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Abstract

This study conducts an in-depth investigation into the performance testing of palladium-loaded alu-
mina (Pd/Alz03) and the impurity removal process of methane in the TCAP hydrogen isotope sepa-
ration technology. Through physical and chemical performance tests and methane impurity re-
moval experiments, the feasibility and advantages of Pd/Al:03 as a TCAP separation material are
comprehensively evaluated. The results show that Pd/Al:03 has a high palladium loading capacity
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(45 wt%), good specific surface area, and a dense crystal structure. Through an optimized impurity
removal process, the generation of methane impurities can be effectively reduced, providing a the-
oretical basis and technical support for improving the efficiency and stability of TCAP separation.
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Figure 1. Schematic diagram of gas impurity release device
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Figure 2. Diagram of the TCAP device [14]
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Pd/ALLO; F EL L TH AR N 81.7 m¥g. HRHE Pd/AILOs A% 11 AlOs FR5 2 Wi/ it AR i FLAR 20 A B 26 7T 45,
2 ALO; FLIAF EAEF T 12.2nm [z, FL& N 0.64cmly, T Pd/ALO; il FLFLAAEEH T 15.21 nm fif}
i, L4 0.32 cmPlg, UiBA UL AlLOs ZEA A S LRI, a4 NEI T 2L AlOs LA,
L LR R FLA S, JF H PA/ALOs RITBAFAE— @ LI, JFaIE2 se B, v LUE 45 Pd
HBEAT 785 i

ae ARSI XRD ATt BNl 3 BoR, AlLOs By R AT IR FEAH 2155, U W] AL ZUE 1)
PREER, XAFT Pd Fl AlLOs Z [RIFHAELS M TELE A, PAIALO: ¥y RATHTIE E R H T Pd 78 20°~90° 2 [ [)
B, KRR ERTTOATHE, R PAALO, i m, &R i e 4.

BHESR: Eid SEM HAR W LIWEEE] Pd/ALOs £ fh R TH RS RI SE5HIRFIE . B B ER Uk
SEM 51l 4 R, FES AR RIERLACES, KA BIEE I OGRS, UBEEAN R Pd 35 it
WRLF, I HIERRBOCATECN T AW 82 24k N B8R B FLIA SRR AR [ T B 45 &
BT IR ST R AR OB LB R . RS T AR LA s, SRR, AR TAMARM R
M EER. X5 i BET MR R 8, NS T A LR SECT LR AR FLA B FRE,
I HARRER I A e BN, e B — e LB

it TEM HoR (& 5), Al LLWELH] Pd/AILOs F1 Pd BTk AU IS . PA/ALOs ¥ K TEM E{%in

DOI: 10.12677/amc.2025.132027 252 MEME 2R


https://doi.org/10.12677/amc.2025.132027

BREEN, SHA

16000 |- —— PA/ALO,
—— ALO,
12000 - -
)
ey
G
=
2 8000 - -
[
4000 From | -

or N P PR B
20 30 40 50 60 70 80 90
2 theta

Figure 3. XRD diffraction patterns of Pd/Al203 and Al.O3 powders
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Figure 4. SEM image of Pd/Al203 whole sphere particles
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Figure 5. Brightfield TEM image (a), darkfield TEM image (b) and Pd (c), Al (d), O (e), C (f) of EDS spectrum scan of Pd/Al>O3
[% 5. Pd/Al,03 YRR TEM [Elf&(a), R&1%H TEM [Elf5%(b) A& EDS REIEEIE Pd (c). Al (d). O(e)\ C(f)

K5 iR, Ba i F(E a B ey Pd kL, FKERS N AlOs 5:4k), B b Al T (Bl b hE®
N Pd Bk, BIKEEH AlLOs 2E4K), EUE RN KRS Pd BRI 5 5] 4 BUTE AlLOs b, R KR,
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Figure 6. The graph of methane content precipitated under high temperature and high pressure conditions of Pd/Al203
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