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STUDY OF THE COMBINED HYDROLYSIS-HYDROGENATION
OF WHEAT STRAW CELLULOSE IN ORDER TO OBTAIN SORBITOL

Abstract. The article presents the results of studying the implementation of a combined (hybrid) hydrolysis-
hydrogenation process for the production of sorbitol. However, the selectivity for sorbitol has a maximum at a
pressure of 6.0 MPa. That is, the proportion of the desired product-sorbitol with increasing hydrogen pressure above
6,0 MPa is reduced due to the formation of five-atom alcohols. This expressed in the growth of the total yield of the
polyols. Thus, we chose 6.0 MPa as the optimum pressure. In the process of chemical hydrolytic hydrogenation of
wheat straw cellulose into sorbitol, the influence of the temperature of the experiment studied in the range of
140-220 °C. The optimal time for the process of catalytic conversion of wheat straw cellulose under the conditions
chosen by us is 60 minutes. Until the sixtieth minute, the cellulose conversion reaction is insignificant, and after 60
minutes its values are within the error margin. The same pattern observed with the selectivity index for sorbitol.

Analysis of the resulting polyols carried out by paper chromatography. The nickel catalyst prepared by
impregnation, in addition, a ferroalloy (FS) was added in an amount of 5% by weight of nickel.

Thus, we have shown the possibility of obtaining sorbitol from wheat straw cellulose by hydrolytic hydro-
genation in the presence of a supported nickel catalyst. The optimum process conditions were determined: the tem-
perature of the experiment was 180°C, the hydrogen pressure was 6.0 MPa, and the reaction time was — 60 minutes.
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Introduction. The world's reserves of fossil organic raw materials are huge they represented by oil,
natural gas and coal, but soon or late they will be exhausted. As an alternative to fossil fuels, renewable
sources of energy and organic raw materials used. The most important of these is plant raw materials,
which formed in the process of photosynthesis.

Biomass is a renewable resource and plays a role in preventing global warming by slowing down
carbon dioxide emissions. In the production of chemical products from biomass, methods for converting
biomass to sorbitol, ethanol, lactic acid and other useful chemical products by enzymatic or chemical
methods [1-6].

At present, the main material used for biological processing is starch, obtained from corn. From the
point of view of the resources of the main structural constituents of plant components can used, cellulose
is present in much larger quantities than starch. However, methods for converting cellulose into che-
mically useful products by reducing its molecular weight (depolymerization) not developed, and this
resource 1s currently not actually used. A large number of studies carried out in the field of cellulose
decomposition by means of enzymes. However, there remain important problems associated with en-
zymatic methods, due to low reaction rates and the need significantly increase the activity of the enzyme
and separate it from the product. The advantages of cellulose in its renewability or even the practical
inexhaustibility of plant raw materials [7-12]. Of particular interest is the search for technologies of a one-
stage, combined (hybrid) method of obtaining valuable substances from the cellulose that excludes the
stages of isolation and purification of products. A one-step organisation makes it possible to obtain from a
plant polysaccharide, by hydrolysis-hydrogenation, a compound such as sorbitol, which is one of the
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promising sources of raw materials for industry [13-18]. Among the possible applications of sorbitol -
alcohol sugar - there are three most important. The first area of application relates to a sweetener, which is
widely distributed in the food industry. The second area is the use as intermediates in the synthesis of
useful compounds such as isosorbide, propylene glycol, ethylene glycol, glycerol, 1,1-sorbitan and lactic
acid. Isosorbide, in particular, also used in modern processes, such as copolymerization in the manu-
facture of polyethylene terephthalate (PET) for the production of polyethylene isosorbide terephoate
(PE1T). Polymer PEIT has a higher glass transition temperature than PET, so it is expected to be used for
transparent plastic containers that can withstand hot water. The third field of application is its use as an
intermediate in the production of hydrogen and liquid hydrocarbons (containing mainly C5 and C6
alkanes) that can be reproduced from biomass. Hydrogen is used in fuel cells, and hydrocarbons are the
starting material for petrochemicals [19, 20].

Methods of research. We have previously shown the possibility of obtaining cellulose from wheat
straw by autohydrolysis. This cellulose was used for the realization of a combined (hybrid) hydrolysis-
hydrogenation process for the production of sorbitol. The process of chemical hydrolytic hydrogenation of
wheat straw pulp was carried out in a 100 cm’ steel reactor in an aqueous medium with vigorous stirring
at a temperature range of 140-220 °C, a hydrogen pressure of 2.0-10.0 MPa, a reaction time of 2100 mi-
nutes . Analysis of the resulting polyols was carried out by paper chromatography. The nickel catalyst was
prepared by impregnation, in addition, a ferroalloy (FS) was added in an amount of 5% by weight of the
nickel.

Results of the study. In the process of chemical hydrolytic hydrogenation of wheat straw cellulose in
sorbitol, the influence of the temperature of the experiment was studied in the range 140-120 °C. From
table 1 it can be seen that the optimum temperature of the experiment is 180 °C, since at this temperature
we obtained the maximum selectivity for sorbitol and the total yields of sorbitol and mannitol. At
temperatures of 140 and 160 °C, cellulose conversion rates (22.6-24.6%), selectivity for sorbitol (12.5-
16.1%) and total yield (16.4-17.7%) are much lower, than at 180°C. Despite the fact that at temperatures
of 200-220 °C the conversion of wheat straw pulp significantly increases (81.8-83.8%), a decrease in
sorbitol selectivity (10.0-10.8) and a total vield of 11.0-11.9%. This is explained by the appearance in the
solution of other substances, for example, polyols with a number of atoms below five.

Table 1 — Effect of the temperature of the experiment on the process of chemical hydrolytic hydrogenation of wheat straw pulp.
Experimental conditions: 0.5 g of 3% Ni/AL,O3" S), 60 minutes, P 1, = 6.0 MPa

# T, °C Degree of conversion, % | Selectivity for sorbitol, % |[Selectivity for mannitol, %| Total output, %
1 140 22.6 12.5 2.64 16.4
2 160 24.6 16.1 32 17.7
3 180 58.3 23.9 33 24.8
4 200 83.8 10.8 1.4 11.9
5 220 81.8 10.0 1.3 11.0

The effect of hydrogen pressure on the process of chemical hydrolytic hydrogenation of wheat straw
pulp was studied in the range from 2.0 to 10.0 MPa. It can be seen from table 2 that with increasing
hydrogen pressure, the degree of conversion of cellulose increases from 46.5 to 85.6%. The effect of
hydrogen pressure on the process of chemical hydrolytic hydrogenation of wheat straw pulp was studied
in the range from 2.0 to 10.0 MPa. It can be seen from table 2 that with increasing hydrogen pressure, the
degree of conversion of cellulose increases from 46.5 to 85.6%.

Table 3 shows the experimental data on the study of the regularities of the change in the rate of
chemical hydrolytic hydrogenation of cellulose in wheat straw from the time of the reaction. The reaction
time varied from 20 to 100 minutes. The optimal time for the process of catalytic conversion of wheat
straw pulp under the conditions chosen by us is 60 minutes. Until the sixticth minute, the cellulose
conversion reaction is insignificant, and after sixty its values are within the error margin. The same
pattern is observed with the selectivity index for sorbitol.
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Table 2 — Influence of hydrogen pressure on the process of chemical hydrolytic hydrogenation of wheat straw pulp.
Experimental conditions: 0.5 g 3% Ni/Al,05" S), 60 minutes, Top = 180 °C

# Py, MPa | Degree of conversion, % | Selectivity for sorbitol, % | Selectivity for mannitol, % | Total output, %
1 2.0 46.5 143 1.8 14.8
2 4.0 56.7 14.8 2.0 15.6
3 6.0 583 24.0 33 249
4 8.0 843 20.8 3.0 344
5 10.0 85.6 182 2.9 36.08

Table 3 — Dependence of the rate of chemical hydrolytic hydrogenation of wheat straw pulp on the time of the process.
Experimental conditions: 0.5 g 3% Ni/ Al,05* S), Top = 180 °C, Pn2 = 6.0 MPa

# t, min Degree of conversion, % | Selectivity for sorbitol, % | Selectivity for mannitol, % | Total output, %
1 20 42.0 16.6 33 20.8
2 40 48.9 19.5 34 234
3 60 583 23.9 33 24.8
4 30 59.8 223 2.4 26.0
5 100 60.5 22.1 2.3 26.3

Conclusions. However, the selectivity for sorbitol has a maximum at a pressure of 6.0 MPa. That is,
the proportion of the desired product-sorbitol with increasing hydrogen pressure above 6.0 MPa reduced
due to the formation of five-atom alcohols. This expressed in the growth of the total vield of the polyols.
Thus, we chose 6.0 MPa as the optimum pressure. In the process of chemical hydrolytic hydrogenation of
cellulose of wheat straw into sorbitol, the influence of the temperature of the experiment studied in the
range of 140-220 °C.

Thus, we have shown the possibility of obtaining from wheat straw wheat sorbitol by hydrolytic
hydrogenation in the presence of a deposited nickel catalyst. The optimal process conditions were
determined: the temperature of the experiment was 180°C, the hydrogen pressure was — 6 MPa, and the
reaction time was 60 minutes.
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COPBHT ATY MAKCATBIHJIA BHIAIL CAGAHEIHEIH,
IEJIIOJI03ACEH BIPJECKEH THAPOJIW3-THAPJIEY YJIEPICIH 3EPTTEY

AnHoTtammsi. Makanana copOnT alny MakcaTtelHAA OWAal CaOAHBIHBIH LEIIIFOI03aChIH OIpIECCKEH THAPOIH3-
THAPJIEY YACPICIH KY3€re acsIpyabl 3epTTey OOMBIHINA HOTIKEICP KexripiareH. bipax, copdur OOHbIHIIA Celek-
tuBTiAiri 6,0 MIla KbickIM Ke3iHAe MakcuManael Oomambl. OHa 0i3r¢ KAKeTTi 6HIM COPOWTTIH YIeCi CyTeri Kbl-
ceMbIH 6,0 MITa apTThIpy Ke3inAe OeC aTOMIbI CIIMPTTEPAIH TY3UIYIHCH TOMCHACH L. By mommomaapapIH mbEFBIMbI
KOCBIHABICHIHBIH apTybIMCH cumartanaapl. Ocwinafimma, 0i30cH omTuMamabl KeIckIM periHae 6,0 MIla rarmam
anerHapl. CopOuT amy yonH Onaal CaOaHBIHBIH IICIUTIONIO3ACHIH XHMISIBIK THAPOIH3-THAPICY YACPICIH Ky3ere
acwIpy Ke3lHOE CBIHAK >KYpridyAe TemmeparypaHslH ocepin 140-220 °C apanemrsiHza 3eprrenik. bizmin tawpam
ANBIHFAH >KaFAannapeIMbI3aa Ougad caOAHBIHBIH LEJUIFOI03aChIH KATATHTUKAIBIK KOHBEPCHSCHI YICPICIHIH ONTH-
MaJIbl KYPY YaKbIThI 60 MHHYT. ANIbBIC MUHYTKA JCHIH [EJUTF0TI03a KOHBEPCHACHIHBIH PEAKIHACH 0ady >KYPEai, al
aNmBIC MHUHYT OTKCHAC OHBIH MOHJCPI ayBITKy MOHI apanbFbsHAa Oomanasl. OChIHIAM 3aHIBLIBIKTAp COPOUT
OOMBIHINA CENCKTUBTUIIK KOPCETIINTEPiHAC OalKaIaIbL

Ty3inren moimongapra Tanmay skacay Karasmbl Xpomarorpadms omiciMeH »xyprisireni. Hukenmi katammsa-
TOPIBI KAHBIKTHIPY OiCIMCH JAWBIHIAW/IBI, OFAH KOCBIMINA HUKST MaccachiHaH 5% Memmepac peppoxyiimamap (FS)
KOCabL.

Ocputafima, Oi34iH TapanbIMBI3NAH CHTI3UITGH HHKENAl KaTaaM3aTOPAbIH KATBICYBIMEH THIPOJUTHKAIBIK
THApJIEY d7iciMeH Omzail caDaHBIHBIH IIEJUTFOJIO3AaCBIHAH COPOWT ajdy MYMKIHIITI KepCeTiiareH. Y ACpPICTiH ONTH-
MaJabl JKaFJauaapsl aHBIKTANIBL: ChIHAK Temmepartypacsl — 180 °C, cyreri KbickiMbl — 6 MI1a, peaknus sKypy y3ak-
TBIFBI — 60 MHHYT.

Tyiiin ce3aep: Ommait cabaHbl, COPOUT, HEIUTIOI03a, KATATH3ATOP, XAMIAIBIK THAPOH3, OHOMACCa.
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HCCJIEJOBAHUE NPONECCA COBMEIMEHHOI'O I'NAPOJIN3-THAPHPOBAHUE NEJLI0JI03bI
NIMEHUYHOU COJOMBI C IEJBIO ITOJYYEHUA COPBUTA

AnHoTtanust. B crarbe mpuBEACHBI PE3yIbTATHl MO0 H3YUCHHIO PEATHM3ALMH COBMEIICHHOTO (THOPHIHOTO)
MPOIIECCa THAPONHM3-THAPHPOBAHAE C IICIBI0 MOIyueHHs copdmra. OHAKO CENCKTHBHOCTH IO COPOHMTY HMEET
MakcumyM 1ipu gasneHun 6,0 MITa. To ecTs, T0JIA HYKHOTO HAMH MPOAYKTA- COPOHUTA C YBCIMUCHHEM JABICHHA
Bomopona Bemme 6,0 MIla CHIKAeTCcA 3a CUCT OOpPa30BAHMA IATHATOMHBIX CIIHPTOB. OTO BBIPAKACTCSI B POCTC
CYMMAapHOTO BBIXOJA IOJHOJOB. TakuM 00pa3oM, HAMH B KAa4UeCTBE ONTHUMAJBHOTO JAABICHUS BhIOpaHo 6,0 MIla.
[Tpu ocymiecTBICHUH MPOLECCA XUMHIECCKOTO THAPOJUTHYCCKOTO THAPHPOBAHMUS HEIUTFOTI035I MMIICHUYHON COIOMBI
B COpPOHT BIMSHHEC TEMIICPATYPHI ONMbITA M3y4amd B npeaenax 140-220 °C. OnrumanbHEIM BPEMEHEM ITPOTCKAHK
MPOIIECCA KATATMTHICCKOH KOHBEPCHH LIEJUTFOJIO3b] MMICHIIHOW COIOMBI B BRIOPAHHBIX HAMH YCIOBHSX OIPEACICHO
60 MuHYT. JI0 MIECTHACCATON MHUHYTBI PEAKIUA KOHBEPCHS LEJUIFONIO3bI HE3HAYUTEIBHAA, 4 MOCE MECTHACCATH €€
3HAYCHHUA HAXOJITCA B TPEJCNaxX MOTPEIIHOCTH. Takas K€ 3aKOHOMEPHOCTb HAOIOJACTCA W C TMOKa3aTelIeM
CEJICKTHBHOCTH TI0 COPOHTY.

AHanm3 o0pasyromuxcs IMOJHOJI0B OCYIIECTBIUIH METOJOM OyMakHOH Xxpomatorpadum. Hukenepwrii karta-
JTU3ATOP TOTOBHIIM MCTOIOM HPONHTKH, B HETO JTOMOJTHHTSIIEHO 100aBmum (eppocmias (FS) B xomruectse 5% ot
MAacChl HUKEIIA

Takum 00pa3oM, HaMH TOKA3aHA BO3MOXKHOCTH NMOJYYCHHSA W3 ICIUIFONO3bI MIICHWYHOHN COJOMBI copOmTa
METOJOM THIPOIUTHYECKOTO TMAPHUPOBAHUS B IIPHCYTCTBHH HAHECCHHOTO HUKEICBOTO Karanm3aropa. OmpeaencHbl
ONTHMANbHBIC YCIOBHS Iponecca: Temmeparypa onsita — 180°C, masrenme Bomopoaa — 6 MIla, mpoaomxuTens-
HOCTb peakuuu — 60 MUHYT.

Kiarouernie ¢10Ba: TMIICHAYHAS COJIOMA, COPOHT, LEJUTONIO3A, KATATH3ATOP, XHMHYCCKHH THAPOIH3, OHO-
Macca.
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