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Resistance of industrial nickel-containing methanation
catalysts to the poisoning by organic carbon
dioxide absorbents

We report the results of studies on the influences of the organic carbon
dioxide absorbent - aqueous solution of activated methyldiethanolamine
(MDEA) - on the physico-chemical and mechanical characteristics of nickel-alu-
mina catalyst NIAP-07-01 (NKM-1) and cement-containing catalysts NIAP-07-
07 (NKM-7), Meth-134 and Meth-135 for the hydrogenation of carbon oxide
(methanation). It is established that for the nickel-alumina and nickel-cement-
containing catalysts subjected to activated methyldiethanolamine (MDEA) it's
possible to restore their strength and catalytic properties.

In order to increase the time of operation of the methanator it is recom-
mended to apply a new Nickel cement-containing catalyst NIAP-07-07 (NKM-7),
which can be produced as tablets, rings or extrudates.

Keywords: nickel-containing catalyst; calcium aluminate; methantion; solution of methyl-
diethanolamine; hydrogenation; carbon oxides; catalytic activity; mechanical strength.
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YcToiuMBOCTb HUKENEBbIX NPOMbILUIEHHbIX
KaTa/M3aTopoB MeTaHUPOBAHUSA K BO3AeiCTBUIO
opraHuMyeckux abcopbeHToB yaaneHus guokcuaa

yrnepoga u3 CMHTe3-rasa

MpvBedeHbl pe3ybTaThl WCCIEA0BaHMIA BO3OENCTBMSI OpraHUYeckoro ab-
copbeHTa B BMAe BOOHOrO PacTBOpa aKTUBMPOBAHHOrO METWUNAM3TAHONAMMHA
(MOJA), senswowerocs abcopbeHToM Avokcuaa yriepoda npu ero yaaneHu
13 a30TO-BOAOPOOHON CMeCH, Ha (hU3MKO-XMMUYECKME U (DU3MKO-MEXaHUYecKue
XapaKTepuCTUKN HukenbantoMuHmesoro Mapku HUAM-07-01 (HKM-1) v uemeHT-
copepxawumx mapku HWAM-07-07 (HKM-7), Meth-134 1 Meth-135 katanusa-
TOPOB FMAPVPOBAHMS OKCWIOB Yyriepofda (MeTaHMpOBaHUs). YCTaHOB/EHO, UTO
HVKESba/IlOMUHMEBBIE U HUKE/bLIEMEHTCOAEPXALUME KaTaNU3aTopbl, MOABEPrHY-
Tble BO3LEWCTBUI0 aKTUBMPOBAHHOTO MeTuiamaTaHonammia (MI3A), BoccTaHaB-
JIMBAIOT CBOM MPOYHOCTHBIE M KaTa/IUTUYECKMe CBOCTBA.

[1ns yBenMueHns BpeMeHM IKCryataLmm MeTaHaTopa peKkoMeHaYeTcs npuMe-
HSATb HOBbLIA HUKENEBBIV LieMeHTCoaepxalmnii katanmsatop mapku HAAM-07-07
(HKM-7), koTopblii MOXET U3roTaBMBaThCs B BUAe TabieTok, Konew wim 3KC-
TpyOaTos.

KnioueBble cnoBa: HUKeneBbli KaTanu3aTop; ajloMUHAT KasbLWA; METAHUPOBaHWe; pacTBop

MeTUNAausTaHoNaMHa,; r’mapupoBaHne; oKCuabl yrnepofa,; Katanautnyeckaa akTMBHOCTb; MeXaHu-
Yyeckada NpoYHOCTb.

Moctynuno: 16.06.2017; npuxsTo: 06.09.2017; ony6nukosaHo: 20.10.2017.

© Efremov V.N., Golosman E.Z., Kashinskaya A.V., Mugenov T.l., Zolotareva V.E.,
Polivanov B. 1., Polushin A.P., 2017

Introduction

In the USSR, Russia and CIS Katalizator»: nickel-aluminum catalyst
the most commonly used catalysts of the NIAP-07-01 (NKM-1), nickel cement-con-
hydrogenation of carbon oxide (metha- taining ones - NIAP-07-02, NIAP-07-03
nation) are those developed by «NIAP- (NKM-4A), and nickel-chromia-alumina-
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containing TO-2M [1-5]. These catalysts
are manufactured according to TU2178-
003-00209510-2006 by the «NIAP-Katali-
zator» factory, and until recently they
were also produced by Dorogobuzhskiy
catalyst factory and Severo-Donetsk cata-
lyst production plant. As for now, these
catalysts are produced solely by «NIAP-
Katalizator». Their planned service life is
usually about 15-16 years, while the ac-
tual service life amounted to 22-24 years
[6] on the three JSC «AZOT» factories
(Nevinnomyssk, Voronezh, Grodno).

Note that there are some imported
catalysts of methanation supplied by
«Haldor Topsoe», «Johnson Matthey»
and «CLARIANT» (Sud-Chemie). The
«NIAP-Katalizator»-made catalysts are
being produced as tablets or rings in ac-
cordance with the technical requirements
of TU2178-003-00209510-2006 (catalysts
of methanation). For the Russian market
the imported catalysts are also available
as tablets, and in addition - as extrudates
and beads.

The methanation catalysts must have
high activity in the hydrogenation pro-
cess, leaving no more than 5-10 ppm of
residual CO after the methanation of 0.3-
0.7% CO and 0.02-0.1% CO, mixture.
They have to possess increased thermal
stability without reducing their catalytic
activity (overheating up to 550-650 °C
can occur in cases of increasing the CO
content in the source gas to more than
1%), high mechanical strength and low
gas flow resistance.

The quality of the methanation cata-
lysts is largely determined by their sup-
port. In the domestic and imported in-
dustrial methanation catalysts various
supports are used, for example, y-ALO,,
calcium aluminates, compounds of CaO-
MgO, y-ALO,-Cr,0,, y-ALO,, calcium

aluminate, boehmite (AIOOH) - y-AlL O,
[7-9].

The content of active component (NiO)
in the industrial methanation catalysts
varies in the range of 25.0 to 45.0 wt. %.
Catalysts  NIAP-07-02, NIAP-07-03,
and KATALKO-11-4R, Meth-134 and
Meth-135, in which calcium aluminate
plays the role of the adhesive, have a
minimum level of internal microstresses,
which contributes to the high mechanical
strength after the catalyst’s activation and
during its operation. Note that the service
life of a catalyst is primarily determined
by its catalytic activity and mechanical
strength.

The experience of running industrial
catalytic plants used in various chemical,
petrochemical, metallurgical and other
industries, as well as available literature
data and our long-term monitoring of the
industrial catalytic set-ups developed by
«NIAP-Katalizator» allowed us to assess
the reasons for their deactivation. The
deactivation of the methanation catalysts
may occur due to:

1. Irreversible poisoning associated
with the interaction of the active compo-
nent with the common catalyst poisons
(sulfur compounds, chlorides etc.) pre-
sent in the reaction medium.

2. Consequences of the thermal treat-
ment, such as recrystallization, caking,
the chemical interactions of active com-
ponent with the support (e.g. resulting
in the formation of the nickel-aluminum
spinel NiALO,).

3. Loss of the active component due to
the formation of volatile compounds such
as tetracarbonylnickel.

4. Carbon deposition on the catalyst’s
surface.

5. Catalyst’s surface contamination by
various impurities.
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The structural changes of the indus-
trial porous catalysts are accelerated if the
phase transformations occur upon the ex-
posure to the reaction medium.

Under the working conditions of the
large-capacity catalytic unit, the absor-
bents used to remove CO, from syngas
or their decomposition products could
possibly poison the catalyst. In industrial
conditions this process occurs in the ab-
sorbers with absorbents such as aqueous
alkaline solutions («Banfield» and «Kar-

Experimental

Industrial ~ catalysts ~ NIAP-07-01
(NKM-1) and the NIAP-07-07 (NKM-7),
the latter being recommended for indus-
trial use, were chosen as the objects of
this research. NIAP-07-07 (NKM-7) was
obtained in two states: 1 — non-calcined;
2 — calcined at 400 °C. It can be manufac-
tured as cylindrical tablets, extrudates or
in toroidal form from the same non-cal-
cined catalyst mixture. The catalyst in the
form of rings has a low gas flow resistance,
which leads to significant savings of natu-
ral gas in the operation of the ammonia-
synthesis units. In addition, imported cata-
lysts Meth-135 (C13-03-3) and Meth-134
(C13-04-4) were investigated.

X-ray diffraction (XRD) studies of the
phase composition and size of crystallites
were performed using DRON-3 diffrac-
tometer (CuKa-radiation with graphite
monochromator on reflected beam). For
the phase analysis ICDD PDF-2 (1999)
database was used. Thermogravimet-
ric analysis (TGA) was performed using
the optical derivatograph OD-103 with
the heating rate of 5 °C/min. Total spe-
cific surface area was determined by the
low-temperature nitrogen sorption in the
vacuum adsorption setup. Total porosity
was calculated from the data of real and
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sol»), and organic absorbents such as
aqueous solutions of activated monoetha-
nolamine (MEA) or methyldiethanola-
mine (MDEA) [10, 11]. During the opera-
tion, carbon dioxide absorbents could get
into the methanation reactor. As a result,
a gradual decrease of catalytic activity
may occur [12, 13].

To determine the causes of this phe-
nomenon, we conducted studies in which
the methanation catalysts were influenced
by the organic absorbent MDEA.

theoretical density. Mechanical strength
was determined on the «MII-2C» setup
by crashing the granules with the uni-
axial compressive force. The chemical
composition and catalytic activity dur-
ing the methanation were determined in
the original setup at a pressure of 3 MPa
by means of the techniques described in
the TU2178-003-00209510. According to
this internal standard, we adopt the fol-
lowing definition of a catalytic activity: it’s
a minimum temperature in °C, at which
the volume fraction of CO at the output
of the catalytic reactor is less than 110~ %
at a pressure of 3 MPa. The other impor-
tant experiment conditions are as follows:
feed gas with 0.6-0.7 vol. % of CO, space
velocity of the feed gas should be equal to
4000 h™', and the catalyst in the catalytic
reactor should be pre-heated for 10 h at
550 °C.

The treatment of all investigated cata-
lysts by 50 % aqueous solution of MDEA
absorbent in the flow of nitrogen-hydro-
gen mixture (75 vol. % H,, 25 vol. % N,)
was carried out in the original setup, sche-
matic of which is shown in Fig. 1.

Before the experiments catalysts were
activated in a stream of nitrogen-hydro-
gen mixture (NHM) at 400 °C for 5 h. At



the end of the activation process the sam-
ples were exposed to aqueous solution of

Results and discussion

In order to determine the influence of
the absorbents on the catalysts’ proper-
ties their initial characteristics were de-
termined (Table 1). Data given in Table 1
show that the catalysts under investigation
possess 27-40 wt. % of the Ni-containing
active component with weight percentage
calculated implying that NiO is the ac-
tive component’s only form. The average
NiO particle size in NIAP-07-01 (NKM-
1) and NIAP-07-07 (NKM-7) is around
60-80 A. Total porosity is almost equal
for all catalysts, its value being around 48—
57 %. The only exception is NIAP-07-07,
for which it's 29 %. Note that the porous
structure of this catalyst forms during the
combined calcination and activation pro-
cess, which could explain this unique po-
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Fig. 1. Schematic diagram of a setup for
catalyst treatment by the aqueous solution
of the absorbent in the flow of nitrogen-
hydrogen mixture (NHM):

1 - MDEA solution; 2 - flow regulators;
3 — evaporator; 4 — temperature regulators;
5 — reactor; 6 — catalyst

MDEA in the stream of NHM in the layer
catalyst at a temperature of 320 °C.

rosity value. All catalysts have quite large
total surface area, with the largest value of
180 m?/g corresponding to NIAP-07-01
(NKM-1).

It should be noted that the mechanical
strength of studied samples, which is one
of the parameters determining the ser-
vice life of a catalyst, varies significantly.
The «strongest» catalyst is NIAP-07-07
(NKM-7) - 60 MPa, followed by
NIAP-07-01 (NKM-1) - 29 MPa. Strength
of the Meth-134 and Meth-135 is almost
equal.

Phase composition and NiO particle
size analysis (Table 1) shows that the alu-
minate cement is one of the components
of the support for Meth-134, Meth-135
and NIAP-07-07 (NKM-7) catalysts. As
the second component of the support for
NIAP-07 (NKM) is y-AL O,, for the Meth-
134 and Meth-135 catalysts it consists of
the mixture of boehmite (AIOOH) and
y-ALO,. Boehmite as a support constitu-
ent could impede the catalyst’s activity as
it inhibits the interaction between support
and the active component.

The active component of raw NIAP-
07-07 catalyst is a complex compound -
nickel hydroxocarboaluminate (NHCA).
Its the main difference between the
raw NIAP-07-07 and NIAP-07-01, fired
NIAP-07-07 and Meth catalysts. Activa-
tion of NIAP-07-07, coupled with the
NHCA decomposition, occurs at the lower
temperatures (thus — at milder conditions)
as compared to the other industrial cata-
lysts with NiO as an active component.

Since the industrial catalytic reactors
are operated at about 280-320 °C, we
had to determine the thermal stability of
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Table 1

Physico-mechanical and physico-chemical characteristics of the original catalysts for the

methanation: P - porosity, S

- specific surface area

The Bulk Mechanical Chem. composi-
Brand of the | geometric densi strength, S, | P | XRD phase analysis | Ly tion, % mass.
catalyst dimen- Ke/ dr;}? MPa m’/g| % results A ]
sions, mm | © P,o/Prin NiO | ALO, | CaO
NIAP-07-01 Tablet y-ALO,, NiO,
(NKM-1) s 1.08 29/20 | 180 |57 araphite 60 |33.6| 613 | -
NHCA, graphite,
CaCO, (aragonite) —
- - 3
I\I(II?EA(Z;)W Tzzlset 1.2 60/52 | 102 |29 | notmuch, A(OH), | - |303| 252 | 7.9
Ca0-2AL 0, - not
much
NIAP-07-07 | . NiO, y-ALO,
(NKM-7) fired| 1.1 49/32 | 160 |53 Ca0-ALO,, 75 1303
at 450 °C Ca0-2A1,0,, graphite
NiO, AIOOH,
Meth-134 Sphere 1 o5 8/4 150 {48 | y-ALO,CaCO, | 80 |27.2| 573 | 10.0
(C13-04-4) | d=43 275
(boehmite)
NiO, AIOOH,
Meth-135 Sphere | 59 6/1 120 [54| y-ALO,CaCO, | 80 [40.4| 429 | 11.2
(C13-03-3) | d=53 2
(boehmite)
MDEA in this temperature range. There- P DTG
fore, the sample of a-Al O, impregnated RNy
with the aqueous solution of MDEA was ;
investigated by means of thermogravi-
metric analysis. On the differential ther- IREER
mogravimetric (DTG) curve, shown in
Fig. 2, two distinct minima at the tem- \ ; .
peratures of 100 °C and 210 °C can be EANE i
observed. They correspond to the maxi- AN TG
mum speed of removal of water from the Co i i
sample and the decomposition of MDEA, - (IXI)LI)(I) +
accordingly. The process of decomposi- g 83903 2
~ v N ()

tion of MDEA in air, accompanied by the
mass loss, starts at about 150 °C and ends
at 300 °C.

In order to determine the optimal ac-
tivation temperature of a catalyst a tem-
perature-programmed reduction experi-
ments were employed. It was determined
that the activation is a multistage pro-
cess. It should be noted that NIAP-07-07
(NKM-7) catalyst is activated at about
100 °C lower temperatures than the other
studied catalysts. XRD analysis shows that
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Fig. 2. TGA curve of the sample of a-alumina,
impregnated with water solution of MDEA

at 400 °C the activation process is virtu-
ally complete. Comparison of the Ni-con-
taining particle sizes shows that for all
catalysts after the activation it still is in the
range of 60-80 A.

Physico-chemical and mechanical
properties of the activated catalysts treated
with MDEA solution are listed in the Ta-
ble 2 along with their catalytic activities



towards the methanation. Characteristic
feature of the interaction between MDEA
solution and the catalyst is the initial rise
of the temperature at the beginning of the
reaction. It could be related to the pas-
sivation of a catalyst by the water vapor,
which is formed during the evaporation
of MDEA aqueous solution. XRD pattern
analysis confirmed that in this case pas-
sivation of the active component occurs,
effectively removing part of it from the
catalysis process. The activated catalysts
treated with MDEA solution in NHM gas
flow contain the mixture of Ni and NiO
phases, which is an evidence in favor of
our assumption. Particular ratio of the
mentioned phases should depend on how
reduced the catalyst was and how much of
metallic Ni it contains. Hence the samples
before the catalytic activity measurements
have been pre-treated at 400 °C for 8 h.
According to XRD, MDEA does not
chemically alter the supports of the inves-
tigated catalysts for methanation. How-
ever, due to the fact that MDEA (tertiary
amine) is an adsorbtion-active agent, it

could negatively affect the properties of
catalysts, namely, mechanical strength,
specific surface area, porosity and catalytic
activity. The results of our studies given
in Table 2 show that after exposure to the
aqueous solution of MDEA in the nitro-
gen-hydrogen gas mixture flow the me-
chanical strength and specific surface area
were only insignificantly reduced. The one
exception is NIAP-07-07 (NKM-7), for
which the microstructure forms during
the activation process. Total porosity is al-
most equal for all samples. Phase changes
occurred during the reaction with MDEA
are related to the catalysts’ passivation.
Comparison of the catalytic activity data
show that the catalysts treated with aque-
ous MDEA solution in NHM flow at
320 °C retain their catalytic properties al-
most completely. The particular catalytic
activities are comparable to those defined
in our TU2178-003-00209510-2006 inter-
nal standard (typically being in the range
from 170 °C to 200 °C) for methanation
catalysts containing 31-40% of active
component (NiO).

Table 2

Physico-chemical and mechanical characteristics of the catalysts
for methanation after exposure to MDEA

Catalytic activity, °C
Brand of Mechanical Ph
and.o strength, MPa S, m?/g P, % ase After
catalyst R /P COmPosition | Tnitial samples | exposure to
SR'* min MDEA
NiO, Ni,
NIAP-07-01 27/19 155 54 graphite, 160 165
NKM-1 1
y-A 203
NiO, Ni,
NIAP-07-07 Yy-ALO,,
NKM-7 41/35 168 41 Ca02A10, 165 170
CaCo,
NiO, Ni,
(g{f:‘oij) 5/3 120 50 V-ALO,, 180 180
CaCo,
Ni, NiO,
(2416;}_‘01;; 52 66 57 V-ALO,, 175 180
CaCo,
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Summary

In the present study raw Ni-alumina
catalyst NIAP-07-01 (NKM-1) and Ni-
cement-containing catalysts NIAP-07-07
(NKM-7), Meth-134 (C13-04-4) and
Meth-135 (C13-03-3), as well as the same
catalysts activated and pre-treated with
aqueous MDEA solution in the flow of
nitrogen-hydrogen gas mixture (NHM),
were investigated. After the exposure to
MDEA investigated catalysts almost com-
pletely retain their values of mechanical
strength, specific surface area, poros-
ity and catalytic activity, the latter being
around 165-180 °C. The active compo-
nent (Ni) in the catalysts subjected to
the MDEA solution exposure is highly
dispersed after the subsequent activation,
which contributes to the elevated cata-

BesepeHue

B TeyeHme HAAUTENBHOTO BpeMeHU
B CCCP, PO u CHI oCHOBHBIMHM Ka-
Ta3aTOpaM, MIPUMEHIOLIVIMIICSA
B IIpoljecce TUAPUPOBAHMSA OKCUJOB
yrnepoja (MeTaHMpPOBaHWUA), ABJIAIOT-
cs1 paspaborannele B «HMAII-KATA-
JIN3ATOP» HUKe/b-aTIOMUHMEBBIN
karamusarop  Mapku  HMAII-07-01
(HKM-1), HuKenb-11eMEeHTCOTePXKaIIi —
HMAII-07-02, HMAII-07-03 (HKM-4A)
U HUKelTb-aJioMoxpoMmoBbii  TO-2M
[1-5]. KaranmmsaTopsl M3roTaBIMBAIOTCS
mo TY 2178-003-00209510-2006 kaTamu-
3aTOpHbIM npoussopcTBoM «HMATII-KA-
TAJIVI3BATOP», a 5o HeaBHETO BpeMeH!
BBIIYCKANCh TakKe [loporo6yskckoit
KaranusaTopHoit ¢abpukoir u Cese-
po-IloHeKUMM KaTajaM3aTOPHBIM IIPO-
U3BOACTBOM. B Hacrosmee Bpems B PO
KaTa/nnu3aTopbl M3TOTABIMBAIOTCA TOJIb-
KO KaTajM3aTOpPHBIM IIPOM3BOACTBOM
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lytic activity. During the treatment of a
catalyst by the MDEA aqueous solution in
the flow of NHM at 320 °C its passivation
takes place. By using the temperature-
programmed reduction it was proven
that the surface of catalysts is blocked by
MDEA. During the reduction of the cata-
lysts treated with MDEA CO, - one of
the MDEA decomposition products - is
released to the gas phase, which further
reinforces our assumptions.

Regeneration of the activated metha-
nation catalysts subjected to (and inhibit-
ed by) MDEA should be carried out by
drying them in the NHM at temperatures
higher than 150-200 °C, followed by ad-
ditional reduction at temperatures of
350-400 °C.

In Russian

«HVAII-KATAJIM3ATOP». Karanusaro-
poL, mponsBeneHuble B « HVATT-KATAJIN-
3ATOP», ipu coOIONEHNY peraMeHTHBIX
PEKVMMOB 9KCITyaTalmyt paboTaloT 1o
15-16 net, a Ha Tpex IIO «A3OT» (He-
BUHHOMBICCK, TonbarTy, IpogHo) cpok ux
CTy»X6BI cocTaBu 22-24 ropa [6].

Kpome Toro, mpuMeHsIIOTCS MMIIOPT-
Hble KaTaJlu3aTopBHl,
CTaBIMKaMI KOTOPBIX SIBJISIIOTCS TaKue
¢upmbl, kax Haldor Topsoe, Johnson
Matthey u CLARIANT (Sud-Chemie).
OTtevyecTBeHHBIE KaTaIM3aTOPBI
TaBMMBalOTCA B GopMe TaOIETOK WK
Koser (TabmeTMpoBaHyEe) B COOTBETCT-
BUM C TEXHUYECKUMM TPeOOBaHUAMMU
TY 2178-003-00209510-2006 (xaramu-
3aTopel MeTaHMpoBaHus). Ina poccmii-
CKOT'O PBIHKA VIMIIOPTHBIE KaTa/lMU3aTOPhI
[IPeJIaraloTCsl B BIjle TAOMETOK, a TAKXKe
B popMe 9KCTPYHATOB U LIAPUKOB.

OCHOBHbBIMI IIO-

n3ro-



Karanusaropsr MeTaHMPOBAHMSA
TO/DKHBI MMeTb BBICOKYI0 aKTUBHOCTDb
B mpouecce ruppuposanua 0,3-0,7 %
CO u 0,02-0,1% CO2 0 OCTaTOYHOTO
cogepxxaryusa CO 5-10 ppm, TepmocTa-
OMIPHOCTD 6e3 CHVDKEHVS aKTMBHOCTHU
pu neperpesax 1o 550-650 °C, xoTopble
MOTYT BO3HMKATb B C/lIy4ae IOBBIIMIEHN
cofiep)KaHMs OKCHUJIOB YITIEpOfia B MCXOfI-
HOM rase = 1 %, BbICOKYI0O MEXaHUYIECKYI0
IIPOYHOCTD U MOHIVDKEHHOE TUIpaBInde-
CKO€ COTIPOTUBJICHNE.

KayecTBO KaTanms3aTopoB MeTaHUPO-
BaHUA B 3HAUUTEIbHON CTEMeHM ompe-
HenAeTcs HOCHUTeNeM, MCIO/Nb3yeMbIM
B TIpoliecce ero MpuUrorosaeHud. B ote-
YeCTBEHHbIX U MMIIOPTHBIX IIPOMBIII-
JIEHHBIX KaTaJaM3aTopax MeTaHMPOBaHUA
B KauecTBe HOCUTEJIA, KaK IIPaBUJIO, TIpU-
MeHAT Y-AlLO,, amoMMUHaTbl Kamblys,
komnosuun CaO- MgO, y-AlLO,-Cr,0O,,
y-ALO,-amomMuHaT  KamblusA, 6eMut
(AIOOH) - y-ALO, [7-9].

CopepskaHne aKTUBHOTO KOMIIOHEH-
ta (NiO) B HpOMBIIUTEHHBIX KaTalu-
3aTopax MeTaHMPOBAHUA BapbUPYeTC
B mpepenax 25,0-45,0 macc.%. Karamu-
satoppl  HMAII-07-02, HMAII-07-03,
a Takke KATALKO-11-4R, Meth-134
u Meth-135, B KOTOPBIX aTIOMIHAT KaJlb-
1M BBIONHAET POb TMAPABINIECKOTO
BSDKYILET0, UMEIOT MUHUMAJIbHBI ypo-
BeHb BHYTPEHHUX MUKPOHAIPsKEHUI,
9TO CIIOCOOCTBYET COXPAHEHNUIO Ha BBICO-
KOM ypOBHE MeXaHMYeCKOIl MPOYHOCTHU
MoC/Ie CTafiuM aKTMBALMM U TIOCTIeRYyIo-
IIero Mepuofa SKCIUTyaTalluM.

Cpok aKCIUTyaTallMy KaTaau3aTopoB
oTIpefieNniseTCs B IEPBYIO Ouepefib TAKUMU
MOKas3aTe/AMH, KaK KaTaauTUIecKas ak-
TUBHOCTD I MeXaHMYeCKas IIPOYHOCTb.

MupoBOIi OMBIT KCIUTyaTallUM TPO-
MBILIJIEHHBIX ~KaTaJaM3aToOpOB, IIpuMe-
HAIIMXCA B PasIMYHBIX IIpolleccax

XMMWYECKOi, HepTeXMMUYECKOil, Me-
TaJUTypPrUYecKoi M Ip. OTpaciax, a Tak-
)K€ VIMeEIoLMecCsa B JIuTepaType JaHHbIe
Y Hall¥ MHOTOJIeTHME HaOmofeHMs 3a
paboToil B IPOMBILIIEHHBIX YCIOBU-
AX ~ KaraaysaTropoB, paspabOTaHHBIX
B «HMAII-KATAJIVIBATOP»,
JIMIY BO MHOTOM OLIEHUTDb NPUYMHBI UX
mesakTuBanun. JlesakTuBanusa KaTalu-
3aTOPOB METAaHMPOBAHNUA MOXXET MPOUC-
XOIWTD, HAIIPUMeEp, BCIE[ICTBIE:

1. Heobpatumoro oTpaBieHusi, CBsi-
3aHHOTO C B3alMOJIEICTBJMEM aKTUBHOIO
KOMIIOHEHTA C KaTaIUTUYECKVMM ANaMU
(cepHMCTBIE COEIHEHVIST, X/IOPUABI 1 T. II.),
IPUCYTCTBYIOIMX B PEAKI[MIOHHOM CpefIe.

2. TepMudeckoro Bo3ieiicTBIs — peKpu-

II03BO-

CTa/UIN3aLs, ClIEKaHIie, B3aIMOJIEIICTBIE
aKTMBHOI'O KOMIIOHEHTa ¢ HocuTeneM. Ha-
npumMep, 06pa3oBaHme HUKeb-aTFOMIHN-
epoit mmuHem (NiALO,).

3. YHOC aKTMBHOIO KOMIIOHEHTa 3a
cyeT 0Opa3oBAHMA IETYUNX COEHUHEHMIT
(Hanpumep, ob6pasoBaHme KapOOHMTA
HUKEJA).

4. 3ayriepoKuBaHIe.

5. 3arpsisHeHMe ITOBEPXHOCTYU MeXa-
HUYECKUMIY IPUMECIMIA.

CTpyKTypHBle M3MEHEHUA IPOMBIII-
JIEHHBIX KaTa/lM3aTOpPOB, KOTOPble Mpe-
CTaB/ISIIOT CO6OIT MOPUCThIE BBICOKOIMC-
HIepCHBIE TeJla, YCKOPAITCA, eC/IM B HUX
OPOMCXOAAT (ha3oBbIe MpeBpaIleHNUS TTPU
BO3JIEVICTBUM PEAKIVIOHHOI CPEJIBL.

B ycnoBusx paboTsl arperatoB 60/b-
IOVl eNVHWYHOJ MOLJHOCTU IO IIpO-
U3BOJCTBY CUHTETMYECKOTO aMMUaKa
VICTOYHMKOM  KaTalM3aTOPHBIX  SITOB
MOTYT CIYXXUTb aOCOPOEHTBI, IPUMEHsI-
tomuecs i ynanenus CO, u3 cuHTEs-
rasa WM IPOAYKTBl MX pas/IOXKeHUA.
B IpOMBINUIEHHBIX YCTIOBUAX 9TOT IPO-
1ecc MpOUCXopuT B abcopbepax ¢ mo-
MOIIBI0 TaKuX abcopOeHTOB, KaK BOJ-
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Hble IjeJIouHble pacTBOpbI («beHduitnm»
n «Kapcom»), a Taxke opraHmdyeckux
MOITIOTUTENe)! B BUJe BOJHBIX pPacTBO-
POB aKTMBMPOBAaHHBIX MOHO3TAHOIAMM-
Ha (MOA) wiu MeTUIAMITAHOTAMMHA
(MII2A) [10, 11]. B mpouecce akcmmyara-
Ly HabIIOFAIOTCST YHOCHL abcopOeHToB
IMOKCHJA YIZIepofia B peaKTop MeTaHM-
poBaHusA. PesynbraToM sTOro Hapylie-
HUA TEeXHONOTMYECKOro IIpoIiecca, Kak

JKcnepuMeHTaNbHasA YacTb

B kadecTBe 0OBEKTOB MCCIE[OBAHMIL
ObUIM  B3ATHI IPOMBIIUICHHBII KaTa-
msatop HUMATI-07-01 (HKM-1) u pe-
KOMEHJYeMbIll I IIPOMBILIJIEHHOTO
BHenpeHusa Karanmusarop HIAII-07-07
(HKM-7) B iBYX ero cocTosHMAX: 1 — He-
NIPOKAaJIEHHbIN; 2 — IPOKAJIEHHBI IIpU
400 °C. VI3 ogHOIT 1 TOJI >Ke HellpOKaIeH-
HOJl KaTa/JM3aTOPHOI IIMXTHI OH MOXKET
U3TOTAB/IMBATbCA B BUME LVUIMHApUYE-
CKMX Tab/IeTOK, 9KCTPYHATOB MM B KOJIb-
nesnpHoit popme. Karanmmsarop B popme
Kortel; o6/1afiaeT HUSKUM ra30AyHaMIIde-
CKVM COIIPOTUBJICHVMEM, YTO IIPUBOJUT
K CyIIIeCTBEHHON 9KOHOMUM IIPUPOJHOTO
rasa Ipy SKCIUIyaTalMy arperara CUH-
Te3a amMmmaka. Kpome Ttoro, Obumm mc-
CIeflOBaHBl MMIIOPTHBIE KaTa/ln3aTopbl
mapku Meth-135 (C13-03-3) n Meth-134
(C13-04-4).

Pentrenorpaduyeckue  mccienoBa-
HUA C olpefeneHneM (pa3oBOro cocraba
U JIUCIIEPCHOCTM KPUCTA/UINTOB IPO-
BOOWIM C JICHO/Nb30BaHMeM AMpax-
tomerpa JJPOH-3 (CuKa-msnydenne
¢ rpaduUTOBBIM MOHOXPOMATOPOM Ha
oTpaXeHHOM myuke). [lna mpentndu-
Kauyu ¢as MCrnonb3oBam 6as3y JaHHBIX
MeXIyHapofHOrO KOMUTETa IIOPOII-
KOBBIX JUPAKIMOHHBIX CTaHIAPTOB
(ICDD PDEF-2, 1999 r.). KommiekcHbie
TepMIYecKye UCCIeNOBaHNA OCYIeCTB-
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[IPABIJIO, SIB/LSIETCST YBEMMYEHNUE Ta3001-
HaMMYeCKOTO COIIPOTUBIIEHNS METaHATO-
pa ¥ IOCTeTeHHOE MajfieHNe KaTaluTude-
CKoOJT akTuBHOCTH [12, 13].

[l BbIACHEHMs NPUYMH ITOTO SIB-
TeHMs1 Hamy OBUIM TIPOBEeHEHbl MCCIle-
[OBaHWs, B KOTOPBIX KaTaaM3aTOPBI
METaHMPOBAHUSA OBIIM  HOLBEPTHYTHI
MAaKCYMAa/IbHO >XeCTKOMY BO3[EICTBIUIO
opranmnyeckoro abcopbenta MJIDA.

JANM C IpMMEHeHNeM OITMYeCKOro fie-
puBarorpacda mapku OD-103 (nmuHeitnas
ckopocth Harpesa 5 °C/mun). O6uiyio
VAENbHYI0 MOBEPXHOCTD OIpENe/sIn Mo
HIBKOTEMIIepaTypPHOIl afcopbumu a3oTa
Ha BaKyyMHOJI afiCOpOLIMOHHOI YCTaHOB-
ke. OOIIYI0 IIOPUCTOCTb PACCUUTHIBAIIN
IO JaHHBIM MCTUHHON M Kaxyleiicsa
IVIOTHOCTY. MeXaHudeckass NPOYHOCTb
ompepensnace Ha npubope «MII-2C»
pasfaBnMBaHMeM TpaHyd C IPUIOXKe-
HJEM Harpysku Ha Topel. XMMUYECKUI
COCTaB U KaTaTUTUYECKYI0 aKTUBHOCTDb
B IIpoliecce MEeTaHMPOBAHMSA HA IUIOT-
HOJl ycTaHOBKe npu pasnenuu 3 Mlla
OIIpefie/IsI 110 MeTOAMKAM, IIpUBeJeH-
HpiM B TY 2178-003-00209510.
XUMMYECKNII COCTaB UM KaTaauTude-
CKY10 aKTMBHOCTb B IIpOliecce METaHUPO-
BaHMA Ha MMJIOTHOM YCTaHOBKe NP /1aB-
neryu 3 MIIa onpenensanm 1o MeTOAMKaM,
npuseneHHbIM B TY 2178-003-00209510.
3a Mepy KaTaaUTU4YeCKO} aKTUBHOCTHU
IpMHATA MUHUMaJIbHasA TeMIlepaTypa
(°C), obecneunBanolias 06bEMHYIO OO
CO na BpIxofe He 6omnee 1-107 06.% mpn
maBnenuu 3 MIla, o6beMHOI CKOpOCTHU
4000 4!, 06'beMHOII [j0/I€ B MCXOIHOM
rasze 0,6-0,7 06.% CO mocie npensapu-
TE/ILHOTO IIE€perpeBa KaTajausaTropa Ipu
temiepatype 550 °C B Teyenue 10 u.



O6paboTKy Bcex JMCCIeLyeMbIX Kara-
m3atopoB 50 %-M BOTHBIM PacTBOPOM
abcopbenta MJI9A B IOTOKE a30TO-BOJIO-
pogxroit cvecn (75 06.% H,, 25 06.% N,)
IIPOBOAM/IN HA YCTAaHOBKe, IPUHIVIINAID-
Has cxeMa KOTOpPOII ITpMBefieHa Ha puc. 1.

Ilepen mpoBeneHneM 3KCIIEPUMEHTOB
OCYILIeCTB/IAMM aKTUBALMIO KaTalu3aTo-

Pe3ynbratbl U 06CyXxaeHue

[na ompeneneHus CTeNeHU BO3Jeli-
cTBUSL abCOPOEHTOB Ha KaTaIyM3aTOPBI
ObUIV OIpefie/ieHbl IX OCHOBHBIE VICXOJ-
HbIEe XapaKTepucTuku (Taom. 1).

V3 paHHBIX, IpUBEJEHHBIX B Ta0M. 1,
BUJIHO, YTO VCCIIeflyeMble KaTalnu3aTopbl
VIMEIOT KOHLIEHTPALMI0 aKTUBHOTO KOM-
HoHeHTa B 1epecuere Ha NiO B npeznenax
27-40 macc.%. Oucnepcaoctb NiO B Ka-
ranmusaropax HUAII-07-01 (HKM-1)
n HMAII-07-07 (HKM-7) HaxoguTcs Ha
yposHe 60-80 A. Tloxasarenn o6myeit mo-
PUCTOCTM TIPAKTMYECKM ONMHAKOB JUIA

: . 5
: .
4 : 6
: T
PT l: :
% ‘B aTMocgepy
: t—

LA
Puc. 1. IlpuHnunmanbHasa cxeMa yCTaHOBKY
1711 06pabOTKM KaTanusaTopa B OTOKE
a30Ta MM a30TO-BOJOPOJHOI cMecu
C BOJHBIMI pacTBOpaMy abCcOpOeHTOB:

1 - pactBop MJI9A; 2 — perynaropsl
pacxofa; 3 — MCIapuUTeNb; 4 — peryIaATOp
TeMIIepaTypbl; 5 — peakTop; 6 — KaTaau3aTop

POB B IIOTOKE a30TO-BOJOPOJIHON CMecH
(ABC) npu temneparype 400 °C B Teue-
Hye 5 4. [To okoHUaHMM IIpoLecca aKTu-
Balyy OOpasibl IOABEpramy IpyU TeM-
nepatype 320 °C BO3/eiiCTBUIO BOJHOTO
pactBopa MJI9A B notoke ABC B crnoe
KaTajM3aropa.

BCeX KaTajM3aTOPOB M HAaXOAMTCA Ha
ypoBHe 48-57 %. VIckmoueHue coCTaB-
naer kxatanusarop HUAII-07-07, nna
KOTOPOTO 3HaueHue OOIell IOPUCTOCTI
cocrasysieT 29 %. ITO sB/IeHNE OOBSICH-
eTCsI TeM, 4TO (POpMMPOBaHUE IOPUCTOIN
CTPYKTYPbI 3TOTO KaTa/lu3aTopa IpoNC-
XOIUT B COBMEIIEHHOM IIPOLjecce IIPOKa-
nuBaHMA U akTuBanuyu. ComocTaBieHNe
IaHHBIX 10 00IIIell YebHOI TIOBEPXHO-
CTU TIOKa3bIBAET, YTO BCE KaTaM3aTOPBI
MIMEIOT BBICOKOPA3BUTYIO OOLIYIO yHenb-
HYI0 ITIOBEPXHOCTb. MakcumanbHOe e€
3HaueHue paBHoe 180 M*/T MMeeT KaTasu-
sarop HMATII-07-01 (HKM-1).

MoXHO OTMETUTb 3HAYUTENbHBIN
pasbpoc ms KaTaausaropoB IO Ta-
KOMY IIOKa3aTello, KaK MeXaHudecKas
IIPOYHOCTb, KOTOpas BO MHOIOM OIIpe-
HesieT CPOK CIy)XObl KaTammsaTopoB.
[To sTOMy moOKa3aTemO HambOOMbIlee
IpeJIOYTEHNE MOXKHO OT/laThb KaTaju-
saropy HMAII-07-07 (HKM-7), gnsa xo-
Toporo ee 3HadeHue pasHo 60 MIIa. Ha
BTOPO€ MECTO MOYXKHO IIOCTaBUTD KaTajIu-
sarop HMAII-07-01 (HKM-1) - 29 MI]Ia.
Karanusaropsr Meth-134 u Meth-135 mo
CBOMM IIPOYHOCTHBIM IIOKa3aTeNAM IIpa-
KTUYECKY OfIHAKOBBI.

Anamms ¢$as3oBoro cocraBa ¥ HIMNC-
nepcuocty NiO (tabn. 1) cBupeTenncT-
ByeT O TOM, YTO B KauyecTBE€ OJJHOTO U3
KOMIIOHEHTOB HOCHUTE/IA KaTaln3aToOpOB
Meth-134, Meth-135 u HIMAII-07-07
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(HKM-7) mpumeHseTcs alOMMHATHBIN
nemeHT. Ecnm B KaranmmsaTopax cepuu
HUMAII-07 (HKM) BTOpBIM KOMIIOHEH-
ToM Hocutens spngerca Yy-ALO,, To
B Karanmmsaropax Meth-134 u Meth-135
HPUMEHSIeTCs CMeCh TUAPOOKCH/A alio-
MUHNS B Bufe ero Mopmdukarum «Oe-
mut» (AIOOH) un y-AlO,. lpumenenue
B Karanmmsaropax Meth-134 u Meth-135
TUIPOOKCH/IA ATIOMIHUSA B BUJIE €70 MOJIU-
duxanumu «6eMuT» MPUBOAUT K HELOCTA-
TOYHO ITTyOOKOMY €ro B3ayMOJEICTBIIO
C IIPEeKypCOpOM aKTMBHOI'O KOMIIOHEHTa,
YTO HeM36eXHO OyfieT CKa3bIBaThCs Ha Ka-
TaIUTUIECKON aKTUBHOCTI.

Otnnure mcxofHOro obpasija Kara-
msaropa HMAII-07-07 or HMAII-07-01
(HKM-1), mpoxkanennoro HWAII-07-07
(HKM-7) u xaranmmusaropa mapku Meth
COCTOUT B TOM, YTO €r0 aKTVBHBII KOMIIO-
HEHT HaXOJVTCS B BUJIE€ CTOKHOTO XM~
YeCKOTo CoeauHeHns (TUapOKCOKap6o-

amomuuar Hukens - I'KAH). Axrusa-
1M 3TOTO KaTanu3aTopa, COBMeIjeHHas
¢ pasnoxxenueM I'KAH, npoucxoput npu
6oree HUBKUX TeMIlepaTypax 1 B Oonee
MATKUX YCIOBMAX IO CPaBHEHUIO C APY-
TMMU TIPOMBIIIJIEHHBIMU KaTa/lu3aTopa-
MU, B KOTOPBIX AKTMBHBI/I KOMIIOHEHT
HAXORUTCSI B OKCUAHOM dopme.

Tak Kak KCITyaTanus KaTaausaTo-
POB B IIPOMBIIIJIEHHBIX YCTOBUAX arpe-
raTOB CMHTE3a aMMIaKa OCYLeCTBAeTCA
npu Temneparypax 280-320 °C, B atom
XK€ TeMIlepaTypHOM HHTepBaje Obla
olipefiefieHa TepMMUUYECKas YCTONYMBOCTD
MJI9A, naHHBIE IO KOTOPOII B CIIPaBOY-
HOII nuTepaType OTCyTcTByIOT. C 3TOI
uenpio obpasernr a-AlLO, 6b1 mporm-
TaH [0 COCTOSHMSA HACBIIIEHNUA BOJHBIM
pactBopoM MJIDA, xoTopslil 3aTeM ObLI
UCCIeloBaH JepuBaTOrpaduyeckuM Me-
TofoM aHanu3a. Ha puc. 2 npusefeHa fe-
puBaTorpaMma JaHHOTO 0oOpasiia.

Tabmuna 1

Dusnko-MexaHmndeckue 1 GUNKO-XUMIUECKIe XapaKTePUCTUKI MCXORHBIX KaTanu3aTopoB
MeTaHUpoBaHKA: I — mOpucTOCTD, SyA — yAenIbHasA IOBEPXHOCTD,
LNiO - gucnepcHocTb yactuy NiO

Mexanu- Xum. cocras,
Ha- o
Teomerpu- JecKas % Macc.
ChIITHAA
Mapka kara- YyecKue MPOYHOCTD, | Syp,., | I1, Lyo
mwioT- | i ol POA N
JM3aTropa pasmepbl, HOCTS aHa | M/t | % A
MM ) ; Toper ALO, | CaO
KEa Pcp./Pmm
HMAII-07-01 | Tabnerka y-ALO,, NiO,
(HKM-1) 655 1,08 29/20 180 | 57 rpachut 60 [33,6| 61,3 -
I'KAH, rpadur,
HIAII-07-07 | Tabnmerka CaCO, (aparonur) —
3 -
(HKM.7) 65 1,2 60/52 102 |29 mazo, AI(OH),, 30,3 252 | 7.9
Ca0-2A1,0, - mamo
H](/II—IIXI?I\_/IO-77-)07 TabrneTka NiO, y-ALO,,
S —— 65 1,1 49/32 160 | 53 Ca0-ALO,, 75 1303 - -
450 °C Ca0-2AL,0,, rpadur
NiO, AIOOH
Meth-134 lapuk ’ ’
(C13-04-4) d=43 0,95 8/4 150 | 48 y-ALO,, CaCO, 80 |27,2| 57,3 | 10,0
(6emuT)
NiO, AIOOH
Meth-135 [Mapuk ’ .
(C13-03-3) d=53 0,99 6/1 120 | 54 y-ALO,, CaCO, 80 |40,4| 42,9 | 11,2
(6emur)
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Puc. 2. lepusatorpamma obpasia a-AlLO,,
IIPOIIMTAHHOTO {0 COCTOSTHVSI HACBIIEHNS
pactsopoM MJI9A

Ha pepuBarorpamMme MMeIOTCA HBa
SIpKO BBIpaKeHHBIX 3ddekra ¢ xa-
PaKTepUCTUYECKMMHU  TeMIlepaTypamu
Tmax =100 °C n Tmax = 210 °C, xoTopble
COOTBETCTBYIOT yHa/leHMI0 13 obpasia
(usnyecky CBA3aHHON BJIaTM ¥ Pa3jo-
sxeHuio MJIDA. Ilpouecc pasnoxeHMs
MJI9A B cpefie BO3IyXa COIPOBOXK/AeT-
cs1 ybbUIbio Maccel. HaumHaeTcs: OH mpu
temiepatype 150 °C, a ero Makcumanib-
HasA CKOpoCTb jgocturaerca mpu 210 °C.
3akaH4yMBaeTcs pasnoxeHue MIIDA npu
300 °C.

I onpenenenys ONTNMaNbHON TeM-
neparypsl aKTMBAaLMM KaTaaM3aTOpPOB
OB TIPOBeNEHbI MCCTIEHOBAHM TeMIIe-
paTypHO-IIPOrPaMMIPOBAHHOTO BOCCTa-
HOBJIeHMA. DbITIO YCTaHOBJ/IEHO, YTO 9TOT
Ipollecc ABJIAETCA MHOTOCTAJVITHBIM.
Kpome Toro, 6n10 06HapyXeHO, 4YTO
katammsarop HIAII-07-07 (HKM-7)
akTuBupyercss ~ Ha 100 °C HIDKe Bcex
MICCTIENOBAHHBIX 00pasuoB. PeHTreHo-
rpa¢udeckie [FaHHBIE IIOKA3ajIM, YTO
npu Temmeparype 400 °C mpoucxoput
NpaKTU4ecky nonHas akTusanus. Coro-
CTaBJIeHMe JJAHHBIX 110 fuctepcHocTy Ni
CBUJETENbCTBYET O TOM, YTO OHa /1A BCeX
MICCIIelyeMbIX KaTalIn3aTopoB MpaKTuyde-
CKM OfJTHAKOBa M HAXOfUTCA B IIpefesax
60+80 A.

B tabn. 2 mpuBepeHb QUSUKO-MeXa-
HIgecKue U QU3UKO-XMMUYECKIe XapaK-
TEPUCTUKN aKTUBUPOBAHHBIX MJCCIIEAY-
eMBIX KaTa/lM3aTOpOB MeTaHUPOBAaHUA
C TIOCIIENYIONIM BO3JENCTBMEM Ha HUX
BofiHOrO pacTBopa MJI9A B motoke ABC,
a TaKkXKe MX KaTaJuTU4YecKas aKTUBHOCTD
B IIpollecce METaHMPOBAaHUA. XapaKTep-
HOJf OCOOEHHOCTBIO 9KCIIEPMMEHTOB IO
BO3JIEMICTBMIO BOJHOTO pacTBopa MJI9A
Ha aKTMBUpPOBAaHHBbIE KaTalM3aTOpPbl Me-
TaHUPOBaHMA OBLIO TO, YTO B HAaYa/IbHbII

Tabnuua 2

DusnMKo-MexaHIIecKue 1 GpU3NKO-XUMIIeCKIEe XapaKTEPUCTHUKY KATaIM3aTOPOB
MeTaHMpOBaHus noce o6padorkn MDA

AXTUBHOCTb, T‘1 ,°C
Manxa Mexannyeckas -
P npouHocTs, MITa | Sym., M/t | TI, % PDA VICXOTHBIX Iocre
KaTa/l13aTopa P /p BO3MEHCTRHS
nHaTopen P /P o6pasios
MII2A
HMAII-07-01 NiO, Nj, rpa¢ur,
HKM-1 27/19 155 54 V-ALO, 160 165
HVATI-07-07 NiO, Ni, y-AL0,,
HKM-7 4735 1681 41 202410, CaCO, 165 170
Meth-134 NiO, Ni, y-ALO,
(C13-04-4) 5/3 120 50 CaCo, 180 180
Meth-135 Ni, NiO, y-ALO,,
(C13-03-3) 5/2 66 57 CaCo, 175 180
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nepuop, nogaun MJIDA B motoke ABC
HaOJII0fla/ICsI POCT TEMIIEpPaTyphl B CJIOe
KaTa/ln3aTopa, 4To CBA3aHO C TACCUBUPY-
IOLIVM JIe/ICTBIEM BOJSTHOTO Mapa, obpa-
3YIOIIET0CA IPY UCTIApEHN BOJHOTO pac-
tBopa MJIDA. Ananus gudpaxrorpamMm
MOATBEPAVII YTO, B JAHHOM C/Iy4ae Ipo-
MCXOIUT IacCUBAIUsl aKTUBHOTO KOM-
noHeHTa Ni U oIpefieieHHas €ro 4acTb
BBIBOJIUTCS M3 KaTaIUTUYECKOro IIpo-
recca. CBUIETETBCTBOM 3TOTO SIBJISIETCS
Ham4aue B a30BOM COCTaBe aKTUBUPO-
BAaHHBIX KaTajM3aTOPOB, TOJBEPTHYTHIX
BO3[IeJICTBUIO BOJHOTO pacTBopa MDA
B notoke ABC, ¢as Ni u NiO. CoorHo-
meHyre 3TuX ¢as, Mo BCeil BUAUMOCTH,
3aBICUT OT CTETIEHN BOCCTAHOBJIEHHOCTH
U OT COfiep>KaHMs MeTA/INIeCKOTO HIKe-
711 B K&XIOM KOHKpETHOM KaTausarope.
Vicxopst u3 aToro, 06pasupl mepey npose-
IeHIeM VICIIBITAHUIT aKTUBHOCTU ObUIN
IIpeJBapUTENIbHO BOCCTAHOBJIEHBI IIPU
400 °C B TeueHne 8 u.

ITo mauabiM P®DA, MJI9A He oka-
3bIBa€T XMMMYECKOTO BO3JENCTBUSA Ha
HOCUTENM MCCIENYEMBIX KaTanu3aToOpoOB
MeTaHupoBaHyA. OfHAKO B CBA3M C TeM,
910 MJ/IDA (TpeTHYHBII aMWH) SIBIA-
eTcsi afiCOpOIIOHHO-aKTUBHBIM  Bellle-
CTBOM, OH MOXXET HEraTMBHO CKa3aTbhCs
Ha CBOJICTBAaX KaTa/lM3aTOPOB, U B Iep-
BYIO Oodepeflb Ha TaKMUX €r0 XapaKTepu-
CTMKAX, KaK MeXaHU4ecKas MPOYHOCTD,
obuias yhenpHas IOBEPXHOCTb, IOPHU-

BoiBoAbI

KommekcoM usnko-mMexaHUIECKUX
" (PUBMKO-XMMUYECKNX METOJOB MCCIIe-
moBaHbl xapakrepuctuku Ni-Al karamu-
saropa HMATII-07-01 (HKM-1) u Ni-ue-
MEHTCOZIEPKALINX KaTaTM3aTOPOB MAaPKI
HUATI-07-07 (HKM-7), Meth-134 (C13-
04-4) u Meth-135 (C13-03-3) kak ucxop-
HBIX KaTa/ln3aToOpOB, TaK U aKTUBUPO-
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CTOCTb M KaTaluTN4yecKass aKTMBHOCTD.
PesynbraTel mccnenoBaHMil, IpUBeNEH-
Hble B Ta0J. 2, IIOKa3bIBAIOT, YTO IOCIIE
BO3JIJICTBY Ha aKTVBMPOBAaHHBIE Ka-
Ta/N3aToOpbl BOJHOTO pacTBopa MJIDA
¢ ogHOBpeMeHHbIM IToTokoM ABC npon-
301110 He3HAYNTeIbHOE CHYDKEHMe MeXa-
HIYECKOI1 IPOYHOCTH 1 001Lell YIeTbHO
MOBEPXHOCTH. VICKTIOueHme cocTaBiAeT
karammsarop HUAII-07-07 (HKM-7),
y KoToporo (GopMuUpOBaHNE TEKCTYPBI
IPONMCXOIMT B IIpoIecce aKTUBALNN.
O61as HOprUCTOCTD IS BCeX 00pasijoB
IpaKTUYecKy OfiMHakoBa. IIpomsomum
u3MeHeHMsI B pa30BOM COCTaBe, CBSI3aH-
HBIe C IPOLIECCOM IacCMBALIMY KaTasu-
3atopoB. CpaBHeHNe HaHHBIX IO Kara-
JINTUYECKOV aKTMBHOCTH, IIOMTy4EeHHBIX
B JAHHOM O9KCIEpVMeEHTe, IIOKa3bIBaeT,
YTO KaTa/lM3aTOpPbl, IOJBEPTHYTbIe IIPK
320 °C BO3[eliCTBUIO BOIHOTO PAacTBOpa
MJI9A B noroke ABC mocne npefsapu-
TeJTPHOM aKTUBAINY, IIPAKTUYECKU He
TEPSAIOT CBOMX KaTaTMTUYECKNX CBOJICTB.
JlaHHBINI ITOKa3aTe/lb XOPOIIO COIOCTa-
BMM CO 3HAUeHMSAMM aKTMBHOCTM (IO
TY 2178-003-00209510-2006) xaTamu-
3aTOPOB METaHMPOBAHMUA, UMEIONINX
cofiep)kaHMe AaKTMBHOTO KOMIIOHEHTa
(NiO) ot 31 710 40 %. [In151 KaTannu3aTopoB
C TaKUM COZepKaHMeM aKTMBHOTO KOM-
IIOHEHTa KaTa/JMTH4ecKad aKTUBHOCTD
HaxopuTcsA B mpefenax ot 170 go 200 °C.

BAaHHBIX C TOCNIEAYIOLUIM BO3JeiiCTBIEM
Ha HMX BOJHOro pactBopa MJIDA B mo-
toke ABC. Vccnemyemble KaTammsaTo-
PBI TIOCTIe BO3ENCTBMA HAa HUX BOHOTO
pactBopa MJIDA B motoke ABC mpa-
KTUYECKM COXPAHAIT BBICOKME 3Hade-
HUA MeXaHMYeCKON IIPOYHOCTHU, oOIell
VOE/NbHOJ TOBEpXHOCTH, IOPUCTOCTU



U KaTaTUTUIECKOI aKTUBHOCTY, KOTOpast
HaxoauTcs Ha yposHe 165-180 °C. Ycra-
HOBJICHO, YTO aKTVBHbIT KoMIOHeHT (Ni)
B KaranmsaTopax, obpaboranHbix MIIDA
C TocTenyomlelt akTUBanyel, HAXOAUTCS
B JIUCIIEPCHOM COCTOSIHUM, 4YTO IIpefo-
IpefensdeT UX BBICOKYIO KaTaTUTUIECKYI0
aKTUBHOCTb. B mpoliecce BO3meiicTBUA
Ha aKTUBMPOBAHHbIE KaTa/NN3aTOPbI IpU
temiiepatype 320 °C BogHOTrO pacTBopa
MJ3A B notoke ABC mpoucxomut mux
maccuBanusa. MeTomoM TeMIlepaTypHO-
IpPOrpaMMMPOBAHHOIO BOCCTaHOB/IEHUA
YCTaHOB/IEHO, 4YTO IOBEPXHOCTb KaTa-
nusaTopos Omokupyercst MJIDA. Oto

References

IpefNnonoXKeHNe TOATBePKaeTcs Bblfie-
JIeHMEM B IIPOLiecce BOCCTAHOBTIEHMS 06-
pabOTaHHBIX KaTa/ju3aTOpPOB B Ta3OBYIO
dasy CO,, ABNA0OLIErOCA OHUM U3 HPO-
IYKTOB pasnoxeHns MJIDA.

Perenepanusa B  IPOMBIIITIEHHBIX
YCIOBUAX AKTMBMPOBAHHBIX KaTanusa-
TOPOB METAaHMPOBAHNUA, MOABEPTIINXCA
BO3[eJICTBMIO BOLHOTO pacTBopa MDA,
TOJKHA OCYIIEeCTBIATbCA IMyTeM UX CYIII-
ku B notoke ABC npu Temmneparypax He
Hipke 150-200 °C ¢ mocnefyonum mo-
BOCCTAHOBJIEHMEM TIpM TeMIlepaTypax
350-400 °C.

1. Golosman EZ, Efremov VN, Kreyndel" AI, Mironov YuV, Obysov AV, Sobolevs-
kiy VS, Yakerson VI, inventors; Menshov VN, assignee. Russian Federation patent

RU2143320. 27.12.1999. Russian.

2. Golosman EZ, Efremov VN. Promyshlennye katalizatory gidrirovaniya oksidov
ugleroda [Industrial catalysts for the carbon oxides hydrogenation]. Kataliz v pro-
myshlennosti. 2012;(5):36-55. Russian. DOI:10.18412/1816-0387-2012-5-36-55.

3. Alekseev AM. Iz istorii kataliza [History of catalysis]. Moscow: Kal'vis, 2005. [Chap-
ter], GIAP v istorii katalizatornoy promyshlennosti SSSR i Rossii [GIAP in the his-
tory of catalysis industry of USSR and Russia]; p. 481-532. Russian.

4. Melnikov EYa, editor. Spravochnik azotchika. 2nd ed. Moscow: Chemistry, 1987.

512 p. Russian.

5. Demidenko IM, Yankovskiy NA, Stepanov VA, Nikitina EF, Kravchenko BV. Katal-
izatory i protsessy s ikh primeneniem v azotnoy promyshlennosti [Catalysts and
processes with their application in the nitric industry]. Gorlovka: Gorlovskaya tipo-

grafiya, 1998. 198 p. Russian.

6. Efremov VN, Kashinskaya AV, Polivanov BI, Boevskaya EA, Golosman EZ. O raz-
rushenii katalizatora metanirovaniya pod vozdeystviem vodnogo rastvora potasha
[Destruction of the methanation catalyst by water solution of KOH. Part I: The nick-
el-alumina catalyst NIAP-07-01 (NKM-1)]. Neftegazokhimiya. 2015;4:62-6. Russian.

7. Takenara S, Shimizu T, Otsuka K. Complete removal of carbon monoxide in hydro-
gen-rich gas stream through methanation over supported metal catalysts. Int J Hy-
drogen Energy. 2004;29(10):1065-73. DOI:10.1016/j.ijhydene.2003.10.009.

8. Men Y, Kolb G, Zapf R, Hessel V, Love H. Selective methanation of carbon oxides in
a microchannel reactor-Primary screening and impact of gas additives. Catal Today.
2007;125(1-2):81-7. DOI:10.1016/j.cattod.2007.02.017.

181



9.

10.

11.

12.

13.

Liu Q, Dong X, Mo X, Lin W. Selective catalyc methanation of CO in hydrogen-rich
gases over Ni/ZrO, catalyst. ] Natur Gas Chem. 2008;17(3):268-72. DOI:10.1016/
$1003-9953(08)60062-6.

Leites IL, Avetisov AK, Yazvikova NV, Suvorkin SV, Baichtok CK, Dudakova NV,
Deev KN, Kosarev GV. Issledovanie fiziko-khimicheskikh svoystv modifitsirovan-
nogo MEDA-absorbenta dlya tonkoy ochistki gaza ot dioksida ugleroda v proiz-
vodstve ammiaka [Investigation of physico-chemical properies of modified MDEA-
absorbent for fine purification of gas from carbon dioxide in ammonia production].
Khimicheskaya promyshlennost’ segodnya. 2003;1:34-41. Russian.

Avetisov AK, Kononov SM, Sokolov AM, Baichtok CK, Suvorkin SV, Leites IL,
Deripasov VYV, Sokolinskiy CA, Yazvikova NV. Opyt modernizatsii otdeleniya ab-
sorbtsionnoy ochistki agregata sinteza ammiaka AM-70 na OAO «Nevinnomysskiy
Azot» s zamenoy MEA-rastvora na MDEA-absorbent rossiyskogo proizvodstva [Ex-
perience of modernization of absorption purification unit of the ammonia-synthe-
sis plant AM-70 at JSC «Nevinnomysskiy Azot»: replacement of the MEA solution
by MDEA-absorbent made in Russia]. Khimicheskaya promyshlennost’ segodnya.
2003;2:22-4. Russian.

Vakk EG, Shuklin GV, Leites IL. Poluchenie tekhnologicheskogo gaza dlya proiz-
vodstva ammiaka, metanola, vodoroda i vysshikh uglevodorodov. Teoreticheskie
osnovy, tekhnologiya, katalizatory, oborudovanie, sistemy upravleniya [Obtaining
of gas for production of ammonia, methanol, hydrogen and higher hydrocarbons.
Theoretical foundations, technology, catalysts, equipment, management: a text-
book]. Moscow, 2001. 478 p. ISBN978-5-98801-033-3. Russian.

Efremov VN, Golosman EZ, Polivanov BI, Kashinskaya AV, Polushin AP. Ustoy-
chivost’ nikelevykh promyshlennykh katalizatorov metanirovaniya k vozdeystviyu
aktivirovannogo metildietanolamina — absorbent CO, [Stability of Industrial Nickel
Catalysts for Methanation against the Action of Activated Methyldiethanol Amine
used as CO, Absorbent]. Kataliz v promyshlennosti. 2016;16(4):67-76. Russian.
DOI:10.18412/1816-0387-2016-4-67-76.

Cite this article as:
Efremov VN, Golosman EZ, Kashinskaya AV, Mugenov TI, Zolotareva VE, Polivanov

BI,

Polushin AP. Resistance of industrial nickel-containing methanation catalysts to the

poisoning by organic carbon dioxide absorbents. Chimica Techno Acta. 2017;4(3):167-

82.

DOI:10.15826/chimtech/2017.4.3.02.

182



