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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcmar Pecniybrniukacbl Y¥nmmbiK fbifibiM akademusicel "KP ¥FA Xabapnapbi. Xumusi xoHe
mexHorsoeusi cepusicbl” fbinbiMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicel XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kKabblnday wmacesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramOacmbIK YWiH eH 63eKmi xoHe 6edesidi XUMUSIIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «h3eecmus HAH PK. Cepusi xumuu u mexHosnoaul» 6bir
npuHam Ans uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
ColepxxaHue 8 amom uHOeKcuposaHuUu Haxodumcs 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0nsi danbHeliweeo npuHImMusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem kadyecmeo u
enybuHy koHmeHma 0ns uccriedosameried, asmopos, usdamerel u yupexdeHul. BknoyeHue Msgecmus
HAH PK e Emerging Sources Citation Index GemMoHcmpupyem Hawy MnpueepXxeHHocmb K Hauboree
akmyasibHOMY U 8/1USIMmesIbHOMY KOHMEeHMY o XUMUYEeCKUM Haykam Ors Hauleeo coobujecmea.
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PRODUCTION OF NITROCELLULOSE
FROM CELLULOSE CULTIVATED IN SOUTH KAZAKHSTAN
UNDER SUPERCRITICAL CONDITIONS

Abstract. This article presents the results of a study of the process of producing nitrocellulose from Kazakhstani
cellulose raw materials using supercritical technology.

Nitration can be carried out both directly and indirectly. Direct nitration processes include the reactions of
replacing a hydrogen atom by a nitro group or the addition of nitrating agents via a multiple bond, and indirect
nitration involves replacing other atoms or groups of atoms with a nitro group (for example, halogens, sulfo groups).
Indirect nitration methods include oxidation reactions of nitrogen-containing substances to nitro compounds, as well
as condensation reactions leading to nitro compounds.

At the same time, the traditional method of nitration of cellulose is quite “dirty” from an environmental point of
view, since it spends a huge (several thousand times more than the volume of nitrocellulose obtained) amount of
water for the subsequent stage of washing nitrocellulose from nitration mixture residues after nitration.

This factor significantly increases the cost of water decontamination and links production to large reservoirs,
which is not always possible, especially in arid regions.

In addition, due to the relatively small conversion of the nitration process using a nitrating mixture, the
production of nitrocellulose requires the construction of large-scale production workshops. Which is also not always
justified.

Associations with the above are of great interest to alternative nitration technologies, in particular nitration
under supercritical conditions.

The aim of this work is to study the processes of nitration of cellulose in a supercritical static reactor.

For the experiment, the nitration method was chosen in a static supercritical reactor in a carbon dioxide medium
using nitric oxide V as a nitrating agent.

As a raw material, cotton pulp of the 1st grade was used.

The initial reagent for producing nitric oxide V was nitric acid with a concentration of 65%

The process was carried out in a static reactor.

As aresult, a white fibrous mass was obtained, similar in appearance to cellulose, readily soluble in acetone and
insoluble in water, the density was 1.63 g / cm?, based on the density, analysis of the melting temperature and the
nature of the combustion, we can conclude pyroxylin with a nitrogen content of 12.05 - 12.4%.

Keywords: cellulose, nitration, supercritical conditions, nitrocellulose.

Introduction. Nitration is one of the most important reactions of organic synthesis and is widely used
in laboratory practice and production [1-3].

Nitration can be carried out both directly and indirectly. Direct nitration processes include the
reactions of replacing a hydrogen atom by a nitro group or the addition of nitrating agents via a multiple
bond, and indirect nitration involves replacing other atoms or groups of atoms with a nitro group (for
example, halogens, sulfo groups). Indirect nitration methods include oxidation reactions of nitrogen-
containing substances to nitro compounds, as well as condensation reactions leading to nitro compounds.
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The nitration processes are well studied and mastered by industry, and with their help a large number
of highly demanded products are obtained, in particular cellulose nitrates, which are one of the most
widely used cellulose ethers, the industrial production of which began back in the 19th century. Different
applications of cellulose nitrates are determined by their specific properties. High mechanical strength and
the ability to transfer to a plasticized state, good solubility and compatibility with available plasticizers -
all this provided high volumes of production of cellulose nitrates for the manufacture of gunpowder,
rocket fuel, varnishes, paints [4-9].

At the same time, the traditional method of nitration of cellulose is quite “dirty” from an
environmental point of view, since it spends a huge (several thousand times more than the volume of
nitrocellulose obtained) amount of water for the subsequent stage of washing nitrocellulose from nitration
mixture residues after nitration [10-14].

This factor significantly increases the cost of water decontamination and links production to large
reservoirs, which is not always possible, especially in arid regions.

In addition, due to the relatively small conversion of the nitration process using a nitrating mixture,
the production of nitrocellulose requires the construction of large-scale production workshops. Which is
also not always justified [15-17].

Associations with the above are of great interest to alternative nitration technologies, in particular
nitration under supercritical conditions.

The current environmental and social environment urgently requires new approaches to the synthesis
of organic substances. In particular, there is a shortage of energy and water resources, which puts the issue
of rational use in the forefront. One of the solutions to this problem is the use of carbon dioxide in the
supercritical state as a reaction medium [18].

At a pressure of more than 74 atmospheres and a temperature of more than 30 ° C, carbon dioxide
passes into a supercritical state, in which its density is like that of a liquid, and its viscosity and surface
tension are like that of a gas. Such properties make supercritical carbon dioxide an effective non-polar
solvent [19-25].

Carbon dioxide, used in a supercritical state as a reaction medium, has a number of properties
inherent in gases. Moreover, it has a number of attractive properties that provide additional benefits when
using this gas as an aid in extraction.

- universal dissolving ability with respect to organic compounds, physiologically does not cause
concern, because is the final product of the metabolism of a number of living organisms, including
humans.

- In relation to the conditions of supercritical fluid extraction, carbon dioxide is chemically inert and
does not enter into chemical interactions with reagents.

- CO; is relatively safe for the environment, which suggests the possibility of creating an
environmentally friendly type of production.

- Carbon dioxide is one of the most accessible and widely used gases in the food industry.

The aim of this work is to study the processes of nitration of cellulose in a supercritical static reactor.

Materials and Methods. For the experiment, the nitration method was chosen in a static supercritical
reactor in a carbon dioxide medium using nitric oxide V as a nitrating agent.

The raw materials used were cotton pulp of the 1st grade according to GOST 3818.0 produced by
Khlopkoprom-Cellulose LLP in 2019.

The initial reagent for producing nitric oxide V was nitric acid GOST 4461-77 with a concentration of
65% (requires additional strengthening by distillation with oleum).

Results and discussion. The synthesis of pyroxylin under supercritical conditions involves several
stages

1 Preparation of nitric acid and bring it, but a sufficient concentration.

Since nitric acid is manufactured industrially and delivered to the market, it has a concentration of not
more than 62%, which is insufficient for the nitration reaction and the production of nitrogen pentoxide, it
is necessary to strengthen it.

The strengthening process consists in the distillation of nitric acid in a mixture with oleum in a ratio
of 1: 3 at atmospheric pressure without access to atmospheric water. As a result, nitric acid with a strength
of more than 80% was obtained.

2 getting nitric oxide.
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Since the nitration process was selected under supercritical conditions, nitric pentoxide (Nitric Oxide
V, N»Os) was used instead of the traditional nitrating mixture.

To obtain it, it is necessary to add phosphorus V (P.Os, phosphorus pentoxide, phosphoric anhydride,
phosphorus pentoxide) to frozen concentrated nitric acid (melting point —41.59 °C, recommended process
temperature -78.5 °C).

The reaction must be carried out in the environment of ozone O3z for which an ozonizer is introduced
into the installation.

After addition of phosphorus oxide V, the reaction proceeds at a temperature of 28.0 °C. Under these
conditions, nitrogen pentoxide is sublimated and transferred to a collection tank, which is also
recommended to be cooled to sub-zero temperatures (from -20 to -40 °C). At the same time, ozone must
circulate in the system throughout the process.

The reaction proceeds according to the formula:

2HNO;3 + P,Os— 2HPO;3; + N,Os
And in parallel with the reaction:
2NO;+ O3 — N20s5 + O

Figure with the image of the installation for laboratory synthesis of nitrogen pentoxide is shown in
figure 1.

fo) 6L 3L Natron
2 4

Figure 1 - apparatus for the synthesis of nitrogen pentoxide

Concentrated nitric acid (concentration of more than 75%) is loaded into the reactor 1 and cooled to
the freezing point using a refrigerator 2, then phosphorus oxide V is introduced into the reactor 1 in a ratio
of 1/1, after which ozone is obtained by passing oxygen from the cylinder 6 through the ozonizer 5, during
the reaction, the resulting nitrogen pentoxide is sublimated and condensed in the receiver 2 through the
refrigerator 3, while the receiver 2 is also cooled by the refrigerator 8 to stabilize the nitric oxide V, the
released and unreacted oxide nitrogen IV is neutralized in tank 4.

As a result, white nitric pentoxide crystals (figure 2) and nitric oxide IV vapors as a by-product will
be obtained in the collection.

The reaction yield is 53% based on 100% nitric acid.

Figure 2 - Nitrogen Pentoxide Crystals
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It should be noted that the crystals of nitrogen pentoxide are extremely unstable and their long-term
storage is impractical; for this reason, the obtained pentoxide should immediately go to the 3-stage
cellulose nitration.

3 Cellulose nitration

Cellulose nitration is carried out using nitrogen pentoxide in a ratio of cellulose / pentoxide, 1/6

The process takes 15 minutes

Temperature - 32 ° C

Pressure - not less than 72 atm.

The process was carried out in a static reactor (a reactor with an intensification mixer or a circulation
pump for process intensification is recommended)

The reaction yield is almost 100% for cellulose.

The reaction was carried out according to the formula:

¢ I

0=N - PR

° \ O  N—o
OH 32°¢ o OQNV /

OH 72 bar \ 0
u /ﬁo HO, \W\O + 3N0s T /ﬁo lo) ~~0 + 3H,0
OH 0 RN 0
OH N (o}
" AN N,\o ¢ !
° 0 o =0

As a result, a white loose fibrous mass was obtained, similar in appearance to cellulose, readily
soluble in acetone and insoluble in water, the density was 1.63 g / cm?, based on the density, analysis of
the melting temperature and the nature of the combustion, we can conclude that pyroxylin with a nitrogen
content of 12.05 - 12.4%.

Conclusion. As a result, the first synthesis of pyroxylin from Kazakhstani cellulosic raw materials
using supercritical technology was carried out.

The advantages of the process are

-Small water consumption

-Fast reaction

High process selectivity

-High conversion process

-Lack of sulfur compounds in contrast to the traditional nitration method

We continue to work on this process in order to optimize and scale it.

E.C. Uxcanos, H.A, Meiip6exoB, K.M. [llanmaramoeron

On-Dapabu aTeiHIaFE Ka3ak YITTHIK YHHBEPCHUTETI;
OU3UKAIBIK-XUMHSIIBIK 3€PTTEYIIEp KIHE TaIIay oliCTepl OPTAIIBIFEL,
Anmarsl, Kazakcran

OHTYCTIK KABAKCTAHJIA KUbIH JKAFJJANJIA OCIPLIETIH LEJLTIOJIO3AJJAH
HUTPOLEJIIOJO3A OHJIIPY

Annotanusi. byl Makananga cynepKpUTHKAIBIK TEXHOJIOTHSIHBI KOJIIaHA OTBIPHIIN, Ka3aKCTaHIBIK LEJUTI0N03a
IIMKI3aThIHAH HATPOLIEILTION03a ajly MPOLECIH 3ePTTEeY HATHXKEIEepi KeATipiIreH.

Hutpuzamus Ttikene#t ne, kaHama TypAe A€ XKYprizinyi MyMmkiH. Tikenedl HUTpaTTay IMpOIECTEepiHE CyTeTi
aTOMBIH HUTPO TOOBIHA aybICTHIPY HeMece OipHelne OaillaHBIC apKBUIBI HUTPATTay areHTTEPiH KOCY PEaKIIsICHI
Kipemi, ax kaHaMa HUTpamnus Oacka aToMaapIsl HeMece aToMIap TOOBIH HHUTPO TOOBIMEH alMacThIPYIBI KaMTHIBI
(MmbIcanpl, ramoreHzaep, cynbpo TomTapsl). JKaHama HHUTpIEY oIiCTepiHE a30T KOCBUIBICTAPBIHBIH a30TTHI
KOCBUIBICTapFa TOTBIFY pPEaKUMsUIapbl, COHIAaW-aK HHUTPOKOCBHUIBICTAPFA amapaTbhlH KOHAEHCALUS peaKLUsIaphl
KaTaJbl.

CoHbIMEH Karap, LEJUTION03aHbl HUTpPATTAyAbIH JSCTYPJl SAiCi DKOJNOTHSUIBIK TYPFBIIAH <JI1ac» OOJIBII
TaObLIa b, OUTKEHI OJI HUTPOLEIUTIONI03aHbIH HUTPATTAIFaH KOCIaAaH KeHIHT KalbIKTapblHaH KeHIHT1 Kyy Ke3eHi
YILIH CYJbIH YJIKSH MOJIIICPiH ajia/ibl (aJIbIHFaH HUTPOLIEILIION03a1aH OipHelle MbIH ece Kell).

By dakrop cyapl 3apapchl3IaHAblpy KYHBIH €0ylp apTTBIpaabl XKoHE OHAIpicTi ipl Cy KoHWMajapbIMEH
OaiimaHBICTBIpaIbl, Oy OpAalibIM MYMKIH €eMec, acipece Kyprak aiiMakrapa.
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CoHbIMEH KaTap, HUTpPJIEY KOCIAChIH KOJIAAHBII HUTPATTAy MPOLECIHIH CaJbICTHIPMANbl TYPIE a3 e3repyiHe
0aiinaHbICThl HUTPOIIEJUIIONIO3a OHAIPIC Ipi OHAIPIC LIEXTAPbIH CATyAbl KXKET eTe/li, Oy opaiibiM akTamIManibl.

)Korapbma aTajlraH KaybIMJIaCTbIKTap aﬂbTepHaTI/IBTi HUTPpUTAIUAJIBIK TEXHOJIOTUAIapra, acipece KPUTHUKAJIBIK
mafuaﬁnapua HUTpU3alydara YIKCH KbI3bIFYHIBUIBIK TYAbIPpAabl.

ByJ1 J)KYMBICTBIH MaKCaThl - ©6T¢ KPUTHUKAIBIK CTATHKAJIBIK PEAKTOPAAFhl LEJLIFOIO3aHbl HUTPIICY MPOIECTEPiH
3eprrey.

OKcHepyMEHT YLIIH HUTpJIEY 9JicCi peTiHIe a30T OKCHIIH V KOJJaHa OTBIPBIN, KOMIpTeri IMOKCHII OpTaaarbl
CTATHUKAJIBIK CHIHFBIII PEAKTOP/Ia HUTPIICY O/1ici TAHJAIIBL.

Mukizat periage 1-mri KjIaccTarsl MaKTa MEJUTION03a TalaTaHbUIIbL.

A30T okcuai V aiy YIIIiH ajFaliKbl peareHT KOHIICHTPAUACH 65% a30T KBIIIKBUTBI OOJIIBI

[Iporecc cTaTuKaIbIK peakTopaa Ky pri3iimi.

Hotmxkecinne nesuiono3ara ykcac ak 00pIbUIIaK TaIIIBIKThl Macca ajbIHbI, alleTOHIa OHAH epul koHe cyaa
epiMeii/ii, THIFBI3/IbIFbI, OAJIKy TeMIlepaTypachl MEH JKaHy CHIIaThIH TallAay HerisiHae, 1,63 r/cM® 001/1bl, KOPBITHIHbI
*acayra 0oJaibl. MMPOKCUIIMH KypambIH/a a30T meutepi 12,05 - 12,4%.

TyiiiH ce3aep:. 1eIIII0103a, HUTPIEY, ChIHU aFdaiiap, HUTPOLEIUTI0N03a.

E.C. Uxcanos, H.A, Meiip6exoB, K.M. [llanmaramoeron

Kazaxckuit HanoHaNBHBIN YHUBEPCUTET UMEHH alib-Dapadu
LenTp Qu3NKO-XMMHYIECKHX METOAOB UCCIIENOBAHUS U aHaIM3a, Ka3axcraH, AnMaTsl

MOJYYEHUE HATPOLEJLIIOJIO3bI U3 HEJLIIOJ03bI, KYJIbTUBUPYEMOM
B IO’ KHOM KA3AXCTAHE B CBEPXKPUTHYECKHUX YCJIIOBUAX

AnHOTauMsA. B naHHOM cTaThe mpeacTaBieHbl Pe3yJIbTaThl H3yUEHUS Mpoliecca MOTyYeHHs] HUTPOUEIIO3bl U3
Ka3aXCTaHCKOTO LEJLTIOJIO3HOTO CHIPhS C HCIIOJIB30BAHUEM CBEPXKPUTHUCCKHIX TEXHOJIOTHH.

HutpoBanme MOXET OCYIIECTBIATHECA KakK MPSIMBIM, TaK W HENpsMbIM myTeM. K mpomeccam mpsmoro
HUTPOBAHUS OTHOCAT PEAKIMU 3aMEIICHUS aToMa BOJOPOAA HAa HUTPOTPYIITY I HPUCOCIMHEHHE HUTPYIOMINX
areHTOB 10 KpPaTHOH CBS3M, K HENPSIMOMY HHUTPOBAHWIO — 3aMEHy JPYTHX aTOMOB WM TPYII aTOMOB Ha
HUTPOTPYNITy (HAIpUMEp, TaJIOreHOB, Cynmbdorpymmbl). K MeromamM HENpsSMOro HHUTPOBAaHHUS MOXKHO OTHECTH
peaknuy OKHCIEHHUS a30TCOIEpXKAlIMX BEIIECTB JO HUTPOCOSAWHEHWH, a TakKe pEeaklud KOHJIESHCAIUH,
MIPUBOIAIINE K HUTPOCOEAMHEHUSM.

B TO0 Xe BpeMs TpaAMIIMOHHBIA METOJ HHUTPOBAaHHWS IEJUTIONO3BI SBIISETCA IOCTATOYHO “TPSI3HBIM~ C
9KOJIOTHYECKOW TOYKHM 3PCHHUS, TaK KaK 3aTpayMBaeT OTPOMHOE (B HECKOJIBKO THICSY pa3 Ooiiblie oObeMa
MOJIy4aeMON HUTPOLIEIUIIONIO3bI) KOJMYECTBO BOJABI HA TMOCIEAYIOUIYIO IOCJIE€ HUTPOBAHUS CTAUI0 MPOMBIBKU
HUTPOLEIUTIONO3bI OT OCTATKOB HUTPYIOIIEH CMECH.

JlaHHBI (haKTOp 3HAYHUTENHEHO TOBBIMIACT 3aTPAThl HA JC3AKTHUBAIMIO BOJBI M MPUBS3EIBACT IPOU3BOACTBO K
KPYITHBIM BOJIOEMaM, YTO HE BCETJ]a BO3MOXKHO, OCOOCHHO B 3aCYIIUIHBBIX PErHOHAX.

Kpome Toro, mo mpuuMHE OTHOCHTEIBHO HEOOJIBIIOW KOHBEPCHH IPOIECCA HUTPOBAHHS C UCIIOJIBE30BAHHEM
HUTPYIOIIEH CMeCH, MPOMU3BOACTBO HHUTPOLEILIIOIIO3BI TPEOyeT CTPOUTENBCTBA MACIITAOHBIX IPOM3BOJCTBEHHBIX
[IEXOB, YTO TOXKE HE BCETIa OMPaBIaHO.

CBsi3U C BHIIICNICPEUNCICHHBIM, BBICOKHIA WHTEPEC BBI3BIBAIOT ANBTEPHATHBHBIC TEXHOJIOTUH HHUTPOBAHHA, B
YaCTHOCTH HUTPOBAHHE B CBEPXKPUTHUECKUX YCIOBHUSIX.

Lenpto manHOW paboOTH SBISETCA WM3YYEHHE MPOIECCOB HHUTPOBAHUS IEJUTIOJIO3BI B CBEPXKPUTHYECKOM
CTaTHYIHOM PEaKTOPE.

Jlyis ipoBeieHus OMbITa ObLI BHIOPAH METOJ HUTPOBAHUS B CTATHYSCKOM CBEPXKPUTHYECKOM PEAKTOPE B Cpeiie
JIMOKCHUA yTiiepoa ¢ MPUMEHEHNE OKCHIa a30Ta V B Ka4eCTBE HUTPYIOUIETO areHTa.

B kaudecTBe ChIpbsl UCTIOIB30BAIACH XJIOMKOBAs 1eJITI0I03a 1 copTa.

HcxoaHBIM peareHToM TS TIOTYYeHUs OKCHIa a30Ta V ObLIa a30THAs KUCIIOTa KOHIIEHTparmen 65%.

IIpouecc mpoBoAMIICS B CTATHYHOM PEAKTOPE.

B pesynmeTate monydeHa BOJIOKHHCTAas pHIXJIasg Macca Oeloro IBeTa, MO BHEIIHEMY BHIY IIOXOXas Ha
[EJUTI0NIO3Y, XOPOIIO PAacTBOpPHMAsi B alleTOHE M HEPacTBOPHMAas B BOAE, IUIOTHOCTh cocTaBmia 1,63 r/cM®, Ha
OCHOBaHHMHU IUIOTHOCTH, aHAlN3a TEMIIEPATyphl IUIABIICHHUS W XapakTepa TOPEHHs MOKHO CIENaTh BBIBOA, UTO
MOJTyYeH MUPOKCIIINH ¢ cojiepkanueM azota 12,05-12.4 %.

Ki1roueBble cji0Ba: [IEIUTI0I032, HUTPOBAHNE, CBEPXKPUTUIECKHE YCIOBHUS, HUTPOIIEIUIIOI03a.
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