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Both thermal and catalytic decomposition of diborane resulting in borane as the main product were investigated under the

pressure and temperature ranges of 2–15 bar and 100–300 �C, respectively over Al2O3 and Pt/Al2O3 in a fixed bed reactor. Catalytic

decomposition rate was essentially higher than the thermal decomposition, however the catalyst deactivation was substantial.

KEY WORDS: diborane; catalytic decomposition; deactivation; boron hydrides.

1. Introduction

Diborane (B2H6) is a relatively stable, commercially
available substance, being a gas at room temperature
with the boiling point of )92.6 �C. Diborane is a toxic
compound exhibiting a LD50 value in humans 30–
90 mg/m3 for 4 h of exposure [1]. It is highly reactive
with water and oxygen giving in the presence of water
almost instantaneously boric acid:

B2H6 þ 6H2O! 2B(OH)3 þ 6H2 ð1Þ
Diborane is an important product used as a selective
reducing agent in organic chemistry. It can be produced
for instance via contacting boron trifluoride with
sodium borohydride in diethyl glycol dimethyl ether [2].

3NaBH4 þ 4BF3diglyme2B2H6 þ 3NaBF4 ð2Þ
Two other routes, where diborane is formed as a prod-
uct, are the reactions between sulphuric acid and sodium
borohydride or sodium borohydride and iodine:

2NaBH4 þH2SO4 B2H6 þ 2H2 þNa2SO4 ð3Þ

2NaBH4 þ I2diglymeB2H6 þ 2NaIþH2 ð4Þ
Diborane can decompose to pentaborane (B5H11), dec-
aborane (B10H14) as well as to small amounts of tet-
raborane (B4H10). After 3 months storage about 8% of
diborane was decomposed under 1 bar pressure [3]. In
the thermal decomposition of diborane and tetraborane,
pentaborane (B5H11) can be formed [3]. Tetraborane can
be slowly formed from the decomposition of diborane as
follows [4]:

2B2H6 ! B4H10 þH2 ð5Þ

and it is unstable at room temperature and at higher
temperatures, i.e. it can decompose to B4H8 and B3H7

[5]. Pentaborane is additionally formed in the thermal
decomposition of diborane at 250 �C and 0.16 bar with
the yield of 33% [3]:

5B2H6 ! 2B5H9 þ 6H2 ð6Þ
In the pyrolysis of diborane decaborane (B10H14) could
be formed at temperatures up to 240 �C [2]. As appar-
ently clear from the short consideration presented above
the boron chemistry is very complex. The industrial use
of diborane can be thus limited due to its instability and
reactivity.

The catalytic decomposition of diborane over several
catalysts was reported in the literature. Ni, Fe2O3,
Cr2O3 [6], Ni(100) [7], Ru(0001) [8], silica gels [9,10],
silica alumina surfaces [10], Ni/Al2O3, Pt [11,12], SiO2

[13], Al2O3 [13,14] and MgO [13] have been used as
catalysts in this reaction. Single crystal metal surfaces
are very active in diborane decomposition [7, 8,15]. For
instance over Ni(100) the formation of B4H10 was
observed [7]. Additionally at 227 �C diborane decom-
posed completely over Ni(100) surface and boron was
bonded at the same time to Ni(100) surface [7]. Over
Mo(100) surface a complete decomposition of diborane
was already noticed below room temperature [15]. Over
Ru(0001) surface the hydrogen evolution was visible
between )23 and 177 �C from diborane and adsorbed
atomic boron was formed on Ru surface, but no de-
sorbed borane (BH3) or BH2 was detected by mass
spectrometry [8]. Over oxide surfaces different boron
hydrides have been detected in diborane decomposition
[9,10,13,14]. Traces of B4H10 and B5H9 were observed in
diborane decomposition over Al2O3 [14]. Borane (BH3)
was, however, formed over silica gel surfaces [9,10], by
dissociation over hydroxylic surfaces [10]. Furthermore
it was stated in [13] that the nature of oxide surface*To whom correspondence should be addressed.
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determined the type of surface products obtained from
diborane decomposition.

The aim of this work was to investigate the thermal
and the catalytic decomposition of diborane, which
could bring new knowledge of its use, storage and fur-
ther applications, requiring utilization of heterogeneous
catalysts. Additionally catalyst deactivation could be
directly investigated in a fixed bed reactor, which was
applied in the present study.

2. Experimental

2.1. Experimental setup

The experiments were carried out in a high pressure
tubular, fixed bed reactor with a length of 175 mm and
the internal diameter of 6.35 mm. The temperature was
regulated in the reactor with a thermo element located in
the middle of the reactor. The pressure and temperature
profiles were recorded during the experiments. In the
beginning of an experiment, when the reactor was
heated to the desired temperature, argon (99.999%,
AGA) was flowing through the reactor. When the
desired temperature was reached, the argon flow was
decreased and a desired flow of diborane (4130 ppm
B2H6 in Ar, Praxair, Belgium) was started. The reaction
pressure was increased to the desired level. When the
steady state conditions were reached the inlet streams
were analyzed by GC (HP 5890 Series II) equipped with
DB-wax column (length 30 m, inner diameter for a
column 0.32 mm, film thickness 0.5 lm) and J&W Sci-
entific DB-1 (length 60 m, inner diameter 0.53 mm, film
thickness 5 lm). The experiments at different tempera-
tures and pressures were carried out over the same cat-
alyst by changing gradually the temperature by 50 �C
starting the thermal decomposition from room temper-
ature and the catalytic experiments from 100 �C under
desired pressure level. When 300 �C was reached
another pressure level was adjusted and the temperature
was gradually decreased by 50 �C. At each temperature
under 1.8 bar total pressure three different time-on-
stream values (4, 8 and 12 min) were recorded after
which the temperature was raised by 50 �C. After
reaching 300 �C, at which only 4 min time-on-stream
was recorded, the pressure was increased to 6.5 bar and
the temperature was decreased by 50 �C. In the quan-
tification of the products the response factor one was
used for products due to the lack of commercial product
gases. The gas chromatograph was equipped with an
automated sampling valve (VICI E60-230), which was
electrically regulated enabling the sampling with a cer-
tain time interval. Additionally the outlet flow was
analyzed by GC-MS. The peak identification in gas
chromatogram was based on the GC-MS analysis by
comparing the mass spectrum from the diborane
decomposition with NIST reference mass spectra for
diborane, tetraborane, pentaborane and decaborane

[16]. Due to the extreme toxicity of diborane the mass
flow of diborane was not calibrated. Instead a calibra-
tion factor for it was calculated against argon flow with
the aid of the instruction manual for the regulator [17].
The calibration factors for diborane and for argon were
0.546 and 1.398, respectively. The gas flows were cal-
culated by taking into account the weight percentage of
diborane (4130 ppm) and argon (99,587 ppm) in the gas
mixture and using following equation:

_VB2H6
¼ _VAr

100

vol.%1
R:f:1 þ vol.%2

R:f:2

1

R:f:2
ð7Þ

where vol.%1 and vol.%2 are weight percentages for
diborane and for argon in the gas mixture, respectively.
Furthermore the response factors for diborane and for
argon are R.f.1=0.546 and R.f.2=1.398, respectively.
The flow rate for diborane was 110 cm3/min. This low
flow rate was used in order to get a complete absorption
of the toxic diborane into 25% methanol – 75% water
mixture after the reactor.

The decomposition of diborane was investigated
both in an empty reactor and in the presence of cata-
lysts. In the former experiments the pressure was
1.4 bar for a temperature range of 22–300 �C. The
catalytic decomposition of diborane was investigated
over two different catalysts within the temperature and
pressure range of 100–250 �C and 1.5–10 bar, respec-
tively. Prior to the experiments both catalysts, i.e. Al2O3

(La Roche, 289 m2/gcat.) and 5 wt% Pt/Al2O3 (F 214,
Degussa AG, Hanau) were reduced with flowing
hydrogen at 300 �C for 60 min and cooled down to
room temperature under hydrogen flow. Plugging of the
reactor by the formed reaction products was noticed at
some temperature and pressure conditions. Typically
0.2 g of catalyst with particle sizes of 90–125 lm was
used in experiments. The catalyst bed was placed
between quartz sand beads, which were additionally
supported by quartz wool.

3. Results and discussion

3.1. Thermal decomposition of diborane

The thermal decomposition of diborane resulted in
four different products visible in the gas chromatogram
with retention times of 3.4, 3.5, 4.1 and 5.3 min. These
peaks corresponded to borane, diborane, triborane and
tetraborane, respectively [16]. The product distribution
in samples taken after 4 min time-on-stream was based
on the area percentage of the peaks in the chromato-
gram (figure 1). The product identification was carried
out by mass spectrometry. The molecular masses of
different boranes are the following ones: BH3 13.8 g/
mol, B2H6 27.7 g/mol, B3H7 39.49 g/mol, B3H9 41.5 g/
mol, B5H9 63.1 g/mol and B6H10 74.9 g/mol. By ana-
lyzing the m/z-ratio between the fragments 11/24 and 48/
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59 in the product mixture it could be observed that these
ratios varied with increasing temperature (figure 2). The
11/24 ratio increased whereas the 48/59 ratio decreased
with increasing temperature. These ratios were com-
pared to the corresponding m/z-ratios of diborane and
pentaborane, respectively (figure 3, table 1). The 11/
24 m/z-ratio for diborane is 0.316 and it was increasing
from diborane to pentaborane [16], whereas opposite
trend for 48/59 m/z-ratio was observed for tetraborane

and pentaborane (table 1). When the mass spectrum of
pentaborane was subtracted from the mass spectrum of
the thermal decomposition of diborane the ratio 11/
24 m/z-ratio was increasing at higher temperatures.
Moreover the 11/24 m/z-ratio of the product mixture
was at 200 �C 0.28. Based on these facts the peak 1 in
the gas chromatogram of the product mixture could
thus be interpreted to be borane and analogously peak 4
to be tetraborane. The peak 3 between diborane and

Figure 1. Thermal decomposition of diborane under 1.4 bar in an empty reactor after 4 min time-on-stream.: (r) borane, (j) diborane, (m)

triborane and (x) tetraborane.

Figure 2. (a) Area units of different compounds and (b) the ratio between m/z-values in the identification of boron hydrides in the thermal

decomposition of diborane under 1.4 bar. Symbols: The ratio between m/z-values of 11/24 (r) and 48/59 (j).
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tetraborane could thus be triborane, either B3H7 or
B3H9. Additionally traces of pentaborane and hexabo-
rane could be observed by mass spectrometry (figures 4
and 5). Furthermore, even solid products were formed in
the reactor. One of these could have been decaborane,
which was also suggested in thermal decomposition by
Bragg et al. [18] and Fehlner et al. [19].

The thermal decomposition of diborane was rela-
tively slow at temperatures below 200 �C, whereas at
higher temperatures the decomposition proceeded with
a higher rate. In the work of Klein et al. [20] the thermal
decomposition of diborane was observed to occur above
80 �C. The formation of borane increased with
increasing temperature. Below 250 �C tetraborane was
formed, whereas above this temperature it was not
observed in the product mixture. This result is in
accordance with [21], where formation of tetraborane
below 250 �C in the pyrolysis of diborane was reported.
Triborane was the second prominent product above
280 �C and its formation was favored at higher tem-
peratures. From the mechanistic point of view it was
stated in the literature [22] that the rate determining step
in the diborane decomposition would be the formation
of triborane. Very complex reaction mechanism for the
thermal decomposition of diborane has been proposed
by Long et al. [23] (table 2, entries 1–14). These
proposed products correspond well with the product
distribution obtained in the current study. If the mech-
anism is extended to contain also the pyrolysis of hea-
vier boron hydrides, the formation of hexaborane can be
explained (table 2, entries 15–24).

According to literature the main product from the
pyrolysis of diborane at 180 �C is pentaborane B5H11,
whereas at higher temperatures, i.e. at 250–300 �C, the
main product is pentaborane B5H9. Additionally it has
been confirmed that when pentaborane B5H11 is pyro-
lyzed at 100 �C, in the presence of diborane and tet-
raborane, the major part of the formed pentaborane
B5H9 originates from pentaborane B5H11 [23]. The first
step in the thermal decomposition of diborane could be
[24]:

B2H6 Ð 2 BH3 ð8Þ
Additionally the possibility of the formation of BH5 was
discussed [25]. This could occur in the presence of
hydrogen, when hydrogen is released from reaction (3)
(table 2). Stanton et al. [26] have additionally shown
that high partial pressure of hydrogen decreased the
decomposition rate of diborane.

3.2. Catalytic decomposition of diborane

3.2.1. Decomposition of diborane over Al2O3

The same Al2O3 catalyst was investigated in diborane
decomposition in consecutive experiments shown in
table 3, where also diborane conversions and selectivities
to borane in gas-phase are given. The same method in the

Figure 3. NIST reference mass spectrum for (a) diborane and (b)

pentaborane.

Table 1

Reaction mechanisms in thermal decomposition of diborane (entries

1–14) and pyrolysis of heavier boron hydrides (entries 15–24)

Entry Reaction

1 2 B2H6 ÐBH3+ B3H9

2 BH3 +B2H6 ÐB3H9

3 B3H9 ÐB3H7 + H2

4 2 B3H9 fi 3 B2H6

5 BH3 + B3H7 Ð B4H10

6 B2H6+B3H7 fi BH3+B4H10

7 BH3+B4H10 Ð B5H11+H2

8 B3H9 +B3H7 fi B2H6+B4H10

9 2 B3H7 fi B2H6+B4H8

10 B3H9+B4H10 fi B2H6+B5H11+H2

11 B3H7 + B4H10 fi B2H6+B5H11

12 H2+B4H8 fi B4H10

13 BH3 + B4H8 ÐB5H11

14 B3H9 + B4H8 fi B2H6+ B5 H11

15 2 B3H7 fi B6H12 + H2

16 B3H7+ B4H8 fi B2H6+B5H9

17 2 B4H8 fi B3H7+B5H9

18 B3H7 + B5H9 fi B2H6+B6H10

19 2 B4H8 fi B2H6+B6H10

20 B4H8+B5H9 fi B3H7+B6H10

21 B6H12 fi BH3+B5H9

22 B3H7+B6H12 fi B4H8+B5H11

23 B4H8+B6H12 fi B5H9+B5H11

24 B4H8+B6H10 fi 2 B5H9
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peak identification as described in section 3.1 was used in
the interpretation of the catalytic decomposition of
diborane. A gas chromatogram of the product distribu-
tion in diborane decomposition over Al2O3 at 200 �C
under 5 bar is shown in figure 6 and the time-on-stream

behavior of diborane conversion based on gas-phase
products over Al2O3 at different temperatures is pre-
sented in figure 7. The conversion of diborane
increased with increasing temperature under 1.8 bar
total pressure. Furthermore catalyst deactivation was

Figure 4. (a) The mass spectrum from the thermal decomposition of diborane at 200 �C and (b) the same mass spectrum in a larger scale.
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very prominent at 100 �C. It can, however, be noticed
that the pressure gradually increased upstream the
catalyst bed indicating some catalyst plugging via for-
mation of solid products (table 3). When the reaction

temperature was decreased and the pressure level was
6.5 bar, nearly complete conversion of diborane was
observed under all other conditions, but not at 100 �C
(table 3).

Figure 5. (a) The mass spectrum from the thermal decomposition of diborane 300 �C and (b) the same mass spectrum in a larger scale.
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Three different products were obtained in diborane
decomposition (figure 8). Two of the products were the
same as observed in the thermal decomposition of
diborane, namely borane and triborane B3H9 and the
peak between diborane and triborane B3H9 was tenta-
tively assigned to be triborane B3H7. The formation of
borane increased with increasing temperature, whereas
only traces of triborane could be observed above
150 �C. The selectivities to borane as a function of time-
on-stream at a given temperature and pressure are given
in parenthesis in table 3 at the given conversion level.
The selectivities to borane were very low at 100 �C
under 1.8 bar (experiment 1 in table 3), whereas at
higher temperatures the corresponding values were close
to 100%. Additionally the selectivity to borane
decreased with time on stream in experiment 1 in
table 3, i.e. with decreasing conversion of diborane at

100 �C and 12.8 bar. It could, however, be seen that
some selectivity decrease was observed at 250 �C and
under 2 bar after 12 min time on stream at 100%
(experiment 4 in table 3). Under 6.5 bar total pressure
the conversions of diborane were 100% or close to that
and the selectivities to borane increased with decreasing
temperature (experiments 6–8, table 3). This result
cannot be interpreted in a straightforward way, since
under lower total pressure (1.8 bar) the selectivity
underwent through a maximum with increasing tem-
perature. It should, however, been kept in mind that the
same Al2O3 catalyst was used in all the experiments and
the formation of solid products had occurred already at
higher temperatures under 2 bar. Thus these results
show a cumulative behavior of the catalyst under
6.5 bar and the high selectivity obtained in experiment 9
(table 3) could be due to the catalyst deactivation
occurred already in the first experiment.

The present results indicated that the selectivity to
borane increased with increasing temperature, whereas
oligomerization of boron decreased with increasing
temperature. There are two reports in the literature,
where catalytic reactions of diborane were investigated
over Al2O3 [13,14]. In [13] the diborane reactions were
investigated over alumina, which was pretreated at
several temperatures in vacuum and the analysis was
carried out by FTIR. This method gave information

Table 2

The m/z-ratio of 11/24 and 48/59 obtained in the thermal decompo-

sition of diborane compared with the NIST library

m/z

ratio

B2H6

decomposition

at 200 �C

B2H6

decomposition

at 300 �C

B2H6

[16]

B4H10

[16]

B5H9

[16]

11/24 0.28 0.78 0.316 2.9 6.3

48/59 0.56 0.3 – large 0.326

Table 3

Conversion of diborane and selectivity to borane (in parenthesis) as a function of time on streams at different temperatures and pressures over

Al2O3

Entry Temperature (�C) Pressure upstream

the catalyst bed

(bar)

Conversion (%)

(selectivity, (%))

after 4 min

Conversion (%)

(selectivity, (%))

after 8 min

Conversion (%)

(selectivity, (%))

after 12 min

1 100 1.8 94 (11) – 29 (6)

2 150 1.8 84 (96) 84 (98) 85 (98)

3 200 1.9 99 (98) 98 (98) 98 (97)

4 250 2.0 100 (95) 100 (95) 100 (91)

5 300 2.3 100 (97) – –

6 250 6.5 100 (85) – 100 (86)

7 200 6.4 100 (82) 100 (89) 100 (87)

8 150 6.7 100 (95) 100 (98) 98 (96)

9 100 6.0 74 (100) 54 (100) 43 (100)

Figure 6. The gas chromatogram from the products formed in the decomposition of diborane over Al2O3 at 200 �C under 5 bar. Borane with

retention time 3.21 min is the main product, whereas the product with a retention time of 3.91 min could be B3H9.
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about the chemisorbed surface species of boron con-
taining molecules. The boron containing surface species
on alumina confirmed by [13] were bridged structures of
BxHy, with vibration frequencies close to Al(BH4)3.
Such species are formed in a reaction of diborane with
surface )OH groups resulting in hydrogen evolution
and depending on reaction conditions also in formation
of borane and/or oligomers. In [14] two differently
pretreated Al2O3, i.e. at 800 �C and at 200 �C, were used
as catalysts and the gas phase products from diborane
decomposition over alumina were investigated by FTIR
at 60 �C. Over the former material the formation of
tetra- and pentaborane and hydrogen was confirmed,
whereas over the latter catalyst no reaction was occur-
ring [14]. It was suggested in [14] that diborane can

adsorb and dissociate over Al2O3 surface pretreated at
800 �C. Additionally the oligomerization of diborane at
60 �C was confirmed by formation of new peaks in the
spectrogram. According to [14] two molecules of
hydrogen were eliminated during the formation of B–B
bond and the oligomer exhibited either terminal BH2 or
BH3 groups. This result is in accordance with the data in
the present study.

Reaction mechanism for diborane decomposition
over alumina was proposed by [13] according to which
diborane can either split to two borane molecules or
react with surface hydroxyl groups of alumina. The
following surface reactions can occur:

�OHþ B2H6 ! �O�BH2 þH2 þ BH3 ð9Þ

Figure 7. Conversion of diborane over Al2O3 as a function of time on stream at (r) 100 �C, (j) 150 �C, (m) 200 �C and (d) 250 �C under

1.5 bar.

Figure 8. Decomposition of diborane over Al2O3 under 10 bar. Products calculated as average values from different time-on-streams at different

temperatures in (%) of the total area: (r) borane, (j) diborane, (m) triborane B3H7 and (x) triborane B3H9.
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�OHþ BH3 ! �O�BH2 þH2 ð10Þ
The former reaction would suggest borane formation,
whereas the latter reaction is a consecutive reaction of
borane leading to formation of oligomerization prod-
ucts. The current data suggest additionally that the
oligomerization of diborane is more favorable at lower
temperatures, which is in accordance with [14].

3.2.2. Decomposition of diborane over Pt/Al2O3

The conversion of diborane increased with increasing
temperature over Pt/Al2O3 catalyst (figure 9), analo-
gously to Al2O3 catalyst. Furthermore catalyst deacti-
vation was observed at 100 �C under 9.9 bar over Pt/
Al2O3 catalyst and the pressure increase was noticed
(table 4) indicating the formation of solid boron
hydrides inside the reactor.

The main product in diborane decomposition over
Pt/Al2O3 catalyst was borane (table 4) being the only
product in the first experiment at 100 �C under 9.9 bar
(table 4, experiment 1). Another product was observed
in the second experiment at 150 �C under 9.9 bar. In the
chromatogram borane had a retention time of 3.24 min

and the unidentified product eluated with a retention
time of 3.43 min, i.e. before diborane eluation at
3.5 min. Borane was the main product (79%) under
10 bar and 250 �C over Pt/Al2O3 at 100% conversion of
diborane. Additionally it was observed that in the
experiments above 250 �C solid products, which plugged
the reactor, were formed. In the later experiments
(experiments 5 and 6 in table 4) the complete conversion
of diborane were observed and the only gaseous product
was borane. This result is analogous to the results
obtained over Al2O3 catalyst indicating that during
catalyst deactivation the selectivity to borane was
enhanced.

4. Comparison between the thermal and the catalytic

decomposition of diborane

The catalytic decomposition of diborane was faster
than the thermal decomposition (figure 10a) indepen-
dently of the catalyst used. The thermal decomposition
of diborane started at 100 �C. However the complete
conversion of diborane could not be obtained in the

Figure 9. Conversion of diborane over Pt/Al2O3 catalyst as a function of time on stream at (r) 100 �C, (j) 150 �C, (m) 200 �C and (d) 250 �C
under 9.9 bar.

Table 4

Conversion of diborane and selectivity to borane (in parenthesis) as a function of time on streams at different temperatures and pressures over Pt/

Al2O3

Entry Temperature

(�C)
Pressure upstream

the catalyst bed

(bar)

Conversion (%)

(selectivity, (%))

after 4 min

Conversion (%)

(selectivity, (%))

after 8 min

Conversion (%)

(selectivity, (%))

after 12 min

1 100 9.9 100 (100) 36 (100) 20 (100)

2 150 9.9 55 (84) 55 (76) –

3 200 9.9 100 (71) 100 (55) 100 (75)

4 250 10.9 100 (74) 100 (83) –

5 250 8.1 100 (100) 100 (100) 100 (100)

6 200 11.5 100 (100) 100 (100) 100 (100)
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thermal decomposition even at 300 �C, whereas nearly
complete or complete conversion of diborane was
achieved over Al2O3 under 1.5 bar (figure 10a). The
main product in the decomposition of diborane on
Al2O3 was borane (over 80%) above 200 �C (figure 10b)
as well as over Pt/Al2O3. The conversion of diborane
was higher over Al2O3 than over Pt/Al2O3 catalyst
below 150 �C (table 5), whereas at higher temperatures

complete conversion of diborane was achieved over the
latter catalyst. A direct comparison of the product dis-
tribution at different temperatures over the two catalysts
is not feasible, since the conversion levels are different.
Over Al2O3 catalyst twice as much borane (50.4%) was
formed than over Pt/Al2O3 (24.4%) at 100 �C under
10 bar, but the conversion level over the former catalyst
was 2.6 times higher than that for Pt/Al2O3 (table 5).

Figure 10. Comparison of the percent distribution of (a) diborane and (b) borane in the thermal and catalytic decomposition of diborane.

Symbols: (r) empty reactor, (j) Al2O3 under 1.5 bar, (m) Al2O3 under 10 bar and (�) Pt/Al2O3 under 10 bar.
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Noteworthy is however the fact the products were not
the same over these catalysts (table 5) indicating that the
catalytic sites act in a different way depending the nature
of the catalyst. Over both catalysts used in this work
solid products were formed in the decomposition of
diborane. These products were most probably the boron
hydrides containing more than 10 boron atoms. The
solid material exhibited polymer type consistence and
caused plugging of the reactor. Analogously to these
results Beckman et al. [12] have reported the formation
of solid boron hydrides in the catalytic decomposition of
diborane. The formation of polymer type material could
additionally be explained by thermolysis of diborane. In
the thermolysis of B4H10 or B5H11 40% and 50% of
non-volatile solid boron hydrides, respectively, were
formed [27]. Furthermore rubber like powder was
formed in the decomposition of B5H11 above 100 �C
[28]. The decomposition of heavier boron hydrides, i.e.
decaborane, was reported to occur above 200 �C [29,30].

5. Conclusions

Both thermal and catalytic decomposition of dibo-
rane was investigated in a fixed bed reactor in pressure
and temperature ranges of 2–15 bar and 100–300 �C.
The products were identified by comparing the m/z-
ratios of the mass spectrometric data in thermal
decomposition of diborane with the library data. In the
thermal decomposition of diborane the main products
were triborane, tetraborane, pentaborane and hexabo-
rane. Additionally solid products, heavier boron
hydrides were formed. The thermal decomposition of
diborane, was, however, quite slow below 200 �C, above
which the reaction proceeded much faster. Tetraborane
was formed only under 250 �C, whereas triborane for-
mation occurred above 280 �C and was more prominent
at higher temperatures.

Reported in this study values of diborane conversion
and product selectivities are based on the gas phase
analysis. At the same time solid boron hydrides were
formed plugging the reactor in the presence of catalysts
after prolonged time on streams. The catalytic decom-
position of diborane was significantly faster than the
thermal decomposition of diborane, for both Al2O3 and,
Pt/Al2O3 catalysts. Significant catalyst deactivation was

observed over Al2O3 resulting in 100% selectivity to
borane.
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Process Chemistry Centre within the Finnish Centre of
Excellence Programme (2000–2005) by the Academy of
Finland.

References

[1] Board on Environmental Studies and Toxicology, Acute Exposure

Guideline levels for selected airborne chemicals 3(The National

Academic Press, Washington D.C., 2003).

[2] Ullmann’s Encyclopedia of Industrial Chemistry. 6th ed., vol. 5

(Wiley-VCH Verlag GmbH & Co, Weinheim, 1993).

[3] E.H.E. Pietsch and R.J. Meier, Gmelins Handbuch der Anorgan-

ischen Chemie, Bor Ergänzungsband, System-nummer 13, 8:e Au-

flage (Verlag Chemie GmbH., Weinheim, 1954).

[4] J.E. Huheey, E.A. Keiter and R.L. Keiter, Inorganic Chemistry:

Principles of Structure and Reactivity 4 ed.(HarperCollins College

Publishers, New York, 1993).

[5] N.N. Greenwood and R. Greatrex, Pure Apple Chem. 59 (1987)

857.

[6] Y. Shirai, S.-K. Lee, S. Miyoshi and T. Ohmi, Proceedings –

Institute of Environmental Sciences 41(Contamination Control)

(1995) 17.

[7] R.M. Desrosiers, D.W. Greve and A.J. Gellman, J. Vac. Sci.

Technol. A: Vac. Surfaces Films 15 (1997) 2181.

[8] J.A. Rodriguez, C.M. Truong, J.S. Corneille and D.W. Good-

man, J. Phys. Chem. 96 (1992) 334.

[9] M.V. Mathieu and B. Imelik, J. Chim. Phys. Phys. Chim. Biol. 59

(1962) 1189.

[10] J.J. Fripiat and M. van Tongelen, J. Catal. 5 (1966) 158.

[11] H.G. Weiss, J.A. Knight and I. Shapiro, J. Am. Chem. Soc. 81

(1959) 1826.

[12] R.B. Beckmann, Catalytic Pyrolysis of Diborane. United States

Department of Commerce, Office of Technical Services, PB

Report (1957), 149–191.

[13] A.I. Mashcenko, Kinetika i Kataliz 15 (1974) 1015.

[14] J. Bandiera, C. Naccache and M.V. Mathieu, Comptes Rendus
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M. Söderlund et al./Diborane decomposition 201



[19] T.P. Fehlner and W.S. Koski, J. Am. Chem. Soc. 86 (1964) 1012.

[20] R. Klein, A. Bliss, L. Schoen and H.G. Nadeau, J. Am. Chem.

Soc. 83 (1961) 4131.

[21] L.V. McCarty and P.A. Di Giorgio, J. Am. Chem. Soc. 73 (1951)

3138.

[22] R. Greatrex, N.N. Greenwood and S.M. Lucas, J. Am. Chem.

Soc. 111 (1989) 8721.

[23] L.H. Long, J. Inorg. Nucl. Chem. 32 (1970) 1097.

[24] R.P. Clarke and R.N. Pease, J. Am. Chem. Soc. 73 (1951) 2132.

[25] J.F. Stanton, W.N. Lipscomb and R.J. Bartlett, J. Am. Chem.

Soc. 111 (1989) 5165.

[26] J.F. Stanton, W.N. Lipscomb and R.J. Bartlett, J. Am. Chem.

Soc. 111 (1989) 5173.

[27] R. Greatrex, N.N. Greenwood and S. Waterworth, Chem.

Comm. 14 (1988) 925.

[28] A.B. Burg and H.I. Schlesinger, J. Am. Chem. Soc. 55 (1933)

4009.

[29] H.C. Beachell and J.F. Haugh, J. Am. Chem. Soc. 80 (1958) 2939.

[30] B. Siegel and J.L. Mack, J. Phys. Chem. 62 (1958) 373.
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