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The p re sen t  a r t i c l e  i s  one of a aer'ies which i s  be ine  prepared by the 
A Southwest & p e r h e n €  S t a t i o n  of t h e  .unilted S t a t e s  Bureau of  Mines i n  cooperat ion 

wi th  the Department of Mining and Meta l lur ry ,  ' Jniversi ty  of  Arizona, Tucson, 
Ariz. ,  of papers  dea l ing  wi th  f a c t o r e  involved i n  tLe leaching  of copper ores .  

A knowledqe of t he  time requi red  ' t o  d i s so lve  the  var ious  copper minerals  
p re sen t  i n  o re s ,  a s  we l l  a s .  of the c a n m t i o n  of l e a c h i n z  reagent& i s  very  
dec i r ab le ,  because wi th  the  decrease 0.f the  J & t i o n f s  t o t a l  tonnage of sulphide 
o r e s  Increas iny  ' a t t a n t i o n  i s  being given t o  the recovery of copper by leaching  
m t h o d s  from low-grade disseminated ore  conta in ing  both oxid ized  and su lphide  

a minerals .  A s  leachin,: has  a l r eady  been app l i ed  with success and p r o f i t ,  t h i s  
study was undertaken t o  d e t e m i &  c e r t a i n  fil.rdamental c h a r a c t e r i s t i c s  that are 
app l i cab le  t o  a l l  o re s  s u i t a b l e  f o r  leaching .  . . 

Preced i r c  a r t i c l e s  M e  d e a l t  w i th  the ing res s  of leaching  s o l u t i o n s  
i n t o  rocks3 and the ~wrnoval of so lub le  copper from leached  ores .  * I n  t h i n  paper 
tb d i s s o l u t i o n  of c e r t a i n  oxid ized  copper minera ls  w i l l  be discussod. 

The au tho r  wis;~es t o  achowledge  the a s s i s t a n c e  and helpful  euggest ions 
o f  Mr. G. L. oldright. ,  supe rv i s ing  engineer ,  nonferrous nzetallurgic.@ section 
United S t a t e s  Bureau of  Mines. 

' t ,  

1 - Ths Bureau of Mines w i l l  welcome r e p r i n t i n g  of t h i s  a r t i c l e  but , reques ts  
that. the  fol lowing foo tns t e  acknowledgment be used: flThi,s paper  r ep re sen t s  
work done under  a cooperat ive agreement between t h i ~  U. S. Bureau of  ;dines 
and the Univers i ty  o f  Arizona. P r i n t e d  by e m i s s i o n  o'f the D i rec to r ,  U.S. 
Bureau o f  Mines. ( ~ o t  sub jec t  t o  copyright... !' 

2 - Associate  m e t a l l u r < i c a l  chemist,  U.S. Bureau of Mines Southwest Experiment 
S t a t  ion ,  !Tucson, A r i z .  

3 - Su l l i van ,  J. D., Xeck, W. E . ,  Oldr ight ,  G. L. ,  B c t o r s  Governing t h e  Entry . I 

O f  So lu t ions  i n t o  .Ores Durix .Leaching: Tech. Paper  441, Bureau of Mines, 
1929, 38 pp. 

4 - Sul l ivan ,  J. D; , Sweef , .A..  :J., l iactors Governing t he  ' ~pno 'va l  d ' f  t h e  so luble  
' 

Coppek from Leached' Oms:  Tech. Paper  453, Bureau o f  ldines. I n  p r e s s .  
. , 
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MINERALS INVESTIGATED 
.i-.··. 

Teste on one s~le of a~~ite, ona of malachite, one of tenorite, and 
five of chrysocolla are here reportG~. ..n . ....... ~ .: :' 

"..r. i ' 

The azurite was from the Calumet and Arizona mine, Bisbee, Ariz.; the 
malachi te was from the Mammo.~h mine, Me.mrnoth" utah;, the tenori te from the Old 
Dominion -mine ," 'GIO'Oe~, :::At'iz',; and ' the five samples, of, chrysocolla were from 
Miami t Ariz .. , Globe. Ariz. t Lud.wig mine t 'Yering'toI'l, Mev., Silverbell, Ariz. I 

and from an unknown source. 
( . 

" ,. \-

Chemical Composition of Minerals , 
The chemical . composition of t~e minerals used is ~lven in Table.l •. 

. ....... ! . , . , ..... . 
" P .. .. ; 'I," .I ... ~ , , . 

',. F,' • • : .... • I . ' 'I _ ,. J ,. 

·Ta~l·~ · ~.~ A~tyeiB- of .Minera.ls .. . , r 
. l ' : , 

I ... ' , - .. ; t · , ' . .' 
Totai Acid Fe, S, Insol- ~~q2' Cao, Mn, 

Cu, Sol RIa ·.pQr . per.:.": ''\1ble ;: ~. per per :per 
Minerals " . per , Cu, cent : cent, ,-, par cent cent oent 

cent c.ent 
.. 

.. :per ' . , 
cent: . . ,! .. , ,. : 

" 

Azurite ..... ;' ... " ... ... 55.35 55.34 " 0 .. ·23 . 0 •. 0:2 0.46 
., ..... 0.32 0.17 

Malachi te ... , ' .. ': ....... 55.,43_ . 55.34 0.49' 0.0:45' 0.42 - 0.56 0.24 
Tenorite ..... ~~ ....•.• 29 .. 86 .·29.56 4.35 . tr .. ·,' 26.88 - - 5.0 
Cluj" so co lla: 1 Miami ..•. 29.14 29 .. 04 0.63 !'"'I' t . - '46.04 - -

Do. Globe .... 26.36 26.36 0.46- - 49.32 47.10 - . , -
Do. Nevada ... 3~.64 .. 34.~ ·3.82 '0~38 29.52, ' :29.i4 - -
Do. Sil~erbell 67.10 17.89 1.62 15.71 4.24 - - -
Do. Unknown .• 47.7Q 41.92 1.(56 -- 16.72 -' - -

Hote: Dashes indicate that no analysis was made. 

. \ . 

The pure minerals azurite (%(OH)2.( C03)2), ma.l~~i,t~ (9U~.(qH)2C03). ~nd 
tenorite (CUO) cpntain 55.32, Sl.45-; .. ;a.nd 79.89 "per cent copper, r.e.spe,ctive.ly •. 
True chry ,soc,~ll~" .duSi03.2E:20, contains' 36.~4 p'er cent coP:Ber •. 

J . . 

All minerals were crushed and 8i~~d to minus 100 pl~~ ZOO mesh with 
Tyler standard screens. 

: ' , L 

EXPERIMENTAL WORK 
, ":. I ~ , 

, f 

. ,i " ~ 

Experimental·Proced~ J, ' 
.1 

• 

saIriple:~ ' of from 2 to 10 grams were we ighed. :put in~o '~-p~nt . ~~~~. ~ottie8, 
and 500 auble. centimetexs of the leaching :reagent was addad •. The b.ottle.s and, 
contents we're" then :put 'on revolving ralls. 'The temperature lias' 350 b. i'n .all 
tests; the 'bottles and ,solutions were brought to the required tempera..tu.re" befo're 
the test~ 'iI~re 8ta.rted.~ Unless specifically sta.ted t~ 't~e: c=ontrary't" "'~~~ bottles 
we re o,!>en (not stoppered) to the air. ' . .. • 
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I~ -~,~;a • .repo:t;t :!:L ? ,per. cent ; ~~o~utio~ .rOf t:erric sulphate 1n~ica,~e8 a 
solution cont il1ing 5'p: 'gr~s Q.r ",i.ron· p~r 'liter '~as fer;,1c sulphate. A 5 per 
cent solution of sulphU:ric"acid' indicates 'S: ' solution containing 50 grams of 
H2S04 :per 1 i~e, r~ 'The" a.~tn:or is aware that' o.ef.ining a. s'olut'ton ·c6·nt8:i~ing '50 
grams per 1 iter 'as 5 !Pblr "Cent. neglects the fact . that the specific gravity of 
the solution is slig}f~~ li.i~~r tlian ' wa.t·ert:· Ou.~··ior eass ', in;reporting results 
it is so temed in this article. ,This system of nomenclature is common with 

, . . I 

copper hydrom~tallurgj,s,t:s, .• , > . " '') '" ". } , 
'1.

1
: 

, ., Table 2 . .give~ a r .~~!1, .~ .t,h~ ! trea.~ment to ~fli~h E}ach , of the ~ineral 
specimen~ was subjected. ,:, ' ,' . ', . . , :, . i " 

. . ':' , . ,," ,.,. ' . " : 
Ta.ble 2'. - ' Data. on ~he l uCAiM ,~reatmert to whicH the oxidi~ed 

COpp~T m1.ne'x:~l:s ' were ,subjected, 
» ( . .. I • 

_______ ~_---__ ~ __ ---........,..._+f-----....:....-~------- .. -
Mineral ,Weig1)t.,of , ' I ':. Leached with: 

_ .. _______ -+9=lamp;;;...~1::;,.:;;e...L..1.-· ~..IO.l,;:..':ram=s=__t_....-.,..a...-__ -_ ......... -------_:__---..i....-...........:...-.....:..--

r 
,, 4. .. !" • I , .1 .per .~n.t , (stilPhuric acid.:-
. . 4' ~ . ' .' '~ ', ' " I. do'. 

' . , :. ':~: {, . ,". I 

. ,4; • .q ,' .., ." 9.0. ; 
Azuri te ........ . ) 10': ~' .. : ' :~ :,p.~i , ,Q~nt neutral ferric sulphate.

1 

. 10 ' ;: ~ . B. ' -,' . ~ do . . . 
lq, ' ~ . .. . . Distil,led, wate r . 
. 8 : :. ~:~ .2 "p.~z:: '~e,nt ' fa rric sulphate plue 10 per cent 

, " " "~~pltl.lr1c I a.cid. 
5 rper,t9an't 'i-arric sulphate plus 10 per cent 
. , sulphuric .acid. . . 

~ .'" . ~ . , 8 

" " : r: ! . 1' pe'r .q~n~ " sUlphiiric a.cid. 
2 do. 

Malachite. ~ .. ' ... :' ,: ', tg. 
'. • ,. ~ 10'" 

S - do. 
, . 1 "Fer cent ne~tral ferric sulphate. ,~ 

~ , : f~~~thled w!~~r. " .:: 

. ' , 
• ,:. ' r , 

1 .\ B 

l 8 

7 
7 
7 

, . ·I.? per cent ferric sulphate p~us 10 per cent 
, sulphuric 'acid. " 

.. 5 per cent ferric' sulphate plus 10 per cent · 
sulphur 1 c e.e id . . " 

r 1 per cent su1p~l~ acid. 
2 do. i' " . , 

.. 5 " do. , , 

..' ~"' , . 

., 
. ! 

, . . ' 

. ' I •• 

" , 

Chrysocolla. from 
Miami t ArizO'M .. 

:' .1Q 
ft ', ., 

2 per cent ferric s:ulphate p~U8 ,10 per 
sulphuric aqld. 

cent " I' 

-c _ 

10 

,10 
lO 

" :1,0 

5 per cent ferric sulphate plus 10 per cent ,' . . 
sulphuric acid. 

J ", 

2 por ~~ n~'1J.~~al .. ferrip sulphate. 
5 do. 
D~stiiied water .. 

,,',. 

1 Neutral ferric s\llpha'te' ~.s use"c1. ,in this report means ohe.~1c,al~ ~ ferric , 
tNlpba.te wi tho~t the .addit,iop \Qf , au:r , acid from outside source~~ The sQlut1o.n . .. 
actually bas an acid reaction and usually contains some free acid. , ..... ,'. : ;., 

5819 I .~ • 



R. I.No~29.,34 •. : ;' .' 
; r';' ,: ': T~qle..2~:- Data on the Jeaching treatment to which the oxidized 

''; ,:/ ~ ; h : ~: . .', , , co:eP~~ ·lfdriera.l~ were subjected - Continued 
i ,. " ""'-

:'1 , . . • '" .. M:uieral ,: ,.! : 
J. ; t . .. • • l' 

'III .-, I • . ", . 
" . II .. .. 

.'" '''. . .. . 
6hrYso~olla f~o~' 
Globe, Arizona, 
,it'} . both ,.open ,.and 
closed bot tIes, . 

I Weight 6f , 
8.amcle I grams' 

a. 
2 , '2~' 

2 
? 

l. 2 

' f 2 

.. 
~.I •• 

~rys~colla from:~ :. ' < 
Nevada . . ". .. ~' .. " 

2 
2 
2 
'2 

, , , , 

Chrysocolla from 
8i1 verbell, Ar-~z. 

Chr,1socolla from ,an 
, ' unknown: souree 

Tenorite, 
in bo th ope,p-, and. 
closed bottles 

- , 

• ." I • .. . . .. 

{ 

",2 
. .', 2 , " <. 

-r · 2' '. : " 2 '," "" 

J 2 : ,r 

~_ 2 . ~ 
.2 

"" 

Leaohed with: 

2 per' cent sulphuric '·acid . 
5 ' do. 
2 pe'r ' cent· neutral fertic sulphate. 
5 do. ,'t 

2 per cent ferric sulphate plus 2 per cent 
" " sclphuric acid. i 

5 per cent ferric sulphate plus ' 2 per ,cent 
sul1)hurlc acid. 

2 per· cent sulphuric acid. , 
5 do. 
2 :per oent neutral ferric sulphate. 
5 do. 
2 per oent ferric sulphate plus 2 per cent 

:SUJ.phuric a.cid. 
5 per oent ferrlc·sulphate plus 2 per cent 

sulphuric acid. 
5 per cent sulphuric acid. . , 
5 per cent ferric sulphate plus 2 per cent 

su1l)huric acid. 
5 per cent sulphuric acid. 

,. 5 per cent ferric sulphate plus .2 per cent 
sul-plmric acid~ 

2 . pe~ ' cent · sulphuric'ac1d. 
5 .'. do. 
2 per C8'nt neutral ferric sulphate. 
5 '. _ , , . do~ 

'2~ per·41oeht ferric sulphate plus .2 per cent 
: . ~. ~ulphurlc acid. 
~ ::Lp~'x: ',b~llt ferric sulphate plus a per cent 

. . 'Su1-phuric acid~ . 
I': i ~ 

The p~o'cedure in t~ :~io~ea. ' bottl~ tests was as follows: The solution 
was poured into the boti'fe,S' arid oXygen-free: .nitrogen was bub'bled through the 
solutions to remove the air.' in the sol'ut1cin and in the bottle above the sol,ution. 
The samples of mineral were then added, and the bottle was corked tlghtl1 with 
~ " lnlPber , ~t~er. In. ; t~i~ ~er ~he .. dis~olution tests were carried out in the 
absence of oxygen, wnereas 1.11 the open ' bottles there was free aooeS9 to atmos-
pher.ic, o~gen. , ,.. .:. r • ' ,' , ',r, 

• "" •• ' ·r 1 .' -'r : ".1. 1 .' .. - .; 1 ,:t! 

• 

\ 

• 

The mineral tram Silverbe11"Ar1z.~ was a mixture of ~socolla and 
chalcocite'. "The pUrpose of tht:? tests' an this specimen -was to stu.dy the solu­
bility of the silicate rather . than the sulphide portion, as it bas often been 
said that . the, copper s~+i.ca~e f~oin' the S11verbell district is acid-insoluble. • 
The chemical analysis .. given in Table ''1 sh&ws that the 1l11neral was la.rgely the 

.. \II • , sulphide. ,... ,, ',- ". . . , , 
". _ I : . . " J .. ~ • ~ .... 'I' . ._. 

5819 - 4 -



R. 1. No. 2934. 
The sanrpl e from an unknown source contained both chrysocolla and cu.pri teo The tenorite sam-pI e contained some malachi te as well as tenori teo 
The resul~s obtained in these tests are given in Table 3. 

!\Uneral 

Azuri te 
1 hour . . ....... . 
2 .hours ........ . 
3 hours ........ . 

21 hours ....... . 

M~~a:=~:~""'" 'I 
1 hour ......... . 
2 hours ........ . 
3 hours .. . 

21 h ours ...... : .. 
,)2 days. . . .. . ... 

Chrysocol1a 
Miami 

1 hour ...... . 
2 hours ...... . 
3 hours ...... , 
4 hours ...... . 
5 hours ...... . 
6 hours ...... . 

32 days. .. .. . 
Globe 

Ouen bottles: ' 
1 hour ...... . 
3 hours ...... . 
8 hours ..... . 

30 hours . ..... . 

5B19 

I 
I 

Table 3.- -Dissolution 'of Oxidized Copper Minerals 

I 
I 11 per cent 2 per cent 5 'Per cent 

I H2S04 - H2S04 H2S04 

100 

100 

89 
95 
99 

100 

100 

- .. -. 

98 
100 

100 

100 

100 

100 

100 

' . .. . .. 

Extract ion of 

1 per cent 
, Fe2( S04) 3 

2 per cent 
Fe2( S04) 3 

61 
72 
84 

roo 

58 
70 
86 

100 

50 
'- 58 

60 
- ' 61 

69 
" " ;' 77 

5 per cent 
Fe2( S04) 3 

99 

100 

, .. 
98 

100 

5 -

cop_uer ner cent 
2 per cent 5 per cent 

Fe2(S04)3 Fe2(S04)1 
+10 per cent '+10 per cent 

H2S04 H2S04 

100 100 

98 100 

100 100 

~ . 

2 per cent 
Fe2( S04) 1 

+2 per cent 

H2S94 

100 

5 per cent 
Fe

2
( S04) , 

+2 :per cerit 

H2SO4 

• 

100 

-' 

0.11 

0.22 

• 

-- ~. - - .. 

1.00 



R. 1. No. 2934 Table 3.- Dissolution of Oxidized Copper Minerals - Continued 

Closed bottles 
' I hour.... .... 100 : 100 44 

I 

, 3" hours. . . . . . . ,- ' 68 ~' 
100 100 100 

8 hours....... 87 ~ , -
24 hours. . . . . . . 97 , 

____ 4_8~h~o~u~,rc~s~.~._._._.~.~.+-----~-~---· ~ , - ____ ~--------~~-------'--_r~---~9~9~,---~------~--+-~--------,_+------~~--+_ ________ ~~. __ ~~----~~~----__ 
: Nevad.a 

1 hour. ....... 100 100 72 ~ 80 
3 hours. . . . . . . - , 77 ' 91 
8 hours.. .... . 93 : 99 

, ~hours....... _~~~, __ ~-b __ ~,~~:~~~~~~.~~~3~9~; -=t=-=~100 
F ' With Chalcocite -"~" .. - . .. - - - . ;, .. .. 

1 hour ....... . 
3 hours ...... . 

, ' 2.4 h-ours ...... . 
Wi th Cunrit-e 

~ ' . 
, I '"hour ........ I 

.3 'hours. ,'. :. ... . 
,24 hours .... , .. I 

, Tenorite 
Open bottles: 

.1 hour ....... . 98 
. 2 hours ...... . 99 

'. 3 hours ..... .. '99 
8 hours ...... . 

24 hours .... : .. 100 
30 ... hours ...... . 
54 hours, ... , .. 

Closed. bottles: 
1 hour ....... . 99 
3 hours ...... . 
8 hours ... ' .... , -

24 hours ...... . 
·5819 'L 

l: _ 

23 
29 
35 

, 
94 I 

I 
98 

100 

I 98 
99 

. .. -

- ' 

99 

99 

100 

-- . -~ ....;..-::... j 

,.. 

-. 

51 

81 
92 
98 • 

100 

96 

98 
100 

'100 

- 6 -

. ' - ~ 

100 

. . " -' ~ 

97 

,99' 

" 100 

• 
··100 

61 
66 
80 

100 

99 

99 

lOG-

'," -, 

' . . 

.' 
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ReaGent consumption 

Table 4 conta.ins ' data' oil the cons~tio~"bf reage'n't '~ in dis~o'lv:~ng, ~~~ " 
mineral~ • 

Table 4.- ConsUIlTPtion ' of reagents in d~eAol1+tion t~sts on, 
oxidizeQ ' coppe~ minerals 

--' .. '- ... -.. ---------r--------------,----.----.,--------
I Rat',i9 9f acid Batio Qf, ferric 
con~~ed to iron consume~ 
~OPP~f ~xtract- to coppe~ ~p!9~ , 

Mineral Leaching s~~u~lo~, 
W' .. " • 

' .1; r: ed. by w'eight duced, bY weight 

Azurite 

Malachite 

Chr,ysocolla from 
)l1e.mi, Ariz. 

) 1 per 

'" l2 ' ,: ~ .", 5 

!. , U per 

(1 per 

l~ 

cent sulphuric acid 
do. 

1.59 
1.60 
1~69 " -, do. \ 

cent sulp~uric -B.9,id ' 1.,~2 ., : 
do. 1.'67 
do. ' .. ,l.,.?1 .. 

cent sulphuric acid 1.77 
do. 1.90 
do. 2.06 

r5 per cent sulphuric acid 
do. . 

1.,1'3 (1 :hour) 
1. 38 (3 npur s ) 
1.55 (24 hours) do. 

.. -
-
-
-
-
-
-

.' -.. 

--
Chr.1socolla from 
Silverbell. Ariz. 

.5 per cent ferric ,sulphate " ~ ~ \ 
+2 per cent mllp~Tic a.cid 0.95 ( L hour) ~ 0:.46 .: ( 1 hour)-

5 per 'cent ferric bUlphate 
+2 per cent sulphuric acid 0.81 (3 hours) 
'5 'per cent' ferric sulphate ',' " 

~ " +2 per cen't sulphUrio acid d.79: (24 hour~) 
.. "5 per ce nt ' 'sulphuric abiCl. l~lr ' (I hour), 

Chrysocolla. from ~ do. 1.41 (3 hours) 
do. r, , " , l~ 52 (24 ho~s) unkrlown source .l5 per ('.ant ferr:ic sulphate ' " . , ' : . 

_________ r=-·+...;.....;2~p~e~r_cent 'sulphuric acid 1.99 (1 hourl 
Tenorite, open bottles[2 per cent sulphuriC acid 1.13 (1 haur) 

1 do. 1.15 (2 hours) 

REACTIONS 
, ' . , . 

I ... 3 (3 hours) 

1.40 (24 hours) 
- ', 

0.?0 
, I 

'" 

The c:1.emica1 'reactions in the', dissolution of the oxidized copper minerals 
by sulphurir. acid are: 

5819 

, , 

Azurite:- ~(OH)2(C03)2 + 3HZS04 ~ 3CuS04 + 2C02 + 4H20. 

Malachite:- Cu2(O~)2~03 t , 2H2~'(j4 = 2CuS04 ' + C02 + 3l:IZO. , 

Chry30colla:~ ~Si0;3·2H20 -+ H2S64 ,= cuso~ +: S102 t:'3H20. 
. :. .. 

Tenorite:- '·Cu.O<4- H2~04 ' = CuS04 "T H20 • 

? ' -

," ., ' . . 

. " 
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In each case 1 Cu::C=-l H2S04, or 1.54 parts H2S04 by weight, are 
theoreti-call;y rrequ,1red tO I"extra:ct 1 part Cu' by' weight. ! ' ;',,":, ,--

In the experiments the acid consumption was a little higher than the 
theoretical ~ount,. It was also not"ad that the stronger the, 'aci'd. -r:i'sed the 
greate r was the consumption. ... I', 

, , 

Although the formation of basic sulphates of iron in the deco~os1tion 
of o:ridi"zed copper mirie-rals· by ferric sulphate har)"; made difficult t ·'h.e ' de'tennina­
tion of the re.ac'tions involved,1 the following equations probably represent what 
occurs: 

.A.zurite:- Cu:3(OH)2("C03 )Z + Fe2(S04)'3 - 3CuS04 + :~203 + H20 + 2C02~ - ', ',. 
, . , .' ' • f 

MalaChi te: - 3Cu.z (OH)e-C03 + ,2']e2( S64~ 3 • 6,CuS04. + ' 2Fe~03 '+ '3'C02 + 3H20. 

Chryso:C~~la.:,~ ~9U:Si03.~l:i20 _ + _~2(S0:4),;3, = 3,~04_"" ie293 ,+., ~SiQ2 t .. ,QlJ20 ~ 
,0, I : ! ,,1 ' ,". " 1 ' 

Tenorite:- 3CuO + Fe~(S04)3 ~ 3CuSQ4 _~ Fe203· 
• •• .1; '"' 

In each instance 3 Cu. ,r'equ-~re ,1 ~2(SQlj)3 to .fu.l"ni-~h sufficient SQ4 '!; .-
to convert the: copper, into tlJe soluble sulp}la.,te. : 

• 

When the '~xidi~~'d mi~~Q.ls' d..n ' the' , qua~ntities. used': in these experiments • 
were lea;ch~ with ,,1, qr 2, p~,r, ce'n~,,~,tral ferz;iq suJ.,phate, the soiutions 
b'ecame cloudy .in about one hour." ~n two. .hours ,t.he~ w~s considerable, ·e,vi~n:ce 
of ferric oxide ,(Q,l;.' l)y"q.rox1de)' s'q.spe,nQ,ed in" t 'he- s!=>lution, ,and upon standing 
several hours this ·precipitated. In', 21' hoUrs 'the precipitate was verry heavy 
a.nd, aft,er standing for ,8. few minUte's "with6ut agitation, the solution became 
perfectly clear. whiie,:' the solid B~ttle-d to ' the bottom~ There, was no 8-vidence 
of precipi tat i~n :witb 5 .per' ~dent 'ferric' in any ca;se ~ ~is W\V have been due to 
the fact that inasmuch "'a~ Ie.: 'la.rge excess of: solution wa.s used, . .the acidi ty ~s 
not reduced sufficiently' to ' 'cause precipita.·tion. .liso it, is well,lcnolfP ,that 
basic sulphates of iron are easily fonned and. Ill8\Y ,remain in solution without 
precipi tat ion., i.. : • . ~~ • • 

.. - '. 6 I 

. Wh8n the -oxidized minerals are dissolved in acidified ferric sulphate 
solutions, the u1t~te reactions are probab~ the same as those represented 
when the minerals diesol ve in sulphur'ic a.cid, because even though the minerals 
may be attacked by the ferric sulphate, the ferric o%ide or lvdrqxide formed 
prob'ably is "re'converted int"o the : sulpliat'e by the aci'd present., " 

CONCLUSfO~S 
0'"'' 

, , " ~ ',: ' 
" : " I 

Experiments have shown that the oxidized minerals of copper-a~ite, 
malachite. chrys'ocolla~ 'and ""te:n6-r l.'te a.re ·soluble' in, .Sulphuric acid, and ferric 
sulphate 801utions~ Approx~tely 100 per cent of the copper is soluble in 
one hour in sulphuric ' ac1:d' o'r .ao1dified ferric eUlphaJe "Boru:1(rons. '~ In 1 or 2 
per cent neutra.l ferric sulphate the ~issolution i~, s~mewha:t slo~er, ~t in • 
nearly every insta.nce the minerals' are comPletely d.ec-orripos~d -1"n '2.4·' hoUrs or less. 
The rate of dissolution in 5 per cent neutral ferric gulphate is agaut the game 
as in sulphuric ar.1d or acidified ferric sulphate. 
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Chrysocolla is often said to be insoluble in sulphuric acid or in 
solutions co~taining ferric iron , but such insoluble silicates of copper are 
probab17l dio::?tase and not c.hr;-,·socolla. The cilicate portion of the mineral 
from Silverbell. was found to be acid soluble. 

The dissolution of chrysocolla and tenorite was practically the same 
in open bottles as in bottles from which the oxygen had been removed by 
oXYGen-free nitromen. 

The con~tion of acid in dis301vinG the minerals is a little higher 
than theoretical. This is due to impurities in the minerals, which consume 
tne acid. 

SLlce nearly all ·jf these oxidized minera.ls are dissolved in one hour 
in the two reacents which would be u3ed in practice - namely. sulphuric acid 
and acidified ferric sulphate - it seemed useless to treat particles of various 
ciz9s at different temperatures . 
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