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Abstract. Introduction. Methylcyclohexane (MCH) is a key solvent and a promising Liquid
Organic Hydrogen Carrier (LOHC). The selective hydrogenation of toluene to MCH requires efficient,
stable and cost-effective catalysts. Skeletal nickel (Raney Ni) is widely used but suffers from rapid
deactivation. The purpose of this work is to develop multicomponent skeletal nickel catalysts modified by
industrial ferroalloys (FeMo, FeTiMn, FeMn) and to study their catalytic performance in toluene
hydrogenation. Methods. Catalysts were prepared by high-frequency induction melting of Ni-Al-
ferroalloy systems, followed by leaching with 20% NaOH. Surface morphology and composition were
characterized by SEM-EDXRS and BET. Kinetic experiments were carried out in a high-pressure
autoclave (0.25 L) at 393-473 K and hydrogen pressures of 2.0-12.0 MPa. Results. The addition of 3.0
wt.% FeMo or 5.0 wt.% FeTiMn increased the hydrogenation rate by 2.2-2.5 times compared to
unmodified Raney Ni. Specific surface area reached 82.1 m?/g for Ni-Al-FeMo and 78.5 m*g for Ni-Al-
FeTiMn. SEM-EDXRS showed uniform distribution of Fe, Mo, Ti, Mn in the nickel matrix. The reaction
order was zero with respect to toluene and first with respect to H. (at 2-6 MPa). Apparent activation
energy was 34.5 ki/mol for Ni-Al-FeMo and 38.2 kJ/mol for Ni-Al-FeTiMn. The catalysts exhibited
99.9% selectivity to MCH and maintained >92% of initial activity after 100 h on stream. Conclusion.
Ferroalloy-modified skeletal nickel catalysts are highly efficient, selective and stable, making them
promising for industrial hydrogen storage and petrochemical applications.
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1. Introduction

The development of hydrogen energy is considered as one of the key
pathways to low-carbon economy. However, the widespread use of hydrogen is
hampered by the lack of safe, efficient and economically feasible technologies for
its storage and transportation. Among the current approaches (compression,
liquefaction, adsorption, chemical hydrides), liquid organic hydrogen carriers
(LOHC) deserve special attention [1,2,22].

The LOHC principle is based on the repeated «hydrogenation-
dehydrogenation» cycle of an organic compound. The toluene—
methylcyclohexane (MCH) system is one of the most promising LOHC systems
due to the following advantages [3,4,20]:

Parameter Toluene Methylcyclohexane (MCH)
Boiling point, °C 110.6 101
Mass conc., wt% — 6.16
Density, g/cm? 0.87 0.77
Toxicity low extremely low

Methylcyclohexane is also widely used as a high-octane fuel component and
an environmentally friendly solvent. The selective hydrogenation of toluene to
methylcyclohexane is a crucial step in LOHC technology.

Traditionally, catalysts based on noble metals (Pd, Pt, Ru) or Raney nickel
are used for the liquid-phase hydrogenation of aromatic compounds. Despite their
high activity, noble metals are expensive, and the classic Raney nickel (sponge
nickel) catalyst rapidly loses its activity due to sintering [5]. In this respect, the
development of modified nickel catalysts that combines economic affordability
with improved service characteristics is of great relevance.

One effective way to enhance sponge catalysts is to promote them with
various metal additives. In the works of Kedelbaev and Tashkaraev [6,7], the
potential of using industrial ferroalloys as complex modifiers has been
highlighted. Ferroalloys containing Mo, Ti, Mn, make it possible to increase the
specific surface area (SSA) of the catalyst and alter the electronic state of nickel,
promoting hydrogen adsorption [8].

In recent years, highly efficient catalytic systems have been proposed for the
hydrogenation of toluene, including MOF-based Ni-Co bimetallic nanoparticles
[9], Ni catalysts encapsulated in zeolites [10], as well as the unique material
LaNis, which combines the functions of a catalyst and a hydrogen reserve
[11,21,25]. Unfortunately, these systems are difficult to scale up. The use of
industrial ferroalloys (ferromolybdenum, ferrotitanium-manganese,
ferromanganese) as complex modifiers of the nickel framework ensures ease of
preparation and low cost [12]. The commercialization of LOHC technologies
faces a number of challenges, including the cost of carriers and the long-term
stability of catalysts [23].

The purpose of this work — is the development of multicomponent nickel
sponge catalysts, promoted by ferroalloys (FeMo, FeTiMn, FeMn), and to
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investigate their physicochemical and catalytic properties in the liquid-phase
hydrogenation of toluene.

2. Experimental part

2.1 Preparation of catalysts

Starting alloys with a composition of Ni:Al = 50:50 (wt.%) containing
ferroalloy additives (FeMo — ferromolybdenum grade FMo60 per GOST 4759-91,
Mo content >60%; FeTiMn — ferrotitanium-manganese, Ti ~25%, Mn ~15%;
FeMn — ferromanganese grade FeMn75 according to GOST 4755-91) were
smelted in a high-frequency induction furnace (OKB-8020) in quartz crucibles at
1200-1500 °C. The amount of promoter varied from 1 to 10 wt%. The ingots were
crushed to a particle size of <0.25 mm. Activation was carried out using 20%
NaOH in a boiling water bath for 60 min. The catalyst was washed to pH 7 and
stored in ethanol. At least three parallel samples were prepared for each
composition.

2.2 Analysis methods

The specific surface area (SSA) was determined using the BET method
(Autosorb iQ). The phase composition was determined by dispersive X-ray
spectroscopy (DXRS) (Rigaku SmartLab). The elemental distribution was
determined by SEM-EDXRS (JEOL JSM-IT200). Kinetic experiments were
conducted in a batch autoclave (0.25 L) equipped with a stirrer at 393-473 K and
H> pressures of 2.0-12.0 MPa. Sample loading: 200 mL of toluene, 0.5 g of
catalyst. The samples were analyzed on a “Crystallux-4000M” chromatograph
(SE-30 capillary column, FID). Each experiment was repeated at least three times;
the error in the reaction rate measurement did not exceed £5% (relative).

2.3 Properties of used catalysts

After 100 hours of operation in the flow reactor, the catalysts were removed,
washed with ethanol, and examined using SEM-EDXRS and DXRS.

3. Results and discussion

3.1 Physicochemical properties of catalysts

Table 1 provides the characteristics of the studied samples. The addition of
ferroalloys increases the specific surface area by 1.5-1.7 times. The catalyst with
3% FeMo has the highest SSA (82.1 m?/g). As shown in Anderson’s work [27],
the dispersion of metal particles significantly affects catalytic activity, and our
data confirm this: a decrease in crystallite size is correlated with increased
activity.

Table 1 — Composition, specific surface area (SSA), and phase composition of catalysts

Catalyst (wt.%) SSA m?/g (avg. = std. dev.) Phase composition (DXRS)
Ni-Al (50:50) 542+15 Ni, NiAls, Ni2Al3
Ni-Al-3%FeMo 82.1+21 Ni, Mo, Fe, NiMo
Ni-Al-5%FeTiMn 785+2.0 Ni, Fe, MnO;, TiO:
Ni-Al-3%FeMn 65.4+1.8 Ni, Mn, MnOx

94



KA3AKCTAHHBIH XUMUA )KYPHAJIbI XUMHYECKHUY XKXYPHAJI KA3AXCTAHA

3.2 Catalytic activity (kinetic curves)
Fig. 1 shows the kinetic curves for the hydrogenation of toluene at 413 K and 4.0
MPa. The Ni-Al-3%FeMo catalyst turned out to be the most active, ensuring an
MCH vyield of 88% in 60 minutes, which is 2.5 times higher than that achieved
with unmodified nickel. The Ni-Al-5%FeTiMn catalyst demonstrated a yield of
83% in 60 min.
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Methylcyclohexane yield, %
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—-@- Ni-Al (50:50)
I Ni-Al-3%FeMo
—A— Ni-Al-5%FeTiMn
—4— Ni-Al-3%FeMn
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Time, min
Fig. 1 - The kinetic curves for the hydrogenation of toluene (413 K, 4.0 MPa)

3.3 Kinetic trends

The rate dependence on toluene concentration (0.5-2.0 mol/L) exhibited
zero-order Kinetics with regards to the substrate. The rate dependence on
hydrogen pressure (Fig. 2) was linear in the range of 2.0-6.0 MPa (first-order
kinetics with regards to Hy). The apparent activation energy was 34.5 + 1.2 kJ/mol
for Ni-Al-3%FeMo and 38.2 + 1.5 kJ/mol for Ni-Al-5%FeTiMn (45.0 + 1.8
kJ/mol for Ni-Al). It confirms the promoting effect of ferroalloys. The obtained
Ea values are consistent with data for modern Ni catalysts [13].

The Langmuir-Hinshelwood-Haugen-Watson (LHHW) approach, which
assumes dissociative hydrogen adsorption on two different types of active sites, is
commonly used to describe the kinetics of aromatic compound hydrogenation.
Similar models have been successfully applied to the hydrogenation of benzoic
acid on Ni catalysts [17] and to the hydrodeoxygenation of m-cresol [18]. The
effect of water vapor on the hydrogenation of toluene over Ni catalysts was
investigated in [19], where it was shown that even small additions of water can
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alter the kinetic parameters. The solubility of hydrogen in organic solvents,
according to data [26], can also affect the observed reaction rate; however, under
our conditions, mass transfer does not limit the process.
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Fig. 2 — Dependence of methylcyclohexane yield on hydrogen pressure (413 K, 40 min)

3.4 Stability and selectivity

Tests in a flow reactor (100 hours) showed that Ni-Al-3%FeMo retains 92%
of its initial activity (binary Ni-Al - 70%). Selectivity for MCH >99.9%. DXRS of
spent catalysts showed a slight increase in crystallite size (from 5.4 to 6.1 nm for
Ni-Al-3%FeMo compared to 5.4 to 8.2 nm for Ni-Al). The investigation of
pressure distribution in a granular LaNis layer [24] showed that the uniformity of
particle packing is important for the long-term stability of reactors - we took this
factor into account when preparing the catalyst layer.

3.5 Mechanism of Promoting Action of Ferroalloys

During the alkaline leaching, ferroalloy components (Fe, Mo, Ti, Mn)
partially remain within the nickel matrix in the form of oxides and intermetallics,
which exert their promoting action through two coupled mechanisms.

Electronic effect. Molybdenum and titanium atoms, possessing partially
filled d-orbitals, integrate into the nickel lattice forming Ni-Mo and Ni-Ti alloy
phases. This leads to hybridization of the d-bands of the constituent metals and a
modification of the local density of electronic states (LDOS) near the Fermi level.
The increased LDOS facilitates more efficient dissociative adsorption of
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hydrogen via a reverse electron transfer from Ni to the promoter. Consequently,
the Ni—H binding energy is weakened, enhancing the mobility of adsorbed
hydrogen and its availability for the subsequent hydrogenation of the aromatic
ring. The experimentally observed decrease in the apparent activation energy
from 45.0 to 34.5-38.2 kJ/mol corroborates the formation of a more readily
activable hydrogen adlayer.

Geometric effect. Incorporation of Mo, Ti, and Mn atoms at the nickel grain
boundaries induces a localized expansion of the metallic lattice (controlled by
XRD data showing a 0.8-1.2 % increase in the lattice parameter). The enlarged
Ni—Ni interatomic distances reduce the overlap of d-orbitals of adjacent nickel
atoms, which lowers the hydrogen adsorption energy and decreases the depth of
the potential well for Hads. The synergy of electronic and geometric effects
increases the proportion of weakly bound ("mobile™) hydrogen, which is
kinetically relevant in the stage of aromatic ring hydrogenation.

Furthermore, the oxide particles MnOx and TiO2, stably anchored on the
catalyst surface, act as structural spacers that hinder thermal agglomeration of
nickel crystallites, thereby preserving the high specific surface area of the catalyst
during prolonged operation (100 h).

3.6 Comparison with commercial catalysts

Table 2 presents a comparison with commercial analogues. The developed
Ni-Al-3%FeMo catalyst outperforms commercial Ni/Al,O3 catalysts in terms of
both activity and stability and is on par with the best laboratory samples. It should
be noted that for the hydrogenation of benzoic acid on Ni catalysts, mesoporous
carriers have been shown to be highly effective [17], which is consistent with our
results regarding surface area enhancement due to ferroalloys. The hydrogenation
of N-ethylcarbazole on LaNis [21] demonstrates an alternative approach using
metal hydrides; however, our catalyst has the distinct advantage of being simple
to prepare.

Table 2 — Comparison of catalytic properties

Catalyst TP MCH yield per Ea, kJ/mol Stability
hour, % (after 100 h.)
Ni-Al (50:50) 160°C, 68 45.0 70%
4 MPa
Ni-Al-3%FeMo 160°C, 88 345 92%
(our version) 4 MPa
Ni/Al-Os 180°C, 75 ~50 85%
(commercial) [14] 5 MPa
Ni/TiO: (lab.) [15] 150°C, 82 41.2 88%
4 MPa
Pt:Co SAA [16] 180°C, 95 ~40 95% (Pt savings)
3 MPa
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4. Conclusion

1. Multicomponent nickel sponge catalysts promoted by ferroalloys (FeMo,
FeTiMn) have been developed. The optimal compositions are Ni-Al-3%FeMo
and Ni-Al-5%FeTiMn.

2. The rate of toluene hydrogenation on these catalysts is 2.2-2.5 times
higher than on standard Raney nickel. The reaction is zero-order with regard to
toluene and first-order with regard to hydrogen (at 2-6 MPa).

3. The apparent activation energy has been reduced to 34.5-38.2 kJ/mol.

4. The catalysts exhibit high stability (activity retention >92% after 100 h)
and selectivity (>99.9%).

5. A mechanism for the promoting effect of ferroalloys is proposed,
involving stabilization of the nickel phase and an increase in the fraction of
weakly bound hydrogen.

6. In terms of their overall characteristics, the developed catalysts outperform
commercial Ni/Al;Oz catalysts and are comparable to modern nanostructured
systems.

The obtained results allow us to recommend these catalysts for the industrial
production of methylcyclohexane (MCH), including in LOHC hydrogen storage
systems.
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MPOMOTUPJIEHI'EH KAHKAJIBIK HUKEJIb KATAJIU3ATOPJIA-PBIHJA TOJYOJIJAbI
METUJIHUKJIOTIEKCAHFA TUJAPJIEY

B.III. Kedenvoaes *, K.M./laxanosa ?, C.K.Typmaéaes ?, C.A.Illumwidaee >, I.Kanvimbenos *

M.Oyes06 amvindazer Oymycmix Kazaxcman sepmmey ynueepcumemi, ILlvivkenm, Kazaxcman
20.)Koniberos amvinoazer Oymycmix Kazaxcman nedazozuxansiy ynusepcumenti, ILlvivxenm,
Kaszaxcman

Tyiiinaeme. Kipicne. Merwiuknorekcan (ML) cyTeriniH Oomamarsl 30p CYHBIK OpraHHKAJBIK
taceiManayibicel (COCT) sxonHe Herisri epiTkimn Oonsin TaObuiansl. Tomyosnmst MII-Fa cenekTHBTI
THApIICY THIMIi, TYPaKThl KOHE SKOHOMHKAJBIK TYPFBIIAH THIMI KAaTAHU3aTOpIApAbl KaXeT eTei.
Kankaner vHukens (Peneit Hukeni) KeHIHEH KOJIaHBUIFAHBIMEH, OJ Te3 JIe3aKTHBAIlMsIaHyFa Oeiim. By
JKYMBICTBIH MaKcaThl — OHepKacinTik (eppokopsiT-nanapmer (FeMo, FeTiMn, FeMn) Typrenmipiiaren
KONKOMIIOHEHTTI HHKEJB/I KaHKaJIbl KaTaJu3aTopiapibl d3ipiey KOHE OJIap/blH TONYOJIbl THIApIEY
MpoLeciH/eri KaTaIMTHKAIBIK KacHeTTepin 3eprrey. Odicmeme.Karammsaropnap Ni-Al-deppokopsirna
JKYHeNepiH JKOFapbl JKUUTIKTI MHIYKUHUSIIBIK OankpiTy, omaH keiin 20%-meik NaOH epitinzmiciMen
mraiimanay ojiciMer maibiHnanpl. berTik Mopdosoruscel MeH aneMeHTTiK Kypambl DJIC-COM (3neprus
JIMCTIEPCHSUIBIK PEHTTEH/IIK CIIEKTPOCKONHUSICHI Oap CKaHEepJIeyIlli 3IeKTPOH/IBIK MUKPOCKOITHS) jkoHe BOT
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smicrepimen 3eprreii. KuHeTnkanslk toxipuoenep xorapsl KbickiMabl aBrokiasra (0.25 i) 393-473 K
Temreparypana sxoHe 2.0-12.0 MIla cyreri KblchIMbIHAA Xyprizinai. Homuowenep. 3.0 mac.% FeMo
nemece 5.0 mac.% FeTiMn xocy ruapiey >KbULIAMIBIFBIH TYpJICHAIpiIMEreH PeHell HUKeTiMeH
canbIcThIpranga 2.2—2.5 ecere aptreipapl. Menmiikti Oerrik ayman Ni-Al-FeMo yurin 82.1 m?/r xone Ni-
Al-FeTiMn ymin 78.5 M*r xerri. DJIC-COM nepektepi Hukens Marpunacsiaa Fe, Mo, Ti sxone Mn
OipkenKki TapanyblH KepceTTi. Peakumst peri Toiayon GoiblHIIA HemiHImi xoHe H. Goitpamma (2-6 MIla
Ke3inge) Oipinmn exeni aubikTanabl. KepiHerin axrturenmipy sHeprusicel Ni-Al-FeMo yuin 34.5
kx/moib xone Ni-Al-FeTiMn yuin 38.2 kIx/moib Kypazast. Karamuzaropnap MU -ra kateictsl 99.9%
JCHIeiiiHme CcelleKTUBTLIIK KopceTTi jkoHe 100 caraTThIK KYMBICTaH KeifiH OacTamkbl O€ICeHALTINHIH
>02%-piH  cakTam Kajmel. Kopweimeirnosi. DeppoKOpHITIIATAPMEH TYPIACHIIPIITeH KaHKAIbl HHUKEIh
KaTaJlM3aTopJiapbl )KOFapbl THIMALTIKKE, CEJICKTUBTUTIKKE KOHE TYPAKThUIBIKKA He, OYJI 0Japbl CyTeriHi
OHEPKACINTIK CaKTay TEXHOJOTHsUIapbl MEH MYHail XMMHSCHIHAA KOJJIAaHy YIIiH KeJjemeri 0ap eKeHiH
KepceTe/i.

Tyiiinai ce3aep: TOIyo, METHILUKIOTEKCaH, THAPICY, KAaHKaIbl HUKEIb, (EepPOKOpPHITIATAp, KHHETHKA,
31C-CoM

Keoenvoaes baxvimaican Texnuka 2bL1bIMOAPbIHLIY OKMOPbL, NPopeccop

Hlunmupsaesuy

Jlaxanosa Kynzada Mepzenoaesna Aybin wapyaublivi, 2blIbIMOAPbIHBIY OOKMOPYL,
npogheccop

Typmaobaes Capcenoek Koiutmaoaeguu Texnuka 2bL1bIMOAPbIHLIY OKMOPbL, NPopeccop

Hlumuibaee Cepuxoex Anmvinoexosuy Xumus 2o1161MOapPHIHLIY KAHOUOAMBL, OOYEHM

Kanvimoemos I'anu Eckepmecosuu Jloxmopanm, aza vlivlmu Kblzmemxep

I'NAPUPOBAHUE TOJYOJIA 10O METUWIHUK/JIOI'EKCAHA HA TIPOMOTUPOBAHHBIX
CKEJIETHBIX HUKEJIEBBIX KATAJIU3ATOPAX

B.III.Kedenvoaes *, K.M./laxanosa >, C.K.Typmaéaes ?, C.A.Illumwibaee®, I.E.Kanvimbemos *

YOuucno-Kazaxcmancruii uccaredosamensciuii ynusepcumem um.M.Ayesosa, Ilvimxenm, Kasaxcman
2[0xcHo-Kazaxcmarnckuii nedazo2uieckuti yrugepcumem um.O. JKoniberos, [Lvivkenm, Kazaxcman

Pestome. Bgeoenue. Merunuuxiorekcad (ML) siBisieTcst KII0YeBBIM PACTBOPHTEIIEM H NEPCIIEKTUBHBIM
KUIKHM OpTaHHYeCKUM HocuteneM Bogoponga (JKOHB). CenexruBHoe ruppuposanue tomyona B MIT
TpedyeT 3(pHEKTUBHBIX, CTAOMIBHBIX U YKOHOMHYECKH BBITOJHBIX KaTanu3aTopoB. CKeNEeTHbIH HUKENIb
(Huxenp PeHest) MMPOKO NpHUMEHsIETCS, OJHAKO ITOJBEPXKEH OBICTpOH ne3akTHBauuM. Llenbio paHHOM
paboTsl  sBisieTcss pa3pabOTKa MHOTOKOMIIOHGHTHBIX — HHKEIEBBIX CKEIETHBIX  KaTaIM3aTOpOB,
MOAUGHIMPOBAHHBIX MPOMBIILIEHHBIMU (eppociuiaBamu (FeMo, FeTiMn, FeMn), u uccrenoBanne nx
KaTaJIMTUYECKUX CBOWCTB B TMpoOIecCe THAPUPOBaHUS Toiyosa. Memoouka. Katanmzatopbl Obuin
[IPUTOTOBJICHBI METOJOM BBICOKOYAaCTOTHOM MHIYKIMOHHOW 1uiaBku cucreM Ni-Al-¢eppociuias ¢
nocnenyromuM  BeimenaunBanueM 20%-ueiM - pactBopoM NaOH. Mopdosorus mnoBepxHOCTH H
JJIEMEHTHBIA cocTaB ucchaenoBaanch meromamu SEM-EDXRS (scanning electron microscopy with
energy-dispersive X-ray spectroscopy) u BOT. Kuneruyeckue sKCIEpUMEHTHI IPOBOIMINCH B aBTOKIIABE
BeIcoKoro namieHus (0.25 ;) mpm temmeparype 393-473 K u pmaBnenunu Bomopoma 2.0-12.0 MIla.
Pesynvmamer. [Jo6asnerne 3.0 mac.% FeMo wmn 5.0 mac.% FeTiMn yBeanamiio ckopocTs THAPUPOBAHHS
B 2.2-2.5 pa3a 1o CpaBHEHHIO C HEMOAU(DUIMPOBAHHBIM HHKeleM PeHes. VYaenbHas IUIOMIAAb
noBepxHoctH gocturia 82.1 m¥/r mist Ni-Al-FeMo u 78.5 M/t st Ni-Al-FeTiMn. Taunusie SEM-EDXRS
MoKasali paBHOMepHoe pactpenencuue Fe, Mo, Ti u Mn B uukeneBoit marpuiie. [TopsioK peakiuu
OKa3aJicsl HyJEBBIM 110 TOJNyoly W mepBbiM 1o Ha (mpu 2—6 MIla). Kaxyruasicst sHeprusi akTHBaIun
cocrasmiaa 34.5 x/bx/monb mist Ni-Al-FeMo u 38.2 x/Dx/monb mis Ni-Al-FeTiMn. Karanuszatopst
MPOJEMOHCTPHPOBAIN cenekTuBHOCT, K ML Ha ypoBHe 99.9% wu coxpanmmu >92% ot cBoeit
NepBOHaYaIbHOW akTUBHOCTH mociae 100 wacoB pabotel. 3akmouenue. CKeNeTHbIE HHKEICBbIC
KaTalM3aTopsl, MOIU(PHUIUPOBaHHbIE (eppociuiaBaMH, O00JaJar0T  BBICOKOH  3((EKTUBHOCTHIO,
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CCJICKTUBHOCTBIO U CTa6I/IJ1bHOCTblO, YTO ACJIacT UX NEPCICKTUBHBIMHU IJId NPUMEHEHUS B TEXHOJIOTUAX
IIPOMBINIUICHHOI'O XpaHCHUsS BOAOPOJa U HCq)TCXI/IMI/II/I.

KiiouyeBble cjioBa: TONYyOJ, METHILMKIOIEKCAH, TMAPHPOBAHUE, CKEICTHBIH HHUKENb, (eppocIuiaBsl,
kuHetuka, DJ1C-COM

Keoenvoaes baxvimoaican Joxmop mexuuueckux nayk, npogeccop
Hlunmupsaesuy
Jlaxanosa Kynzada Mepzenoaesna Jlokmop cenbcKoxXo351UCmeeHHbIX HAYK, npogeccop

Typmabaes Capcenoex Kotimabaesun  JJokmop mexuuueckux Hayx, npogeccop

Llumvibaes Cepuxoek Kanouoam xumuueckux nayx, ooyenm

Anmuinoexosuy

Kanvimoemos I'anu Ecxepmecosuy Jlokmopanm, cmapwiutl HayuHvil cOmpyOHUK
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