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Figure S1: Removal over time for the different REE adsorption for Z13X_NW (

24

24

24

x H
I
|

I.I‘ |

Results

48 72

48 72

Adsorption for La
] § L
O

N}

_.||

1055 1295 1535 187 211
Time (h)
Adsorption for Y
i |
]' I 1
’]l
lll| ‘
105.5 129.5 153.5 187 211
Time (h)

Adsorption for Pr

11
| | ’]I
1
h)

1055 129.5 1535 187 211
Time {

il

235
235

235

ll ['\‘ ]“‘

268.5 292.5 316.5
268.5 2925 316.5

268.5 292.5316.5

100
90
80
70
60
50
40
30
20
10

Removal (%)

100
90
80
70
60
50
40
30
20
10

Removal (%)

100
90
80
70
60
50
40
30
20
10

Removal (%)

24

48

48

48

72

72

72_

!

105.5 129.5 153.5

[

1055 129.5 1535

-

I

105512951535

Adsorption for Ce

]
a
I ar B
I Il it
'lll ‘ l|

187 211 235 2685 202.53165

Time {h)
L i I
‘ Il| ‘

268.5 2925 3185
Adsorption for Eu

I
‘ | Ix,‘ l"|
11

187 ..211..235_._ 268.5 292,5316.5
Time {h)

I3

Il

Adsorption for Th

L
i
Il

I
187 211235
Time {h)

"

), Z13X_WW

(W), ZNaOH_NW () and ZNaOH_WW (). The cycle 1 runs between 24 and 72h, cycle
2 runs between 100.5 and 153.5 h, cycle 3 runs between 187 and 235 h and cycle 4 runs between
268.5 and 316.5 h.
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Figure S2: Total recovery for the different REE grouped by cycle and then grouped by sample
tested for Z13X_NW ( ), Z13X_WW (), ZNaOH_NW (8) and ZNaOH_NW (mml). Cycle
1 had samples measured at 73.5, 74.5, 76.5 and 78.5 h, cycle 2 includes measurementsat 155, 156,
158 and 160 h. For cycle 3, samples were measured at 236.5, 237.5, 239.5 and 241.5 h and finally
cycle 4 includes measurements at 318, 319, 321, 323 h.



1.1. Machine Learning
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Figure S3: Elbow method for selecting the best option: A) PCA and B) K-Means for selection of
the best condition for multiple adsorption and desorption cycles.



1.2. Adsorption analysis

Table S1: Two-Way ANOVA for the total removal percentage of REE after 4 cycles. The NW
refers to the assays without the washing step, and the WW refers to the assays with the NaOH

0.01 M washing step.

Bonferroni's multiple REE
comparisons tests La Ce Y Tb Pr Eu

Z13X_NW vs. Z13X_WW No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_NW vs. ZNaOH_NW No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_NW vs. ZNaOH_WW No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_WW vs. ZNaOH_NW No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_WW vs. ZNaOH_WW No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
ZNaOH_NW vs. ZNaOH_WW | No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)

1.3. Desorption analysis

Table S2: Two-Way ANOVA for the total recovery percentage after 4 cycles. The NW refers to
the assays without the washing step, and the WW refers to the assays with the NaOH 0.01 M

washing step.

Bonferroni's multiple REE
comparisons tests La Ce Y Tb Pr Eu

Z13X_NW vs. Z13X_WW No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_NW vs. ZNaOH_NW No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_NW vs. ZNaOH_WW | No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_WW vs. ZNaOH_NW | No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
Z13X_WW vs. ZNaOH_WW | No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)
ZNaOH_NW vs. ZNaOH_WW | No (ns) | No (ns) | No (ns) | No (ns) | No (ns) | No (ns)




1.4.ML analysis of the desorption optimization

Table S3: Statistical tests performed for all desorption cycles for each REE tested. The Two-Way
ANOVA results are related to the comparison with the total REE recovery from the zeolite. A
comparison between each cycle for each tested condition was performed. The NW refers to the
assays without the washing step and the WW refers to the assays with the NaOH 0.01 M washing

step. The optimized cycle is referred to as cycle 5.

REE Bonferroni's multiple Two way ANOVA
comparisons tests Z13X_NW | Z13X_WW | ZNaOH_NW | ZNaOH_WW
Cycle 1 vs. Cycle 2 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 5 Yes (****) Yes (****) Yes (***%) Yes (****)
La Cycle 2 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 3 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 3 vs. Cycle 5 Yes (****) Yes (***%) Yes (****) Yes (****)
Cycle 4 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 1 vs. Cycle 2 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 5 Yes (****) Yes (***%) Yes (****) Yes (***%)
Ce Cycle 2 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 5 Yes (****) Yes (***%) Yes (****) Yes (***%)
Cycle 3 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 3 vs. Cycle 5 Yes (***%) Yes (**%) Yes (****) Yes (***%)
Cycle 4 vs. Cycle 5 Yes (***%) Yes (***%) Yes (****) Yes (***%)
Cycle 1 vs. Cycle 2 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 5 Yes (***%) Yes (***%) Yes (***%) Yes (***%)
Y Cycle 2 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 5 Yes (***%) Yes (**%) Yes (****) Yes (***%)
Cycle 3 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 3 vs. Cycle 5 Yes (***%) Yes (***%) Yes (****) Yes (***%)
Cycle 4 vs. Cycle 5 Yes (***%) Yes (***%) Yes (****) Yes (***%)
Cycle 1 vs. Cycle 2 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 5 Yes (***%) Yes (***%) Yes (***%) Yes (***%)
Tb Cycle 2 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 5 Yes (***%) Yes (***%) Yes (***%) Yes (***%)
Cycle 3 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 3 vs. Cycle 5 Yes (***%) Yes (***%) Yes (***%) Yes (***%)




Cycle 4 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 1 vs. Cycle 2 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Pr Cycle 2 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 3 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 3 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 4 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 1 vs. Cycle 2 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 1 vs. Cycle 5 Yes (****) Yes (***%) Yes (****) Yes (****)
Eu Cycle 2 vs. Cycle 3 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 2 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 3 vs. Cycle 4 No (ns) No (ns) No (ns) No (ns)
Cycle 3 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
Cycle 4 vs. Cycle 5 Yes (****) Yes (****) Yes (****) Yes (****)
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Figure S4: Elbow method for selecting the best option: A) PCA, B) K-Means and C) KNN
Classifier for the comparison of the desorption cycles results with the optimized cycle.



PCA variation: Feature 1 vs Feature 2
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Figure S5: PCA maps. Since more than two features were selected, each map represents the

distinct distribution for the selected features.
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Figure S6: Graphical representation of the confusion matrix for all tested classifiers



