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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.

Key words: wheat straw, sorbitol, cellulose, catalyst, chemical hydrolysis, biomass.

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 is 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
(PEIT). 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 yield 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,05" 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 58.3 239 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 sixtieth 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,03” S), 60 minutes, Top = 180 °C

# P 1y, 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 58.3 24.0 33 249
4 8.0 84.3 20.8 3.0 34.4
5 10.0 85.6 18.2 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 58.3 23.9 33 24.8
4 80 59.8 22.3 2.4 26.0
5 100 60.5 22.1 23 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 yield 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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COPBHUT AJTY MAKCATBIHJIA BUJA CABAHBIHBIH
HEJJIFOJIO3ACBHIH BIPJIECKEH I'MIPOJIN3-T'UAPJIEY YAEPICIH 3EPTTEY

AHHOTanusi. Makanaza copOUT ay MakcaThlHAa Ouaail caOaHBIHBIH LIEJUTIONI03aChIH OIpJIECKeH THAPOIIH3-
THJpJIEY YAEPICIH XKy3ere acelpynbl 3epTTey OOWBIHIIA HOTHXKEJIep KentipiireH. bipak, copOuT OOMBIHIIA Celek-
tuBTitiri 6,0 MIla KeickiM Ke3iHae MakcuMaiasl Oonaabl. OHga 0i3re KaKeTTi eHIM COPOMTTIH YJeci CyTeri Kbl-
ceiMbIH 6,0 MIla apTThIpy Ke3inae 6ec aToMIbl CIUPTTEPAiH TY3UIyiHeH ToMeHAeHal. byl moaronaap sy MIbIFBIMBI
KOCBHIHJIBICHIHBIH apTybIMeH cumattananbl. Ochiraiima, 0i30eH onmrtuManael KbickiM petinge 6,0 MIla rtanman
aneiaapl. CopOuT amy yumniH Owmail caOaHBIHBIH IIEIUTIONO3aChlH XMMUSUIBIK THAPOIM3-THAPIIEY YIEPICiH Ky3ere
aceIpy Ke3iHIe ChIHAK JXypri3yne TemreparypaHblH ocepiH 140-220 °C apameirpiama 3eprrenik. bi3min Ttanmam
aNBIHFAH JKaFJaiapeIMbI3a Ougail caOaHBIHBIH IEIDTFOJIO3aCHIH KaTaIUTHKAIBIK KOHBEPCHACH! YACPiCiHIH OITH-
MaJlIbl )KYPY YakbIThl 60 MUHYT. AJIbIC MUHYTKA JIEHiH [[EJUTI0I032 KOHBEPCHSCHIHBIH PEaKIUsACH 0asy xypeai, ai
QNMBIC MUHYT OTKEHJE OHBIH MOHJIEpl aybITKy MOHI apanbiFbiHza Oosanbl. OChIHOAH 3aHIBUIBIKTAp COPOUT
OOMBIHIIIA CEIEKTUBTIIIK KOPCETIIITEPiHIAC OalKaIambl.

Ty3inren monuongapra Tajjnay »kacay Karas[asl xpomarorpadus oniciMeH xypriziieni. Hukemnni karanm3a-
TOPIbl KAHBIKTHIPY SICIMEH JalbIHIaM b, OFAH KOCBIMIIIA HUKEN MaccachiHaH 5% meniepae deppokyiimanap (FS)
KOCaJIpbl.

Oceputaiia, Oi31iH TapanbIMBI3ZaH EHTI3UINeH HUKENIl KaTaln3aTOpIblH KaThICYbIMEH THIPOJIMTHKAIBIK
TUIAPIIEY OiciMeH Oumail caOaHBIHBIH IIEJUTIOJIO3aChIHAH COPOWT aly MYMKIHJITT KepceTiareH. Y IEpiCTiH OITH-
MaJIIbl JKaFJainapbl aHbIKTAIABL: ChIHAK TemrepaTtypacsl — 180 °C, cyreri KbickiMbl — 6 MIla, peakius xypy y3ak-
THIFBI — 60 MUHYT.

Tyiiin ce3nep: Ounaii cabaHbl, COPOUT, LEIUTION03a, KATATH3aTOP, XUMILUIBIK THIPONIN3, Ornomacca.
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NCCIEJIOBAHUE ITPOOECCA COBMEMEHHOI'O 'HAPOJIN3-T'HAPUPOBAHUE HEJIFOJI03bI
MNIHIEHUYHOU COJIOMBI C HEJIBIO ITOJYYEHUSA COPBUTA

AHHOTanusi. B crartee mpuBeseHB! pe3ynbTaThl MO HM3YYEHHIO PEaln3allii COBMEIIEHHOTo (THOPHIHOTO)
nporecca TUAPONN3-TUAPUPOBAHNE C IIETbI0 MOJydeHHs copOura. OpHAKO CEJIEKTUBHOCTH IO COPOUTY HMeeT
MakcumyM Tpu gasnernd 6,0 MIla. To ects, HoN HY)KHOTO HAMH MPOAYKTa- COpOWTA C YBEIHUCHHUEM JaBICHUS
Bozopoaa Beime 6,0 MIla cHikaercst 3a cdeT 00pa30BaHUs MATHATOMHBIX CIIHPTOB. DTO BBIPAXKAETCSI B POCTE
CYMMapHOTO BBIXOJa TIONHONIOB. TakuM 00pa3oM, HAMH B Ka4eCTBE ONTHMAJIbHOTO AaBiieHHs BBIOpaHO 6,0 MIla.
ITpu ocymiecTBIEHNH MpOIiEcCa XUMHUUECKOTO THAPOIUTHYECKOTO THAPHPOBAHNS LIEIUIFOIO3bI MIIEHUIHOW COJIOMBI
B COpPOWT BIMSHHE TeMIepaTypsl ombiTa m3ydanu B npenenax 140-220 °C. OnTtumanbHBIM BpeMEHEM MPOTEKaHUS
mporecca KaTATUTHIECKO KOHBEPCUH LIEJITIOI03b] MIIEHUYHOH COJIOMBI B BBIOPAHHBIX HAMH YCIOBHUSIX OIPEAEIECHO
60 MuHyT. [lo HmIeCTHAECATON MUHYTHI peakiusi KOHBEPCHUS LEJUTI0I03bl HE3HAUUTENIbHAs, a TI0CIie IECTUACCITH ee
3HAUEHMs HAXOIATCSA B Mpeleiiax HOrpelIHOCTH. Takas ke 3aKOHOMEPHOCTh HaOIIoaeTcs W ¢ MoKaszaTeleM
CEJICKTMBHOCTH II0 COPOHTY.

AHanu3 00pa3yromyxcsi NOJIMOJIOB OCYIIECTBIUTM METOIOM OyMmaxkHOW xpomarorpaduu. HukeneBblid kaTa-
JIM3aTOp TOTOBHMJIM METOJIOM IPOIUTKH, B HETO JOMOJIHUTENbHO nobaBisim ¢eppocmias (FS) B kommuectse 5% ot
MacChl HUKEIS

Takum 00pa3oM, HaMH TOKa3aHa BO3MOXKHOCTh MOJYYEHMS M3 IIEIUTIOJIO3BI IMIIEHWYHOW COJIOMBI copOuTa
METOJIOM THAPOJIMTHYECKOTO THAPHUPOBAHMS B IIPHCYTCTBUN HAHECEHHOTO HUKEJIEBOTO Katanu3aTopa. OnpeneneHsl
ONTHMAaJIBHBIE YCIIOBHSI Iporecca: Temmeparypa onbita — 180°C, maBnenmne Bomopoma — 6 Mlla, mpomomxuTens-
HOCTH peakiun — 60 MUHYT.

KaioueBble ciI0Ba: MIIEHWYHAs COJIOMa, COPOMT, LEIUIIOI033, KaTalnu3aTop, XMMHUYECKHH THApOIH3, OHo-
Macca.
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