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Abstract - In the near future, deciduous wood may be a real
alternative to oil as a raw material for production of chemicals
and motor fuel. Now bioethanol is produced mainly ¥
fermenting starch-containing (wheat, corn) and sugacontaining
(sugar beat, sugar cane) materials. However, in thevery
immediate future, the circumstances of these raw nterials and
the new situation in the oil market will put up the use of biomass
for the production of bioethanol and different chenicals such as
furfural and acetic acid. Unfortunately, till now, the joint
production of bioethanol and furfural had not been possible
because of the 40-50% cellulose degradation durirtpe furfural
obtaining process. The aimed change in the mechanisof the
process has permitted to solve two problems simult@ously,
namely, to increase the furfural yield from 50% upto 70% from
the theoretically possible one and to diminish 7 thes the degree
of cellulose destruction in the lignocellulosic redue. Based on the
theoretical studies of this process, a new techngy including
two-step hydrolysis of hardwood may be developed.
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|I. INTRODUCTION

At present, humans consume 1.2 billion t of wood 38r8
billion t of oil per year. In this case, only 25% the annual
wood increment is used, but the world’'s oil produmttis
maximally possible [1].

It is known that oil was formed in specific climati
conditions, which were on the Earth 500 million ngeago,
and all this unique terrestrial abundance will besumed by
humans within about 200 years (Fig.1) [2, 3].
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According to the forecast of U.S.A. oil expertsg thil
production worldwide will start decreasing dramaliic in
several years, because about 65% of the overaliesdrves

68

are already consumed [2]. Therefore, the bioethanol
production in the U.S.A. has increased from 6 dnilllitres in
2000 to 34 billion litres in 2008 and continuesgiw. It is
planned to increase the number of bioethanol plrata 143
to 200, although the food raw material resourceslianited.
Therefore, other raw materials should be utilizet] the main
alternatives to oil and food raw materials in tleduction of
motor fuel and chemical products now are wood and
agricultural residues [4].

According to U.S.A. researchers’ forecasts [5]eatly in
15 years, it will be necessary to replace 36% sbljae with
bioethanol. In this case, 80% of the new bioethamobunt

will have to be produced from wood and agricultussidues,

and not from wheat, corn and sugar cane, as dus n
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Fig. 2. Changes in the use of various organic raw maserial

Besides, it is known that also more than 500 nmilltoof
different chemical products are currently produdexn oil.
After 15-20 years, because of the shortage ofaothird part
of these products will have to be produced frommiziss, as it
is demonstrated in Fig. 2. Furfural, which has deniange of
applicability, can be the main intermediate proddot
manufacturing chemical products from biomass (B)g.

The summary reaction of furfural formation from fose
sugars is very simple, but the real mechanism isfrés|action
is not so simple. There are two possibilities, tmgt do not
know even now, what chemical mechanism is the maia
This mechanism was studied for furfural formatiomonf
pentose in water solution (Fig. 4) [6].

Really, we have furfural production not from water
solution, but from raw materials such as cornctlasgdwood,
bagasse and so on.



Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2010
\olume 22

retme |

FURFURAL|

Flavouring
Ageate Simiune
i~

Rubber
(Divinyle-
thiy ]

Paints and Products of Plastics, Resins, Selective
I varnishes I W""'h"’h“l Systhetic fibrg ‘I s S S 4 dimolvents I
I:'uwp:dus Femnol Nslmia:_n;n Horbleldes &Ilmi-:—
Dy it Dilyrdres poyramse Pobymers of Fuighchdes
Ligquid for dyes” T 1 n
prriagi (i EE— | |' ",;':(',':,,"‘ E"‘ Insocticides
— e
Dy sty I Pyridios | Imfnlkf' fi¥l Bactericides
Eymnetiz dryin [ 1
c.u*’l‘ I Frontang dich oo I Do tamt
[t —_— l Lubeicating olls Terenant
) Valorian Lactons
Solvents for = e s
cellubie ecers Piperylene ety
T
Sipirit sohuble frgioe énm ciarg
e Fuunal Sioam burs self
Trsin ol Bt
| Furan | Lo Crncking s
Cocatruing of
Vinsmay A
Fig. 3. Furfural application scheme

2~
By | GBI
o UL Gy

Fig. 4. Chemical mechanism of furfural formation

The joint production of bioethanol and furfural isuch
more economically attractive, because the necesmagunt
of raw materials in this case has decreased twicavever,
when processing the same raw materials’ amountydhene
of the produced products grows twice, respectivBigsides,
there is still another attraction for joint prodoct of
bioethanol and furfural. It is known that, when abing
bioethanol, inhibitors are formed in the pre-treatitnprocess,
the main of which being furfural, which is an olzdain
bioethanol production. therefore, in the case faifuis
obtained at the beginning, the amount of inhibitorsthe
glucose solution is minimized, which is a very pigsi aspect.

So that the new process could be realized, it ¢esgary to
develop theoretical principles for the new techggloand to
find the regularities of the new process and thenrpaocess
parameters.

Il. EXPERIMENTAL

Birch wood Betula verrucosa) saw dust was mixed with a
catalyst solution in a specially constructed bladape mixer.
Sulphuric acid, which is commonly used in industpeactice
for obtaining furfural from different plant raw neatals, was
used as a catalyst in an amount of 3% calculatech fdry
wood with concentration 6%. In the present pager,product
yields in all figures and the text are shown inceatage from
oven dry wood.

The birch wood saw dust mixed with a sulphuric acid
solution was treated with a continuous steam flowan
original pilot plant, which enables modelling thedustrial
process. The manufacturing of this pilot plant wpensored
from the European Structural Funds. The diameté¢hemain
reactor of this pilot plant is 110 mm, height 14%0n and
volume 13.7 litres  (Fig. 6).

To ensure a constant temperature in the reactiore zo

In this case, the mechanism of obtaining furfusimore during the whole process at different parametéws, reactor

complicated (Fig.

5). As a

result

of condensatiomas a heat insulation system with the corresponairigmatic
polymerization and other secondary reactions, wee hia

equipment, enabling to maintain a constant tempesaturing

industry the furfural yield no more than 50% fromthe whole process. In this reactor, the materias waated
theoretically possible.
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Fig. 5. Furfural obtaining mechanism

with a continuous steam flow during 10, 20, 30, 80,and
120 min. The furfural concentration in the condémsaas
determined with a gas chromatograph Chrom-5.

Fig. 6. Pilot plant for obtaining furfural, acetic acid atighocellulose from

wood for bioethanol production
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In the lignocellulosic residue, humidity, waterole disperser has been developed. The optimum combmaii

compounds, cellulose amount and depolymerizatiep gtere mixing parameters has provided the uniform distidou of

determined. The sugar concentration in the watdutisas the catalyst in the raw material mass. equipmentasfous

was determined with a liquid chromatograph SHIMADZcapacities for the raw material mixing with catalgslutions
LC-20AD. The obtained results were processed on has been manufactured.

computer, employing the corresponding programs. As hardwood contains 20-25% pentosans and  4540-
cellulose, it is theoretically possible to obtaurfliral as a
I1l. RESULTS AND DISCUSSION monomer for organic synthesis and bioethanol as@mfuel.

As has been demonstrated, the main distinction a
attraction of our process under study, in comparisith other
pre-treatment processes, in the case of obtairioethanol, is
that we obtain not only monosaccharides but alsfural in
the pre-treatment process. Therefore, it is importa know
this product’'s formation dynamics and changes $nyield
during the pre-treatment process.

But practically the simultaneous obtaining of thetseo
'B(#:)ducts til nowadays has been considered implessib
because of the close values of the kinetic parameté
furfural formation and cellulose destruction. Thésults in the
35-50% cellulose destruction during the furfuraltaohing
process (Fig. 8), and the residue of the raw netenay be
therefore used only as a fuel and fertilizers. Tikathy, up to
now, these two most important products (bioethaaondt
40 furfural) have been produced from wood residuesusgply in
several plants, according to individual technolsgie

The solution to this problem becomes possible mxau
based on the long-term research and huge industrial
experience, the furfural formation mechanism waanged
and as a result of which the destruction of ceflaldoes not
occur. The application of the new furfural prodanti
technology prevents the destruction of cellulosédoused in
the further processing.

Using the new technology, the amount of cellulose
destroyed is 7 times less (Fig. 9). This makesogsjble to
obtain the glucose solution from cellulose in the
lignocellulosic residue after obtaining furfural.

Furfural, %

1020 30 40 50 60 70 80 90 100110 120

Time, mn
Fig. 7. Changes in furfural formation dynamiessus temperature

Fig. 7 shows that the furfural formation dynamics a ¥ _,:'I’a': -3
temperatures of 410-430 K is similar, namely, theximum is f' /
reached in 20 min after the onset of the processveier, at /
the temperature 440 K, the maximum is reached dyrea10 ag /
min after the onset of the process and is equ8lG86 from
oven dry wood. Fig. 8. shows the effect of temperabn the
furfural yield. The maximal reached furfural yieisl 13.0%
from oven dry wood and makes up 80.4% from the
theoretically possible one. This is a very goodiitebecause
the furfural yield in industrial conditions commgrdloes not
exceed 50% from the theoretically possible one.
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Fig. 9. Reletionship between the degree of pentasaversion to furfural
and cellulose destruction in furfural productioarfr different raw materials,
using the old technology: sunflower seed huskdajncobs (2), birch wood
(3), aspen wood (4); using the new technology:hbivood (3°)
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There are also other possibilities. For example,ftimfural
yield can be decreased to 30% from theoreticallysitde. In

0.0

0 20 40 60 80 100 120 . .
o this case, very cheap pentose sugars will be ddafior
Tty oo obtaining ethanol or other products.
Fig. 8. Changes in the furfural yieldrsus temperature Interesting data are obtained, investigating hove th

lignocellulose composition changes during the peeiment
To realize this process, an original constructibthe two-  process. As can be also forecasted, with increagingtion of
shaft helix shaped blade mixer of continuous actiod air- this process, the monosaccarides content in thediglulosic
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residue decreases at all temperatures, and thesrhighthe
temperature, the greater monosaccharides amoungesan
the lignocellulosic residue (Fig. 10.). Also theloge amount
in the lignocellulosic residue changes similarlig(R.1.).
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Fig. 10. Changes in the monosaccharides yieltsus temperature and
process duration
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Fig. 11. Changes in the xylose yiefetsus temperature and process duration

However, the glucose amount (Fig. 12.), quite oe th

contrary, increases during the pre-treatment psydascause,
especially at increasing temperature in the present
sulphuric acid, the amorphous part of cellulosertsta
hydrolyzing.
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Fig. 12. Changes in the glucose yielersus temperature and process duration
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Fig. 13. Changes in the polysaccharides and cellulose yieddsus
temperature and process duration

In this connection, it is very important to studiyg tchanges
in the cellulose amount in this process. As coudd diso
forecasted, the cellulose content in the lignodediic residue
decreases during pre-treatment - the more, theehighthis
process temperature (Fig. 13). Taking into accdhbatfact
that the cellulose content in birch wood is 35%tfroven dry
wood, it can be seen that, at temperatures of 410420 K,
the cellulose in the lignocellulosic residue idyfuktained, but
partially degrades at higher temperatures.
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Fig. 14. Changes in the degree of cellulose potigagon during the furfural
obtaining process

It is also very important that the degree of polyization of
cellulose in the lignocellulosic residue during thefural
obtaining process decreases to 300, especialhedigginning
of the process (Fig. 14). This makes it possibldeorease the
temperature and pressure in the cellulose hydolysicess.

From the lignocellulosic residue after obtainingfdwal
from hardwood, it is possible to produce not onigethanol
(Fig. 15), but also other important products. TFenes this
new technology has good perspectives in the nearefu
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Fig. 15.Flow diagram of hardwood complex processing

IV. CONCLUSIONS

Changes in the chemical composition of wood cediglln
the pre-treatment process depending on temperatamgng it
in a wide range from 410 K to 440 K, were invediga It has
been shown that, in the case of obtaining lignotzdle
according to the new method, which is currentheptdd, also
furfural can be obtained, and its yield increaseshe whole
indicated temperature range and reaches 80.6% thmn
theoretically possible one. With increasing proahssation in
the whole temperature range under study, also dhéent of
monosaccharides, including xylose, in the lignade8ic
residue decreases the more, the higher is thergméytent
process temperature.

In this case, the glucose content, exactly on th&rary,
has increased with increasing temperature, becdbse
amorphous part of cellulose starts depolymerizibdnigher
temperatures. The cellulose content in the ligriolosic
residue in the temperature range 410-420 K prdltictoes
not change, but the polymerization degree decre¢as&30. At

a temperature above 420 K, also cellulose begn@%

depolymerizing and partially destructing.
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Nikolajs Vedernikovs, Valdis Kampars, Maris Puke, Iréena Kriima. Berza koksnes lignocelulozes sasta izmainas priekSapstades
proces.

Tuvakaja nakotre lapkoku koksne var it reala alternatva naftai, & izejviela kimijas produktu un motordegvielu razoSanai, galvartok
bioetanola. PaSlaik bioetanolu galvemdkrazo ar fermeitijas metodi no graudaugiem. Bet jau a@kaja nakotné So izejvielu ierobezotais
daudzums un naftasdumu samaziaSaris pa¥rs plasas iesfjas biomasas izmantoSanai bioetanol&imisko produktu,adu ka furfurola
razoSanai. Idz Sim vienlaitga bioetanola un furfurola razoSana nebijadgspa, jo 40-50% celulozes depolimejas furfurola iegSanas
proced. Izmainot furfurola veidoSas mefanismu paveras iegfas vienlaidgi atrisirat divas probémas: palieliat furfurola izrakumu no 50%
I1dz pat 80% no teeétiski iesgEjama un 7 reizes samazncelulozes depolimeriziju lignocelulzes atlikurm pec furfurola ie@Sanas. Tpec
petama procesa galvenatiriba ir nevis priekSapsiles proces monosahadu iediSana no &za koksnes, bet gan daudz ekonomiski un
ekologiski efekivaka produkta — furfurola iggana, kur maksiati sasniegtais izikums sadgidija 80,6% no te@tiski iesggjama. Darls
izpétits kerza koksnes lignocelulozes atlikurkgmiska sasiva izmahas priekSapsides proces pie daidiem galveno procesa parametru
intenaliem: temperatras no 410 Kitlz 440 K un procesa ilguma no @4 120 min. Atrastas ksilozes, glikozes, &opmonosahadu,
polisahatdu un celulozes satura izmailikumsakaibas atkaba no uzéditajiem procesa parametriem. Rdits, ka pie temperatas 420 K
celulozes saturs nemas) bet s videja polimerizicijas pakipe samazigs fidz 300. Pie temper@ias 420 K un auga notiek dégja celulozes
depolimeriacija, kura paaugstiis, paaugstinoties tempetedi. Balstoties uz Siem unlikajiem § procesa teatiskajiem Etijumiem, var tikt
izstradata jauna tehnolgja, kas ietver sewdivu stadiju lapkoku koksnes hidfzi, lai viera proced iegitu bioetanolu un furfurolu.

Hukounaii Benepnuxkos, Bamauc Kammapce, Mapuc Ilyke, Upena Kpyma. H3meHeHume cocTaBa JIMIHOLE/UINJIO3BI B Ipolecce
npenrodpadoTKy ApeBecUHbI 0epé3nl.

B Gmmkaiimem OyzmylieM JMCTBEHHAs APEBECHHA MOXKET CTaTh PEAIbHON abTEPHATUBOH HE(TH KaK ChIPbs VIS IIPOM3BOACTBA XUMHUKATOB U
MOTOPHOT'O TOIUIMBA, IJIaBHBIM 00pa3oM OuostaHona. B Hacrosiee Bpemst GMOITAHON MPOU3BOIAT MyTEM (hEPMEHTALMH MHIIEBOTO ChIPbS.
OpnHako, y)Ke B HeJanéKoM OyIylieM OrpaHHYeHHOCTh BO3MOXKHOCTH HCIOJIB30BAHMS 3TOTO CBHIPbs VISl TEXHHUYECKHX LeJIeil M 0kKHaaeMoe
YMeHbIICHHE 100bYM HEGTH MOTYT NOBBICHTH aKTYyaJbHOCTH HCIIOJIb30BAaHHWs HEMHUILEBOH OMOMAcChl Ui MPOM3BOACTBA OHMOATAHONA U
pa3IMYHBIX XHMHKATOB, B TOM 4ncie (ypdyposa. J[0 HACTOSLIEr0 BPEMEHH COBMECTHOE MPOM3BOACTBO OHodTaHONa M (ypdypona Gbuio
HEBO3MOXKHBIM, Tak Kak 40-50%01e/u1010361 AeCTPYKTHPOBATIOCH B Ipolecce nonydenus Gpypdyposa. HampasieHHOe H3MEHEHHE MEXaHH3Ma
¢mporiecca MO3BOINIO OJHOBPEMEHHO PELIUTh JBE IPOOIEMbI: YBEIHIHUTh BbIXoa Qypdypona ¢ 50% g0 80% ot TeopeTndeckn BO3MOXKHOTO U
B 7 pa3 YMEHBILIMTb JECTPYKLUHMIO LIEJUIIOJIO3bl B JIMTHOLEJUIIONO3HOM OCTaTke. I103TOMY OCHOBHBIM OTJIMYMEM AAQHHOTO HCCIEHOBaHUS
SBJIAETCA MOJy4EHUE B IpoLecce npenoOpaboTKy JpeBecHHbl OepEé3bl He pacTBOpa MOHOCAXapHIOB, & SKOHOMHYECKH U SKOJOTHYecku Ooiee
s¢dexTuBHOrO Npoaykra — Gypbypona, MaKCHMAaJIbHO NOCTUTHYTBHIH BbIXOA KoToporo coctaBui 80,6% OT TeopeTHYECKH BO3MOXKHOTIO.
V3y4eHO M3MEHEHHE XMMHUYECKOTO COCTaBa JIMIHOLICIUIIOIO3HOTO OCTaTKa JPEBECHHBI Gepé3bl B mporecce mpeqodpaboTKy MpU W3MEHECHUH
OCHOBHBIX ITapaMeTpoB Iporecca B MHpokoM uHTepBaie. Temnepatypsl oT 410K no 440K u npomomkurensHoctH nporecca ot 10 no 120
MuHYT. HaiizieHbl 3aKOHOMEPHOCTH W3MEHEHHsI COJCPKaHHsl KCUIIO3bI, TIFOKO3bI, OOIIMX MOHOCAXapuJIOB, MOJHCAXapHI0B U LIEJUIIOIO3bI B
3aBHCHMOCTH OT yKa3aHHBIX MapamerpoB mporecca. ITokaszano, yro mpu temmeparype 410 K coxepikaHue LE/UTOI03bI HE M3MEHsETCS, a
cpennsist crenens e€ nmonuMepusanun cHikaercs 1o 300.TIpu temneparype 420K u Bbllie TPOUCXOIUT YaCTUUHAS IECTPYKIHS LEIUTIONO36I,
KOTOpast BO3pAcTaeT ¢ yBEJIMYeHHEM TeMIiepaTypbl. Ha OCHOBE 3THX M JaJbHEHIIMX TEOPETUYECKHX MCCIICNOBAHUI JAHHOTO IIPOLECCa MOXKET
OBbITh pa3paboTaHa HOBask TEXHOJOTHS JIBYXCTYIIEHYAaTOrO 'MAPOJIN3a JIMCTBEHHOH JPEBECHHBI ¢ OJHOBPEMEHHBIM HosrydeHneM Gypoypona u
61o3TaHONA.
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