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A preliminary investigation into preparation and
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A preliminary investigation is carried out into the preparation and characterisation of a
Raney-type titanium catalyst. Titanium-40 wt % aluminium powder is used as the precursor
alloy and caustic leaching as the preparation method. Leaching in 25 wt % NaOH solutions
at both 50°C and 80 °C results in preferential removal of aluminium and formation of a
highly porous layer containing almost complete titanium. The thickness and the surface
roughness of the leached layer increases with leaching time and to a less degree with
higher solution temperature. The combined morphological and kinetic measurements
suggest that a diffusion barrier built up in the solution/metal interphas plays a key role in
the leaching process. Electrochemical tests performed with the leached powder show a
significantly reduced overpotential towards cathodic hydrogen evolution reaction, thus a
potentially promising catalyst. Further work is needed to establish optimal leaching
parameters to increase its electrochemical activity. © 7999 Kluwer Academic Publishers

1. Introduction by a chemical reaction through caustic leaching which
Large scale hydrogen production is considered as aleaves porous and more noble metal network supported
alternative energy source, therefore research and den the unaffected alloy substrate. The mechanistic and
velopment of techniques for bulk hydrogen generationglectrocatalytic aspects of the hydrogen and oxygen
particularly from nonfossil primary energy sources, isreactions have been extensively investigated and there-
both important and challenging [1, 2]. As one of the fore forms useful guidelines in choosing suitable ma-
proven technologies in this field, water electrolysis isterials for potential catalyst development [3]. In addi-
often the most cost-effective method comparing withtion, preparation methods also have a great influence
gas reforming or coal gasification. Despite these advaren a catalyst’s performance [4], because they deter-
tages, the technology is restricted by the cost of elecmine issues such as specific surface area, electrical
tricity. The main focus of current research is to reduceconductivity, long-term mechanical and chemical sta-
its production costs through both fundamental researchility, as well as cost. It is generally known that the
and optimisation of engineering factors involved. surface morphology and the specific surface area of
Water electrolysis uses exclusively concentrated althe electrode greatly influence the electrode kinetics,
kaline electrolytes (KOH or NaOH, 25-30 wt %), and therefore, electrodes with large specific surface area
the theoretical cell voltage for the decomposition of wa-are being developed through electrodeposition, thermal
ter can be calculated to be ca. 1.229 V at@%nd 1  spray, caustic leaching (Raney process), powder metal-
atm. Cost analysis also indicates that the optimal curlurgy and other methods which are capable of roughen-
rent density lies between 0.5 and 1.0 AThiil]. Since  ing the surface. Caustic leaching is one of the simplest
the current efficiency is close to 100% for the cath-methods.
ode, power consumption for operating a water elec- Titanium has about half of the specific density of
trolysis cell can be regarded as directly proportional tonickel, and is stable in concentrated alkaline solution
the cell voltage. Under a fixed cell configuration (an-and slightly more expensive. Titanium is also com-
ode/cathode distance, type of diaphragm, electrolytenonly used either as electrode substrates to support
concentration, etc.), the only parameter adjustable t®kaney Ni and other types of oxide catalysts or as
decrease the cell voltage is the overpotentials goverradded element to enhance catalytic properties of cer-
ing the anodic or the cathodic electrochemical reactain electrodes [5]. No literature exists, to the authors’
tions. Hence the continued research to develop a bettéinowledge, to show that porous titanium as an electro-
electrode/catalyst system is necessary. catalyst is prepared through caustic leaching, although
There exists a few commercial catalysts for the pursintered porous titanium oxides has widely been used as
pose. A good example is Raney nickel catalyst ancelectrocatalysts for chlorine production. It is therefore
other nickel-based catalysts for both oxygen and hyconsidered worthwhile to carry out a preliminary study
drogen evolution reactions. In general, Raney catalyst ifo prepare a porous titanium surface through Raney pro-
produced by preferential removal of an alloy constituentcess and subsequently characterise its electrochemical
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activity. According to Miles [3], for the oxygen evo-
lution reaction, Ni is the best catalyst while Ti is ex-
pected to be rather poor. We consequently concen
trate our effort at this stage to develop a Raney ti-
tanium catalyst for the cathodic hydrogen evolution
reaction.

2. Experimental
2.1. Precursor alloy
The composition of Ti-40 wt% Al alloy is (in wt %):
Ti 59.01, Al 40.34, C 0.012, S 0.002, Si 0.21, V 0.02,
Mn 0.04, Fe 0.24 and Cu 0.01. Under optical micro-
scope, the microstructure of the alloy has three distinc gt 25kVU 2@um
tive phases as shown in Fig. 1: the matrix plus two
precipitation phases, one of which has many fine paral- @
lel dendrite-like plates. Scanning electron microscope

(SEM) (Fig. 2) coupled with energy dispersive X-ray
(EDX) analysis (Table I) reveal that the matrix phaseis a
TiAl solid solution, the circular precipitation phase has
the composition of HAI intermetallic, and the mixed
phase has the composition close to an equal molar mix
ture of TiAland TiAl. Notice thatthe backscattered im-
age (Fig. 2b) shows that the matrix phase (TiAl) seems
more easily attacked by a NaOH based etchant, whict
is the phase corresponding to the highest aluminiun
content.

TABLE | EDX analysis of the Ti-40 wt %Al precursor alloy used.
Only aluminium and titanium are analysed and therefore normalised to
100%. Other trace elements are not quantified

Aluminium Titanium

Phases Suggested  Trace (b)
analysed at% wt% at% wt% formula elements

Figure 2 The Ti-40 wt %Al precursor alloy in as-received state under
Parentalloy 55 40.34 45 59.01 — 0, N, Ca SEM. In addition to the two types of precipitates found under optical
A 49.64 35.70 50.36 64.30 TiAl Fe, Si, H Mmicroscope (Fig. 1), there seems to be an additional thin long precipitate.
B 4328 30.07 56.72 69.93 TiAlTisAl C Backscattered image shows that the matrix is more easily etched than the
c 31.08 2025 68.92 79.75 3Al precipitates: (a) Secondary electron image and (b) backscattered electron

image.

Figure 1 Optical micrograph of the Ti-60 wt %Al precursor alloy in as-received condition. There are at least two types of precipitates on the matrix:
one circular shaped with bright appearance and the other composed of fine mixtures of more than one needle-shaped phases.
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The Ti-40 wt %Al precursor alloy is available in two Analagrade and solutions are made up using distilled
kinds: one in large granular form with 10 to 30 mm water.
in size, and the other in finely crushed powders with
quoted particle size<500 um. The former is suitable
for preparing optical and SEM samples for microstruc—3 Result
tural analysis, whiles the latter is used forpreparingth%',I Physical characterisation

actual catalyst for its higher specific surface area. Th : .
. . . orphological changes of the precursor alloy is most
two forms provide complementary information about . . .
. S ; conveniently studied by using the large granular sam-
the leaching kinetics and mechanism, as well as the ac:,

e . ples carrying polished facets leached at different time
tivity of the catalyst prepared. Because the prOpeme%tervals. Typical results are grouped into three cate-

of th_e ca’galyst prepared is expec_ted to depgnd on tr;Sories,initial, intermediateandfinal, according to their
particle size, the powder sample is further sieved int

three arouns with different particle sizes: Groun45s surface characteristics as a function of leaching time
um Ggrourfll from 45 to 12%Lm and Grc;up IIthErom and are shownin Fig. 3. Because there is a possibility for

125 to 250um. The exact distribution of particle sizes aluminium Ieac.hed outto form an adhermg aIgmma gel
o . to the surface in concentrated alkaline solutions, thus
within each group is unknown.

A 25 wt% (equivalent to ca. 6.3 M) sodium hy- blocking the underlying features of the leached layer

] AH , from being revealed, the samples are all subjected to
droxide solution is used for both leaching and subse; ~_ . . N -

. : . 1 minute ultrasonic cleaning in warm distilled water
quent electrolysis. This concentration corresponds tg

the highest electric conductivity at 8C [6]. Leaching prior to SEM pbs_ervanon. As will be shown_ by some
. . g . of the photos in Fig. 3, the ultrasound wave is not only
is carried out in polypropylene bottles of 1 litre vol-

ume for each batch. These bottles are filled with 1006lble to clean the surface, but also capable of "knacking

ml 25 wt% NaOH solution and kept at the required out” some the leached surface layer at isolated local

temperature inside an incubation oven throughout thglrjer:;,orr)]artlcularly for those samples leached for longer

leaching process. After the solutions reach the pre-se Ignoring those features created by the “knocking out”

fdrgggrie::geéai? ggtt?eofr:hea;gié ll ggwgr‘iar:]:ﬁgpliﬁc;is_eﬁect, the main characteristics of Fig. 3 can be sum-
- N p P ' marised as follows:

vidually prepared large granular samples of the same

alloy, each about 10 mm in size, are also leached under - ) )

identical conditions. These large samples are designed ® INitial leaching(<12 h): it can be seen that the re-
to be individual specimen which can be taken outof the ~ action between the alloy and NaOH is dependent
leaching process and examined at specified time inter-  ©On the alloy’s phase structure at this stage. Each
vals to give a snap-shot of the leaching processes. For Phase has different aluminium content and hence
this purpose, they have one side of their surface polished ~ displays different chemical affinity towards the re-
to 1200 grit finish, so that detailed microstructural in-  action. This is shown in Fig. 3A by the fact that the
formation can be obtained. Furthermore, through SEM  Mmicrostructure of the alloy is clearly visible, and in
analysis on both the polished surfaces and the cross- 2addition each phaseis leached uniformly on macro-
sections perpendicular to them, leaching kinetics can ~ Scopical scale. The matrix phase however suffers
be measured. Small amount of powder samples are €Xténsive pitting;

also taken out at regular intervals for morphological ® Intermediate leachingfrom 12 to 48 h): substan-
examination by SEM. X-ray diffraction (XRD) spectra tial removing of aluminium occurs at this stage. It

are also recorded with powder samples to reveal likely ~ causes aleached layer with the appearance of “dry
phase changes. mud” to be visible both across the surface and also

in depth towards metal substrate (Fig. 3B). Exten-

sive cracks form between grains of the “dry mud”,

partially revealing the thickness at which the leach-
2.2. Electrochemical test ing has already taken place. There is very little sign
The electrochemical evaluation of the powders pre-  of the original microstructure, indicating a change
pared is carried out in a three-electrode PTFE cell sim-  of leaching mechanism between the two stages.
ilar to that described by Chibet al.for their tests with This new leaching mechanism dominates further
a Raney Ni catalyst [7]. The only difference is that our leaching reactions and produces a rather uniform
cell has no diaphragm because we are not concerned leached layer. Remains of the precipitation phases
at this stage with the separation or purity of the gases.  can still be seen occasionally, but they are unlikely
The cell has an immersion heater linked with a temper-  to play a significant role in further leaching process
ature controller for heating the solution to an elevated  as they appear to be semi-detached from rest of the
temperature; the accuracy of the temperature controller  surface;
is within &2°C. A mercury/mercuric oxide reference e Final leaching(>96 h): Further leaching results in
electrode is constructed with a half cell potential of ca.  the width of the cracks to increase as well as more
0.927Vat25C, anditisused asthereference electrode  small cracks initiated within the original grains
for all the electrochemical measurement. The leached (Fig. 3C). This is believed to be caused by con-
powder to be tested is first weighed and then loaded tinued removal of aluminium within each grains,
directly onto a titanium substrate (commercial pure);  thus an increased volume shrinkage. However, the
no binder material is used. All the chemicals used are  effectis small and no further significant decrease in
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Figure 3 Morphology change of the Ti-40 wt %Al precursor alloy leached in 25 wt % NaOH at 50 an@ 81 different period of time (A, initial
leaching; B, intermediate leaching; C, final leaching). Noticing that each sample is characterised under a low and a high magnifications. These sample
are subjected to 1 minute ultrasonic cleaning in hot wa@onfinued
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xS, 300

©)
Figure 3 (Continued.

the size or change in the shape of the grains is ob- The appearance of the powders (Group | with size

served up to 108 h of leaching. The major progress< 45 pum) after 108 h of leaching at 8C is given

of the reaction is the increase in the thickness ofin Fig. 5. Fig. 5a shows random collection of parti-

the leached layer. cles after leaching. Due to their small size, the chance

of finding cracks on individual particle is significantly
Throughout the whole process, the difference betweesmaller than a flat and larger sample as shown in Figs 3
the appearance due to temperature increase is quitthd 4. Some of these particles are covered with nodule-
small. These observations suggest that the initiakhaped precipitates on their surface. These precipitates
leaching proceeds via a chemical reaction controlledare thought to be the crystallised materials from the so-
mechanism, which is later replaced by a mechanisniution, mostlikely to be NaOH crystals as these particles
possibly related to a diffusion-controlled mechanism.are not ultrasonically cleaned and they are also more
A diffusion barrier is likely to be built up because closely packed than the bulk granular samples. Nev-
the removal rate of aluminium is high. This can beertheless, a closer look still reveals clearly some large
achieved either through the dissolved alumina layekracks which are similar to those observed with bulk
adjacent to the alloy surface, or once a completgyranular samples (Figs 3 and 4). Furthermore, Fig. 5b
leached layer is formed (which is totally independentalso reveals large number of sub-micron pores which
on the parent alloy’s phase structure) through thisare previously unseen. These submicron pores are the
leached layer, or through both layers. A more detailednajor factor responsible for a high specific surface area,
account of the process is discussed later. an potentially important parameter for any catalyst. The
The above observations and comments of Fig. 3 araodule-shaped crystals are also seen much clearer in

all made from bulk granular samples of ca. 10 mm inFig. 5b, their well-defined hexagonal shapes distinguish
size which have been subjected to ultrasonic cleaninghem from the occasional presence of the precipitation
One example of such a surface without pre-ultrasoni@hases of the parent alloy (Fig. 2).
cleaning is shown in Fig. 4. The dry mud appearance Fig. 6 shows the cross-sectional view of the leached
is much more pronounced after 108 h of leaching, and’i-40 wt % Al particles. The leached layer has a clear
the forms of the grains bear little relationship to theirand reasonably well-defined boundary with the matrix
original phase microstructure. Except for only a fewalloy, and it appears slightly darker on the backscat-
lost grains, the general features are almost identical teered electron image (Fig. 6) due to the removal of alu-
those shown in Fig. 3. Some of the cracks are seen to h@inium atoms. Most of the cracks are extended straight
filled with a gel-like material (possibly an aluminate). towards the underlying matrix with an almost constant
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Figure 4 The Ti-Al alloy surface leached in 25 wt % NaOH for 108 h at’80 without ultrasonic cleaning.
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Figure 5 The appearance of the Raney titanium catalyst prepared using i 4Becursor particles leached in 25 wt % NaOH at8Gor 108 h:
(a) The overall appearance and (b) highly porous structure and some NaOH crystals attached on the surface.
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Figure 6 The cross-section of the Raney titanium catalyst prepared usipgmprecursor alloy in 25 wt % NaOH at 8C for 108 h.
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Cr?‘Ck_ Wldth’ and th? depth of the cracks also roth,IyFigure 8 XRD spectra prepared with the Group £45 um) powder
coincide with the thickness of the leached layer. Th|ssample leached at different time intervals. In 25 wt % NaOH solution at
seems to suggest that the removal of aluminium is ratheso-c.
uniform throughout the thickness of the leached layer
and no significant gradient of aluminium exists within
the leached layer, otherwise the cracks would becomeriginal leaching surface. Fig. 7 suggests that the thick-
progressively narrow towards the matrix. EDS analysisess of the leached layer increases almost linearly with
on the leached layer (with cross-sections as shown iteachingtime, atleast for the period of time investigated
Fig. 6) gives hardly any aluminium on the leached layer,n this work. There is a small intercept on the time axis,
adirect evidence confirming the preferential removal ofroughly corresponding to the time taken for the mi-
aluminium. Clearly the cracks are formed because otrostructure dominated leaching reaction ceasing to be
significant volume shrinkage and not due to other pro-effective. The difference between the two temperatures
cesses such as dehydration. It is less clear at this stagesmall.
that whether or not the remaining titanium has to un- Fig. 8 shows one example of XRD results prepared
dergo a phase transformation to adapt to the significanwith the leached Ti-40 wt %Al powder samples (Group
volume shrinkage [8]. | <45uminsize) in as-received state as well as leached
The clear distinction between the leached layer andt various stages. The XRD pattern shows that in ad-
the alloy matrix means that the thickness of the leachinglition to the strong peaks corresponding to the matrix
layer can be measured with reasonable accuracy undphase TiAl, one of the dendritic precipitates consisting
SEM to provide quantitative information about leach- of TisAl 4 TiAl (however, it is most closely identified
ing kinetics. The results are shown in Fig. 7 measureas TpAI(N) (18-0070) by a commercial software used,
with the bulk granular samples, because it is more easgut thought to be the metastable mixture of the two
to prepare a cross section which is perpendicular to thphases with a composition nearAl) is also clearly
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resolved. The presence ofsAil is almost completely 0.500 —=— Raney Ti, 45um, 20°C
masked by these two phases. Some broadened, low ir it --#-- Tj Substrate, 20°C
tensity peaks are also apparent, particularly at the low 1 %"~ Raney Ti, 46pm, 80°C
angle region, and they are likely to be structures relatingey -1.0004
to those of pseudo-beohmite or titanium oxide featur- 2 '

ing random fine pores as shown in Fig. 5b. The XRD &

results obtained using the other two groups of POW-= .4 500

ders, Group Il (4%m < size< 125um) and Group IlI 0

(125pum < size< 250um), have essentially the same

characteristics, and therefore not shown here. The mail 2000 e
conclusion of Fig. 8 is that the leached layer on the sur- 10% 102 10" 10° 10" 102

face is still too thin to make a substantial contribution
to the XRD spectra, for example, there is no indication
of the presence of titanium. This may be explained bykigure 9 The performance of the Group k45 xm) Raney Ti cata-
the fact that the penetration depth of the X-ray Kg)i  lyst prepared in this work under different condition. In 25 wt % NaOH
is likely to be deeper than ca. 10n, and the maximum  solution.

depth measured in this work is less than /4 after

108 hours of leaching at 8C€ (Fig. 7). In addition, the -0.500- —s—Ti Substrate

i, mA cm™

. R L FL oA VAV b IR S Raney Ti, 45um
surface layer is I|ke_ly to_ be composed of various amor-: TR Rane¥ T: 45ﬁm~125pm
phous phases and its high number of cracks also favou 1 —-=--Raney Ti, 125um~250um

*-0-0-0--9.,

the exposure of the matrix alloy. One of the practicaly .1 ggg-
implications is that XRD is not a sensitive method in £
monitoring the degree of the leaching reaction, at leas

within the initial stage. § -1.500-
wi
. . . '2000 T T T T 1
3.2. Electrochemical characterisation 10 102 107 10° 10 102

Electrochemical tests onthe leached Ti-Al powders pre
pared in this work as a cathode for water electrolysis
is performed in 25 wt% NaOH sqlutlon at different Figure 10 The effect of particle size on the performance of the Raney
temperatures. In order to compare its performance, ong catalyst prepared in this work. In 25 wt % NaOH solution af@0
commercial Raney Ni catalyst (a 50 wt % slurry in wa-
ter from Sigma-Aldrich Co. Ltd.) is also tested under
the same experimental condition. In both cases, the caistics with the smooth curve obtained with the titanium
alyst powders are simply packed on separate substratesetal substrate. The level of fluctuation also increases
(commercial pure Ni plate for Raney Ni catalyst and Tiwith the increase of the applied current densities, and
plate for the leached Ti-Al powder, respectively) for ca. eventually the electrode with the catalyst exhibits an
1-1.5 mm in thickness, and no binder material is use@dlmost identical performance with that of the titanium
to physically hold the catalyst layer on the substratesubstrate. This phenomenon is mainly caused by the re-
Two consequences arise from this practice: one is thdease of hydrogen bubbles which is able to push some
the catalyst loading in terms of weight per unit sub-catalyst particles away from the substrate and to ex-
strate area is not equal because the specific density pbse the substrate at these local sites. The measured
the two powders are different, and secondly the specifielectrode performance will then be a mixture of the
surface area of the leached Ti-Al powders is unknownpare metal substrate and the catalyst-bearing electrode.
therefore, the comparison can only be treated as qualin the most severe case as can be seen in Fig. 9 that
tative at most. The loosely packed powder also meanthe performance of the Ti catalyst at 8D is almost
that the application of large current densities or highimpossible to measure except for lower applied current
potentials are restricted, as they tend to introduce vigdensities, presumably due to an enhanced evolution of
orous evolution of hydrogen bubbles which can destroyhydrogen. Nonetheless, there is a small increase in the
the physical integrity of the catalyst layer. The highestelectrode potential with the Ti catalyst at higher temper-
current density used is 0.1 A cth ature, most clearly shown at the lower current density
Typical results obtained from the leached Ti-Al pow- region in Fig. 9.
derare summarisedin Figs 9 and 10. Fig. 9 shows that at Fig. 10 illustrates the effects of particle size on the
20°C, the presence of the leached Ti-Al powder (Groupelectrocatalytic activity of the prepared Ti catalyst. It
I: size< 45 um) on top of the titanium substrate sig- indicates that the particle sizes have a dominant effect
nificantly raises the electrode potential, particularly atas expected: the two catalyst groups with larger parti-
the lower current densities region. The increase in thele sizes (Group Il and Ill) show almost no catalytic
electrode potential represents a decrease in cathodactivity at all the condition. TheiE-I curves are also
overpotential, hence an activation of the electrode permuch more smoother than the electrode loaded with the
formance by the catalyst. However, the performance ofl5 um (Group |) powder under the same applied cur-
the cathode loaded with the catalyst is somewhat flucturent densities. This suggests a reduced influence of the
ating as shown in Fig. 9 by comparing s character- particle detachment caused by hydrogen bubbles due

i, mA cm™
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-0.500- i Fig. 11b also shows that, despite the enhancement by
—=— Ni Substrate the Raney Ti catalysts prepared in this work, the differ-
e Ti Substrate ence between the two cathode systems (substrate plus
catalyst) at higher current density region remains al-
most the same with respect to the substrates. At the
lower current densities, the performance of the prepared
Ti catalystis very closer to that of the Raney Ni catalyst.
y Notice also in Fig. 11b that the fluctuation is much less
"o pronounced in the case of the Raney Ni than that of the
~2.000 Raney Ti, this is thought to be due to the higher spe-
10° 102 107 10° 10" 10°  (ific density of Raney Ni catalyst, hence less affected
i, mA cm? by the hydrogen evolution. Work remains to be carried
@) out to verify whether or not the large potential differ-
ence at the higher current density region in Fig. 11b
-0.500+ is exclusively caused by the hydrogen evolution, which
requires a suitable binder materials to be found for both
catalysts and would eventually determine the feasibility
of a new Raney Ti catalyst.

-1.000-

o
‘s

-1.500+

V(Hg/HgO)

S,
0.
R S
“-e.
-e.

E,
¢

1.0004 e,

V(Hg/HgO)

-1.5004 —=—RaneyNi

---e--- Raney Ti, 45um 4. Discussion
S The initial stage of leaching (Fig. 3) is clearly a chem-
-2.000 e ical reaction controlled process, as different phases
10° 10 107 10° 10" 10°  possess different reactivity towards NaOH and the mi-
i, mA cm™ crostructure of the alloy emerges. From the intermedi-
(b) ate stage onwards, there is little relationship between
the original microstructure of the alloy with the final
Figure 11 Performance comparison of the two types of substrates and‘dry mud” appearance. The existence of a clearly de-
two t_ypes of Raney catalysts tested in this work. In 25 wt% NaOH fined boundary (almost parallel to the original geomet-
solution at 20C: (a) The substrates and (b) the Raney catalysts. . .
ric surface) between a uniform leached layer and the
alloy matrix indicates that the leaching then proceeds
at an equal rate across all the alloy phases. This ob-
to the larger and heavier particles. The much reducedervation suggests that original surface chemical reac-
electrocatalytic activities may be attributed to the com-tion is replaced by another rate-controlling, and most
bined effects of the reduced loading of the catalysts (folikely chance would be the diffusion-controlled leach-
the same catalyst thickness), a decrease of the specifitg mechanism set within the solution phase; other-
surface area per unit weight of loading and larger gapsvise surface roughening would continue to etch the
between the catalyst particles which lead the electrolytenetal and reveal the microstructure. Therefore, the ini-
directly down to the substrate. Therefore, the comparitially different leaching reactions at the various phases/
son drawn here is more intuitive rather than conclusivesolution interface serves the purpose to remove alu-
Finally, to highlight both the success and the short-minium at a sufficient fast rate to build up an alumi-
coming of the prepared Raney-type Ti catalyst, an atnate diffusion barrier. Once the barrier is completed, the
tempt is made to compare its performance with thatontinuted removal of aluminium at the initially faster
of a commercial Raney Ni catalyst under same experehemical reaction sites will face a higher aluminium
imental conditions. The results are shown in Fig. 11concentration gradient, thus its rate being slowed down.
including the results from the two metal substrates. As€ventually, an apparent constant leaching rate across all
shown by Fig. 11a, the intrinsic potential difference the surface is established. The diffusion-controlled rate
between the two metals is large at low current densimechanism alters the final appearance of the leached
ties and tends to decrease towards high current dersurface, but the driving force to make aluminium break
sities; at the highest current density of 100 mA©m their initial bonds with titanium remains chemical in
(1 mA cnm? =10 A m~?) measured, the difference re- nature. As this reaction front moves deeper into the al-
mains to be about 0.1 V. This reflects the fundamentaloy substrate, the activity of OHions is expected to
difference of the two metals undergoing water elec-decrease because of the extreme narrow channels cre-
trolysis, and clearly shows that titanium has substantiaated by the leaching reaction. Eventually a steady state
lower activation energy towards hydrogen evolution re-will be reached, and prolonged leaching will produce
action. By introducing catalysts, Fig. 11b further showslittle further increase in the thickness of the leached
that Raney Ni greatly reduces the absolute value ofayer. This kind of leaching behaviour has also been
the electrode potential, this in turn would bring down found in other alloy systems [12, 13].
the cell voltage (assuming for a fixed anode and other The fact that initial microstructure of the alloy plays
experimental conditions), hence the energy consumpa less important role in determining the final ap-
tion of running a water electrolysis cell. This result pearance (hence to a large extent, catalytic proper-
is in good agreement with previous literature [9-11].ties) of the catalyst prepared, does not mean the alloy

E,
»
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composition is not important in the final performancea function of other experimental conditions to achieve

of the catalyst prepared. This is because the remainingptimal electrocatalytic effect. The long-term stability

aluminium content in the leached layer is not quan-of the catalyst is also a subject of future research.

tified in this work (although qualitatively speaking,

it is much lower than the parent alloy), and initial

alloy composition may change the extent of aluminiumb. Conclusion

left in the leached layer and hence its electrochemicaln attempt is made to prepare a Raney Ti catalyst based

performance. This remains a speculation at this stag@n caustic leaching. It is demonstrated that substan-

Nonetheless, the removal of aluminium is quite sub-ial enhancement in the electrode performance can be

stantial, reflected by the extensive crack formation andchieved through the process. The electrocatalytic ac-

the easiness by which some of the “dry mud” grainstivity of the catalyst thus prepared strongly depends on

break away from the substrate with and without ultra-leaching conditions as well as on the particle size of

sonic stimulation. the precursor alloy. However, it is also found that the
Fig. 11a shows that the h.e.r. may in fact follow bonding between the Raney Ti catalyst layer thus pre-

different mechanisms on the two metal substrates, asared with its substrate appears to be weak; the problem

dE/ologi is about 120 mV per decade for the Ni sub- may be solved through a suitable binder material or a

strate and 80 mV per decade for the Ti substrate, excefrecursor alloy with lower aluminium concentration.

for higher current density regions (ca. 20 mA cnv?).

At higher current density region, the twe vs. logi

curves are almost parallel and their gradiérEgologi Acknowledgement
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