KHHETHKA U KATAJIU3, 2023, mom 64, Ne 3, c. 305—-306

YIK 544.43

KMHETUKA CEJIEKTUBHOI'O TUIPUPOBAHUA CO, 10 MYPABBMHOM
KNCJIOTbI HA KATAJIM3ATOPE I'MIPOTAJIBIIUT POAUA (Rh-HT)
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CHHTe3UpOBaH 1 OXapaKTepu30BaH Ir'eTepOreHHEIN KaTaau3aTop — ruapoTaibuuT poaus (Rh-HT), Ha ko-
TOPOM HcciieloBaHa KMHeTHKa ruapupoBaHusi CO, BOIOPOJOM B MypaBbUHYIO KUCJIOTY B aBTOKIaBe. Ka-
Tanu3atop 3G GEKTUBEH B CEJIEKTUBHOM ITpOlIecce CUHTE3a MypPaBbUHOM KHUCIIOTHI ITPYU YMEPEHHOM TeMITe-
partype 10 MSTU KaTUTMTUYECKUX [IUKIIOB 0€3 CyIIeCTBEHHOM MOTepU KaTaTuTUIeCKO aKTUBHOCTH. [1o-
IpOOHBIE KUHETUYECKWE WCCIEHOBAaHUS TIPOBENCHBI IIyTeM W3MEPEHMST 3aBUCUMOCTH CKOPOCTH
00pa3oBaHUsI MypaBbUHOI KUCJIOTHI OT BpeMEHU, KOJIMYeCTBa KaTaau3aTopa, O01Iero AaBjaeHus, mapum-
anpHOTO nmaBieHus CO,, mapunanibHOTO HaBieHus H,, peakiimoHHOTO 00beMa, COOTHOIICHUsI 0OBEMOB
pPacTBOPUTEISI METAHOJIA M BOJIBI B CMECH, CKOPOCTU MepeMellInBaHUsI U TeEMIIepaTyphl B IIMPOKOM arara-
30HEe BapHualuii. YCTAHOBJIEHO, YTO CKOPOCTb PeaKIIMU 3aBUCUT OT BCeX 3TUX nmapaMeTpoB. CKOPOCTb 00-
pa3oBaHMsI MypaBbMHOU KMCIOTHI OMMCHIBAETCS yPaBHEHUSIMU KUHETUKY TIEPBOTO MOPSIAKA IO Mapiiyaib-
HbIM naBieHusM CO, 1 H, 1 kxonmaecTBy Katanm3aropa. Havryarie ycioBust peakuni, HaliIecHHBIE B pe-
3yJbTaTe OINTUMM3ALMU KMHETUYECKMX MapaMeTpoB, ObLIM ciemylolnumu: obinee gaiaeHue S50 Oap
(r(CO,/p(H,) = 1/1); Temneparypa — 60°C; cmech pacTBOpuUTeNeil MeTaHo/Bona (5/1 mo o6wsemy, 60 mi);
BpeMst — 24 4; ckopocTh nepemeiuBaHust — 500 06/MuH. st MypaBbMHOM KMCIOTHI JOCTUTHYTA BEJIUYU-
Ha TON = 15840 6e3 nobaBiaeHNUsT OCHOBaHUA. TepMogMHAMMYECKHE XapaKTepUCTUKI TeTEPOreHHOTO Ka-
tanu3aTopa Rh-HT B 3HaunTe1bHOM cTeneHU 00yCIOBAEHbI O0IbIIION OTpULIaTeIbHOM 3HTponueil. PaGo-
Ta KaTajau3aropa obiia 3¢ GeKTUBHO YIydllieHa TP UCTTOIb30BAHUM CMECH BOIBI M METaHOJIa B KAYeCTBE
pactBopuTtes. IlpemioxeH u oocyxaeH MmexaHusM ruapuposanus CO, 10 MypaBbMHOM KMCJIOTBI Ha OC-
HOBE KMHETMYECKUX M KCIIEPUMEHTAIbHBIX HAOIIONCHU, CBSI3aHHBIX C POJIbIO MOJIEKYISIPHOTO 3dhdeKTa
BOJIbI, UCTIOJIb3YEMOIi B KAYECTBE PACTBOPUTEIIS.
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Kinetic Investigation on Selective CO, Hydrogenation to Formic Acid
over Rhodium Hydrotalcite (Rh-HT) Catalyst
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Abstract—A heterogeneous catalyst, rhodium hydrotalcite (Rh-HT), was synthesized, characterized, and ex-
plored for kinetic studies for the hydrogenation of CO, to formic acid using molecular hydrogen in an auto-
clave. The catalyst was efficient for the selective formation of formic acid at a moderate temperature with up
to 5 catalytic cycles without any significant loss in catalytic activity. The detailed kinetic investigations were
performed by determining the rate of formic acid formation as a function of time, catalyst amount, total pres-
sure, partial pressure of CO,, partial pressure of H,, reaction volume, v/v ratio of the mixed solvent of meth-
anol and water, agitation speed, and temperature in a wide range of variation. The rates were found to be de-
pendent on all these parameters. The formic acid formation rate followed the first-order kinetics with respect
to the partial pressures of CO, and H,, and catalyst amount. The best reaction conditions obtained from the
kinetic parametric optimisation were, 50 bar total pressure (1/1 p/p, CO, and H,); 60°C temperature; a mix-
ture of methanol:water solvent (5/1 v/v, 60 mL); 24 h time; and 500 rpm agitation speed to get a TON of
15840 for formic acid with no additional base. The thermodynamic performance of the heterogeneous cata-
lyst Rh-HT was appreciably associated with highly negative entropy. The performance of the catalyst was ef-
fectively enhanced by the mixture of water and methanol as a solvent. The mechanistic routes for CO, hydro-
genation to formic acid are proposed and discussed based on the kinetic and experimental observations in-
volving the role of the molecular effect of water used in the solvent.
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