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6.The results of the study will be used in the development of recommendations for the
technology of millet cultivation on irrigation in arid conditions of the Aktobe region for specialists,
agricultural enterprises and other forms of management.
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TYHUIH

By reulbIMEM Makanaga ayaaHAacThIpbuiFaH «CTapT» COPTHIMEH CallBICTBIPFaHia op TYpii
MiCeTiH TONTapIbIH Taphl YATiIepl MEH COPTTaphlH KOCHIMIIA CyapyFa OeHiMIiIIri Typalisl 3epTTeyiep
HoTIKenepi kenripinred. CoHpaii-ak Oy Makanaaa Ka3ipri TaHIarbl OHIpAiH 0acThl MiHIETTEpPI MEH
Taphl HBICAHBIHBIH 3EpPTTEY KAXKETTUIr KepiHic TamkaH, ce0ebi OyTiHri TaHma TOMBIpaK IeH
KJIMMATTBIH ©3repyiHe OaiaHbICTBl OYJI cajiaia KbI3MET eTEeTiH 3epTTeylIiyiepre TapbIHBIH ©OHIM
KOJIeMiH KOOeHTy >KoHe KeNelIeKTeri TaOUFaTThIH KaHa e3repicTepiHe Kapchl Typa ajaThblH TapbIHBIH
JKaHa TYpJIEpiH MIBIFApTy MakcaThIHAA jKaHa 3epTey JaMbITy COHJai-aK eHJAEY KOoJIJapblH Tada 1oimy
KaxeT Oombimm Typ. CoHBIMEH Karap OYJ 3eppTey JKYMbICHIHAa AKTeOe OOJbICHI OONBIHIIA
aBTOpPJIAPMEH JKYPTi3TeH TOXKIPUOENiK KYWHIe ecenTeyiep MEH DSKCIEPUMEHTTEPIIH KOPBITHIHIIBI
JKYMBICTapbl HAKTHUIAHBIT aHBIKTAIFaH )KOHE PeCiMIeINTeH.

PE3IOME

B cratee mnpuBeneHBl pe3yibTaThl INPOBEACHHBIX MCCIENOBAaHMM 110 OT3BIBYMBOCTH Ha
JOTIOJTHUTENIFHOE OpOIIeHHEe 00pa3LoB U COPTOB MPOCA Pa3IMYHBIX TPYIII CIIEJIOCTH MO0 CPABHEHUIO C
paiioHHpOBaHHBIM copToM - CtapT. OTpakeHBl 3aJaydl peruoHa, HEOOXOAMMOCTh M3y4YeHHs (HOopM
Ipoca Ha OPOLICHUU Ha COBPEMEHHOM 3Talle, TaK KaKk ceddac 3aMeTHbI U3MEHEHHs TEMIICPAaTYPHBIX U
MOYBCHHBIX YCJIOBUH, OOpa3oBaHbl pa3iIHYHbIC XO3SHCTBYIOIIUE (OPMHPOBAHHS UYTO, 3aCTaBIISET
Y4EeHBIX HMCKaTb HOBBIE IIyTH TIOBBIIEHUS YPOXXAHHOCTH, KayecTBEHHBIX IOKa3aTeneil
CEJIbCKOXO3AUCTBEHHBIX KYJIBTYpP, B YaCTHOCTH Mpoca, KOTopas SBJSETCS BeXyLed KpYISTHOH
KyJIbTypoil B AKTIOOMHCKON 00acTu. BeiBenenusie u nepenannsie B I'CH copra mpoca IMEOT MHOTO
IPEUMYIIECTB, HO OHM MIOJDKHBI TaKkKe OBITh T'MOKMMM HpPU Pa3IMYHBIX W3MEHEHUSX YCIOBUH
BO3/ICNIBIBAHNSA, B TOM YHCJIE U MPHU OPOLICHUH. B CBA3M ¢ 3TUM M3ydeHHE BBIIIEHA3BAaHHOTO BOIpOCa
CUMTaeM aKTyaJlbHOHW M CBOEBpPEMEHHBIM. OTNBITH MOKa3aJd TOJIOKUTENBHOE BIMSHHME TOJIMBA B
3aCYIUIUBBIX YCIOBUSAX. 3aMETHO yBeJMUeHHe Bcex Nokaszareneit (Macca 1000 3epeH, uucia 3epeH B
METEJIKe, a TaKKe YPOXKaHHOCTH BCEX H3yYaeMbIX COPTOB M ()OpPM IO BUAAM CIEIOCTH U IO
CPaBHEHHMIO CO CTaHZAapTOM M IO TrojxaM. BBISIBICHBI BBICOKO OT3bIBUMBBIE HOMEpPA U CHEIaHbI
COOTBETCTBYIOIINE BBIBOJABI. Pe3ynbraTel HCcleoBaHWUM OyayT HCIOJIB30BaHBI IMPH pa3padoTKe
PEKOMEHJAIMM TI0 TEXHOJOTMM BO3JEIBIBAHUS IPOCa HA OPOIIEHHMH B 3aCylUIMBBIX YCIOBHIX
AKTIOOMHCKOM 00J1acTH.

11



ArpoHomusi

UDC 633.521

Shaimerdenov Zh.N., Researcher

Temirova L. Zh., Senior researcher

Aldieva A.B., Junior researcher

Iztayev A., Doctor of technical sciences, Academician of NAC R.K., Leading researcher

Astana branch of «Kazakh research Institute of processing and food industry» LLP, Nur-Sultan,
Republic of Kazakhstan

USE OF OILSEED FLAX WASTE FOR PRODUCTION OF TECHNICAL CELLULOSE

Abstract

This article examines the structure of oilseed flax straw. Oilseed flax is a highly profitable
annually renewable technical crop. Given the development directions and environmental preferences
of modern society, the need for renewable cellulose-containing resources will increase, and their scope
will expand, as evidenced by the experience of many countries. In a study, the chemical composition
of oilseed flax straw was examined. The results of the study indicate the possibility of obtaining
cellulose directly from oilseed flax straw.

The optimal reaction mixtures and conditions for the process of obtaining cellulose from waste
from primary processing of flax straw were selected. The results of the study showed that thick stems
are characterized by a lower cellulose content than thin, uniform straw as a whole. In addition, the
straws have an increased mass fraction of acid-insoluble lignin, which provides special strength and
creates difficulties for grinding. The chemical composition and physicochemical properties of
cellulose were also investigated. The analysis results indicate the possibility of processing this type of
raw material in order to obtain cellulose suitable for further chemical modifications.

Keywords: flax, processing, straw, cellulose.

Introduction. Waste from the production of oilseed flax, especially flax bonfire, is a valuable
raw material for the production of cellulose. Unfortunately, bonfire, as a raw material in papermaking,
is used very rarely, it can be said that it is hardly used by pulp mills, despite the scientific facts of its
perfect suitability. The reason for this situation can be considered relatively small-scale pulp
production from straw of annual plants, which make up only 7% of the total mass of products.
Nevertheless, it should be noted that with a certain technology for processing bonfires, it is suitable for
further use in the pulp industry.

In the production of pulp in Kazakhstan, one of the main issues is the raw materials. As we
know, the raw material for this product is technical wood pulp obtained by pulping softwood and
hardwood using the sulfate method [1].

However, our country does not have enough forest plantations and therefore the domestic pulp
and paper industry does not have its own raw material base. In view of the above, pulp producers are
forced to buy a significant amount of raw materials abroad, which, on the one hand, increases the cost
of finished products, and, on the other hand, makes it difficult to transport. This problem can be solved
by using the straw of annual plants as a raw material base.

Oilseed flax fiber and bonfire are the most suitable for the production of cellulose and semi-
cellulose used in the production of paper and cardboard [2]. Drebentsov F. F. used flax straw and
bonfire in his research to produce cellulose. However, the regime for using bonfires to produce fibrous
semi-finished products was not thoroughly worked out [3].

Research methods and materials. In view of the above, the laboratory for processing
oilseeds of the Astana branch of «Kazakh research Institute of processing and food industry» LLP is
conducting research on the possibility of using oilseed flax straw to produce fiber for various
purposes, as a product with high added value. The chemical composition of oilseed flax straw was
studied.

Objects of research-varieties of oilseed flax: Kostanay amber, Lirina, Kostanay 11, Kazar,
oilseed flax straw and bonfire.

Research results. To determine the chemical composition, the raw material was previously
crushed with scissors and an average sample was prepared. The mass fraction of extractive substances
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(extractant — diethyl ether) — the fat-wax fraction (FWF), the mass fraction of acid-insoluble lignin,
and the mass fraction of cellulose were determined by the Krushner method [4]. The chemical
composition of oilseed flax straw is shown in table 1.

Table 1 — The chemical composition of oilseed flax straw

Name of raw materials FWF,% Ash content, % Lignin, % Cellulose,%
Kostanay amber 2,40 2,37 22,85 47,29
Lirina 2,48 1,82 23,10 46,90
Kostanay 11 2,36 3,41 21,79 48,85
Kazar 2,12 2,74 21,52 48,03

A comparison of the results presented in table 1 shows that thick straws are characterized by a
lower content of cellulose than thin homogeneous straw as a whole. In addition, the stems have an
increased value of the mass fraction of acid-soluble lignin, which provides special strength and creates
difficulties for crushing.

The obtained results of the chemical composition of oilseed flax straw, namely: the cellulose
content in the range from 46,90% to 48,85%; ash content at the level of 1,82-3,41%; acid-insoluble
lignin from 21,52% to 23,10% indicate the possibility of obtaining cellulose directly from oilseed flax
straw.

Further research was carried out to obtain cellulose from the waste of the primary processing
of flax straw. As a source material for the study, we used a bonfire of oilseed flax. The chemical
composition of linseed bonfire was studied and cellulose was obtained in the laboratory using the
methods of sulphate, peracetic, peroxide and nitric acid pulping. Samples of cellulose were obtained
using «efficient» methods. Different fractional composition of the material consists of particles 1-15
mm long, 0,3—1,5 mm thick, with small inclusions of the fibrous part of flax. The mass fractions of the
components in the linseed bonfire were determined by standard methods: cellulose — nitrogen-alcohol;
lignin-sulfuric acid in the Komarov modification; extracted substances-by sequential extraction with
diethyl ether and water in the soxlet apparatus. The results of a comparative analysis of the chemical
composition of various types of raw materials are presented in table 2.

Table 2 — Comparative analysis of the chemical composition of various types of raw materials

Components Mass fraction of components, %
Bonfire Wheat straw Pine
Lignin 32,8 24,5 28,1
Cellulose 37,5 443 52,4
Extracted substances 4,1 3,7 3,4
Ash content 1,8 5,5 0,4

Analysis of the data in table 2 shows that the content of oilseed flax in terms of cellulose and
ash has an average reading between the three fibrous materials.

During the experiment, samples of sulphate, peracetic, peroxide and nitric acid technical
cellulose from bonfire were obtained using the following modes:

1. Sulphate pulping (in a laboratory reactor). The initial concentration of active alkali in the
pulping solution is 55 g/dm’, the degree of sulfidity is 18%, the liquid module is 4, the temperature is
170°C, the pulping duration is 150 minutes.

2. Peracetic pulping (in a flask with a reverse refrigerator in a water bath). The initial
composition of the pulping solution: the mass fraction of «ice» acetic acid-0.65; the mass fraction of
perhydrol-0.35; the liquid module-6, the duration of isothermal pulping-90 minutes at a temperature of
92°C.

3. Peroxide pulpling (in a flask with a reverse refrigerator in a water bath). The initial
concentration of hydrogen peroxide is 17%; the concentration of the complex catalyst is 0.1 g-mol/dm’
(H2S04 in the catalyst composition is 0.4). Liquid module — 6, duration of isothermal pulping-105 min.
at a temperature of 98°C.

4. Nitric acid pulping (in a flask with a reverse refrigerator in a water bath). The initial
concentration of nitric acid is 6%, the liquid modulus is 6, and the duration of isothermal pulping is
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150 minutes at a temperature of 96°C. Then the cellulose samples were ground in a centrifugal
grinding machine. Thus, semi-finished products from technical cellulose were obtained.

The results of the experiments were subjected to one-factor analysis of variance (the
Statgraphics Centurion application package, the Design of Experiments block, and the Single Factor
Categorical procedure). The variable factor is the duration of production of cellulose (four discrete
levels of variation, indicated by the letters A, B, C, D), and the output parameter is the cellulose yield,
which are shown in table 3.

Table 3 — Statistical characteristics of the sample

Pulping methods Notation Duration of fulping, min Cellulosc; yield, %
Sulphate A 150 324
Peracetic B 90 46,2
Peroxide C 105 459
Nitric acid D 150 41,3

Variance relations F 66,03
Significance level p 0,0142

The output data show that the relationship between cellulose yield and duration of pulping is
characterized by the following equation:

y=62,3324-0,16915x, (1)

Since the p value is less than 0.05, there is a statistically significant relationship between the
variables at the 95.0% confidence level, as shown in figure 1.
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Figure 1 — Confidence intervals of cellulose yield for each of the delignification conditions

Statistics of the dispersion ratio F show that 66.03% of the variability in the yield of cellulose
depends on the pulping conditions. At the same time, delignification of bonfire with peracetic acid
(modes — levels of factor B) provided a high yield of cellulose of 46.2%, compared with other
methods. Thus, peracetic acid was chosen as the optimal reaction mixture for obtaining cellulose from
oilseed flax bonfires.

The choice of the peracetic method is due to the fact that it is based on pulping using peracetic
acid — CH3C(O)OOH, the components of which are easily decomposed into water, oxygen and acetic
acid and are not particularly dangerous to the environment.

Selection of optimal conditions for pulping oilseed flax bonfires with peracetic acid was
carried out using two-factor planning under the Statgraphics Centurion program. The most important
factors were chosen as variable conditions for peracetic pulping based on the results of preliminary
experiments: the duration of the pulping process x; (range of variation 80-90 min), the pulping
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temperature X, (range of variation 90-98°C). As the output parameter, the cellulose yield product y
was selected, the values of which are shown in table 4.

Table 4 - Influence of peracetic pulping conditions on the yield of cellulose product

Peracet1c pulping conditions Yield of cellulose product,%
t, min T, °C

X1 X2 y

80 94 453
85 94 46,5
80 98 49,5
90 90 50,1
90 98 52,3
80 90 46,0
90 94 49,2
85 98 47,5
85 90 46,8

The dependence of the output parameter on the variable factors of peracetic pulping was
approximated by the regression equation:

y = 23,0607 — 1,2x, + 0,2667x2.  (2)

The regression equation adequately reflects the results of the experiment, since the P value for
the output of the cellulose product is less than 0.05, there is a statistically significant relationship
between y and factors at a confidence level of 95.0%. Figure 2 shows the response intervals that
illustrate the dependence of the yield of the cellulose product on the variables of the pulping process.
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Figure 2 — Dependence of the yield of the cellulose product on the variables of the pulping process

Thus, under the condition t=90 min and T=98 °C, a high yield of the cellulose product is
provided.

The study of the chemical composition and physical and chemical properties of cellulose was
carried out using standard methods for analyzing products of vegetable raw materials processing: the
content of alpha-cellulose was treated with a 17.5% solution of sodium hydroxide (GOST 6840-78),
residual lignin-by direct method, ash content-by burning the sample and calcining at a temperature of
575425°C. the results of the analysis are presented in table 5.

Table 5 - Chemical and physical parameters of the obtained products

Pulping methods Alpha-cellulose,% Lignin, % Ash content, %
Sulphate 83,6 1,15 1,05
Peracetic 93,2 1,17 0,75
Peroxide 91,5 1,26 0,82
Nitric acid 86,8 1,38 0,94

Conclusion. According to the analysis it can be noted that the cellulose obtained peracetic
pulping, characterized by thus, the mass fraction of a-cellulose 93,2%, the ash content and mass

15



ArpoHomusi

fraction of residual lignin amount of 0.75% and 1.17 % respectively, which indicates the possibility of
processing such raw materials with the aim of obtaining cellulose, suitable for further chemical
modifications.
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TYHWIH

Byn makanaga Mainibl 3bIFbIp Ca0aHBIHBIH KYPBUIBIMBI 3€PTTEIAreH. Malibl 3bIFBIP — KOFAPHI
TUIMUTIKTI KU CaiiblH KaJIblHA KEJIETIH TEXHUKAIBIK Nakbul. Kazipri KoFraMHBIH AaMy OarbITTapbl
MEH 3KOJOTHUSIIBIK apPTHIKIIBLIBIKTAPBIH €CKEPE OTBIPHIN, KYPaMbIH/A ISJUTI0N03a 0ap jKaHAPTHUTATHIH
pecypcrapra KaKeTTUTIK apTaisl, ajd oJlapAbl KONIaHy aschl KEHEHTiIemi, Oy Typajbl KeNTereH
eNIIepAiH TXIpuOeci KyalaHAbIpaabl. 3epTTey OaphIChIHIA Maljbl 3BIFBIP CAOAHBIHBIH XHUMHSIIBIK
KypaMbl 3epTTeN/i. 3epTTey HOTIKENepl Mailyibl 3bIFbIp CcabaHBIHAH TIKENEeW LEJUTI0I03a aly
MYMKIHJIITiH KOpCEeTe .

3bIFBIp cabaHbIH 0acTamKbl OHJACY KANJIBIKTAPbIHAH I[EIUTI0N03a ally MPOLECIH IKYprisy
apTTapsl )KOHE OHTAMIIBI peaKIISUTBIK KOCTanap ipikTenmi. 3epTTey HOTHXKelepi OOMBIHINA JKIHIIKE
OiprexTi cabaHFa KaparaHIa, KaJblH cabakrapIblH KypambiHaa KropiiHep OOWBIHINIA LEUIIOI03a
MeJiepi a3 0onaThiHBl aHbIKTaNbl. COHBIMEH KaTap, cabakrapjaa KBIIIKBUIMEH EPHTIH JMTHUHHIH
MaccalbIK YJeci )OFapbl MOHTe ue, Oy epekile OepiKTiKTI KaMTaMachl3 eTelli )KoHe YHTaKTay Ke3iHe
KUBIHIBIKTap TyFbI3aael. COHBIMEH KaTap IEJUTIOJIO3aHBIH XUMILUIBIK KypamMbl MeH (DH3HKaIbIK-
XUMUSIIBIK KacHeTTepl 3epTTenai. Tanmay HOTIKeIepi OlaH opi XMMILUIBIK MoaudUKausiap yiIiH
yKapamJIpl IEJUTI0JI03a ally MaKCcaThIH/Ia IIMKI3aTThIH OCBHIHIAM TYpiH KalTa eHAey MYMKIHAIr Typajbl
KYyoJlaHIBIPaIBL.

PE3IOME
B I[aHHOﬁ CTaTbC PACCMOTPCHLI HUCCICAOBAHUA CTPOCHUSA COJIOMBI JIbHA MACJIWMYHOTIO. Jlen
MacIMYHBIA — 3TO BLICOKOpeHTa6CJ'ILHa$l CXKCTOJHO BO300OHOBIISIEMAss TEXHHYECKAs KYyJbTYypa.

Y4uuThIBas HANPABICHUS PAa3BUTHUS M OKOJOTMYECKHE TMPEAMOYTCHUS COBPEMEHHOTO OOIIECTBa,
MOTPeOHOCTh B BO30OHOBIISAEMBIX IEIUIIOI030COACpKAIIKMX pecypcax OymeT Bo3pacTarh, a chepa ux
MMPUMEHCHUA PACHINPATHECA, O YEM CBUACTCIBCTBYCT OIIBIT MHOT'MX CTpaH. B X0€ UcciIcaoBaHUuA ObLT
W3YYCH XUMUYCCKUIM COCTAB COJIOMBI JIbHA MaCIIMYHOTO. Pe3ynbTaThl HCCIeI0OBaHMS CBHIICTEILCTBYOT
0 BO3MO>KHOCTH TIOJTyUEHHS [IEIUTFONI03bI HEMOCPEICTBEHHO M3 COJIOMBI MACIIMYHOIO JIbHA.

Bbutn 0700paHbl ONTHMANBHBIC PEAKIMOHHBIE CMECH M YCJIOBHS TMPOBEACHUS Tpoliecca
MOJYYCHUS IIeJUTIONO3bI W3 OTXOJOB TEPBHYHON TepepabOTKH JIBHSHOW COJOMBI. Pe3ynbraThl
UCCIICZIOBAHUS TOKa3ajd, 4YTO TOJCThIE CTCOMM XapaKTEepPHU3YIOTCS MEHBIIMM COJCPKaAaHHEM
1eJUTI010361 10 KropIiHepy, 4eM TOHKasi OJHOpOJHAs cojoMa B 1enoM. Kpome Toro, ctebau uMeroT
MOBBIIIICHHOE 3HAYCHHE MAacCOBOW JOJMM KHCIOTOHEPACTBOPHMOIO JIMTHWHA, YTO OOCCIICUYUBACT
0c00Y0 MPOYHOCTH M CO3AACT CIOKHOCTH JIJISl U3MENbUYeHUs. Takxke ObLTH UCCICTIOBAHBI XUMUYECKU I
cOCTaB U (DM3UKO-XMMHUYECKHE CBOWCTBA IEIUTIONO3bI. Pe3yibTaThl aHaln3a CBUICTENBCTBYIOT O
BO3MO>KHOCTH Hepepa6OTKI/I TaKOro BuJa ChIpbsA C LECJIBIO IMOJTYYCHUA LCIIIIOJIO3bI, HpHI‘O}IHOﬁ JJIsA
JATBHEHTIINX XUMUYICCKUX MOIU(PUKAIIHIH,
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