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Abstract —The aim of this article is to estimate the
influence of steam explosion auto-hydrolysis (SEApn
hemp fibres, shives, and flax shive microstructureand the
influence of steam explosion process temperaturejnte
and pressure on the disintegration level of lignodielosic
biomass. The acquired
interpreted by the Fourier transform infrared
spectroscopy (FTIR) and scanning electron microscap

(SEM). These treatments have been performed to make

fibores that are useful for further nanotechnologicéd
processes.
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I. INTRODUCTION

Lately, the research has been conducted on thel nove

nanomaterials manufactured from renewable resourdas
important class of nanomaterials has been nangfilaad
fibrils from different cellulose sources, which uésin unique
properties when incorporated in different polymefhe

sources of these nanomaterials have been wheaty, stra
bacterial cellulose, kraft pulp, sugar beet pulptafo, swede

root [1], and also local renewable resources growlmatvia —
hemp and flax.

Il. MATERIALS AND METHODS

The present article considers the disintegratiofiboés and
shives from different hemp varieties (Purini, Blaipeskie)
and flax (Vesa) grown in the Latvian Agriculturati€nce
Centre of Latgale by steam explosion.

Steam explosion auto-hydrolysis (SEA) being onethef
most prospective pre-treatment technologies fabdg
separation of the lignocellulosic biomass compoment a
single course of action providing the source foofikls,
chemicals, and nano-materials [2].

Since the lignocellulosic material, under conditoonf
steam explosion, can provide “self-sufficient” cheah and
physical transformation [2], hydrolysis and defifima can be
achieved without any additional reagents (exceg@ars).
Further fractionation [3] of the biomass produdteraSEA is
rather simple (Fig. 1).

All SEA products have a variety of applications .[3]
Hemicelluloses, during the SEA can be hydrolysesugars —

xylose, mannose, arabinose, etc. and used as msg)ate

results are discussed and

dehydrogenated to furfural — an excellent feedstdek
chemical processing [2].
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Fig. 1. Fractionation of steam exploded biomass [4]

After treatment, within a split second, the biomass
decompressed (exploded) to one atmosphere. Enilyirittze
so-called severity parameter or the reaction otdiRg can be
expressed as [4]:

R, =t*exd[T -100] /1475] (1)

Where: duration of the value of treatment timenfinutes)
and temperature (PC) express the SEA severity against the
base temperature,E.or reference = 108C. R, dimension is

minutes but in practice logRs used. In the current paper,
logR, falls under the range from 3.52 to 4.45 (Table 1).

A. Fourier Infrared Spectroscopy
Fourier transform infrared (FTIR) spectra of thenpées

substrate for fodder yeast or bio-ethanol. The sg/lsugar can under investigation have been recorded in KBr pelley
be hydrogenated to xylitol (sweetener) and can diso Spectrum One (Perkin Elmer, UK) FTIR spectrometethie
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range of 4000—-400cm (resolution: 4crl). About 2 mg of
precipitation has been crushed into powder. The figarticles
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have been mixed with KBr and pressed into a disuabmm
thick.

B. Scanning Electron Microscopy (SEM)

precipitation (lignin), evaporable fractions, rasidafter SEA,
water and alkaline treatment.

Evaporation intensity in fibres corresponds to pues of 23
bar (7.5%) (Table I) and increases at pressure 2ofb8r

SEM micrographs of fibre and shive surface and $r0S(13.8%). After SEA treatment, at pressure of 32 Water

sections have been taken using a scanning electi@oscope
VEGA Tescan 5136M (Czech Republic — UK). Prior to\6
evaluation, the samples have been coated with lgplsheans
of a plasma sputtering apparatus.

Ill. RESULTS ANDDISCUSSION

treatment follows, where all water soluble compdseare
removed leaving dry residue of 75.3% in fibres, peshives
of variety Purini 72.1%, hemp shives of varieBialobrzeskie
67.8% (no significant difference compared with timdled
shives 1mm 67.4%) and flax shives 65.9%. Drying hesn
carried out at room temperature, while there ischange in

Table 1 shows changes after SEA treatment anflass. During the last treatment with 0.4 wt.% Na@xti
hydrothermal and alkali treatment of biomass, alsgypsequent washing content of extracted compoueciease

at the increase in pressure.

TABLE |
MODES OFHEMP AND FLAX SAMPLES AFTERSEATREATMENT
Resid.
Pressure, Evaporable | Residue, | Water after wat., | Alk. Precipitation Resid. after
Samples bar logR | fractions, % | % solub., % | % solub.,% | (lignin),% alk. extr., %
- 0 0 100 7.3 92.7 4.5 0.2 88.2
23 3.53 7.5 92.5 10.7 81.9 4.5 0.6 77.3
hemp varietyPurini, fibres 32 3.97 13.8 86.2 10.8 75.3 7.1 2.3 68.3
Shives
- 0 0 100 12.6 87.4 12.5 2.4 74.9
3.97 20.2 79.8 12.5 67.3 23.8 17 43.4
hemp varietyPurini 32 4.45 20.1 79.9 7.7 72.1 30.1 22.3 42
- 0 0 100 6.4 93.6 13.4 2.6 80.1
3.97 16.9 83.1 13.2 69.8 21.4 16.6 48.4
hemp varietyBialobrzeskie 32 4.45 25.9 74.1 6.3 67.8 24.4 19.6 43.4
- 0 0 100 7.4 92.6 14.6 2.6 78
hemp varietyBialobrzeskie 3.97 19 81.0 16.2 64.8 19.5 12.7 45.3
(milled 1 mm) 32 445 22.5 77.5 10.2 67.4 25.5 15.6 41.8
- 0 0 100 5.6 94.4 11.5 1.5 82.8
3.97 14.7 85.3 14.5 70.8 16.7 11.1 54.1
Flax (Vesa) 32 4.45 25.9 74.1 8.2 65.9 19.3 6.3 46.6
. L L. 1117 ether stretching flax, hemp
A. Spectroscopic Characterisation of Lignins 1090 GO stretching flax
Fourier transform infrared spectroscopy (FTIR) hasn 1030 Calkyl- Oﬁetgef \gt?;asogzgtlethoxyl and fax, hemp
. . . g . — O —-41 ual
used for lignin |dent|f|cat|o.n. The results of FTIR 916 eDOXY groups hemp
spectroscopy are presented in Fig. 2. Table 2 shbws - C-H deformation and ring vibration, fax
infrared spectra absorption bands of some typicel-wood aromatic CH out of plane bending
hemp and flax) lignins. C-H deformation and ring vibration,
( P ) lig 816 aromatic CH out of plane bending hemp
TABLE Il
HEMP AND FLAX SHIVE LIGNIN ABSORPTIONBANDS IN FTIR SPECTRA
Band o o FTIR is a versatiie and rapid technique for the
Waviﬂ]ﬂmber’ Band origin Lignin identification and determination of lignin conteffypical
carbonylgroups, C=0 stretching bands are found at about 1500 and 1600cm-1 andebatw
1700 (conjugated C=0) flax, hemp 1470 and 1460cm-1 [5].
1600, 1512 grarrcmjat]jc skel_etal st(rjetching \_/ibr_ation lax,fhemp FTIR can give information on the lignin type, metiib
- eformation and aromatic ring
1463-1427 vibration, a considerable contribution | flax, hemp groups, carbonyl g_rOUpS’ and h_ydroxyl_ groups [GIIFF
from the C-H bonds oft he -OCH3groups spectra of hemp fibres and shive variety of Puand
symmetric C-H bending from methoxyl variety Bialobrzeskie and flax shive processesasstgned
1365, 1329 |  group and C}jgiv‘;'t?\;:zons in syringyl| flax, hemp in accordance with [7, 8, 9, 11]. FTIR spectraaetfithe
270 guaracyl fing breathing with C-0 | — chemical structure and _the purity of _Il_gnlns. _Co_nnmo
stretching % P features and particular vibrations, specific to hedignin,
1218 C-O(H) Stretchlgghgfr phenolic OH and flax, hemp are found in the spectra.
1150 C-O-C stretching flax, hem
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Fig. 2. FTIR spectrograms of hemp and flax ligniorresponding to
frequency range of 1700-700 cm-1

As hemp belongs to Angiosperm phylum community
hemp, lignins are hardwood type lignins [10], whitdve
higher methoxyl content, are less condensed andnare
amenable to chemical conversion than lignins ddrivem
conifers. Hemp fibre hardwood lignins contain resisl
derived from both coniferyl and sinapyl alcohols.

Different lignins can be primarily discriminated
according to the position and intensity of the eletaristic
peaks in their spectra, so FTIR spectra can berdedaas
the first step of their identification.

B. Morphological Characterization

Scanning electron microscopy has been used to shedy
morphology of hemp fibres, shives and flax shivad &
follow the removal of the pectins, hemicelluloségnin
and ash after steam explosion. SEM is a well adbpte
technique to visualize the formation of lignin dietg at the
surface of the shives (Fig. 3, D), as well as #gagation of
bundle fibres to individualize elementary fibredF8, A).
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Fig. 3. A — hemp fibres SEA (logR3,97); B — hemp fibres SEA (logR
3,97) + water treatment + 4 wt.% NaOH treatment: Gntreated hemp
shives; D — hemp shive®(rini) SEA (logR 4,45); E — untreated flax
shives; F — flax shives SEA (logR,45)

As seen from micrographs in Fig. 3, SEA treated (A)
hemp fibres of varietyPurini are separated in elementary
fibres. Some surface and structure defects seerthen
micrograph can appear during hemp stalk primary
processing or combing. Disintegration and/or wealgof
the binding of fibres in the bundles are decisivietportant
for further separation of the hemp fibres in sulsed
operations. However, after water treatment and &owt
NaOH treatment surface of fibres is clean (B), also
insoluble substances are removed by 0,4 wt.% Naffii-a
treatment.

After SEA (logR 4,45) hemp shives of variety Purini
(Fig. 3, D) have also separated, and it is posshlEhserve
domains which can be lignin cluster moulding (by
estimating the studies of wood after SEA). On lawves
surface can see observable domains of lignin, vethst
shows the precipitated lignin in Table 2, whicltoidy 11%
compared to hemp shives 22% and FTIR spectral sisaly

(Fig. 2).
IV. CONCLUSIONS

Morphological and spectroscopic analyses of fitard
shives have been carried out, and it has been folusid
water and alkali treated by SEA could be usabldddher
nanotechnologic processing. Results of this studyeh
shown that SEA treatment combined with hydrotheramal
alkali treatment allows partial removing of constitts
from hemp fibres and shives includindghemicelluloses,
pectins/waxes and oils covering the external serfaicthe
shive cell wall. FTIR analysis has shown difference
between the spectra for the hemp and flax lignifis o
absorption bands at 916 ¢nfepoxy groups), 816 cm(C—

H deformation and ring vibration, aromatic CH otiptane
bending) and 1091ch{(C—O stretching).
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Anna Putnina, Silvija Kukle, Janis Gravitis. Tvaika spradziena autohidrolize ka lignocelulozes biomasas pirmapsfides metode

Viena no svagakajam nanomatefilu klasm ir nanogiedras un fibrillas no dadiem celulozes avotiem, kasegpadit unikalas ipabas savienojum ar
dazdiem polingriem. So nanomatatil avoti ir kviesu salmi, baktiju celuloze, cukurbietes, kartujyeka af Latvija audztie viegjie atjaunojamie resursi -
kapepes un lini. Sajrakst tiek analizta tvaika spidziena autohidr@es (TAS) unidens un 0,4%asma [Ecapstides ietekme uz kepju %irnes ,Ririni”
Skiedram un spéiem, ,Bialobrzeskie” spiiem un linu sphem. Eksperimeiataja dda tiek pielietota tvaika spdziena tehnolgija, lai sageltu &iedras un sgas
un atdaitu no tiem liginu, hemicelulozi, pektu, vaskus un skéltu tos elemeatajas %kiedras. Eksperimenta rezath jasecina, ka, palielinoties TAS, apste
barguma parametram (loglR kas Seit ir robes no 3,53 — 4,45, attiegi samazifs sausais atlikumsep sekojoSuident &istoSu un &ma &istoSu komponentu
ekstrakcijas. Iz&letas apstides lauj sadat kapepju &iedru un spmi kompleksus. Izmantojot infrasarkano (IS) Euspektroskopiju, tika identifitas
ekstrakcijas rezuita raduds nogulsnes t.s. lignu. Paraugu mikrogfijas pie atgirigiem palielimjumiem,lauj analizt iedru un spa virsmas strukiru. Fec
kapepju &irnes “Ririni” spalu mikrogifijas jasecina, ka g TSA (logR 4,45) uz sp@ virsmas redzami &fiski veidojumi, kas ir ligins (Ec iepriek$jiem
koksnes ptijumiem). FTIR anake ir pamaamas nelielas altiribas starp kgepju spau un linu spau ligriniem pie absorbcijas virsam 916 cm' (epoksda
grupas), 816 cii(C-H saites deforatijas un gredzena viicijas, aroratiskas C-H saites lgkiskas vibmcijas) un 1091 crh(C-O saites izstiepsas).

Anna Ilyranns, Cuusus Kykie, Sinuc I'paButuc. I1apoBoii B3pbIB Kak MeTO/1 NpeABAPUTE/IbLHONH 00padOTKH JUTHOLETI0I03HOI OHoMacchl

BaskHbIi KJ1acc HAHOMAaTEPUAIOB - HAHOBOJIOKHA U BOJIOKHA M3 Pa3iIMYHBIX MCTOYHHKOB IIEJUTFOJNIO3bI, KOTOpPBIC OBUIM TOKa3aHbl B PE3yJbTaTe YHHKAIBHBIX
CBOWCTB MPHU BKJIIOYCHUM B Pa3INYHbIC NMONUMEpHI. ICTOUHMKM 3THX HAHOMATEpHANIOB - MIICHUYHAs COJIoMa, OaKTepHallbHas LEIUI0II03a, KpadT-1enIoosa,
LIEJUTIOII03HO-CaXapHas CBEKJIa, KapTodelb, KOPEHb OPIOKBBI, @ TAKKE MECTHBIC BO30OHOBISIEMBIC PECYPCHI, BhIpalleHHbIC B JIaTBuK - KOHOMIS 1 JieH. B cratbe
AHATM3UPYeTCsl BO3/CHCTBIE aBTOrHApoin3a naposoro B3psiBa ([1B) u mocnenyroueit o6paborku Bonoit u 0.4% 1en04HbIM PacTBOPOM Ha KOCTPY M BOJIOKHO
IBYX 1opoz koHorun («Furini» u «Bialobrzeskie»y npna. Texuonorust [1B mo3Bosisier paciuenuTs BOJOKHA U KOCTPY M OTENHTh JIMTHHH, XEMHIIEIUTIOIO3Y,
MEKTUHBI ¥ BOCKH. Pe3yJIbTaThl 9KCIIEPUMEHTOB MOKa3bIBAIOT, YTO, yBennuuBas napamerp crporoctu I1B (logRy (3,53...4,45)) nocTuraercs: CHIKCHHE CyXOToO
ocraTka cybcrpara mocie oOpabOTKH BOOH M ILIENOYHBIM PacTBOPOM. BriOpaHHBIC BHIBI 00PaOOTKM MO3BOJSIOT PA3ICIUTh KOMILUIEKC BOJIOKOH M KOCTPBI.
Anamm3 FTIR unenTnduuupoBan ocaJku 1mocie SKCTPAKUUH, B TOM 4ucie JUrHUH. OOpasipl SKCIIEPUMEHTOB HAOJIOAAINCh CKAHUPYIOMUM 3JIEKTPHYECKHM
MEKporpad)oM, ¢ MOMOIIBI0 KOTOPOro ObuTH OOHApYXeHBI chepudeckne 00pa3oBaHMs JUTHHHA Ha IIOBEPXHOCTH YaCTUIl KOCTPHI mocie obpaborku I1B mpu
logRy (4,45). FTIRanamm3 nokasaa HEKOTOPbIEC PasTHUHs MEXKIY CTICKTPAMH Ui KOHOTUTH M JIbHA JTATHHHOB MOJIOCKI Toromenus npu 916cM™ (amokcHiHbIe
rpymmsr), 816¢m-* (C-H nedopmariu u Bubpanuu koblia, apoMaTrueckie C-H u3 miockoctn maru6a) u 1091cmt (C-O pactskenue).
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