/' 4.3.13: Life Cycle Assessment of Cobalt &
Lithium for Batteries & Electronics

Tai-Yuan Huang 2, Fu Zhao P

@ Environmental and Ecological Engineering, Purdue University, West Lafayette, Indiana
b School of Mechanical Engineering, Purdue University, West Lafayette, Indiana

PURDUE
ENGINEERING

CM|

Lithium and Cobalt World Production and Price

Introduction

The battery and electronics include critical materials such as cobalt and lithium. As 142 ;Z
the demand of electric vehicles and electronics is increasing, there are increasing é o0 o £
concerns on resource depletion and environmental impact of these critical ; ) o %
materials. Current environmental life cycle assessment studies have issues such as: -«= i r 0 :
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» Lack of specific Life Cycle Inventory for critical materials

» Unrealistic characterization of some impact categories, €.g. resource depletion
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Methods

Background

 Lithium is mainly extracted from salt brines (50%), minerals
(40%), and others (10%), e.g. clay deposits.

* Cobalt is mined from the Democratic Republic of the Congo
(DNC) (58%), then mainly refines in China (60%).

» Construct the Life Cycle Inventory by the secondary data
» Use CMLCA system to model the environmental impact of Co and

L1 processes
» Choose TRACI 2.1 and IL.CD

as the assessment methods
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Source: 1. Lithium Triangle, https://ultralithium.com/projects/overview-~of-projects/
2. Cobalt, https://junior.scholastic.com/issues/2016-~17/051517 /the-real-cost-of-~batteries.html

Objects

» Evaluate Li and Co manufacturing processes
» Quantify the environmental impact associated with Li and Co

production processes

» Identify issues for LCA of critical materials

Mining Process Steps

PrOCCSSCS.

* For Li from brine, lithium brine extraction (59%), decarbonizing
waste (20%), and usage of soda ash (14%) are the highest.

 For Li from spodumene, usage of sulfuric acid (51%), soda acid
(20%), and organics (18%) are the highest.

Comparison between Lithium and Cobalt
100%
90%
80%
SUPOFC
2 &P
A
&

70%

60%

50%

40%

30%

20%

10%

0% -
ez O xo <5 o Q

& o S S S &

¥ & @ @

e > e ¥
©OF ¢ & O
8] \,.Jb b‘a} i\e"
A L

® Process emissions

Sulfur {RoW}
Limestone
Lime {RoW}| production, milled, loose

B Sodium hydroxide (50% NaOH), production mix/RER
Economic

B Sulfuric acid

B Hydrochloric acid, 30% in H20

Cobalt
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extraction, lithium chemicals are dried and make to LiCO,.

Cobalt Ore from DRC:

Lithium-~bearing Spodumene from North America & Copper-

For refining minerals, mainly utilize smelting, leaching, and
refining processes. In order to be used in batteries, the minerals
are in form of oxidation state, such as LiCO, and Co,0,.

Mining in DRC «------- -----------

» Refining in China

® 2-methyl-2-butanol {GLO}
Activated bentonite {GLO}
Chemical factory, organics {GLO}
m Diesel, burned in building machine {GLO}
m Electricity, medium voltage {GLO}
MW Heat, district or industrial, natural gas {GLO}
B Hydrochloric acid, without water, in 30% solution
W Hydrochloric acid, without water, in 30% solution
M Lithium brine, 6.7 % Li {GLO}
® Quicklime, milled, loose {CH}
H Quicklime, milled, loose {RoW}
1 Soda ash, light, crystalline, heptahydrate {GLO}

Solvent, organic {GLO}
Sulfuric acid {GLO}

Sodium hydroxide, without water, in 50% solution state {GLO}

® Process emissions
B Chemical factory, organics {GLO}

state {RER} Electricity, medium voltage {GLO}

state {RoW}

Heat, district or industrial, natural gas
{GLO}

M Soda ash, light, crystalline, heptahydrate
{GLO}

m Spodumene {GLO}

Lithium
(Spodumene)

W Sulfuric acid {GLO}

W Inert waste, for final disposal {CH}
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