Kamanusz u nepmexumus, 2013, Ne 22 67

Department of Chemical Technology and Research
of BPCI NAS Ukraine.

Intentions and Accomplishments.

L.M. Shkaraputa

Institute of Bioorganic Chemistry and Petrochemistry, NAS of Ukraine,
1, Murmanska Str., Kyiv 02094, Ukraine, Fax: (044) 559-98-00

Department of Chemical Technology and Research — DCTR — was created in 1977. Academician
Gutyrya V.S., Prof. Sklyar V.T. and Prof. Shkaraputa L.M. defined the core area of research as devel-
opment of scientific basis of industrial production bioorganic, organic and petrochemical products.
They also formulated department’s mission statement and philosophy. The core factor in defining these
areas was recognition of the fundamental difficulties in transferring laboratory level syntheses and reci-
pes into high volume industrial production. Only by means of creating and employing complex
mathematical models to describe the chemical reaction patterns and dependencies, one can develop ap-
proaches of efficient large-scale production, creation and optimization of appropriate equipment tool-
sets. In light of the chosen R&D direction, the efforts of the Department’s staff are focused on analyz-
ing the mechanisms, kinetics, thermodynamics, thermo-physics, hydrodynamics of chemical interac-
tions, creating and enhancing chemical process models, developing and optimizing the production
equipment, procedures and technical know-how.

DCTR researchers
(Shkaraputa L.M., Kononov
O.V.,, Tyshchenko L.O.)
were first to discover that
electrophilic  addition of
chlorine to olefins in water
may proceed according to
both associative as well as
the dissociative mecha-
nisms. Thus, the criterion
for differentiating areas of
bi- and tri-molecular inter-
action was uncovered.
Based on fundamental
chemical acts, for the first
time the correlations de-
scribing the speed of formation of the products were determined, and conditions
enabling determination of the current concentration of olefines vs. conductivity of the reaction mixture were uncovered, thus
considerably simplifying determination of kinetic constants. The mathematical expressions that adequately describe the
process were established, the algorithm of optimization and calculation of the non-stationary modes were developed, that
was realized in the original methods of generating 3-chlor-4-oxy- and 3,4-dichlorotholane-1,1-dioxides (Shkaraputa L.M.,
Kononov O.V., Sklyar V.T.).

Process sulfatization was also studied by similar approach. The mathematical description of the twin-screw reactor-mixer
was formulated that takes into account the regular patterns of transporting, warm-up, crystallization and actual chemical
transformation of reagents mixture under continuous evacuation of one of the ingredients. These researches enabled devel-
opment and successful demonstration of the production process to generate highly-efficient substances for treatment of cot-
ton fabrics “JIYP” and “JIUMOC” in high volume (Shkaraputa .M., Sklyar V.T., Bezmenova T.E., Usenko Yu.N., Si-
dorova O.S.).

DCTR experts proposed effective emulsion stabilizers “DC-27, “2C-4”, “B3C-1”, developed technologies for directed
emulsion and acid treatments of the by-face areas, technologies of mining hole muftling by reverse emulsions on the basis of
“OC-2” emulgators (Sklyar V.T., Kendis M.Sh., Gluschenko V.M.). The thermo-physical and thermo-chemical properties
of reagents, thermodynamic and kinetic parameters of interaction between deep blue tailings of SFA and dextramine were
studied and the adequate mathematical models of processes in different types of reactors were designed. Based on optimiza-
tion technological regulations were developed to produce 5000 t of “IC-2” and “3C-4” on Drohobytch oil refinery
(Shkaraputa L.M., Sklyar V.T., Danilenko V.V., Tabakov A.V.). Production revenues exceeded 30,000,000 soviet roubles.
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The department has conducted (Shkaraputa L.M., Bespalyj A.S., Danilenko V.V., Tabakov A.V.) large scale selection of
the alternative raw material and development of compounding and technological processes to synthesize composition bind-
ers from inefficiently utilized substances and by-products of oil refining (oil slurry, sour tar, asphalt-extract mixtures (AES),
tar, rubber wastes, etc) for road construction and coke technology. The ways of affecting quality factors were found. Effec-
tive alloying admixtures and accessible catalysts which enable generating binders without involving traditional air oxidation
were offered. The new binder recipes were recognized as original inventions. It was shown that the use of cavitation influ-
ence not only radically improves component mixing, but due to its high-energy impact enables the factor of 4-12 accelera-
tion of the chemical processes of generating binders via compounding and oxidation. The dependences between geometry of
the supercavitational mixer, modes of circumfluence and terms of oxidation were investigated, the mathematical model of
the supercavitational mixer and calculation methodology of its construction were created (Shkaraputa L.M., Tyshchenko
L.O., Shevchenko L.A.). The technology for generating high-quality compositional binders “bILLIB”, “KBAI'Y”, “KBA-
I'Y-B” were developed and implemented at Krementchug oil refinery (Shkaraputa L.M., Danilenko V.V., Sklar V.T.,
Bespaly A.S., Tabakov A.V.) to produce 200,000 tons/year binders for road construction and briquetting of coke. The use of
tar, sour tar and oil slurry, promoted improvement of the ecological aspects of production.

DCTR staff studied possibilities to synthesize binders for road building based on oil products with high paraffin content
and wastes which had accumulated at Drohobych oil refinery. The department developed recipes for producing high-quality
road building binder compounds “KB”, and liquid emulsion composition binders “KBXK”, that were used for macadam
blackening and preparation of the road mixture to generate the coating. As a result, the industrial production of binders for
road construction was established for the first time at Drohobych oil refinery with production volumes of 20 thousand
tons per year based on original technological process.
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Hundreds of thousands of tons of binders “BILIB”,
“KBAI'Y”, “KBAI'Y-b”, “KB” and “KBX” have
been produced. Implementation of these technological
processes for production of compositional binders al-
lowed significant reduction of energy costs while util-
izing sour tar, oil slurry, wastes, and practically elimi-
nating harmful emissions into the atmosphere.

The practical experience to work with by-
products and wastes of oil refining enabled to of-
fer (Shkaraputa L.M.) facilities to curb dust for-
mation in the site of Chernobyl Nuclear Power
Plant after disaster in May, 1986. For dust sup-
pression on the roads it was recommended to ap-
ply oil slurries and oil refining wastes accumu-
lated at oil-processing factories. The effectiveness
of this oil slurry based methodology was proven
in Chernobyl. The mobile layer of soil particles were saturated with oil products and formed films, which pre-
vented dust migration, even when been destroyed under the tires of heavy trucks. The specifications on o0il slurry
and technological recommendations for dust suppression were developed and over 10 thousand tons of slurry
were used in May—June 1986 under the direction of DCTR employees (Shkaraputa L.M., Manojlo O.1.)

The original synthetic decontamination detergent composition was designed (Krentkovska O.J., Shkaraputa L.M.,
Kukhar V.P.) and applied at Chernobyl Nuclear Power Plant for decontamination and laundering of clothing and sheets in
cold water (from +5 °C) based on the special assignment from the Ukraine Ministry for Chernobyl. The production technol-
ogy was developed, the experimental lots of the new synthetic detergent and decontamination composition was produced
and proved its effectiveness at JV “Complex”.

DCTR has offered the alternative sources of raw materials for synthesizing technological oils used in steel wire drawing,
The original compound was synthesized for this purpose, which exceeded by the factor of 1,5-2 the operational parameters
of all known alternatives, and the process technology was developed (Danilenko V.V., Shkaraputa L.M., Kendis M.Sh.).

Per the request from the Ministry of Construction, its were developed synthetic hydrophobic coatings of cardboard air-
ducts for use in heating and air circulation systems (Bespalyj A.S., Shkaraputa L.M., Danilenko V.V.). Experimental lot of
such air-ducts passed all testing successfully.

Research and development of emulsifiers and inhibitors was extended into the area of corrosion inhibitors for oil pro-
duction equipment, new recipes and technologies were created. New recipes for synthetic inhibitors for these targets
without hydrogen sulfide, the “/{opan-117, and with hydrogen sulfide, the “/lopan-1BII” were designed (Shkaraputa
LM, Sklyar V.T., Danilenko V.V., Tabakov A.V.). Their operating characteristics drastically exceed the characteristics
of the known inhibitors, while their cost is the factor of 2 lower. The “/lopan-1BII” inhibitor was tested at “Buzu-
luknafta”, with its high efficiency proven experimentally, while tests at Poltava NGBY proved effectiveness of “lopan-
117 product.

In 1992 the development of technology to produce the equivalent of azidothimidine (‘“Teosumun’), the HIV treatment
drug, was started. Using developed stage-by-stage process control, the optimization of “Teo3umun” synthesis by route D-
glucose — 2-desoxy-D-ribose — thimidine — “Teosumun” was successfully realized (Shkaraputa L.M., Kononov O.V., Polya-
kov O.D., Danilenko V.V., Yazlovitsky A.V., Lushnik L.S.) and high quality thimidine was prepared. The preclinical study
of “Teo3uamn” was conducted, its identification tests were developed, it’s specific action and margin toxicity were studied.
The main conclusion of the virologists was that “the inhibiting action of the domestic drug is equivalent to that of Retrovir”,
and that “we may ascertain the similarity of symptomatic outcomes of the corresponding reactions to toxic influence of the
AZT (“Teozugun’) substance and Retrovir drug”. The State Scientific and Research Institute “Khimfarmproekt” conducted
analysis of “Teosumuna” R&D and volume production location. Principal technological schemes were developed to produce
the substance on the Cherkassy Chemical Reagents Plant. It was calculated that the cost of 1 kg of “Teozuaun™ would be
significantly lower in comparison with Retrovir, produced by “Velkom™ and “Tuma3zun”, produced by the Russian associa-
tion “AZT. Thus, the production of domestic “Teosumun’ should save Ukraine from $2,000 to $9,000 for every kilo of
the drug. Also efficient synthesis of AIDS treatment drug D4T was also developed, the process control and the techno-
logical recipes were developed. The DAT samples were prepared for preclinical tests (Shkaraputa L.M., Kononov O.V.,
Polyakov O.D.).

Unfortunately the top managers of Ukraine Committee on AIDS showed lack of interest in organization of domestic
HIV inhibitors production and further financing of the development and scale production of AZT and D4T was stopped.
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At the same time the importance of such research was manifested in the State Award by the Russian Federation given to
the ex-employee of DCTR O.V. Kononov for development of the Russian equivalent of AZT.

In the early 1980-s potassium N-(1,1-dioxothiolan-3-yl) dithiocarbamate was synthesized. The compound was called
“Cynbdokapbatron-K” (CKK). Out of many thousands of synthesized compounds only very few passed biological, toxi-
cological and ecological tests are economically viable and become commercial products. Certification of agrochemicals is
a very long and complex process, which typically requires around 1000—1500 man-years and 50-100 Millions of US dol-
lars. While developing CKK technology the key chemical reactions were studied precisely. Detailed understanding of
amination of 3-thiolen-1,1-dioxide enabled .to find original catalysts of the process which allowed to accelerate the reac-
tion in 68 fold and to boost both efficiency and selectivity of the process. The kinetic and thermodynamic parameters,
thermo-physical characteristics of the reaction mass were investigated and the adequate mathematical models of the proc-
ess were created. The optimum process parameters were determined: the process duration was shrunk from 2848 hours
to 2—4 hours, a pressure was reduced from 25-30 to 3—5 atm, and a problem of ammonia recycling was resolved. The
experimental verification showed that the product yield increased from 76-80 % to 93-98 %, and the selectivity — from
76-86 % to 95-99 % (Shkaraputa L.M., Kononov O.V., Sidorenko V.M., Sklyar V.T., Danilenko V.V.). Previous
attempts to synthesize even small amounts of “CynbgokapOaton-K” showed that the previously known
dithiocarbamination methods were unsuitable for industrial production due to low yield, considerable toxicity of target
product and big amount of waste generated. DCTR researchers uncovered conditions for high-selectivity generation of
dithiocarbamates and proved the effectiveness of programmable delivery of the initial ingredients into the reaction area.
As a result of conducted research, the mechanism of reaction between amines and carbon disulfide was revised
(Shkaraputa L.M., Kononov O.V., Polyakov O.D.). The regular patterns of dithiocarbamination in the variable mass
reactor were described quantitatively. The optimum distribution of reagents introduction was determined. The original
methods of CKK production were developed and the set of the experimental installations was designed and constructed
allowing production of up to 20 tons of CKK per year (Shkaraputa L.M., Sklyar V.T., Zhukovsky V., Danilenko V.V.,
Abrosimov V.F., Gusak V.G.). CKK is now utilized across nearly 800 thousands of hectares of farmlands.
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“Cynbdoxrapbatron-K” is registered as the protectant for seeds
of sugar beets, wheat, corn, barley, rape, buckwheat, millet and po-
tato sprouts (Shkaraputa L.M., Sasinovich L.M., Danilenko V.V.,
Kotenko S.1., Tyshchenko L.O., Shevchenko L.A.). It allows 2 to 3
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seeds, significantly increasing production yields. CKK
application methodologies were recognized as original
inventions. The Ministry of Agrarian Policy has de-
fined the need for products of this group in the amount
of #3000 tons per year. Introduction of CKK resulted in investments of over $200,000 in Ukrainian economy. World-
famous Japanese companies “Sankio Ko Ltd” and “Sumitomo Corporation” have officially recognized that “Cynbeo-
kapoamuon-K” was on par with one of their flagship products — protectant Tachigaren. There wasn’t a single agrochemi-
cal in this class developed throughout the entire history of USSR and independent Ukraine. Later on, based on the success of
CKK, a whole series of chemical methodologies was developed for plant protection via the surface contact mechanism
(Shkaraputa L.M., Danilenko V.V., Alimova O.V., Kotenko S.I.).
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By expanding the methodology of generating N(1,2-dioxothiolan-3-il) potassium dithiocarbamate jointly with the Na-
tional Medical Academy the original highly effective antimycotic drug “Teobon-muTnomukorma” was conceived and its
technological processes developed and optimized (Shkaraputa L.M., Kononov O.V., Sasinovich L.M., Danilenko V.V., Ty-
shchenko L.O., Shevchenko L.A., Kolyadenko V.G., Stepanenko V.1.). Research of
its toxicity and specific activ-
ity was showed that it is
much safer than the majority
of antimycotics and antisep-
tics. It suppresses the malig-
nant fungi Candida albicans,
Candida tropicalis, Tricho-
phyton  rubrum,  Micro-
sporum canis, etc, and a
number of bacteria of intes-
tinal and coccal groups.

The clinical trials of this
drug showed that it is safer
and more effective than the known klotrimazol and mikozolon drugs, and that it en-
ables to shorten the treatment term by 25 %. The Ministry of Health of Ukraine has
registered the substance “Teo6on-muTrOMuKOIMT” and the two medical forms cre-
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ated on its basis (one — ointment and one — powder for solution preparation). 309 anti-fungal drugs were registered in
Ukraine’s history with only two of them developed domestically in Ukraine and one of these two drugs was “Teooon-
Ooumuomurouud”. The production of ointment “TeoboH-muTrHOMHKOIMT Was established with nearly 65,000 packs sold to

date.

Application of extruded polyolefin coatings is one of the
most effective means of passive anticorrosive protection. Their
unique advantage is

high physical-
mechanical, dielectric
and anticorrosive

properties. However,
such isolating coat-
ings are typically ap-
plied when pipes are
heated to 150-220 °C

(Shkaraputa
Mitrokhina

LM,
LL.,

Morozova LP., Alimova O.V., Abrosimov V.F.). Department

researchers have designed original materials which enable
application of the extruded polyethylene coatings at as low
temperatures as 15-20 °C. The series of tests conducted by
NBP “Ukrtruboizol” plant has experimentally proven that the
coatings developed at DCTR had much better adhesion to steel
and exceeded the DSTU 4219, GOST R 51164 and DIN 30670
standard specifications, while their radius of sheet detachment
during cathode polarization was only 2—3 mm, with the specifi-
cation of up to 11 mm. At the same time their production, instal-
lation and maintenance costs can be significantly reduced by
eliminating the need for expensive pipe heating, cooling and
chemical deposition on equipment. This newly-developed
“cold” surface coating technology is on par with the world’s
leading edge methodologies.

Departments’ list of publications includes 3 books and 300 journal articles, while 70 patents were granted. Two of the re-
searchers were granted Doctor of Sciences Titles, while eight — defended Candidate of Sciences Dissertations. For the past
12 years Department members supported review and publication of the “Catalysis and Petro-chemistry” journal (Ty-

shchenko L.O., Shevchenko L.A., Shkaraputa L.M.).

Apart from the aforementioned experts, the list of researchers who provided significant contributions to the department’s
achievements includes Cherednichenko V.I., Gordienko A.G., Tereshchenko V.A., Matyash L.P., Kuznetsov V.O., Gisar
K.V,, Sklyar V.T., Rudenko L.I, Zinov’eva L.V., Gusak V.G., Gusak G.P., Voronova O.S., Novitskaya L.D., Lebedeva
O.E., Zaika T.D., Mironova Z.M., Schur V.P., Evseeva L.S., Litvinenko V.M., Leychkis LM., Ischuk S.Yu., Hrutba V.O.,
Popsuyko O.M., Han V.-E., Vorontsova L.S., Nazarova N.L, Shaporenko T.V., Belova N.A., Tumanyan O.1., Makovej

N.M., Manoilo O.M., Kalashnikov M.B.

Was received to the editorial office 22.10.2013
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Bimai XiMiKo-TeXHOJIOTTYHMX JTOCTi/TKEHb.
Hawmipu i nocairHeHH.
JLM. IlIxkapanyma

Inecmumym bioopeariunoi ximii ma nagpmoximii HAH Yxpainu,
Yxpaina, 02094 Kuis, eyn. Mypmarcoka, 1, ¢paxce: (044) 559-98-00

Bimgain XiMIKO-TEXHOIOTIYHUX JOCTiDKeHb (HAa(QTOXIMIYHOI TEXHONOrii) CTBOPEHO Yy
1977 porti. OcHOBHMIA HAIPSIMOK JOCITIKEHb, METa, 1e0JI0Tis BCiET poOOTH — pO3podKa
HayKOBHX 3acajl IPOMHCIIOBOr0 BUPOOHHMIITBA MPOAYKTIB 0100praHiyHOro, OPraHiyHOro
Ta HaQTOXIMIYHOrO CHHTE3Y, chopmynboBaHo akagemikoMm B.C. I'yrupero, 1.1.H., mpod.
B.T. CxisipoM i A.T.H., ipod. JLM. Illkaparyroto. [Tpy Bu3HaueHi HAYKOBOTO HAIIPSIMKY
BI3HAYAJIGHUM OYJ0 PO3YMIHHS HEMOXIIMBOCTI 1 HENOLUIBHOCTI MPOCTOrO MEPEHOCY
YMOB JIa0OpaTOPHOTO CHHTE3Y Y MPOMUCIIOBICTh. TLUTEKM CTBOPEHHS Ta JOCIIIDKEHHS
MaTeMaTUIHUX MOJIEIEH, 10 JTOCTOBIPHO OIMUCYIOTh 3aKOHOMIPHOCTI XiIMIYHOTO TIepe-
TBOPEHHSI, MOXKE BUSBUTH IIUBSIXM PALliOHAIGHOTO BUPOOHHIITBA, BUPILIATH TUTAHHS
MaclITadyBaHHS, anapaTypHOro oOpMIICHHS 1 ONTUMI3aLii. Y Mekax BUOpaHOro Hay-
KOBOTO HAIPSIMKY 3yCHIUIS CITIBPOOITHUKIB BiIUTITY 30CEpeILKEH] Ha IPOBEACHH] aHATIZY
MEXaHi3MIB XIMIYHOI B3a€MOJIii, JOCITIDKEHHI KIHETHYHIX, TEPMOJAMHAMIYHIX, Teruiogdi-
3UYHHX Ta TAPOAMHAMIYHHX 3aKOHOMIPHOCTEH, CTBOPEHHI Ta AOCIIHKEHHI MaTeMaThy-
HHX MoJefeil mpomeciB, ONTHMi3allii, BUPIIICHHI MUTaHb arapaTypHOro oQpOpMIICHHS,
PO3pO0LI TEXHOIOTIYHUX PErIaMEeHTIB, TEXHIYHMX YMOB, CTBOPEHHI Ta OCBOEHHI yCTa-
HOBOK Ta BUPOHUIITB.

OT1aeJ XUMHKO-TEXHOJIOTHYECKHUX UCCIeI0BAHNN
Hamepenust ¥ 1OCTHKEHMSI.

JLH. HIxapanyma

HUnemumym buoopeanuueckoii xumuu u vegpmexumuu HAH Ykpaumwi,
Yrpauna, 02094 Kues, yn. Mypmanckas, 1; ¢paxce: (044) 559-98-00

Otnen XMMHKO-TEXHOJOIMYECKUX HCCIENOBaHMH (HOPTEXMMIUYECKOH TEXHOIOTHH)
co3nad B 1977 roxy. OcHOBHOE HampaBJIeHUE UCCIIEI0BAHUH, 1161, UICOIOT s BCell pa-
00TBI — pa3paboTka HAYYHBIX OCHOB MPOMBIILICHHOTO MPOM3BOACTBA MPOLYKTOB OMO-
OpraHIYecKOro, OPraHMIecKOro ¥ HepTEXUMUUYECKOr0 CUHTE3a, CHOPMYIIMPOBAHbI aKa-
nemukoM B.C. T'yreipeit, A.T.H., pod. B.T. Cxispom u 1.1.H., ipod. JLH. IlIkaparyToid.
[pu onpeneneHry HAYYHOrO HAIPABIEHHS OMPEASISIOIMM ObLIO TOHUMAHUE HEBO3-
MOKHOCTH M HELIeIeco00pa3sHOCTH MPOCTOro MEPEeH0ca YCIOBUi JTaO0paTOpHOro CHHTE-
3a B MPOMBIILICHHOCT. TOMBKO CO3aHME U UCCIIEIOBAHIE MAaTeMaTUUECKUX MOJIENEH,
JIOCTOBEPHO OIMHCHIBAIOIIMX 3aKOHOMEPHOCTH XMMHYECKOTO PEBPAILICHHS, MOXET BbI-
SIBUTD ITyTH PALIOHATBHOTO MPOM3BOACTBA, PEIIMTh BOMPOC MACIITAOMPOBAHUS arlia-
paTtypHOro opopMIeHUs M ONTUMU3AIMH. B paMkax BbIOpaHHOrO Hay9HOrO HarpasJie-
HUSl YCWINS COTPYIHHKOB OTZENa COCPEIOTOUYCHB! HA MPOBENCHUH aHAIN3a MEXaHW3-
MOB XMMHYECKOIO B3aMMOJICHCTBHS, MCCICAOBAHUN KHMHETUYECKUX, TEPMOIMHAMMIC-
CKHX, TETNIOPU3NIECKUX ¥ THAPOAMHAMIYECKIX 3aKOHOMEPHOCTEH, CO3MaHNH 1 UCCiIe-
JIOBAHHM MaTeMaTHYECKUX MOJENed MPOLECCOB, ONTHMU3ALMH, PEIICHHH BOIPOCOB
anmapatypHoro oopMiIeHHs, pa3paboTKe TEXHOIOIMYECKHX PEraMEHTOB, TEXHHYE-
CKHUX YCJIOBHH, CO3IAHUHM ¥ OCBOCHHH YCTAHOBOK M IPOH3BOJICTB.



