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Introduction | CESCO
- Summary of JX Group’s Businesses WEEK

& JX Holdings, Inc. STGO 2017
|

[ : \ ( Oil and Natural Gas / - \
: : Listed subsidiaries
Energy Business Exploration and Production and
Market share of domestic sales of I Cru:je oil and natural gas | [equity entitled copper mine production Others
petroleum products sales volume(a project company basis)
3 . i thousand *4 Approx. 150 thousand g
Approx. 59 (No.1 in Japan) Approx_115 barrels/day (B/D) tons/year NIPPO
Market share of domestic sales of Toho TitaniunY
lubricant products Refined copper production capacity
. : : o N q .
Approx. 3 1 % iNo.1 in Japan) || Worldwide business activities in 1,33 :0::/3;; 6 - ~
| Paraxylene supply capacity | .Such areas as .
thousand *3 Malaysia, Vietnam, North Sea Common function
3,120 renenr (UK), Middle East and others Electronic Materials; companies
(No.1 supplier in Asia) Products with world No.1 market shares
w— = - %
- 4 N
Independent
companies
\ N Y,

*1 FY2014 actual *2 FY2014 actual *3 As of Mar. 2015

*4 Crude oil equivalent (average daily production from Jan. to Dec. 2014 actual)

*5 Equity entitled copper production contained in copper concentrate (CY2014 actual)

*6 Pan Pacific Copper (67.6% equity stake) ; 650 thousand tons/year + LS-Nikko Copper (39.9% equity stake) ;680 thousand tons/year (As of Mar. 2015) 3
*7 Profit and loss of Toho Titanium is included in the Metals Business.
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- Business Overviews of JX Nippon Mining & Metals WEEIE
STGO 2017
Upstream Midstream

Resource Development Smelting and Refining

Downstream
Recycling

Downstream
Electronic Materials
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- Smelting Business
STGO 2017
No.1 copper producer in Japan
- Al .l
. % ;:OSEOUL LS-Nikko Copper
v | ROREA Saganoseki 450 kt"2 66%
¥ o (Oita, Japan)
RS0, o L Ao
e s AR femane 200kt 41.9%
i1 T Tamano (Okayama, Japan)
a , LS-Nikko Copper
E i ¢
Ching Ses Saganoseki (Onsan, South Korea) 680 kt 39.9%
Total 1,330 kt
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*1 Annual production capacity of refined copper
*2 Including refining process at Hitachi Works
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As distribution in smelter

Conc. & Flux 100%

IN(Red) :107.5%
OUT(Blue) :107.5%

Recycle Mateials 4.9%

Return Materials 145%

o |

IN total : 257.6%

v o v WV Vv

Flush Furnace

N
Slag 98.4% Matte 45.0% Dust 7.8% Gas 106.4%
N
Gas Wahing
New \l/

(o)
—> Return_ 4.0% —

Charge 2.6%

Gypsum etc. 106.4%_ -

Converter/Anode Furnace

N v
Pb Residue 9.1% Anode 34.0% Dust 5.3% Slag¢3.3%
l | b ~
to Pb smelter Refining |
) ¢ 7 ]
Return 4.0% CusAs 17.2% Sulphide 9.6% Se Residue 3.2%
| \ 4

~
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Measures for High Arsenic Ore vy

STGO 2017

[| As storage " custody

Mining _ .
(ex |oration) Mine effluent inc. As .
P I Arsenic
High As Ore immobilization
High As conc. -
@ Arsenic
Removal As intermediate
Low As conc. Low As & inc. Cu
product
Smelter Dust * Cu,As etc.
l Slag
Products 7
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Arsenic removal CESCO
WEEK

Arsenic STGO 2017
Pyrometallurgical Oxidative roasting “Volatilized as arsenic trioxide
emova

*Exothermal reaction

—|[Inert roasting “Volatilized as arsenic sulfide

 Endothermal reaction

—(Sulfuric acid roasting "Lower temp. ( ~ 400deg.C)

“Cu is formed as copper sulfate

Hydrometallurgical Pressur Oxidation “ Faster reaction

Need pressure vessel

—|Alkaline sulfide leaching | =Faster reaction

- As collected by cooling

—|NaClO leaching “ Faster reaction

*No report on As collection



Arsenic immobilization

Arsenic
immobilization

Pyro-

metallurgical

As metal

— |Arsenic sulfide

Roast with Lime

Glass melting

Hydro-

metallurgical

Salt
synthesis

Scorodite

T |Chemical

—{Adsorption

Biological

—1Others

Neutralization

L

Ferrihydrite

Schwertmannite

Yukonite

Goethite
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*Reduced AsCl; by H, gas

*High As content

*High As elution by oxidation
* Roasting with CaO

* Stabilized as Caz(AsO3),

. Fe-PZO74’ Type Glass

DOWA process

* Qutotec process

* Paques process
*Long reaction time

- Stabilized as Caz(AsO3),

= Coprecipitation with Fe

and adsorption

- Fe**-OH- SO, mineral
- Ca-Fe>* mineral

*amorphous FeOOH



. . CESCO
Selection of Technologies WEEK
STGO20‘;

Premise Selected Technology

Arsenic removal > Inert roasting

" Collected copper as sulfide Copper :CuS,, Arsenic :As.S,

“Low As in collected material » Alkaline sulfide leaching

*Low cost Copper :Cu,S, Arsenic :NajAsS,
Arsenic immobilization » Arsenic sulfide

- Low cost For collected As

from inert roasting

“High As density in material . ] :
5 Y » Biological scorodite

Lower elution

10
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Arsenic removal

» Inert Roasting
» Alkaline Sulfide leaching
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» Inert Roasting CESCO

(Technical overview) STGO 2017
- Thermal decomposition under N, atmosphere.
- Arsenic is separated as As,S;
- Collected excess sulfur as S, gas.

(Achievements)
- As content of calcine reached under 0.1%
Temp. is over 700°C,
Reaction time is 15~30min
- Collected As is mixture of amorphous As sulfide and S°
- Cu is collected as sulfide
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» Inert Roasting CESCO

- Effect of temp. and time - S0 207

Feed:15g, N2:2L/min

8
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» Alkaline Sulfide leaching CESCO
, | WEEK
(Technical overview) —
STGO 2017

2Cu3AsS, + 3NaHS + 3NaOH = 2Na;AsS, (aq.)+ 3Cu,S + 3H,0
- Arsenic is dissolved and copper is precipitated as sulfide

- Cooling of solution in order to collect As compound

Temp. : leaching 80°C %(CWASSD
collection 20°C —>| eachate ™| As Leaching
(Achievements) L/S|™ Residue
(CUZS)

- As content in residue reached to 0.2% .
Leached Solution

- Confirmed circulation using of solution

NaOH) —1As collection

NaHS

L/S — Na3AsS4
14




» Alkaline Sulfide leaching CESCO
_ WEEK
- Effect of NaHS and NaOH concentration —

STGO 2017

10 | |
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Arsenic immobilization

» Arsenic sulfide
» Biological scorodite
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» Arsenic Sulfide CESCO

( Technical overview ) WEEK
- For storage of collected As from inert roasting STE0 2017
- Heating over 250°C to melt
- Melting provides less volume and lower elute concentration.
- Adjusting S/As ratio to reduce As eluting
- TCLP test results reach As 0.2 mg/L

As-S mixture collected _
from inert roasting After melting

-

.,‘
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> Biological scorodite CESCO

, . WEEK
( Technical overview ) _
- Fe(ll) and As(lll) are oxidized by bacteria work STGO 2017

to produce scorodite (FeAsO,*2H,0)
- Conditions

Bacteria: Acidianus brierleyi
Optimum temp. :70°C
Fe(ll) = 2g/L, As(lll) = 2g/L, pH=1.5

o 30
C s -=-30°C
e,
220 -l=_i=—< 45°C
S 15
c ' \
S 10 -<60°C
C
O o5 \\
e \_\‘ —-70°C
< 00 T T 1
0 5 10 15
Time (days) $3400 10.0kV 4.7mm x1.00k SE
Effect of Temp. Biological scorodite
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CESCO
Summary vy
» JX-Nippon Mining & Metals is developing technology STGO 2017

for arsenic removal and arsenic immobilization.
* |nert roasting
e Alkaline sulfide leaching
e Arsenic sulfide
* Biological scorodite

» There are several technologies for arsenic treatment.
These can be combined and optimized for each cases.

» We believe that we can select better process by proceeding with
development in cooperation with mining side.
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Thank you for your attention
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