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Three Ni-based catalysts with the same nickel content (10 wt%)
were prepared by conventional impregnation of commercial γ -
Al2O3 support (NiAlCO-IM), sol–gel-made γ -Al2O3 (NiAlSG-IM) and
direct sol–gel processing from organometallic compounds (NiAlSG),
respectively. Their catalytic activity and coking resistivity for CO2

reforming of methane to synthesis gas were studied in a continuous-
flow microreactor under atmospheric pressure. Although three cata-
lysts had comparable activity, they showed a great difference in
coking resistivity. NiAlSG-IM catalyst had excellent coking resistiv-
ity with no obvious coke observed even after 80 h of reaction on
stream, under thermodynamically severe conditions (CO2/CH4=
0.88, 700◦C). A little coke deposited on NiAlSG, with an average
coking rate of 0.003 g(carbon) g(cat.)−1 h−1. However, fast and
heavy coke deposition occurred on NiAlCO-IM catalyst, with an av-
erage coking rate of 0.095 g(carbon) g(cat.)−1 h−1, and the reaction
was sustained only about 3.5 h accompanied with the plugging of re-
actor. NiAlSG-IM catalyst prepared from organometallic compounds
possesses very high BET surface area and small metallic Ni parti-
cles. The small size of metallic Ni particles is a key factor to prevent
coke formation and the critical size of Ni particles to inhibit coke
deposition is suggested to be about 10 nm. γ -Al2O3 support made
from sol–gel processing of organometallic precursors may also play
some role to prevent coke formation. c© 2000 Academic Press
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INTRODUCTION

In recent years CO2 reforming of methane to synthesis
gas has attracted great interest since it produces high CO/H2

ratio synthesis gas suitable for the synthesis of higher hydro-
carbons and oxygenated derivatives. Environmental pro-
tection also stimulates additional interest because both CO2

and CH4 are claimed to be “greenhouse gases” (1). Addi-
tionally, CO2 reforming of methane is regarded as a po-
tential route to store and transmit energy due to its strong
endothermic effect (2, 3).
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Except for osmium, all of the group VIII metals have
been studied for CO2 reforming of methane. Ferrous metals
Fe (4), Co (2, 5), Ni (6–8), and noble metals (9–13) have all
been reported to be active for CO2 reforming of methane.
Rostrup-Nielsen and Hansen (14) found that the catalytic
activity for CO2 reforming of methane followed the order
of Ru>Rh>Ni≈ Ir>Pt>Pd. Although noble metals
have been proved to be insensitive to coke (15, 16), the high
cost and restricted availability limit their use in this process.
It is therefore valuable to develop stable Ni-based catalysts.

The effects of supports (17–19) and additives (20–24)
on the coke formation and stability of Ni-based catalysts
were extensively investigated. Ruchenstein and Hu (17,
18) examined NiO/alkaline-earth oxide catalysts. The re-
duced NiO/MgO showed higher CH4 conversion and se-
lectivity than other catalysts. NiO/MgO had excellent sta-
bility and good resistivity to coking, which was partially
ascribed to the inhibition of CO disproportionation due to
the formation of a solid solution between NiO and MgO.
Borowiecki and Golebiowski (20) reported that the addi-
tion of molybdenum and tungsten into the nickel-based
catalysts reduced carbon deposition while keeping the same
catalytic activity for CO2 reforming of methane. Zhang and
Verykios (21) found that the addition of CaO in the sup-
port (CaO/Al2O3= 1/9) improved the stability of a 17 wt%
Ni/γ -Al2O3 catalyst. It was suggested that the CaO pro-
moter enhanced reactivity of the carbons formed under re-
forming reaction conditions and thus lowered the amount
of the accumulated carbons and improved the catalyst sta-
bility. Similarly, Goula et al. (23) observed that the ratio
of CaO to Al2O3 in 5 wt% Ni/CaO-Al2O3 catalysts had
an obvious influence on the amount and reactivity of car-
bon species formed during CO2 reforming of methane.
The catalyst with CaO/Al2O3= 1/2 had better coking re-
sistivity and slightly higher catalytic activity than that with
CaO/Al2O3= 12/7. This was attributed to the effects of sup-
port composition on the morphology and particle size dis-
tribution of nickel metal. Chang et al. (24) also showed that
the addition of alkaline promoters, such as K and Ca ox-
ides, onto pentasil-type zeolite-supported Ni catalysts re-
markably inhibited coke deposition for CO2 reforming of
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methane, owing to the favorable adsorption of CO2 on the
surface sites neighboring Ni.

The preparation method of catalysts has significant ef-
fect on catalytic activity and coking resistivity for methane
conversion to synthesis gas. Hayakawa et al. found that
Ni/Ca0.8Sr0.2TiO3 and Ni/BaTiO3 catalysts prepared by
“solid-phase crystallization” (SPC) had higher activity and
better stability than those prepared by impregnation (25–
27). However, the effect of support preparation, especially
from organometallic precursors, has seldom been studied.
In the present work, Ni/γ -Al2O3 catalysts, prepared by sol–
gel processing from organometallic compounds and by im-
pregnating commercial γ -Al2O3 respectively, have been in-
vestigated for CO2 reforming of methane. The catalysts
have also been characterized by BET surface area mea-
surement, TPR, XRD, XPS, and TEM.

METHODS

Preparation of Catalysts

Three Ni-based catalysts, named as NiAlSG, NiAlSG-IM,
and NiAlCO-IM, were prepared by different methods.
NiAlSG catalyst was prepared by sol–gel processing from
organometallic precursors according to the following pro-
cedure: 10 mmol of aluminum tri-sec-butoxide (ASB, AC-
TOS, 97%) was dissolved in 150 mmol of isopropanol
(Fisher Scientific, 99.9%), and then 5 mmol of acetylace-
tone (Merck, 99.5+%) was added as chelating agent under
a nitrogen atmosphere. The precursor solution was vigor-
ously stirred at room temperature for 30 min. Nickel nitrate
dissolved in about 60 mmol of deionized water was added
drop by drop under mild stirring. The sample gelled in a few
minutes. The resulting transparent and green gel was aged
for 5 days at room temperature and dried at 60◦C for an-
other 5 days. It was then calcined at 600◦C for 5 h. NiAlSG-IM

and NiAlCO-IM catalysts were prepared by incipient wetness
impregnation. The γ -Al2O3 support of NiAlSG-IM was syn-
thesized following the above sol–gel procedure, but only
60 mmol of deionized water without nickel nitrate was
added during the sol–gel processing. The NiAlCO-IM em-
ployed commercialγ -Al2O3 (Merk) as its support. The sam-
ples were also calcined at 600◦C for 5 h. The loading of
nickel was 10 wt% for all three catalysts.

Evaluation of Catalytic Activity and Coke Deposition

The catalytic activity was evaluated on a continuous-flow
quartz microreactor (i.d. 4 mm), under atmospheric pres-
sure. One hundred milligrams of catalyst (35–50 mesh size)
was loaded for each test. The catalysts were reduced in
a flow of H2 (30 ml/min) at 700◦C for 1 h before a pre-
mixed feed gas (19.8% CH4/17.5% CO2/Ar) was introduced
into the catalyst bed. The outlet gas composition was mea-

sured by gas chromatography. The yield of CO is defined
as the mole ratio of CO/(CH4+CO+CO2) in the efflu-
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ent gas. The measurement of coke deposited on the re-
acted catalysts followed procedures similar to those pre-
viously described in detail (28). Briefly, after reaction the
catalyst sample was cooled to 50◦C in a flow of He and
temperature-programmed oxidation (TPO) was carried out
in a 10% O2/Ar gas stream with temperature linearly in-
creased from 50 to 800◦C at a rate of 15◦C/min. The CO2 and
CO produced were detected by an on-line mass spectrom-
eter that was calibrated by monitoring the decomposition
of weighted amount of calcium carbonate.

Characterization of Catalysts

The BET surface area of the as-prepared catalysts was
measured on a Micromeritics sorption analyzer (model
ASAP2400), using N2 as the adsorbate at 77 K.

Temperature-programmed reduction (TPR) was carried
out in the following procedure. The sample (100 mg) was
heated from room temperature to 750◦C in a He flow until
no desorption gases were detected. The sample was then
cooled to room temperature and the carrier gas was re-
placed by 10% H2/Ar, at a flow rate of 45 ml/min. A linear
increase of temperature from room temperature to 820◦C,
at a rate of 15◦C/min, was adopted. The amount of con-
sumed H2 was measured using a thermal conductivity de-
tector connected to a recorder.

A Philips PW 1710 X-ray diffraction spectrometer with a
Cu Kα radiation source was utilized to detect the crystalline
phases of catalysts.

X-ray photoelectron spectra were acquired with a VG
ESCALAB MK II spectrometer, using an Al Kα radia-
tion (1486.6 eV, 120 W). Analyzer pass energy of 20 eV was
adopted for all narrow scans. The C 1s peak at binding en-
ergy of 284.6 eV due to adventitious carbon was used as an
internal reference.

Transmission electron microscopy (TEM) was performed
on a Jeol system with a tension voltage of 100 kV. High-
resolution electron microscopy (HREM) was carried out
on a Philips CM 300 with a tension voltage of 300 kV, FEG
emission, and UT objective lens.

RESULTS AND DISCUSSION

Characterization of Catalysts

The BET surface area and the size of metallic Ni particles
are given in Table 1. The BET surface areas followed the
order of NiAlSG>NiAlSG-IMÀNiAlCO-IM. NiAlSG, which
was prepared from organometallic precursors by sol–gel
processing, had a very high surface area of 183.2 m2 g−1

while NiAlCO-IM was 90.9 m2 g−1, only about half of
the former. The average size of metallic Ni particles in

NiAlSG-IM (8.2 nm from TEM) was much smaller than that
in NiAlCO-IM (26 nm). The TEM micrograph of NiAlCO-IM,
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TABLE 1

BET Surface Areas and the Size of Metallic Ni Particles
Estimated from XRD and TEM Measurements

Average size of
metallic Ni (nm)a

Surface area
Catalysts (m2/g) XRD TEM

NiAlSG 183.2 NA —
NiAlSG-IM 171.1 9.9 8.2
NiAlCO-IM 90.9 24 26

a Samples after TPR up to 820◦C; NA, not detectable.

presented in Fig. 1A, illustrates large metallic Ni particles.
The very small metallic Ni particles in NiAlSG-IM catalyst
were viewed by HREM, as shown in Fig. 1B. The approxi-
mate size of metallic Ni particles was also obtained by XRD
measurement. The XRD patterns of the reduced catalysts
are displayed in Fig. 2. The peak of metallic Ni at 2θ = 44.4◦

in NiAlCO-IM was sharp and narrow whereas it was weak
FIG. 1. TEM micrographs of the reduced catalysts illustrating the
morphology of Ni particles: (A) NiAlCO-IM; (B) NiAlSG-IM.
T AL.

FIG. 2. XRD patterns of the reduced catalysts: (a) NiAlCO-IM;
(b) NiAlSG-IM; (c) NiAlSG.

and broad in NiAlSG-IM. It is noted that a very weak and
broad peak near 2θ = 44.4◦ was also visible on NiAlSG (see
Fig. 1C), but it was near the peak width limit of XRD and
the size of nickel particles could not be calculated. It is un-
expected that the crystallization of Ni in NiAlSG catalyst
did not seem good and a part of the Ni might be amor-
phous as observed by HREM (not shown). This reveals the
small metallic Ni particles and their higher dispersion in
NiAlSG-IM, as compared to those in NiAlCO-IM. Since both
NiAlSG-IM and NiAlCO-IM were prepared by the same im-
pregnation method, the properties of the small metallic Ni
particles in NiAlSG-IM should be closely related to the prop-
erties of its support made from organometallic precursors,
such as the very high BET surface area.

The temperature-programmed reduction profiles of cata-
lysts are given in Fig. 3. All three catalysts have a single
reduction peak, but with a little different maximum
FIG. 3. TPR profiles of catalysts: (a) NiAlCO-IM; (b) NiAlSG-IM;
(c) NiAlSG.
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peak temperatures at 748, 718, and 695◦C for NiAlCO-IM,
NiAlSG-IM, and NiAlSG, respectively. This appears to in-
dicate that the strength of the metal–support interaction
decreases in the order of NiAlCO-IM>NiAlSG-IM>NiAlSG,
though the difference is not large.

XPS was used to analyze the valence state of elements
and surface composition of catalysts. Ni 2p3/2 XPS spec-
tra of the as-prepared catalysts are presented in Fig. 4. The
Ni 2p3/2 peak in NiAlCO-IM catalyst is centered at a bind-
ing energy of 855.2 eV, with a shake-up peak at 861.2 eV
(Fig. 4a), which could be identified as Ni2+. The peaks shift
to 855.6 eV and 861.7 eV respectively for both NiAlSG-IM

and NiAlSG (Figs. 4b and 4c). After H2 reduction, Ni0 is
detected at 852.2 eV, but the Ni2+ peak at 855.6 eV is still
predominant for all three reduced catalysts (Fig. 5). The
satellite peaks become weak due to the decrease of Ni2+ by
reduction. Actually three reduced catalysts have also iden-
tical O 1s and Al 2p XPS spectra, with the binding energies
of 530.8 eV and 74.0 eV respectively (not shown). This re-
veals no obvious difference in electronic structure among
the three reduced catalysts.

However, a remarkable difference in surface composi-
tion was found for three catalysts, as indicated by the Ni/Al
mole ratios in Table 2. The Ni/Al mole ratio on the surface of
NiAlSG is close to that of NiAlSG-IM for both the as-prepared

FIG. 4. Ni 2p3/2 XPS spectra of the as-prepared catalysts:

(a) NiAlCO-IM; (b) NiAlSG-IM; (c) NiAlSG.
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FIG. 5. Ni 2p3/2 XPS spectra of the reduced catalysts: (a) NiAlCO-IM;
(b) NiAlSG-IM; (c) NiAlSG.

and reduced samples. After reduction, the Ni/Al mole ra-
tios decreased a little for these two catalysts. In contrast,
the Ni/Al mole ratio (0.38) was relatively high on the sur-
face of the as-prepared NiAlCO-IM. The ratio in the reduced
NiAlCO-IM (0.41) increased a little. It should be mentioned
that the total Ni/Al mole ratio based on the weight per-
centage of catalysts (10 wt% of Ni loading) is 0.097. The
total Ni/Al mole ratio includes the surface and bulk of the
catalysts. If the dispersion of the metal is high and the distri-
bution of the metal particles on the supports is uniform, the
surface Ni/Al mole ratio should be close to the total Ni/Al
mole ratio (29). This indicates that nickel segregation oc-
curs on the surfaces of all three catalysts, in particular on
the NiAlCO-IM surface.

TABLE 2

Ni/Al Mole Ratios on the Surface of Catalysts
Derived from XPS

Ni/Al mole ratio

Catalysts As-prepared After reduction

NiAlSG 0.23 0.18
NiAlSG-IM 0.21 0.18

NiAlCO-IM 0.38 0.41
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FIG. 6. Effect of space velocity on CH4, CO2 conversion and CO yield
(feed gas, 19.8% CH4/17.5% CO2/Ar; 700◦C).

Catalytic Activity and Coke Deposition

Figure 6 presents the effect of space velocity on catalytic
activity of three catalysts, at 700◦C. As expected, CH4, CO2

conversion and CO yield decreased with the increase of
space velocity. NiAlSG and NiAlSG-IM catalysts had similar
methane and CO2 conversion whereas NiAlCO-IM showed
a little higher methane and CO2 conversion in the range
of space velocity of (4–10)× 104 cm3 g−1 h−1. Nevertheless,
CO yields were comparable for three catalysts. It is gener-
ally expected that the better the dispersion of active metal
component, for example, the smaller the metallic Ni par-
ticles in NiAlSG-IM catalyst, the higher is its catalytic ac-
tivity. Although the dispersion of metal Ni in NiAlSG and
NiAlSG-IM catalysts is higher than that in NiAlCO-IM, as re-
vealed by TEM, XRD, and XPS analysis, their catalytic

activity is comparable. This result may be related to two
factors. One is that under our integral operating condi-
T AL.

tions, the measurement is not far enough from equilibrium
conversion, even at very high space velocity (1× 105 cm3

g−1 h−1). Under differential reaction conditions and at very
low conversion, a large difference in activity would be ex-
pected. As will be demonstrated in the next paragraph, the
other is that the fast coking on NiAlCO-IM catalyst makes its
activity relatively high. Due to fast coking, it is difficult to
measure activity of NiAlCO-IM.

However, a large difference in their resistance to coke
formation was found (see Table 3). No coke deposition
on NiAlSG-IM catalyst occurred after 4 h of reaction. A lit-
tle coke with an average coking rate of 0.003 g(carbon)
g−1(cat.) h−1 was observed on NiAlSG but a large amount
of coke, with an average coking rate of 0.095 g(carbon)
g−1(cat.) h−1, was deposited on NiAlCO-IM and caused the
plugging of the reactor within 3.5 h of reaction. A little
higher CH4 and CO2 conversion over NiAlCO-IM may thus
result from significant coke deposition, as shown in Fig. 6,
since coke deposition was not included in the calculation of
catalytic activity.

Long-time stability of NiAlSG-IM catalyst was further
examined. After 80 h of continuous reaction at 700◦C,
NiAlSG-IM catalyst did not show any deactivation (see Fig. 7)
and kept its original particle shape with no shattering of
catalyst. It is worth mentioning that a negligible amount of
coke was formed, especially under thermodynamically se-
vere conditions employed in this test (CO2/CH4= 0.88< 1,
700◦C). So sol–gel-made NiAlSG-IM catalyst has manifested
itself as an excellent catalyst for CO2 reforming of methane,
with both good catalytic activity and long-time stability.

In contrast, a large amount of coke deposition on
NiAlCO-IM led to the shattering of catalyst and the plug-
ging of reactor after only 3.5 h reaction. The main type of
coke is tubular whisker carbon, as revealed by the TEM
micrograph in Fig. 8A. The diameter of the nanotube is in
the range of 10–35 nm. Since Ni particles at the extremity
of carbon filaments are still accessible to reactants, whisker
carbon has been found not to affect the catalytic activity
of catalyst (30), as observed on NiAlCO-IM catalyst. But it is
necessary to avoid the formation of whisker carbon because

TABLE 3

Average Coking Rates on Three Catalysts for
CO2 Reforming of Methane (Feed Gas: 19.8%
CH4/17.5% CO2/Ar; GHSV= 4× 104 cm3 g−1 h−1,
700◦C)

Average coking rate
Catalysts (g(carbon) g−1(cat.) h−1)

NiAlSG 0.003a

NiAlCO-IM 0.0a

NiAlCO-IM 0.095b

a
 Reaction time= 4 h.
b Reaction time= 3.5 h due to the plugging of reactor.
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FIG. 7. Change of catalytic activity as a function of time over
NiAlSG-IM and NiAlCO-IM catalysts. ↓ Symbol indicates that the reac-
tion on NiAlCO-IM was interrupted at 3.5 h owing to the plugging of reac-
tor by carbon deposition (feed gas, 19.8% CH4/17.5% CO2/Ar, GHSV=
4× 104 cm3 g−1 h−1, 700◦C).

it will destroy the catalyst texture and structure and cause
the shattering of catalyst. The topography of NiAlCO-IM

catalyst after 80 h of reaction is observed by HREM and
shown in Fig. 8B. The sintering of metallic Ni occurred and
metallic Ni particles grew up to 28 nm.

Discussion on Coking Resistivity

Three catalysts showed comparable activity for CO2 re-
forming of methane to synthesis gas, but appreciably dif-
ferent coking resistivity. No detectable coke was found on
NiAlSG-IM catalyst. It is important to know what are the key
factors that contribute to the prevention of coke formation
on NiAlSG-IM. The strong interaction between Ni and sup-
port is suggested to prevent coke deposition on Ni/MgO (17,
18) and Ni/La2O3 (31, 32) catalysts. A NiO–MgO solid so-
lution in Ni/MgO catalyst was formed. Only a small amount
of NiO was reduced to Ni and the formation of large Ni clus-
ters was prevented. CO disproportionation was effectively
inhibited by the strong interactions between the small Ni
particles and MgO. The interaction between nickel and lan-
thanum species created a new type of synergetic sites at the
Ni–La2O3 interfacial area (31, 32). The formed La2O2CO3

and formate species were suggested to react with the car-
bon species, which decreased coke deposition. XPS analysis
reveals no obvious difference in electronic structure among
three catalysts, especially for the reduced catalysts (Fig. 5).
Though TPR profiles in Fig. 3 illustrate that the maximum
peak temperature of NiAlSG-IM is between those of NiAlSG

and NiAlCO-IM, the difference is not very large among three
catalysts. The metal–support interaction is thus not a key
factor that affects coke formation on three catalysts. Addi-
tionally, it seems impossible to form different intermediate

species among three catalysts like Ni/La2O3 since they have
similar chemical composition.
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Nevertheless, the obvious advantage of NiAlSG-IM cata-
lyst is the very small size of the metallic Ni particles, as
revealed by the TEM micrograph in Fig. 1B. Lercher et al.
suggested that the rate of whisker carbon formation is pro-
portional to the particle size of Ni and below a critical
Ni particle size (diameter <2 nm), formation of carbon
slowed down dramatically (33). But Ponzi et al. reported
that for the formation of whisker carbon the minimum di-
ameter of the Ni particles was about 10 nm, while the mini-
mum C/Ni ratio, i.e., carbon atoms adsorbed on superficial
Ni, was 8–10 (34, 35). The observed minimum diameter
of carbon nanotubes is about 10 nm on Ni-based catalysts
(Fig. 8A). This may provide evidence that the critical size of
Ni particle to prevent the formation of tubular whisker car-
bon is about 10 nm for CO2 reforming of methane. The
very small size of initial metallic Ni in NiAlSG-IM (aver-
age size ≈ 8.2 nm) is hence believed to be a key factor
to inhibit whisker carbon formation. High surface areas of

FIG. 8. TEM micrographs of the reacted catalysts: (A) morphology of

coke deposited on NiAlCO-IM; (B) morphology of Ni particles on NiAlSG-IM

after 80 h of reaction.



E
430 TANG

sol–gel-made supports from organometallic precursors
should be helpful to enhance the dispersion of the active
component, like nickel in the present case, and thus prevent
the segregation of nickel on the surfaces. Nichio et al. (30)
found that NiOM/α-Al2O3 catalyst using Ni-acetylacetonate
as a precursor compound could effectively refrain coke for-
mation for partial oxidation of methane to synthesis gas
though it had an initial size distribution similar to that of
metallic Ni to NiIN/α-Al2O3 using Ni(NO3)2 as a precursor
compound. But rapid sintering of Ni particles in NiOM/α-
Al2O3 catalyst led to a continuous deactivation. Despite the
growth of metallic Ni up to 28 nm with the extension of re-
action time, carbon deposition was still negligible. sol–gel-
made supports from organometallic precursors may have
some roles to prevent coke formation though the mecha-
nism is not clear. Whether NiAlSG-IM catalyst can afford a
longer time ordeal (>80 h) needs to be further investigated
because the growth of Ni particles also occurred though at
a very slow rate of sintering. The same effects should be
present in NiAlSG catalyst, but probably to a lesser extent.
A little coke deposition detected on NiAlSG catalyst may
be related to the bad crystallization of nickel. It seems bet-
ter to introduce nickel by impregnation other than addition
during sol–gel process.

In contrast, large initial Ni particles and segregation of
nickel on the surfaces were observed over NiAlCO-IM cata-
lyst. Rostrup-Nielsen pointed out that large nickel clusters
were susceptible to coke deposition (36). Due to the signif-
icant segregation of nickel on the surface of support, large
nickel clusters were easily formed. This would result in the
rapid and heavy coke deposition on NiAlCO-IM catalyst.

SUMMARY

Ni-based catalysts supported on the commercial γ -Al2O3

(NiAlCO-IM) and the sol–gel-made γ -Al2O3 (NiAlSG-IM

and NiAlSG) from organometallic precursors have showed
almost identical catalytic activity for CO2 reforming of
methane to synthesis gas under integral reaction conditions.
But a substantial difference in coking resistivity and stabil-
ity between these two kinds of catalysts has been observed.
A fast and heavy coke deposition on NiAlCO-IM catalyst led
to its shattering and the interruption of reaction process in
only 3.5 h whereas coke deposition on NiAlSG-IM was negli-
gible and catalytic activity kept unchanged for CO2 reform-
ing of methane even after 80 h of reaction on stream.

The outstanding performance and excellent coking resis-
tivity of NiAlSG-IM catalyst have been found to be greatly
related to the small size of initial Ni particles and the high
dispersion of nickel that should be ascribed to the high BET

surface area of sol–gel-made supports. The γ -Al2O3 sup-
ports prepared from organometallic precursors may also be
T AL.

beneficial to prevent coke formation. In addition, it seems
better to introduce the active component nickel by impreg-
nation rather than addition during sol–gel processing.
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