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Dr. Fathan Bahfie, S.T., M.SI.

Position: Associate Researcher
Interest Area: Metallurgy extraction, mineral processing, physical metallurgy.

Educational Background:

» Bachelor Degree, Material and Metallurgical Engineering-Institute of Technology
Sepuluh Nopember

» Master Degree, Material Science, Universitas Indonesia
» Doctoral Degree, Material Science, Universitas Indonesia

Work Background: Scientist in Indonesian Institute of Science (2014-2021), Lecture as the Practitioner in

S Scopus ID | University of Lampung (2023-now), Supervisor of Optical Characterization Lab (FESEM-EDS) (2021-2025),
COpus Fellowship in CSIR-IMMT, India (2023-2024), Visiting Researcher in RMIT-University, Australia (2025), Head of

SRR, CINEa AP Local Employee Cooperative (2023-now), Research Group for Mineral Technology of Minerals Base and Precious
263 95 9 Metals Leader (2025-now).
~ Working Area: Kawasan Sains Tanjung Bintang, Lampung, Indonesia.
’ Google Scholar COMMODITIES: Ni, Mn, Co, Ti, Fe, Alloying Material
st T {60 oo EXPERT!SE: Pyr-fnmetal‘lurgy, Hydrometallurgy, Solvent Extraction, Deep Eutectic Solvent,
61 0 13 24 Synthesis, Alloying, Using ICP-OES, FESEM-EDS, XRD, XRF.

Student: Undergraduate student (17), Master (3), Doctor (1)

Teaching: Advance Characterization Material Equipment (XRD and FESEM-EDS)
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HISTORY OF BRIN

Based on
Presidential Regulation

No. 78/2021 concerning
BRIN, established on

28 April 2021

The National Research andJnnovation Agency (BRIN)

is responsible for conducting research, development,
assessment, and application, as well as national
invention and innovation.

Indonesian Institute
of Sciences

e/

National Nuclear
Energy Agency

National Institute of
Aeronautics and Space
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Agency for the Assessment
and Application of Technology
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Ministry Research and
Development Agencies
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BRIN ORGANIZATIONAL STRUCTURE
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Research Organization for
Earth and Maritime

Research Organization for
Life Sciences and Environment

Research Organization for
Agriculture and Food

Research Organization for
Health

Research Organization for
Archaeology, Languages and Literature

Research Organization for
Social Sciences and Humanities

Research Organization for
Nuclear Energy

Research Organization for
Governance, Economy and Society

Research Organization for
Energy and Manufacturing

Research Organization for
Nanotechnology and Materials

Research Organization for
Electronics and Informatics

Research Organization for
Aeronautics and Space

: Research Infrastructure and Public Services to Produce Outcomes

STEERING BOARD
Chair: slement o the Seering Boar T Prof. Dr. Arif Satria, S.P, M.Si
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RESEARCH ORGANIZATIONS S il

Strengthening and Restructuring Research Functions at BRIN in 2022

Research Organization for

Earth and Maritime Sciences Nuclear Energy

Research Organization for

Governance, Economy and Society
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Life Sciences and Environment

Research Organization for Research Organization for
Agriculture and Food Energy and Manufacturing
Research Organization for | Research Organization for
Health Nanotechnology and Materials

Research Organization for

S (=) g !
@ 4 Research Organization for
Electronics and Informatics

- » Archaeology, Languages and Literature
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Source: Presidential Regulation on Research Organizations (2022) © NATIONAL RESEARCH AND INNOVATIO
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RESEARCH ORGANIZATION R N"‘
AND MATERIALS

Material Innovation ® Advanced Technology ® Sustainable Future

Research Center for Mineral Technology

G Research Center for Metallurgy J";I\-

Research Center for Energy Materials

a Research Center for Composites and Biomaterials /

g Research Center for Catalysis m
a Research Center for Molecular Chemistry
a " Research Center for Biomass and Bioproducts m
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m Research Center for Polymer Technology B

“ Research Center for Quantum Physics



NATIOMAL RESEARCH

Synergizing to Build Innovation for a Progressive Indonesia

HUMAN RESOURCES

@ Research Internships (MBKM/Undergraduate
Thesis/Master's Thesis/Dissertation)

QLRI RESEARCH COLLABORATION

@ Research-Based Degree Scholarships
@ Postdoctoral & Visiting Researchers

& Innovation Research for a Progressive
Indonesia (RIIM Competitive)

COLLABORATION PARTNERS

S\ 2=, Akita University %i_g @ PennState o

USIVERSITI
TEARMNO O]

& Program House Research / Seed Funding Research
& Research Collaboration Centers
& University Grants

FETROMAS

@ RESEARCH INFRASTRUCTURE

L o . R . Q Open Access Laboratory ] u'g?rﬁ_f
s BukitAsam © m P
beyondcoal o
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@@9® Together, I Innovation (Q) Collaboration @ Towards a Progressive
'-‘ Building the Nation 3 for Real Solutions %! for Greater Impact \J ) and Sustainable Indonesia |



Pusat Riset Teknologi Mineral
(Research Center for Mineral Technology)

30

HOME BASE: (‘]’
KST-BJ. Habibie, Puspiptek, Serpong

KST-Iskandar Zulkarnain, Lampung Selatan PUSAT RISET
TEKNOLOGI MINERAL




NATIONAL RESEARCH
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Minerals and Coal
(Primary Resources)

B By BB & IR ¢ Research Center for

Actinolite  Chalcopyrite Chondrodite Delhayelite  Edenite  Garnierite

Omaﬁs PYRL Mineral Technology

mewwmm

-- 4 a . c % @ Mineral identification and characterization
, ;s ,‘ﬁ Advanced analytical techniques (XRD, SEM-EDS,
\ Scuoch& Salmu Sepentine  Tagamite  Uvarovite o FTIR, Raman, etc.) SCOPE of Research

) 4

0 Mineral identification using smart characteriization
_ Mineral Processing methods
Beneficiation Process M Yoo Secto, Bto-metall-urgy Sfiytomining) @ Mineral processing and purification
gi::;:id;gizfri\;i;;?:;;aI, chemicafBne - | & Utilization of coal for non-fuel products
@ Environmental impacts of mineral processing

; and urban mining
(V] Extractuon and separation of valuable elements

¢ Pyrometallurgy, hydrometallurgy, electrometallurgy

and phytominin .
w' : ! O Researcher Resources

- 0
le S-1: 10 researchers (18.9%)

S-2 : 27 researchers (50.9%)

| 000
EAN 53:16researchers (30.2%)

High Value Added Products
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(Secondary Resources)
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(7 (nn (e |[se ][ 82 Waste Utilization Urban Mining
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Total Researchers : 53

@ Environmental sustainability
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(SBSN 2022) Integrated Mineral Processing Laboratory

¥) Pyrometallurgy Lab. & Pilot Plant m
4) Bio-metallurgy Lab. a

FTlR
E)) Coal & Non-Metal Processing Lab -4

Mortar Grinder | Planetary Ball Mill



PROFILE OF THE
:P swtetn. | RESEARCH CENTER FOR
MINERAL TECHNOLOGY

RESEARCH CENTER FOR MINERAL TECHNOLOGY (PRTM)
(Pusat Riset Teknologi Mineral)

O KST Iskandar Zulkarnain, Lampung | KST BJ. Habibie, Serpong

@ Dr. Fajar Nurjaman
M Head of Research Center for Mineral Technology

22¢ RESEARCH GROUPS OF PRTM

Teknologi Rekayasa
dan Identifikasi Cerdas Mineral
(Mineral Engineering and
Smart Identification of Minerals)

Teknologi Mineral Logam Dasar
dan Logam Mulia
(Mineral Technology of Base
and Precious Metals)

Teknologi Mineral Logam
Tanah Jarang

(Mineral Technology

of Rare Earth Elements)

Teknologi Mineral Non Logam
(Non-Metallic Mineral Technology)

Pengelolaan Dampak
Pengolahan Mineral
(Mineral Processing
Impact Management)

Pemanfaatan Batubara
non Bahan Bakar
(Coal Processing and Utilization)g

for a Resilient,

Innovative, and Advanced Indonesia

Advanced Research | a Innovative Technology | ﬂ Sustainable Mining | " Strategic Impact



oY BRIN RESEARCH GROUP OF THE RESEARCH CENTER

A 4

NATIOMAL RESEARCH

FOR MINERAL TECHNOLOGY

Mineral Engineering and Smart
Identification of Minerals

Mochamad Rifat Noor, S.T., M.Sc.

Bi DEFINITION:

é@% RESEARCH GROUP MEMBERS

The Mineral Engineering and Smart Identification of Minerals Research Group conducts research,

1. Noviarso Wicaksono, S.T. utilization, and advancement of mineral understanding through the integration of smart identification

_ : technologies and mineral engineering principles. The group also focuses on developing automated
2. Dr. Fajar Yudi Prabawa, MT and intelligent systems for rapid and accurate mineral characterization for innovative applications
3. Hilmi El Hafidz Fatahillah, S.Si., M.Geo.Sc. across the mineral industry.
4. Fardy Septiawan, S.Si.
5. Taufiq Widiaputra, S.T.

—— ESi o Digital engineering and mineral data integration: developing intelligent methods to
6. Muhammad Luthfi Aziz, S.T. — = accelerate and improve the accuracy of mineral identification.
7. Mochamad Rifat Noor, S.T., M.Sc. 9 Intelligent technology-based mineral identification and characterization: developing
8. Vany Nursanti, S.T., M.T. % deep learning, neural network, and Principal Component Analysis (PCA) algorithms for
mineral data analysis.
9. Ir. RM. Nendaryono Madiutomo, M.T. ) ey . - - -
@ o Automated mineral characterization and modeling: developing and applying non-destructive

10. Rachmat Ramadhan, M.Si. . technologies for mineral identification and mineralimage modeling based on natural features.

Instrument and sensor development: developing and utilizing smart sensors for real-time or
semi-automated mineral identification.




RESEARCH GROUP FOR MINERAL ENGINEERING AND SMART IDENTIFICATION

MINERAL ENGINEERING AND

RESEARCH GROUP FOR
MINERAL ENGINEERING
AND SMART IDENTIFICATION

RESEARCH CENTER FOR MINERAL TECHNOLOGY

HATIONAL RESEARCH
AND INNOVATION AGENCY

oY BRIN
@

FOCUS

The Mineral Engineering and Smart Identification Research Group focuses
on developing automated and intelligent systems for rapid and accurate
mineral characterization, as well as mineral engineering for innovative
applications across the mineral industry.
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Modelling Mineral
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Mineral Data
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Machine Learning
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= 8 Mineral Identification @  Data Library of Mineral
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) Module

i

¢ Identification Based on
\@ Mineral Characterization |

SMART IDENTIFICATION

The Mineral Engineering and Smart Identification Research Group

gt of mineral und

UAV DRONE

IDENTIFICATION

Conducting airborne data

acquisition using var

SAMPLING

Obtaining mineral composition
values through direct sampling
on the surface and subsurf

O%) BRIN
\ ) 4

MATHOMAL ATITADCH
AND INNOVATION AGINCY

to obtain mineral information
through differences in spectral
response, color, texture,
shape, and other fextures.

conducts research on the development, utilization, and enhancement

erstanding through the integration of smart identification
technologies and mineral engineering principles.

GIS WORK

Visualization of spatial distribution
differences and mineral potential

ious sensors in 2D and 3D using GIS.

SUBSURFACE
IDENTIFICATION

Identification of mineral
compaosition non-destructively
through subsurface
characteristics.

MINERAL ENGINEERING AND

‘ RESEARCH GROUP FOR
SMART IDENTIFICATION
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E RESEARCH MEMBERS DEFINITION

1.  Fika Rofiek Mufakhir, S.T., M.T. The Mineral Technology for Rare Earth Elements (LTJ) Research Group is a research group
2. Dr. Yayat Iman Supriyatna, M.T. focused on the recovery and extraction of rare earth elements (LTJ) from various sources,
3.  Prof. Drs. Samin both primary (mineral ores) and secondary or non-conventional sources (e-waste, spent
4. Ir. Moch. Setyadji, M.T. catalyst, spent battery, spent magnet, red mud from bauxite, and coal fly ash), using various
5. Suyanti, 3.5T, M.Eng. methods such as beneficiation, atmospheric and high-pressure leaching, bioleaching,
6.  Slamet Sumardi, M.T. reduction, roasting, smelting, precipitation, solvent extraction, ion exchange, electrorefining,
7. lka Maria Ulfah, S.T, M.T. and electrowinning, as well as combinations of these methods, to produce high-purity rare
8. Dr. Hendra Prasetia, M.Sc. earth element products that can be applied for various needs and strategic industries.
9.  Heru Agung Saputra
10. Muhammad Hafid Masruri, S.Si

B RESEARCH SCOPE

Rare earth element resources: from monazite, xenotime, zircon sand, ion adsorption clay (IAC), laterite, red mud from bauxite, spent catalyst, spent battery,
petroleum-based spent magnet, coal fly ash, tin tailings, mud from Lapindo, and other mining waste (AAT).

2. Beneficiation/processing methods: consisting of gravity separation (jig, tabling), magnetic separation, electrostatic separation, and flotation.

3. Recovery, extraction and refining methods: consisting of atmospheric chemical leaching, high-pressure chemical leaching, bioleaching, reduction, roasting,
smelting, precipitation, solvent extraction, ion exchange, electrorefining, and electrowinning.

4. Study on the enhancement of technology scale: from laboratory scale to pilot plant scale for industrial application and dissemination.

5. Characterization of rare earth elements and production of rare earth element products: for potential apphcatlons in various needs and mdustrles .

. N2
%@ COLLABORATION PARTNERS A ;fa.d;f;c? B l
MK  ITERA

WL USTVERSITY



oY BRIN RARE EARTH ELEMENT RESOURCE POTENTIAL IN INDONESIA

" mowmounoncecr  Diverse mineral and non-conventional resources as strategic opportunities for rare earth element (REE) supply

Mamujti ﬁegency,
_West Sulawesi |

Monazite &

Xenotime \%45®. &% A S gl -} Adsorption

Rare Earth Elements: Rare Earth Elements:

SOURCE | in tropical regions

La, Ce, Nd, Pr,Y | S5 | pRIMARYREE || LI La, Ce, N, Pr, Y

#/ / Source of associated
radioactive elements

Mud b : AN e _— AR AT N LN B e oo
(Bauxite Residue) - Coal Fly Ash Lapindo Mud : E-Waste

REE source from alumina REE source from REE potential from volcanic  § REE source from

industry residue power generation mud and sediments R electronic waste
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AND INNOVATION AGEMCY

:h BRIN ‘ SUMMARY: Rare Earth Element (REE) Mineral Technology Research

(Ce, La, Nd, Pr,Sm Th)PO,
4

-
lon Adsorption Clay

Irf L]
Xenotime

_(Y.Dy.Yb,Gd,Th)PO, atau YPO,

p
Coal Fly Ash
e

Processing Neodymium Oxide to Neodymium Metal
Using a Metallothermic Reduction Process.

REE Oxide NdPr Metal

Concentrate

Metallothermic
Reduction

Nd,O, Pure
(Sigma-Aldrich) .

| Element | La(%) | Pr(%) = Nd(%) |
1-0.91 ._' 0.00 89.12 | 10.88
11092 | 7.76 | 7957 | 1267 |




AND INNOVATION AGENCY

:} BRIN MINERAL TECHNOLOGY RESEARCH CENTER GROUP

Non-Metallic Mineral Technology
(Non-Metallic Mineral Technology)

David Chandra Birawidha, MT

RESEARCH GROUP MEMBERS DEFINITION

1. EviDwi Yanti, M.T. This research group focuses on technologies to enhance the added value

2. Kusno Isnugroho, S.T. of non-metallic minerals, ranging from processing technologies to the

3. Yusup Hendronursito, S.T., M.T. utilization of mineral research results, including non-metallic minerals such

4. Dr.Amru Daulay, S.Pd., M.Si. as silicate minerals (quartz, feldspar, kaolin), carbonate minerals (calcite,

5. Yassaroh, S.Pd., M.Si., Ph.D. gypsum, dolomite), industrial minerals (zeolite, bentonite, perlite), and

6. Muhammad Amin, S.T. mineral-based research in rocks such as limestone, andesite, granite, and
basalt.

SCOPE OF WORK

1. Development of processing technologies for non-metallic minerals and rocks from both primary and secondary
sources as functional materials, ceramics, fertilizer, and advanced geopolymer materials.

2. Development of mineral modification technologies for non-metallic minerals and rocks from both primary and
secondary sources through beneficiation processes, hydrometallurgy, pyrometallurgy, electrometallurgy, and biometallurgy
(biometallurgy).

3.  Feasibility analysis and enhancement of research products as preparation for commercialization of the technology.




NON-METALLIC MINERAL TECHNOLOGY RESEARCH GROUP

Synthesis of Silicon and Reduced Graphene Fabrication of Mesoporous Silica for Battery Applications

Geothermal waste  Sgdium silicate ACID
production j SEPARATION PROCESS TITRATION

N mand Mesoporous silica - based materials for various applications

Al IOV ATYOM ACEMCT

;‘h BRIN

s_..:;\

? L e 2500 =
- - BET surface ares Pﬂ!ﬂ'
- + — 'E 2000 Pre vt aks’

Geothermal slag Silicic acid Silica gel £ 50
(Si0, source) solution g

) E 1000 -
.r'.-. ‘\\.. z

:// $i0, GEL WASHING E .
/' nanoparticles 2

(NPs-Si0,) 0

Coal fly ash

D.IJMMD.SDBLH12

Mesoporous silica
Relative pressure (P/P,)

Applications

' AlC + M Reduction Silicon powder Nanocarrier Adsorbent For supercapacitor
3 g F for bioactive compounds encapsulation for water pollutants (silica-based conductive polymer composite)

o Encapsulated
| Drugs Silica e

|
= :"% : %

| . 0
O ¥ 7 G O 72 a F B

High stability ~ Controlled release Biocompatible High adsorption  Recyelable Environmental || High surface area Improved  High energy
capacity friendly conductivity  density

e » |

Prototype
SiNp product

Intensity (a.u.)

10 20 30 40 40 60 70 80
26 (degree)

Illustration of geothermal slag synthesis into silicon nanoparticles



NON-METALLIC MINERAL TECHNOLOGY RESEARCH GROUP

Ceramic Production from Local Minerals and Secondary Resources

Clay

Temperature

Devitrification: Nucleation & Crystallization
Foam Glass-Ceramics

1200*C@2hrs |
If \ 850, 950, 1000 °C - 5
- . Q @3 or Bhrs | Y
5 2. L
& 3 Crystallization B i L
3 L)
¢ e [T
s Fired ' 4
Raw Material: '\L' / Pmt':‘;m: ) | W4T =
Glass-Ceramics .
Aitise Nucleation !
- u 600°C@1hrs "

GGC with CaO/MgO doping can capture
CO, through mineral carbonation
reactions, forming stable carbonates and
enabling long-term carbon storage with
high thermal and structural stability.

PROCESS: INDUSTRIAL WASTE
NANOFIBER (ELECTROSPINNING)

Industrial waste
(containing non-metallic
minerals)

Product:
Nanofiber



e MINERAL TECHNOLOGY RESEARCH CENTER GROUP

Non-Fuel Utilization of Coal
(Non-Fuel Use of Coal)

Dr. Miftahul Huda

RESEARCH GROUP MEMBERS DEFINITION

1. Dr. Anggoro Tri Mursito, M.5c. This research group focuses on the non-fuel utilization of coal and the
2. Ir. Suganal 5 processing of coal and its derivative products into carbon-based

3. Ir TI‘UI’T?IEI"I le:?wa : materials with higher added value, excluding nano carbon.

4. Ir. Edwin Akhdiat Daranin, M.Sc.

5. Drs. Firdaus Djabar

6. Asnan Rinovian, S.Si., M.T.

7. Singgih Prabowo, M.T.

y
SCOPE OF WORK

1. Beneficiation: coal washing, coal upgrading.

2. Coal Processing: carbonization, gasification, production of coke, activated carbon,
coal tar pitch, etc.

3. Coal Utilization: adsorbents, fertilizers, etc.




Development of Coalite Processing Technology into
Al’tlflClal Graphlte and Pilot-Scale Anode Sheet

Symhetrc graphite produced from
amorphous carbon using the following
_ processes:

Artificial Graphite Green

High-temperature Catalytic Hot isostatic EVdD fron?]
raphitization rolysis i ydrocarbon
i ol pressing (HIF) at high temperature

Anode Sheet

Product [

An electrode in the form of a sheet made from a copper foil
coated with graphite carbon on both sides, used as an anode
for Li-ion batteries.

This product is a Green Product because it uses a water-based formulation.
o

Advantages of Artificial Graphite (AG) compared to Natural Graphite:
o Better cycling stability o Faster charging performance 0 Higher and more consistent quality

|8 Coin Cel Test of Coalite AG: ull Cell

#
g

Functon _S‘““F"E (deq) | (dea) | (A) | (%) | (cea) | () |

-

p{etesssssssssnssss s

I
|| Lorentzian |2theta| theta |d-spacing| DoG | FWHM | Lc
|
1}

an energy of 187 Wh/kg after 50 cycles with
a normal discharging capability up to 400 Wh/kg.

" e |8 Bl |
- : — Discharge | 3 2C : fast chargin ]
G CBT-1300| 26.56 | 13.28 | ! 19 | 4253912673 ‘ g s g™ = rging . '
| |Graptite conz 88| 3% ! %8| 019 | 42539 12673 ! i SieTWhkg | 1| 416Whikg
! : ’. 18 Eu > 190 4
| ““”"a) |§ ' R, S SE—— |
| 6000 - H & ¢ B W 0 H =@ 00 03 06 88 09 12 15 18
| - 7D| | CwbonFelt: - ARode Sheet U ket 1 Cycle Number Charge Energy (KWhkg) |
4000 |D | Cinianda Raman results i — e —— A i
i 2000 - graphite ;‘:;ﬁﬁ:ﬂg?:a | . Coin Cell Test of Coalite AG : Half Cell B : Artificial Graphite (AG) from PTBA has a graphite
= g — 3 compared to | . — Coalite AG sl [—conna) = —— ; 2 structure suitability up to 96.8%.
a8 1 11 CBT-1300 - 2022 I 1 commoncaal ; . " — Voltagw profie (Charge Dnchurgs) - " | —daav | i g e e
1LY | F i Y 2 ' £ 08 | i The first dmchqrge capacﬂy of PAL: PTBA rea(‘hes
| graphite. . \ .
E T + 7 ; 7 ,"'/\"— i 3 Z f____.;".:"-=- % L 06 | <D 478 mAh/g (half cell), which is higher than commercial
I B 8000 1500 1500 2800 2500 2?50 2050 2750  This indicate_s;_ _ g 22 i . ~ 0z | MCMB, which only achieves 372 mAh/qg.
_E | Raman shift (cm™) ) agood graphitization | =~ - S ool — ol et
0004 | ||| |1 level, which AT 30 S Slh e ®  Vougeffva. LN Limetal Sp. AG sample c Full-cell coin cell test (AG vs. LINMC) shows
e Lol |1 is supported by CV | re— an energy density of 416 Wh/kg (0.1C).
: test results showing | Charge Capacity Test Ultrahigh Capacity Charging Performance e At 2C, it can reach 187 Whykg (45%).
so00] 1 |1 |coalite-1300-20231 ||  ,jowoxidationpeak | WERCLCG S L o AR ELNT T ~100 mAh, 4 unt,total capacity 99,000 mAh o ke
Al I voltage of around e - : ™3 The average capacity of 18650-type cells produced
e S JIAJI,__ 0.3V £ s p— is 1200-500 mAh. The variatio nainly due to
0- el E 0 —— non-optimal slurry preparation, coating process,
T s z and assembly stage.
1000 1350 2300 2660 2800 2850 2050 2750 g @ S = :
Raman shift (cm") 3 “’: LiJ Other results from the fast charging test (2C) show

o 1 2 2 & % =
Raman analysns results of AG __ Cycle Number [
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Non-Fuel Use of Coal R&D Group

@ Research Theme: Development of an Efficient Process for Producing Activated Carbon from Coal

. Background:
@  Abundant coal resources

* Need to increase coal added value
» Potentially limited use of coal as a fuel in the future

Catalyst

Char

Carbonization e 4 Catalytic Activation [y A%

Steam Activated Carbon
___ with High Surface Area

Experimental Equipment
and Products
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@ Research Group Members
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Abdul Hapid, S.T., M.Eng.

Nur Vita Permatasari, S.Si., M.Ling.
Ir. Haswi Purwandanu Soewoto
Yeni Novitasari, S.T.

lka Monika, S.Si

Dr. Ir. Nurhadi Wibowo., MT., IPM., ASEAN Eng.
Ir Retno Wijayanti, MAB

Dra. Sri Handayani, M.Sc.

Ir. Sariman

Dr. Della Kharisma, M.Si

Nur Ikhwani, M.T.

Ridha Cindra Oktian, S.T.

Irwan Haryanto, S.T., M.T.

DEFINITION

Mineral processing impact management refers to
activities to place, control, and utilize by-products
in solid and liquid forms generated from mineral
processing activities in an environmentally sound
and value-added manner.

(@ SCOPE OF WORK A

O 4
0 T
.3_&
o0
O 5

oW

Technologies related to the utilization of solid (SHP and SHPP) and liquid
by-products from large- and small-scale mineral processing activities.

Technologies for the placement and control of solid (SHP and SHPP) and
liquid by-products from large- and small-scale mineral processing activities.

Technologies for the utilization of electronic waste as a substitute material
from natural resources.

Technologies for the stabilization/immobilization of heavy metals and
pollutants from mineral processing activities.

Technologies for the recovery of metals from solid and liquid streams
generated by mineral processing activities.

Examples of by-products include SHP and SHPP from nickel and bauxite
processing, tailings from gold processing, nickel slag, asphalt concrete
processing by-products, and mercury-containing by-products.

MINERAL TECHNOLOGY RESEARCH CENTER GROUP

Mineral Processing Impact Management
(Mineral Processing Impact Management)
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= HARTA
Universitas
Diponegoro .Cﬁ'.'l.
[ R \ _—"
. L il | AUCKLAND danram
S TR (o AUCKLAND d

& University

Wniversi
of New Ir::tlznd

Potential Collaborators

@ 4
Institute of .
l)i 2 Institute of #‘bj‘ Wirsazry of Emvronrmant

KOMIR o Development Studies  w>' and Forestry (KUHK)
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:b BRIN Bauxite Processing Residues: From Waste to Value-Added Products

APPLICATION
€ CO, capture

@ Flue gas treatment
@ Air pollution control

Bauxite Residue
(Red Mud)

Pretreatment Miing CO, Mixing ae G Adsunt

(drying. grinding, with additives i
activation} ( ) (carbonation) (eg. CO, 50, NO,)

APPLICATION

@ Iron making

& Alternative raw
material for steel

o Value-added metal
recovery

APPLICATION

@ Heavy metal removal
(Pb, Cd, Cr, etc.)

@ Dye/Coloring agent

Sponge Iron and Nugget Production

Blomass Mixing Pelletization Microwave
heating

Sponge Iron & Nugget

(e.g., rice husk, (homogenization)
(Fe-rich product)

wood waste)

[3) Adsorbent Production
H,0. (* FeCl, [r_
- |\

7antam ©

A Challenges

&. Requires large

AN 1and area for

NaOH ‘

disposal Chemlcal activation Drying Sieving and
. Air pollutlon (alkali/acid treatment) (oven) dryﬁlg Adsorbent removalirom Wastewgter
rowth Media Pro ion
(dust) o Gro dia Producti X ‘ APPLICATION
6 Water pollution + - - | " # | @ Revegetation and
ww (leachate) e e land rehabilitation
Pretreatment Additive Mixin Medium P - :
i ic ateri B lum Pressure Growth Media @ Soil amendment
(drying, grinding) (6 organic material, (homogenization) Processing (for plant cultivation)

soil conditioner)
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extraction of critical mineral
for energy security

in Indonesia

Research Center of Mineral Technology
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Research Group of Mineral Technology on Base and Precious - I
- Metal
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Mineral Technolog?/ of Base
and Precious Metals

(Mineral Technology of Base and Precious Metals) &

Dr. Fathan Bahfie, M.Si

@ Research Group Members @ DEFINITION

The Mineral Technology of Base and Precious Metals focuses on technologies

1. Anton Sapto Handoko, 5.T., M.T. for the processing and extraction of base and precious metal minerals into
2. Drs. Harta Haryadi high-value-added products.
3. Ir. Herry Poernomo, M.T. e
4 e Muzakler M Base Metal Commodities: Precious Metal Commodities:
i ' y Yo 20 Iron, Aluminum, Tin, Tungsten, Molybdenum, PiheniimsRhodinmr Balladiom
5. Dr. Sudibyo, S.T., M.Sc. Tantalum, Cobalt, Bismuth, Cadmium, Titanium, Sitcar (RGPt m
6. Ir. Suharto, M.T. Zirconium, Antimony, Manganese, Beryllium, . ' ' )
: : : : and Gold. = -
7. Ulin Herlina, M.T. Chromium, Germanium, Vanadium, Gallium, _ f*_ &
8. Dr. Fajar Nurjaman, MT Hafnium, Indium, Niobium, Rhenium, and 7 \

Thallium.

@ RESEARCH SCOPE

Development and strengthening of technologies for the processing of base
and precious metal mineral resources through characterization, beneficiation, and extraction.

Conducting techno-economic and market chain feasibility studies for base : Wk <>
and precious metal commodities. NDONESIA il - e T e T T g
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‘, AAD INGVATION JOENCY BASE AND PRECIOUS METALS
Ferroalloys Production (FeNi, FeMn, FeCr)
Smelter Issues Smelting of Nickel Ore with Biomass as Reductant

(using Submerged Arc Melting Furnace)

+» High cost investment

% Low grade ores @2 Agglomerated _
¢ High energy consumption 8 Nickel Laterite
2 High : I Ores
% High temperature operation
<+ Energy availability
+* Environmental impact Charcoal of
¢ Tailing & slag utilization biomass as
reductant
Low Investment Smelting Process
(using Hot Blast Cupola Furnace) Flux A
(Limestone) _J High temperature process : 1500 - 1600 °C

Submerged Arc Furnace:
* 3 Phase SAF, with 3 Electrodes
* 250 kVA, 60 volt, up to 1500 Ampere
* Capacity : 100 Kg ores/heat

& g .

Nickel Pig Iron (NP1)
2.5C-8.44Ni-0.03Si-0.01Mn-0.073Cr

@ Applications and Benefits

. y — ﬂ N
& il w0 = (&
. . Reduced i
Production of Utilization of ~ Use of biomass Lower environmental Tailing and slag

ferroalloys lowgradeores ~ asreductant  investment cost impact utilization
(FeNi, FeMn, FeCr)

1.8 Ni-27.5Fe-1.2Cr
25.84 Si0,-11.1 MgO Scale up into 3 ton of NPI/day
Hot Blast Temperature: 300-350 °C
Tap to tap time: 2.5 - 3 hours
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Processing of Laterite Nickel Ore into Ferronickel:

MINERAL TECHNOLOGY RESEARCH GROUP - BASE AND PRECIOUS METALS

Selective Reduction Method

- EXHAUST

Reduction Process

NiO + CO (g) — Ni + CO, (g)

C +CO,(g) — 2CO(g)

3Fe,0, + CO (g) - 2Fe,0, + CO, (g)
Fe,0, + CO (g) - 3FeO + CO, (g)
FeO + CO(g) — Fe + CO, (g)

1/4 Fe,0, + CO(g) — 3/4 Fe + CO, (g)

o 4 Various reductant can be used (no-cokes required)

Selective Reduction Process:

4 Moderate temperature process
& Low-cost energy (compared with BF Smelter)

# High Ni-grade in ferronickel

§ NaS+FeO + 250, = Na,SiO, + FeS

EASL R

magnetic mn-magmd:

Fine NPI Impurities - MgSiO,, FeO, FeS
(Concentrate) (Tailings)

Scale Up into 3 ton of NPI/day
Hot Blast Temperature: 300-350 °C
Tap to tap time: 2.5 - 3 hours

20kV X500

Selective Reduction Process:

% 1/4NaSO0, + CO (g) > 1/4Na,S + CO, (9)

e PT. Trimetal Indonesia

S50pm

Reductant /
Increase reduction rate of ‘
iron oxide, significantly. Temperature
Improve reduction rate of
. metallic oxide
Additive N\
Inhibit metalization SRP \
ofiron Magnetic Separation
Low intensity magnetic
field
Low Melting Point Phase
Improve ferronickel particle size
—— Mi-grade Limonit - -m-- Ni-recovLimonit --@-- Fe-recovLimonil
—&— Ni-grade saprolit --#-- Ni-recovsaprolit --4 = Fe-recov saprolit
13 100
12 |
11 1
- 80 i
10 <
g 9] :
E 8 o I ﬁﬂ E‘
— . w
& 8
R 64 ]
= B 4D m
ARl 1
= 4 4 :;
3 4 20 =
2 4
] ] T T T i L] T T T T - 0
900 950 1000 1050 1100 1150 1200 1250 1300

Temperature (°C)

Reduction of Saprolite & Limonite



Hydrophobic Deep Eutectic Solvent Extraction of Ni-Co from Laterite

On Developing

L. Background 2 Methods ____ 3.Resuts

1. Cobalt: a critical metal for clean energy

=
= &y A
Wi
Li-ion batteries  Electric vehicles Renewable
(NMC, NCA) energy storage

Rising demand, supply chain risks, and
environmental concerns require more sustainable
extraction approaches.

2. Laterite ores as cobalt resources

Saprolite Limonite
(higher Ni, lower Fe) (lower Ni, higher Fe)
Co: 0.07 mass% Co: 0.03 mass%
Ni: 2.10 mass% Ni: 1.81 mass%
Fe: 38.28 mass% Fe: 67.35 mass%

3. Challenges of conventional leaching

» High acid consumption

* Poor selectivity

* Extensive co-dissolution of Fe, Al, Mg, Mn, and Si

+ High energy consumption and equipment corrosion

X
This study: Hydrophobic DES activated with
acetic acid for selective cobalt extraction from
saprolite and limonite under mild conditions.

A. Hydrophobic DES preparaﬁon A. Cobalt recovery B Saprolite [0 Limonite
Choline chloride Thymol 120 - 60°C 70:C
13.962 g 60.088 g 100 100100 100 100 100 100 100 100 100 100
CH Molar ratio 1:4 £
?Ha + 2 (choline chloride : thymol) g 80 1
+ ; 60
P o 80°C, 300 rpm, 1 h § wl
CH, HO S — . 5
CH Hydrophobic DES o
3 (homogeneous liquid) 0- % s BF 3t & %
B. Acetic-acid activation and leaching B. Selectivity (dissolution of other metals)
1 = Ni dissolution Fe dissolution
=7 z 20 M Saprolite I Limenite F 2 B Saprolite M Limonite
‘ —> Seay —> B t+ . | g 15 B 515
= 80 ‘__*'J (& 2 g 10 {4.37-10.25 gl B VY
100 mL hydrophobic DES 500 mglateriteore  Centrifugation  Pregnantleach  Leachingresidue = & . g :
+200mL aceticacid (10 mL DES solution) 5000 rpm, 50 min solution (SEM/EDX, k- 5
" (Co analysis) elementalmapping) @ Z g Pl
30°C, 300 rpm, 1h 60 or 70 °C 5 °
g 60°C 70°C 60°C 70°C
300 rpm

C. Cobalt in leachate (visual appearance and concentration)
C. Characterization and analysis i

Pregnant leach solutions

y (after leaching at 60 °C, 6 h)
; Co concentration
WWV\% ‘% ! Sample 0 s, % Rie)
— Limonite (LLa) 100%
Synchrotron FE-SEM/EDX
{Co concentration)  (Solvent interactions)  Co/Mn K-edge XANES/EXAFS  (Morphology & elemental mapping) Saprolite (LSa) 100%
(Oxidation state & local structure)

[ Acetic acid-activated choline chloride-thymol hydrophobic DES enables highly selective cobalt extraction from saprolite and limonite, achieving 100% Co recovery

at 60 °C with limited Ni (4.15-10.82%) and Fe (0.41-5.28%) dissolution. ]




Iron Extraction Using Oxalic Acid and DES-Deep Eutectic Solvent (ChCl:Oxalic Acid)

e R = ™

What is Laterite?

"~ Latorite is a tropical weathering product rich in
iron (Fa) and aluminium (Al) oxides, appearing
reddish to brown.

Iron Content in Laterite

Laterite typically contains 20-60 wt.% Fa,
mainly as goethite and hematite.

@ Why Esxtract Iron Using Oxalic Acid and DES?
Cxalic acid and DES (ChCloxalic acid) effectivaly
dissolve and complex Fe, enabling selective and
MO SUSIRINGEIS Fecovery.

+* Visual Appearance of Laterite Leachates OX

= AT = e = = El
I- Rar 1 "\
-

On Developing

Table 1. Extraction of Fe from Laterite using DES (ChCl:asam
oksalat) and Oxalic Acid.

%* The Optimum Percentage of Fe Recovery

Solvent [Fe] (ppm) [Ni] (ppm) [Mg] (ppm) RecFe (%) RecNi(%) Rec Mg (%)

Oxalic Acid 1.6241 0.0993 0.0337 51.27 100 16.9

DES 1.7082 0.2004 0.023 53.93 100 11.75

+* The Pathway for Fe Dissolution and Oxalate Complexation from Laterite

Optimal conditions
Concentration : 1 M
E Temperature : 60 *C
(D Time:oh Fe dissolution
¢lo  Agitation : 300 rpm and complexation
[Fe(C,0.)s]%

— Oxalic acid DES -
Laterite (ChCl:oxalic acid)

Fe—uxalate

Leaching process

(|n solutmn]



Magnesium and aluminium extraction

o Leaching
Residue

Solid residue remaining
after previous leaching;
contains residual
Mg and Al

o Al

On Designing

@ Nitric Acid © Solid-Liquid O selective Al © solid-Liquid @) Selective Mg @ Final
Leaching Separation Precipitation Separation (Al) Precipitation Products
Leaching Residue + HNO, Separation of insoluble pH control to selectively Separation of Al(OH), pH control to precipitate Sequential recovery
— Pregnant Leach Solution solids from pregnant precipitate Al as precipitate from Mg as Mg(OH), of Al and Mg as
leach solution (PLS) Al(OH), Mg-rich filtrate high-purity

products

\ ' Aluminium Product
L duF;tH nt \ I adiuzrment \ AU(OH),
id adjustme - e ol
(::::lu:ele (OH) ';: 3 o (OH) precipitate
solids) |
— = —
3 I
Pregnant Leach | Mg* | Magnesium Product
, | Solution (PLS) e ] [
el Mg® + Al + NOy = | Mg(OH)40 | Mg(OH), ‘
'- vk R precipitate
Mg and Al dissolved into Al(OH); precipitates Mg-rich
. Mg(OH tat
solution as nitrates Mg?* remains in solution Filtrate g(OH), precipitates :
: O e A s i S — ki
@ Mg I& NO, 6 Insoluble % A(OH), ., Mg(OH), )

Solids e 4 {(Aluminium Hydroxide) - 4% (Magnesium Hydroxide)

Sequential Recovery and Separation of Aluminium and Magnesium from Leaching Residue using Nitric Acid

(@) Efficient dissolution of Mg and Al (¥) Selective precipitation for high-purity products (%) Sustainable and environmentally friendly process (%) Value recovery from secondary resources
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CIRCULAR
ECONOMY

SUSTAINABLE INDUSTRIAL. PROCESSING OF LATERITE ORE
A CIRCULAR ECONOMY & ZERO-WASTE PATHWAY

STAGE 2

STAGE 1

IRON RECOVERY CRITICAL BATTERY

METALS RECOVERY

PROCESS
Selective leaching using
HDES-acetic acid

PROCESS

Selective leaching
using oxalic acid

STAGE 3

MAGNESIUM & ALUMINUM

RECOVERY

PROCESS
Selective leaching
using nitric acid

sustainable industries

manufacturing

HO o] .
x—c + o '
& eu IRON-DEPLETED ~ OHz | BATTERY-METAL- | RESIDUAL
LATERITE ORE scsiicacii | RESIDUE e DEPLETED SILICATE
xalic o RESIDUE MATRIX
Uﬁczoﬂ
TYPICAL COMPOSITION
(wi%a)
Fe,O, 20 - 40% TARGET METALS
NiO 1-2.5% e id stri =
; (' Saliton Sulfuric acid stripping @
CoO 0.05 — 0.2%
MnQ 0.5 - 2% <
TARGET METALS Magnesium Aluminum
MgO 10 — 20% TARGET METAL
ALO, SR @ @ @ END-USE APPLICATION
si0 20 — 50% Lightweight metals for transportation |
5 Nickel Cobalt Manganese (automotive & aerospace) and
Others < 5% Iron (Fe} I biomedical applications
END-USE APPLICATION e i gy ) - : 5
Iron used as precursor for lithium-icn battery cathode | g ﬂ P
synthesis of Fe-based MOFs materials & energy storage | &
dﬂ Adsorption .ﬁ.erospam Automaotive Biomedical
it Applications  Applications  Applications
o7, Catalysis
/% Enviranmental 1 High strength-to-weight ratio
E Remediation 5 T
1 Corrosion resistance
7 Gas Storage A B e
(] & Separation 1 Biocompatibility
Fe-MOFs EV Batteries  Energy Storage  Grid-Scale
- ; . Systemd Recovers valuable light metals
Removes dominant iron fraction High recovery of Ni, Co, Mn using from residual mineral fractions
@ andianhancesidowmstoaan selective, recyclable green solvent for high-value applications
metal recovery and efficient stripping
- INTEGRATED CIRCULAR FLOW & RESOURCE EFFICIENCY
&  Sequential & selective a Maximum resource efficiency i rzer0 waste & High-value product Supports circular economy
recovery of all major + ‘ = through complete utilization + TS generation diversification for j and green materials

valuable constituents

-
m
@
m
r4
o

! of laterite ore

Downstream
Application

o
e

Stripping/ - v 2
Recovery P

Recyclable reagents
‘ minimized environmental —)ﬁ}l I
impact

Circular
Economy

Environmemntal
Benefit

e S S S s e 5 S e 5 i e e e e e S e e e i e e B T S ST e S S R e P B e e S

ZERO

STAGE 4

SILICON RECOVERY

PROCESS
Silicon recovery using
sodium hydroxide (NaOH)
treatment |

Silicon (Si)

EMD-USE APPLICATION
High-purity silicon for
photovoltaic (solar panel)
technologies

NN
S

@ Converts final residue into
valuable silicon for clean
energy technologies

EVERY COMPONENT
OF LATERITE ORE
RECOVERED AND T e

CONVERTED INTO

(] Resource Efficiency
(¥ Waste Minimization
(/1 Sustainable Utilization
() Green Industrial Value |

HIGH-VALUE
PRODUCTS

TOWARDS A GREEN FUTURE



Hydrophobic Deep Eutectic Solvent Extraction of Mn-Ni-Co

from Reused Battery

1. BACKGROUND 2. METHODS

Growing LiB use — increasing waste

Electric vehicles Increasing

LiB waste

Valuable metals in LiB waste (XRF)

Mn 27.06%

Mi 8.60%

Co 3.01%

Fe 2.19%

Cu 0.83%

Al 1.05%

si 0.23%

s 0.17%

Ca 0.13%

(XRF)

Problem with conventional hydrometallurgy
+ Uses corrosive mineral acids
+ May generate hazardous

A wastewater

Hydrophobic Deep Eutectic Solvent (HDES)
as an alternative

& More environmentally friendly

& Hydrophobic (immiscible with water)

& Can form a two-phase system

@ Potential to facilitate metal extraction
and phase separation

Research objective
» Evaluate the effect of HDES:acetic acid ratio,
(d, temperature, and leaching time on Ni and Co extraction

« Analyze morphology and elemental distribution
using FESEM-EDS

Materials
v I:' o g
Fi _ %‘;{& H,S0,
Choline chloride 25, — H.0,
;g:_l cl) " Thymol CH-COOH distilled water
(HBA) (HBD) (acetic acid)

1. HDES preparation

60.088 g thymol HDES : CH;COOH
+13.962 g CHCI (volume ratio)
] [ 1:1 (10 mL:10mL)
1:2 (15mL:30mL)
’ £ l ’ 2:1 (20mL:10mL)
80°C,1h
(stirring) . '
Stand for 24 h 300rpm, 35°C, 1 h
4. Characterization and analysis

XRF FESEM-EDS

EE\L

Initial elemental Metal concentration

Surfaoe mOl'DhD|0gY
composition and recovery

2. Acetic-acid loading

and elemental distribution

3. Leaching experiment

0.500 g LiB waste
+ 10 mL loaded HDES

[ Temperature:
60°Cand 70°C
Time:
3,6,912,18,24h
Stirring: 300 rpm
Centnfugatlon
5 min
Solid residue Leachate
{for AAS)
Metal recovery calculation

W
Recovery (%) = —2 %100
W

W, :initial metal mass
W, : metal mass after leaching

Leachate after Ni-Co extraction

(70 °C, 18 h; 1:2 ratio)

'

mNi mCo

HDES : acetic acid (v/v)
FESEM-EDS (solid residue)
SD’C 12h(1 2 ratio)

« Rough surface
= Pores/gaps

100 -
& 80 ~o- Ni(60°C)
6 g ” - Ni(70°C)
f: Ni: 85.22% =000
20 1 (60°C, 12 h) ~#- Co(70°C)
Ni and Co in leachate (AAS) 0
Ni : 89.00% 3 6 9 12 18 24
Co : 100.00% Time (h)

Effect of HDES:acetic acid ratio on metal recovery

30 _ 10 100.00%
3 23.53% £ 100 89.00%
- 19.75% >
0 0
g 13.08% H

15 30
p &

0 0

1:1 21 12 Ni Co

= Irregular particles

Elements: C, O, Cl, Ni, Mn.

On Developing

3. RESULTS

Effect of temperature and time on metal recovery
{H DES:acetic acid = 1:2} Co: 100%

(70°C,3-24h)

Ni: 89.00%
(70°C, 18 h)

Maximum recovery at optimum condition
(70 °C, 18 h; 1:2 ratio)

70°C, 18 h (1:2 ratio)

M - Irregular particles
« Pores/gaps
= Smaller fragments

Elements: C, 0, Cl, Ni, Co,

[ ﬂ HDES is effective for improving Ni and Co recovery from LiB waste and has potential as a more environmentally friendly extraction method.

. = S




Discharged,

Three-Stage Sustainable and Zero-Waste Recycling of Lithium-lon Battery Waste
HDES-Based Selective Recovery of Critical Metals and Carbon for Circular Battery Supply Chain

( Sy p STAGE 1
pen - .
Li-ion Battery Selective Recovery of Ni, Co, and Mn
Waste Selective Leaching Sulfuric Acid
with HDES-Acetic Acid Stripping

Hydrophobic
Deep Eutectic Solvent
(HDES)

Acetic Acid
(HBA/HBD)

2

Aqueous

STAGE 2

Selective Recovery of Lithium

Selective Leaching
with HDES-Formic Acid

|-
L |

Back-Extraction /
Precipitation

Hydrophobic
Deep Eutectic Solvent
(HDES)

Cieie
X

Formic Acid
(HBA/HBD)

STAGE 3
Carbon Residue Valorization

Neutralization Drying &

Carbon Recovery

@@ Quaternary ammonium cation (HBA) @2 Hydrogen bond donor (HED)

=== Hydrophobic interaction domain

HBA: Hydrogen Bond Acceptor

Dismantled & Stripping { Li'j
Shredded Lea-:_P}ed Solution
- (Liin HDES)
Black Mass ;?1'-‘“1: 5'_"“:325 @ @ @ Li,CO, / LiOH
(Cathode Materials) MRl o e i EEREY N e
NiSO, CoSO; MnSO, Lithium Compounds Pt
T Carbon Material

v Selective extraction of Ni, Co, Mn i i

v High selectivity, low acid consumption l’ oo st A l ¥ Nemippetion It MO [k el e iy

< Wiienal oo sisacilithori 6# L nd A1 Reslin (| | e i s Spent ¥ e anieeoviyol eton

g Solid ¥, FINcont ek Sxtrachion anr puriicatien * Residue | | ¥ Zerosolid waste through valarization
e [ . i Y,
e S S R Reintegration into the EV Battery Manufacturing Supply Chain -~ - - --- - ————----—-——-———————————————— Sy eTTmmmmm e ——e
i v F
[ : : Key Advantages
IL - @ =5 @ = =2 S @ = 1| : « Selective & efficient recovery
I' P } : « Environmentally benign
Il ECONOMY Nickel Sulfate Cobalt Sulfate Manganese Sulfate Lithium Carbonate / Recovered Carbon | | HDES systems
| (NiS0,) (CoS0,) (MnS0,) Lithium Hydroxide {Conductive Carbon) Cathode Active . 1 : » Low erissions & mininal
! Used for Ni-rich Used for cathode Used for cathode Used for lithium Used as conductive Material il N activing EV Auolicati | | secondary waste
| 1 - : ey - el (Module/Pack) pplication |
| cathode synthesis active materials stabilization saltp on dditive in electrodes Production 11 . i
i T I 1 | * Scalable & industrially
I } : viable process
| 11
I Resource Circularity Sustainable Metallurgy &% Critical Metal Recovery Zero-Waste Battery Recycling : :
| ‘ Reduces dependence on Lower ervironmental footprint Q High-value recovery of Ni, Co, Complete valorization of all | i
'\ virgin critical raw materials and energy consumption Mn, Li and carbon process residues ;' \
7o
~ e e e e e

HBD: Hydrogen Bond Donor HDES: Hydrophobic Deep Eutectic Solvent



Hydrothermal and KOH-Assisted Modification of Brown Coal
‘ﬂ for Sustainable Ethylene Adsorption and Extended Fruit Shelf Life \ﬂ

o Raw Brown Coal 9 Cleaning om o Hydrothermal Treatment e KOH Activation o ﬁ:;f:::ﬂ:m;gﬁal
i" : 3 , . D 9 | ; .

L baa ” A | @180-220'1: il | 7N KOH
] = . X i

i} - 1-3 MPa

b _ - oty '
Crusher Vibrating siew

“ Clean coal
(in) (owt) -

W “gaesse

@ Mineral impurities Removes soil, clay, ash ‘

| 1
I o M a
| Structural modification

@ Carbon matrix : o
Intimate mixing

; 4 and pore development S =
@ Clay/soil Atk odfien Kaparits <ilmm  i-3mm 3-6mm >6mm _a"d St yaton Highly porous structure
@ Ash : ’ o 0 Water €% koH with abundant
Naturally occurring . @ Wy Urifoeiy padtic o | & . adsorption sites
brown coal with mineral (1-3 mm) - J
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