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Abstract—A highly selective synthesis of acetonitrile was carried out by the reaction of ethanol with ammonia on a
10 wt% Ni/ALO; catalyst. The conversion of ethanol and selectivity to acetonitrile, ethylene, and monoethylamine were
examined by varying experimental parameters such as ammonia partial pressure, reaction temperature, and space time.
The increase in the ammonia partial pressure led to a considerable decrease in the conversion and small increase in the
acetonitrile selectivity up to a molar ratio of NH,/ethanol of 3, followed by almost constant values. The partial reaction
order of ethanol obtained by controlling the space time was one, while that of ammonia was negative, —0.4. The deacti-
vation behavior of the catalyst after 100 h on stream reaction at 230 °C was analyzed by X-ray photoelectron spectros-
copy and temperature programmed oxidation of the catalyst used. The catalyst deactivation was attributed to the
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gradual formation of nickel carbonitride on the catalyst surface.
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INTRODUCTION

Acetonitrile is used mainly as a solvent of extractive distillation,
isolation of butadiene from C4 hydrocarbons, in battery applica-
tions owing to its relatively high dielectric constant and ability to
dissolve electrolytes. In addition, it can be used as a solvent for syn-
theses of various pharmaceutical intermediates and pesticides. It
can be used as a raw material for synthesis of acrylonitrile by reac-
tion of acetonitrile and methanol and as a raw material for aceto-
nitrile hydrogenation for synthesis of ethylamine [1-3]. Acetonitrile
is a byproduct of the manufacture of acrylonitrile by ammoxida-
tion of propylene and can also be produced by many other meth-
ods, including dehydration of acetamide and hydrogenation of mix-
tures of carbon monoxide and ammonia [4-7].

Various catalysts and reactants have been reported for the syn-
thesis of acetonitrile [8-15]. Reductive amination of ethanol over
Cu/y-ALO;, direct synthesis of acetonitrile by reaction of ethanol
with ammonia over Ni-doped Co/yALO; [9], bimetallic Ni-Co/
ALO; [10,11], ammoxidation of ethanol, acetaldehyde, or acetic
acid over Sb-V-P-O/ALQ; catalyst [12], ammoxidation of ethanol
over molecular sieves such as silicoaluminophosphate (SAPO), V-
SAPO, NaY, and V-NaY [13], ammoxidation of ethane over nio-
bia-supported bulk-NiO catalysts [14], and aerobic dehydrogena-
tion of ethylamine over supported ruthenium catalysts [15] have
been used for the synthesis of acetonitrile.

In the reaction of ethanol and ammonia on a metal catalyst, the
main product in the presence of hydrogen are ethylamines, while
that in the absence of hydrogen is acetonitrile [16]. However, in the
absence of hydrogen, it is challenging to maintain the catalyst sur-
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face in a metallic state, so that a gradual deactivation is observed.
The development of a highly selective acetonitrile synthesis catalyst
by controlling these simple experimental parameters is important
to guide the development of novel catalysts in the future.

In this study, the reaction of ethanol with ammonia for the highly
selective acetonitrile synthesis on a Ni/ALO; catalyst was investi-
gated by changing the reaction temperature, ammonia partial pres-
sure, and weight hourly space velocity (WHSV). The temperature
programmed technique was used to observe the desorption behav-
ior of ethanol and ammonia on the catalyst surface. The causes of
deactivation affecting the catalyst stability are discussed.

EXPERIMENTAL

1. Catalyst Preparation

The Ni-loaded (10 wt%) ALO; catalyst was prepared by the im-
pregnation method using Ni(NO;),-6H,0 (>98%, Samchun) and
7ALO; (Procatalyse). Nickel nitrate was dissolved in distilled water
and »AlO; was dispersed into the aqueous solution under vigor-
ous stirring for 1 h. The solution was then evaporated to dryness
at 80 °C using a rotary evaporator. The obtained powder was dried
at 100 °C for 12 h and calcined at 500 °C for 2 h under air flow.
2. Characterization

X-ray diffraction (XRD) patterns of the prepared 10 wt% Ni/
AlL,O; catalyst after the calcination and H, reduction treatment and
H, temperature programmed reduction (H,-TPR) profile are shown
in Figs. S1 and S2, respectively. The Brunauer-Emmett-Teller (BET)
surface area of the support -ALO; was 194m’ g, while that of the
calcined 10 wt% Ni/ALO, catalyst was 157 m” g . Table S1 shows
the results of H, chemisorption, reduction degree obtained from
an O, titration method, and TPR behavior [16].

A temperature programmed desorption of ethanol (EtOH-TPD)
was carried out to confirm the desorption behaviors of ethanol as
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a reactant using a quadruple mass spectrometer (QMS, Balzers
QMS 200). Prior to the experiment, the sample (0.2 g) was reduced
at 600 °C for 3h under H, flow (50 cm’ min"). After cooling to
room temperature, the reduced sample was exposed to ethanol
vapor (3 kPa) with an Ar gas stream for 2 h and purged in the Ar
stream to remove the physisorbed ethanol at the same tempera-
ture. The sample was heated at a rate of 10°C min™ from room tem-
perature to 700 °C. The effluent gases were detected using a QMS.
QMS fragments with m/z=44, 31, 29, 28, 27, 18, 15, and 2 were
set for CO,, C,H.OH, CH,CHO, CO, C,H,, H,0, CH,, and H,,
respectively.

A temperature programmed surface reaction (TPSR) experi-
ment of pre-adsorbed ethanol with NH; was carried out over the
Ni/ALO; catalyst. After the H,-treated catalyst at 600 °C was cooled
to room temperature, it was exposed to ethanol (3 kPa) with Ar
gas (30 cm’ min™") for 0.5 h. The reactor was then purged with Ar
gas for 0.5h. Subsequently, the sample was heated from 50 to
700 °C under a flow of 9 vol% NH,/Ar (30 cm® min™"). The effluent
gases were analyzed continuously using the QMS instrument. The
mass signals of m/z=29 (-CHO) from CH,CHO, 31 (-CH,OH)
from C,H,OH, 41 (:CH:CN) from CH,CN, and 30 (:CH,NH,)
from CH;CH,NH, were detected using a QMS detector.

To investigate the catalytic deactivation behavior, X-ray photo-
electron spectroscopy (XPS) and temperature programmed oxida-
tion (TPO) were performed. The XPS was carried out with a PHI
Quantera-II instrument using an Al K,, X-ray source. In the TPO
experiment, the used catalyst was exposed to a 5% O,/Ar mixed
gas (30 cm’ min™") and heated to 600 °C at a rate of 10°C min™".
The effluent gases were analyzed continuously with the QMS. The
mass signals of m/z=46, 44, 32, and 14 were referenced to NO,,
CO,, O,, and N, respectively.

3. Catalytic Activity Test

The selective synthesis of acetonitrile was performed in a fixed-
bed reactor at atmospheric pressure. Prior to the reaction, 0.2 g of
catalyst was reduced at 600 °C for 3 h under H, flow (50 cm’ min™").
The reaction parameters such as the partial pressure of ammonia
(1.5-21 kPa), reaction temperature (180-240 °C), and WHSV (0.55-
1.64h™) controlled by variations in total flow rate (25-100 cm’ min™)
and catalyst quantity (0.1 and 0.2 g) were varied. The partial pres-
sure of ethanol was fixed at 3 kPa. The products were analyzed using
a gas chromatograph (CP9001) equipped with a CP-Volamine cap-
illary column (60 mx0.32 mm) and a flame ionization detector. The
conversion of ethanol, selectivity, WHSV, and deactivation rate were
defined as:
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Fig. 1. EtOH-TPD profiles of 10 wt% Ni/AL O, catalyst reduced at
600 °C for 3 h under the flow of H, (50 cm® min™"). Ethanol
was pre-adsorbed at room temperature.

(C,H,;, monoethylamine, and acetonitrile), respectively. MWy, is
the molecular weight of ethanol, and C; is the carbon number of i
component.

RESULTS AND DISCUSSION

1. EtOH-TPD and TPSR

EtOH-TPD profiles of the Ni/ALO; catalyst are shown in Fig. 1.
The desorption of ethanol as a reactant exhibits two main peaks,
corresponding to the physisorption of ethanol at a lower tempera-
ture (130 °C) and chemisorption of ethanol at approximately 200 °C.
With the increase in the desorption temperature, various fragments
formed by the interaction between the catalyst surface and adsorbed
ethanol are observed. Fragments including CH,CHO, H,0O, CO,
C,H,, CH,, and H, are detected at approximately 130 and 226 °C,
obtained by [17]:

C,H;OH—CH,CHO+H,—H,+CO+CH, Dehydrogenation and cracking
C,H,OH—C,H,+H,0 Dehydration

The desorption peak of CO, is generated by oxidizing the ad-
sorbed CO on the surface with lattice oxygen of the catalyst. The
peaks of CH;CHO and C,H, at 226 °C are attributed to the dehy-
drogenation and dehydration of ethanol. Moreover, C,H, generated
in the dehydration of EtOH was easily desorbed, while the strongly
adsorbed H,O was desorbed at a higher temperature than that for
C,H,. At a high temperature of approximately 300 °C, the peaks of
CO, and H, increased, while the CO and H,O peaks decreased.
This implies that the water-gas shift reaction is possible in the pres-
ence of CO and H,O over 250 °C [17].

Fig. 2 shows the TPSR profiles of the Ni/ALO;-catalyst-pread-
sorbed ethanol under the flow of 9 vol% NH,/Ar. The main mass
signals of m/z=29 (CHO) from CH,CHO, 31 (-CH,0OH) from
C,H.OH, 41 (-CH,CN) from CH,CN, and 30 (-CH,NH,) from
CH,CH,NH, were detected using a QMS detector. The fragments
(m/z=29 and 31) of physisorbed ethanol were observed at approx-
imately 100 °C. Above this temperature, adsorbed ethanol was not
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detected owing to the reaction with the ammonia reactant. Acetal-
dehyde peak was not observed except the broad peak at approxi-
mately 500 °C. Ethylamine-derived fragment (m/z=30 (:CH,NH,))
peaks were observed at 350 and 500 °C. These two peaks imply
that different dual adsorption sites are present. In addition, two
peaks of acetonitrile, which could be formed by monoethylamine
dehydrogenation, were observed at 201 and 325 °C. The acetonitrile
peak observed at a lower temperature than that for ethylamine indi-
cates that the acetonitrile synthesis is easier than the ethylamine pro-
duction.
2. Effects of Reaction Parameters

Fig. 3 shows the effect of the partial pressure of ammonia on the
selective synthesis of acetonitrile on the Ni/ALO; catalyst. Acetoni-
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Fig. 2. TPSR profiles of Ni/ALO; catalyst in NH,/Ar flowing with
pre-adsorbed ethanol. The mass signals of m/z=29 (-CHO)
from CH,CHO, 31 (-CH,OH) from C,H;OH, 41 (-CH,CN)
from CH,CN and 30 (-CH,NH,) from CH,CH,NH, were
detected using a QMS detector.
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Fig. 3. Evolution of conversion and selectivities as a function of molar
ratio of NH,/ethanol in the selective synthesis of acetonitrile
over Ni/AlL,O; catalyst. Reaction conditions: 0.2 g of catalyst,
T=190°C, total flow rate=50 cm’ min ", and partial pressure
of ethanol=3 kPa.
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trile was observed as the main product; monoethylamine and C,H,
were observed in minor quantities. The initial conversion continu-
ously decreased with the increase in the partial pressure of ammo-
nia, while the acetonitrile selectivity tended to slightly increase
(Table S2 and Fig. S4). The synthesis of acetonitrile, which can be
produced by the direct reaction of ethanol and ammonia, is possi-
ble at a molar ratio of NH;/EtOH of 1; however, under this reac-
tion condition, continuous deactivation was observed with the time
on stream. However, when the molar ratio exceeded 1, the conver-
sion rate continuously increased with the time on stream; the ace-
tonitrile selectivity in the conversion range of 31.5-65.0% was larger
than 83%, up to 93%. The decrease in conversion with the increase
in the ammonia partial pressure can be attributed to a decrease in
the number of ethanol adsorption sites by competitive adsorption
in the same active adsorption sites of ethanol and ammonia, which
are reactants in the synthesis of the compound of amine and nitrile
[16,18,19].

The initial conversion and selectivity in the reaction tempera-
ture range of 180-240 °C are shown in Fig. 4. At NH,/EtOH=2,
the initial conversion increased from 24 to 94% in the range of
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Fig. 4. Evolution of conversion and selectivities as a function of reac-
tion temperature with NH;/ethanol (molar ratio) of (a) 2 and
(b) 3 in the selective synthesis of acetonitrile over the Ni/ALO,
catalyst. Reaction conditions: 0.2 g of catalyst, partial pres-
sure of ethanol=3 kPa, T=180-240 °C, and total flow rate=50
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Fig. 5. Evolution of conversion and selectivities as a function of 1/
WHSYV in the selective synthesis of acetonitrile over the Ni/
ALO; catalyst. Reaction conditions: 0.1-0.2 g of catalyst, T=
210°C, and total flow rate=25-100 cm’ min™".

108-220 °C, while the acetonitrile selectivity increased from 90 to
97% with the increase in the conversion. The increase in the ace-
tonitrile selectivity shows that the primary mono and diethylamine
were converted to acetonitrile (Fig. S4(a) and Table S3). Under this
reaction condition, the catalyst deactivation was negligible until
13 h on stream. At NH,/EtOH=3, the initial conversion increased
from 44 to 97% in the range of 190-240 °C, while the acetonitrile
selectivity increased from 90 to 97% as the conversion increased
(Fig. S4(b) and Table S4). At NH,/EtOH=3, the conversion was
decreased compared to that at NH,/EtOH=2, the deactivation rate
was slightly increased with the NH, content, while the acetonitrile
selectivity remained above 90%. The initial conversion and selec-
tivity were compared in the 1/WHSV (h) range of 0.27-1.10 (Fig.
5). With the increase in the space time, the initial conversion in-
creased. The selectivity of mono- and diethylamine, and C,H, steadily
increased with the time on stream with the decrease in the aceto-
nitrile selectivity (Fig. S5 and Table S5).

The synthesis of acetonitrile by the reaction of ethanol and ammo-
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Fig. 7. Long-term stability of Ni/Al,O; catalyst in the selective synthe-
sis of acetonitrile. Reaction conditions: 0.2 g of catalyst, total
flow rate=50 cm’ min"', T=230 °C, partial pressure of ethanol=
3 kPa, and NH,/ethanol (molar ratio)=3/1.

nia is possible by simultaneous dehydration and dehydrogenation:
C,H;0H+NH;—-CH,CN+2H,+H,0

The partial reaction orders of ethanol and ammonia were ob-
tained using the power-law rate equation by the integration method
(Fig. 6). Assuming the reaction order of ethanol is one at a reac-
tion temperature of 210 °C, the integration method shows that the
first-order assumption is plausible. The partial reaction order of
ammonia has a negative value of —0.4. The rate equation of the
acetonitrile synthesis by ethanol consumption could be expressed
as —Tpou=K Pon™ Py [11].

3. Deactivation Behavior of the Ni/ALO, Catalyst

In the synthesis of amine and nitrile compounds, the chemical
transformation converting the catalyst surface into an inactive nitride
formation is a key factor affecting the catalyst deactivation [20-22].
Fig. 7 shows the evolution of the conversion and selectivity to ace-
tonitrile, MEA, and C,H, in the time on stream up to 100 h. The
catalytic deactivation behavior was investigated through character-
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Fig. 6. (a) Pseudo-first-order reaction of ethanol amination and (b) negative order of ammonia in the selective synthesis of acetonitrile over
the Ni/ALO; catalyst. The reaction parameters were obtained from Figs. 3 and 5.
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Fig. 8. XPS of the Ni/ALO; catalyst; Cls and N1s. (a) Catalyst pretreated at 600 °C for 3 h under H, flow and (b) catalyst after the amination

reaction of ethanol at 230 °C for 100 h on stream.

ization by comparing the reduced fresh catalysts. Under this reac-
tion condition, the initial conversion was 93.2%, while the conversion
at a 100 h on stream was 78.1%, corresponding to a deactivation rate
of 16.2% after 100 h. The acetonitrile selectivity always remained
above 95%, while those of the byproducts (C,H, and monoethyl-
amine) remained below 5%.

XPS of C 1s and N 1s of Ni/ALO; for the fresh reduced catalyst
and after 100 h on stream are shown in Fig. 8. During the amina-
tion reaction, nickel nitride can be formed by the reduced Ni metal
and ammonia reactant [21-25]:

3Ni’+NH,—Ni,N+3/2 H,

The metal nitride formation can also occur for the metallic Cu
and Co [21]. However, the catalyst surface formed after the ami-
nation reaction has carbonitride derived from the ethanol as the
carbon source as well as the nitride formation [23-25]. The peaks
of C-O (288.6¢eV) and C-C (284.5¢eV) observed for the fresh reduced
catalyst are attributed to adventitious carbon. However, in the case
of the amination of ethanol with ammonia for 100 h, a new peak

274°C 445°C

QMS signal intensity (a.u.)

x 10 n/z =14
x 40 n/z=46
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Fig. 9. TPO profiles of the Ni/Al,O; catalyst obtained after the ami-
nation reaction of ethanol at 230 °C for 100 h. The mass sig-
nals of m/z=32 (-0,), 44 (-CO,), 14 (-N), and 46 (-NO,) were
detected by using a QMS detector.

attributed to C=N (285.2 eV) is observed. The deposition of carbon
and nitrogen elements on the catalyst surface could be confirmed
by a TPO analysis (Fig. 9). The TPO analysis of the deactivated cata-
lyst showed two types of nitrogen source at approximately 274 and
445°C. In addition, signals with m/z=44 (-CO,), obtained by react-
ing with the carbon source in proportion to the O, consumption,
and m/z=14 (-N), which is a possible fragment of NO or NO,, are
detected at almost equal temperatures. The simultaneous detection
of CO, and NO, reflects the oxidation of the carbonitride com-
pound. The peaks of the nitrogen compounds at 274 and 445 °C
are attributed to the oxidation of surface and bulk nitrides, respec-
tively. Surface carbonitride, which acts as a catalyst poisoning struc-
ture, can be regenerated by an oxidation reaction at a temperature
of 450 °C (or higher).

CONCLUSIONS

A high selectivity of acetonitrile over 90% was achieved in the
entire conversion range over the Ni/ALO; catalyst by the reaction
of ethanol and ammonia. In the expression of the rate equation
with the consumption of ethanol, the partial reaction orders of etha-
nol and ammonia were 1 and —0.4, respectively. In the presence of
excess ammonia, the reactivity was reduced, but the catalyst stabil-
ity partially prevented catalyst deactivation. The catalytic deactiva-
tion was significant owing to the formation of nickel carbonitride.
The surface carbonitride, which acted as a catalyst poisoning, could
be regenerated by a simple oxidation reaction at a temperature of
450 °C (or higher).
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Catalyst characterization tion files, and the particle sizes of NiO and Ni were calculated by

Powder X-ray diffraction (PXRD) patterns were collected on a the Scherrer’s equation. The surface area and total pore volume of
Rigaku diffractometer equipped with Cu Ke x-ray source operat- the Ni(x)/ALO,; catalysts were determined by N, physisorption at
ing at 40kV and 50 mA. The crystalline phases were identified by —196°C on a Micromeritics ASAP2020 apparatus. Prior to the
matching the experimental patterns to the JCPDS powder diffrac- analysis, the samples were degassed at 250 °C for 4 h. Specific sur-

Table S1. Physico-chemical properties of support and the calcined and reduced 10 wt% Ni/Al,O; catalyst

XRD (NiO or Ni
particle size, nm)

N, sorption O, titration H, chemisorption H,-TPR

Sample Reduction temperature
Calcined Reduced Sger v, Reduction D Particle Sni ©C)
sample” sampleb (m'g") (m’g") degree (%)° (%)* size (nm)® (m? 2 ) ;

e
7ALO, - - 194 0.661 - - - - - - -
10wt% Ni/ALO, 82 8.1 157 0.561 4838 120 81 314 430 (8) 620 (87) 776 (5)

“Calcined at 500 °C for 2 h
"Reduced at 600 °C for 3 h

‘Calculated from O, uptake: [the amount of O, consumption]/[the theoretical amount of H, consumption with the assumption of fully
reduced NiO (mmol H,; NiO+H,—Ni+2H")]x100

“Corrected dispersion=surface Ni’ atom/total reduced Ni’ atomx 100=surface Ni’ atom/(total Ni atomxreduced fraction)x100

‘Corrected Ni diameter=uncorrected Ni diameterxreduced Ni fraction

Nalues in parentheses correspond to the relative distribution of NiO species of each reduction peak

Intensity (a.u.)

Calcined

H2 consumption (a.u.)

10 20 30 40 50 60 70 80
2theta (degree)

300 400 500 600 700 800
Temperature ("C)
Fig. S1. XRD patterns of 10 wt% Ni/ALO; catalyst calcined at 500 °C

for 2h and reduced at 600°C for 2h in flowing of H, (50 Fig. $2. H,-TPR profile of 10 wt% Ni/ALO; catalyst calcined at 500 °C
cm’ min™). for 2h.
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Fig. S3. Evolution of conversion as a function of partial pressure of
NH; vs. time on stream in the selective synthesis of acetoni-
trile over Ni/Al,O; catalyst. Reaction conditions: 0.2 g cata-
lyst, T=190 °C, total flow rate=50 cm’ min™', partial pressure
of EtOH=3 kPa.

face area was calculated by the Brunauer-Emmet-Teller (BET) equa-
tion in the relative pressure range 0.05-0.2, assuming a cross-sectional
area of 0.162 nm’ for the N, molecules. The total pore volume was
obtained from the quantity of volume adsorbed at P/Py=0.995 and
the pore size distribution was calculated from desorption branch
through the Barrett-Joyner-Hallenda (BJH) equation.

Temperature programmed reduction was performed using a
quadruple mass spectroscopy (Balzer QMS 200) as a detector. The
samples (0.1 g) were loaded in a quartz reactor (ID. 12 mm) and
pretreated at 400 °C for 1h under Ar flowing (50 cm’ min™"). After
cooling to 50 °C, a flow of 5% H,/Ar mixed gas (50 cm’ min™") was
introduced the catalyst bed and the temperature was increased to
800 °C at a heating rate of 10 °C min ™", The variation of H, (m/z=
2) mass signal was collected by MS.

The metal dispersion, particle size and metallic surface area of
the Ni(x)/ALO; catalysts were determined by H,-chemisorption
using a Micromeritics ASAP2020. Prior to the analysis, the sam-
ples (0.3 g) were reduced at 600 °C for 3 h under H, flowing. The
sample was cooled under vacuum to the adsorption temperature,
and the chemisorption measurements were performed at 50 °C. The
chemisorption isotherm was obtained from the difference between
the first adsorption isotherm, which is the sum of chemisorption
and physisorption and the second adsorption isotherm, which is
from the physisorption. The amount of chemisorbed H, on the Ni
was obtained by plotting the amounts of adsorbed H, as a func-
tion of the partial pressure of H, and back extrapolating to zero.
The metal dispersion was calculated assuming a H,/Ni stoichiom-
etry of 1.0. The reduction degree of the Ni(x)/ALO; catalysts was
determined by the O, titration method and calculated by the fol-
lowing equation: [the amount of O, consumption]/[the theoretical
amount of H, consumption with the assumption of fully reduced
nickel oxides (mmol H,; NiO+H,—Ni’+2H")]x100).

(a) 100 Rxn. Temp (°C)
—a— 180 —e— 190 —A—200 —v—210 —&—220

>
i SUPg .
wrr _‘._H*——._._._‘_‘ o4
su'T—FW—J“H""‘T—T—'ﬁfrT—T—v—H

s o e o S v S S P

60 4
.\'_.___H.-—O__._._.—.—H_.-—.—l—.—'-.‘-.—.—l

40

Conversion (%)

204

6 7 8 9 10 11 12 13

Time on stream (h)
>
i - :
S - T =T

f e S S G S G W S S W e S

01 2 3 4 5

(b) 100
80 4

60 4
000 900009004904 00,04

40_W

Conversion (%)

Rxn. Temp. ("C)
—a— 190 —e— 200
—A— 210 —v—220
—4—230—— 240

204

0

0 1 2 3 4 5 67 8 910111213
Time on stream (h)

Fig. $4. Evolution of conversion as a function of reaction tempera-
ture with (a) EtOH/NH; (molar ratio)=1/2 and (b) 1/3 vs.
time on stream in the selective synthesis of acetonitrile over
Ni/ALO; catalyst. Reaction conditions: 0.2 g catalyst, par-
tial pressure of EtOH=3 kPa, T=180-240 °C, and total flow
rate=50 cm’ min~".
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Fig. S5. Evolution of conversion as a function of 1/WHSYV vs. time
on stream in the selective synthesis of acetonitrile over Ni/
Al,O; catalyst. Reaction conditions: T=210 °C, partial pres-
sure of EtOH=3 kPa, and NH,/EtOH (molar ratio)=2.



Table S2. Conversion, selectivities and deactivation rate in the selective synthesis of acetonitrile over Ni/ALO; catalyst as a function of partial
pressure of NH; at initial and 13 h on stream

Conv. (%) Selectivity (%)
Puis Initial —13h Deactivation
(kPa) Initial t=13h rate (%)
MEA DEA  CH, AN MEA DEA CH, AN
3 65.0 55.6 6.2 5.6 0.2 88.0 6.8 8.4 1.7 83.1 14.5
6 55.7 55.8 6.8 2.5 0.8 89.9 6.9 2.7 1.1 89.2 -0.2
9 45.5 459 5.2 - 1.0 93.8 8.0 - 1.5 90.5 -0.9
15 32.8 37.6 5.2 - 1.2 93.6 5.5 - 3.5 91.0 —14.6
21 315 37.1 5.0 - 1.6 934 5.2 - 4.0 90.8 -17.8

Reaction conditions: 0.2 g catalyst, T=190 °C, partial pressure of EtOH=3 kPa, total flow rate=50 cm’ min™'

Table S3. Conversion, selectivities and deactivation rate in the selective synthesis of acetonitrile over Ni/AL,O; catalyst as a function of reac-
tion temperature at initial and 13 h on stream

Conv. (%) Selectivity (%)
Temp. Deactivation
o Initial t=13h
(C Initial ~ t=13h rate (%)
MEA DEA CH, AcN MEA DEA CH, AcN
180 23.6 24.1 9.6 - 0.5 89.9 13.7 - 0.5 85.8 =21
190 55.7 55.8 6.8 2.5 0.8 89.9 6.9 2.7 12 89.2 -0.2
200 70.2 69.1 6.1 22 1.5 90.2 55 22 1.6 90.7 1.6
210 82.4 82.2 3.0 2.5 1.9 92.6 32 1.2 2.0 93.6 0.2
220 93.7 88.0 12 0.0 1.9 96.9 1.5 - 29 95.6 6.1

Reaction conditions: NH,/EtOH=2, partial pressure of EtOH=3 kPa, 0.2 g catalyst, and total flow rate=50 cm’ min™*

Table $4. Conversion, selectivities and deactivation rate in the selective synthesis of acetonitrile over Ni/ALO; catalyst as a function of reac-
tion temperature at initial and 13 h on stream

Conv. (%) Selectivity (%)
Temp. Deactivation
o Initial t=13h
O Initial t=13h rate (%)
MEA CH, AN MEA CH, AN
190 45,5 459 52 1.0 93.8 8.0 1.5 90.5 -0.9
200 543 534 5.1 0.9 94.0 53 0.9 93.8 1.7
210 76.7 75.3 4.6 1.0 944 5.1 1.1 93.8 1.8
220 91.3 89.0 2.7 1.7 95.6 3.0 1.5 95.5 2.5
230 93.1 90.9 2.1 2.1 95.8 2.5 2.1 95.4 24
240 96.9 92.4 1.1 2.0 96.9 14 1.6 97.0 4.6

Reaction conditions: NH,/EtOH=3, partial pressure of EtOH=3 kPa, 0.2 g catalyst, and total flow rate=50 cm’ min™"

Table S5. Conversions, selectivities and deactivation rate in the selective synthesis of acetonitrile over Ni/ALO; catalyst as a function of 1/
WHSYV at initial and 13 h on stream

Conv. (%) Selectivity (%)
1/WHSV Deactivation
Initial t=13h
(h) Initial  t=13h rate (%)
MEA DEA CH, AcN MEA DEA CH, AcN
1.10 82.4 82.2 3.0 2.5 1.9 92.6 32 12 2.0 93.6 0.2
091 73.3 71.2 45 24 1.8 91.3 43 2.3 1.7 91.7 2.9
0.55 51.5 50.2 39 - 1.3 94.8 2.8 - 1.2 96.0 2.5
0.39 37.2 342 3.6 - 1.2 95.2 2.6 - 1.2 96.3 8.1
0.30 31.5 29.9 3.6 - 0.8 95.6 2.1 - 1.0 96.9 5.1
0.27 27.0 25.2 34 - 0.8 95.8 2.0 - 0.8 97.2 6.7

Reaction conditions: NH,/EtOH (molar ratio)=2, partial pressure of EtOH=3 kPa, and T=210°C
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