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Abstract

Absorption and desorption of hydrogen isotopes by Pd-Pt alloys are studied to find
appropriate column materials for the self-developling gas chromatography around room
temperature for hydrogen isotope separation. The equilibrium pressure of H, and D, increased
with increasing Pt contents in the alloys in the range from 0 to 10 at% Pt, indicating that the
free energy of hydrogen absorption and hydride formation decreased with Pt contents. It was
found that the decrease in the free energy change is principally due to the decrease in the heat
of absorption and hydride formation ; the entropy change was kept almost constant
irrespective of the alloy composition.

On the other hand , the isotope effect evaluated from the ratio between the plateau pressures
of H; and D, was not much dependent on the alloy composition , indicating that any alloy
investigated will be applicable as a separation column, depending on operation conditions of

the self-developing gas chromatography.
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Fig.1 Schematic diagrams of PCT device.
(a)Block diagram, (b)Details of the measurement part, (c)Sample cell
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Table 1 Chamical composition of the alloys determined by ICP

Atomic percents of Platimun

Sample in Pd-Pt alloys
Pd-4at.%Pt 3.88
Pd-8at. %Pt 8.05
Pd-10at %Pt 9.83

Table 2 Lattice parameters of the alloys , palladium and platinum.

Sample Atomic ratiof(at.%) Lattice parameter (A) Ref
2.8 3.890 ref. 6
4 3. 889 This work
5.7 3. 891 ref. 6
8 3. 892 This work
Pd-Pt alloys
8.8 3.892 ref. 6
10 3.893 This work
12 3. 893 ref. 6
15.4 3. 892 ref.5
3. 891 This work
Pd
3. 891 ref. 6
Pt 3.924 ref. 6
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Fig.11 Comparison of the hydrogen absorption isotherms
of pure Pd and 4, 8 and 10at.%Pt alloys at 343 K.



Pt-Pt & & OKFE RO AW — BUb a1

FBEDHDT DL & bIC, HEOABT XX —FANE <725 T L HRR LT
W3,

LOKRRZREEIZE IR EBLERNIITHET 201, KFEBEC 205577
F—ORRRE L, EOEAZREDOFHICH L7 v b (Van' t Hoff plott) L
To. T DOREREFig. 128 L UFig. 13RT. MO & 51, A dREL H 212250 Th
BEWVREBTROVWEREL T, ZHLOOEROBEE 1 OAFRIMERDT L Z L
BB LAH " &, S YEYIF LV > bu B —E{LAS s &R 7. R
HEBRPD AH 7B L RAS 22RO, FDOER FTable 3, Fig. 14ITR L.
P HPA-PtEEDKFILWAERD AH P IIPtIAR DM & & HITIZITEAEIC AT
D5, ASTHIPHERRICERFR TISIE—EETH B Z L bz, Pd-PtE&DKE
{EBERDOBRSIFET — ¥ % Flanagan H 1T BRALFEBHFHEIC LV RTV B 59, Kz
BEZORROLRLTHD. TORBRESEBRER L BT 5 LI ZITESHICRD
THEV O MBMIT—B L7, AH " OJEIRR L 5. ERILFNFEL, EHE%
FEEBEMZE (AE) OXNV VR FORIYEBELERD, T2 bLBHEH
T=FERDD L Vo LB R BSLETH S, £ ZOFHEIABBEE VS
e OREITBRVVREIRIZRE STV 5. Flanagan® 57— & 13, IR EEFEFH0~50°C TfT
ONELOTHY, bIBREOERENEEND LEXI NS,

Temp. 7/ °C Temp. 7/ °C
300 250 200 150 100 50 0 300 250 200 150 100 50 4}
T T T T T T T . T T T T T T
sl o Pd ] 3k = pPd
e  Pd-4at. %Pt
o Pd-4at.%Pt A Pd-8at %Pt
2r s Pd8at%Pt |  2f v Pd-10at.%Pt |
- v Pd-10at.%Pt
E 1t 12 1t
® E
. ®
< o e
c -
- c
Ak 4 - 41
Pd-Pt Alloy + H, System Pd-Pt Alloy + D, System
-2 L Absorption -2+ Absorption
H/Me=0.20 H/Me=0.20
3 1 1 1 i 1 3 1 1 1 1 1
20 24 28 3.2 3.6 2.0 24 28 32 36
1000K / T 1000K / T

Fig.12 Van't Hoff plot for protium absorption by Pd Fig.13 Van't Hoff plot for deuterium absorption by
and Pd-Pt alloys in the two-phase regiona — 8. Pd and Pd-Pt alloys in the two-phase regiona— 8.
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Table 3. Enthalpies and entropies for Pd and Pd—Pt alloys in the two—phase region.

AHe—# Ase* PN AsEe Ref
(kd/mol Xs) (/K - mol Xo) (kd/mol X) W/K « mol Xa) eterence
PdHo.» -33.1 -82.2 40. 2 94.7
This work
PdD,.» -29.8 -83.2 35.1 91.6
PdH -37. 4 -92.5 39.0 92.5
PdD -33.6 -93.3 35.4 93.4 Ref.7
PdT - - 33.3 91.7
Pd—4at. %Pt Ho.» -30.9 -82.6 37.4 97.9
This work
Pd-4at. %Pt Do, -26.7 -81.9 31.6 93.1
Pd-8at. %Pt Ho . -29. 4 -87.6 31.3 93.1
This work
Pd-8at. %Pt Do.. -26.4 -90.4 28.3 96. 1
Pd-10at. %Pt Ho.» -28.9 -91.7 30.7 97.3
This work
Pd—10at. %Pt Do -26. 6 -96.5 25.0 97.5
wle O This work
O O This work
7 2 ® Ref6
< Dz
2 " B  Ref6
: .

Fig.14 Change in AH*~# with Pt content
in Pd-Pt alloys.

O and O were determined in this works.
@ and M were obtained by Flanagan et al.

electrochemically.

Atomic ratio , Pt/ at.%
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Fig.15 Comparison of PCT curves of protium and

deuterium at 353K for Pd and Pd-Pt alloys.
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Fig.16 Temperature dependence of Pp,/Py; ratios.
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Fig.17 Potential wells and zero-point energies of the
molecules H, , D, and T, in gas phase and of the atoms H,

D and T at octahedral sites in Pd” and Pd-Pt alloy.
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