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OBTAINING OF STRAW PULP IN ISOBUTANOL MEDIUM

Background. Decreasing of wood consumption and hazardous wastes in environment due to ecologically safe methods
of plant raw material delignification.

Objective. Identification of technological parameters influence on obtaining of organosolvent straw pulp and impact
of catalysts (anthraquinone and hydrazine) on the delignification process, main quality indices of pulp, kinetic char-
acteristics.

Methods. Pulping of organosolvent straw pulp with using of catalysts was performed in 0.25 dm?® steel autoclaves
placed in glycerol bath heated at temperature 140—180 °C and 30—150 minutes duration.

Results. Obtained organosolvent straw pulp with anthraquinone and hydrazine catalysts are characterized by such
physical and mechanical properties: breaking length — 7900—6900 m; burst index — 4.33—4.52 kN/g; folding strength —
128—600 double folds. It was established that using of hydrazine catalyst allows obtaining pulp with lesser lignin, ash
and pentosans content then with anthraquinone. It was determined that delignification in isobutanol—-KOH—water—
catalyst system is described by second-order kinetic equation. Kinetic characteristics (reaction rate and energy of
activation) of wheat straw delignification and characteristics of lignin removal from plant raw material were
calculated.

Conclusions. Obtained organosolvent straw pulp is suitable for production of paper and cardboard products and after

bleaching and alkali treatment — for further chemical treatment into different cellulose derivatives.
Keywords: wheat straw; cellulose; isobutanol; anthraquinone; hydrazine; kinetic characteristics; selectivity indices.

Introduction

Cellulose, as the most abundant natural po-
Iymer [1], has found application in the numerous
branches of industry (pulp and paper, chemical,
food, pharmaceutical, medical, cosmetic), in the
processes of obtaining new nanocellulose materials
and for household purposes [2].

The main raw material for obtaining pulp is
hardwood and softwood. Stocks of wood are limi-
ted in the numerous countries and Ukraine in par-
ticular. Countries with developed agriculture annu-
ally produce millions of fibrous wastes during the
treatment of technical and grain crops. Some of
them can be considered as the alternative to wood
for obtaining pulp. Wheat stalks belong to perspec-
tive representatives of non-wood plant raw material
for obtaining pulp. According to Ukraine’s Minis-
try of agricultural politics [3] annual potential of
unused wheat straw is up to 20 million tones de-
pending on crop yield.

In worldwide practice of pulp and paper in-
dustry sulfate and sulphite processes have become
the most common pulping methods of obtaining
pulp plant raw material. However, they pollute en-
vironment with hazardous wastes. Organosolvent
methods are ecologically safer [4]. They apply or-
ganic solvents, which serve as chemical reagent
and medium where reaction occurs. Introduction
of organic solvent into pulping liquor changes its
dielectric penetrability and viscosity, impacts on

solvation of delignification products, decreases en-
ergy of activation and increases rate of delignifica-
tion. As the most common organic solvents ali-
phatic and aromatic alcohols, amines and organic
acids, which are relatively easy to regenerate, are
used. Some organic solvents, as isobutanol, are
characterized by their ability to separate into two
layers in mixtures with water. In such case upper
layer of organic solvent can be used in the next
pulping without regeneration, and bottom water
layer containing dissolved mineral and organic
compounds (lignin, extractives and hemicellulose)
can be used as mineral fertilizer [5]. For such pur-
pose it is recommended to add components, which
facilitate improvement of fertilizer properties, par-
ticularly, compounds of potassium and nitrogen.
And, as it is known, lignin improves agrochemical
efficiency of mineral fertilizers [6]. Unfortunately,
there is limited data considering application of iso-
butanol as component in pulping liquor in litera-
ture [5, 7, 8]. In order to intensify delignification,
different catalysts are added into pulping liquor.
Efficiency of anthraquinone was shown in litera-
ture multiple times [9] as well, as results of appli-
cation of other compounds, particularly, hydra-
zine [7, 8]. That is why in this work wheat straw
delignification by the isobutanol-water-KOH-an-
thraquinone and isobutanol-water-KOH-hydrazine
pulping liquors for evaluation of obtained straw
pulp characteristics was investigated.
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Objective

The aim of this work is to investigate the in-
fluence of main technological parameters on the
process of obtaining wheat straw pulp in isobutanol
medium. Also, there is purpose to investigate the
influence of different catalysts (anthraquinone and
hydrazine) on delignification process and cellulose
quality indices, kinetic characteristics and lignin
removal characteristics.

Methods of research

In order to obtain pulp stalks of wheat straw
from Kyiv region harvested in 2014 were used. Av-
eraged chemical composition related to absolutely
dry raw material was: 46.2 % cellulose, 18.6 % lig-
nin, 25.2 % pentosans, 6.6 % ash, 5.2 % resins,
fats and waxes, 74.1 % holocellulose. Values of
chemical composition in wheat straw stalks were
identified according to standard methods [10]. Be-
fore researches raw material was reduced in size to
2-5 mm and stored in desiccator for maintaining
constant humidity and chemical composition.

Pulping was performed in isobutanol medium
with potassium hydroxide and different catalysts
inside steel autoclaves with volume 0.25 dm’.
Autoclaves were placed in glycerol bath heated to
set temperature. Pulping liquor with 10 % KOH,
15 % hydrazine, 0.1 % anthraquinone charges re-
lated to a.d.r.m. in medium of isobutanol — water
50:50 volume % mixture with liquid-to-solid ratio
6:1 was used. Temperature of pulping was 140—
160 °C and from 60 to 150 minutes, pulping with
anthraquinone was at 150—180 °C and from 30 to
90 minutes. Such values of technological parame-
ters were considered as the best after series of pre-
vious experiments [9]. Autoclaves were cooled un-
der streaming water when the pulping had been
finished. Waste liquor was used for further regen-
eration. Obtained pulp was transferred in flask and
5 % KOH solution was poured into it. After 30
minutes pulp was filtered on Buchner’s funnel and
rinsed with hot distilled water for reaching neutral
pH. Yield of pulp was identified by gravimetrical
method after drying it to air-dry condition during
24 hours and yield of pentosans, residual lignin
and ash — by the standard methods [10].

In order to obtain additional characteristics of
organosolvent delignification method in isobutanol
medium, calculations of following indices: selectiv-
ity (S/), carbohydrates removal degree (CRD) and
delignification degree (DD) were performed using
formulas:

B
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where: A — original lignin content, %; B — plant
residue yield, %; C — residual lignin content in
pulp, %.

In order to compare influence of technologi-
cal parameters on delignification process in isobu-
tanol — water — KOH — catalyst system, kinetic
characteristics, namely, specific reaction rate and
energy of activation were additionally calculated.
First order (4) and second order (5) kinetic equa-
tions were used for specific reaction rate calcula-
tion:

_ 1 Ad

k= In el (4)
11 1

k== ———|, 5
f[[A] [AO]J ©)

where: k — reaction rate; ¢+ — duration of deligni-
fication, min; [4,] — lignin content in plant mate-
rial, %; [A] — lignin content in pulp, %.

Arrhenius equation was used to calculate en-
ergy of activation:

k = kyeEa/RT

where: k, — multiplier; £, — energy of activation; R —
molar gas constant; 7'— temperature of delignifica-
tion process, K.

Aggregative pulping of wheat straw in isobu-
tanol medium, anthraquinone and hydrazine cata-
lysts at temperature 150 °C during 90 minutes was
performed for evaluation of physical and mechani-
cal properties of organosolvent pulps. Obtained
straw pulps were beaten in centrifugal apparatus for
reaching 60 £ 2°SR (Schopper—Riegler) freeness.
Samples of hand-sheets were made on sheet-ma-
king apparatus and tested according to standard
methods [10].

Solution of objective

Results of pulping straw pulp in isobutanol
medium with potassium hydroxide at different tem-
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peratures and catalysts are presented in Table 1. As
it is seen from Table 1, increasing of temperature
and duration of delignification in the investigated
system leads to decreasing of all indices of ob-
tained straw pulp. It is related to intensification of
lignin macromolecules destruction due to breakage
of ether bond between separate chains of lignin
and to transferring lignin, hemicelluloses, minerals
and other extractive compounds from plant into
pulping liquor. In addition, it can be concluded
from table 1 data that pulping of wheat straw in
isobutanol medium with hydrazine catalyst leads to
significant decrease of lignin, ash and pentosans
contents related to original values at the same tem-

Table 1. Quality indices of straw pulp obtained under
different conditions in isobutanol—water—KOH—catalyst
system, % related to a.d.r.m.

O?gjsi?; Yield lﬁ?;ﬁl:lal Pentosans Ash
. > | of pulp content content
min content
Anthraquinone catalyst
Temperature of pulping 150 °C
30 58.2 15.4 3.22 4.84
60 57.3 14.8 3.15 3.60
90 55.3 12.3 3.03 3.42
Temperature of pulping 160 °C
30 55.0 10.5 2.90 3.83
60 54.1 9.5 2.85 2.79
90 53.5 8.6 2.81 1.93
Temperature of pulping 180 °C
30 53.0 7.3 2.78 2.36
60 52.1 5.6 2.67 1.84
90 50.7 3.2 2.57 1.47
Hydrazine catalyst
Temperature of pulping 140 °C
60 58.2 4.03 3.75 2.68
90 57.3 3.75 3.27 2.60
120 56.3 3.25 2.42 2.35
150 55.2 2.6 2.07 1.96
Temperature of pulping 150 °C
60 56.5 3.2 3.05 2.59
90 55.1 2.9 2.8 2.51
120 53.5 2.7 2.9 2.19
150 51.6 2.1 1.3 1.76
Temperature of pulping 160 °C
60 53.0 1.9 2.3 2.45
90 51.1 1.5 2.2 2.29
120 49.7 1.3 1.5 1.92
150 49.0 1.1 0.93 1.63

peratures and durations compared to pulping with
anthraquinone catalyst. It is related to significant
influence of hydrazine on delignification of plant
raw material due to 150 times greater consumption
of hydrazine than anthraquinone consumption in
investigated systems.

Obtained in isobutanol medium organosolvent
straw pulp with anthraquinone and hydrazine cata-
lysts at 150 °C temperature and 90 minutes dura-
tion are characterized by such physical and me-
chanical indices correspondently: breaking length —
7900 and 6900 m; burst index — 4.33 and 4.52 kN/g;
folding strength — 128 and 600 double folds. Thus,
at the same pulping conditions straw pulp obtained
in isobutanol—water—potassium hydroxide—hydra-
zine has less lignin, pentosans and ash content,
higher burst index and folding strength compared
to pulp obtained with anthraquinone. Such values
of indices show the possibility of organosolvent
pulp application in production of paper and card-
board. After bleaching and alkali treatment pulp
can be used in further chemical treatment for pro-
duction of different cellulose derivatives.

To compare efficiency of wheat straw delig-
nification in isobutanol medium with other investi-
gated methods of obtaining pulp, diagram of yield
dependency on residual lignin content was con-
structed (Figure).

This diagram differs from known diagrams of
Hirtz, Ross and Schmidt by the methodology of its
construction. Yield of obtained pulp is placed from
40 % (few percent lower than original cellulose con-
tent) to 100 % on the y-axis. Point corresponding
to holocellulose content (sum of cellulose, pento-
sans and hexosans) is also placed on the y-axis.
Lignin content in pulp is placed from left to right
on the x-axis starting with zero percent up to
maximum lignin content in plant raw material (for
wheat straw — 20 %). Cross of horizontal line of
100 % pulp yield with vertical line of lignin content
in plant raw material gives point corresponding to
original content of all plant components (cellulose,
hemicellulose, lignin, resins, fats, waxes, mineral
and extractive compounds). Line, which links this
point with holocellulose content, can be considered
as the line of “ideal delignification”. It characterizes
maximum polysaccharide content in plant raw mate-
rial for certain residual lignin content in pulp.

Then points corresponding to values of yield
and residual lignin content in each delignification
methods are placed on the diagram. Points are lin-
ked with line. The closer line to the line of “ideal
delignification”, the more polysaccharide yield in
pulp can be obtained at the same values of residual
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due to the decreasing of residual lig-
nin content and yield. Data from
Table 2 shows that pulping of wheat
straw in isobutanol medium with hy-

drazine allows obtaining pulp with
97 % DD, which corresponds to the

values of DD in ASAE method. By
the values of CRD organosolvent

method of delignification in isobu-
tanol medium with hydrazine is even

more effective than ASAE. That’s
why analysis of provided data in tab-
le 2 allows concluding that more
effective methods of delignification are
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Dependency of pulp yield on residual lignin content for different wheat straw
delignification methods: / — line of “ideal delignification”; 2 — IBKH; 3 —

IBKA; 4 — ASAE; 5 — PAA; 6 — neutral-sulphite; 7 — soda

lignin content due to preserving of carbohydrates
(cellulose and hemicellulose), i.e. this method is
more effective. As it is seen from Figure, among the
observed wheat straw delignification methods the
closer to the line of “ideal delignification” are fol-
lowing organosolvent methods: alkali—sulfite—alco-
hol (ASAE), pulping in isobutanol—water—KOH—
hydrazine system (IBKH) and peracetic acid (PAA).
Other provided pulping methods in isobutanol—
water— KOH—anthraquinone (IBKA), neutral-sulfi-
te and soda are significantly inferior by their effi-
ciency of lignin removal. It also can be concluded
from Figure, that above-mentioned methods can
be placed in the following sequence by increasing
their efficiency and approach to line of “ideal
delignification”:

Soda — neutral-sulfite — IBKH — PAA —

— IBKA — ASAE. (6)

Such arrangement shows, that organosolvent
delignification methods allows more selective lignin
removal and obtaining pulp with more polysaccha-
ride content than, for example, traditional soda
and neutral-sulfite methods.

Calculated by the formulas (1)—(3) values of
lignin removal indices can validate delignification
methods arrangement in obtained sequence (6).
These values are presented in Table 2.

As it’s seen from Table 2, with the increase of
pulping duration such indices as CRD and DD are
expectedly increasing and Sl — decreasing. De-
creasing of Sl with the increase of technological pa-
rameters of pulping is explained by the equation (1)

16

IBKH system, ASAE, PAA, IBKA
system, while soda and neutral-sulp-
hite methods have the lowest values
of lignin removal indices among the
investigated methods. Obtained de-
pendency of presented delignification
methods efficiency confirms abovementioned se-
quence (6) of approaching to the line of “ideal
delignification” on the diagram of yield depend-
ency on residual lignin content.

18 20

Table 2. Indices of lignin removal for different delignifi-
cation methods

Delignification Duration DD, SI, | CRD,
methods of pulping, min | % % %

30 71.41 | 64.27 | 38.31

IBKA 60 74.64 | 63.70 | 38.62

90 77.17 | 63.38 | 38.73

60 94.59 | 64.31 | 36.13

90 95.93 | 62.20 | 38.15

IBKH 120 96.53 | 60.58 | 39.74

150 97.10 | 59.80 | 40.47

30 79.29 | 67.67 | 34.24

Neutral- 60 83.86 | 63.46 | 38.21

sulphite 90 86.13 | 59.16 | 42.45

120 87.43 | 58.34 [43.105

90 69.92 | 66.11 | 36.78

Soda 120 77.19 | 63.29 | 39.08

150 78.58 | 61.59 | 40.74

180 81.15 | 60.44 | 41.68

30 79.96 | 69.85 | 31.86

60 86.11 | 59.22 | 42.38

PAA 90 91.08 | 53.62 | 47.54

120 93.81 | 50.77 | 50.08

30 91.85 | 72.89 | 27.73

60 94.47 | 61.8 | 38.79

ASAE 90 96.66 | 58.62 | 41.77

120 97.56 | 57.24 | 43.05
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Table 3. Kinetic characteristics of wheat straw delignification process in isobutanol—water—KOH—catalyst system

) Graphic method Analytic method
tem;ﬁ?i;ﬁ’ °oC Specific reaction Energy of activation Specific reaction rate | Energy of activation E,
rate k, min™'-(107%) E, kJ/mole k, min™'.(107%) kJ/mole
Hydrazine catalyst
140 3.5 2.4
150 4.2 76.6 3.2 75.1
160 9.8 6.5
Anthraquinone catalyst
150 0.6 0.3
160 0.8 125.9 1.0 128.8
180 6.7 2.6

Additional characteristics of delignification are
such kinetic characteristics as specific reaction rate
and energy of activation. In order to determine
specific reaction rate and energy of activation of
delignification in isobutanol-water-KOH-catalyst
system, kinetic curves described by first-order (4)
and second-order (5) equations were constructed.
Analysis of these curves has shown that delignifica-
tion in isobutanol-water-KOH-catalyst is described
by second-order equation, as kinetic curves for
second-order equation do not have inflections and
described by the linear dependencies with correla-
tion coefficient close to 1. Second-order reaction is
specific for wood and non-wood delignification by
different methods [11]. Results of kinetic charac-
teristic calculation for wheat straw delignification
in isobutanol medium by graphic and analytic
methods are presented in Table 3.

As it is seen from Table 3, data reaction rate
of wheat straw delignification expectedly increase
with the increase of pulping temperature. Average
energy of activation value is 75.8 kJ/mole for hyd-
razine and 127.3 kJ/mole for anthraquinone. Cal-
culated kinetic characteristics of obtaining wheat
straw pulp in isobutanol medium with different
catalysts testify about the necessity of higher energy
consumption compared to sooner investigated or-
ganosolvent wheat straw delignification [11]. As the
molecule of isobutanol has a bigger size than
methanol or ethanol, its penetrability to lignin mo-
lecules is lower and characterized by lesser locking
of hydroxyl groups in o-carbon in benzyl alcohol
lignin molecule. That is why additional energy
consumption for wheat straw delignification is re-
quired. Also, investigated pulping liquors in isobu-
tanol medium has low consumption of delignifi-
cation agent — potassium hydroxide (10 % related

to a.d.r.m.), which is insufficient for complete lig-
nin removal.

Conclusions

Performing wheat straw delignification in iso-
butanol-water-KOH-catalyst (anthraquinone or hyd-
razine) allows obtaining pulp, which is not inferior
by its physical and mechanical characteristics to sul-
fate and sulphite wood pulps and can be considered
as an alternative resource for paper and cardboard
production and further chemical treat-ment. Pulp-
ing in isobutanol medium is ecologically safe and
does not require complicated regeneration system,
as the upper layer of black liquor contains organic
solvent, which is possible to reuse in next pulping,
and bottom water layer contains dissolved mineral
and organic compounds (lignin extractives, hemi-
cellulose), which can be used as mineral fertilizer.
Presence of potassium compounds due to KOH and
nitrogen from hydrazine increases agrochemical effi-
ciency of such mineral fertilizers.

Efficiency of different wheat straw delignifica-
tion methods is analyzed on the proposed diagram
of dependency of yield on residual lignin content.
It was shown, that with the approach to the line of
“ideal delignification”, which characterizes effi-
ciency of delignification, investigated methods are
arranged in following sequence: soda — neutral-
sulphite — IBKA — PAA — IBKH — ASAE.

Calculated values of lignin removal indices for
different delignification methods can validate the
obtained sequence of investigated methods by their
efficiency.

It was identified, that delignification in isobu-
tanol-water-KOH-catalyst system is described by the
second-order kinetic equation. It was shown, that ob-
taining wheat straw pulp in isobutanol medium with
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anthraquinone requires higher energy consumption, In further research it is planned to develop
than with hydrazine and corresponds to the sooner the technological scheme of production straw pulp
investigated wheat straw delignification methods. in the medium isobutanol.
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B.A. bap6aw, O.B. AweHko

OOEPXAHHSA CONOM SIHOI LIENIONO3K B CEPEAOBMULL| IBOBYTAHOMY

Mpo6nemaTuka. 3MeHLIEHHA BUTPAT OEPEBMHN Ta BMKMAIB LUKIANMBUX PEYOBMH Yy OOBKINS 3a paxyHOK €KONoriyHo 6e3neyHunx

cnocobiB genirHidpikauii poCIIMHHOT CUPOBUHN.

MeTta pocnigxeHHA. BuaHayeHHs BMNMBY TEXHOMOrYHMX MapaMeTpiB MPOLECy OAepXKaHHs OpPraHOCONbBEHTHOI COMNOM’SHOT

MNLEHVYHOI LLentonosn Ta Aii kataniatopiB (aHTpaxiHOHY i rigpa3uHy) Ha npouec AenirHigikauii Ta OCHOBHI NOKa3HUKWU SIKOCTI LIEMoNosu,
KIHETUYHI MOKa3HWKN.
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MeToauka peanisauii. BapiHHA OpraHOCOMNbBEHTHOI COMOM’'SIHOI LLEMI0No3n 3 BUKOPUCTaHHAM KaTtanisatopiB NpoBOAMNM B CTanb-
HUX aBTOKMNaBax o6'emom 0,25 am®, 3aHypeHux y rniuepunHoBy baHto 3a Temneparypu 140-180 °C ynpogoex 30-150 xB.

Pe3ynbTaTtu gocnigxeHHs. OTpyuMaHa OpraHoCONibBEHTHA CONMOM’SIHA LLenionio3a 3 BUKOPUCTAHHSIM siK KaTanizaropa aHTpaxiHO-
HY i rigpasunHy xapakTepusyloTbCs BiANOBIAHO TakMMU (Di3UKO-MEXaHIYHUMM NOKa3HUKaMu: po3puBHa AoBxuHa — 7900-6900 m; iHaekc
npogasnioBaHHs — 4,33—4,52 kH/r; onip 3rnHy — 128—-600 noaBiiHMX nepervnHis. BcTaHOBNEHO, WO BUKOPUCTaHHSA FigpasnHy NOpiBHAHO 3
aHTpaxiHOHOM Ja€e 3MOry OTpUMarTK LIentono3y 3 MeHLIMM BMICTOM MirHiHY, 3011 Ta neHTo3aHiB. BusHayeHo, wo npouec genirHidikadii B
cuctemi isobytaHon-KOH-Boga—kaTanisaaTop ONMCyeTbCs KIHETUMHUM PIBHAHHSIM APYroro nopsiaky. Po3paxoBaHO KiHETUYHI xapakTepu-
CTMKM (KOHCTaHTM LUBMAKOCTI Ta eHeprii akTuBauii) npouecy aenirHicikauii NWEeHNYHOI CONOMM i MOKa3HWKN BUIYYEHHS NirHiHy i3 poc-
TIMHHOI CUPOBUHM.

BucHoBku. OpfepxaHa OpraHoCONbBEHTHA COMOM’siHA Lerntono3a npuaatHa Ansi BUTOTOBNEHHS MacoBMX BUAIB KapTOHHO-
nanepoBoi NpoAykLii, a nicna npoBeaeHHsi npouecis BMGiNoBaHHA Ta 06naropogXyBaHHsi — AN noganbLoi XiMivHOT nepepobku Ha pis-
Hi noxigHi uennosu.

KniouoBi cnoBa: niueHn4yHa Conoma; Lentonosa; i300yTaHomn; aHTpaxiHOH; riapasunH; KIHETUYHI XapaKTepUCTUKW; MOKa3HWKM BUOIp-
KOBOCTI.

B.A. bap6aw, O.B. AweHko

MONYYEHWE CONOMEHHOW LIENSONO3bI B CPELE M30BYTAHONA

Mpo6nemaTuka. YMeHblLEeHME pacxodoB ApPEeBeCUHbl M BbIOBPOCOB BpEeAHbIX BELLECTB B OKPYXaOLLYH Cpeay 3IKONornyecku
6e3onacHbiMu cnocobamu genurHndukaunm pacTMTENbHOIO ChipbS.

Llenb uccnepoBanus. OnpeaeneHne BRAUSHUS OCHOBHBLIX TEXHOMOMMYECKMX MapameTpoB MpoLecca MosyyYeHus opraHocosb-
BEHTHOW CONMOMEHHOWN MLIEHWNYHOMW LLeNmonosbl U AEUCTBUS Pa3NMyHbIX KaTanus3aTopoB (aHTpaxvMHOHa U rymapasvHa) Ha npouecc ge-
TIMrHUEUKaLMW 1 OCHOBHbIE NoKa3aTenn kayecTsa Liensonosbl, KMHeTuYecke nokasarenu.

MeTtoaumka peanusauuun. Bapky opraHoconbBeHTHOW CONIOMEHHON LeNnmornosbl C UCMOMb30BaHNEM KaTanu3aTopoB NPOBOAWMM B
CcTanbHbIX aBToknaeax o6bemom 0,25 am°, NOrpy>XEHHbIX B rMULEPUHOBYIO GaHio, HarpeTyto Ao Temnepatypbl 140-180 °C, Ha npoTs-
xeHun 30-150 MuH.

Pe3ynbTaTbl nccnepoBaHus. [TonyyeHHasi opraHOCONbBEHTHHAS CONIOMEHHasl Liennono3a ¢ UCnonb3oBaHNEM B KayecTBe Ka-
TanusaTopa aHTpaxuHOHa W rmapasviHa XxapaKTepuaylTCsl COOTBETCTBEHHO TakuMu (hU3MKO-MEXaHUYECKUMMU MnokasaTensimm: paspbis-
Haa annHa — 7900-6900 m; nHaekc npogaBnuBaHust — 4,33-4,52 kH/r; conpotuBneHue cruby — 128-600 aBoriHbix nepernbos. Ycra-
HOBIIEHO, YTO WUCMOb30BaHWE ruapasnHa B CPABHEHUW C aHTPaXMHOHOM MO3BOMSET NOMYYUTb LENMono3y ¢ MEeHbLUMM COAEpXaHuem
TNUTHWHA, 301bl U NeHTo3aHoB. OnpegeneHo, YTo npouecc Aenurindukaunm B cucteme nzobyraHon-KOH-Boga—kaTanusaTop onuchbl-
BaeTCs KMHETUYECKUM ypaBHEHWEM BTOPOro nopsiaka. PaccuntaHbl KUHETUYECKUE XapaKTepUCTUKN (KOHCTaHTbl CKOPOCTU U SHEPruu ak-
TUBaLMK) Npouecca AenurHugukaLum NeHNYHO CoNoMbl U NokasaTenu yaaneHust MMrdnHa u3 pacTUTENbHOro Chipbsi.

BbiBoAbl. [onyyeHHas opraHoCOfbBEHTHAsi CONMOMEHHas Lienntonosa npurogHa Ans U3roToBneHUst MacCoBbIX BUAOB KAPTOHHO-
OyMaxxHOM MpoayKuMn, a nocne NpoBeAeHUst MPOLLECCOB OTOENVBaHMSA U obnaropaxvwBaHusi — Ans AanbHenLen XMM1M4eckon nepepa-
6OTKWN B NPOM3BOAHBIE LLENIIIONO03bI.

KnioueBble crnoBa: nieHnMyHas conoMa; Lennionosa; n3obyTaHon; aHTpaxnHOH; rmapasunH; KNHETUYECKNe XapaKTepUCTUKK; Mno-
Kasarenu n3bupaTtenbHoOCTHU.

PexomennoBana Pamoro Hapiitiia mo penakiii
iHXXEHEPHO-XiMIYHOTO (DaKyIbTeTy 15 uepBHa 2015 poky
HTVYY “KIII”
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