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kinetics studies, it was later decided to build a separate system for 
kinetics measurements. This would allow incorporation of more flexibility 
and better adaptability to the specific needs. Measurements of desorption 
are currently being made with new equipment. 

A selection of new systems of interest for enhancement studies has been 
outlined. The enhancement studies have been initiated. The binary alloy 
systems, V-Cr and Wb-Mo, have been arc melted and experiments have been ini- 
tiated with V-Cr alloy system. A G0% V-U0%  Cr alloy has been investigated 
and found to absorb at room temperature with only a pressure activation. 
The Cr seenu tc impart properties to the surface which allow ready absorp- 
tion of hydrogen. Total absorptivity at ?50C was determined. 

Some early consideration has already been given to applications for DOD 
use. Discussions have been conducted with personnel at the U.S. Army Tank 
and Automotive Command near Detroit, U.S. Army Fuels and Lubricants Research 
Laboratory in San Antonio, and.  the U.S. Army Mobility Equipment Research and 
Development Center at Ft. Beivoir. These discussions center around the use 
of hydrides for a fuel for either auxiliary syrtems or for primary motive 
power in armored vehicles. A new concept for combined composite armor and 
fuel systems has been proposed. Discussions are continuing to develop 
interest in feasibility studies. 
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III.  LITERATURE SURVEY 

A collection of the hydride literature up through 1970 alrealy r-xist- 
m our facility because of the previous extensive interest and research 
investigations carried on since 1955-  This collection has been and will 
continue to be an extremely useful source of information. Much of this was 
used as reference material for the book "The Metal Hydrides" authored by 
Mueller, Blackledge, and Libowitz. 

Representing the period from 1970 to date, a computer-aidf-d literature 
survey was conducted early in this report period In the subject area of 
metal hydrides and kinetics of desorption". A new service is now .-.vaUable 
employing probably one of the most thorough abstract services, ehe Chemical 
Abstracts. The Chemical Abstracts have been completely placed in computer 
retrievable storage and made available selectively by means of key-word 
searching with the computer.  In this way the Chemical Abstracts wero 
searched through the computer readable files. The service was rendered 
through the System Development Corporation in California by an on-line 
searching system via telephone couple and teletype machine. 

Another literature survey was conducted through the NAJA Tjchnology 
Application Center at the University of liew Mexico at Albuquerque  Three 
areas were sought; 1) hydrogen generation and absorption by hydrides 

11  ^A^1
^ 

utill;'-ation' ar,J 3) general information on hydrides'and hydrogen, 
ihe TAG group is one of the most comprehensive information centers In th^ 
United States,  tt draws from 50 data bankfl of government, industrial, and 
foreign sources. Mo;;r, of the data banks are on computer terminals at VAC. 

The current and future literature seardi in thl« area will be contin- 
ued by means of reference to the Current Contents. 

J 
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IV.     CONFERENCE MD F1ETJ) TBTPq 

paper^^senteT'ke't^hnr CrferenCe ^  attended at *** a ^^^^ terlstic^ of S "'    f    techn^al paper was entitled,  "The Safety Charac- 

idifth tu ? tSs "n^fs z:: ihe first ^or studies ^^ 
««1 Ene^ Confer:

h„::"C°n
ntMi2; 8^^^ TM^ SS'^r^ 

^o^Sn^anrth'T06' ReSearCh ^^  ^ncyrthe^atJona  's    e  le 
Sd ■ ° I ^e University of Miami.    The paper submitted will be pub- 
lished In a proceedings to be available in the near future. 

Three field trips were scheduled and completed to facillM^ .««.i« <« 

oral^oThr10' ^ ?aVe ^^^ been ^^ Tt^£^£ Z 
litieT^ilTw^re?'  ^^  ** ^ ^^^    ^ -dividujs  and faci- 

a.    Dr.  J.   D.  Farr at Los Alamos Scientific Laboratories  in New Mexico. 

^    lUinllT.  Greg0ry ^ ^  InStitUte  for Gas Technology in Chicago. 

^    Si J; H; Wira^1 dt Brookiiaven »«ti««! Laboratories on Long Island, New York. K 

studi^n^hT/^, ^n' ^ USefUl  in aPP^!!ing the current  .tutus  of 
studies  in  this  field.     Dr.   Farr has  conducted studies  on rare ewth-Il     and 
Co.  compounds  and had Just coopleted an internal  rep.- , which vTnhtJntT 
Thfs work was  conducted to develop a system of getteri.g of hjdro^en    n 
weapons application.    The study wa^ purported by Farr t . be curso^ and h^d 
to be terminated short of their goals and interests due  oo the ^sSf of 

m^re    t:?; co6 T^  n0-   S1^  ^ StUdieC  in thiS  — i- the" atl 
bnitv'nf^!.     C°"C    S10n ^^^t^ that "there does seem to be a r-al possi- 
Dr    Srf.        f      5 COmpounds  for the storage and transport of hydrogen" 

fo"  energy n^eds0:6 ^ StUdieS  t0 ^^ ^^ ^ernoo^iolTneans 

V» -i«0^  ^T haS great interest  in solid hydrides  to store hydrogen 

desert      ^»S!     r"' ar0 «^O*orl,!. "« rtqulre too mud, LrrsyZ 

a. Brookhaven National  Laboratories - AEC Support 
Dr.   R.  Wiswall - Metal Hydrides. 

b. Allied Chemical Co.  - Internal Support; 
Ur. G.   Libowil,/ - Metal   hydrides. 

■■■Mi 



c. Unive-slty of Miami - RAM Gupport; 
Dr. T Veziroglu - Hydrogen Economy. 

d. otanfürd Research Institute - R/JJN Support; 
L'r. E Dlxon - Hyrdogen Economy. 

Dr. Gregory has many programs underway to study various aspe ts of the hydro- 
gen econony and it will be useful to remain in contact with him. 

Dr. Wiswall has conducted practically all of the recent studies in the 
area of metal hydrides for enerpy storage.  He has continuing programs going 
on currently as follows: 

a. A grant from EPA in '.an Arbor to assess hydrogen storage for 
automotive purposes.  This is principally engineering oriented. 

b. An AEC program to determine the isotope effects of absorbing 
and desorbing H2, Up, or Tp in solid occluders. 

c. A program witn the Electric and Power Co. of New Jersey to 
test the feasibility of storing off-peak power by means of 
electrolyzed hydrogen in FeTi. 

c. A continuing program with Pt. Belvolr (and possibly AJ-'PA) to 
prepar? solid hydrides to operate remote fuel cells.  Vhcy will 
be screening new alloys. 

Dr. Wiswall indicated that Stanford Research Institute may also be undertaking 
an ATw'A supported program on hydride materials by Dr. Sirette. 

The laboratory facility was toured and their equipment inspected.  The 
visit was useful because we were in the midst of the design of our equipment. 

mammm 
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V.       CHARACTERIZATION OF LaNl^ 

A: As Received Material 

v. rnoÜI6 LaNi5 "^ WaS ordpred ln the form of crushed granules of about 
iLT    ^YT SiZe fr0m the Molybde^ Corpowtion of America from induc- 
tion melted .toe..    Both metallographic and X-ray analyses were performed 
on the original   Ingot.    Metallographie analysis demonstrated that  the in^ot 

tSnlnTff TT    ^ mJcro3t™^-^" insisted of very large grains  con-' 
IvltlV*  ffn+'  S

+
Ub^rain ^ructure.     X-ray analysis was  conducted and the 

ZT^m    t  i7* 1° COnSliit  0t LaHi5 ^U3  a trace «««a* or second phase. 
Experimenta] ly determined values   for  the lattice parameters  and the density 
agreed with  the published values.     The  data obtained were: 

a = 5.012 8 t 0.01 S 

c =  3.978 2 i 0.009 2 

e = 8.290 gm/cc 

The most  recent data by KM.  J.   Buschow and H.  H.  Van Mai   (5)   compare 
favorably,  in that,     a = 5.019 8,     c = 3.986 2,  and p - 8.256 «m/cc   for a 
composition of 67.61 weight percent nickel.» 

\C:h™lcai analy"^ «as  conducted on the nickel  content   and  the  impurity 
content.    Hie  following data w^re obtained: 

Nickel   Analysi;j,  Wt* 

(1) 67.50 

(2) 67.59 

(3) 67.75 

Ave  67.61 

Impurity Analysis, wtji 

AT 0.01 

Or G.005 

Co 0.01 

Cu 0.00? 

Pe 0.02 

Mg 0.001 

Mi, 0.001 

Hg — 

Nb — 

Si 0.005 

All other elements are brlow 
■ .  limits of detection. 

See Section VII, C, for further discussion of lattice parameters as a 
function of nickel content. 
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The theoretical composition for LaNi^ is 67.88 weight percent. 

B.  Hydrided Powders 

The first consideration prior to commencing the safety studies and the 
general hydriding studies was to characterize and understand the phyaical 
nature of the powders one would be dealing with. It was established in the 
pioneering studies of van Vucht, et al. (2) that LalU, ahsorbs large quanti- 
ties of hydrogen up to 6.7 atoms per formula weight of the compound.  In the 
process the unit cell expands 25 vol. percent.  In turn, the volume expan- 
sion creates such large strains in the bulk that the fracture stress ia 
exceeded. This results in the material breaking up into fine particle siz^ 
comminution as a function of the number of cycles of hydriding. This was 
accomplished in three vogrs: 1) by classification with screens, ?)  by mea- 
surement of the average particle size with optical microscopy, and V  by 
observing the particle topography, shape, and fracture surfaces with scan- 
ning electron microscopy.  The LeMr; granules were first broken down to 
grinns In the size range of 20 mesh for hydriding. Three portions of 
hydrided Lalflj were then prepared: one cycle, 10 cycles, and 20 cycles. 
The apparatus used to conduct the hydriding of these samples will be des- 
cribed VJ  detail in Section VII. The Bcreen classification of the three 
hydrided samples is presented below.  The three screens that wer- employed 
were:  200 mesh, 325 mesh, and kOO  mesh. The UOO mesh screen has an opening 
size of 37 micron. *" 

One Cycle 

Screen Classific at ion tfelj ht  Percent 

+ 200 me 
+ 325 
+ J+oo 
- i»oo 

sh 0.5 
26.5 
10.5 
62.5 

Ten cyci g 

♦ 200 
+  325 
+ i»oo 
-  1*00 

0.1 
U.l 
0.2 

99.5 

'IV en t.y cy cle 

+  f'OO 
+ 325 
+ hOO 
- kno 

0.1 
0.1 
0.1 

99.7 
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As one observes , most of the size reduction occurs in the first cycle 
where 99-5^ of the material Is  already less than Jh microns.    After that 
the size of the particles appears  to stabilize in cpite of the additional 
number of cycles.    The average particle size as determined by the ASTM 
optical method also demonstrated that there isn't much change in size after 
the first cycle.    The average size was  found to be 15 microns  after the 
first cycle, IP microns  after 10  cycles, and 11 microns after DO cycles.   It 
was very interesting to observe the particles by scanning electron micro- 
scopy.    Figure  La shows particles  of tht.- unhydrlded LaRle at 133x.    Figure lb 
shows  LaNic particles  at 666x.     In Figure 1c one sees particles  of hydrided 
and dehydrlded LaHle after one cycle at 133x.    Figure Id shows the same 
particles  after one  cycle at t''66x.     Figure Pa i^  a view of LaMr  particles 
after ten cycles of hydriding and denydridlng at 133x.    Figure 2b  is similar 
to 2a except at 666x.     Figure  2c  is the particle configuration after twenty 
cycles  at  133x.     Finally,  Figure  Pd shows the same parli'-les  in 2c except at 
666x.     Note the extensive microfracturing within individual particles  after 
the  first hydriding cycle.     Thir  almost gives  the material   a sponge-like 
capability because of the extensive surface  area of the exterior surfaces  of 
the particles  plus  the unexpected  interior surface  areas. 

MM 
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a.    Particles of Unhydrided 
LaNIg at 133x. 

c. Particles of nydrided and 
Dehydrided LaNir after one 

Cycle at 133x. 

b. Particles of Unhydrided 
Laiii5 at C66x, 

p ̂
^^ 

ft 
BIF^ •> * 

^K^Sv 

r      »" 

Jfm 
d. Particles of Hydrided and 

Dehydrided LaNic after one 
Cycle at 666x. 

Figure 1. Structure of LaNi,. Powders, Unhydrided and Hydrided. 
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a.    Particles of hydrided and 
Dehydrided LaNi5 after Ten 

Cycles at l33x. 

b.    Particles of Hydrided and 
Dehydrided LaNi"    after Ten 

Cycles at 656x. 

f4 }        ^        ' 

c.    Particles of Hydrided and 
Dehydrided LafJi,  after Twenty 
Cycles at I33x. 

«. 

>f 

d. Particles of Hydrided and 
Dehydrided LaNir after Twenty 
Cycles at 666x. 

Figure 2. Structure of LaNi5 Powders, Dehydrided and Hydrided. 

/ 
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was opened to air to unload the chamber and load the safety system. Wh^n 
the powders were in place for the respective tests, thev were allowed to 
rise to ambient temperature at which time the test was conducted. 

1.  Ignition and Combustibility Properties 

For reactive metals, a strongly exothermic reaction occurs with the 
oxygen in air.  Ignition of metal powders is the temperature at which the 
rate of heat generated with the air-surface reaction exceeds the heat loss 
to the surroundings. The reaction is then carried on autocatalytically, and 
the powder continues to combust as long as the supply of air is sufficient 
and the reaction products on the particles are not impenetrable to oxygen, 
bince the intermetallic compound, LaNi., is nickel-rich, one would not 
expect the unhydrided material to be too reactive. Nickel has a low free 
energy of formation of its oxide, whereas lanthanum has a hitfi ^r « enertrv 
of formation. 

The ignition and combustion apparatus is seen in Figure 3. The igni- 
tion and combustion measurements were carried out in a YoO^- coated graphite 
crucnble. A chromel-alumel thermocouple wan placed in a'well in the center 
of the crucible.  The crucible was surrounded by an Inconel tube which could 
be provided either with an air or puro oxygen atmosphere.  'Hie tube was then 
placed into a furnace at 600oC, and the temperature of the crucible was 
monitored on a strip chart recorder.  The ignition temperature war. seen as 
an abrupt rise.  The relative cooibUBtion energy of the sample was determined 
from the area under the curve compared with a blank run.  Figure U is a por- 
tion of the strip chart recording for a sample of pure Ce carried on in a 
pure oxygen atmosphere. Cerium was included to demonstrate a very reactive 
material.  In all of these experiments, the powder size  was -100/+200 mesh. 
Note the very abn^ temperature rise for Ce which is the ignition temnera- 
ture. The following temperature excursion is that during subsequent combus- 
tion.  A blank run gives only a smooth Ü-curve.  Thus, the area between these 
two curves gives the relative combustion energy. Figure 5 is the recording 
of a sample of pure La in pure oxygen.  Its ignition and combustion proper- 
ties are reduced from those of Ce because of the more protective oxide on its 
reacting surface.  A sample Of pure Ni was run in the same manner in pure 
oxygen.  However, no ignition or combustion occurred. It would track the 
blank run.  Figure 6 shows the ignition and conibustion characteristics of 
LaSi3  hydride.  Note that it has a very gentle ignition point and combustion 
energy.  Table I presents the results of these tests.  In pure oxypen, LaNir 
is ignited at a lower temperature and with more energy of combustion eenroared 
to Lalli5 in air.  In air, the energies of both LaMir and LaNi., hydride are 

reduced compared to those in oxygen.  In general, the hydrides either in air 
or in oxygen are ignitable at lower temperatures and have greater combusti- 
bility.  However, compared to a reactive metal like cerium, they are consi- 
derably less ignitable and combustible.  in no case did the hydrogen 
desorbing from the hydride react explosively with either air or oxygen in 
the enclosure. The kinetics of the burning, once ignited, we,-,. Vc1y  slow 
compared to a reactive metal such as La or Ce. 
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Figure 4.     Ignition and Combustion Chciracteristics of CG, 
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Figure 5.     Ignition and Combustion Characteristics of La. 
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Figure 6.     Ignition and Conibustion Chdracteristi es of La'Jir  Hydride. 
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a.    Open System 

I 
b.    Restricted Systems 

Figure 7.     Flammability Tests of LaNi'    Hydride. 
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WITNESS PLATE 
10.16 

^E^^^S^ Q 95 

AIR GAP 

SPACER 

CARDBOARD CONTAINER 

STEEL TUBE 

PROPELLANT CHARGE 

TETRYL PELLETS 
(5.08 DIA, 2.54 THICK) 

DETONATOR 

GROUND DIMENSIONS IN CM 

Figure 8.    Schematic View of Card-Gap Shock Device. 
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jCONTAINING TEST EXPLOSIVE 
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Figure 9.     Drop Test Equipment 
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Figure 11.    Results of Bullet Test. 
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to igrdte'   ^rSi^V0 "tH6 ^ f16 hydrideS  ln general take more energy 
'   i^y io Lnu! hydrided ^ ^y^*** fom takes  consider- ably more energy to ignite, 

Sample 

LaNi5 

U 

Ufl3 

Th 

ThH« 

Ti 

TiHo 

Zr 

ZrHg 

6.    Dust Explosion Test 

Minimum Igniting Energy 

O.OI4 Joules 

0.16 

0.000001* 

0.000032 

0.000001* 

0.00000^ 

0.0000?l4 

0.021» 

0.000006 

0.0003? 

of JS hv£^ ^plodlng a charge in the center of mass of a hulk amount 
of LoNi hydride powder was determined at the DM ballistics rang.. A charge 
o    JOO gr^  of powder Waa placed  In a plastic container.    Imbedded  in    he 

powde.   to be diuperaed into u duat cloud in the air.    'fte combln.-i effect of 

cLr iü"ar,d heat of the biaBtin6 «pwas "ot -^ to ignite ['rLt 

C.    Dust  Cloud Safety Studies 

»««r, A dUSt  Cl0^  COnsists of a Imitation of bulk powders into an air 
suspension.     A dust explosion is  a rapid combustion of this  cloud where 
heat  is  generated faster than it  is  dissipated.     The explosion la  a tyue 
Ihat aer ^ l^.^^ent of pressure.    Many SJf^ent ^aterlLs 
that  are combustible will, when powdered finely enough,  explode on being 
dispersed in air and ignited.    To cause a dust explosion to occur" one 

"e d^ "o' 'TV0^0" 0f the elOUd UP t0 "«i«nition temperature. 
vlilT^    T * W1St ^ betWeen a well-d^lned minimun, and some  less wej L-defined maximum. 
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2.     Determination of Ignition Sensitivity 

Ignition sensitivity is assumed to be  a function of ignition temper- 
ature    minimum ignition temperature, and minimum explosive concentration, 
it is defined as unity for a dust similar to Plttsburg seam coal  and Is 
calculated as   follows: 

Ignition =  jlgn.   temp,  x mln. 
Sensitivity       (Ign.  temp,  x mln. 

ign.   energy x min,   cone.)  Coal  Dust 
ign.   energy x min.   cone.)  Sample Dust 

Briefly, the ignition temperature Is  determined by dispersing a known 
amount of dust   (usually 0.1 grams)  in a tube furnace at differing level«  of 
temperature.     Ignition Is  determine'' wh^n  the  appearance  of a flame  is 
Observed in the mouth of the furnace. 

The minimum ignition energy of a dust  cloud Is dene in another combus- 
tion tube.     Dispersion of a known amount  of dust is  accomplished through  a 
solenoid valve by an air blast.    The quantity of dust ranges from S to 10 
times the minimum explosion  concentration.     A timed ignition spark  is  passed 
between two electrodes in the combuetion chamber.    The spark is obtained 
from condenser discharge.    The energy of the spark can be calculated from 
the capacitance  and voltage.    The energy is varied for a series of dust 
ievltatlons  until   a minimum energy for Ignition Is determined.    Thia   is 
observed wnen   flame propagation is produced  )i  Inches  or longer in the  tube. 

The minimum explosive concentration or lower limit of explosihi]Ity of 
a dust  is   letermlned In the same apparatus  as  that to obtain minimum igni- 
tion energy; however, an induction spark  igniting source is used.    Known 
amounts of dust  are placed in a dispersion cup and levitated by a blast  of 
air.    Prior to  levitation the spark is struck and the current adjusted to 
23.5 milliamperes.     A filter paper diaphragm in the top of the combustion 
tube must burst  from the pressure from the explosion to comply with the 
minimum concentration as  above.    For more complete details refer to (?0). 

3.     Determination of Explosion Severity 

Explosion severity is assumed to be a function of maximum explosion 
pressure and rate of pressure rise. Again, it is defined as unity for a 
dust similar to Pittsburg seam coal and la  calculated as  follows- 

Explosion    (Max.  exp. 
Severity ~  0-1ax.   exp. 

press,  x max.  rate of press,   rise) 
press,   x max.   rate  of  press!   rise) 

Sample Dust 
Coal   Dust 

Briefly,  the maximum explosion pressure and rates of pressure rise are 
determined  In  the same test  in  a closed steel  tube.     The dust  is  dispersed 
by releasing a known amount  of compressed  air.     The dust  is  ignited by a 
continuous  spark  source.     The explosion pressure is measured by electronic 
transducers  and  the maximum pressure and the  average and maximum rates  of 
pressure    rise developed in the explosion are determined from the plot of 
pressure versus  time.     Th«  dispersion pressure  is  subtracted  from the peak 
explosion pressure to give the corrected maximum pressure.    The average 
rate is  obtained by dividing the maximum pressure by the time interval 
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Two Heiss gauges are attached to the manifold. The one gauge has a 
pressure range 0 to COO psi anC. an accuracy of tO.l* füll scale reading. 
This gauge wi.l be used to check the calibration of the three Marsh Test 
gauges. The seconc Heiss gauge has a pressure range of 0-77 psi (O-ltOOQaa. 
Kg) and an accuracy of ±0.1$ full scale reading. This gauge car. be osed 
for low pressure equilibrium measurements or low pressure calibration of 
the Marsh Test Gauges. 

The reaction chambers were fabricated from Cajon Company Model VCR 
vacuum couplings.  These couplings are fabricated from 316 stainless steel 
U are the gaskets which make the vacuum seal.  Thf chambers are 13/32 
inch ID by 1-1/8 inch deep. The bottom of each chamber was made from 0.150 
inch thick 301» stainless steel plate and welded to the body of the coupling. 
A thermocouple recess 0.130 inch diameter by O.oBo inch deep was provided 
in the bottom of each chamber. A Hoke 1|200 Series stainless stee] valve is 
attached to each reaction chamber. Each reaction chamber is attached to 
the main pressure manifold with a 1/U inch Cajon VCR vacuum coupling with a 
stainless steel gasket. 

The LaNi5 intermetallic fractures during hydriding to a very fine 
powder. Some of the powder is so fine that it has a tendency to travel 
with a gas stream in a hydriding system.  In order to confine the powder to 
the reaction chajnber, the gaskets used to Join the two halves of the cham- 
ber will be fitted with inserts of Pall Trinity Micro Corporation Grade II 
porous stainless steel filter material. The absolute pore size of this 
material is one micron; this filter should allow free fiow of hydrogen gas 
and confine the hydride powder in the reaction chamber.  Figure M La a 
photograph of a reaction ehamber assembly w. th the filter medium inserted 
in the gasket. 

Vacuum for the apparatus is provided by a Welch Model 11*028 mechani- 
cal vacuum pump. High purity hydrogen gas is available from th^ National 
bureau of Standards Cryogenic Laboratory in Boulder, Colorado. Although 
the purity of this gas is not certified by the Bureau, it has b^en used 
routinely by the Denver Research Institute for over 10 years for direct 
hydriding experiments with no purification required. 

o Temperature control for the reaction chambers in the range -30
oC to 

+150 C will be provided by a Haake Instruments, Inc., Model FK-? constant 
temperature circulator.  In the temperature range above 15C0C tube furnaces 
and strip-chart recorder-controllers will be used to crovide constant tem- 
perature for the reaction nhoubera. 

flample preparation wijj I,., performed in an inert atmosphere (helium) 
glove box. The sample can be weighed and loaded into the reaction chamber 
in the inert atmosphere, and the valve attached to the chamber can be closed 
inside the glove box.  When the chajnber assembly is removed from the glove 
box, there will be a helium atmosphere protecting the sample surface until 
the assembly can be connected to the main manifold and evacuated.  Tills 
procedure will guarantee a clean surface for any materials that may be 
particularly sensitive to atmospheric exposure. 

mmm 
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the  LaNis-H System from 25 to 6S0c. 







-'   ^—•'— ' — -    -Mm-i-LII^^WOTlPVl^^P**« ^— 

^ ^L- 

10.0 

9.0 

8.0 

7.0 

6.0 

(/)  5,0 
UJ 
K 
UJ 
X 
a. 4.0 
0) 

§ 
(- 
< 
uT 3.0 
oe 

UJ 

a. 
2.0 

1.0 

□   Run No. I 

o   Run No. 2 

^   Run No. 3 

DEGREES, CENTIGRADE 
55 45 35 

Absorption 

Desorption 

25 

28 2.9 3.0 3.1 3.2 3.3 34 
RECIPROCAL ABSOLUTE TEMPERATURE, xlO"3 

3.5 

Figure  16.    Van't Hoff Relationships for Absorption and Desorption 
Equilibria Determined at Constant Composition,   3.0 H/M 
in the LaNi5-H System. 



Wm^^mil.   U-lJUP^^W^l   I     I    l.J^JM.»!!!!»«!!!,! - i u . ..   ..u.....       _   n L ,■■. j.. ua J'^IB i p i puuipn i      i 

^4t 

10.0 

9.0 

8.0 

r.o 

6.0 

5.0 
(0 
Ul 
K 
UJ 
X 4.0 
Q. 

5 

tr 

Q. 

3.0 

2.0 

1.0 
2 8 

DEGREES, CENTIGRADE 
55 45 35 

Oesorption 

25 
T" 

Absorption 

2.9 3.0 5-1 3.2 3.3 3 4 
RECIPROCAL ABSOLUTE TEMPERATURE, x lO"3 3.5 

Figure  17.    Van't Hoff Relationships for Isothermally Determined 
Absorption and Desorption Equilibria at 3. 0 H/M in the 
LaNis-H System. 

■■HI 





28 

After about 20 minutes the rate decreased; this is attributed to the 
requirement for hydrogen diffusion through solid LiH. 

Effects of Heats of Formation 

It is mentioned in the report that the heat of formation of LiH caused 
local heating within the reaction tube. In one instance it was observed 
that the temperature rose from 150oC tc kCo0C  in a time of two minutes. 
These local heating effects we-e not taken into account in the analysis 
of the experimental result? 

b. The Niobium-Hydrogen System (21*) 

In this system the amount of hydrogen absorbed by niobium approaches 
a hydrogen to niobium ratio of 0.8. However, except at relatively low tem- 
perature and very low pressures, this is but a single condensed phase: 
a solution of hydrogen in niobium. 

Experimental Method 

A Sieverts apparatus was used in which cylindrical niobium specimens 
were suspended under vacuum. From Miermodynamic data the temperature 
required to achieve a certain H/Ifb ratio at one atmosphere pressure of 
hydrogen was determined.  The reaction tube was heated to this temperature 
and hydrogen at one atmosphere pressure was admitted. The pressure was 
maintained at one atmosphere by adjusting the volume of the gaa In the 
burette. The kinetic data were obtained by observing the burette volume 
change as a function of time. 

Observations 

At temperatures up to 550oC the initial reaction rate for all H/Nb 
ratios studied were observed to be linear.  This means that a plot of 
hydrogen versus time is linear.  In kinetic terms this translates to a 
reaction of the O'th order, i.e., the rate of reaction is independent of 
concentration. In the linear region the activation energy, which depends 
on the H/Nb ratio, is of the order of 35 kcal/mole. 

At higher temperatures (600° - 700or) the reaction is apparently 
diffusion controlled, i.e., the rate is called parabolic.  In kinetic 
parlance this means that the rate is of the (-l),th order.  The activa- 
tion energy determined in this temperature range is 0370 ± 600 cal. per 
gram atom. 

c. The Titanium-Hydrogen System Solid Solubility Region (25) 

Titanium does  form a hydride phase, but the study is   restricted to 
thf single fiondenaed  (.bane region of hydrier, »oluhimy  in  t.h.. BHtul. 
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Kxperimer.tal Method 

A Sieverts apparatus was used in which cylindrical specimens of 
partially hydnded tiLaniuin were neated to temperatures from 65O0 to 
1020oC under vacuum. The amount of hydrogen evolved as a function of time 

was measured. 

Observations 

The data were interpreted in terms of Pick's laws of diffusion (this 
implies a parabolic rate and a reaction order of (-l^th. Diffusion (or 
"degasing") coefficients were determined from the experimental lata. 

d. The Titanium-Hydrogen System, Hydride Phase Region (26) 

Unlike niobium, titanium forms a hydride phase different in structure 

from the solid solution phase observed above. 

Experimental Method 
In contrast to the volumetric methods described heretofore in this 

section of this study have been interpreted to be consistent with a rate 
equation of the following type: 

dw 
dt 

kP1» 

where w is the weight gain and P la the pressure of hydrogen.  The signifi- 
cance of this 1/2 order rate equation is obscure. 

System (28) 
The Uranium-Hydrogen System  (27)  and the Thoriun-tlydrogen 

The two studies referred to above are excellent; what effect the 
theoretical aspects of these studies will have on our work is yet to be 
determined.    Suffice it then for now to merely quote the abstracts of these 
papers, with comments  and analyses  reserved for subsequent reports. 

"The reaction kinetics of U^3/2H2^ UH - was studied with fine 
powders  on an ultrohigh-vacuum mlcrobalar^e.     The kinetics 
were  found to be  first,  order with  respect  to uranium for the 
hydridlng reaction and nearly  zt-ro order with  respni-t.  to 
uranium hyiride  for dehydridlng.     A new  reaction mechanism is 
proposed to account  for the experimental observations which 
involves diffusion in the reactant  phase by hydrogen before 
DUCleatlon to form the hydride phaae.    This  reactant.  phase 
diffusion  an'!  phase  transformation  reaction with  its  asso- 
ciated solid state mathematics  accounts  for all   the observa- 
tions made to date on the kinetics  of this  system." 
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Therefore,  another apparatus waa constructed and is now currently b^ln* 
employed for these measurements.    The reaction chamber is copper emd the 
sample is mixed with a preponderance of -I50 mesh copper powder.     Tne 
copper acts  In two ways:    to increase the thermal conductivity to main- 
tain isothermal conditions  as closely as possible, and to provide  a large 
thermal sink.    The copper powder is  lightly pressed with the Lalte hydride 
powder to increase the contact area.     The copper reaction chamber has 
been machined with heat transfer fins  on the exterior surface.    Thus    the 
surface area is greatly increased which will aid in maintaining as   close 
to isothermal  conditions  as possible.     Additionally, the entire reaction 
chamber is placed in a stirred water bath controlled to the reaction 
temperature. 

The remainder of the system is  similar in all respects  to the 
hydriding System described in Section VII, A. 1, with one exception.     The 
system is  compact enough  to bake-out  at elevated temperatures  (up to 150oC) 
and has  a liquid nitrogen trap interposed between the fore pump and th- 
system to prevent back streaming of oil   vapor.    Also, the fore pump will 
be provided on the downstream side with  a gas collection and measurement 
system.     Thus,  one can obtain desorption data in the reaction system 
against  a vacuum. 

3.     Approach 

Studies have been initiated to measure the absorption and desorp- 
tion data in the range of 25 to 650C.  Principally, data will be taken 
in the desorption mode, since this is the information of most practical 
use for applications. Theoretically, it is of Interest to compare " 
absorption and desorption to shed some insight on the two mechanisms and 
how they relate to the observed hysteresis, if this is the case. 

Preliminary data have been taken at 25, ^5. and 650C both in the 
absorption and desorption modes.  Investigations are continuing in shake- 
uown experiments to optimize the experimental conditions. 
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an optimum unstable hydride is poorly developed because of the lack of 
previous experimentation.     It is  one of the objectives  in this  stuty to 
develop these Insights  in the process of searching and screening for alloys. 

The selection of materials has now been completed after carefuJ 
analysis.    Binary, ternary, and quaternary systems were selected.    The 
characteristics that were token into account  in this analysis were as fol- 
lows : 

1. For intermetallic compounds, the selection of structure- 
types that are compatible with hydriding were chosen. 

2. For ternary compositions,  a rationale for selection vas 
followed, such as the search for possible pseudo-binary systems  for solid 
solutions of binary intermetallic compounds. 

3. Considerations of the valence, the  atomic diameter, electron 
concentration, size of interstices,  and electronic structure were taken 
into account as  one would with tlie stable hydridec. 

U,     A  liberal  use of transition metals  in Qroupfl   III,  IV,  and V 
transition netalfl  was  sought because of their known propensity to hydrogen 
occlusion« 

5.    The avoidance of the jurface-active elements becouixi of the 
possible poisoning activity waxi atreBoed. 

6t    The  selection of predominantly brittle materials wa:; made, 
since microfracture is felt to be a criterion of optimum kineticu   of 
desorption. 

7. Attention was  cloaely  paid to the ternary  and quaternary phase 
equilibria in the rationale of selection. 

8. Selection was made of elements  of the  system which  aiv  rea- 
sonable in cost,   although this was  not  always  followed if some  fundumental 
insights  could be  divulged. 

9. The use of eleoerts  In the alloy systems with a density of 
less  than about  ß.>  grams/cc, v.r.  generally followed  for the practicality 
'f application. 

10.    Quaternary addition elements were selected In snnu* caaeii for* 
possible passIvution of the surface  to poisons. 

The screening  of these alloy  systems will be  done primarily by  activa- 
tion '.«xperiments  and by cursory pressure-temperature  ccmponitlon studies. 
The key factors  ;u"e total absorptivity and rapid kinetics.    Once a promis- 
ing alloy has be'-r.  singled out,  a mor" thorough  property analysis will be 
undertaken. 
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C     Experimental 

1.     Studies  of the V-Cr and Nt-Mo Cystems 

The V-Cr and i^b-Mo syBteas were selected because of earlier cursory 
studies  (31) by this  author that Indicated they may have potential  an 
unstable hydrides.    They were found to srontaneously absorb hydrogen at 
room temperature and relatively lower pressures.    The specific  alloys that 
wil^ be screened are: 

V - 30f; Cr 
V - h0% Cr 
V - 50% Cr 

Nb - 10% Mo 
Nb - U0% Mo 
Nb - $0% Mo 

Many of these have already been melted.     Studies have been commenced 
on the V-W  Cr alloy.     It was  found that  it would activate  reudiiy  at  roco 
temperature without raising the temperature as  is the case with  pur^ vanadium. 
A pressure of 600 psi was employed for activation.    Some of the sanple was 
transferred  to the Sieverts  apparatus   for analysis below one atmosphere 
pressure.     Lt vas  found that absorption would occur at very  low pressures  at 
room temperature.     A saturation value of H/V-Cr was found at icOr. and  cur- 
rently, the pressure-teaperature-compositlon relatlonshipa are being outlined 
more fully.    Bxe chromium is of interest because of the potential of obtain- 
ing a    stainless" surface which will  absorb  and desorb  readily  und which will 
not eoiuly  poison. 

£i Dggiffi  yind ro.istruction of Mlt.ra High Pressure ilydri llnri Artaratuj 

It  is  a matter of history In the study of metal  hydrides  thai  many 
Interesting  reactions  have gone unnoticed by  Investlgatora who have  failed 
to achieve an activation of the material, e..'. ,  Fe Tl,  Lalfl, , and the 
dihydri ie state:;  of V and Nl... 

In this survey of unstable hydrides which  ore potentially serviceable 
as  fuel storage media, we wish to make certain that all commercially prac- 
ticable activation  conditions  are applied to  candidate hydrid»* materials 
before they  are   rejected as  "inactive". 

There  is  also  some  curiosity   in the »indt of the authors  about   the 
existence of higher hydrides  of materials  auch  aj  the AB^-alloyii  cr  Ke Tl. 
In both casos more potential hydrogen sites  are available In the metal 
Lattice  than  are   filled during  normal hydriding reactions  carried  out  at 
100 atm or less. 

Additionally, many of the known hydride reactions Involve  a process 
called "activated chemisorption" which requires  that a certain level of 
kinetic energy be  attained by the hydrogen adatom before it  .-an be absorbe-1 

past the surface  of  the m»tal. 
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Because of these items of interest to the present study, an ultra- 
high pressure hydriding apparatus is being constructed which will provide 
pressures up to 2000 ata (30,000 psi). Little information is arallable on 
the reactions of hydrogen in this pressure regime presumably because it is 
very dlffieult to produce and handle hydrogen at this pressure by conven- 
tional techniques. 

Known metal hydrides such as mischmetal-nickel hydride can provide 
phenomenal pressure merely by heating them in a closed system to moderately 
high temperatures.  This means of attaining high pressures also avoids 
traditional contamination problems which arise from the pump oil irapor in 
multistage high pressure pumps. 

_ The system will be assembled from commercially available components 
designed for use at the pressure and temperature conditions desired for 
this testing program. 

The appartus is extremely simple and rugged. Two reaction chambers 
and all necessary valves and fittings were obtained from High Pressure 
Equipment Company of Erie, Pa. One chamber, termed the pump, will contain 
an unstable hydride such as mischmetal nickel hydride and will be fitted 
with a pressure transducer, an output valve and an Input valve. The system 
will be saturated with hydrogen at room temperature by adding gas through 
the input valve.  It will then be closed and heated until the desired 
pressure is attained. The output valve is then opened to deliver the hydro- 
gen at ultra-high pressure to the second chamber which contain:; material to 
be hydrlded. The second chamber also has a pressure transducer arid a valve 
for evacuation. 

The entire apparatus will be housed in a suitable explosion shield 
to protect against failure of any component. 












