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Abstract Purifying rare earth elements (REEs) from ion-adsorbed clay (IAC)
deposits demands complex solvent extraction (SX) setups to
achieve commercial-grade purity. This study presents the design
and validation of a four-train counter-current SX flowsheet for
processing a pre-treated REE chloride liquor sourced from
Malaysia's Jeli deposit. Using an iterative steady-state mass-
balance simulation in Microsoft Excel, the research determines
the operational parameters needed to achieve a 4N (99.99%)
terminal purity target for each REE stream. The methodology
involved pinpointing critical A/B separation cuts and optimising
the organic-to-aqueous (O/A) ratios across the cascade. The
results show that the flowsheet effectively fractionates the
feedstock, starting with a bulk LREE/HREE separation (Train 1)
and culminating in the challenging separation of praseodymium
(Pr) and neodymium (Nd) (Train 4). The simulation identified
Pr/Nd separation as the primary technical bottleneck, requiring
62 equilibrium stages (NE) due to a low separation factor (beta) of
1.70. In contrast, simpler bulk splits needed as few as 16 stages.
These findings confirm the theoretical minimum stage
requirements (Nmin) and provide a detailed stage-wise
concentration profile for each train. The study concludes that the
Pr/Nd circuit dictates the overall plant footprint and capital
intensity. The developed flowsheet offers a solid technical
blueprint for commercialising Malaysian IAC resources, ensuring
high-purity REE recovery through optimised metallurgical design.

Keywords Author Keywords: REE separation; solvent extraction; P507;

equilibrium curve; extraction stages
Keywords Plus: RARE-EARTH-ELEMENTS; CHLORIDE SOLUTIONS;

SEPARATION

Author
Information

Corresponding Address: Zulkifli, N. (corresponding author)

Univ Malaysia Kelantan, Gold Rare Earth & Mat
Technopreneurship Ctr GREAT, Fac Bioengn & Technol, Jeli 17600,
Kelantan, Malaysia
E-mail Addresses :
vincenzo@zzu.edu.cn
Addresses :

arrow_drop_down

5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 2/11

https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22REE%20separation%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22solvent%20extraction%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22P507%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22equilibrium%20curve%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22extraction%20stages%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22RARE-EARTH-ELEMENTS%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22CHLORIDE%20SOLUTIONS%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22KP%22,%22rowText%22:%22%5C%22SEPARATION%5C%22%22%7D%5D&eventMode=oneClickSearch
mailto:vincenzo@zzu.edu.cn


1  Univ Malaysia Kelantan, Gold Rare Earth & Mat
Technopreneurship Ctr GREAT, Fac Bioengn & Technol, Jeli 17600,
Kelantan, Malaysia

2  Univ Sains Malaysia, Sch Chem Engn, Engn Campus,
George Town 14300, Malaysia

3  Univ Islam Antarabangsa Malaysia, Kulliyyah Sci, Dept
Chem, Sustainable Nanotechnol & Computat Chem SuNCoM Res,
Kuantan 25200, Pahang, Malaysia
E-mail Addresses :
vincenzo@zzu.edu.cn; fazliana.s@umk.edu.my;

hafidz.y@umk.edu.my; chzuhairi@usm.my;

mnorazmi@iium.edu.my

Categories/
Classification

Research Areas: Metallurgy & Metallurgical Engineering; Mining &
Mineral Processing
Citation

Topics:

2
Chemistry

chevron_right

2.209 Spectrometry &
Separation

chevron_right

2.209.822 Solvent
Extraction

Sustainable Development

Goals:

12 Responsible Consumption and
Production

Web of Science
Categories

Metallurgy & Metallurgical Engineering; Mining & Mineral
Processing

Funding

GREAT Universiti Malaysia Kelantan
Research Fund

R/FRGS/A1300/01702A/007/2023/01193

Journal information

arrow_drop_down

arrow_drop_down

arrow_drop_down

expand_more
View funding text

Funding agency Grant number

add See more data fields

5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 3/11

mailto:vincenzo@zzu.edu.cn
mailto:fazliana.s@umk.edu.my
mailto:hafidz.y@umk.edu.my
mailto:chzuhairi@usm.my
mailto:mnorazmi@iium.edu.my
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%222%20Chemistry%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%222.209%20Spectrometry%20%26%20Separation%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%222.209.822%20Solvent%20Extraction%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SDG%22,%22rowText%22:%2212%20Responsible%20Consumption%20and%20Production%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Metallurgy%20%26%20Metallurgical%20Engineering%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Mining%20%26%20Mineral%20Processing%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Mining%20%26%20Mineral%20Processing%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22GREAT%20Universiti%20Malaysia%20Kelantan%20Research%20Fund%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22GREAT%20Universiti%20Malaysia%20Kelantan%20Research%20Fund%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FG%22,%22rowText%22:%22%5C%22R%2FFRGS%2FA1300%2F01702A%2F007%2F2023%2F01193%5C%22%22%7D%5D&disableEdit=true


ISSN 2224-5243

eISSN 2616-6445

Current
Publisher

INST METALLURGY & ORE BENEFICIATION,
SHEVCHENKO STR., 29/133, ALMATY CITY 050010, 
KAZAKHSTAN

Research
Areas

Metallurgy & Metallurgical Engineering; Mining & 
Mineral Processing

Web of
Science
Categories

Metallurgy & Metallurgical Engineering; Mining & 
Mineral Processing

Journal
Citation
Indicator ™
(2024)

Citation Network

In Web of Science Core Collection

1
Citation

1
Times Cited in All Databases

37
Cited References

Use in Web of Science

6 6
Last 180 Days Since 2013

This record is from:

Web of Science Core Collection

Emerging Sources Citation
Index (ESCI)

Suggest a correction
If you would like to improve the

KOMPLEKSNOE ISPOLZOVANIE MINERALNOGO SYRA

arrow_forwardLearn more

arrow_back View Journal Impact

0.31

add_alert Create citation alert

add See more times cited

arrow_forward View Related Records

5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 4/11

https://www.webofscience.com/wos/woscc/citing-summary/WOS:001676482000003?from=woscc&type=colluid&siloSearchWarning=false
https://www.webofscience.com/wos/alldb/citing-summary/WOS:001676482000003?from=woscc&type=colluid
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22SO%22,%22rowText%22:%22KOMPLEKSNOE%20ISPOLZOVANIE%20MINERALNOGO%20SYRA%22%7D%5D
javascript:void(0)


How does this document's citation
performance compare to peers?

Data is from InCites Benchmarking &
Analytics

Most Recently Cited by

Zulkifli, N; Shoparwe, N; Ahmad, MN; et
al.
Purification of lanthanum chloride
solution through tertiary amine
extraction: thermodynamic and graded
assessment
KOMPLEKSNOE ISPOLZOVANIE
MINERALNOGO SYRA

quality of the data in this record,
please Suggest a correction

37 Cited References View as set
of results

Showing  30  of  37 (from Web of Science Core Collection)

arrow_back
Open comparison metrics

panel

5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 5/11

https://www.webofscience.com/wos/alldb/full-record/WOS:001755410300001
https://www.webofscience.com/wos/alldb/full-record/WOS:001755410300001
https://www.webofscience.com/wos/alldb/full-record/WOS:001755410300001
https://www.webofscience.com/wos/alldb/full-record/WOS:001755410300001
javascript:void(0)
https://www.webofscience.com/wos/woscc/summary/844ffd6e-f493-4a22-a064-3592f1f81321-01b568c712/author-ascending/1


5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 6/11



5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 7/11



5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 8/11



5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 9/11



5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 10/11



Legal

Center

Privacy

Statement

Copyright

Notice

Training

Portal

Product

Support

Newsletter

Cookie

Policy

Manage

cookie

preferences

Data

Correction

Accessibility

Help

Terms of

Use

Follow Us

  

© 2026 Clarivate. All rights reserved.

5/25/26, 4:55 PM Flowsheet Design and Modelling for High Purity Praseodymium and Neodymium by Solvent Extraction-Web of Science Core C…

https://www.webofscience.com/wos/woscc/full-record/WOS:001676482000003 11/11

https://clarivate.com/legal-center/
https://clarivate.com/privacy-center/notices-policies/privacy-policy/
https://clarivate.com/legal-center/notices-policies/
https://webofscience.zendesk.com/hc/en-us/categories/23290193729041-Training
https://supportcenter.clarivate.com/s/product/webofscience
https://discover.clarivate.com/preferencecenter_en
https://clarivate.com/privacy-center/notices-policies/cookie-notice/
javascript:void(0);
javascript:void(0)
https://support.proquest.com/s/article/Web-of-Science-Accessibility-Statement?language=en_US
https://webofscience.zendesk.com/hc/en-us
https://clarivate.com/legal-center/terms-of-business/
https://x.com/ClarivateAG
https://www.facebook.com/clarivateag

