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B poboti mpoBoamiucs AOCTIIKEHHS MapoBOi KOH-
Bepcii Merany Ha kataiizaropi NiO y BiOpo3pimkeHOMY
mapi  KaTamizaTopy 3a TEXHOJOTIEI0  aepo30JIEHOTO
HAHOKATali3y B BiOpO3piIKEHOMY IIapi KaTaliTHYHOI
cucremu (AnCVB). Ilporuec mapoBoi KOHBEpCii MeTaHy €
TOJIOBHUM JUISI OTPUMaHHSI CHHTE3-Ta3y IpU BUPOOHHIITBI
amiaKky, METaHOIy, OLTOBOi KUCIIOTH, B cuHTe31 Dimepa-
Tpormua Ta iHIIUX BUPOOHMITBAX OPraHiyHOro, Heopra-
HIYHOTO CHHTE3y i HadTorepepoOku. TexHooris aepo-
30JILHOrO HaHOKaTalli3y Jae 6arato repesar s poIecy
napoBoi KOHBepcCii MeTaHy: 1) 3MeHIIEHHSI TeMIlepaTypu
(3 900-1000 °C mo 600-700 °C); 2) 3MeHIIEHHS KOH-
LeHTpaIii KaTazisatopy B 06’eMi peakropy y 10°-10° pas;
3) 30inbIIeHHs CENEeKTUBHOCTI XIMIYHUX MEPETBOPEHb Ta
MOXIIUBICTh KOPUTYBaHHS i1 y BiJIIOBITHOCTI 0 MOAAIIH-
LIOro NPM3HAYEHHS OTPIMAHOT0 CUHTE3-Ta3y; 4) 30UIbIHTH
HIBHIKOCTI XIMIYHMX TmeperBopeHb no 10 pasiB B
pO3paxyHKy Ha 06'eM peaktopa Ta o 10°-10° pasi B
PO3paxyHKy Ha Macy KaTaji3aropa; 5) 3MEHIICHHs 4acy
nepeOyBaHHsS CUPOBUMHM B peakiiiiHiii 30Hi. Takox Oyno
JIOKa3aHO, IO HAaHOYACTHKa YTBOPIOETHCS B MOMEHT
CHiByZIapy CKIISTHUX KYJIbOK (AMCHEPryrodyuid MaTepian),
KOJIM 4YacTWHKa KaTajli3aTopy mnomajaae Mk Humu. Llei
MpoLIEC TPOBOJUTHCS TPH 3aJaHiii 4acToTi KOJUBAaHb
peaktopy. IlpencrapineHa MeTOAMKAa TPUTOTYBAHHSA KaTali-
THYHOI CHUCTEMH Ta NPOBEICHHS EKCIEPUMEHTAIbHUX
nocnimpkenb B ymoBax AnCVB. Haseneni mani Tepmo-
JTUHAMIYHUX PO3PaxyHKIB IPOIECY IapOBOi KOHBEPCIi.
[IpencraBneHi pe3ynbTaTH €KCHEPUMEHTAIBHUX JOCIiA-
JKEHb, sIKi MOPIBHSHI 3 PIBHOBXHUMH AaHuMu. OOrpyH-
TOBaHO, IIO JOCATHEHHS PIBHOBRXHOTO CKJIANy CyMiIi
nponykTiB  KoHBepcii B ymoBax AnCVB moxiuBo
3IIHCHUTH 3 MEHIIUMH SHEprOBUTpAaTaMH, HiXK B IeTepo-
TeHOMY KaTalli3i.
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This paper represents as an investigation of methane steam
reforming over NiO aerosol nanoparticles. Its been approved
that the aerosol nanoparticles play the major rule in the
Techcnology of aerosol nanocatalyss (AnC) which been
applied on the reaction of methane steam reforming. The AnC
allows us to obtain super active catalysts in virtue of
permanent mech-chem activation over the surface of catalyst
particlesin gitu.

Keywords — nanoparticles, syngas, aerosol nanocatalysis,
conversion, fragmentation

Nanoparticle defined as a small object that behaves as a
whole unit in terms of its transport and properties. Particles are
further classified according to size: in terms of diameter, fine
particles cover a range between 100 and 2500 nanometers. On
the other hand, ultrafine particles are sized between 1 and 100
nanometers[1].

AnC is an effective direction in chemical technology field,
as it allows us to obtain super active catalysts in virtue of
medium absence and permanent (mech-chem activation)
(mechanical-chemical-activation) over the surface of catalyst
particles in situ[2].
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Fig. 1. The changing of catalytic systemin AnC by thetime
1. Inert material, 2. Catalyst microparticles, 3. Catalyst
nanoparticles, agglomeration of catalyst particles

In the Technology of AnC, the catalytic system consists
of glass bullets (d = 1.1 mm) (which represents as an inert
material) and powder of catalyst NiO, initial size 5¥10° m.
During vibration process appears catalytic system’s mixing
and catalyst abrasion till size of 107-10"m. The changing of
catalytic system structure is illustrated in the fig 1. As it has
shown in (fig. 1 a) the catalytic system in the beginning
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(without mechanical action) is inert material and catalyst
microparticles, under the mechanical action over the system
appears fragmentation of catalyst by inert material to
nanoparticles (fig.1.b). In the absence of mechanical action
with determined time the nanoparticles would be suffering
from agglomeration figl.c) [3].

The above explain that the nanoparticles appear as a
result from permanent collision of inert material which
had been formed from reactor vibration.

In the AnC the NiO particles behave as a nanoparticles
that could determine the activity of this technology, its
been determined the range of nanoparticles between 8-
100 nm. The method of nanoparticles investigation was
done via Transmission Electron Microscopy (TEM) [4].

Fig. 2. Theimage of particle, has obtained by TEM

Reaction of methane steam reforming includes the

following equation:

CH4+H20<—>CO+3H2 . (1)

And also there is a chance to obtain additional
quantity of hydrogen:

CH4+ 2H20 < CO, +4H, . (2)

Hydrocarbons conversion is the main industrial
method to obtain synthesis gas (syngas) for ammonia
production, alcohol, acids, Fischer—Tropsch synthesis and
other products. There are several ways of conversion:
aerial, steam aerial, oxygenous, steam oxidation of
hydrocarbons...etc.[5].

The main process of syngas obtaining in the
production of ammonia, methanol and syntheses of
organic products is steam reforming of methane. The
process has done in the pipe oven with heating and
catalyst. The properties of catalyst show the effect on
productivity of pipe oven and its lifetime. This phase is
one of the most expensive with high energy in modern
technological schemes.[6].

Its been used NiO catalyst 0,0001 gm, and 20 cm?® of
glass bullets, while the volume of reactor equal to 43 cm’.
The table guided us to fig (3) that illustrates the
differences between theoretical and practical relationship
between %vol of conversion products and range of
temperature 600-700 °C using NiO catalyst. The theoretical
part is calculated by (CATPAITuC) program.

Table 1
Results of research
and its comper sion with theoretical results

Volume rate, | H,0/CH,
L/h (mol.)
CH, [Vapour Ho[ CO [ CO. [ CHy
117 | 143] 41 6.3 [19.98[3.09 (2547|1847
Equilibrium cor;n;);lsmon of products, % 32 | 16| 68| 79
650 [ 1.1 [ 152] 44 ] 6.0 [1053] 2.7 [ 68 [77.16
1.1 | 152] 44 | 60 [1074]6.75] 2.1 [80.04
Equilibrium composition of products, % | 559 | 55 | 72 | 49
Vol.
114 93] 25 85 [17 Josi| 0
700 Equilibrium composition 6.9
of products, % Vol. )
1 [ 93] 27 ]88 34
Equilibrium composition of products, %
Vol. o

t,c | Productsin outlet, %vol. (

t: Residence time.
aC: Degree of Carbon conversion.

e H2 Theo.
50 ~ v - —8— COrheo.
e CO2 Theo.
—¥— CH4mheo,
R U — = H2 pract.

873.15 92315 973.15
Temperature K

Fig. 3. Theoretical and practical reation between %vol
and temperature at 600-700 oC

Thus, as been mentioned above, its possible to apply
the technology of aerosol nanocatalysis.
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