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ABSTRACT 

BNL ~~H57 

A metal hydride process employing LaNi4.7Alo.3 for recovery of hydrogen from supplemented 
natural gas is being developed. Experimental studiea performed to date involved determination of the 
equilibrium hydrogen capacity of the alloy, meaaurement of the adsorption behavior of contaminant 
gases, and measurement of rates of hydrogen absorption by the alloy. The results were used as the 
basis for a preliminary proce.a design and cost estimate. 

IN'I'ltODOCTION 

The idea of extending natural gas supplies by addition of hydrogen has attracted considerable 
interest recently. Blends of natural gas witb up to 25 percent hydrogen, so-called ·supplemented 
natural gas·, would be tolerated by existing transmission and distribution systems and would require 
little or co change in end use devices. A coat effective process for recovery of hydrogen from 
supplemented natural gaa would provide opportunities for widespread uee of hydrogen if and when the use 
of supplemented natural gaa becomea a reality. 

Thia paper deacribes some development and design work on a hydrogen recovery process based on the 
use of metal hydrides. These =aterials selectively absorb hydrogen from mixtures with other gases and 
subsequently desorb tbe hydrogen in subatantially pure form a. the pressure is decreased or temperature 
increased. They are particularly effective in recovery of hydrogen at the low partial pressures 
existing in supplemented natural gas since metala or alloys can be found with very lov hydride 
dissociation pressures. Recovery by alternate means, such ai pressure swing adsorption or membrane 
processes, is favored by higher hydrogen partial pressures in the feed stream. 

PR.OC!SS - P.ARAm:TU.S 

The feed stream is taken to be a blend of 20 percent hydrogm with natural gas leading to the 
composition shown in Table 1. The odorants, as will be mentioned below, severely poison the alloy to 
be used. It is thua deairable to take the feed from the tran~ission line before ita juncture with the 
distribution system where the odorants are added. The minimum pressure at auch a takeoff point is 
typically 400 psia. Thia pressure will be taken as the recovery process feed presaure. Hydrogen 
production rates of interest range from 1 to 100 x 106 sCYD. 

ALLOY PROP!XTIES 

In the present work LaNi4.7Alo.3 vas chosen as the procesa alloy since it has adaorption 
pressures which are ~1 compared to a feed partial preaaure of, say, 5 atm, at convenient, 
near-ambient temperatures. P'tessure-comp<Js.ltion isothenu for t.hiR alloy we~ measured at 25°, 50° and 
100° c. The results are shown in Figure l. From the Van't Boff relation, the heat of absorption was 
found to be 8 . 1 ~al/p-mole H2 in agreement with the valuea given by !luston and Sandrock.(l) The 
difference between the abaorption and desorption presurea is greater in the present work than that 
reported by Huston and Sandrock. 

GAS-ALLOY !Nn:RACTIONS 

Studies of the interaction between gas mixture component• and the hydriding alloy were carried out 
to determine the nature of the interaction and to determine parametera of the interaction important for 
process design. Teats were conducted involving exposures of pure non-hydrogen components to the alloy 
anrl of mixtu~~- of these components with hydrogen. 

Pure Component Tests. In these tests, the adsorption of pure nonhydrogen components on the alloy 
surface vas measured. Also the effect on the hydrogen abaorption rate of exposure of the alloy 
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Table 1. Composition of Pipeline Natural Gas 
and of Supplemented Natur•l Gas 

Compound Composition, percent by volume 

Pipeline Gu 

o.o 
96.3 
2.1 
0.4 
0.2 
0.1 
0.1 
0.1 
0.7 
4 ppm 

Pipeline Gas + 
20 percent H2 

20.0 
77.0 

1.7 
0.3 
0.1 
0.1 
0.1 
0.1 
0 . 6 
Jppm 

a Primarily mercaptan&, principally t-butyl 
mercapcan. 
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Figure 1. Hydrogen Absorption/Desorption 
Isotherms for loco aY-STOR Z07, 
L&Nia.7Aln.1 (Heat No . 
T-84405-Z). 

surface to such components vas measured. For those gases which poisoned the alloy, reactivation was 
sought by raising the alloy temperature in the presence of hydrogen. Experimental procedure~ and 
resul ta are reported in detail in Reference 2. The results i.mporta11t for pre sene purpoaea are as 
follows. The alkanes generally do not diminish the hydrogen absorption rate, C02 acta as an inhibitor, 
and the mercaptans are poisons. Regeneration of alloy surfaces poisoned by mercaptans requires 
exposure to UHP hydrogen at temperatures in ·the range 260 to 500°C. 

~xture Tests. A schematic diagram of the apparatus for these tests is shown in Figure z. Two 
forma of alloy were used: powder and pelleta. The powder vss Inco HY-STOR Z07 with a nomic..al formula 
of LaNi4,7Alo.J and heat no . T-84405-2 . The pellets which were also made of LaNi4,7Alo.J are 
proprietary materiala developed by an MPD Technology-Air Products joint venture . ~e reactor• were 
made ot seainlesa steel and contained 2 . 5 grams of active alloy each. 

The temperature of the reactor va. maintained constant to within ±o.l°C by means o£ a constant 
temperature oil bath. The experimental procedure waa as follows: 

1. Activate the alloy sample, and then cycle aeveral times with Hz (Matheson UHP grade with a minimum 
purity of 99.999% R2) at the choa~ temperature until a steady absorption rate vas obtained. This 
is defined as the baseline or original absorption rate. 

2 . Cycle with hydrogen-impurity mixturea until a steady abaorption rate w .. obtained. 
3. Cycle with hydrogen at the same temperature to investigate the extel:lt of recovery nf rh .. nri gin.al 

absorptlon rate. 

The ratio of the absorption time ~=mediately fol1nw1ng arriv?tiou to that follovias eubeequc c 
operations was defined as the relative abaorption rate. 

Three types of operations were conducted: batch, conscant preaaure and flow-through experiments . 
The batch and constant pressure experiments were car~ied out using dead-end reactora. In the batch 
operations, absorption involved a fixed volume of H2 in a closed system. Constant-pressure operation 
involved the same system connected to a live Hz source maintained at constant pressure. Flow-through 
experiments were operated at a constant Hz flow race and a fixed pressure level . 
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Figure 2. Schematic diagram of experimental apparatus. 

a2-c~ Mixtures. Batch contacting experiments on interactions between B2-co2 mixtures and 
LaNi4.7Alo.3 were carried out with repeated cycles of exposure and evacuation at several 
tempe.r:ature.levels. __ .The relative rate decreased with !NIIIber of cycles to a steady value usually after 
about 5 to 10 cycles, a typical result being show 1u Figure 3. Folloviog attai'lllllent of 11 steady 
value, restoration of the original absorption rate was attempted by repeated cycles of exposure to B2 
and evacuation. As shown in Figure 3, an increase in relative rate was obtained which leveled off 
after about 3 to 4 cycles. Results of a series of such experiments are shown 1D Table 2, where 
"ultimate evacuation pressure" mesas the final equilibrium pressure 1D the evacuation part of the 
cycle. Only batch experiments were conducted. Both alloy powder and pellets were tested. 

One striking point as seen from Table 2 is that for the "alloy powder, the original rate was 
completely recovered when using a 16 psia ultimate evacuation pressure whereas only partial recovery 
was effected at o;l torr. Bovever, for alloy pellets, the original rate waa not. fully recovered with 
the 16 psia ultimate evacuation pressure at S0°C but waa completely recovered with 0.1 torr at l00°C. 
It seems that the ultimate evacuation pressure has a stronger effect on the alloy powder than it has on 
the pellets and the temperature baa just the opposite effect. In all cases, a higher temperature, a 
higher evacuation pressure and a lower C02 concentration increase the hydrogen absorption rate. 

It is also seen from Table 2 that much higher absorption rates were obtained with pellets than 
with powder either with B2 or with mixtures. This fact is consistent with tbe principles underlying 
the design of the pellets. 
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Figure 3. cyclic test of LaNi4.7Alo. 3 powder at l00°c. 



Table 2. Effect of co2 on a2 Absorption Rate-Batch E.xeriments. 

A. UBP H2 absorption for freshly activated alloy 

Initial R2 partial 
pressure, psia 

Absorption rate (r0 ), ~(R/M)/m1n8 l 
powder pellets 

1. Ultimate evacuation pressure (Pev> < 0.1 torr 

25 
so 

100 

2. Pev • 16 ps1a 

89 
89 

180 

so 
75 

100 

90 (powder),BO (pellets) 
142 

1. Pev < 0.1 torr 

(1(1\lli~r 

25 
so 

100 
100 

pellets 
so 

100 

2. Pev • 16 psia 

esger 
75 

pellets 
!iQ 
75 

100 

180 

No. of cyclu 
to·c steady rate 

13 
11 

5 
7 

14 
16 

4 
8 

15 
6 
5 

a Ac::tual absorption time. 
b 1(;~ - 0.2 1 

0.405/0.27 
0.405/0.78 
0.095/0.43 

0.429/1.08 
0.406/1.4 

0.663/0.11 
0.316/0.98 

0.66/0.6 
0.58/0.58 
0.28/0.55 

No. of c::yc::la6 
for steady rate 

0.075 
0.132 
0.4lb 
0.18 

0.207 o,,, 

0.26 
0.32 

0.217 
0.65 
0.67 

4 
5 
3 
5 

10 

' 
6 
5 

1M 
7 
3 

0.41 
0.566 
0.51 
0.57 

0.63 
1.00 

l.OO 
l.(J(J 

0.1\~ 

0.93 
1.00 

H2-~ Mixtures. The results for these tests are presented in Table 3 for alloy powder and in 
Table 4 for pellets. In batch experiments with powder, it is seen from Table 3 that the steady 
relative rate is strongly affected by the ~ concentration. Since ~ does aot interact with the 
alloy, the .reduction in absorption rate should be due co 111488 transfer resistances. Tb confirm this, 
experiments were carried out with pellets under batch, constant pressure, and flow-through conditions 
as described before. As shown in Table 4, the hydrogen absorption rate increases from batch to 
flo-through conditions not only with H2 but also with the mixtures, With H2, the change -• sms.ll 
because any diffusion limitation or mass transfer resistance is 8111411. However, the improvement of the 
hydrogen absorption rate was dramatic with B2-CH4 mixtures, especially at higher ca4 concentrations. 
Onder flow-through conditions, the absorption rates with mixtures were about the same as with a2 , 
indicating that mass transfer resistance or diffusion limitation was almost completely eliminated •. 



Table 3. Effect of Methane on H2 Absorption Rate---Alloy Powder 

Batch experiments 

Ultimate evacua.tion pressure • 16 psia 
Initial H2 partial pressure • 144 psia 

T, 0 c Yea ,% 
4 

UHP H2 a2-cu4 mixture 

ro, O.(HfM)/mina r/r0 

60 10 0.265/0.123 0.013 
60 50 0.265/0.127 0.00015 
75 0.6 0.406/1.03 0.954 
75 10 0.265/0.38 0.0122 

a Actual absorption time. 

Table 4, &!feet of Methane on a2 Absorption Rate-Alloy Pellets 

Ultimate evacuation pressure < 0.1 torr 

Batch (Initial a2 partial pressure • 80 paia, except as noted) 

·a;·abaorption rate, &(H/~)/m1n8 

YCH ,% 
4 

UHP H2 H2-c~ mixture 

50 
50 
15 
15 
75 

10 

10 
10 
50 

0.71/0.5 
0.74 
0.526/0.07b 
0.27 ' 
0.27 

Constant pressure (Feed a2 partial pressure • 80 psia) 

50 
75 
75 

Fla-throua!! 

50 
50 
75 
75 

(H2 

10 
10 
50 

partial pressure 

10 

10 
50 

• 80 

0.762/0.5 
0.47 
0.47 

psis, flow 

0.762/0.5 
o. 77/30 
0.47 
0.47 

a A~tual absorption time: one minute, or as shown. 
b Initial s2 partial pressure • 138 paia. 
c Slightly different operating conditions. 

rate • 

0.486/0.5 

0.526/0.38b 
0.197 
0.062 

0.586/0.5 
0.234 

. 0.084 

300 SCO!) 

0.753/0.5 

0.44C 
0.475C 

As seen in Table 4, most of the equilibrium capacity was reached in the first minute of 
absorption under flow-through conditions. This suggests that a short absorption cycle time may be 
employed. 

PROCESS O!SIGN AND ECONOMICS 

Based on the experimental work described above, a preliminary process design was prepared. The 
principal process components consist of a pretreatment section and a hydrogen recovery section as 
shown in Figure 4. Pretrearment is definitely required if mercaptans are present. If mercaptans are 
absent pretreatment may be required to reduce the C02 concentration prior to hydrogen absorption. 



Alternately, larger absorption beds may be used to overcome the reduced ra·tes brought about by the 
presence_.of o.~ per~ei:lt .C02. The choice.,of our approach ?r the other will depend .. upon. cost es.tilllates. 
yet to be ~~~ade. It is likely that the prhreiftment· option' will be le.ss expensive·>· 

The pretreatment scheme shown is for removal of either lllercaptan or C02 and would involve 
adsorption with an adsorbent appropriate for the species of interest. A two-bed system is shown. One 
bed is on line while the other is being regenerated. 

The hydrogen recovery section consists of two beds of LaNi4,7Alo,3 pellets, one absorbing and 
the other desorbing. A third bed may be necessary if further work discloses that a long desorption 
time is required. 

Cost estimates for hydrogen recovery were prepared using the Lang factor method (References 3 and 
4) and assuming an alloy cost of $10/lb, 80 percent hydrogen recovery, 70 percent utilization of the 
alloy capacity, and carbon steel as the material of absorber construction. The cost of any required 
regeneration is not included. 

Results of the cost estimation work are given in Table s. While the base case cost of $1.40/106 
Btu appears to be at least compe.titive with the ·costs of other hydrogen recovery methods, including 
membrane procesSeS and pressure swing adsorption processes, the final COSt is exPeCted tO be higher. 
Hence it is too soon to pass judgement on the process based on cost consideration. 

Cost sensitivities are ahown in the lower half of Table 5. The cost is highly sensitive co ths 
concentration of hydrogen in the feed and to the presence of odorants. It is only weakly sensitive to 
production rate awl feed pressure. 

CONCI.OSION 
"'"'""'"""-"'''"''"'""'~··"'"'-· 

Experimental studies of interaction& of the components of supplemented natural gas with 
LaNi4,7AlO/J have shown the following. 

(a·) Alkanes were physisorbed by the alloy and did not detrimentally modify surface behavior. 
An external mass transfer resistance was evident in the absorption of hydrogen from a2-ca4 mixtures. 
This resistance was greatly reduced in a flow system. 

0 0 
! 

Figure 4. Process flowsheet 
(conceptual). 

Table 5. Preliminary Estimates of Cost of Hydrogen Recovery 

Base ease 

H2 eoncenrration in feed 
Fee4 preuure 
R2 recoyery rAr.e 
Mercaptan eoncentraeion in feed 

Factor 

a, concentration in feed ~ 10% 
Feed pressure • 1000 psia 
B2 recovery rate • 10 x 106 SCFD 
Mercaptan eoueeutratlon 1u reea • l ppm 

20% 
400 psta 
h:lo6 scrD 
0 ppm 

Change in Base Case 
·cost; :z:· 

+120 - ) 
-12 

+ !ilo 

.,. .. .;. 



(b) co2 was chemisorbed by the alloy and it acted as an inhibitor to hydrogen absorption. 
Inhibition was evident in a reduced rate of absorption that was temperature dependent. 

(e) Mercaptans poisoned the alloy with respect to hydrogen absorption, blocking absorption 
altogether. Regeneration was possible by exposure of the alloy to hydrogen at a temperature between 
260°C and S00°C. 

Preliminary cost estimates of a recovery process based on these findings indicate a hydrogen 
recovery cost of $1.40/106 Btu, competitive with other recovery schemes. 

The authors express appreciation to Rodney K. Richter for expert experimental assistance. 
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