brokatanus

36l Y-AIOOH — TeMmepaTypa aerugpaTaliiv CMeaeT-
cs B obnacTh 60J1ee HU3KUX Temneparyp (Ha =10 °C).

Jlutepartypa

1. Pat. 2490215 (Fr). Procede pour la preparation de mé-
langes de methanol et d’alcools superieurs et mélanges ain-
si obtenus / A. Paggini, V. Lagana, G. Manara, V. Fattore.
1982.

2. Pat. 2110558 (GB). Catalyst and its use for producing metha-
nol/higher alcohol mixtures / V. Fattore, B. Notary, A. Pag-
gini, V. Lagana. 1983.

3. Pat. 5530168 (USA). Process for synthesis of C.sub.2+Ali-
phatic alcohol in a slurry reactor comprising an in-situ ca-
talyst impregnation step / R.P. Underwood, B.A. Toseland,
T.A. Dahl, J.F. Hugo. 1996.

4. MypenkoBa A.A., MapkoBa A.C., J/IutoBuenko H.H. v np.
BnusHue Kanus Ha CTPYKTYpY ¥ KaTaJUTHYECKHE CBOTiC-
tBa Zn—Cr—K Kkaraiuszaropa CHMHTe3a CMECHU CIIUPTOB
C—Cs // Cb. «TexHONOTUS CUHTETUYECKOTO METaHOJIa»,
M.: HUMTOBXUM, 1989.

5. Kypuha JIL.H., Uruna I.B., JleonoB B.C., Cymasa JI.5.

UDK 662.769

Ddusuko-xuMHIECKOe N3ydeHNe KaTaan3aTOPOB CMHTE3a
ME€TaHOJIa U COBMECTHOTO CMHTE3a METAHOJA U BBICIIUX
crmupToB // OUNKO-XMMHUYECKUEe OCHOBHI CHTE3a Me-
taHosa «MetaHon-3» // Tes. noku. 111 Bcecoto3H. cose.
HoBoMockoBck, 1986.

6. Kocrpos B.B., Moposos JI.H., bopucos A.C., Turopa JI.H.
TeepnodasHoe B3aMMOAEHCTBUE MpPU TepMOOOpadOTKe
HaHeceHHbIX KaranuzatopoB Cu0,Zn0,K,0/Al,05 // U3B.
By30B. XUMHUS U XMMHUUecKas TexHoyorus. 1988. T. 31,
Ne 1. C. 62

7. bpemep I, Bergranr K.Il. BBeneHre B reTeporeHHbIi
Karanus. M.: Mup, 1981.

8. Karanuzatop Meab-unmHkK-agdoMuHueBslii (CHM-Y,
CHK-2). TY ¥V 6-04687873.047—2000.

9. Oscuerko O.JI., Poqnu JI.M., Cugoperko JI.I1. Metonu-
KM TeCTUPOBAHUS U WX MCIIOJb30BaHUE IJIsI UCCIIEN0OBa-
HUS MeAbcoAepXKalluX KaTaauzaTopos // Karanus B npo-
MbIIeHHocTr. 2004, No 2. C. 27.

10. OBcuenko O.JI., Ponun JI.M., Cunopernko JI.II. Menb-
LIMHK-aJIIOMUHUEBbIE KaTajlu3aTOpbl CUHTE3a METaHO-
na // YKpauHCKMII XUMHUYeCKUi XypHai 1998, No 7—8.
C.97.

H, PRODUCTION BY STEAM REFORMING

OF BIOETHANOL

© 2011 r. Cesare Biffi,
Ilenia Rossetti

Introduction

In situ H, production to be applied to fuel cell systems
seems to be a promising way to exploit the potentialities
of H, as an energy vector, so avoiding the problem of its
storage and delivery. Many ways are proposed to produce
clean H,, i.e. without a net emission of CO,, such as water
electrolysis, photo-promoted water splitting. However, the
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most mature technology nowadays seems the reforming of
biomass derived substrates, such as bioethanol [1—35].

Three different series of Ni-based catalysts were here
synthesised. Al,O5, TiO, and La,O; were chosen as sup-
ports and the Ni loading was varied between 5 and 15 wt.%
for each set of samples. Metallic Ni was chosen as cheaper
active phase with respect to noble metals [6, 7] due to its
good C-C bond breaking activity.

Ni supported on Al,O; was prepared at first, because
it is the most common SR catalyst commercially available
[8] and it was here assumed as reference material. The big-
gest problem when using alumina as support is extensive
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coke formation due to the acidic nature of the support,
depressing selectivity and deactivating the catalyst [9, 10].
Coke formation is a key problem affecting many reactions
involving hydrocarbons reagents [11]. Many reaction may
lead to coke formation during SR, such as CH, crack-
ing, inverse Bouduard reaction, CO-dismutation and, in
particular for the SR of ethanol, its dehydration to C,H,
and its subsequent fast polimerisation [11, 12]. The latter
sequence is favored by acidic sites. For this reason, bi-
nary oxides such as Al,03;/La,05 are sometimes used to
tune support acidity [12]. In the present work, catalysts
directly supported on pure La,05 were also prepared. At
last TiO, — supported samples, rather new for this appli-
cation, were prepared to investigate the effect of the in-
teresting redox properties of titania for a possible surface
cleaning action.

All the supports were prepared in nano-powder form
by flame spray pyrolysis (FP, [13—15]) and Ni was added
in proper amount by impregnation. The FP method grants
a relatively high surface area coupled with a suitable ther-
mal resistance, a must for this high temperature applica-
tion. The effect of support nature and metal loading on
products distribution and H, productivity, as well as the
resistance towards catalyst coking have been addressed in
the present work.

Experimental

Samples preparation

Metal oxides to be used as supports for the Ni active
phase were produced by flame pyrolysis (FP), starting
from a solution of an organic and combustible solvent in
which the oxide precursorswere dissolved. This solution
was feed to the nozzle of a home-designed burner, where
a flux of oxygen disperses it in small droplets. The mix-
ture is ignited by a ring of O,/CH, flamelets generating
the main flame, where the organic solvent burns and oxide
precursors decompose and oxidise [13—15].

For Al,05 synthesis, aluminum tri-sec-butoxide (Al-
drich, pur. 97 %) was dissolved in xylene (Aldrich, pur.
97 %) with a concentration 0.35 M refered to the fi-
nal product. TiO, was synthesised using a dispersion of
Titan(IV)-isopropylate (Aldrich, pur. 97 %) in xylene,
with a 0.67 M concentration refered to TiO,. Finally, the
solution for La,05 synthesis was prepared by dissolving
2.9 grams of Lanthanum Acetate Hydrate (Aldrich, pur.
99.9 %) in 25 ml of propionic acid (Aldrich, pur. 99 %).
Before spaying into the burner, it was diluted with 25 ml of
xylene, the final concentration of the solution referred to
La,05 being 0.18 M.

The three solutions were fed to the nozzle using a 50 ml
glass syringe with a flow rate of 2.2 ml/min and a 1.5 bar
pressure drop across the nozzle, cofed with 5L/min of O,.

Ni was loaded on the FP prepared supports by wet
impregnation from a solution of Ni(NO3),:6H,0 (Mer-
ck) dissolved in distilled water. The proper amount of
Ni(NOs),"6H,0 was calculated in order to achieve a fi-
nal 5—15 % Ni loading. The support was suspended in the
Ni-containing solution and heated under vigorous stirring
till drying. Then it was left for overnight at 150 °C. The
samples were further reduced at 800 °C for 1h in 10cc/min
of H, plus 40 cc/min of N,.

Catalyst characterization

Surface area of the as-prepared supports and catalysts
was measured by N, adsorption/desorption with a Mi-
cromeritics ASAP2010 instrument.

XRD analysis was performed on a Phillips PW3710
diffractometer and phase recognition was possible by
comparison with literature data [16].

A Scanning Electron Microscope (SEM, Leica LEO
1420) was used to assess particle size and composition by
EDX analysis. Back scattering (BS) images were also col-
lected on activated samples to check possible metal ag-
glomeration and sintering.

The Ni-based catalysts were analysed by temperature
programmed reduction (TPR) analysis. Samples were
pressed, ground and sieved into 0.15—0.25 mm particles
and then loaded (0.15 g) in a continuous quartz reactor.
The analysis was carried out by feeding 40 cm?®/min (STD)
of 10 vol.% H, in He, while heating by 10 °C/min up to
800 °C. Consumption of H, and evolution of other gas-
eous products was monitored by in-line mass spectrom-
etry using a quadrupolar detector (MKS, PPT Residual
Gas Analyser). Some samples were also analysed after the
TPR by temperature programme oxidation TPO, by feed-
ing 40 cm?®/min (STD) of 10 vol% 0O, in He, while heating
by 10°C/min up to 600 °C.

Catalytic activity testing

Activity test were performed by means of a micropilot
plant constituted by an Incoloy 800 continuous down-
flow reactor (i.d. 0.9 cm, lenght 40 cm), heated by an
electric oven. The reactor temperature was controlled by
an Eurotherm 3204 TIC. The reactor may be fed both
with liquid and gaseous reactants and at the reactor out-
let there is a trap for possible liquid products and a gas
sampling point.

The catalysts were pressed, ground and sieved into
0.15—0.25 mm particles and ca. 0.5 g were then loaded
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into the reactor after dilution 1:3 (vol/vol) with SiC of the
same particle size.

Catalyst activation was accomplished by feeding
50 cm?/min of a 20 % H, in N, gas mixture, while heat-
ing by 10 °C/min up to 800 °C, the kept for 1h. During
activity testing 0.017 cm’/min of a 3:1 (mol/mol) H,O0:
CH;CH,OH mixture were fed to the reactor by means of
a Hitachi, mod. L7100, HPLC pump, added with 56 cm3/
min of N, used as internal standard and 174 cm?/min
of He. The activity tests were carried out at atmospheric
pressure, GHSV = 2500 h™! (referred to the ethanol +
+ water gaseous mixture), 750 °C.

The analysis of the out-flowing gas was carried out by a
gaschromatograph (Agilent, mod. 7980) equipped with two
columns connected in series (MS and Poraplot Q) with a
thermal conductivity detector (TCD), properly calibrated
for the detection of ethanol, acetaldehyde, acetic acid, wa-
ter, ethylene, CO, CO,, H,. Material balance on C-con-
taining products was checked to quantify coke deposition.

Repeated analyses of the effluent gas were carried out
every hour and the whole duration of each test was ca. 8 h.

Results and discussion

The specific surface area (SSA) of the supports strong-
ly varied depending on its composition, being 185 m2/g for

20nm *; Se
e b

*500nm.

Fig. 1. SEM image of FP made Ti0, (a) and Al,05 ()

Al,03, 84 m?/g for TiO, and 40 m?/g for La,05. This was
due to the preparation route and the precursors selected as
extensively detailed elsewhere [13—15, 17, 18]. After acti-
vation of the Ni-based catalysts the SSA ranged between
5and 10 m?/g.

The as prepared supports were constituted by very
uniform nanoparticles, whose size ranged between 10
and 20 nm, as exemplified in Fig. 1. The highest disper-
sion has been achieved by optimization of the prepara-
tion procedure according to the basic principles of this
technique detailed elsewhere [13—15]. After Ni loading
and activation the mean particle size increased to ca. 50—
70 nm, as exemplified in Fig. 2 for the 10 wt.% Ni/TiO,
sample though some sintering occurred, the particle size
remained rather small and uniformly distributed. The
nominal composition of the sample was confirmed by
spot EDX analysis, which also indicated a rather uniform
Ni distribution.

In order to check for possible agglomeration of the me-
tallic phase upon activation, electron back scattering (BS)
analysis was also carried out. An example is reported in
Fig. 3, relative to 10 wt.% Ni/La,05. In BS pictures the
brighter spots indicate a higher probability of electron

Fig. 3. SEM (left side) and Back Scattering (right side)
images of 10 wt.% Ni/La,0;
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Fig. 4. XRD patterns of the as prepared alumina (a), titania (b)
and lanthana (c)

A - -AL,0, ([16], file 00-046-1215); A — 8-AL,0, ([16],

file 00-050-0741); O - Ti0,, Anatase ([16], file 00-021-1272);

& - Ti0,, Rutile ([16], file 00-021-1276); & - Lanthanum hydro-
xide ([16], file 00-036-1481)
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backscattering, which is in turn due to a surface portion
more exposed to the source/detection devices or to the ac-
cumulation of heavier compounds present in the matrix.
In this case, the former contribution may be ruled out by
comparing the BS profile (Fig. 3, right) with the equiva-
lent image captured with secondary electrons (Fig. 3,
left), which renders the surface morphology. The arrows
evidence some zones enriched by lighter elements than the
lanthanum hydroxide matrix, so constituted by Ni.

XRD patterns show that the as-prepared Al,O5 (Fig. 4,
a) was constituted by a mixture of gamma and delta alu-
mina, characterized by very small crystals, as evidenced
by a huge broadening of the main reflections. Rutile and
anatase (predominant) constitute the titania support (Fig.
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Fig. 5. XRD pattern of activated 10 wt.% Ni/La,05.
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Fig. 6. TPR patterns of 10 wt.% Ni supported on Ti0, (a),
AL,05 (b) and La,05 (c)

4, b), whereas lanthana was strongly hydrated, being iden-
tifiable as lanthanum hydroxide (Fig. 4, ¢).

After Ni loading and its reduction two typical reflec-
tions of metallic Ni, were recognized, as shown in Fig. 5.

TPR patterns of selected samples, collected after im-
pregnation with Ni and drying, are reported in Fig. 6. The
Ni precursor was reduced at ca. 350 °C in the titania sup-
ported sample and around 400 °C in the case of the alumi-
na supported one. In both cases a sharp reduction feature
was observed, indicating a rather homogeneous distribu-
tion of the active species. By contrast, a much broader
TPR pattern was observed in the case of lanthana-based
samples (also with different Ni loading). The comparison
with the bare support indicated a negligible contribution
of the support and, thus, a lower energetic homogeneity
of the active Ni species, i.e. a different reducibility of Ni
sites. Ni loading did not affect the reduction temperature
of the metal oxide, except of course a different intensity of
the reduction pattern.

The comparison of these results with literature data
denoted a much higher reducibility (at least 100 °C lower
reduction temperature) of the present FP-prepared sam-
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Fig. 7. Products distribution and C balance for sample
10 Wt.O/D NI/L3203

ples with analogous formulations prepared by other routes
[10, 19—-21].

Activity testing showed complete ethanol conversion
for every sample in the selected reaction conditions. Steam
conversion varied depending on the mutual relationship
between the reforming and water gas shift reactions, as
well as on the equilibrium established between possible
coke deposition and removal. In every case, among the §—
9 tests carried out hourly every day, steady state conditions
were reached after ca. 4 hours, when products distribution
and carbon balance reached constant values, as exempli-
fied in Fig. 7. The carbon balance (%) has been calculated
as Cy,:/Cip» acceptable if closing at 1005 %, whereas in
the Figure the mol.% of each product has been averaged
out in steady state conditions considering the whole outlet
gas on a dry basis if not else specified.

The results of activity testing may be further sum-
marized in terms of products distribution in steady state
conditions (averaging the results between 4 and 8 h-on-
stream, as exemplified in Fig. 8.

When keeping constant the Ni loading on three dif-
ferent supports (Fig. 8, a) the products distribution (Y,
mol.%) was similar considering the gaseous outlet. In
particular H, concentration in the gas phase was always
higher than 70 mol.% and a similar promotion of the
water gas shift reaction, i.e. a similar CO/CO, ratio was
observed for all the supports. It should be also noticed
that no acetaldehyde or ethylene have been found in the
products stream and only a small amount of methane
was observed when supporting Ni on lanthana. How-
ever, by looking at the carbon balance, catalyst coking
was evident when using Al,Oj5 as support, whereas it was
negligible under steady state conditions for La,O; and
TiO,-supported samples, at least at 750 °C. This may be

Y,», mol.%
B Al-10 % Ni -
60- =] La.1—10 % N‘i
I Ti-10 % Ni
40
204
: Ilac
o L L L L L —
5 %
60 110 %
=15 %
40+
204
b I
0 1 1 1 1 1
5%
60_ 110 % ]
15 %
404
204
c
0 T T

CH.CH,0H CH,CHO CH, (€O  CO, H,

Fig. 8. Products distribution (averaged between 4-8 h-on-
stream)

a — for 10 wt.% Ni supported on different materials. C balance:
94 % for Al,03, 104 % for La,05 and 103 % for Ti0,;

b - for La,03-supported samples with different Ni loading. C ba-
lance: 97 % for 5 wt.% (oscillating between 79 and 110 %), 104 %
for 10 wt.% and 105 % for 15 wt.% Ni;

¢ — for Ti0,-supported samples with different Ni loading. C balan-
ce: 104 % for 5 wt.%, 103 % for 10 wt.% and 105 % for 15 wt.% Ni

related to surface acidity. Nevertheless, during the first
hours-on-stream some coke formation may be possible
(see the first data of Fig. 7).

The effect of Ni loading for La,O5 and TiO,-supported
catalysts on products distribution is shown in Fig. 8, b and
8, c¢. A high Ni loading seems beneficial for La,O5-sup-
ported samples, leading to the highest H, concentration,
whereas it appears detrimental for the titania-based ones.

However, together with the molar composition of the
outlet gas one should deal with productivity, i.e. with the
mol/min produced per gram of catalyst. The results are
reported in Table.

From such results it is evident that for both supports
H, productivity increased with increasing Ni loading,
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H,, CO and CO, productivities

Productivity (mol/min kg..¢)
Sample

H, co 0o, co/co,

5 wt.% Ni/Ti0, 1.72 0.58 0.058 10.09
10 wt.% Ni/Ti0, 1.78 0.45 0.18 2.45
15 wt.% Ni/Ti0,  1.96 0.44 0.18 2.40
5wt%Ni/la,0; 1.80  0.38  0.19 1.94
10 wt.% Ni/La,0;  1.81 0.44 0.19 2.33
15 wt.% Ni/La,0;  2.32 0.49 0.23 2.12

the highest value being reached with sample 15 wt.%
Ni/La,0j3. In addition, the CO/CO, ratio is important,
especially if H, careful purification from CO is required
for application to fuel cells. Though the high operating
temperature here adopted depressed thermodynamically
the exothermal water gas shift reaction, in average a low-
er CO and a higher CO, amount was obtained for La,0;
samples.

As for catalyst resistance to deactivation, the carbon
balance was satisfactory for all these lanthana and titania
supported catalysts, without indication of extensive cok-
ing. The only exception was the 5 wt.% Ni/La,05 sample,
showing a C_,;/C;, balance in line with the experimental
error, but characterised by fluctuations between 79 and
110 %, even in the commonly considered steady state op-
eration. Another important parameter was thermal resis-
tance under the operating conditions. Every test ranged
ca. 8 h, but prolonged time-on-stream tests were also car-
ried out up to ca. 80 h, without any evidence of thermal or
chemical deactivation.

The FP preparation procedure showed therefore suit-
able for the preparation of thermally resistant catalysts for
ethanol steam reforming. From the present results we can
conclude that the best performing catalysts of this series
was 15 wt.% Ni/La,0s3, leading to the highest H, produc-
tivity, couples with satisfactory carbon balance and CO/
CO, ratio.

The comparison with literature data is usually possible
basing on products distribution in the outlet gas, though
poor data are available about prolonged time on stream
tests, carbon balance (or coke deposition quantification)
and above all productivity is usually missing. For example
similar results on products distribution have been reported
by Benito et al. [22] on a Co/Zr/La system, though tested
under different operating conditions. By contrast, a lower
selectivity to H, was claimed for La—Fe—Ni catalysts, for

which coking seems to be an additional problem [9]. Ni
supported on Mg—Al oxides showed a lower H, yield, ac-
companied by a poor promotion of the water gas shift reac-
tion, since CO, was substantially negligible [10]. Further-
more, the negative effect of support acidity was confirmed
by the same authors showing extensive coking on pure alu-
mina. Similar results were presented by Profeti et al. [23]
on a Ni/CeO—Al,Oj5 catalyst, leading to ca. 60 mol.% H,
at 600 °C, with poor CH, conversion and non-negligible
coking problems.

Conclusions

Nanostructured catalysts with variable Ni loading on
three different supports have been prepared by flame py-
rolysis. Proper thermal resistance and much higher reduc-
ibility with respect to what reported in the literature has
been shown by the present samples.

Their activity for the steam reforming of ethanol has
been studied at 750 °C at atmospheric pressure, always
obtaining full conversion of the reactant and of its de-
composition/dehydrogenation byproducts (methane, ac-
etaldehyde), Under the selected reaction conditions the
products distribution was poorly dependent on the sup-
port nature by keeping fixed the metal loading. However,
alumina showed too prone to coke deposition with respect
to less acidic supports such as titania and lanthana. An in-
crease of metal loading showed beneficial to improve H,
productivity, the best results being obtained with 15 wt.%
Ni/La,0;.
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NPOU3BOACTBO BOAOPOAA

B MPOLLECCE NAPOBOI0 PUDOPMUHTA
BUO3TAHOJIA

© 2011 r. Y. budcpu,
WU. Poccetrtn

BBepeHue

B mmocitienHee BpeMs BO3pOC MTPOMBIIIJICHHBIN MHTE-
pec K mapoBoMy pudopMuHTY 6moaTaHona [1, 2] ¢ mo-
JIy4YeHUEM BOIOPOJa, KOTOPBIA MOXET IMIPUMEHSTHCS B
TOIJIMBHBIX 3JIeMEHTAaX IJIST TPpe0Opa30oBaHUS SHEPTHUU.
Kpome Toro, ucronb3oBaHKe IIPOU3BOIHBIX OMOMACCHI
B Ka4eCTBE ChIpbs JISI IPOM3BOACTBA BOAOPOAA 3HAYU-
TEJIbHO CHUXXAEeT BEIOPOCHI MMOKCUIA YTIIepoaa.

3a nocieaHue HECKOJbKO JIET OIMyOJMKOBaAaHO MHOI'O
Hay4YHBIX pabOT Ha JaHHYIO TeMy. OIHAaKO HEAOCTaTOU-
HO BHUMAaHMS YAEJICHO TAKNUM BaXXHBIM ITPAKTUUECCKUM
BOIIpOCaM, KaK YCTOMYMBOCTb KaTaJM3aTopa K BHICO-
KKMM TeMIIepaTypaM U KOKCOBaHUIO0. YTOObI YMEHBIIUTD
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NPOU3BOACTBO BOAOPOAA

B MPOLLECCE NAPOBOI0 PUDOPMUHTA
BUO3TAHOJIA

© 2011 r. Y. budcpu,
WU. Poccetrtn

BBepeHue
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ocHoge TiO,, HoBbIE 17151 TOJOOHOr0 Ipoliecca.
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pomika [6—8], Ni moGaBisyics B HaiJexXalleM KOJH-
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BIAWSTHYE TIPUPOIBI HOCHUTEJISI M COAEePKaHUSI MeTajja
Ha pacIrpenesieHue IMMPOaYyKTOB U MPOU3BOIUTEILHOCTD
10 BOAOPOIY, a TaKKe YCTOMUYMBOCTH KaTajm3aTopa K
KOKCOBaHUIO.

JKCcnepuMeHTaNIbHAA YacTb

Hocutenu ObLIM TPUTOTOBJICHBI TUPOJIU3HBIM TLIA3-
MEHHBIM HaHEeCEHMEM, HaUYMHasI ¢ 0OpabOTKM OpraHu-
YEeCKMMM M TOPIOYMMM CMECSIMU C PAaCTBOPEHHBIMM B
HUX OKCHUIHBIMHU IIpeKypcopamu. PacTtBop momaetcs
yepe3 COIIO TOPEJIKM COOCTBEHHOM KOHCTPYKIINHU, B
KOTOPOM MOTOK KUCJIOPOAa paccerBaeT ero Ha MeJIKue
karuin. CMech BOCIJIAMEHSIETCSI C TIOMOIIBIO KOJIbIIa
s13b14KO0B taMenu O,/CHy, 3ateM 06pasyeTcst OCHOBHOE
I1aMsi, B KOTOPOM OpraHWYeCKHU A paCTBOPUTEb TOPUT,
pasJjiaraeT U OKHUCJISIET OKCHIHBIE IIPEKYPCOpHI [6, 8].

[Mnomank cBeXXepUTOTOBICHHBIX HOCUTEIICH 1 Ka-
TaJIM3aTOPOB M3Mepsjlach ajcopOLueii/necopormeit
N, Ha npubope ASAP2010 Micromeritics. PCA ana-
3 mpoBoauan Ha nudpaxkromerpe Phillips PW3710, a
(a3l pacmo3HaBajiv, OCHOBBIBAsICh Ha JIMTEPATYpPHBIX
JaHHBIX. CKaHUPYIOIIUI BIEKTPOHHBIM MUKPOCKOI
(SEM, Leica LEO 1420) ucronbp30Baan OJsI OLEHKH
cocTaBa M pa3MepOB YaCTHI] SHEPTOAUCIIEPCUOHHBIM
PEHTIEHOCIEKTpaJbHBIM MUKpoaHanu3zom (DAPCM).
H3o6paxkenus odbparHoro paccesaus (BS) aktuupo-
BaHHBIX 00pPA3I0B MCTOJb30BaJM JJISI TIPOBEPKU BO3-
MOXHOI arioMepaluu MeTajjaa u clieKaHusl.

KaranmszaTtopbl aHAIU3UPOBAINUCH TEPMOIIPOTPAM-
mupyemMbiM BoccTaHoBieHueM (TTIB) ¢c mopaueii co cko-
pocThio 40 CM3/MI/IH 10 06.% H, B retuu u HarPEeBOM €O
ckopoctsio 10 °C/mMun mo 800 °C. HekoTopsle 0Opa3iibl
Obl1u TipoaHaau3upoBaHbl nocie TIIB mpu Tepmorn-
porpaMmMmupyemMoM okuciieHnn 10 06.% KuciopomoMm B
TeJINU, I0JaBaeMBIM CO CKOPOCTBIO 40 CM3/MI/IH 10 06.%
npu Harpese 10 600 °C co ckopocTbio 10 °C/MuH.

AKTUBHOCTh MCCJIENOBaJM B MUKPOIUJIOTHON yC-
TaHOBKe, cocTosIeit u3 peakropa Incoloy 800 Herpe-
PBIBHOTO JICMCTBUSI C HUCXOASIIMM ToTokoM. Kara-
nu3atopsl (0,15—0,25 mm, okoso 0,5 ) cMelIMBaIu
B 00beMHOM oTHomeHuu 1/3 ¢ SiC gacTumamMu TOTO
ke pasMepa. Karanmsatop akTWBUpOBaIW Tomadeit
50 cM>/MuH razoBoii cMecu 20 % BOZOPOZA B a30Te PU
Harpese 10 10 °C/mMuH no 800 °C u BeImepxxuBanu 1 4.
Hist aHanu3a akTUBHOCTHU B peakTop dbupMbl «Hitachi»,
moaenu L7100, BO2XKX-Hacocom mogaBalii coO CKOPO-
ctbio 17 mm/MuH cmecs H,O ¢ CH;CH,OH B Monb-
HOM OoTHoleHuH 3 : 1. JloGaBasIJiv a30T CO CKOPOCTHIO
56 cM®/muH u renust — 174 M’ /mun. McnibiTaHust po-

BOIVJINCH TIPU aTMOC(EpHOM IaBJICHUM, OOBEMHOM
ckopoctu 2500 4!, ¢ Mcmoab30BaHMEM YIIOMSIHYTOI
ra3oBOM cMecH 3TaHoJa ¢ Bomoil mpu 750 °C. AHanu-
3UPOBAJIN BEIXOISIIIINI Ta30BBIA ITOTOK Ta30BBIM XpPO-
MatorpadomM, OTKaJUOPOBAHHBIM IJII OOHApPYXEHUS
9TaHOJIa, alleTaJbAeTUaa, YKCYCHOM KUCIOTHI, BOMIHI,
atuneHa, CO, CO,, H,. MartepuanpHblii 6ananc C-co-
JepKallluX IPOAYKTOB ObLI MPOBEPEH IO KOJMYESCTBY
OCaXJIeHHOro Kokca. IToBTOpHBIE aHAJM3bl OTXOIS-
IIEeTo Ta3a MPOBOIMIINCH KaX Bl 4ac, BpeMs KaxXJI0TO
HUCIBITAHUS COCTABIISLIIO OKOJIO 8 4.

Pe3ynbTatbl U 06CYKAECHUE

VienbHasT OBEPXHOCTh HOCUTENEH, M%/T, CHIBHO
BapbUPYETCS B 3aBUCUMOCTU OT cocTasa: 185 014 Al, O3,
84 nns TiO, u 40 nna La,0s. [onrorosneHHble HOCU-
Tenu oOpa3oBaHBEl PaBHOMEPHBIMM HAaHOYACTHIIAMMU,
pa3Mep KoTophix KoJjiebasicst ot 10 mo 20 HM, Tocie BBe-
neHus Ni M aKTUBALIMY KaTajau3aTopa CpeAHU I pa3Mep
yacTull yBeamumica 10 50—70 HM. XOTs IPOU3OIILIO
HEKOTOpPOE CIeKaHMe, YaCTUIIBI OCTAJIMCh JTOCTATOYHO
MaJbIMM M pPaBHOMEpPHO pacrpeneieHHbIMU. Homwu-
HaJIbHBIM cocTaB obpa3na o6l noaTBepxkaeH BJPCM
aHaJIM30M, KOTOPBIM TaKXe IMOKa3aJl JOCTaTOYHO paB-
HoMepHoe pacripeaeiacHue Ni.

PentrenorpaMMsbl ITOKa3bIBaIOT, YTO ITOATOTOBJICH-
Hblit Al,O3 cocTout U3 cmecu y- 1 3-Al,O3 ¢ XapakTep-
HBIMU OYE€Hb MEJIKMUMHU KpUCTaJIaMU pyTHUJIa U aHaTa3a
(mpeoOragaloIUMM), COCTABJISIONMIMMHA THTAHOBBII
HOCHUTENIb; OKCHJ JJaHTaHa OBIJI CMJIBHO THAPATHPOBAaH
U UIeHTU(PUIMPOBAJCI KaK TMIpoKcua JaHTaHa. [Toc-
Jie 100aBIeHUS U BOCCTaHOBJIeHU ST Ni ObLIN BBISIBJICHBI
IBa TUITMYHBIX TUKA METAJIJIMIECKOT0 HUKEJIS.

IIpexypcopsl Ni ObIIM BOCCTAHOBJEHBI MpU [ =
=~ 350 °C B o6pa3sue ¢ Ti-Hocutenem u nipu 1 = 400 °C B
obpa3le c aJloMOOKCUAHBIM. B o00oux ciyyasx Ha-
0J1I0AAaJIOCh pe3Koe CMArYeHue peibeda, YTO CBUIC-
TEILCTBYET O TOBOJBHO OTHOPOTHOM pacIIpenesIecHUN
akTuBHBIX yacTtull. TTIB nysg o6pa3ioB Ha oKcuIe JaH-
TaHa (TakXe ¢ pa3HbIM coaepxkaHuem Ni) UMeeT apy-
roif XapakTep, MMOATBEPKIasT HU3KYI0 SHEPTeTUUCCKYIO
OTHOPOOHOCTh aKTUBHEIX Ni-IIEHTPOB, T.€. X Pa3HYIO
BOCCTAHOBUTEbHYIO cltocoOHOCTh. ComepxkaHue Ni He
BJIVSIET Ha CHUXKEHUE TeMIIepaTypbl OKCHIOB METAJLIOB,
3a WUCKJIIOUYeHHNEM, KOHEYHO, pa3HONW WHTCHCUBHOCTU
BoccTaHOBJIeHUS. CpaBHEHUE 3TUX PE3YJIbTaTOB C JIU-
TepaTypHBIMHU JaHHBIMU BBISIBJISICT TOpa3mo 0oJjiee BhI-
COKYIO BOCCTAaHOBUTEIBHYIO CITIOCOOHOCTH (110 KpaitHe il
mepe Ha 100 °C HuxXe TeMmIepaTypbl BOCCTAaHOBJICHU )
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Yi' mol.%
B Al-10 % Ni T
60 EILa.l—IO % NT
[ Ti-10 % Ni
40+
Ilac
0 T T T

CH,CH,0H CH,CHO CH, Co co, H,
PacnpepeneHue npoAyKTOB (YCPEAHEHHbIE 3HAYEHUSA MEXAY
4 1 8 4) ons 10 mac.% Ni, HaHeCEHHOro Ha pa3Hble MaTepua-

nbl. banaHc no yrnepogay, %: 94 Ha Al,05, 104 Ha La,05 n 103
Ha Ti0,

npeactaBieHHbIX FP-00pa3iioB ¢ aHaJOTMYHBIM COCTa-
BOM, IPUTOTOBJIEHHBIX APYTUMHU criocobamu [3, 9].

HcrpITaHWEe aKTUBHOCTH MOKA3aJI0 TIOJTHOE TIpeBpa-
IIeHKe 3TaHoJIa AJIs KaX10ro oopasiia Mpu BEIOpaHHBIX
ycioBusX peakuuu. ITapoBasi KOHBepcUsl BapbUpyeTCs
B 3aBHUCUMOCTHU OT COOTHOIICHUS MEXIY peaKINSIMU
pudopMUHTa U KOHBEPCHEW BOISIHOTO Ta3a, a TakKxke
OT paBHOBECHSI, YCTAHOBJEHHOI0 MEX 1Y BO3MOXHBIMU
ocaXXIeHMEM U yoaJleHHeM KoKca. B kaxkmom ciaydae u3
BOCBMM-JIEBSATH UCITBITAHUM, TIPOBEIEHHBIX €Xe4acHO
KaXIbIll MeHb, CTallMOHAPHBIC YCIOBUS HOCTHUIAJIUCH
TOoCJe TPUOIM3UTEIBHO YeTHIPEX YaCOB, KOTIa paciipe-
JieJieHWe IPOAYKTOB U yTJIEPOIHOr0 OajlaHCca JOCTUTAJIO
MOCTOSIHHOI'O 3HAYeHMSsI. YTJIepOaHbIii 6anaHc, %, ObL1
paccuutaH kak otHouteHue C,,/C;,, mpuemyieMoe npu
poctrxenuu 1005 %.

Jnst 06pa3ioB ¢ MOCTOSTHHBIM coaepxkaHueMm Ni Ha
TpeX pa3HbIX HOCUTENAX (CM. PUCYHOK) pacIipelneiicHre
NPOAYKTOB Ha Bbixone (Y;) 6bu1o cxoxum. B yacTHOC-
TH, KOHUeHTpauus H, B razosoii ¢a3e B peakuuu pu-
(opmunra Bcerna Boiiie yeM 70 M0O1.% M aHAJIOTMYHO
B KOHBEPCUM BOJSIHOTO ra3a, T.e. [IOX0Xee OTHOIIEHUE

MpoayktusHocts (/1) no H,, CO n CO,,
MOnb/(MUH-KT ;)

O6pasew My, Meo Mo, | CO/CO,

5 mac.% Ni/Ti0, 1,72 0,58 0,058 10,09
10 mac.% Ni/Ti0, 1,78 0,45 0,18 2,45
15 mac.% Ni/Ti0, 1,96 0,44 0,18 2,40
5 mac.% Ni/La,04 1,80 0,38 0,19 1,94
10 mac.% Ni/La,0; 1,81 044 019 233
15 mac.% Ni/La,0; 232 049 023 212

CO/CO, Habaronanoch 1t Bcex HocuTeneid. OTMeTHM,
YTO B MPOAYKTAX alleTaJIbAETUl UJIN TUJIEH HalIeHbI
He OBLIIN, ¥ TOJIBKO HEOOJIBIIIOE KOJTMYSCTBO METaHa Ha-
omonanocs Ha Ni/La,0;. KokcyemocTh kaTanusaropa
OuYeBUIHA NTPU UCNIOJIb30BaHUU Al,O3 B KauecTBe HOCU-
TeJIsI, TOTHAA KaK B CTAIIMOHAPHBIX YCIOBUSIX IJIsT 00pa3-
uos La,0; u TiO, oHa He3HaUUTENIbHA 110 KpaiiHel Mepe
npu 750 °C. BDT0 MOXeT OBITh CBSI3aHO C KUCJIOTHOCTBIO
MMoBepXHOCTHU. TeM He MeHee, B IIepBbIe YaCchl 00pa30Ba-
HUE KOKCa BO3MOXKHO.

Bricokoe conepxxanue Ni Ha La,Os-HocuTene npu-
BOAUT K CaMOl BbICOKO# KoHUeHTpaluu H,, HO 151 06-
pa3uoB ¢ Ti-HocuTesieM 5TO He XapaKTepHO.

OnHako BMeCT€ C MOJISIDHBIM COCTaBOM Tra3a Ha
BBIXOZIC HYKHO IPEACTaBUTh M MPOU3BOIUTEIHLHOCTD:
ckonbko H,, mons/MuH, H, mpoussonurcs Ha 1 r kara-
nauzaTopa (cM. TabauiLy).

W3 Tabnuiibl BUTHO, UTO AJ151 000MX HOCUTEJIEH TIPO-
nsBogureabHocTh H,) Bo3pacTaer ¢ yBelM4eHUEM COLEP-
xaHug Ni, MaKcMMaJIbHOE 3HaYeHue ObIJIO JOCTUTHYTO
Ha obpasue 15 mac.% Ni/La,03. Kpome Toro, conepxa-
Hue CO 0coOeHHO BaxKHO IMPU HEOOXOAUMOCTH TLIATENb-
Ho#t ounctku H, o1 CO ns1st npuMeHeH s B TOMJIUBHbIX
aneMeHTax. st La;O; 06pa3LioB ObLIO MOTYyUYEHO COAEP-
xkaHue CO Huxe, a CO, BbIILIE CPEAHETO 3HAYEHU S, TaK
Kak Oblia momoOpaHa BhICOKasl pabouasl Temrmeparypa,
YTOOBI yMEHBIIUTH TEPMOAMHAMUYECKHU IK30TEPMUIEC-
KY10 peakIInio KOHBEPCUU BOASTHOTO rasa.

B oTHomIeHUM YyCTOMYMBOCTH KaTajJu3aTopa K Je-
3aKTUBAIIMM OaJlaHC YIJepoma YIOBICTBOPUTEIICH JIST
BCex 00pas3loB KaTaau3aTOPOB Ha OKCUJAAX JJaHTaHa U
TUTaHa, OOIIMPHOr0 KOKCOBAHU S HE OOHAPYKMBaETC.
EnuncrBeHHOE MCKIIIO4eHHe — obpa3sel ¢ 5 mac.% Ni/
La, 03, Ha koTopoM 6anaHc C,,,/C;,, ObLI B Ipenenax ak-
CIepUMEHTAIbHON OIIMOKM, HO XapaKTepU30BaBIIUIi-
¢ Kojebanuamu Mexay 79 u 110 %, naxe B OOBIYHOM
CTabUJIbHOM paboyYeM COCTOSIHUM.
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PABO4EE COBELLLAHUE «KATAJIU3 B MPOMbILLJIEHHOCTMW.
3AJAYN. NYTU PELLEHUA»

26-29 uiona 2011 r., NlopHbIn AnTan

B xonue wmtonsg 2011 r. Ha 6aze OAO «P2XK]», pac-
nojoxeHHoi B [opHoM AnTtae, nmpouuio ouepeaHoe 111
COBElIaHWE POCCUMCKMX MPOU3BOAMTENIC KaTaiu3a-
TopoB «Karanus B mpombliiaeHHocTU. 3amauu. I[lytu
peleHus». MeponpusaThe IPOBOIUTCS €XKETOTHO IO
nHunuatupe MHctutyTa Kataauza CO PAH. Opranu-
3aTopaMM coBellaHus B 3ToM rony ctaau OO0 «HITK
«CuHTe3» (1. bapHayn) m aiMUHUCTpaIUsT AJITalCKOTO
Kpas TIpY aKTHBHOM MOIAep:KKe W YUaCTHU COTPYIHU-
koB Munnpomrtopra Poccuu. Ha coBermanuu coopainuch
MpPEeACTaBUTEAN BEOYIINX POCCUUCKUX IIPEIIPUSITHIA
MO BBIMYCKY KaTanus3atopoB, B ToM yucie OAO «AH-
rapckuii 3aBojJi KaTaJan3aTOpoB U OPraHUYECKOro CUH-
te3a», OO0 «CanaBaTCKHMil KaTaJan3aTOPHBINA 3aBOMI»,
3AO «I1pombilieHHBIE KaTaauzaTopsl» (Psg3ans), OO0
«9KoanbsIHC» (ObIBIINI 3aBOJ aBTOMOOMJIbHBIX KaTa-
ausaropoB OI'VII «YOXK»), OAO «Cunre3-Kayuyk»
(«Crepnuramakckuii 3aBog CK»), OAO «KaranuzaTtop»,
OAO «HUAII-KATAJIM3ATOP», OO0 «HoBomuuy-
PUHCKU KaTaJIM3aTOPHBIN 3aBOMI», a TAKXKE ITOCTABIIH-
KOB CHIpbSI M1 MaTE€pUaJOB JJisl TaHHOTO MPOU3BOJICTBA
— «Sasol Germany GmbH» (I'epmanus), OAO «Pycain,
OAO «KpacusetrmeT», HoBOCMOUpPCKMIiT 3aBOI peaKUX
meTayuioB, HII® «banxtuiickass MaHydaKkTypa».

Llenn pabouero coBeniaHusi — OOCYAUTh COBPEMEH-
HOE COCTOSHHE M TEPCIEKTUBBHI PAa3BUTHUS IPOMBIIII-
JICHHOTO BbIITycKa KaTaJu3aTopoB B Poccuu.

PaccmarpuBanuce cienyomue npooaeMsbl:

— HOBBIE (POPMBI B3aMMOACHCTBHSI HAYKH, TOCyIapc-
TBEHHBIX CTPYKTYP M OU3Heca;

— MOTEeHLIMaJl HayYHO-HCCeN0BaTeIbCKUX OpraHu-
3a1Mii, 3aHUMAIOIINXCS pa3padboTKOM KaTaIn3aToOpPOB;

— obecreyeHre KaTaJIU3aTOPHBIX TTPOU3BOJCTB Chl-
pPbEM U TEPMUUYECKUM 000pPYTIOBaHEM;

— COBpPEMEHHBIE METOAbl MCIBITAHUM U KOHTPOJS
KadyecTBa KaTaJM3aTOPOB;

— CEpBUCHBIE YCITYTH JIJISI MHAYCTPUH TT0 X BBITTYCKY.

OcHoBormoJaralIe MOKJaabl MpPeIcTaBuJIu aKa-
nemuk B.H. [Napmon, nupektop MHcTUTyTa IpobieM
nepepadborku yraesogopogoB CO PAH (Omck), uneH-
kopp. PAH B.A. JIuxon060B, reHepajabHBIN AUPEK-
top OAO «BHUIIUHedTH» (MOCKBA), I-p TEXH. HayK
B.M. KanyctuH.

Axkagemuk B.H. ITapmoH mHpopMupoBan o cosaa-
HUY W (PYHKIIMOHUPOBAHWU TEXHOJOTHMUYCCKOU ILIAT-
dopmbr  «[mybokasi mepepaboTKa YIJIEBOTOPOIHOTO
chIpbsi». [IpoekT peanus3oBaH OJiaromaps COBMECTHBIM
YCUIIMSIM TOCylapcTBa, OM3Heca W HAyKH, 9TO IO3BO-
JISIeT YyCTAaHABJIWBAaTh WHHOBALIMOHHBIC NPUOPHUTETHI B
IlaHHOI 00JIaCTU, OMpeaeasTh IPOrpaMMy MCCeaoBa-
HUM U IIYTH €€ OCYIIEeCTBICHUS.

HupexTopom MHcTUTYTa TpobieM nepepaboTKU yT-
nesogoponoB CO PAH B.A. JInxono060BbIM ObLIN ITpe-
CTaBJICHBI IIEPCIEKTUBHBIC pa3pabOTKM KaTaJInl3aTo-
pPOB, UCIIOJIb3YEMBIX B Ipolieccax HedTenepepadbOTKU 1
HedTexuMuu. B yacTHOCTH, TO KaTaau3aTopsl, IIpea-
Ha3Ha4YeHHEBIE IJI51 CUCTeM pu¢GOpMUHTA KaK CO CTAIIHO-
HapHBIM CJIOEM M TIEpUOIMYECKON pereHepalneil kata-
JIM3aTopa, TaK U C ABUXKYIIIUMCS CJIOEM U HeTIPpePhIBHOM
ero pereHepanueii. [Io cBomM cBoiicTBaM HOBBIC KaTa-
JIN3aTOPBI HE yCTYMNaloT 3apyOesk HbIM aHaJioraM U CTo-
COOHBI 3aMEHUTD UX Ha oTeyecTBeHHBIX HIT3.

I'enepanpabiit mupektop OAO «BHUIIUHEDTH»
B.M. KanycTuH BbIpa3uj 00€CINOKOEHHOCTh pa3BU-
THEM POCCUICKON HedTenepepabOTKU B LIEJIOM U Ka-
TaAM3aTOPHOM IMOAZOTPACIM B YaCTHOCTHU. Tak, OBLIO
OTMEUYEHO YCUJICHWE HETaTMBHBIX TEHACHIUI B 3TUX
MMPOM3BOACTBAX:

Katanu3 B npombiwneHHoctu, N2 6, 2011
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