—— Y%e
CLEAN PAPER

/}%\

WHAT THE PAPER SAYS - WHAT IT DOESN'T - WHY IT MATTERS

s
ele Olg) bad o delu UL 8esle Aune 3L8 o
[
mL::J\ 3.«\3..'\.5 SJJLS :\3.,9)\
355 23 WL ey N 050 led) W O 2 e B ) 08 3R bR e penll B

2 Qg ey Bodly Bt W) ol e Sl ey JAR p A e ) Jad) pas) e Sl
dote 52 A7 W (ol Gl ANy @y

Written by Laura Nesso - Cross-checked by Cinzia Vaglio - Edited by Michele Renda - Figures by Laura Nesso and Nova

Vela - Al-assisted, human-reviewed

Paper: Pinning angstrom-size solid ionic channels for rare-earth element separation, Siqi Zou, Jiadong Liu, Woo Cheol Jeon, Maoyu Wang,
Ronghui Wy, Yu Han, Gangbin Yan, Grant T. Hill, Xiaolin Yue, Hua Zhou, George C. Schatz & Chong Liu, Nature Chemical Engineering
,3 413-402 (2026) - DOL: 8-00418-026-s44286/1038.10


https://doi.org/10.1038/s44286-026-00418-8

50l B Vbl b THE CLEAN PAPER

5530 Loyl ole Olg) b e delw Ul 6o e doume 8L8 Cls
el sad

vopme S (i (3, 4 iza.a-\:xgysjs-y\m}hmdaég.ﬂ\WMS):U\Z&)‘Y\,;M\ QUJJJ'A%

o Wiy bl e L8 elel iy s Rl S, 3l (K8 0l i) G Winm Sl U] SIS o
S 55 b Sl o Flall S dezm Sy Wlolale SLaSO ST

Ol o oW sl 5 Ly pacll ST e 2 flis 020Ul poinal k) e WAL B Bl y> Syl
e S pgpil] Sby] L8 LalndeY el OF fliall o8 cales O35 oo wele Sl 32 Lol 5l o 0 5,510 2,V
a3l Gl W 550U 2o,V bl Syl s bk ki el i) o csele Flidl Gy oty Lo

vkl 3 S S Bla Wy L sy ol Glam e el

The separation trick was holding the wet gap narrow

Structure, electrochemistry and calculations support the mechanism from different angles.

UNPINNED CHANNEL MAGNESIUM-PINNED CHANNEL
selected light lanthanides retained Mg2+ helps keep

expand the water-rich interlayer the buserite gap narrow

more room changes dehydration, confinement changes dehydration,

coordination and binding coordination and binding

neighboring-pair preference selected neighboring-pair

remains modest enrichment increases

_____________________________________________________________________________________

EVIDENCE IS ASSEMBLED, NOT FILMED
* X-ray: solid structure * electrochemistry: insertion and * DFT: hydration and binding
separation interpretation

Original diagram - The Clean Paper - CC BY 4.0
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The ion enters with water around it

Approximate dimensions connect hydration and confinement without making a rigid sieve.

HYDRATED ION PINNED FREE GAP EXPANDED FREE GAP
first water-shell diameter space between solid sheets water-rich phase

6.6-7.1 angstroms 6.8-6.9 angstroms about 8.42 angstroms

water molecules must rearrange from 9.6-9.7 angstrom from about 11.2 angstrom

or partly leave during binding sheet-to-sheet spacing sheet-to-sheet spacing

1
MECHANISTIC COMPARISON, NOT A SIZE-ONLY FILTER :
* free gap and interlayer spacing are different * hydration, coordination and binding also affect 1
measurements selectivity 1

1

1

1

___________________________________________________________________________________
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Pinning changes pair-specific
enrichment

Three laboratory protocols compared for each 1:1
lanthanide mixture

@ Direction exchange
B Intercalation after ion exchange
€ Mg-pinned intercalation

@4 1.6
La-Nd —E— 3.1
¢l 5.4
r@4 1.5
La-Pr ‘ P4 3-2
i1 4.2
@41 1.6
Nd-Sm R4 2.7
I 2.9
1 2 3 4 5 6

Enrichment factor (1 = no preference)

Enrichment factor is not purity or recovery.

Points are means; whiskers show +/- s.d. (n = 3). Conditions are comparisons, not
sequential stages.
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Four strong numbers, four different denominators

These evidence cards come from different experiments; they are not process steps.

ENRICHMENT PURITY DEPLETION RECOVERY
La-Nd neodymium dysprosium La-Nd operation
5.4+/-0.1 about 97.0% 72% 89%

captured ratio divided target share in a share removed from share of captured

by starting ratio recovered fraction the starting solution rare-earth ions released

A LARGE VALUE IN ONE CARD CANNOT REPLACE THE OTHERS

* high depletion can coexist with low purity * one recovery operation does not establish cycle

1
1
:
1
! life
1
1
1
1
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Original diagram - The Clean Paper - CC BY 4.0
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The evidence ladder ends before a refinery

Demonstrated laboratory work stays separate from projected operation and scenario modeling.
J 8

© rar © LAB © BEAKER + O NOT YET

SELECTIVITY CHALLENGES RELEASE SHOWN

binary ion mixtures abundant ions 5 mL solution flow-cell timing

pair-specific 1:1000 25-40 mg material projected

enrichment staged purity 200 min-13 h cycle life untested

La-Nd 5.4 +/- 0.1 sequential depletion one recovery scenario LCA

— = operation — 532 mg/cm2 loading
problem at higher
target
SCALE BOUNDARY

[}
1
1
| * the final card is a research boundary, not a * no complete ore stream or commercial plant was
| success state tested

1

1

1

Original diagram - The Clean Paper - CC BY 4.0
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