Cu'-"':"‘-r-amjvl-ﬁ; cong, roteted sna cyand ded.

Sulfide ‘oncentrate flotation fuilince uyaniae Tuile
Teet 58 3D sLINE TN Sl SawD
¥o. Ou~iu  Tier. Ow~Au  Tie¢, geu LIve. A= fleg, HEmAL AU
1. O30 18,19 Cu26 79,38 U055 10o4b Telih8 11,89 - L eOlL
2. «30 19 28 075 35 0 125 16,10 w43 1l.59 e ot25
3. S05 D1.04 - - . 21E5 Ll53

selloddal WAL 10.79
Srenular  LJ9 Gels?
l.o Ccmbizwd ~ong, -‘;:‘A 6 :0'1( .u29 ‘%a5,§'
Cellcidal ,045 650

Oranular o025 2.3

5. .52 6.\‘?7 ¢~.}2 6:‘..27 tl—l ?ol&g .‘-uﬁs 1;2 -23 QCA
6. Cowbined Cone, 063 b4, o5 Lombined YRile o345
T 27 3.17 0&35 66 odeld ~anbined Tall, 07 19.98 32
Total lesidue L8
&- iﬁ:mbmﬁd coneg, .32 75 .06 Quﬂbin”-(ﬁ Tﬁ"..ll ™ MJ) :)‘ odpds
Totsal Hecidue U35

78.
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PLOTA TIOM—-CYANID A TLON
GETCKELL XINE = Silver

'
A short grind shesd of the Az float shows a reecvery of 86f of the arsemis.
PEC ylalds & further resovery of the As.
Pelling a large bulk of middlings as a conemmtrste lowsre the residus tué

the assay is only slighily changed,

of t‘ tion:
™ and orpiment &t 20 mesh into a eleam procvet; elaseify
hilinauintoaunon\dsm. with flotatiom of the alime portion. The sulfide
sonsantrate sombined with sands for roasting and gramidation. Slise flotatiem
tailing to be disearded t> waste.

%MP&&M
[ ¢ comprised a nix weeks somposite of kiln feed from the South Fit
Extension. MLll heads sveweged 0.l o0s. t0 0.22 os. witha plant residuse from

007 %o 0,10 sumees., The As float was made at 20 meeh.

Test Arsenis Comeentrats
N oy ) S A
20 L] Lho M m W As Float LTS 2-2!
he T6=928 (Very dirty froth) 6.67 .113 6.01
5. ouso 00, (Seda Lsh to As Fleat) I8 30 Hobslh
b Very vempli reagent set wp 6.11 32 8.49
7. Ban PHO-CuS0, ~242 Lims to As Flest §5.39 ) 6.40
8.  Bay005~26~0u30;~ “ =" . 5.7 B 6.36
9. w < » " 2Py v v @ " 6.9 33 pT I TS
10. 7 oh9 «30 .69

301
Several tests were made using $~243 (Cstienic resagemt)
Wt the results were not worth resording.




15dig=1
FLoTATI LY K
MR LL KT LVOE
JLYUE slime Palls  Sranlde Tadle

Test  “uwlfide Lonsentrate ook o 1seard YLl SARC
0, TTU. D ERES. A 0t. eedu  Alec.  GemAM S geiu Geefu
:i- ® 5 02§ -rl‘r{: &.‘:’Qi"fl “.83 »-01 ? M.N J 0127 27 om OQ-LL

be I 200 Le28 12,07 k5. odY  hise33 od7 32431 125

3. 292 Lok 0405  LheT2 LB 35kt 36 19.46 o1l

sancs and sulfide congsntrate ros:ted L2007 ane ovanided £58
‘00 1’4 .3’? 050 ;’7 .62 ld ..Ll 0.1:5' 31..71 .ll 17 o% ow
5- 7073 0!:'!‘ ; 30-37 Aj -83 .172 36 07;3 ..I.l 16070 007
6. Goddy o 26420 bddn A5 32.13 dl  13.34
1.8.33 n‘? 72.23 Tails -@ﬁfi 26-77 sands l"ﬁ(ﬂ“@ﬂn‘ = floated .02&
7- 5023 10% m.u Ia‘l -}-BOM
6417 e34 2883 Mailas 05  Hohi sands resround - floated 024
8. 1 .00 U K229 39.27 16 31,05 L8k 12.72
9 10.43 42 32.21 Jd1l6 17.28
977 866 32,06 Teils 032 Oobl sands reground - flosted U2
0. be89 2 okl 47.39 olh 4.8 w8 BJlE

WY §

As Flotution: Recovery of reslgar 2nd orpiment into a somoentrate ageaying
AOY¥ 14 wilh a resovery of 2U% is possible st mious 20 mesh. The arrenis viuden—
trate eontalns 2% of the tetal gola 4! cleened «ith ¥soN amc 6€ if Matk i@ not
used.,

retiveting with lead salis ind sede ue itgroves the &z regover; At also
sollects mors gald, T™e best eslliectors zppesr to be PO and Kerosens a% & Live
m; of ',mgo

ddime “uifide Plotation: 4 soda ash pH of 840 5nd ususl asounts of 301 ep
I~6 for colleeiors with .2hd for @ frovher vield pood resuité. imad sslis and
comper avlfate appear Lo seavenre [nely divided suliides,

iweuming t e prizary ssncs as part of Lhe concentration reeover, -~ the
over-all recovery, with elewn oancentrates is 7O0%. .4th 2 low greds soncentraie
an 07 regovary can be made,

“und Julfide Flobtatiom: Crincing the primary sande; fleatings syrniding
the flelstlon tallinegsy roastine and cvaniaing the saud flotaivion concentrates
vields man 0e0k o2, fimal talling.

Granidation of lime Plotsiion Tuilings: The slime lotatien tailing of

Cel2f ounces ol 7 slded 0045 ounces 4w witn & hih chealoal conmusptiocn.
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PLOTRATICH-CYART U4 (T10H
TRTCHSLL HINE =« xilver

rlr% ef Investlieation:
compare OWtl PLL eres with South it ixtemsion orvs. Flotatios in o

noutral or alightly aeld scireuit ulthout {dapeysiom and the possible bonefits
of flotstiom with hesvy Mydrosarbons. Te find oul effeete of various elegtro-
dytes to precipitate a colleldal srwsnie sulfide, and effeets of speclal solvent
redganis on flotatlem and eyanicetlem. Coal dust andt leeg blask ecwlslons wers
to be tried ag scavengers,

Loy
mo%d results for eosh of the eight tests are not glven as ail
rvmlu ere carefully swmed up in Silver's cemeclusicpa.

LI s

le Thers is praciically no ciffsrense in the results cn the two oves,
2, 3lghtly ixproved results were chtitninsble in & neutral or slightly asid

eireuit, withoui dispersien,
3 ™ae use of mtml oils (hoavy mamrbam) sarved no ood JUrpoeS,
7830, wore hamful te flotariem

ke Llaetmlrul. (20,)y = Po(50
wharess pecl, ~ “:2:? é"r&mv betlaflelal,

5. ﬁmﬂina trate peguires 30 adnutaos flotailon tlse. e
add@ition of coul duet .;r lamp bisck exalslon alsans the froth wp rayddly.

™e following i o remmme! of the reapents whieh hav. given Lhe beal resulis
Lo date:

Aealoar Grind end Float ':a(ug)z jue Moo pins a 7030 misturs of PO and
Kerosens,

Iren irind: Reddls plus -9

Irer Floaty 3!530& plus <=9 o maiatain the froth.

fgavenger: Ooal du't./?ha emlalon,
(39 15 a xeftrdte sdxture)
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FLOTATI N CY AL T DATT Ol LA 50 2 BMY RioUEs
CETCHELL VIFE = 2{lver

of Imvestiratian,
vaiop [lolatlm Lo an syonomie aspest by slsplieity of prectice ang

wetsllurgical efficiency,

Procedure '

¥ictation tests were made by ths hmzdmdc-praetica}.lq' SYLTY oWt Yeaent
or combination of reagonts were tried as well as varicus degress of grinding
and technigues,

) Develoraente
® zer [lotalioc offercd 1ittle ddfileuliy you thie is em Lmportant

conditioring astage for the suli{de {lotakien to follew, Dovatering after the
arsenic flost quite frequently promotad subsecuant sulfide {lotavion showlng
tomething wmar removed which sas belleved to Le molybdenuw sulfates The teshnlcus
of using Cad to 8 pii of 8.6 to inhibie pyrite and the uze of P80 to uctivate
roalgar tock ears of thls soluble molybdenun sslte The stilalie im the ore uogie
ly all floated in the realgar coscentrats,

The mifide float investigation heg many ups sad dowms sad reverses of
epiniom. Circuiis ranglag froa 3 4 of 5 to 11 wers investizeted. A soda sah
pulp dispersion was the bost,

A grest many resgents ranging Trom sosps Lo fereis oxide to euel dust %o
lamp bBleck ssmlsions to aliphatie weids, ste, were used in wa sffort io plak
up the last traces of finely cdivided sulfide soated partislesz.

Ca3Cy =nd PoY were investigated =e 20iivetors bt gzide {rom soneclidating
the froth in the sliwe flest By ddvanLudss wure hard te ndn domm,

T™ha reground gremular Part of the ore never needed Sy wposial aselztence
80 that =oet of the work was dons o the eallelids.

Cranidation tsats were made on rragtically &1l flotstium “allings in hopes
of finding some answsr %0 the solividal rlime problem, Crealdstion tests on
the flotation tallings showed additicanal ressverics ranging frem 0,015 to Gelidy
ose, Au,

™e ultinste tailing was too high o bo faterestiryg or the Tranlde resovery
en the better flota-ion taliings too low to te s@cncaisal,

Poor results ty flotstion jrestise .ore atirituted to the difficulty to the
fine sulfide conted rartieles of gangue and e fallurs to grind the Franulae
portian 27 Lhe ore to sulfide iiberatien,

tentrifuging removed a Eramuize poviion from the sline aud perwitted ree
grinding of this zertion,

Hogt favoratle ruifide flatation results were chbicined in a kigh pH soda
ash eircult,

The advantaze of copper sulfate, &s en setivator, was hard o nin down,

Low residuae could not be o tuined without floating finely divided sulfide
partieles iu the laminations of wiorphous curtan. KXo resgent was fownd which
vould float ihess rarticles, therefore, thers =us no subatitute for fine grinding.
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FLOTA TION=CYANIDA TEOM=LABORATORY RiiUkE!

CETORELL MINE - Silwer

0 ] 8 (sontinued)
oraa , zold content fram .16 to 0.20 owneces gold it is entire~

ly reasenshle tc expest an overall geld resavery of #0% into all types of com~
cantrades, and with a more ¢arefally planned speration this might go as high ag

There are the problems and costs of {fine grinding whiah 45 one of sadsquate
elassifionticn end thdiekening capsaity whieh would have to be ample o take eare
of thiekening alimess snd raground material. Reagent costs are nighsr than nope
mal, fThe end product, flotatiom emncentrates, are o wadesirable neture, ™he
ounoesitrates are extrewmely fine, settlo snd filter peorly end Ums preseats a
diffienlt problsa of preparing them for reasting. Thers s next the problem of
reasting o very fime cencemtrate of high insoluble centent, along with the final
problom of naking an esuncmdic Fald recovery from ths eslalned congentrates.

The risks invelved in the various phases ol ore treatmant by flotaticn to
the finel phase of gold resovery are questierable.

.
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FPLOTATION=CYANIDA TIOH=-PILOT PLANT RLSUME!
FFTOHELL WINS - sdlver

pPilot plant Operations and Discusaiconsg

The pllot piant Tiow shest oonsisted of a 20 mesh srind for As (lotation
followed by & sand slime ssparetion in & bowl clauiﬂcr, vith the sands to a
regrind mill, and the alimes to thiskeninyg. The sands and slimea were floated

separately.

After a poriod of adjustmanic hoth meehmanical rnd resgent the resuits bee
gan leveling off and the following table summarises several wecks of operation,
he ore was never ground te ths preseribed finenees of 90 to 95% mizme
325 mesh, with an zll minuz 200 mesh produet. Lrratie and poor results are to
be expested un a2 gosreer grind. AL no tisms during the eatire pilet plant oper-
ation were conditions entirely favareble in the mstter of thiskening the siimes,

It is flirmly believed that & more orderly anc continuons cperation would
show further iwproveasnts., Standard practice ia 8 realgar [loat at pH at 8.6
with ¢a0 following a 20 mash grind-glassification at 200 mesh iuto sands and
slimes~ thigiemin:s alimce-conditianing thickened slircs with reground sands to
8 it of 100 with woda ash and nu:mg, with stendarc reagsnts.

standard reagents were 307 Iine 01l end 70X Xerscovns for the arsenis fleat}
and 30/70 #2k2/PG} 1~3, 4= or 301 dissclved in & 10% 3oda ash solutdon.

The grade of oonceatrate could be greatly improved Ly eleaming; however,
this was not done as offcris were entirely on reeovery., Ordizary clesning would
probably inerease the valus by 507 slthout materially affseting the tailing.

Tn all rilet Plent (percticne a lime pH of 8.6 was maintained in srsenis
flotation end & line P of 1O wea maintained for sulfide flotation.

Grind
te tion Flow Shes de AS +
%: Arsenic Llotation) ngs to conditicners 8 ﬁg
615 sulfide flotation; tailings to bowl class~  CRO=PbO-E/PO
ifier; slimes to thickensr; slime flotatiom;sulfids Flost:
classifier sand to regrind; sands to " Ra 30, =
R
ib=Fe
dast 203..“1
Auge
-2 Same Same &8 20
No
22-23% T T Sane h3 20
hkag.
263 Same Sems L3 20 Lrrstie
S=25 Sane Seme plus

Oronite 50 L3 30

(sontinued on next page)
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FLOTATTON=CYANITA“TOR=PILOTY PLANT 't UWE
GrTCHELL YTEE - silver

Grind
Pate Flotaticon Flow “heets nt s A ¢ 3
Oet. irsenic flotutTom; Lalllngs to saniitioner; Roalgar vy LS ;
sano

7~21 sulfide flotation; tallinga to bewl clzssifisr;

slimes to thickemer: UP to seatrifugsp ecol~ wlfice floaty
inids to waste; grammlar with sands vo re- sams exsept
grind; sande to flotatien, no Pe 0} or
ool ust.
Rov.
15=24 Arsenie flotetiomy tatidnge o cenditionery S ne LB 20

sulfide flotation; tellinge to bowl clasei~
flier; alimes to thickemer; UP with sands to
regrind; esoebdnation fletation,

Nove Arsenie flstationy tailings to elassifiers 2 amo &8 33
23th, olimes to thickener; elacoifier sen-s to re-

grindy UP in reground sards e'shined to

conditioner; combined flotatiom,

Baﬂhl

Heade As Concentiratos P Toncentrates Slima Teil Sand Tedd
Pate Cx/An 7 b, Op-Am She9. € “t, Omein ‘7ine. A/os saf am/or
Ang .
=15 AT 3.15 63 11.6h 2470 4SS 7000 05T 1C.06 034 6430
Auge
= 2 333 JARS 5,94 20,93 62 73.39 097 19 L6 8,18
Aeg.
A2=25 24 O o206 G.19 20,32 78 67.36 odlly QAek® JUS4 9.07
ARg.
26-3 .15 561 o200  TO3 3476 W29 67,50 72 12,84 o054 12.28
caple
=25 <20 LedD  WJT  H.03 20,80 805 63.96 X573 15486 4055 12.45
Oete collaoids to wasts ;
7=-21 208 ha33 AT T3 34465  JA62 77.02 37 2002 +039 9.95
Rov, All flotutle:n talls
1-5""& o1?3 20‘2 ] 50% 27.’6 .W 75007 4TS 17027 - -
Rov. All flotation tails ;
lit«h. ol“ 2.31 031 h-“? 19-83 959 76 017 .03’ 17.25 e -
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ROAS @A OTNE “IOATION
CETOHMLL MIKE - Silver

Purpose of Investigetion:
To detarsdue the feasxibiiity of rloeting the kiln dissharge snd cirmviating
the sansentrates bask to the heand of the rnaster,

Provodure; Test 23k
Jamgles of doth the kila feed mnd dischargs were token., ©

sise ABERYD
Plus 3/8% 6m  20m & {4l A3 s 4 s »E'é(sm
Xiin respd on ‘E .ﬁ'_' -g :HS rﬁ ?m ™

Kiln "decharre .13 15 W75 a8 . «31 lekds L3

Cysnidztion results an sach sorecn product after a 60 mesh grind,

Kiln ndesharge Q43 L85 JOLS «03 o005
£ Bxiraotion Total - - - ~ 67,673

Aft:r erinding the kila disgharse to 100 mesh and fleatdng, the fletation tad.-
inge asasyed 0,138 o3, Aw/ten. Jyanidation of the flotation talilng gave an
0045 e2. residve.

t
roasting the fletaiian conssntrates gave an sdtitiomal 0,005 cuneea gold

resovery.

urpese of Investigation:
Karer teots were run M the cyanide nlsnd resdiduss in an effort (o find out

what wis the gsuse of poor plant recovery.

Procodurn:
WL csilings assayed C.0715 oz. tu/iom. These toilings were grownd to 100
mesh and floated, The letation predugts were rossted and regyanided,

Resultaey

[ rAPTON CYAXNIUDATION

Amn*a Avnays
PMWM M/ bon 3 Aw/hon L o
MI.' n055 68.25 9035 36.0

Total final residue 0.0372 oz. Am with a 50% recovery.

86,
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ROAZ TINO=CYeNTTATION
GATOEELL YIRE = *{lver

Gemerel Discussion on Getcohell Roasting Probless

Mo physleal side of the roseiiny dlilleuitles are (1) segregation of fines
ané soorat sAich cause gerices rans Liwrough the furnces and a subseguent 1 artial
roast, (2) rormation of aud boils whloh do not pecelve o¥on Lhe aversgs roedte
}Jg Roaster flave nianketsd by dust contrituting Lo pour hest transfave

k) maenchin: preventing further c:ldation.

r Rotabls and caepted Msats:
rocsting temwratures of L200%Y to 14U0°F are reached the aversze aill
result i aitained, Yery little arsenic other than that contained im realgar
snd orplaunt 13 driven off in the romed,

garsfull, sonducted leoboratory roasts ssldom yleld muy bsttor resulis thaa
the plant., The plent ealuine when subjectsd to an additiomael 4 hour period of
roasting at l400°" does yiedd a reiatively satisfactory residue; however, shle
laproved residue iz seldow obtained in dhe luboretory in a contlawews uninter=
rupted roasi.

There is no evidenee to show that further elimination of nrsenie, sulfide
sulfur by re-roasting rezults could be fr-m {erther btrsaiing down of soald bear=-
ing constitusnta In Lhe absenne of readily fusible silica.

A sexple of arsenie concentrates wes rossted in the wsual way-sel! rousting

for the most pard-and ¢yranided,

03 An/ ben s % 8 4
Nead Assay "‘25.'%“ ) 1335 L 9N
Caliaine 1.26 2600 &3
Residue -5’ 200 .*’

In npdte of aliminatinn of 98.3% A and 99.3% 3 only 57.2% of the gold was
amepable to gyanidation,

(23b) o0 the esustie soda treatmant of the consentrube calcines using various
strengths from 1§ to $¢ tha aolybdewm in solutian appeered to be sush bigner
in the strong solutiom effluent than in the weak. It is diffiecult, huwever o
sesoeinte the poor cold rwsovery with ths melybdenum centent in the ore aluheugh
the soluble sulfnte whlch cssurs naturally in the ore nad its deleteriocus offeed
on the fletatiom problem.

(23e) wosasts with any sodium salt yielded residece whieh increased with tiw
anount of the salis used L0 &8 Low a resovery A LL.OX of tos A o0 Lhe cunoes~
trates, This wes definitely proven by seversl tests henge 1ls an established

fast,
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ROASTING- Y/ XTOATI A
GETCHRLL ¥TNE, = 2ilver

@3f) ixbremely fine erinding of the concentraie ealsine cysnidation resliduss
im fresh cyanide solution saye MIoan Racitional 10T of the Aw, but ot CouNie r'gl--
ally feesible or sood emnughs

(VM) cpeelal roasts with coel duet nixed lnto the feed gave improved results
e the raw ore tmt {t didn't “ppear posslble to show a like effect o Lhe oon=-
eantralos—more often the reverss was the cese.

(234) Lesg peried roasts sn: high tesperature roasts both gave slightly poorer
resulis on the comcenurates and no niprestable improvesent n Lhe ope,

5130

of Tnweetdratian,
o L8 were aade to campare the atsk Reast methed with the
somventd onal umtummmmrarmmmmc salcimes,

Prossdurs: test 23

The feed wes growmd to ninus 20 mesh,
(1) Coaventional roast at 1150°F for four hours.
(2) omiek rosst in thiy layers for 15 winutes,

™e same tests were made but with & 1L00%°7 roast.

Resul te;

«20 Mesh =60 lesh
Test Assays 08 Au/tom Assays Os An/tem
Hoo Heads 8 T “xte H ] .
2 239 03 7508 o2h9 JOkS €&1.93
1A0G"p
1 252 L85 (6.2 o8 <06 75.81
2 251 0% 7606 o280 «05 077

~%‘c
rinding the cenventional roasted calcines had & very benefielal effest.
™e bunefits of the uick Roast are undenioble,

&g,
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ROASTIRGw QY AXIDA TN
GETAGLL ¥IN: - “ilvep

Q3f) Extremely fine grinding of the cansentrate celeline cyanidat!on residues
in fresh eyenide sciutian £8ve up aa adiitiensal 103 of Lhe hu, Lut n9% coumsreie=
ally feasitle or -ooe anduh,

(23h) rpecial roasts wiih coal rust o' xed into the fesd ;ave Lmproved results
en the raw ore 'ut it dldn't apuear posailtle to show 2 like effect on the same
eentretes—~cre often the reverds was the cape,

(234) Long peried roasta and hizh temperaturs rossts buth guve slightly poorer
rogulie wn the concentratas and no supreadatie luprovesent cn the ore,

REn

E% of Tnvestiratiom;
N8 soiioving Lesls wore made Lo sooupsrs the uiek loast metiod with the
econventional Rosst - and alss the need foy grindirg the calseines,

Proeedurs: Teast 2%
The feod was ground to mirus 20 mezh,
?1 Conventional rosst at 1150°7T rar four houre.
b miloR roaxl i thin layers {or 15 minutes.

The mamo teats vire made Lut vith & LA(0O%% poant.

Remalts,

=20 Usasbh =£0 Heah
Test Asaays g 4u/von issays O An/ton
Hoe leads Lie 7 smt. Heads Teils ; EXbe
I lm % 54.3! m om »,
2 «239 05 75 08 o249 Q045 @93
1A00%p
1 o252 OB (6,30 o248 06 7581
? «251 06 76,086 260 o5 80.77

#'
rinding the conveutionsl roasted caloines had a very bunsflieial effect,
T™e bemefite of the Wick Roa:st are undaniable,
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ROAS TIRG=CYARI DATTOR~FLOTATION
GETCHELL MING - gilver

of Imvestization:
19 separe E feed inte plus and mimus 20 meah perticns. The plus

sise to be roasted and syanided, and the alime pertien floated,

%n Test 23m
sads 0.19 oa. ﬁ;ﬂ/ml Am. 1l.50%; 3. 2,401

Resulte: OCeaposited
Ao @

obs £ wt. Al AR
Y. Teil, m ® ﬁ:"g

@y salutica 58,30
A8 Cond, 3 03‘ ob), 1.98
Fe Cona, cgt oy 19.67
dds 2.64 olh 2,25

Plot, Slime Tail. 14.3% 062 hob5

L]
%ﬂ resevery ls approxiastely the same as in the stbralght roastlag of the
ore. the furnsoes are relisved to the extent of 204 of the normal furnase fsed.
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ROASTIND=CYARI DATION=FLOTATIONR
GLTCHELL MIBR - silver

S

The follewing flow shest is recomendsd after 2 twe year investigation of
the Qetohkell metallurgical problem:

Man of mine ore %0 2 Jaw crusher to deliver minus 4" 40 ore bin} from ore
bin to Marey ball mill in closed dircuit with am inch seresm. The wundersise is
again sereened to plus and mimes 10 meeh, Nimms 10 mesh is floated, at a lime
P of 8.4 to remove the arsenic, with the talls claseified into sands mud slimes.
™o slines thickened and floated for a sulfide recovery in a soda ash pil of 10.5
with menthate and oopper sulfate. Slime tails go to waste. The oversise from
the 10 mesh sereen joims the classifier sands and 1¢ & roester feed. Kiln dis-

sharge is cooled, grownd and cysalded,

mﬁ'

ere appears 4o be mo pessibillity that a simple erushing plaut eperation
esn be arrangsd whieh sttemple dry ¢rushing. Seeondly, there is no justifi-
eation in crushing finer than ene ineh for roesting. Thirdly, in the sbove

flow sheet the greuiest memage to the present type of rossting has bomm by-possed
to flotatim. Lastly, the most imporSant problem of increased tonnagze is pro=~

0.
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PLOTATION=CHARCGAL-CYANID » TIUM
UNIVERSITY of iTLOKA - Chapman

of Invastixatliont
% 33&;&0 gf ehareoal oyanidation was samsenable to Getehell flotation

rilot rlamt tailings.

Presedare and Resulte: Test 18.
# tallings - agitated 24 hours with NalH followed by agh tar
tien with WalKk and gharcoal for &7 hours.

A»
1 Wb, o gm Distribution
T .
13.10

Hoads % e

O=-Cond o 1.18 ® 78.1
i dds 2.78 £O75 1.5
Tails 9%6.38 3 20eh

Charessl samsentrete after burning essayed 25.38 os. Au/tem.
Jest 19 pilet Plant send tallings smme treatasad

Heede 0.0%9

O-0uns o 507 5.58 72.6
Widés 1.47 «0b 2.3
rails 98.03 01 25 <)

ﬁ”’ f1ime tsilings agiteted 46 3/2 hours with BeOi followed hy sgite-
tien and Mol for L17 houre.

O=Cons. #1 0,901 «1AS

c-Come. #2 ohA7 15407 916
uidds 2.48 ok 1.3
Teile 9617 03 5

Ol 6ol

O~Cene. §l burned to Fh.k0 oz. Au/tem
Teat 211 “lime tallings treated seme as Test 18.

Hasds «J135
O=-(one . F 2% OQM u.“ 9503
iidds 2.07 «03 oh
™ils 97 .03 02 ook
fest 22: Sand talling - procedure same as Test 17.
Hoads Q.31
O=Cond . O.hi2 Sc” 83.2
Kidds 98 03 1.0
m‘ "o” <005 1503

3
MmusnumdléwuwmtlﬁofmAuinmosmunmo

mm&m;mmmmj.mtdnnalmrmuhlohyt.hochwoulpromu.
fhe reeemt testy sugfest that these flgures are 70% and 90%. The charecal fleats
essentially, stely end rapldly. The three unfavorahle stepa are (1) Coeb of
oxustic sods (2) Pulp dilution (3) long periods of agitatiem.

92
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UNIVIRSYTY of ARIZONA = Chapmen, Ko(misbon

werits of cherccal~gyanidation and to determine if cuustie

seda consunption could be out Lo prastical ameunts.

and Resultss
B flotatien tallings ~ Comfirmation of Test 21.

The pulp was conditioned with 216/7 of 908 KacH for AS hours
fellowsd by cherecal Nac¥ for 43 hours., Consusption was 18.80 BaoMy 1.75 Flacy
(one to Cws0L)

hnsay

N Lr s

o~Ceme {1 0.713 14.204 8l.2
C=Canmd r O.JAS 07” 2.2
Kidds J.224 NeN 1.0
™mils 96 42 x| 15.6

1 7o deteymine 47 ¥aCH snd Charcoal - Na(N treatments could be
. palp sgitated siammltemecons with 21 pounds NaCH, JeAS pounds of
EaCH, end 10 pounds charcoal for 65 heurs.

Reoty 100,00 «A32 100.060
O~Cane. #1 o.m Bcu 60.6
O=Cane, /2 482 A2 1.5
widds 3.33 b 1.5
Telle 95.93 05 36

t 32; Raw Ores Fellowing the realgor flest the thiekemed tullings
D d 43 1/2 hours with a NalH eonsumption of 19.6 lde. Thw chareoal-

eymidation treatment followod the camustic treatment for 48 heours. C(yasaide loes
was O.46 pevnds. Comditioning with °‘3°1. and flotatien of sulfides felleowed

sharecal~eranidatien.

Heoads 100,90 0.183 100,00
Realgar Coné. $ M2 03” 8.1
C=CoRd o 1.88 LeJ75 hie3
Sul=Cons, 5470 ) 13.5
Tailings ThelO 06 b4 I8 §

These results eenfirm Test £29 in vhieh an 0.06 on, talling was made,

% P collaldal portien of the Filet Plamb slims comconirate was
agita Ba0H for 42 hours fellowed by charcoal eyualdation for b8 hours.
a0l oensumption was 55 pounds and NaCN was 6.7 pounds.

Rosulte: Heads 0.)6 cuness with charecel reccvering 85.0% of the gold.
the residus assxyed 0.0 ounees, These results eempare with Teat §28 which
showved en oxtractica of 82.07 with 3 0.06 cumee talling.
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FLOTATION=CRARCOAL=CY AT LA YITH
Vi23ITY of ARILONA = Chapman, He ulstem

Mg Raw Ors: Thls test dlffored from Test #32 only in the manner of
oomdi ¥ the pulp for sulfide flotatiem. NaCH consusmption was 21.6 pounds
and NacN wis C.60 pounds. The talling aresyed C.06 cuness the same as o test
#ia.

t 35; 3mw Ore: 7o determine the peesibility of a three-stage flow
sheet = realgsr float - sulfide float -~ oharceal cysnldatien.
the realgar flost was mede with p=23 and K. Tailings were conditiomed with
pods ash and s sulfide flcat mede, them thickened and agitated 36 hours with
25 lbe. 5a0fl per tem followed by charecal agitation for AS hours. Hall consunp~
tion was 0.,%0 peunds.

- & e e gogeua

Roalgsr Cone. $.69

sul, Cone. 11.12 N N 5.3
Hidds 983 22 .7
O=Cond. 43 6.2 213
Kidas 25 93 1.5
Teils TR.66 pred 79

Rote: Sulfide midds no. added to granids feed.

%& 3.5me Tailings: 1o determine the possibility of decresaing the
La0R t %o 12 hours. The tailing aseay was 0035 giving an extractiom of
68¢ of the Am. Inm Tesb £31 A5 howrs KeCH treatment gave s tailisg ef 0.02 oz.

t ¥7: Raw Orey To dotermins the pessidility of ecmbining the fletation
of and sulfidec. NaCl scitation for 43 beurs was follswed by ehsrceal~

eyanidstion for 48 houre. The tailing sasay 0,092 os. Am/ten.
m:mmmummuumammmw

ayamidation.

st 38; Raw Ore; To &l > the middling sulfides and 10 use the semd
pulp P wough 1o try and ...st sny [omling by salubls salte.

Heade «188

Reelgar Cone. §.25 256 Ted

ul, Gens. 1194 « 302 n.@
C=Jonad. hou lsl” 28.1

Ol ety JJ O‘l” lo’
Barrsn Bel. rass

™ils 78.41 3 12.2

t 39; Raw Ore: This teat checked the above resalts very closely. M

0,03 was nade on this test.

3
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&%x
following is an sverage test.

P
£ Nt A %m i 8 bt
Reede 2’- ® ¢
M‘ o o ,O,S m 7-1
Sol, Come, l:-l.m :’h &909
O=Comd o 222 2%.6
Tallings 03 16.4

thareos) cencentretes should assay 13.19 os. An/tem snd burm to 73.38 ounc 9.
the final triling ceould probably be redused balow 0,03 euncsa.

tThere "ms no evidenoe of fouling the charcoal. Ne(ll conswption wes approm-
imately 30//tem and XaCH approximately 0.50 pownds per ton ewe.

4.
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PLOTA TION-CHARCOAL=CYARI DA TTOR
URTVERSI IV of ARTZONA - Chapmen, NeJuiston

% of Mﬁfnuuu
cempare ¢ froct mormel cyamidatien with those of charcosl granidation,

Proveduves tests 5 and 64
Imlo of Getohall caleine nwmmmaumwrmumm

eyanided for 4k 1/2 hours with 27 Ca0; 27 Wl 1.5¢ paoH.
Resultss

Rosmal 5# Resg. sal Ma
Reads OM 68, Au @ @8, Au L2

T™e grade of charscel before baraing ves 10,96 ounoss and 19.92 aunc;u aftor
mo

@!: Tests 7 snd %
ssaple of Jetehell salelne-glasei fier ovurflow was sgitated &6 hours with
& cad; 2% waCH and 254 Raom,

Resultas

._ﬁg;_._wm 388, MW
Hesds 0 011 ™
50

2k hours agitaticn
T™e grade of charcoal cancentrate was A.59 cunoces before erning,

$5.
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PLOTA TTON=CHARCOAL~CYANIDA TX

GETCHELL MINE - Chapuen

Purpose of Imveetigstion;
% try charcosl~ayanidstien in the Cetechell Cyanide Plant ea large scals

eperation,

%ﬁu

ree ailll tssts were made en plant calcines. The ground oslaiaes in et 3
batoh agzitated im & 16" x 14" Dorr agitstor. A 60 ton bateh was agitated at $O%
selids with 6 lbs. Ca(OH)s; 2 lbe. NaGH; & lbo. Xal¥; 8 lbe. Chareocel per tem
of ove, Aglitation was AQ o Charcoal fletetion waz made in & 10 cell M. 3.

flotation machine with provision fer eleaning snd redleaning.

lﬁ*t

first two test resulis were ahowed poor gold recovery, which was 4o be
expeeted becanse load acetats was not used to precipitate seluble mlfides, and
the solutioms bocmes so foul the gold cissclution stopped.

oot 131
St o175 on. Au/tem
Cong, 268 £ whe holi7§ n o n 68.53 £ Au Ree.
miles .0’“ " w " n.w non "

Jemmayys 9y G. % wWgtom

Compared with samventional qranidstion the fallowing deduotions were made:
Headis oln’ Ofle tom ! ’ Jre
?lant Prestice Residus O« éﬁﬁ' ﬁ‘ﬁ
char. Cre Residus 0606 " 2.97 ‘o”

Wote: Nel return on eharscal concentretes figured om 90f of gross valuse,
wiich {5 net mmelter rotura.

Swwayys Ry T. O« Chepusn
WASHED TALIL UGS

Ghergoal~gyanidation yhendard Cyanddation
000566 8. A OQW_, G, AR

Although a two doy comparison gives nothing move than an indioatien it is
enecureging to nots that charecel-egyanidation is favered with rezpect e tsiling

AS98ys.
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FLO TA TX C~CHARCOAL~CYANTDA TION
GETCHELL MINE -~ Chapman

e following tests vers made to determine {f Charcosl~sysmidation made &
batter extrection thun emventional eyanidation. Tests were soncucted an &
laboratory-ssloine, leboratory fletation talling and mill ealsine.

Results: On a Laborstery rossted calaios;
Heads Reaidue
o8 An/tan oL ﬁw %

pevis (Oon.Qy) “'ﬁ"‘ T “‘%A"m

9 (m:-cyg 235 <73 7.7
16 ( » n o221 £67 | 69.5
Recultss Cranidation of Fletatian Teilings;

llmd:ml Bulfide Cuma, mn‘lx % Tetal
] 0.197 83 hhobd Q33 364 0.7
0 Qed8 &5 bk o Oy 35.7 80.6
M On Mill Culeine;
Avemy

W . %m

3 momaml olhT L5583 60.1

1~i Charecal «16Y '3 A2

i=p @ o164 58 bbb
b5 § " 146 L5086 “o’

17 " 173 063 62.7

Averags Char. 168 o0y Ghot

q:
ingrease in charveal~eyumidetion tailings howsver, thaere is « ailght
ineresse in hseds, with a 607 extrestion on head of 0,168 the nowmal eranide

talling would be 0,0672 as compaved Lo 0.0604 for aharecal~gysnide.

Treataent of Getehell ealeines by ehareosl-gysnidation indicate, based en
wperimental data, thet there is a difference cof from $0.30 to $0.50 per tem in
faver of charesal~cysunidatien,

I have obbained to date an extraotion of 94% of the gold as bulliem fyom
the esmesntrate by shlorimstion, Prom @5 to 37% of the gold is readily saluble
in shlorine and the remainder is apparently refvectery,

9.
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PLOTA TION=CRARCOA L~CY ANI DA TION
UFIVERSITY of ARIZONA ~ Chapmam

o of Investigaliang
Sompare reeent resulis obtained with whosc of 1944 using the following
flow sheet., Crind ore to xinms 20 mesh; arsenia flotatieny thickeniag
100 mesh grind; caustio-charscal-gyanidatiocny sulfide-charceal-cyandidation.

]
Ebm::m:m-:uhnm“uusodehinl%ilmmmhm
s mhde.

Resulis

1945 0.1 o3 S

T
%uni‘muuummmmaumom‘mmmdwmm
trastion of 62.8¢ Au. mwmuumpwmmmumwu.om
mm;ummuumwmmmmuummmmmu-
semes 0,071,

Mumummtmmmmuummmmum
pldhmdthautmm;uuuphmmﬂtbmﬂm.

-5
of T tiomg
4 lower talling Ly arsemic flotatiom, sulfide flotatien,
followod by charesal syanidatiom,
Results;
ABBAY Distsdbution
cta % §t ca AH# E #
Cone, ®, @ E
de Ceme. 1706’ 067 ”J
tharecal Cons, «50 11.08 7 0
Reasting and (yunidatiom
Realgar Cone. A.36 31 67
Cye Sol. Come. Treatment $2.0
Charecal Cong, a” 11.05 ﬂlo

Float il ¢ Cens. Nea. 95.9% 3 b3
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FLOTA TY Oi-CTARIDA TT03-CHARCOAL
UHIVERSITY of ARIZQNA « Chapman

il; ™e flotation talling was dosveased to 0.02 owncos gold per tem.

2) Comeldering the realgar ecnsomtrats os dissard, the indieated exdbreo~
tiom of gold in gharecal cemcsmtrete snd oyomide solutiom reswliing from the
treatusnt of mifide eonoemirvate amounted te 79.0 per csmt.

(3) If the realgar concemtrete is roasted end qranided the inmdicated
extrastiion would be sppreximately 60 per cent of tha gold eontained in the realgar
eomesntrale which would add 4.0 per eent to the extrastisn given for the charessl
senssntrate end gyamide selution ef the sulfids soncentrate or a total indicatsd
exivastion of £€3.0 per esmt,

(h) 1If the reclgar comcentrete could be dispossd of for the gold eualentd,
as emso ruggested by yom a8 & possibllity, the indleated extrsstiom wauld be 85,7,

2 0
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CYAKIDATION-FLOTATION Omil TR Th3
URIVERSITY of ARILONA = Chapman

8 of Investiration:
.ﬁ roast &nd ¢yenide a lsboretory, and Pilot Flotation Flant sand ccnoentreie.

Prosecdure and Resulis
iTtar roasting and aysnidation of sulfide conosntrates were as fallows:

Hesds Fe hose
ABBRy :}h‘t.. iL508y
2 b i gt S M On-g R0 o
1ab, “ulfide Cone. ® 5057 ;guj 1 ik 5.3
Pllet r"lant Cone. 1.58 25 633
m. Mr‘.&e Conde 7.62 .,Q? 13-6 0036 7609

==y

Referrine to ths ruusting and cyanidation of sullide oomganirate there is,
of sourse, some quosiion as to whetier the results saa be duplioated in practies.
It was nesesasry to uss amall ameuntas of concentrate for reastlng snd ths roasting
was necessarily done with a thin layer of concentrate in a clay dish in an asscy
suffle with eonmsequeat repld renuvel of geses and fuma, It was realised thet with
a thisker eharge of eoncontrete in prectice that contest Letmosn ths charge and
grses might result in the formation of inscluble gold earpounca and that rosults
in prestice might not therefore conflirm laborstory results., file reocvery af gold
from Netehell Pilot ilaat Sand Concentrate by roasiing and ¢yenidetlaon saounted
to 63.3 per eent with a cyanide talling of 0.25 cunce gold per Lon a3 coupared
to & pecovery of 393 per cent and a oysnide tedling of Cl.074 ounce gold per ton
for ths conesatrate produced in charco:l-cyanidation teeting. There is, iherefore,
some wvidenes that coneentrates ;rodused in comnection with charcoal=gyunidstica
testing together with certain modifleaidons im tho evanidation of suoh cansen~
tretes, will yiald satisfsetcry recoveries,
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PLOTATTON=CY AHT DA "TOS=-CHARCCAL
URIVERSITY of A%l. WA = Chapmon

rurpose of Invesiigation:
fo compare Tesults of realgar floationj eharcoal~cyanidation followed

by fletation of the sulfides with the results from the flow sheet just presemted.

e sulis:
ot Weight Assaye Distribatien

P g Qs %ﬂ

ﬁ Conce. ® ’gl
Char. Cane. 142 6.67 L
sulfide Ceme. T o2b &7 18,6
ailings 87.90 036 73

poasting and Cyanidatiem

Realgar Cone. - 3.Th 0.25 Sl
MQ Jonde 1062 6o67 5900
@'0 Gmtiﬂ - - M
m ¢ Cang. Bos. ’1077 om 21-6

$

H) Concidering the realgar concentrate as discard, the indisated sutrestion
of gald in sharecel concentrate and eysnide solution resulting from the treatasat
»f sulfide congcentrate sxmounted to 73.3 per ecent.

(2) 1If the realgar somceatrute is rossied and eyanided tho indiested ex~
trestion of peld would be insressed to 76.4 per ocead.

(3) 1f the reslgar cemcentrete oould be dispesed of for the gald ecntent
the indicated extrectien would be 7S.4 per cemt.

(h) It i ry opinion that esseatislly all the gald in the charsoal concsn~
trete can be rasoversd a® ballion and also that the particular sulfide cemgentrate
ebtaincd wdth this {lowsheet con be reasted and cvanidad in precties.
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FIDTATIMA?&-L(»MFGIMID ATION
UNIVERIITY of ALILOKA = Chapman

Sunma 1
vel=granidation recovers a8 mush gold withowt rozating as the
getehell plant recovered with roaziing basec o repeated tests of the so~salled
refractory orc Lreated in the netohell plant Sept. 24 to 27, 194k. Clarifying
this stetemunt, Lf the realgar concentrece is discerded and all sulfids eoneen~
trete disoarded, charcesl-gysnidstion would stlll recover as much gold as wes
recovered in the Nstshell plant from this are dqaring Septe 24 to 27, 19hk.

(2) the comkinetion of sharsosl-cysaidation follewed by flotatien of sul=
fide oconssntrate snd subcequent treatawnt of sulfide conoemtrate recovers nore
gold than direet rcasting and cysnidetica as prasticed at Cetehell. Im thie
progsedure the realgar concentrats 1s diszorded,

(3) It follows from the two above statementa that the direct roasting of
getehsll ore results im the formation of scmpounds which are insaluble in ayan=-
{de. Although poaitive proof is not available at this time as to the nature of
the inseluble gold ecmpounds formed I have falrly strong evidanos that molybdenmun
is the soures of the alfficulty rether than siliea. Al any raete the sscumption
that molybdenun is responsitle for the formation of inscluble gold evspoands in
possting hes proved very constructive in obtaining improved resoveries.

(4) It is sy opinioam thati netebell sulfide flotation soncentrate (with
realgar eliminated) oan be sstisfacterily treated for the resovery of its gold
eomtant providing interfering molybdenum is contralled,

(5) If the sulfide concenirete is removed subsequsnt to cherecsl irsatmeat
only one step is neecsssary for gyunidation cf sulflde ooneentrule.

(6) 1If the sulfide concentrats 1s removed by flotation prior to eharcoel
treetnert Lwo steps will Le required te cyanide tho sulfide comesniretle.

(7) ™iling of 0.02 can Le made with flotation of sulfide consentrate priow
%o sharesal treatment, btat I hats bean unable to date to make 8 tailing lower
than 0.035 with fletatiou of sulfides subsequent o shareval treatment.

(8) Dispesal of realger congentrate ls & protlem, Ly roasting end aysnid-
ing shie product I have obtained 60 per cemt resovery, bub roasting of realgar
coneentrete means & plant nuisancs with arsenise

(9) My work eince Ostober 15 bas bewn eontimuous and restricted to flote~
tion of sulfides as I believe the charcosl-cyanidation phase is satisfectory.
(ne new advance of considersble lmportance nas been made sines Oste 15 in float~
ing sulfides, Mt I wani to weri out the details before reporting the results.
It appearsy howewer, that the sulfide flost can ©3 made wilh normel time of
floating and ithat the wildness of pasi flotation froths can be sliminated. #ith
the regsent new development lhere ls a very good pesslbllity that flotation of
sulfides can be lmproved with respect Lo rescverye.

(10) It appears that there ls a good cshance to trsat Getchell ore with &
é5~mseh grind and with 15 lbs, cavstic psr ton. 1 am also working along lines
to reduee the time of agitatlon for both caustis and cyanide treatments from &

days to 2 days.

Susmerising, it is sy opinion that mueh progress nhas been msds sinee our work
of Bovember, 1944 snd that there is @ good chance to work out 2 satisfactory
flow gheet in the near future.
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FLOTATICON=GRAVITY CONCHNTHA TION
DERVER BQUIPMENT COMPANY - Qisler

Parposs of Enwutielt&m:
™ mine visebiiity of condusting &n extensive ore testing progrem

to work out the most eoonomisal nasthoe of ore treatment.

1 Teat @
;xu cmaﬂnﬂg to minus 10 mesh the ore was passed over a mineral JAr,
Te jig talls were regrovad to sdnus 20 mesh snd agsin passed over the jiZ. The

tallinge were greounc tc minus 65 mesh and floated with the flotatiem tallings
pesaing over a teble,
Time of fletatiocn wes 13 minutes using = Floto~Terol fl and Z=6 for reageats.

2o
™o n:%?"fé&um of 3 minutes and lh sinutes. Consentrates were cleanecd.
Reagents used were euﬁo&-nmmu-u,moz-m-zs.

81

leslte Jost 1. ASSAY piste

%ﬂ £ wt, o x%tan B

Jig Cone. 2.05 28 J.58

m o157 96.32

Flot. rons. 13.94 05 35.39

Flot., Talils o116 &.om

hhl. Consg. ohs 0“ 1‘32

Sand Tails 36.86 09 21.51

mt B.

Hoads o1é

Oene. 7l 1400 o35 31 (€5 mesh grind)
Cono. #2 450 ohhy 12,9 (325 mash gr.lnd)
¥ide 31.00 b 32.2

Tile 50050 L7 3.0

M%s
n Test 52 prectieally ell free sulfices were recovered in the first conceo~
trate at o &5 meah grind. After regrinding the tailing s considsrable amcunt of
8 blask mineral floated with fusl oil., Chemical tests indigstss this blegk miner-
al is grephitic in gharaeler, and contains considerabls gold valne,

Conaddering present plant preetice the removel of grephite by roasting ro~
quires 2 high temperature and long tiue rosst. If the graphite 1s not reasoved it
interfers with gold extrastiom.
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ROAZ TTRO-CYAXTD A TION
GETCHELL VINE - wlgton, Davis

Parpose of Tnvestigation
™ study the eflect of elimineting exoecs alr im the reaster, Couparstive
tests were rum »ith wvarious degrees of oxddation,

Proeedure and Resultis;
The Immﬁry rossting fwimace was re¢anstrusted to make tests that dupli=-
sate the shemical atunapheric cenditions that nrevall in the rotary kilus used

in wiiling opemationes,
A 10 mesh feed vas roasted one hour at l050°F., Caleines wers groemd to
adrus 48 mesh and eyanlded 42 hours. The ore had the fellowing anslywies
Gold 0ellS oz, per tem
Arsemie 0,93
Sulfur 2,617
Results:

Test Assays Os bu/ten

By e el

Gddising roast then redweing rozst . 78.3
xidising roast; sulfuting; Ha0, X04/T leash 18 hre. b 60.9
#3 Caleine; washed; oramided; and 25 733
Oxidising; Redueing Roast; Orind with agi 0, 204/7 025 78.3

W

ql

¢ resulis of the tests indicate a greater eliminstion of arsenis and sule
fur by the use of a reducing atmosphere; however, the sudsequent gald extreotion
remained the ssms., The use of a slightly oxldising stmoephers during the first
part of the roast, followed by a slightly redusing atnespnere during the finlgh-
ing stagee offera the followlng advantages: (1) Improved roasting will result
in improved ssttling and filtoring during subsequent eyanidation. (2) Redustion
of exgess alr will rcsult ln roasting and =ill reduce fuel cost per tan cre.

Purpose of Tmvestigation;
To study the e/Teet of sulfur dloxide Lreatzent om Lhe caleines with the

objest of conveting refractory godd beariug eompounds to form that ydeld o qyeni-
datiom,

Prooedure and Resultes

Teats 1, through 18 were made of a laboratery rowsted caleins, A 3/k ineh
fead was roasted approximately one bou. at 1050°r. Cranfidstion was on & minus A8
ealeine for AO hours. Tests 19 through 24 were on a plant rcasted calsiae.
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ROAS FINO=CY Uil oa TION
GATCHELL MT4d = wigtorn, Cavis

Reonlte

Test Assaya Cg ton

. Jreatioemy of Caleine Heads Tails \ 3
E 902 gas sgltation of caloln: for 30 sin. 21l O/R woast “JIT 00 %‘
u " ™ ] " " " lb mlie 211 18 «03 "”
15 “- " " oo 38 mine 21 023 025 89,0
17 32;03 troatment of rew ore {(obk; o$4/7 Evapers ted ol LhS 77.5

ne wash

18 Il,.w3 trestaani. of raw ore (6.6€) W }‘&J..l.ilh} ozl W05 6.2
19 " " of mdill caleine by lel of 3.3 Masok 23 035 8h.h
20 w L L " ® " 8 of above 33\.3 023 06 7’-’
21 ) " " -v » w 146K af ® n 23 05 78.3
2 " ® " L] ¥ ® u&g of [ ] » .” .“ n.‘
2% ] " n " u * 324 of " ? «23 b 73.9
25 v " as 2h exeept wushed 3 times, 23 L3 783

. $

go treatment of Qetehell saluine by sulfur dloxide, either as g%s or as &
suliurens asid solution, undoubtedly results ia a substantial insreass in gele
extrastion by swbeequent eyanidatien. The lowest tailings heve been produced whan
the tallings were vigorously agitated Yy an exsesa of sulfur diexide gas, when a
well-roastcd calsine was trezted, It i indicated Lhat, after the troawsent wdth
sulfur diexide and bufore cyanidaticn, saluble salts should be removed bty waahing,
Although the evidence is not eenglusive, it s indicated that elxty peands of
sulfurous acid per ton ors Miy recuce the goia in the eyauidation tailing about
03 08, m an ore carrying «20 os. sold per tenm. The ocost of sulfur dicxide wed
treatment i+ estimated to be 80,75 par ton of ore.

of Investigzation
™ 8 @iilerent types of ecalelnes and different methods of preheating the

e¢alaines,
Preocesdurs and Nesultag
Talelnes were ground Lo minus 48 mesh and oyaaided for spproximaialy A2 heure.
esul
Test Win., °p O 4
oo lews and Protresteentoles Mee fe; fosts mil g
6 Oxep Red.g 923 (swlfating reast) b 60 N5 2l 06 6.7
T £#6 Calaine fl8ated; eysnide ta,_ s /b 60 915 ATT 055 6.1
@ # Calelne neutralise with 0a0 bLefore Bost3/4 &0 975 o0 065 Tl.$
9 Redustion with Sodium sulfide b 60 9735 23 065 7.8
g Ammonla eyanidstien 3{3 60 1000 I8  JOAS 75.0
Kigh teap. roest in reducing atmosphere YO 130 21 208 48,7




19L5~6
ROASTING=~CY KIDATIOR
OUTCHELL #ING = wigton, Davls

‘ kngulte
rocedure ard "esulin: {(oeenilnued) sin. 7 Os An/tan
% NOe Fanoltlsas anc Prelreawnent ige Yime Jesmp. Huacs Tudle &&;
23 G, §70% LOvp Wed. 100C° JU°) he 10WT 20% 10 Plaat 21 06 Tl
26 Byt lench 31 aL 13l éllution 10 " 23 O35 8h.h
2 4 LA " " :’ Yy H " » piv] " ® 23 o5 ?o 03
» 29 nirect syenidation by standard practics 0 ¢ o2 065 The7
' 31 " ol » ® @ 10 n .13 0“5 71.7
’ 19 amonis in plase of lims - Poul 10 70 1380 o2l 75 673
Al Asmoniap to grind; sgitsiiem 24 hours Plait 23 6 T3.8
A2 Asmoniay RaCNj Cad to sgitetica " & 058 63.0
A3 H&“ ab le¢lj washed lab,. 2l O S0
hh X t at 1360° saleine l{moxidiling euide 30 2G40 21 1 k7.6
A5 med. L3» 1260%; ox. 30¢ . «21 095 ShaT
L9 Simple eyanidatiom 1k 60 1020 G195 .06 68.7
S0 Eiter oxidiming roast $07/7 36 10K  Jd95 085 6heS
Teat No.

L0 Cemtrifuge Pond Talls Heads 0.0651.5% Sand C.05) Colle slime 0,065
AS " . " Keade 0.004 30% Sand 0.065; slime 0.06

Py [+

¢ of Investizatien:
-ﬁ deleriine ab whlsh noint extrsciion 1s alded by a sanstic sods leach of the
ealcines,

rrosedure and Resnlée
Ap olre wns leached with NeOH and eysaided for AD hours.

%’ )

et Cs  Au/ton

Ko, rretreatment of oads Al . k“?:
34 ¥am - 25-1hz, ror ton cre 395 ﬁg

I3 ¥ on 751 Culaine at o2k 065 T2e3
62 ~eboast 51 calolne at 10w 20 min. at 100C° o2 Q06 75.0
67 Ivaporets with CaQ -~ NaQH oily «17 TO.8

qt

ting caloines with strong caustis polutions showed a2 small butl wmatirastive

mmnthmmm. mmmuuwm: tliom of (e
tisns with standard acid before and after treatnunt, varied pounds %o

hS ponds emstis per vam of ealaine,
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ROAS TTMO=-CYANIDA TION
OKICHELL MINE -~ wigton, Dawls

rat
% ¢t of °
B m TS TEAHEN" 3 Am e g Bis g
65 " heat 10m saleine to nearly dry " " o2l BT  To.8
[v3 n heat 10m ealeine more agid » o2k W6 73,0
68 ] lessh - minimen smoumt i/a» 5% 1000 195 ﬁ‘ 793
73 " 158 f"‘“’ ~ leach 15C mismites Caleine B 3.9
74 " 158 leneh - grind in wetey " " B M6 T3
76 " 15/ lang standing 8 day ecntact Flamt Celains 17 4T TheT
a " 124 lbs. agitetiem with Pond " " 08 03 &2.5

Pu of ationy
g 7YY E %&E igauts promots better gold extraetionm.

and Reonlts:
wore ground and trested with differemt types of wetting Agente

then oyanided. %E

Test — O

70 KR 0.10 pound per tom o2y $ 68.7
n X=l 0,10 poumd per ten oih 3 T2.9
72 Nenej water grindy wmsh; regrind Naow o23 6 73.9
80 Orind with QWA 0.10 1h/ten oA7 A7 58.8
fal Orind with be 0.10 tan o7 07  58.8
a2 Grind xdth 03 0,10 1b/tem A7 D67 59.9

ef on §
g tlse 'stending centact!, as waild be obtained in o stagnant
poal, was an ald in gold extractilien.

Frecedure and Results:
s gromd 4o A8 mosh then left standing for a period of time

as folleowsy; Cymnidation was 40 heurs,
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ROAZTING=CYANT D4 TTOR
SUICIELL Ying -« vigtem, navis

kesulis

Teost Gz aw/ tont
No. titagnant' Conditions Hoada Tails  Frat.
75 Lime contset for 7 days 17 10 53,8
76 " " * 13 days od7 07  Tha7
132 " " * 15 days /7 +183 W 6742
Formal plsat tailing <05 67 o2
135 HaC ! - 108 at 2.5¢1 2 days leash cu 10w 128 o058 7340
139  Lime 80¢/7 contaet for 4 weeks 123 055 TG0
136  NaCH 404/7T contast for 15 days 18 065  bio8
140 NaCH 207/T  »  plotation Tells for 22 daye BY ¢ W6 E7.2
1“ Baly ?.ﬁ"‘/ r " for ls &nvs -115 «Gh5 %09
152 Lime 80:/7 “ for 42 dz2ye o143 o086 67.2
153 Kal§ 20':"/? " Lor u ﬂn"gy’ 02.33 o%i ‘3.5

’
%t Peel conditions with 2lkalis shows alight irprovement in extrastion,
although not encugh to Jjustify its adoption, the pulp does not change color during

this treatmest,

=T

Purpose of Imvogtisation

“fo 71nd out what effect bleashiing of the vet pulp fru: the rew ore or ouleine

haa on subsequent eyenideticn.

Procedure and 2wsulta; Roasdt, Corditions Results
Toet Mine *F Us A/ bon
¥o. Plesching Treatment iise Time Jep. Heads faile  Aixt.
97 Lise seration for AU hours Flant 17 067 60D
98 Lime - Nali seration for il hours " 17 ST &0
99 1ise KaCl sarationm for L0 hours " A7 L0867 800
103 Lime 207/T ia mrind /2 A5 1K A7E 02 55,9
l“ " it ] L] 10 30 l‘.ﬁ.'@ ols m 35.0
105 paw Ore - granide exgess N Fons 15 Jud 25.1
106 1Lime 10¢/7 in grind - egitste with
ehlorinzted lime - 14/T ¥n0d, oyanide V2 60 1X0  AT75 W09 bhkeb
107 same exsapt La5Y/ 7 PoaC add 10 30 1000 15 Q77 5060
112 :,so,‘ ssration = 22 hrs. seration Ca0 Flant 83 083 546
116 Wac " a L83 128 30.0
117 aeretion at 7.0 ph ahesd of eyamidation - A3h D126 -
120 =0, persolated thru dasp caleine * A3 O 6440
123 RefM used in sysnidetion . 285 .08 §7.0
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RUAS TING =CYARIT# d'N
CETCHALL MINE rigten, Davis

Eﬁ!

sctdn. can be Ascorplished by sirple aeretion at & TH ef 7.0 to 8.0} the
grayiah Cluck male free the sulfide ore or ealcine can be ehanged to a ysilowlzhe
Liown te areen toler, althougn no substantial oxfdation of salfides cocours, Hows
“Vory no inoreaue in extractien has been obtalned by tlesshing in this senner.

1 of investization
T™ invee wafg Tarther “hy possible advantages frow other 3chames ol pretreat-

ment o
Proeedure and Reoults;

} ol oymnidation was minus L3 mosh,

P g‘ Hesuits

Test 0 ¥ Oz féwm
% FPlet tadl roasted after As Float % lﬂa o4 % 20
A3 rlot tail raceted afisr As~Pe Float 70 105 a3 L35 7340
1Mh orind =3Sm; fllter roest 35 1035 27 T Thad
A3 Amalgamstion prior to roasting 30 1200 VY | 87  40.0
14é standard reasting-cyranidution 30 1050 b3 065  55.2
L7 velatllisation by iydrocarben redustien 6 20% ¥ U w3 720
148 m’ laaagh at 2.’!1 for 30 uinutes Ncow cw olidy 72.15
A9 Aqua regia leagn et 211 for 3 minutes » o143 4 T2.4
150 505 - agzitated at 65a for 30 uilnutes J o145 7 b0
151 Aqua regie ~ bodled for 20 minutse Plaat 145 id 70,0
160 rMuorspar rellstised with MGl 20 8% 165 05 69.1

£
imung flotation talling showsd reduction in teiling tssay, rartioularly when
&n iron comoentrats wes also rasoved,

e

% of ':nmu?aumn
] thc Raw Cre would Yield & good extraction Lo eyunddation aftey

trestment .
Progedure and zusults,

gul
Test Os _
No, Pretreainent of Raw Ope Hoads Tails  fixto
g’l CaP  2007/T - 500//7 HUl - agitated 12 hours :‘%2 '335 Eg-g
W A00¢#/ 1 agitated 12 hours o ®
164 " " 305/™~Car for 12 hours (504/T) 16 L7 600
148 " 1004/t - 100¢/7 CaF for 12 hours 16 07 60.0

9.
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ROASTTRO=CYANTUATION
GETCHELL WIME -~ vigten

Swamary ¢
__-H'.hmgh Lie present procecs of roastla, and eyunidation has achievsd a
measure of sweoss2 ib the past, the Fesulting reeovery has been low, tin gost
high, and it will not produce rrofit on 1ihose ores nsvayin; less than U.13 os.
gold gar tom, Heverthuless, a more satizlagtory process has net yat Leen found .
Research hzs been sonducted to determine the eavees of low extreciion.
They may Yo Ueted, in order of decrsesli; iaportance, as follows; -
1. Association of much of tiwe 89id 1n the ore with silicecms materisl in
such 4 way s to prevent centact with the gold sclvent.
2. Assosiation of gold with swlfide rduerals, due te ineumplete rossting,
3¢ Assoclation of gold with irem srvenstes formed during ihe roasting,
be Poulnese in e¢ymmide solutiens.

AQua regia will dissclve the gold in some of thess rew
ores that are available for future troatment, slihough it 48 a solvent for ell
forms of gold, However, if the silicecus material i first removed by treate
ment with hydrofluwerie tald, squa regia will dissolve pragtically all the gold,
As extrasely fine grinding dees not besomplish the same result that ig obtalned
with hysdrefluoric seld, the sssoeiation of such rald with siliceous material
By approagy a state of soliu selutiome I hive oalled such gold "siliseous goldn,

s Cald Assoels with Suifides
This type of g n no £r commant., anything that 1e dope teo
obtain a better reast should inerease the extraciion of gold associated with sule~

2 %% Assegisted with Irom Arsenates
In rossting arsenieal g ores, some ol Lue Zold 18 loaked up by iron

Arsemates formed during the roart, The irom srsamates cannol be decomposed by
high tempersture alone, tut reduging conditions tend Lo jrevent their forzation,
Iron arsenates can Yo dwoomposed in L wel way by salfur diexide, alkalis, op
hydroshlorie for that purpsae, tut go much is required taat its use doss net
have economic wvalus,.

7oudness in Cyvanide Solutlong
Poulnesa in Cetan cy ¢ sodutdons 1# caused by the presence 5@ income
pletely roasted sulfides in the saleins. same of the soluble sulfides can be

washed ocut befeore oyanloatiom, tut foulness continmes to develop during aqyanie
dationm, and must be taken eare of in a chemieal way.

The prineipel camse of high tailings is thet silicecus materisl is so RIBO=
clated rvith the refrastory gold that it prevents conteact betwsen such geld and
the salvent,
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ROAS TING=C YARIDATION

JETCHELL WINE - migton

Sumsary: (oontinwed)

Roasting
e ean expect a thorovegh roust o1
(1) Destroy colloldal slime, so 88 to permit repid settling and filtering in

subsequant cysaidatiom.

(2) rliminste eyanidss, such us arsenic sulfides und [errous salis thar form
thiscysmates and ferroeyanides when contact is made with cyanide sclutions.

(3) Pree the gold sssoelated with sulfides for tetter cuntact with the cyan~
ide solmtiens,

(k) remm iron arsenstes that prevent dissolutiom of scme of the gold by
syanide selutions. The iran arsenates San be cecompessd in the w3t way by sulfur
dicxide, cmustic soda, or hydrochloerie acid. On aceount of the large smount of
aoid esnsuming gzangue in the caleine, the anly prastical vay of decamposing arsen~
ates s by the uso of esustis ceds solutiens,

#e cannot expeot a thorough roast %o ald in removing the allics from the
»silicecus gold»,
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ROAS™eCAT CINE PLUTATL NeGY NINA VT
QoTCHLLL ¥IN: - dgten, Navis

Furpose of Inveati-wtlon:
To obtaln sarflelent data for 2 plent installetion,

"rogsedure and iesults:
Calalnus wore lilosted end Lhe Tlotaiion tuilings eyanided. “eny reawgente
were ussd with approxirately the ssme resuiis.
TALLINGS

SLATNE DTG RSULE TATIN
o T=ila

Keads Concantra : t £ ixtrection
Dats Qe-iu X itte Oo-4u Iies, Os~pn O8=Au QOm~in [l.TLo. Total Fleag

7 0175 9.5 OM 2’ -1 01‘&5 003 0055 79 03 &05 “06
8 «161 7% oAl 20.1 odh 045 08 67.8 Thed £9.2
9 <170 7.7 .59 2549 <135 Q025 055 A oiy b 63.1
0 olh 53 A1 16,3 012 «03 «OhS5 7540 79.8 676
11 ol5 75 ol 21.1 13 o0& «06 673
12 «135 be5 olody 4.6 «12 L33 Ob5 T0ek The8 3.1
13 12 o7 315 12.3 o1l 035  JO4S 68.1 T30 67.6
u Uu’ 6 03 OM 1'3.0 OU’ -025 aujs ’Ql 05 3‘0.’.‘ 7005
15 Ou 10.2 ¢’9 28-16 .ll .”:’ie 0055 63 07 7‘;00 66.6
16 15 9.2 A7 234 od2 02 o0l 3.3 47,2 71.8
19 186 13,5 «3535 2547 16 o5 b5 63.8 T6.6 66,6
20 178 1.8 oh7 2342 ol5 25 o065 G546 Theh  53.7
a2 103 73 oJb3 18,5 115 <035 6Y.3 75.2 3343
25 155  11.5 35 28.8 «125 b5 8460 64.0 60.6
27 AR 5 330 W2 a2 0k 5060 57 6646
28 137 740 k3 22,0 ollb Uh5 60.8 9.0 706
29 206 7.4 605 20,8 «175 055 6345 75.0 7540
30 «223 99 415 273 od8 053 6945 Tie8 753
1l o258 10.7 o859 250 «215 T8 6500 73 «8
2 0133 16 o7 o2 27 N 4 oll iy 65 o2 &;09 56 |
3 o16 1047 33 22.2 14 oy 67 .8 7540
A 155 boly 31 12.8 oLih 05 6545 §7.9 6841
5 182 5.1 39 16.5 ol VA 71.3 765  57.5
é <167 T3 38 1b.8 ol5 06 60,0 0.3 6403
7 <171 he$ JD§ 106 olb «055 6546 5%e2 6147
8 18 40 oS54 1240 165 IR 7340 T6e2  65.7
9 68 8.8 525 26,8 +13% LLS 5646 Thebd  Tieh
1o 0167 1009 135 22,2 ;lw o”‘)' 65 o2 65 05
11 171 10.2 kiS5  25.9 1A ol Tieh 790
12 Jdbh 7.3 AT 2.0 a4 o045 68.0 7547
17 «190 9.0 o51 21,0 17 oI35 790 Ah.2




1943-1
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JUTBALY 1

Laboretory work {nd{cates that 1t Sz possible to remove wrsusted sulfides
from the roasted ore by & alnsle and cheap flotation operation, an. re-rcast the
small amount of flotatiom congentrate, about 10% by welght, before oyanidatiang
the flotation teiling would pess iilrectly to the presaent oyanidation plant., It
may be possidle to peturn the fletation conceutrate for anothier puse through the
same roasters. Laboretory tests on kiln discharge sround to pass & 3% aesh sereen,
indicate that it 14 rossible to obtain a tallisng comtaining abeut «03 oz, godd per
tom by floating the unrossted sulfides from the ealeins bofore eyanidation. No
shangs in the meehanios] handling of the flotation talls in the present eyauide
plant would he Dedessary,

InF3

of 2 ?
< laboretory experizents cof floating sulfidea from the
saleines oould be duplieated in plant praetice,

Me3e mushines was operatad intermittently for acue time,
meumaulynmuuor mnmmmhat.. m&mmrudtamoorm
Syanide oireuits tefore it vas washed. Flotation tallings wemt on to the wash
thiakener und the thickensd pulp to ¢renldation., Conoentrete wag elsaried in two
Denver cells, then thickened, filtered and hanled to the crusher ryard, where it
was mixed with new ope und passed through the same roaster. No serious trouble
Was euecuntered {n fletatisn Proper, although st times we were bothered scwms by
fuel odl in the foed. The froth was rather tough unless ene o two lbe, soda
ash per ton was used, Flotation reagents were "301* and w242,

e did find, however, that we had insufficient thickening Gapasitys +ihis
resulted in tho eperators not palling the cells as szt an thay should have dons,
with the result that we kade only about 3% ewneentrate tr welght instead of the
7% that had bcen antigipated. e wers Just sreparing to Put & larger thickener
into serviee whem the order oams Lo stop all opersilens,

Summayyy

e oysaids tailing from the cireuit in which caleine flotaiia: was used
&veraged about .0l Os. lewer than the talling from the old cireouit, in which
flotation was not uged. The cost of the oporation wes a little loss than 25 oents
pPer toh, so that there wes a alight profit by the use of caloine flotation,

I believe that we eomuld have done samewhat better if wu had not been
lizited by lsak of sansent.reto-thd akening capacity. However, it appears that,
on aversge ore, the profit by salaine flotaticm wijl not be encuh to elass it as
& mjor isprovement, on 8w ores 1t sewns to be quite effective, but om othep
ores it doss little good. Its ehief fmetion tppeara to be to float wnroastod
sulfidea that remained in the interior of cley balls,
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Susmary s

Laboretory vork {udisates that it 1 possible to remove unroasted sulfides
{rom the rossted ore by a simple and cheap flotation operation, and re-~roast the
small amount of flotation consentrate, about 10K by weight, before aranidationg
the flotstica tailing would pass directly to the presant syanidaiion plant. It
may be possidle to retum the flotation concentrate faor another pass through the
8&ae roasters. Laboratory tests on kiln diseharge ground to pass a 35 mesh screen,
indicate that 1t is possible te obtain & tailing containing abeut 03 08, gold per
tem by floating the unreasted sulfides from the saleine before eyanidation. o
cwmmmmwmo{mmﬂaummumpxﬂmam

laboretory experizents of floating sulfides fyom the
saleines sould be dupliesated in plant prectice,

3
% .S, machines wes operated intermittently fop
mwnmtmofmmmt.wmmrmumorm
Syanids eireuits before it was washed, Flatation tailings wemt on to the wash
thiekener and ths thiekened pulp to qyanidetion, Oanosntrste was eleaned in
Deaver cslls, them thiekened, filtered and hamled to the crusher yard, where
mduddthnwmnnﬁpumthwhmommm. o sericus trou
wae eneomntered in flotatien proper, although st times we were bothervd soms
fuel ¢il ia the feed. Manthortcughmlulmuholh.am
ash per tem was wsed. PFlotetion reageats were *30L» and 72A2w,
¥e did find, howsver, that we had insufficient thiskening capasity;

7< that had been antisipated. we were jJust preparing to put & larger thickener
into servies when the order caae Lo step all epersticas.

Semary »

The eyanide tailing frem the elreuit in which caloins flotation was used
averaged about .01 Os. lowar them the tailing from the old eireuit, in whiah
flotation was not used. The ooet of the operation was a little less them 25 oents

tion

& major improvement, m:mmculmubowiunﬂm.lw. bat on othey
ores it does littls good, IMMdmunwwhuﬂmmud
sulfides that mimdlnmhhuarotwhm.
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CYARIDA TION=FLOTATION CONCIKTRATES
GETCHELL MINY - #igtom, Davis

Pﬁm of &Emu‘&utxy ‘
T Wry Worx cut & methed for treating s flotation ceneentrate.
Prosedure and Hesults:
m conceniretes were all aimus 100 muah,
Wia. °r s Aﬁa

Test
2 tione- ™ 4 .
B s0, cue agtiotl Tyt OB i R 8%
2 %ﬂ " 10 minutes; = 30 1000 315 +19 39.6
b I ~ NaQH redustion 3 1000 ohdy o175 60.2
34 NesOR agltation 30 1000 ohd .18 60,0
35 1244/7 20 mre. agitation 30 1000 A Jb  63.6
37 reast at high temperssure 20 130 o5l 5 4§ 39.2
pl9 w agitation 3¢ 1000 315 19 39.6
) 108/T = 0.2%¢/7 Al dust in erind 30 1000  .AA 175  60.0
DY NaOH treatment withosut Al dust 30 1000 ohly .18 60.0
pa? 1244/7 caleine - agitation 20 hrs. 30 10K Ab Jdé 6346
bé - Oxidising roast 60 1200 . 32 29.3
119 12¢/7 agitation 60 1200 ohh 18 0.0
128 £rrdo regleaned cone. 80 10% 1.135 495 56.0
132 sysaidation 1000 61 30 51.0
Bm.b Realgar sancsntrates 1000 1.47 86 bloS

caP 1#/? - BQ 12.54/T agitatian 12 hours culoine ol 0 8A.2

qn

cenoenirite seams tc Le more refructory than the originai ore, which
suggests that il gangue eonstituents of the ore may have a bemefieial effect, and
that closer eumtast of the gangue with Lhe gold btearing minerels may produce a eal-
eine that is loos refrastory.




