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!Comminution 

Comminution is a process by which coarse ore particles are reduced in size to make valuable 

components accessible for subsequent separation units. The process of rock destruction 

includes operations such as crushing, grinding and separation, and is accompanied by high 

energy consumption, that accounts for 35-50% of the total mine costs. (eD88D:@>:;" D:I"

%7\;88"LM!Z). 

 

The shapes and sizes of rock particles, obtained after comminution, are influenced by various 

factors such as type of equipment, stress application, duration of the process and particular 

characteristics of materials. 197<FV/D<C7:="D:I"$AD:U\D6"SLM!!T"F:E;?@F=D@;I"F:98G;:5;"79"

97G<" IF99;<;:@" ;`GFCA;:@"@>C;?"7:"=78I"=<DF:"?Fd;" IF?@<FHG@F7:"D:I"=78I"A7<C6787=>"D:I"

F:IF5D@;I"@6D@"@6;"6F=6;?@";:<F56A;:@"<D@F7"\D?"7H@DF:;I"\F@6"6DAA;<"AF88"G@F8FdD@F7:Q"\6F8;"
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The degree of comminution is influenced by main aspects such as the liberation size of gold, 

characteristics of gangue minerals, and further gold recovery methods. The optimal particle 

size mainly depends on economics since it is necessary to consider various factors such as 

gold recovery, processing costs, and comminution costs. (Marsden and House 2006.) 
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There are several options to conduct flotation of gold-bearing materials which already 

contain floatable minerals (Marsden and House 2006): 

¥! flotation of free gold and gold present in sulfide minerals to produce a high-grade 

concentrate. The obtained product can be then treated by cyanide-leaching, regrinding 

+ cyanide-leaching, intensive cyanidation, pre-oxidation + cyanidation, or smelted 

directly; 

¥! flotation of sulfides to produce sulfide-free ÒtailingsÓ, and treat them by downstream 

cyanidation; 

¥! flotation of carbonates, carbonaceous material, or other high-active matter that can 

cause negative impact in subsequent operations; 

¥! differential flotation which goal is to separate different types of materials, such as gold, 

pyrite, arsenopyrite, and gold-bearing pyrite. 

The process of flotation is based on removal of valuable materials from the aqueous solution 

into an alternative medium which in this case is air. Usually certain reagents are used for 

flotation which are broadly classified as (1) collectors, (2) activators, (3) depressants, (4) 

dispersants, or (5) frothers. The selection of particular type of reagents is influenced by many 

factors such as ore characteristics, target grade of a concentrate, gold recovery, and share of 

other constituents in the ore. (Marsden and House 2006.) 

 

pH of the slurry is the main chemical effect besides reagents type. In last decades, some 

researches were conducted to reduce costs of reagents and to develop new types of reagents 

that are stable over a wide range of pH level. SBG::;"LMMR̂T 

!Oxidative roasting 
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3.3.1! Chemistry of the process 
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3.4.2! Process description 
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3.5.2!  Process description 
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!Ultra -fine grinding 
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3.6.1! Chemistry of the process 

)6;"$8HF7:"%<75;??)J "F?"5D<<F;I"7G@"D@"D"587?;"@7":;G@<D8"C+"SbVYTQ"@6D@"<;`GF<;?"8FA;?@7:;"

DIIF@F7:"@7"@6;"?8G<<>R")6;"7E;<D88"C><F@;"8;D56"<;D5@F7:"\F88"H;"@6;"97887\F:=P"

"

#$%& ' 4. T/ ) & ' 7T5: &) ' 5OSO)+ < #$) U): ' 5OS%), U5: &) '

B' B5O) &""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""SL[ T"

"

'7";8;A;:@D8"?G89G<"F?"97<A;I"IG<F:="8;D56F:="D@":;G@<D8"C+Q"@6D@"=<;D@8>"<;IG5;?"5>D:FI;"

57:?GAC@F7:"F:"57ACD<F?7:"@7"HD5@;<FD8"D:I"C<;??G<;"7OFID@F7:R"$<?;:7C><F@;"F?"7OFIFd;I"

D557<IF:="@7"@6;"B:/#0"*$%C?ADP"

"

#$61%' 9T5) & ' / : &) ' OSO) + < #$61) , U5: &) ' OS%), U5: &) '

' BO) &""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""SLZT"

%

)6;" 57:IF@F7:?" 79" $8HF7:" 8;D56F:=" D887\" @7" 97<A" D:" ;:EF<7:A;:@D88>"?@DH8;"5<>?@D88F:;"

57AC7G:I"79"9;<<F5"D<?;:D@;"S=49'K ABUB?M?KT"\6F56"5D:"H;"?D9;8>"IF?C7?;I"D@"@6;";:I"79"@6;"

C<75;??R"

"

);88G<FI;?"D<;"D8?7"7OFIFd;I"\;88"G:I;<":;G@<D8"57:IF@F7:?R"+7\;E;<Q"F:5<;D?;"79"C+"@7"N"5D:"

D55;8;<D@;"@6;"C<75;??"79"AF:;<D8?"I;57AC7?F@F7:Q"?7"@6D@"6>I<D@;I"8FA;"5D:"H;"DII;I"@7"@6;"

CG8C"F:"@6;"9F:D8"?@D=;"79"@6;"C<75;??R"#;D56F:="79"@;88G<FI;"AF:;<D8?"755G<?"D557<IF:="@7"@6;"

97887\F:="<;D5@F7:P"



" [b "

636PV$ ' 5) & < V$) & ' 6P) ' 63) """""""""""""""""""""""""""""""""""""""""""""""""""""SL^T"

3.6.2! Process description 
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!Leaching 

There are several leaching technologies to extract gold from ores. However, nowadays 

cyanide-leaching is used more frequently. Other alternative processes such as thiosulfate, 

thiocyanate, thiourea, bromide, iodide and chlorine/chloride solutions has not been used 

commercially or has been used in the past.  

 

Alternatives to cyanidation are considered to have several advantages due to lower 

environmental impact and legislation restrictions, faster kinetics, possibility to be used in 

acidic solutions, and higher selectivity for gold and silver over other metals present in ores, 

such as copper. However, they also have some significant disadvantages, and none of them 

are applied widely. Several potential processes have been tested in laboratories, but none 

were commercially applied on a large scale. 

 

Cyanidation has been implemented for gold recovery since late 19@6 century, and still is the 

most wide-used solution for gold producers. This method is high-effective and does not 

require high costs. The cyanide ion allows to oxidize gold and to form a stable complex ion 

[Au(CNL)V] in a slurry which is then treated by various recovery methods to adsorb gold. 

(Desch•nes 2005.) It can be described by the Equation (26), \6F56"F?"D8?7"U:7\:"D?"&8?:;<K?"

;`GD@F7:P 
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Chemistry of the process is based on gold dissolution in cyanide salts, which are compounds 

of carbon and nitrogen with potassium (KCN) or sodium (NaCN) in the presence of oxygen. 

The process of cyanide leaching requires high pH due to formation of prussic acid (HCN) in 

acidic environment, which is a hazardous gaseous compound.  

 

The rate of gold dissolution is mainly affected by cyanide and oxygen concentrations, 

temperature, pH, surface area of gold particles, intensity of agitation and mass transfer, and 

presence of other ions in a solution. It is also known that sulfides not only consume oxygen 

and cyanide, but also form a coating on gold grains, which is also called ÒpassivationÓ. This 

passive layer causes negative effect on process kinetics and overall gold extraction. Gold 

passivation can be minimized by nitrate addition. (Desch•nes 2005.)  

 

It is worth mentioning that environmental issues, increasing gold prices, and growing share 

of complex low-grade ores, cause the necessity to develop new effective alternative methods 

for gold leaching. (Baz et al. 2017.) 

 

Thiosulphate leaching is considered to be an effective process alternative to cyanide 

leaching for gold extraction. Interest in developing non-cyanide gold recovery methods 

arises from concerns regarding cyanide toxicity and inability to be used for carbonaceous 

ores and concentrates. Thiosulfate leaching can be effectively used for gold recovery from 

preg-robbing carbonaceous ores, with less harm to the environment. (Aylmore and Muir 

2001; Aylmore 2005.)"

 

 The process uses thiosulfate (%&) +
&N) and is conducted in alkaline media, in thiosulphate-

ammonia-copper system, and with air supply. Copper ions are used as catalytic to dissolve 

gold in thiosulphate according to the Equation (27): 

 

/ 6P ' ) & ' ( %&) +
&N ' 5: &) < / 6P0%&) +2&

+N ' / ):                    (27) 

 

For gold recovery from solution polymeric ion-exchange resins are used. Carbon adsorption 

is not effective in this case due to the low ability to absorb gold thiosulfate on the carbon. 

However, there are some studies aimed at development of carbon absorption. Thus, Lulham 



" [N"

and Lindsay (1991) patented an idea of adding trace amounts of cyanide to produce a stable 

gold cyanide complex with subsequent absorption on activated carbon. 

 

Despite the fact that thiosulfate is considered a non-toxic and high-kinetics alternative to 

cyanide, it also has significant disadvantages. It results in higher reagents consumption and 

overall process costs in comparison to cyanide leaching. In addition, thiosulfate is a 

metastable compound which can decompose to polythionates and sulfate whilst consuming 

OL, or to toxic sulfide ion in an absence of oxygen or under reducing conditions. (Aylmore 

and Muir 2004.) 

!Recovery 

 

Carbon absorption  

The use of activated carbon for gold recovery from cyanide solutions has started in the last 

quarter of the 20@6 century. It has replaced the Merrill-Crowe zinc cementation process and 

allowed to treat low-grade ores (e.g. clay ores) and increase metal recovery whilst decreasing 

capital and operating costs. (Staunton 2005.) 

 

Activated carbon for gold recovery is mainly either granular coconut-shell carbon or peat-

based extruded carbon. The selection of carbon is driven by gold-loading kinetics, gold-

loading capacity, elution kinetics, rate of gold elution, durability, wet density and particle 

size distribution. (Staunton 2005.) 

 

There are two main pathways to recover gold using activated carbon, namely CIP (Carbon-

in-Pulp) and CIL (Carbon-in-Leach) processes. CIP process is a well-investigated method 

to recover gold from cyanide-leach slurries. In the process, carbon is usually introduced 

counter-current in mechanically agitated tanks with the slurry. In CIL-process the operations 

of leaching and absorption are performed simultaneously in the same tank. This technique 

is considered a modification of CIP-process and has several advantages over it. Thus, it 

requires lower capital costs and results in higher gold recovery rates from ores which contain 

gold-adsorbing components. (Marsden and House 2006.) 
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Resins absorption  

The use of ion-exchange resins has been investigated since 1940s. The first researches have 

been performed in USA, Romania, South Africa and the former USSR. Thus, the plant 

located in western Uzbekistan (Muruntau operation) decided to use ion-exchange resins for 

gold absorption due to its experience in resin technology for uranium extraction. (Marsden 

and House 2006.) 

 

Ion-exchange resins are synthetic materials presented as an inert matrix with surface 

functional groups, such as amines and esters. The functional groups can exchange ions with 

other similarly charged ions in solution. Similar to carbon absorption, resins can be 

implemented in RIP (Resin-in-Pulp) and RIL (Resin-in-Leach) configurations.  

 

Zinc cementation 

The use of zinc is a part of Merrill -Crowe process, which has been implemented since 1888. 

The process shows traditional cementation reaction with a presence of oxidation and 

reduction. In the last quarter of 20@6 century it was mainly substituted with CIP/CIL 

operations. However, it is preferred over carbon-based processes for gold recovery from 

solutions with higher silver/gold ratio. (Walton 2005.) Zinc cementation process also has the 

advantage of being able to handle instabilities of gold grade in the feed. (Marsden and House 

2006.) 
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Appendix I (a) – GaBi Process Plan for Baseline Scenario (pressure oxidation and bacterial oxidation as pre-treatment 

techniques) 
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Appendix I (b) – GaBi Process Plan for Alternative Scenario 1 (pressure oxidation as a pre-treatment technique) 
!

!
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Appendix I (c) – GaBi Process Plan for Alternative Scenario 2 (bacterial oxidation as a pre-treatment technique) 
#
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Appendix I (d) – GaBi Process Plan for Alternative Scenario 3 (Albion Process as a pre-treatment technique) 
#
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Appendix I (e) – GaBi Process Plan for Alternative Scenario 4 (oxidative roasting as a pre-treatment technique) 
#

#

!
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Appendix II – Calculations of some inputs and outputs of the unit 

processes 
 

All the calculations were referred to refractory gold concentrate with mineralogical 

composition presented in Table 12 (Clary et al. 2018, 1330.) 

Table 12. Predominant minerals of flotation concentrate (Clary et al. 2018, 1330.) 

Mineral Chemical formula Value, % 

Pyrite FeS2 23.9 

Arsenopyrite FaAsS 5.8 

Pyrrhotite Fe0.877S 5.18 

Chalcopyrite CuFeS2 1.0 

Quartz SiO2 33.9 

Calcite CaCO3 2.23 

Dolomite CaMg(CO3)2 2.18 

Magnesium oxide MgO 2.15 

Magnesite MgCO3 5.82 

Talc 3MgO!"!4SiO2!"!H2O 5.92 

Other  11.92 

 

 

Calculation 1 – Decarbonization 

 

To decompose carbonates, sulfuric acid is added to mixture of concentrate and water. The 

amount of required sulfuric acid can be calculated according to the following reactions: 

 

#$#%& ' ( ) *%+ , #$*%+ ' ( ) %' #%)                                               (II.1.1) 

-.#% & ' ( ) *%+ , -.*% + ' ( ) %' #%)                                            (II.1.2) 

#$-. / #%&0) ' 1( ) *%+ , #$*%+ ' -.*% + ' 1( ) %' 1#%)              (II.1.3) 

 

The amount of sulfuric acid is calculated per 100 kg of refractory gold concentrate. 

 

1. Decomposition of CaCO3: 

2 / 3 45670 8
9 / :;:< =0!"!> / ? 4@<70

> / :;:< =0
 = ) A)& !"BC

DEE
 = 2.2 kg. 
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2. Decomposition of MgCO3: 

2 / 3 45670 8
9 /FG:< =0!"!> / ? 4@<70

> / FG:< =0
 = HAC)!"BC

DEE
 = 5.7 kg. 

 

3. Decomposition of CaMg(CO3)2: 

2 / 3 45670 8
9 :;FG / :< =04 !"!) > / ? 4@<70

> :;FG / :< =04
 = ) ADC!"!) !"!BC

DEE
 = 4.3 kg. 

 

Thus, overall amount of sulfuric acid for decarbonization is: 2.2 kg + 5.7 kg + 4.3 kg = 12.2 

kg/100 kgconc. 

 

 

Calculation 2 – Pressure Oxidation 

 

The calculated values for this unit were amount of electricity needed and amount of sulfuric 

acid in acidic wastewater of the process. 

 

1. Electricity 

The amount of electricity needed was calculated from the amount of electricity cost. Clary 

et al. (2018, 1335) estimated that electricity cost per 100 000 t concentrate was 2 500 000 

USD which is 25 USD per 1 ton of the concentrate. The study was conducted in Australia 

so price for 1 kWh was taken for that region. If 1 kWh costs 0.08 USD, then 25 USD is a 

price for 25 USD " 1 / 0.08 USD = 312.5 kWh/tconc. 

 

2. H2SO4 

The amount of sulfuric acid presented in wastewater of pressure oxidation can be calculated 

using the reactions below (per 100 kg concentrate). Assumption: the rate of sulfide minerals 

oxidation is 98%.  

 

Pyrite oxidation reactions: 

 

1IJ* ) ' K%) ' 1( ) %, 1IJ*% + ' 1( ) *%+                                         (II.2.1) 

2FeSO4+0,5O2+H2SO4 → Fe2(SO4)3+H2O                                          (II.2.2) 

 Fe2(SO4)3+3H2O → Fe2O3+3H2SO4                                                    (II.2.3) 
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According to reaction II.2.1: 

2 / 3 45670 8
9 /LM@40!"!> / ? 4@<70

> / L M@40
 = / )& AB!"EABC0"/ ) !"!BC0

) !"D)E
 = 19.13 kg 

2 / NO5670 8
9 /LM@40!"!> / LM@<70

> / LM@40
 = / )& AB!"EABC0"/ ) !"!DH)0

) !"D)E
 = 30 kg 

 

According to reaction II.2.2 some H2SO4 is consumed while reacting with FeSO4 from 

reaction II.2.1: 

2 / 3 45670!PQRST9OU8
9 /LM@<70!"!> / ? 4@<70

> / LM@<70
 = &E!"!BC

) !"DH)
 = 9.7 kg 

 

and some Fe2(SO4)3 is formed: 

2 / NO4/ 5670=0! 8
9 / LM@<70!"!> / L M4/ @<70=0

> / LM@<70
 = &E!"!+EE

) !"DH)
 = 39.5 kg 

 

According to reaction II.2.3 Fe2(SO4)3  from the reaction II.2.2 is oxidized to Fe2O3 with 

production of sulfuric acid: 

2 / 3 45670 8
9 /LM4/ @<70=0!"!> / ? 4@<70

> / LM4/ @<70=0
 = &BAH!"!/ &!"!BC0

+EE
 = 29 kg 

 

Arsenopyrite oxidation: 

 

1IJVW* ' ( ) * %+' K%) ' 1( ) %, 1( &VW%+ ' IJ ) / *%+0&                 (II.2.4) 

1( &VW%+ ' IJ ) / * %+0& , 1IJVW%+ ' X( ) *%+                                      (II.2.5) 

 

According to reaction II.2.4 some sulfuric acid is consumed: 

2 / 3 45670!PQRST9OU8
9 /LMYZ@0!"!> / ? 4@<70

> / LMYZ@0
 = / HAC!"EABC0"/ BC0

) !"D[&
 = 1.7 kg 

 

and some Fe2(SO4)3 is formed: 

2 / NO4/ 5670=0! 8
9 / LMYZ@0!"!> / LM4/ @<70=0

> / LMYZ@0
 = /HAC!"EABC0"/ +EE0

) !"D[&
 = 7 kg 

 

According to reaction II.2.5 sulfuric acid is produced when Fe2(SO4)3 reacts with H3AsO4: 

2 / 3 45670 8
9 /LM4/ @<70=0!"!> / ? 4@<70

> / LM4/ @<70=0
 = / \ 0"/ &!"!BC0

+EE
 = 5.145 kg 
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Total amount of sulfuric acid considering produced and consumed acid in reactions II.2.1 - 

II.2.5 is:  

19.13 kg – 9.7 kg + 29 kg – 1.7 kg + 5.145 kg = 41.9 kg/100 kgconc. 

 

Calculation 3 – Bacterial Oxidation 

 

1. Oxygen consumption 

It was assumed that bacterial oxidation requires 18 kg of air to treat 100 kg concentrate. Air 

contains 21% of oxygen, so consumption of O2 is 18 kg " 0,21 = 3.78 kgO2/100 kgconc. 

 

2. H2SO4 production 

The calculation of sulfuric acid produced in bacterial oxidation process was performed in 

the same way as that for pressure oxidation reactions. Assumptions: the rate of sulfide 

minerals oxidation is 85%; in reaction (II.3.1) 60% of pyrite is oxidized. 

 

Chemical reactions are the following: 

 

] IJ* ) ' ^_%) ' 1( ) %! , !1IJ ) / *%+0& ' 1( ) *%+                                 (II.3.1) 

IJ* ) ' KIJ ) / *%+0& ' ` ( ) %, ^_IJ * %+ ' ` ( ) *%+                             (II.3.2) 

IJ* ) ' IJ ) / *%+0& !, XIJ*% + ' 1*                                                         (II.3.3) 

] IJ*% + ' %) ' 1( ) *%+ , 1IJ ) / *%+0& ' 1( ) %                                    (II.3.4) 

1* ' X%) ' 1( ) %! , 1( ) *%+                                                                      (II.3.5) 

IJVW* ' XA_!%) ' ( ) %! , IJVW%+ ' ( ) *%+                                        (II.3.6) 

 

According to reaction II.3.1: 

2 / 3 45670 8
9 /LM@40!"!> / ? 4@<70

> / LM@40
 = / )& AB!"EACH"Ea[ 0"/ ) !"!BC0

+!"D)E
 = 4.97 kg 

 

In this reaction, Fe2(SO4)3 is also formed, which reacts with pyrite in further reactions: 

2 / NO4/ 5670=0 8
9 / LM@40!"!> / LM4/ @<70=0

> / LM@40
 = / )& AB!"EACH"Ea[ 0"/ ) !"!+EE0

+!"D)E
 = 20.315 k 
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According to reaction II.3.2 pyrite reacts with half of the amount of Fe2(SO4)3 produced in 

the reaction II.3.1: 

2 / NO540 8
9 / LM4/ @<70=0!"!> / LM@40

> LM4/ @<70=0
 = / )E A&DHb) 0"/ D)E0

\ !"+EE
 = 0.435 kg 

 

The amount of sulfuric acid formed in this reaction is: 

2 / 3 45670 8
9 /LM@40!"!> / ? 4@<70

> / LM@40
 = /EA+&H0"/ C!"!BC0

D)E
 = 2.85 kg 

 

Besides that, some amount of Fe2SO4 is formed to participate in further reaction II.3.4: 

2 / NO5670 8
9 /LM@40!"!> / LM@<70

> / LM@40
 = /EA+&H0"/ DH!"!DH)0

D)E
 = 8.265 kg 

 

According to reaction II.3.3 pyrite also reacts with half of the amount of Fe2(SO4)3 produced 

in the reaction II.3.1: 

2 / NO540 8
9 / LM4/ @<70=0!"!> / LM@40

> LM4/ @<70=0
 = / )E A&DHb) 0"/ D)E0

+EE
 = 3.05 kg 

 

And some amount of Fe2SO4 is formed to participate in further reaction II.3.4: 

2 / NO5670 8
9 /LM@40!"!> / LM@<70

> / LM@40
 = /&AEH0"/ &!"!DH)0

D)E
 = 11.6 kg 

 

Also, elemental sulfur is formed according to this reaction, which further reacts with oxygen 

and water and forms sulfuric acid: 

2 / 50 8
9 / LM@40!"!> / @0

> / LM@40
 = / &AEH0"/ ) !"!&) 0

D)E
 = 1.62 kg 

 

According to reaction II.3.4, Fe2SO4 from reactions II.3.2 and II.3.3 reacts with sulfuric acid: 

2 / 3 45670!PQRST9OU8
9 /LM@<70!"!> / ? 4@<70

> LM@<70
 = / CA)[H c DDA[ 0"/ ) !"!BC0

+!"DH)
 = 6.4 kg 

 

Finally, elemental sulfur from reaction II.3.3 reacts with production of sulfuric acid: 

2 / 3 45670 8
9 /@0!"!> / ? 4@<70

> / @0
 = / DA[) 0"/ ) !"!BC0

) !"!&)
 = 5.96 kg 

 

Arsenopyrite is oxidize according reaction II.3.6: 

2 / 3 45670 8
9 /LMYZ@0!"!> / ? 4@<70

> / LMYZ@0
 = / EACH"HAC0"/ BC0

D[&
 = 2.96 kg 
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Total amount of sulfuric acid considering produced and consumed acid in reactions II.3.1 - 

II.3.6 is:  

4.97 kg +2.85 kg – 6.4 kg + 5.96 kg + 2.96 kg = 10.34 kg/100 kgconc. 

 

Calculation 4 – Albion ProcessTM 

 

1. Electricity 

The amount of electricity needed for this process was calculated in the same way as for 

pressure oxidation. Clary et al. (2018, 1335) estimated that electricity cost per 100 000 t 

concentrate treatment was 2 300 000 USD which is 23 USD per 1 ton concentrate. The study 

was conducted in Australia so price for 1 kWh was taken for that region. If 1 kWh costs 0.08 

USD, then 23 USD is a price for 23 USD " 1 / 0.08 USD = 288 kWh/tconc. 

 

2. Limestone consumption 

The chemical reactions of the Albion ProcessTM require the addition of oxygen for oxidizing 

sulfide minerals, and limestone for continuous neutralizing of the acid formed by reactions 

of oxidation. Assumption: 93% of sulfides are oxidized in this process. The chemical 

reactions are the following: 

 

Pyrite oxidation: 

 

] IJ* ) ' ^^ %) ' ^` ( ) %' ` #$#%& , ] IJ% "%( ' ` #$*%+ "1( ) %' ` #%)            (II.4.1) 

Arsenopyrite oxidation: 

1IJVW* ' K%) ' ] ( ) %' 1#$#%& d 1IJVW%+ ' 1#$*%+ "1( ) %' 1#%)                (II.4.2) 

 

According reaction II.4.1: 

2 / ef e6 =0 8
9 /LM@40!"!> / :; :< =0

> / LM@40
 = / EAB&!"!)& AB0!"!/ C!"DEE0

+!"!D)E
 = 37 kg 

 

According reaction II.4.2: 

2 / ef e6 =0 8
9 /LMYZ@0!"!> / :; :< =0

> / LMYZ@0
 = /EAB&!"!HAC0!"!/ ) !"DEE0

) !"!D[&
 = 3.3 kg 

 

Total limestone consumption by the oxidation reactions: 37 kg + 3.3 kg = 40.3 kg/100 kgconc. 
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3. Oxygen consumption 

 

Oxygen consumption was estimated in the same way as limestone consumption: 

According reaction II.4.1: 

2 / 640 8
9 /LM@40!"!> / < 40

> / LM@40
 = /EAB&!"!)& AB0!"!/ DD!"&) 0

+!"!D)E
 = 16.3 kg 

 

According reaction II.4.2: 

2 / 640 8
9 /LMYZ@0!"!> / < 40

> / LMYZ@0
 = / EAB&!"!HAC0!"!/ \ !"&) 0

) !"!D[&
 = 3.7 kg 

 

Total oxygen consumption to oxidize 100 kg of concentrate: 16.3 kg + 3.7 kg = 20 kg/100 

kgconc. 

Calculation 5 – Neutralization of H2SO4 Solutions 

 

Neutralization of sulfuric acid with lime can be described by the following chemical 

reaction: 

H2SO4+CaO+H2O=CaSO4!"!2H2O                                                            (II.5.1) 

 

Mass of lime (МCaO) required for neutralization is calculated as follows: 

МCaO=(56!"MH2SO4
"!С)/(98!"!Р)                                                                 (II.5.2) 

where 56 – molar mass of CaO; 

Р – mass share of active lime, Р=0,6. 

 

МCaO=(56 "!100 "!0,35)/(98 "!0,6) = 33,3 kg/100 kg H2SO4 or 333 kg/t H2SO4. 

 

Thus, the amount of lime required for neutralization of acidic solution from pressure 

oxidation process is:  

41,9 kg "!33,3 kg / 100 kg = 14 kgCaO/tore. 

 

And the total amount of CaO required for neutralization of bacterial oxidation solutions is: 

10,34 kg "!33,3 kg / 100 kg = 3,44 kgCaO/tore. 
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Calculation 6 – Roasting 

 

It was assumed for sensitivity analysis that besides minerals listed in Table 12, concentrate 

also contains organic carbon (5%), which in oxidative roasting conditions is oxidized to 

carbon dioxide according to the following reactions (Thomas and Cole, 2005, 414): 

 

1. Combustion of organic carbon: 

2C/ s0+O2/ g0!→!2CO(g)                 (II.5.2) 

 

2. Combustion of carbon monoxide: 

2CO/ g0+O2
/ g0 → 2CO2(g)                (II.5.2) 

 

According to reaction II.5.1, combustion of 5 kg carbon results in: 

 2 / e6 0 8
9 / : 0!"!> / :< 0

> / : 0
8

H!"!)C

D)
 = 11,66 kg. 

 

According to reaction II.5.2, combustion of 11,66 kg carbon monoxide results in: 

2 / e640 8
9 / :< 0!"!> / : < 40

> / :< 0
8

DDa[[ !"!++

)C
 = 18,32 kg of carbon dioxide per 100 kg 

concentrate. 

 

The correlation between organic carbon content and CO2 emission in oxidative roasting of 

refractory gold concentrate is summarized in Table 13. 

Table 13. Dependence of CO2 emissions on organic carbon content in the roaster feed. 

Organic carbon, % 5 10 15 

CO2 emission, kg 18,32 36,64 54,96 

 


