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OkoHunn ToMCKUI rocyaapCTBEHHbIV YHUBEPCUTET, paboTaeT B komnaHum ¢ 1972 roga. B
nepuog ¢ 1975 no 1978 rog obyyancs B ovHow acnupaHType BHUWHedTexum (JleHuH-
rpag). OuccepTtaumoHHasa pabota Obina NOCBSLLEHA M3YYEHUIO KaTanUTUYECKUX CBOMCTB
CBEPXKUCIIOTHBIX CUCTEM B peakuusiXx M30Mepusauum nerkux napaduHOBbLIX YrieBOao-
ponoB. Mocne 3awmTbl gucceptauun B 1978 rogy BepHynca B KpacHogapckuii coununan
BHUW-HedTexnm.

leHepanbHbIn gupekTop MAO «HIMIM Hedtexnm» ¢ MomeHTa akumoHpoBaHus B 1995 roay.
Mop ero pykoBOACTBOM CO3[aHbl HOBbIE KaTtannaaTopbl 1 TEXHONOrMN B pUGOPMUHTE U N30-
Mepusaunm 6eH3NHOBBLIX paKkLuii. ABTOP MHOTOYUCIIEHHBIX NMAaTEHTOB, aBTOPCKMX CBUAE-
TenbCTB, cTaten 1 goknanos. B 2000 rogy HarpaxkaeH 3HakoMm «[MoYeTHbIV HEDTEXUMUKY .
B 2012 rogy HarpaxgeH npemueii MNpaButenscTBa P® B 06nactu Hayku 1 TEXHWUKK 3a CO3-
AaHue 1 LmpoKoMacLuTabHoe BHeAPEHNE POCCUMINCKOM KOHKYPEHTOCMOCOBHOM TEXHOMOMMK
M3oMepun3aLmnn N NPOMbILLNIEHHBLIX KOMMIEKCOB «/3omarnky» Anst KpynHOTOHHaXXHOMO NPOW3-
BOACTBa aBTOOEH3MHOB, COOTBETCTBYOLLNX TpEOGOBaHMAM €BPONENCKUX CTaHAAPTOB.

Alexander N. Shakun graduated from the Tomsk State University and has been working in
the company since 1972 until the present day.

In 1975-1978 he studied as a full-time postgraduate of All-Union Scientific and Research
Institute of Petrochemical Processes «VNIINeftehim» (Leningrad, now — St. Petersburg).
His thesis work was devoted to a study of catalytic properties of superacid systems in
isomerization reactions of light paraffin hydrocarbons. After defence of the thesis in 1978
he came back to Krasnodar branch of «VNIINeftehim».

He is the General Director of PJISC SIE Neftehim from the moment of corporatization in
1995.

New catalysts and technologies in naphtha reforming and isomerization were worked out
under his management. Alexander Shakun is the author of numerous patents, inventor’s
certificates, articles and reports. He was awarded an «Honorary Petrochemisty status in
2000.

In 2012 he was awarded the Russian Federation Government Prize in the sphere of
Science and Technology for invention and widespread introduction of competitive Russian
isomerization technology and industrial complexes Isomalk for large-scale motor gasoline
production, meeting European standards requirements.

OxkoHunna KpacHogapckui nonmTeXHUYeckuin MHCTUTYT (cerdac — KybGaHckuin rocypap-
CTBEHHbIN TexHomnornyeckmn yHuepcuteT) B 1984 rogy. B komnanun pabotaet ¢ 1981
roga. [Nog ee pykoBOACTBOM CO34aHbl U BHEAPEHbI B MPOM3BOACTBO: CEPUs nmonuMeran-
MINYECKMX KaTanm3aTopoB pUdOPMUHIa, TEXHOMOTMSA MOyYeHus LeonmuTa B, TEXHONormm
n3omepusaumm Misomank-2, N3omank-3, N3omank-4, katanusatopsl nsomepusauum CU-2,
CW-3, CN-4. ABTop Gonee 50 Hay4HbIX NyGnvKauui.

B 2012 rogy HarpaxgeHa npemuen NpaButensctBa PP B 06nactn Haykm 1 TexHukn «3a
co3faHve U WnpokomacwTabHoe BHeOpeHWe POCCUNCKON KOHKYPEHTOCNOCOOHOM TeXHOo-
norMn n3omMepr3saumm 1 NPOMBILLIIEHHBIX KOMMIEKCOB «/3omanky AN KpynmHOTOHHaXKHOTO
Nnpon3BOACTBa aBTOOEH3NHOB, COOTBETCTBYHOLLMX TpeboBaHWAM €BPONENCKUX cTaHaap-
TOBY.

Marina L. Fedorova graduated from Krasnodar Polytechnic Institute in 1984 (now — Kuban
State Technological University). She has been working in the company since 1981 until the
present day.

Series of polymetallic reforming catalysts, B-zeolite production technology, as well as
Isomalk-2, Isomalk-3 and Isomalk-4 isomerization technologies, and also SI-2, SI-3 and
SI-4 isomerization catalysts have been developed and implemented into production under
her management.

Marina L. Fedorova is the author of more than 50 published works.

In 2012 she was awarded the Russian Federation Government Prize in the sphere of
Science and Technology for invention and widespread introduction of competitive Russian
isomerization technology and industrial complexes Isomalk for large-scale motor gasoline
production, meeting European standards requirements.
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B 2007 rogy nmony4un gunnom Kyb6aHckoro [ocygapCTBEHHOro TexHONOrnyeckoro YHu-
BepcuTeTa Mo cneumanbHOCTN «XMMUYeckas TEXHOMOMMSA NPUPOAHbLIX 9HEPrOHOCUTENEN U
yrmepoaHbIX MaTepunanosy. B HacToswee Bpemsa couckartenb kadenpbl TEXHONOrMM Hedtu
urasa. Bnageer aHIMUNCKNM TEXHUYECKUM A3bIKOM.

Caoto kapbepy B NMAO «HIMIM Hedrexum» Havan B 2007 rogy ¢ JOMKHOCTU MHXEHepa-Tex-
Honora TexHu4veckoro otaena. C 2010 roga —Ha4YanbHUK TEXHUYECKOTo oTaena.

[maBHbIM B cBOEW paboTe cumtaet npodeccrmoHanmam, Tpyaonobrne n OoCTmKeHVEe pe-
3ynbTaToB.

Timofey V. Karpenko had got a degree in «Chemical technology of natural utilities and
carbon materials» of Kuban State Technological University in 2007. Now he is an applicant
of Oil And Gas Engineering department there. He knows English technical language.

He started his work in PJSC SIE Neftehim in 2007 in the position of Process Engineer
of Engineering Department. He has been working in a position of Head of Engineering
Department since 2010.

Timofey Karpenko considers professional competence, hard-working and achievement of
results to be the key points in his work.

B 2006 rogy okoHuymna KybaHCKuiA MHCTUTYT MEXAYyHapOo4HOro npeanpuHMMaTenscTea u
MeHeIKMeHTa no cneynanunsaumm «MeHemkMeHT B HedbTerasoBom oTpacnm»

B 2005 rogy npuwna Ha paboty B NAO «HIIN HedbTexnm» Ha [OMKHOCTb MeHemxepa no
pekname.

B 2010 rogy Ha3Ha4yeHa 3amecTUTeneM TEXHUYECKOro ANpPEKTopa.

[maBHbIM B CBOEV paboTe cuMTaeT OTBETCTBEHHOCTb, IMOKOCTb Y MPOdECCUOHANN3M

Ekaterina V. Demidova graduated from Kuban Institute of International Business And
Management with a degree in «Management in Oil and Gas Industry» in 2006.

In 2005 she started her work in PJSC SIE Neftehim in the position of Advertising Manager.
She was appointed to the position of Deputy Technical Director in 2010. Ekaterina Demidova
considers that responsibility, flexibility and professional skills are the most important features
in her work.

B 2008 roagy 3akoH4mna KybaHckuii rocyqapCTBEHHbIV TEXHOMOMMYECKUA YHUBEPCUTET MO
crneumanbHOCTU «XUMUYECKAs TEXHOMOMMS NMPUPOAHbLIX 3HEPrOHOCUTENEN U YINEePOAHbIX
MaTepuanoBy, KBannmuKkaLms «MHXeHepP».

B 2006 rogy npuwuna Ha patboty B NMAO «HIIM HedTexvm» Ha [OMKHOCTL MHXEHEpa-TeX-
Honora. B 2012 rogy HasHavyeHa Ha4yarbHVKOM OTAena Hay4YHO-UCCneaoBaTeNnbCKUX pas-
paboTok. OcyLUecTBMNAET HEMOCPEACTBEHHLIN KOHTPOSb MPOMbILLNIEHHOTO MPOU3BOACTBA
KaTanusaTopoB U3oMepu3aunm n pudopMuHra.

Irina S. Semashova had got a degree in «Chemical technology of natural utilities and carbon
materials» of Kuban State Technological University qualified as an Engineer in 2008.

In 2006 she started her work in PJSC SIE Neftehim in the position of Process Engineer.
She was appointed to the position of Head of Research and Development (R&D) Department
in 2012.

She exercises direct control of industrial production of isomerization and reforming catalysts.

B 2008 roagy 3akoH4mna KybaHckuii rocyqapCTBEHHbIV TEXHOMNOIMYECKUA YHUBEPCUTET MO
crneumanbHOCTU «XMMUYECKas TEXHOMOMMS NMPUPOAHbLIX 3HEPrOHOCUTENEN U YINEePOAHbIX
MaTepuarnoBy, KBanuMukaumsa «MHXEHep-TEXHOMO.

B 2008 rogy npuwna Ha paboty B NAO «HIIM HedTexvm» Ha [OMKHOCTb MHXXEHepa-Tex-
Honora. B 2016 rogy Ha3HadyeHa 3amMecTuUTenemM HavarbHUKa TEXHUYECKOro otaena.

B cBoen paboTe cumTaet rmaBHbIM JOOPOCOBECTHOCTb, LiENeyCTPEMIIEHHOCTb U CTpeMIie-
HME K COBEPLUEHCTBOBAHUIO CBOMX 3HAHWI N HABbLIKOB.

Natalia V. Reshetina graduated from Kuban State Technological University with a degree
in «Chemical technology of natural utilities and carbon materials» qualified as an Engineer
in 2008.

In 2008 she started her work in PJSC SIE Neftehim in the position of Process Engineer.
She was appointed to the position of Deputy Head of Engineering Department in 2016.
Natalia Reshetina considers fair practices, commitment and pursuit of knowledge and skills
excellence to be the key points in her work.
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NCTOPUA NAO «HIMM HEPTEXUM»

Anexkcanap WAKYH, Mapuna PEAOPOBA

Victopusa Hawero npegnpuatua HadmHaetcs ¢ KoHua 1940-x,
korga Ha Tepputopumn KpacHogapckoro HIN3 6bin co3gaH wmc-
crnefoBaTenbCKUii LieX, B 3a4avy KOTOPOro CTaBuiiach OMnbiTHas
npoBepka HOBbIX TEXHOMNOrMn nepepaboTkn yrneBogopPOLHO-
ro ceipbsi. B nocneaytoliem 6610 onpeaeneHo NpropuTeTHoe
HanpaBreHve — OMbITHas 1 OMbITHO-MPOMbILLNIEHHAs NPOBEP-
Ka CO3[aBaeMoOV TEXHOMNOrMM KaTanuTU4eckoro nnatopmuH-
ra 6eH3NHOBbIX (dpakumii AN Npou3BOoACTBa aBTOOEH3NHOB U
apomaruyeckux yrnesogopogos. B ato Bpems (1949) ¢ ucnorns-
3oBaHmeM TexHonornn UOP B CLLUA 6bina noctpoeHa nepsast
NPOMBILLIIEHHAsA yCTaHOBKa nratopMuHra 6eH3MHOBbLIX hpak-
L. AKTyanbHOCTb U MacluTabHOCTb NPoGneMbl 3akntoyanach
B TOM, 4YTOObl B KpaT4yaulime Cpoku paspaboTaTb U BHEOPUTb
Ha GonbLUMHCTBE HedTenepepabaTbiBaOLLMX 3aBOAOB CTPaHbI
TEXHOIOMMI0 KaTanMTU4ecKkoro pucpopmmnHra 6eH3MHOBbBIX hpak-
L. BbINo NPYHATO peLLeHre NOCTPoOUTb U BBECTW B 9KCnyaTa-
L0 OMbITHO-MPOMBILLMEHHY YCTAHOBKY mnatdopmuHra G6eH-
3MHOBbIX hpakumi, CHATb BCe Heobxoaumble nmokasaTtenu 1 Ha
X OCHOBE CMPOEKTMPOBATL CEPUI0 MPOMBbILLNIEHHBIX YCTAHOBOK.
B 1952 rogy no npoekty JleHrunporasa (HeiHe OO0 «JleHrunpo-
HedTEXMM») yCTaHOBKA Oblna MOCTpOeHa U B MOCMedytoLem
MOMHOCTLI0 BbIMOMHUIA CBOE NpefHasHayYeHue. Vccnemosa-
Tenbckue pabotbl npoBoannuck Bo BHUHedTexnme nog py-
KOBOACTBOM [OKTOpa TexHudeckux Hayk [H. MacnsiHckoro m
B unccnegoBaTenbckom Lexe B KpacHogape. Yepes3 HecKomnbko
neT uccnegoBaTenbckui Lex 6bin npeobpasoBaH B KpacHo-
napckun comnnan BHUWHedTexmum, n cpegm ero MHOroYncreH-
HbIX MCCNEeAOBaHUM TemaTuka KaTanmTu4eckoro pudopmuHra
ocTanacb OJHUMM U3 OCHOBHbIX HanpaeneHui. B KpacHopape
3T pabotbl ¢ 1960-x no 1980-e Bosrnaensan A.MN. ®egopos.
Karanutunyeckun pudopMmHr 6eH3NHOBBLIX pakumin okasancs
O4YeHb BOCTPeOOBaHHbIM W MIOAOTBOPHLIM HamnpaBfieHWEM B
HedTenepepaboTke. [Ana yBenvyeHns Bbixoda LEeneBbiX Npo-
OYKTOB — BbICOKOOKTAHOBOro pudopMata U apoMaTUy4ecKmx
yrneBoAOPOA0B, a TAKKE CHUDKEHMS 3KCMIyaTaLMoHHbIX 3aTpar,
TpeboBanocb MNOCTOSAHHOE COBEPLLUEHCTBOBaHWE KaTanm3aro-
poB M TexHomorumu. [Mo3ToMy ONbITHO-MPOMBbILUTIEHHAs YycTa-
HOBKa B TEYEHME HECKONbKNX AECATUNETUA Obina NMOCTOAHHO
3a4€elicTBoOBaHa, a ANsl paclUMpeHUs UccneqoBaHuii Obin go-
MOMHUTENBHO CO34aH 3al MUIOTHbIX YCTaHOBOK.

OCHOBHbIM NApTHEPOM B UCCREAOBaHUAX U BHEOAPEHUN HOBbIX
KaTanuMsaTopoB U TexHornornn Ao cepeanHbl 1980-x octaBarncs
BHUNHedTexnm. Ha cmeHy dTopupoBaHHbIX kaTtanu3aTopoB
pudbopmuHra (Al-56) NpuLLnM XnopupoBaHHbIE MOHOMETanNMu-
yeckme All-64 n nonumetannuyeckne cepum KP. OgHoBpemeH-
HO C pa3paboTKoW HOBbIX KaTanu3aTopoB TpeboBanock N3MeHe-
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HMe YCNoBUI NX 3KCMNNyaTaLmm 1 KOpeHHas MoaepHU3aLUns Bcemn
TEXHOIOTUN.

Kpome katanutuyeckoro pudgopmmnHra 6eH3MHOBbIX pakumi B
KpacHogapckom cununane BHUNHedTexmm, koHeEYHO, NpoBO-
OWNUCb N MHOTME Apyrve uccriegoBaHns. OgHMM M3 OCHOBHbIX
HanpaeBneHui ctana YeTkasi pekTuuKkaunsi pasnmyHbIX yrineBo-
[OpOoAHbIX pakumi. AT nccnegoBaHUsa NPOBOAWUIMCH MOA Py-
koBogcTBomMm KO.A. Anekceesa u C.I. Ma3suHon. B nocnegytoLuem,
Korga B nopTdpens TEXHOMOrni nNpeanpusitusi Gbina BKIOYEHa
TEXHOMNOIrMSA M3oMepusaumm nerknx 6eH3MHOBbIX hpakuun, 3Tn
paboTbl okasanucb BecbMa BOCTPeO6oBaHHbIMU. COBpPEMEHHbIN
obnuk Hedrexmma cnoxwunca B cepeanHe 1990-x, nocne ak-
unoHupoBaHusa B 1995 rogy. CTpyKkTypHas nepecTtporika npouvs-
BOCTBEHHbIX OTHOLLEHWI, NMEPEXOS Ha PbIHOYHYIO 3KOHOMUKY,
NMPUXOA HA POCCUMCKNIA PbIHOK CUTMBHBIX 1 OMbITHBIX 3apyOexHbIX
NMLEH3NAPOB 1 MOCTaBLUMKOB TEXHOIOMMI 1 KaTanusaTtopos npu-
BENW K noTepe Mosvuuii MHOTMX OTEYECTBEHHbIX Hay4HO-Mccne-
[OBaTeNbCKUX OpraHu3aLuMi, a B HEKOTOPbLIX CIy4vasx U K npe-
KpalleHuto ux cyHkumoHmpoBaHua. OAO «HIIM Hedrexumy, B
panbHenwem MAO «HIM Hedtexum», nsbexan Takon yvactu
6narogapsi npaBunbHOMY BbIGOPY OCHOBHbLIX MPUOPUTETOB U OCY-
LLIECTBIEHHOW NMOA, HX peopraHnsauuy NpeanpusaTus.

Mpu co3paHum akumoHepHoro obuwectea B 1995 rogy ero HoBbIM
PYKOBOACTBOM ObINO NPUHATO rMaBHOE peLleHe — BCe YCUnus
npeanpuATMA HanpaensaTb Ha CO34aHMEe HOBbIX TEXHOMOMMN U
KaTanmsaTtopoB, CMOCOOHbLIX Ha PaBHbIX KOHKYPUPOBaTb C Ny4-
LMK 3apybexHbiMn padpaboTkamn. Yxe B Te roabl, 20 net Ha-
3ag, 6bina noctaBneHa 3agava B MakcumarnbHO KOPOTKUE CPOKU
BbINTVM Ha MMPOBOW PbIHOK C BbICOKOKOHKYPEHTHBIM MPOAYKTOM.
B HacTosLee Bpems, Korga nMmnopro3amellieHne crano obLuero-
CyLapCTBEHHOW CTpaTermei, XopoLLUo BUAHO, YTO pearibHoe UM-
nopTo3amMeLleHne BO3MOXHO TONbKO NPy Co3AaHny paspaboTok,
CNoCcobHbIX KOHKYPMPOBaTb Ha MUPOBOM PbIHKE.

[pyrum ycnoBrnem co3gaHnsi COBPEMEHHOWM KOHKYPEHTOCMNOCO6-
HOV KOMMNaHUN SIBNSIETCS BbINOMIHEHNE «MOZ KIH0Y» BCEX CTaAMWN:
nccrefoBaHns Y MUIOTHbIE UCMbITaHUA —> paspaboTtka 6a3o-
BbIX NMPOEKTOB —> aBTOPCKUA KOHTPONb 3a pabo4mMm npoekTu-
pOBaHMEM U CTPOUTENBLCTBOM —> MPOW3BOACTBO W MOCTaBKa
KaTanu3aTtopoB —> Hay4HO-TEXHUYECKOE COMPOBOXAEHUE My-
CKa M 3KcnnyaTauum NpoMbILLNEHHBLIX YCTaHOBOK. 1o Takon cxe-
me MAO «HIMM Hedtexum» 1 paboTaeT B HacTosLee BPeEMS.
[MepBbIM NPOAYKTOM, KOTOPbIV Gbin NpeacTaBneH 06HOBEHHOM
KOMMaHWen Ha POCCUMCKMIA PbIHOK, CTanu Katanu3aTtopbl pu-
dopmuHra cepum REF. K Ttomy Bpemenu katanusatopsl UOP
(CLUA) n Axens (PpaHLmsl) Ha4anu BbITECHSATb POCCUACKUE Ka-
Tanusatopbl cepun KP. MosiBneHve HoBbix, 6onee adhdekTmB-



HISTORY OF PJSC SIE NEFTEHIM

Alexander SHAKUN, Marina FEDOROVA

History of our company begins from the end of the 1940s, when
in the territory of Krasnodar Refinery a research workshop
was established; its task was experimental verification of new
technologies for processing raw hydrocarbons. Later on a new
priority area was defined — experimental and pilot testing of
technology being created, catalytic platforming of gasoline
fractions for production of gasoline and aromatic hydrocarbons.
At that time (1949), using UOP technology first industrial plant for
platforming gasoline fractions was built in the USA. The urgency
and scale of the problem consisted in the soonest development
and implementation of technology of gasoline fractions catalytic
reforming at most of domestic refineries. It was decided to build
and put into operation a pilot plant for platforming gasoline
fractions, to obtain all necessary figures and on their basis to
design a series of industrial plants.

In 1952, by project of Lengiprogaz (now Lengiproneftekhim,
LLC) the plant was built and subsequently completely fulfilled
its purpose. Research work was carried out in VNIINeftekhim
under the guidance of Doctor of Technical Sciences G. N.
Maslyansky as well as in the research workshop in Krasnodar.
In a few years the research workshop was transformed to the
Krasnodar branch of VNIINeftehim, and among its many studies
subject matters of catalytic reforming remained one of the main
areas. In Krasnodar, these works from 1960s to 1980s were
guided by A. P. Fedorov.

Catalytic reforming of gasoline fractions proved to be very needed
and fruitful direction in oil refining. To increase the yield of target
products — high-octane reformate and aromatic hydrocarbons,
as well as to reduce operating costs, constant improvement of
catalysts and technologies were needed. Therefore, the pilot
plant had been constantly operating for several decades, and
to expand research works a pilot plant room was additionally
established.

The main partner in research and implementation of
new catalysts and technologies till mid-1980s remained
VNIINeftekhim. Fluorinated reforming catalysts (AP-56) were
substituted by chlorinated monometallic AP-64 and polymetallic
KR series. Along with development of new catalysts, change of
conditions of their operation and dramatic modernization of the
entire technology was needed.

In addition to catalytic reforming of gasoline fractions at the
Krasnodar branch of VNIINeftekhim, of course, many other
studies were conducted. One of the main directions became
precise rectification of various hydrocarbon fractions. These
studies were conducted under the direction of Y. A. Alexeyev and
S.G. Mazina. Subsequently, when technology of light gasoline
fractions isomerization was included into the technology portfolio
of the company, these works proved to be much needed.
Modern shape of SIE NEFTEHIM was formed in the mid-1990s,
after corporatization in 1995. The restructuring of production
relations, transition to the market economy, arrival to the
Russian market of strong and experienced foreign licensors and
suppliers of technologies and catalysts led to loss of positions
of many domestic scientific research institutions, and in some
cases to their termination. JSC SIE NEFTEHIM, subsequently
PJSC SIE NEFTEHIM, escaped this fate thanks to proper
selection of main priorities and implementation of corresponding
reorganization of the company.

While establishing a joint-stock company in 1995, its new
management took a major decision — all the efforts of
the enterprise are to be directed to development of new
technologies and catalysts which can compete with the best
foreign developments. Already in those days, 20 years ago,
there was put a task as soon as possible to enter the global
market with a highly competitive product. At the present time,
when import substitution has become the national strategy, it
can be clearly seen that the real import substitution is possible
only with creation of developments which can compete on the

world market.

Another prerequisite for establishment of modern competitive
company is «turnkey» implementation of all stages: research
and pilot testing— basic engineering — designer supervision
of detail designing and construction— production and delivery
of catalysts — scientific and technical support for start-up and
operation of industrial plants. According to this scheme PJSC
SIE NEFTEHIM works up till now.

The first product, which was presented by the updated company
on the Russian market, was reforming catalysts of REF series.
By that time catalysts of UOP (USA) and Axens (France) began
to supplant Russian catalysts of KR series. Appearance of new,
more effective Russian reforming catalysts halted this trend.
Currently, on the Russian market of reforming catalysts for plants
with a fixed catalyst bed a highly competitive environment is
created, favorable for refiners. NEFTEHIM is actively involved in
shaping this environment, introducing reforming catalysts of REF
series for plants with a fixed catalyst bed and RC-12 for plants
with continuous regeneration (CCR). In 2015 production of these
catalysts was transferred to its subsidiary «Nizhegorodskie
catalysts», LLC.

But the real breakthrough to the range of global licensors
occurred in the early 2000s, when in oil refining the demand for
light naphtha isomerization technology sharply increased.

By that time, the following situation shaped in the global oil
refining. Two isomerization technologies took a strong position
— a low-temperature on the basis of highly chlorinated catalysts
and a medium-temperature one on the basis of zeolite catalysts.
The low-temperature technology was successfully promoted by
only two companies in the world — American UOP and French
Axens. The medium-temperature technology was presented by
the same companies and Std-Chemie (Germany). In the Soviet
Union and then in RF, in this field only research and front end
engineering design works were carried out. The high-temperature
isomerization technology (380-420°C) received industrial
application, which is sufficiently effective for isomerization of
n-pentane only.

The sharp toughening of environmental requirements to quality
of finished motor gasolines, which began in the global oil refining
in 1990s, required reassessment of technical and economic
indicators of gasoline fractions isomerization technology. The
technology based on zeolite catalysts proved to be uncompetitive
due to its inability to achieve high values of octane characteristics
of isomerate. However, technology, based on highly chlorinated
catalysts also increasingly began to exhibit shortcomings
associated with very high sensitivity to trace amounts of catalytic
poisons, high corrosiveness of the reagents being used, need
of alkalization of acid gases, and presence of permanent alkali
waste. All these drawbacks eventually reduce reliability of
production of gasolines.

In such a situation, which has occurred in the sector of production
of high quality gasolines, the decision was made in NEFTEHIM
to focus efforts on creation of new isomerization technology, free
from drawbacks of the known world technologies.

At the first stage, as the easier task, isomerization technology
«lsomalk-1» on the basis of the SI-1 zeolite catalyst was
developed. Commercial implementation of this technology in
1999 by Ryazan Oil Refining Company proved competitiveness
of Russian technology among other well-known technologies
using zeolite catalysts. But «lsomalk-1» was only a step in
transition to a new «low-temperature» technology with use of
sulfated catalyst SI-2.

In a very short time «lsomalk-2» technology was implemented
at a number of refineries and confirmed its advantages over all
known technologies. The first introduction of «Isomalk-2» took
place in 2003 in JSC Ufaneftekhim, and then followed by a
number of implementations not only in Russia but also in other
countries. Nowadays the reference list of «Isomalk-2» technology
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HbIX POCCMICKMX KaTanu3aTopoB pucopMUHra NpuoCcTaHOBUIIO
3Ty TeHAaeHumo. B HacTosiliee Bpemsi Ha pPOCCUIACKOM pPbIHKE
KarannsaTopoB pudopMMHra Ans yCTaHOBOK CO CTaLMOHAPHbIM
CrnoeM Karanusatopa co3gaHa BbICOKOKOHKYPEHTHas cpefa,
6naronpuatHas gns HedTenepepabotynkoB. Hedrexum ak-
TMBHO y4acTByeT B (hOPMMPOBaHUM 3TOW cpenbl, NpeacTaBnss
KaTanusaTopbl prdopMUHra Afisi YCTAaHOBOK CO CTaLMOHApPHbIM
cnoem cepumn REF n katanusatop RC-12 ons ycTtaHOBOK C He-
npepbIBHOV pereHepaumein. MponsBoacTBO 3TMX KaTanM3aTopoB
nepeseneHo B 2015 rogy Ha govepHee npeanpusatne OO0 «Hwu-
XEeropogckve Karanusatopbi».

Ho HacTosiLmiA NpopbIB B KPYr MUPOBbIX NMLLEH3NAPOB Obin ocy-
wectBneH B Hadane 2000-x, korga B HedbTenepepaboTke pesko
BO3POC CMPOC Ha TEXHOMOrMN N30MeEpPU3aLIM NETKON HadThbI.

K aTtomy BpemeHn B MnpoBon HedTenepepaboTKke crnoxunach
cnepylowas kaptuHa. MNpoyHoe MecTo 3aHANV ABe TEXHOMOrMm
M30MepU3aLmmn — HU3KoTeMnepaTypHasa Ha 6ase BbICOKOXIIOpU-
POBaHHbIX KaTtannsaTopoB M CpefHETEMMNEepaTypHas Ha OCHOBE
LIEONUTHbIX KaTanuaaTopoB. HM3koTeMnepaTypHy TEXHOMOMMIO
YCMEeLHO NpoABUrany TornbKo ABE MUPOBbIE KOMMaHWK: amepu-
kaHckaa UOP un dpaHuy3ckas Axens. CpegHeTemneparypHas
TexHonorus 6bina npeacTaBrneHa Temu ke KoMmnaHuamm n Sud-
Chemi (Fepmanus). B CCCP, a 3atem B P®, B aton obnactu
NPOBOAMINCH TOMbKO MCCreaoBaTenbCke U MNpeanpoeKkTHbIE
paboTbl. A NPOMbILLNIEHHOE NPUMEHEHUE NOIyYnna BbICOKOTEM-
nepatypHas TexHornorus nomepusauun (380-420°C), kotopas
[0CTaTOMHO 3ahhEKTUBHA NYLLb AN M30MEPU3aLUn H-MEeHTaHa.
Peskoe yxecToueHne akonornyeckux TpeboBaHWM K KavecTBy
TOBapHbIX aBTOOEH3VMHOB, Ha4yaBLUEecs B MMPOBOW HedTene-
pepabotke B 1990-x, noTpeboBano NepeoLeHKN TEXHUKO-IKO-
HOMWYECKMX MOKasaTenen TEXHOMOrni msomepusaumm b6eHsu-
HOBbIX (PPaKuUMA. TEXHOMOrMsA Ha LEeONUTHBIX KaTanu3atopax
oKasarnacb HEKOHKYPeHTOCNOCOBHOM 13-3a HEBO3MOXHOCTU [0-
CTWKEHMS BbICOKMX 3HAYEHWUA OKTAHOBbLIX XapaKTEPUCTUK M30-
mepusarta. Ho u y TexHonormm, 6asmpyoLencs Ha BbICOKOXITO-
PUPOBaHHbIX KaTanusaTtopax, Bce Oonblue cTanu nposiBrsTbCS
HEeoCTaTKN, CBA3aHHbIE C O4EHb BbICOKOW YYBCTBUTENBHOCTbLIO
K MUKPOMPUMECAM KaTanuTUYeCKuX S40B, BbICOKON KOpPPO3M-
OHHOCTbIO MPUMEHSIEMbIX peareHToB, HEOOXOAMMOCTbIO 3allle-
NnayvBaHUSA KUCIbIX ra3oB, HaNMYMeM MOCTOSHHBIX LLENOYHbIX
oTXo40B. Bce aTn HepocTaTky, B KOHEYHOM UTOTE, CHUXKAKOT Ha-
OEXHOCTb MPON3BOACTBA aBTOOEH3MHOB.

B Takow cutyauumm, KoTopasi CroXunacb B CEKTOPE Mpou3BOa-
CTBa BbICOKOKa4YeCTBEHHbIX aBTODEH3NHOB, B HedTexnme Obino
NPUHATO PeLUeHne CKOHLEHTPMPOBaTb YCUNNS Ha CO34aHUMN HO-
BOW TEXHOINOMMM N3oMepu3aLm, cBob6ogHOM OT HEAOCTATKOB M3-
BECTHbIX MUPOBbIX TEXHOIMOMMN.

Ha nepBom 3aTtane, kak 6onee nerkas 3agaya, Obina cosgaHa
TexXHonorns nsomepusaumm «Msomank-1» Ha OCHOBE LIEONUT-
Horo katanu3datopa CW-1. lNMpombilneHHoe BHeOpeHue 3ToWn
TexHonorum B 1999 rogy PsAsaHckon HedTenepepabatbiBato-
Len KoMMnaHuewn MNOATBEPAUIO KOHKYPEHTOCMOCOOHOCTb pOC-
CUICKON TEXHOMOMMU Cpeay APYrUX M3BECTHbIX TEXHOMOrWid ¢
MCMOMb30BaHNEM LIEONMUTHBIX KatanmsaTopoB. Ho TexHonorus
«M3omank-1» Gbina nuwb CTyMNeHbl ANS Nnepexoga Ha HOBYHO
«HU3KOTEMMEPATYPHYIO» TEXHOIOTMIO C UCMONb30BaAHNEM CYrib-
¢aTnpoBaHHOro katanusaropa CU-2.

3a o4yeHb KOPOTKMI CPOK TexHomorust «3omank-2» Obina BHe-
OpeHa Ha psage HedTenepepabaTtbiBalOWMX MPEanpUATUA 1
NnoATBEpAMa CBoM MpenMyLLEecTBa nepes BCEMU U3BECTHLIMU
TexHonorusmu. lNepeoe BHegpeHune «3omank-2» cocTosnoch B
2003 rogy B OAO «YhaHedTexnmy, a 3aTeM nocnegosana ce-
pusa BHegpeHu He Tonbko B Poccun, HO 1 B Apyrux ctpaHax. U
cerogHsa pedepeHU-nncT TexHonorumn «3omank-2» cengetenbs-
CTBYET 0 ee BOCTpeOOBaHHOCTM B MUPOBON HedbTenepepaboTke.
Ha poccuiickmux 3aBogax aKcnnyaTupyeTcs OeCATb YCTaHOBOK
«3omank-2», NpoekTUpyTCa 1 CTposATcs elle Tpu. 3a pybe-
)KOM MOKa 3KCNIyaTupyeTcs TpU YyCTaHOBKW, HO JOMOMHUTENBHO
NPOEKTUPYIOTCA N CTPOSTCH eLle Heckonbko, B Haun n Knutae.
lMnaHnpyeTcs CTPOUTENLCTBO YCTAHOBOK B APYrMX CTpaHax. Ak-
TMBHYI MO3MLMIO MO MPOABWXEHUIO TexHonorun «Ksomank-2»
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3a npegenamu CHIC 3aHumaeT naptHep MAO «HIM Hedte-
XnUm» — amepukaHckasi komnaHna GTC Technology. YcnewHoe
WHTErpMpoBaHue «V3omank-2» B MUPOBYH HedTenepepaboTky
YCKOPWIO BHEOPEHME eLle OOHOM TEXHONOrMn — «M3oMarnk-3».
OTa TexHonorus npegHasHadeHa ans nsoMmepusauum H-bytaHa
N cTaHOBUTCS BCce bonee BocTpeboBaHHOW AN NONyYeHUs n3o-
OyTaHa, KOTOPbIA MCMOMNb3YeTCA B TEXHONOMMYECKON Lienoyvke
npoussoactea MTES n ankunata. lNepBoe CTpoMTENbLCTBO ycTa-
HOBKM «M3omank-3» ocyulecteneHo B Kutae komnanHuen SSCG
B 2016 roay. Nokasatenu paboTbl 3TOW YCTAHOBKM CBUAETENb-
CTBYIOT O GomblIOM MnoTeHumane TexHomoruu. NocnegHen Ha
cerogHs paspabotkon NMAO «HIIN HedTexnm» crtana TexHono-
rma nsomepusaumm C-opakuum, nonyymelias HassaHue «Mso-
mank-4». lpobrnema usomepusaumm C_-cpakummn (70-105°C)
BCerga uHTepecoBana HedTenepepaboTynkoB. 3amaHynBo 13
3TON HW3KOOKTAHOBOW (pakumu MonyyuTb BbICOKOOKTaHOBbLIV
HeapoMaTU4ecKuii aBTOKOMMOHEHT, BMECTO apomMaTuU4ecKoro
KOHLIEHTpaTa Ha YCTaAHOBKaX KaTanMTU4eCKOro pudopMuHra.
Ho ocTpas akTyanbHOCTb CO34aHUS MPOMBILLNEHHON TEXHONO-
rum nsomepusauum C —pakumm BO3HUKIA TONMbKO Toraa, Koraa
npakTuyeckn Ha Bcex HIM3 notpeboBanocb Npon3BoanTb aBTO-
©eH3nHbl No ctaHgaptam EBPO-5 ¢ cogepxaHnem apomartumye-
ckunx <35% un 6eHsona <1,0%.

CospaHuio TexHonoruy nsomepusaumu C -cpakumy Hedrexum
NoCcBATUN CBbIwe NATKM neT. CNoXHOCTb Npobrnembl 3akrova-
nacb B TOM, YTO BCE M3BECTHblE KaTanu3aTtopbl HEAOCTATOYHO
CenekTUBHbI B Mpouecce m3omepusaumy rentaHoB. [lpouecc
n3omepusaumm ¢ Gonee HU3KON CENEKTUBHOCTbLI, YEeM Mpo-
uecc pudopmuHra, He MOXET ObiTb KOHKYPEHTOCMOCOOHbIM.
HedTexnmy yoanocb co3gatb Katanv3atop M NMPOMbILLIIEHHYO
TEXHOMOMMI Eero NPOU3BOACTBA, KOTOPbI 06ECneYnBaEeT O4YEHb
BbICOKMI BbIXOA LieneBoro npogykTa, ot 95 go 98 npoueHToB,
a OKTaHoBOe 4ucro u3omepusata gocturaet 70-87 nyHKTOB B
3aBMICMMOCTW OT NMPUHATON TEXHONMOMMYECKOM CxeMbl. B HacTos-
LLiee BpeMsi BedyTCs neperoBopbl ¢ Heckonbkumu HIMN3 o peanu-
3auum npotecca.

B 3akno4veHue elle 06 ogHONM U3 OCHOBHbLIX COCTaBMSAOLLNX Oes-
TenbHocTh MAO «HIIM Hedrexmmy» — npom3BoacTBe U NOCTaB-
Ke KaTannsaTopoB.

[MepBble NnapTun kKaTanus3aTtopoB pUGOPMUHra elle BO BTOPOWN
nornosuHe 1990-x BbiNyckanucb Ha AHrapckom 3aBofe KaTanu-
3atopoB OAO «A3KnOC». 3geck xe ¢ yyactTmem cneunannucToB
Hedtexnm Obina BbinyLleHa NapTus LEONUTHOIO KatanuaaTopa
CU-1 n nepBaga naptusa katanmsatopa CA-2 gns OAO «Yda-
HedTEXUMY.

Ho ¢ 2004 roga npon3BOACTBO KaTtanms3aTtopoB pudOpMUHTa M
n3omepusaLmmn nog KOHTposnem nvueH3napa bbino nepeeeneHo
Ha 3AO «[lMpomblilneHHble kaTanu3aTtopbly (Pa3aHb), BXOAMB-
wee B rpynny komnaHui THK BP. MNMponsBoacTBo karanusaTo-
poB Ha 3TOM 3aBofe ocyllecTBnsanock Ao 2014 roga, a B 2015
rogy ANs U3roTOBMEHWsI KatanusaTopoB, paspabortaHHbix MAO
«HIM Hedprexumy, 6Gbino co3gaHo cneunannu3npoBaHHOe Npea-
npusatne OO0 «Hwmxeropoackune katanusartopbl». B 2015-2016
rogax Ha HOBOM 3aBOfe BbiMyLLeHa NepBas NapTus kKatanua3arto-
pa nsomepusaumm CU-3 n naptna katanmsatopa CU-2 onsa Ho-
BOM ycTaHoBKM «M3omank-2» AO « TAHEKO» (HwxHekamck). Ha
nepuog ¢ 2016 no 2020 roagbl cBepcTaH 60MbLLUO NnaH Npous-
BOACTBa KaTanv3aTtopoB M30MepM3aLmm 1 pugopMUHra, BKITO-
Yyasa KkatanusaTop pudopMuHra Ans yCTaHOBOK C HEMPEpPbIBHOM
pereHepauuen (HPK).

B HacTosilee Bpems umcrieHHocTb coTpyaHukoB MAO «HIMM
HedTexvm» cocTaBnsieT OKomno cra YenoBek, X CPeaHUN BO3-
pacT — 32 roga. B 6nwxkaniume rogbl NpeanpuatTne oXxmnaaeT Ha-
npskeHHasi paboTa no BHeAPEHMIO CBOUX TeXHomornn B Poccuu
N 3apybexHbIX cTpaHax. PaclumpsoTcs HOBblE MCCNELOBaHMS,
OPVEHTUPOBaHHbIE Ha MPOMbILUIEHHOE BHEOPEHVE B Gnvkamn-
Lee BpeMsi: KaTanMsatopbl M3oMepu3aunm KCUonoB, AUCNpo-
NMOPLUMOHMPOBAHME W TpaHCarnkuivMpoBaHWe arnkunapomMaTtu-
YeCcKux YrrneBOAOPOAOB, AErMApUPOBaHME FErknx ankaHoB U
apyrve.



demonstrates its being in demand in the global oil refining.

At the Russian plants ten «Isomalk-2» units are operated; three
more are being designed and constructed. Currently, 3 units are
operating abroad so far, but some more units are under design
and construction in India and China. Construction of plants is
planned in other countries too. Active position in promotion of
«Isomalk-2» technology outside CIS is taken by NEFTEHIM’s
partner, American company GTC Technology US, LLC.
Successful integration of «Ilsomalk-2» to the global oil refining
accelerated implementation of yet another technology —
«Isomalk-3». This technology is designed for isomerization of
n-butane and is becoming increasingly popular for producing
isobutane, which is used in the technological chain of production
of MTBE and alkylate. The first construction of «Isomalk-3» plant
was completed in China by SSCG in 2016.

Performance of the plant demonstrates the great potential of the
technology.

The latest development of PJSC SIE NEFTEHIM became
technology of C, fraction isomerization, called «lsomalk-4».
The problem of isomerization of the C, fraction (70 -105°C) was
always of great interest for oil refiners. It is tempting to obtain
high-octane non-aromatic auto component from this low-octane
fraction instead of aromatic concentrate on catalytic reforming
plants.

However, acute relevance of creation of industrial technology
for isomerization of C, fraction arose only when at almost all
refineries a need occurred to produce motor gasolines required
by EURO 5 standard with aromatic content <35% and benzene
content <1.0%.

NEFTEHIM dedicated more than five years to creation of
isomerization technology for C, fraction.

The complexity of the problem was in the fact that all known
catalysts are not sufficiently selective for isomerization of
heptanes. Isomerization process with a lower selectivity than the
reforming process cannot be competitive. NEFTEHIM managed

to develop a catalyst and industrial technology for its production,
which ensures very high product yield, 95 to 98 percent, and
the octane number of the isomerate reaches 70-87 points,
depending on adopted process scheme.

Negotiations are currently underway with several refineries on
implementation of the process.

Finally, let's speak about else one of the main activities of PJSC
SIE NEFTEHIM — manufacturing and supply of catalysts.

The first batches of reforming catalysts in the second half of
1990s were produced at the Angarsk plant of catalysts OJSC
AZK&OS. Here, with the participation of experts of NEFTEHIM a
batch of zeolite catalyst SI-1 and the first batch of catalyst SI-2
for JSC Ufaneftekhim were produced.

However, since 2004 production of reforming and isomerization
catalysts under supervision of licensor was transferred to CJSC
Promcatalys (Ryazan), member of TNK-BP group. Production of
the catalysts at this plant was carried out until 2014, and in 2015
a specialized enterprise «Nizhegorodskie catalysts», LLC was
established for production of catalysts developed by PJSC SIE
NEFTEHIM.

In the years 2015-2016 at the new plant there was produced
the first batch of the isomerization catalyst SI-3 and a batch of
catalyst SI-2 for the new plant «lsomalk-2» of JSC TANECO
(Nizhnekamsk). For the period from 2016 to 2020 a large plan
of production of isomerization and reforming catalysts has been
drawn up, including production of reforming catalyst for CCR
plants.

Currently, the number of employees of PJSC SIE NEFTEHIM is
about a hundred people, average age — 32 years. In the coming
years, the company expects hard work on implementation of its
technologies in Russia and foreign countries. New studies are
expanding, focused on industrial application in the near future
of: catalysts for xylene isomerization, disproportionation and
transalkylation of alkylaromatic hydrocarbons, dehydrogenation
of light alkanes, and others.
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NMPOEKTUPOBAHME YCTAHOBOK «MA30OMAJIK-2» HA
POCCMUNCKUX U SAPYBEXHDLIX 3ABOAAX

Tumodeii KAPNEHKO, Exarepuna AJEMUAOBA, Haranba PELLETUHA

OnbIT BHeapeHuns katanusatopa CU-2 Ha psige poCCUMACKMX
HM3 B 2003-2005 rogax nokasars, YTO C YY4ETOM CUIbHbIX MO-
31UMIA 3apyBeXHbIX KOMMaHUA AN YCNELHOW KOHKYPEeHLUMM Ha
POCCUICKMX PbIHKaX OO4HOW NMKLUb NMOCTaBKWU kaTanmsaTopa yxe
He [OCTaTO4HO.

BHenpeHue TexHonormm, 0co6eHHO Ha BHOBb CTPOSILLIMXCS 00b-
ekTax HedTenepepaboTkn, TpebyeT KOMMMEKCHOro Noaxoda C
npenocTaBnNeHneEM 3aKa34yuky nuueH3un, 6asoBoro NPOEKTUPO-
BaHWS 1 COMPOBOXAEHUS NPOEKTa Ha BCEX CTaausiX ero peanu-
3aunn.

Bbixog Ha 3apybexHblii ppiHOK 6e3 MorHoro nakera nuueH3u-
apa, 06blYHO NPefoCTaBNSEMOro AOMUHUPYOLMMA Ha PbIHKE
TEXHOMNOr pUchopMumHra 1 nsomepmsarmm komnaHuamm UOP n
Axens, BOBCE HEBO3MOXEH.

BknoveHne B makeT npegocTaBnsieMbix ycnyr 6a3oBoro npoek-
TMPOBaHMSA U COMPOBOXAEHMSA AETaNbHOIO NpoeKTa No3Bonnso
obecnevnTb psif, BaXXHbIX KOHKYPEHTHbLIX MPEUMYLLECTB:

— KOMMIeKcHas NoaaepKka Ha BCEX YPOBHSX BHEAPEHUS TeX-
HOMoOrMM NO3BoNSAET nsbexarb OLWNMBOK NPY NPOEKTUPOBAHUMN U
CTPOUTENbLCTBE;

— OnbIT NMUeH3napa 1 paspaboTyvka Katanu3atopa Mno3Bo-
NSeT peanun3oBaTb MPOEKTbl C MaKCMMarbHOW 3Heproaddek-
TMBHOCTBIO MPU YMEPEHHbIX U, HEManoBaXXHO, 06OCHOBaHHbIX
3aTparax;

— B3aUMOAENCTBME C MPOEKTHLIMWN OpraHn3aLusaMy 1 NocTaB-
Wwnkamy obopyaoBaHWsi MO3BOSISIET COBMECTUTb pasfuyHble
cTagun peanuaawummy NpoekTa, a 3aka34ynky — pa3mMecTuTb 3akas
Ha obopygoBaHMeE C ANUTENbHBIM CPOKOM M3roTOBMEHUS HEMO-
CpeaCcTBEHHO MOCIE MPUHATUSE PELLEHNS O CTPOUTENbLCTBE; BCE
3TO CYyLLECTBEHHO COKpaLLaeT CPpoK peanunsaunm NpoekTa;

— chneuManucTbl N1UeH3napa conpoBOXaatoT MPOEKT C CaMo-
ro Hayana npoeKTMPOBaHWSA U 3aTeM B TEYEHWE BCEro cpoka
aKkcnnyaraumMm obbekTa, YTO MO3BOMSET 3aKasuuKy MONyYnUTb
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KBanuULUMPOBaHHYO MOMOLLb MPWU 3KCMyaTaumMm yCTaHOBKMU,
MOCKOJbKY CNeumanucTbl TEXHUYECKOW MOAOEPXKKA 3HAKOT NMpo-
€KT BMoTb 40 CaMblX MEMNKUX AeTaneu.

Tonbko nNpy NogobHON OpraHu3aLun CTPOUTENBCTBA YCTaHOBKM
NYLEH3Map MOXET C MOMHOW MEepon OTBETCTBEHHOCTU rapaH-
TMpoBaTb 1 obecneunTb OOCTMXEHUE TpebyeMbix nokasaTtenen
npouecca. brnarogapsi KOMMIEKCHOMY MOAXOAY Ansi BCEX HOBbIX
npoekToB «M3omank-2» B Poccun n 3a pybexxom rapaHTMpoBaH-
Hble nokasatenu ObinuM OOCTUIHYTbl HEMoCPeACTBEHHO Mocre
nycka yCTaHOBOK W BbIOEPXKMBAIOTCS B TEYEHME BCEro CpoKa Ux
aKcnnyaTauumn.

Mpn npopabotke 6asoBoro npoekta MAO «HIIM Hedtexum»
UCMNONb3YIOTCS COBPEMEHHbIE CPEACTBA MOAENUPOBAHUSA Tex-
Homornyeckmx npoueccoB (Hysys, HTFS+, PetroSim), xopotiuo
3apekomeHaoBaBLUne ceba Bo Bcem mupe. Kpome Ttoro, MAO
«HIMMN Hedtexum» ncnonb3yeT u METOAUKM U NpOrpaMmMbl cob-
CTBEHHOM pa3paboTku, B TOM YMCNe METOAMKU, MO3BONSANLLNE
paccuuTaTb MOBEAEHWE KaTanusaTopa B pasfuyHbIX cpenax.
Co4yeTaHune UCnonb30BaHNsi COBPEMEHHbIX MOAXOA0B U METOA0B
C BbICOKOW KBanudwukauuen nepcoHana nossonunu MAO «HIMM
HedTexnm» BkMO4MTL 6a30BOE MPOEKTUPOBAHME B MNEpPEYEHb
npenocTaBnsembixX YCryr.

[MepBbIM MPOEKTOM, BbIMNOMHEHHBIM MO UCXOAHBIM AaHHbIM (6a-
3oBomy npoekty) MAO «HIIM Hedrtexum», ctana ycrtaHoBka
nzomepmsaunm B AO «lasnpomHedTb-OHIM3». lMyck yctaHoB-
kv npoussoguTenbHocTbio 800 Thic. T/rod cocTosncsa B Hos0pe
2010 ropa.

VicxogHble faHHble AN NPOEKTUPOBaHNST YCTAHOBKU Obinn Bbl-
padbl NMAO «HIIM Hedrexum» B 2007 rogy, NPoekT 1 paboyas
AokyMeHTauus BbinonHeHsl 3A0 «HedtexumnpoekT» (CaHkT-
Metepbypr), nog aBTopckmum Hag3opom MNAO «HIM Hedtexmumy.
leHepanbHbin npoekTupoBwnk — OAO «OmckHedTexMMnpo-
EeKT».



DESIGN OF «<ISOMALK-2» UNITS AT RUSSIAN AND

FOREIGN REFINERIES

Timofey KARPENKO, Ekaterina DEMIDOVA, Natalia RESHETINA

Experience in the implementation of SI-2 catalyst at a number
of Russian oil refineries in 2003-2005 showed that, taking into
account strong position of foreign companies, just delivery of
catalysts is no longer enough for successful competition on
Russian markets.

Introduction of technology, especially at the newly built oil refining
facilities, requires an integrated approach with provision to the
customer a License, Basic Engineering and project support at all
stages of its implementation.

Entry to a foreign market without full package of the Licensor,
usually provided by companies, dominant at the market of
reforming and isomerization technologies, such as UOP and
Axens is quite impossible.

Inclusion of services of Basic Engineering Design and
maintenance of a Detailed Design to the package of services
being provided allowed ensuring a number of important
competitive advantages:

— Comprehensive support at all levels of introduction of
the technology allows avoiding errors during designing and
construction;

— Experience of the Licensor and developer of the catalyst
enables implementing the projects with maximum power
efficiency at moderate and, importantly, justified costs;

— Interaction with design institutions and suppliers of the
equipment allows to combine different stages of the project, and
the customer can place an order for equipment with long lead
time immediately after adopting decision on construction of a
facility; all this greatly reduces the duration of implementation of
a project;

— Licensor’s experts accompany the project from the beginning
of design works and then for the entire period of operation of the
facility. It allows the customer to get professional help during
operation of the plant, as technical support specialists know the
project down to the smallest detail.

Only in case of such an organization of construction the Licensor
may reliably guarantee and ensure achievement of required
process parameters. Due to integrated approach for all new
projects «lsomalk-2» in Russia and abroad, guaranteed values
were achieved immediately after commissioning of the plants
and were maintained for the duration of their operation.

When developing Basic Engineering Design by PJSC SIE
NEFTEHIM, modern tools for simulation of technological
processes are used (Hysys, HTFS+, PetroSim), well-
established around the world. In addition, PJSC SIE NEFTEHIM
employs techniques and proprietary programs, including
techniques allowing calculating behavior of a catalyst in different
environments.

Combination of modern approaches and methods with high
qualification of the staff allowed PJSC SIE NEFTEHIM to include
Basic Engineering into the list of services.

The first project, performed based on the Design Basis (Basic
Engineering Design) of PJSC SIE NEFTEHIM became an
isomerization plant at JSC Gazpromneft — Omsk Refinery.
Start of the plant with capacity of 800K tons/year was held in
November 2010.

Design Basis for designing of the plant were provided by PJSC
SIE NEFTEHIM in 2007, the project and working documentation
were issued by CJSC Neftekhimproekt (St. Petersburg), under
the authorial supervision of PJSC SIE NEFTEHIM. General
designer is JSC Omskneftekhimproekt.

The large plant with a complex set of auxiliary facilities (including
storage tanks, flare unit and a number of refinery infrastructure
facilities) has been designed, built and put into operation within
only three years. It was possible because development of
working documentation and ordering the long lead equipment
were made still at the stage of implementation of the project.

Moreover, work on the project was not suspended even under
the conditions of difficult economic situation in the country.

The plant allows obtaining isopentane fraction with octane
number 92-93 points and isohexane fraction with octane number
91-92 per research method (RON).

Within a short period of time after starting «lsomalk-2» plant in
Omsk, new projects have been completed and put into operation:
— Isomerization plant with capacity of 720 thousand tons a year,
with the section of preparation of the feedstock and preliminary
hydrotreatment of pentane-hexane fraction, OJSC Slavneft-
YANOS (2011). The process of isomerization of light gasoline
fractions at this plant was done according to the scheme with
deisopentanization of the feedstock and recycling low-branched
hexanes;

— Plant for isomerization of pentane-hexane fraction with feed
capacity of 300 thousand tons/year with a pre-hydrotreatment unit
at PJSC Saratov Oil Refinery (2013). The isomerization process
is carried out according to the scheme with deisopentanization
of the feedstock, recycling n-pentane and low-branched hexanes
with production of commercial isomerate with RON up to 93
points;

— Plant for isomerization of pentane-hexane fraction with feed
capacity of 300 thousand tons/year with a pre-hydrotreatment
unit at JSC Orsknefteorgsintez (2015), according to a scheme
similar to plant in Saratov with production of isomerate with RON
up to 93 points;

— Integrated isomerization plant with capacity of 800 thousand
tons per year at JSC Ryazan Oil Refining Company (RORC)
(2015) according to a scheme with deisopentanization of the
feedstock and recycling low-branched hexanes, producing
isopentane fraction with RON of 92-93 points and hexane
isomerate with RON of 89-90 points.

Several projects on major unit revamp were implemented
within this period, such as the isomerization units’ revamp in
Ufaneftekhim and NOVOIL (PJSOC Bashneft).

Anumber of new projects are at various stages of implementation.
In Russia these are plants at JSC TANECO, LUKOIL-Western
Siberia, LLC, and KINEF, LLC. Abroad — projects in BPCL
Mumbai (India), Dalian Hengli (China), Shandong Lifengda
(China). The technology was chosen as the priority for the
isomerization projects at a number of oil refining companies in
Russia and abroad.

A plant, being designed per «Isomalk-2» technology at Hengli
Petrochemical (Dalian) Co., Ltd (Dalian, China) with preliminary
preparation of the feedstock, deisopentanization unit and recycle
of low-branched hexanes is unique: it has two trains of the reactor
block, two reactors in each train. This solution is stipulated by
high power of the plant and is necessary for optimal distribution
of the gas-feed mixture and decreasing hydraulic resistance in
the reactors. Amount of the feedstock for the isomerization plant
amounts to 2400K tons /year.

Successful entry into the foreign market was largely made
possible thanks to cooperation with GTC Technology US,
LLC (USA) having offices and an opportunity of technology
presentation all around the world.

Typical project implementation period in Russia is three years
from adoption of basic technical solutions to commissioning. But
with proper Front-End Engineering Design and use of experience
of earlier projects it is possible to combine different types of work
and complete construction of the plant in two years.

For overseas projects deadlines vary and depend largely on the
structure of the customer’s company and norms and rules of
industrial safety valid in the country. For small projects in China,
for example, implementation period from selection of technology
to commissioning ranges from one to two years.

In many respects, terms of design and construction depend
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KpynHas yctaHoBKa CO CIOXHbIM KOMMIIEKCOM BCMoMorartenb-
HbIX OOBLEKTOB (BKMOYas pesepByapHbIi MapK, akenbHyH
YCTaHOBKY U psA 06beKToB MHpacTpykTypbl HIMN3) 6bina cnpo-
eKTMpOoBaHa, NOCTPOEHa 1 BBEAEHa B JKCMIyaTaumio BCEro 3a
TpW roga. ATo CTano BO3MOXHbIM, MOCKONbKY pa3paboTka pabo-
Yyeln AOKyMEHTauUmM 1 3aka3 obopyaoBaHusa ONNTENbHOMO CPoKa
N3roTOBMNEHNs ObINN NPON3BEAEHDI ELLE HA CTAAUUN BbINOMHEHWS
npoekta. [Npryem paboTbl Haf NPOEKTOM He NpUOCTaHaBMNMBa-
NUCb Aaxke MpU CrOXHOW SKOHOMWYECKOW CUTyaLun B CTpaHe.
YcTaHoBKa MO3BOMSET MoNlydaTb M30MEHTAHOBYID (hpakumio C
OKTaHOBbIM Yncnom 92-93 nyHKTa U M30reKCaHoBYH (hpakuuto
C OKTaHOBbIM 4ucriom 91-92 nyHKTa Mo mccregoBaTernbCKoOMy
metogy (MOY).

3a KOpOTKWUMA MPOMEXYTOK BPEMEHW MNocne ycTaHoBkM «W30-
mank-2» B Omcke Obiny 3aBepLueHbl U BBEOEHbI B SKCMyaTta-
LMo 1 gpyrve npoekThl:

— YcTaHoBKa nsomepusanmm MoLHOCTbo 720 ThiC. TOHH rog,
C CeKuMel NoAroToBKY ChipbS U NpeaBapuTenbHON MAPO0OYNCT-
K1 neHTaH-rekcaHoBon dpakumn, OAO «CnaBHedpTb-AHOCH
(2011). Mpouecc n3omepunsauum nerkmx 6eH3NHOBBIX hpakLuii
Ha 3TOW yCTaHOBKe OCYLLECTBIIEH MO CXEMe C Aen3oneHTaHn3a-
LMeN CbIpbsl U PELIMKIIOM Maropa3BeTBIEHHbIX FEKCAHOB;

— YcTaHoBKa u3oMepu3auuy MeHTaH-TekCaHOBOW dpakumnm
MOLLHOCTbH0 Mo cbipbto 300 Thic.T/rog ¢ 6riokoM npeaBapuUTenb-
Hol rugpoounctkn Ha MAO «Capatockuii HIM3» (2013). Mpo-
Lilecc n3omepu3aLmm oCyLLEeCTBASETCA MO CXeMe C Aen30neHTa-
HU3aLuuel Cbipbs, PELMKITOM H-NMEHTaHa 1 ManopasBeTBIEHHbIX
rekCaHoB C MoryYyeHnem ToBapHoro nomepwusarta ¢ MOY go 93
MyHKTOB;

— YcTaHoBKa u3oMepu3auny MeHTaH-TekCaHOBOW pakumm
MOLLHOCTb0 MO cbipbto 300 ThiC. T/rog ¢ 6rnokom npeaBapuTenb-
How rugpoouncTkn Ha OAO «OpckHedTeoprcmHTed» (2015), no
cxeMme, aHanorm4Hown yctaHoBke B CapartoBe, C nonyyYeHvem
n3omepusata ¢ MOY 92-93 nyHkTa;

— KowmnnekcHas yctaHoBKka mM3omepusaumm moluHocTbio 800
TbiC. TOHH B rog Ha AO «PHTIIK» (2015) no cxeme ¢ gensoneHTa-
HU3auuen Cbipbs U PELMKIIOM MaropasBeTBMNEHHbIX rEKCaHOoB,
BblpabaTtbiBaoLLasa n3oneHTaHoByo ppakumio ¢ 92-93 nyHkTamm
MO n rekcaHoBbIv nsomepuaar ¢ 89-90 nyHktamu MIOY. Takke
3a 910 BpeMs Obin peanv3oBaH psA NPOEKTOB, CBA3AHHBLIX C
CEPbE3HON PEKOHCTPYKLIMEN YCTAHOBKU, — 3TO PEKOHCTPYKLIMM
ycTaHoBok m3omepusaumm Ha OAO «balwHedTb-YdhaHedTe-
xum» n OAO «BaluHedpTb-HoBonn» (MAO AHK «BaluHedTb»).

Ha pasnuyHoli ctaguu peanuaaummn HaxogauTcs psg HOBbIX MPo-
ekTtoB. B Poccun ato ycraHoBkn AO «TAHEKO», OO0 «J1Y-
KOWMN — BanagHas Cubupb», 000 «KUMHE®». 3a pybexom
— npoekTbl B BPCL Mumbai (MHawnsa), Dalian Hengli (Kutan),
Shandong Lifengda (Kutai). TexHonorusi BbibpaHa B Ka4ecTBe
NPVYOPUTETHOW AN MPOEKTOB M30Mepu3aumn Ha psige HedTe-
nepepabartbiBaoLLx kKoMmnaHui B Poccun 1 3a ee npegenamu.
MpoekTupyemass no TtexHomornu «Vsomank-2» ycTaHOBKa B
Hengli Petrochemical (Dalian) Co., Ltd (JansHb, KuTtai) ¢ npea-
BapUTENbHOW NOArOTOBKOW Cbipbsi, GIIOKOM AEN30NEHTaHN3aL N
CbIpbS U PELIMKIIOM MarnopasBeTBNEHHbIX FEKCaHOB YHUKarbHa:
OHa MMeeT ABe NMHUN peakTopHoro 6roka no ABa peakTopa B
KaXaon nuHuW. Takoe pelueHne 06yCroBMeHO BbICOKOW MOLL-
HOCTbIO YCTAHOBKM M HEOOXOAMMO ANA ONTUMAnbHOro pacnpe-
[OENEeHNs ra3oCcbipbEBOM CMECU U CHWDKEHUS TMOPaBNYECKOro
COMpOTUBIIEHNS B peakTopax. KonuyecTBO Cbipbs YCTaHOBKM
n3omepusaumm coctasnset 2400 Tbic. T/rog.

YcnewH bl BbIXod Ha 3apybexHbli PbIHOK BO MHOFOM CTan
BO3MOXeH Onaropgapsi coTpygHuyecTBy C KomnaHuen GTC
Technology US LLC (CLUA), umetowlei npeacraBuTenscTea U
BO3MOXHOCTb NPe3eHTOBaTb TEXHOMOMMM No BCEMY MUPY. Tuno-
BOV CPOK peanunsaumu npoekta B Poccun coctaBnseT Tpu roga ¢
MOMEHTA NPUHATUS OCHOBHbIX TEXHUYECKNX PELLEeHWI 00 BBOAA
B 3KCMnyartauuio. Ho npu AomkHOM npeanpoekTHoM npopaboTke
1 UCMNOMb30BaHUW OMbiTa peanv3aumn npenbiayLimx npoekToB
BO3MOXXHO COBMECTUTb pa3nunyHble Buabl paboT n peanusoBaTtb
CTPOUTENBLCTBO YCTAHOBKM 3a ABa roga.

[ns 3apybexHbIX MPOEKTOB CPOKM MOTYT ObITb pasHbiMU U BO
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MHOIOM 3aBUCHAT OT CTPYKTYpbl KOMMaHWW-3aKas4mka, AenNCTBy-
IOLLMX B CTPAHE HOPM ¥ NpaBui NPOMbILLIEHHON 6e3onacHocTu.
[ns HebonbluMx NpoekToB B Kutae, k npumepy, Cpok peanunsa-
LUy OT BbIOOpa TEXHONMOrMM A0 BBOA4A B SKCMNIyaTaumio COCTaB-
NSIET OT OAHOrO rofa 4o ABYX FeT.

Bo MHOrom Cpokv MPOEKTUPOBaHUSA 1 CTPOUTENBLCTBA 3aBUCAT OT
ponu nuueH3napa Ha HavarnbHOW CTaguu peanusauuu npoekTa
W OT pacnpefeneHnsi OTBETCTBEHHOCTU MeXAy NMULEH3MapoM U
NMPOEKTHOW OpraHnsauuer B Bonpoce Bbibopa obopynoBaHus. B
Poccuu npouecc nogbopa o6opynoBaHus TpaguLMOHHO OCTaeT-
CS 3a MPOEKTHOW OpraHun3aunen n cnyxbamm 3akasyvka, noarto-
My NuLUeH3nap NpegocTaBnsieT UCXOAHble OaHHble AN Npoek-
TMpoBaHus (B obbeme «lonoxeHnst 06 UCXOAHbIX AaHHbIX ANS
NPOEKTUPOBAHNAY»), N ANA KaXAoro obbekta pacyeT n Bbibop
obopyaoBaHus, Kak NpaBumo, NMPOU3BOAUTCS 3aHOBO.

Ha 3anage npakTtuyecky Bce NPOEKTbI BbIMOHATCSA Mo 6a30B0-
My MPOEKTY NnuLeH3napa. B otnnume ot NCXOA4HbIX SaHHbIX A5is
NPOeKTMpoBaHus, 6a30BbIN NPOEKT OObIYHO BKMKOYaET B cebs
JetanbHble cneundukaumm Ha obopyaoBaHue 1 y3nbl yCTaHOB-
KW, YK€ cornmacoBaHHble C MOCTaBLUMKaMMU U U3rOTOBUTENSMU
000opyaoBaHuUs, C KOTOPbIMU COTPYAHWUYaET nuueHanap. B atom
crny4yae 3aka3 0bOpyaOBaHUSA MOXET OCYLLECTBMATLCS YXKe CO
BTOPOro-TPETLEro MecsLa C Ha4yana NpoeKkTMpoBaHus, — Mnocre
COrnacoBaHNsl TEXHOSTOMMYECKON CXEMbl U OCHOBHbIX TEXHUYEe-
CKUX peLueHuii. NsrotoBneHne obopynoBaHus Takke 3aHMMaeT
MEeHbLUE BPEMEHU, C MPO3padyHbiMM CPOKAMU BbIMONHEHUSA 3a-
kasa. Takol MyTb MO3BOMSET BbIMNOMHWUTL MPOEKT 33 MEHbLUME
CpOKM, HO TpebyeT OT nuueH3napa Gonbluen OTBETCTBEHHOCTU
1 Gonbluero oobemMa paboT Ha Ha4YarnbHONM CTagun peanuaaumu
npoekTa.

B TeyeHue Bcero cpoka peanusauum npoekTa u npu aKcnnya-
Tauum yctaHoBku MAO «HIIN Hedtexnm» HaxoauTcs B TECHOM
B3aMOAENCTBUM C 3aKa34YMKaMU.

HauymHas ¢ camon paHHen ctagumn npoekTa, cneunanuctbl NMAO
«HIMIM HedbTtexnm» npuHUMAaOT HENOCPEOCTBEHHOE yyacTue B
ero peanvsaumu:

— BBbIMNOMHAETCS NPEANPOEKTHas npopaboTka 1 BbIOOp onTu-
MarbHbIX TEXHOMOMMYECKNX PELUEHUN C y4EeTOM OcoBeHHocTen
cbipbeBOW 6a3sbl, TpeboBaHWI K MpoAykTam U O0COoBGeHHOCTeN
nnowaakm HIM3, Ha koTopow NnaHMpyeTcs CTPOUTENBLCTBO yCTa-
HOBKW, NPOBOAATCH NpeABapUTENbHbIE TEXHOMOrMYeckmMe pacye-
Thl;

— OCYLLECTBIISAETCS NMLEH3NUPOBaHNE TEXHOMNOrMn, npeno-
CTaBISAOTCH KIMHOYEBbLIE TEXHOMOIMYECKUNE VMHCTPYKLMKN, COAEep-
)Kalme Hoy-xay M OCHOBbI TEXHOMOIK;

— BbINOMHsAETCs pa3paboTka 6a30BOro NpoekTa U NCXOL4HbIX
OaHHbIX AN NPOEKTUPOBaHUS (B 3aBUCUMOCTM OT TOTO, MO KaKo-
My CTaHAapTy OpPraHM30BbIBAETCS MPOEKTUPOBAHMKE).

Mpu npoekTnpoBaHun n ctpoutenscTee yctaHoBku MAO «HIM
Hedrexnmy»:

— OKa3blBaeT TEXHUYECKYH MOMOLLb U KOHCYNbTaumMm npu ae-
TanbHOM MPOEKTUPOBAHUN;

— MpOu3BOAUT COrMacoBaHWe AeTalnbHbIX CXEM U YepTexew,
BbIMOJTHSET PACCMOTPEHME AOKYMEHTaLNM OT NMOCTaBLUMKOB TEX-
HOMOrnyecKoro 06opyaoBaHNS;

— TMpPVHUMAET yyYacTue B COCTaBMEHUN TEXHOSOIMYECKOro pe-
rnameHTa u MJJNA (nnaHa MeponpusaTviA No NMKBMAALUA U NO-
Kanvsauuu aBapui) yCTaHOBKMY;

— NpPOU3BOAUT MHCMEKLMIO CTPOSALLENCS YCTAaHOBKN CO CTOPO-
Hbl NULIEeH3napa;

— OCYLLECTBMSET KOHCYNbTaLMIO 1 00y4eHMe TEXHONOIMYECKO-
ro nepcoHana yCTtaHOBKM;

— MNpOU3BOAUT NOCTaBKY KaTanusatopa Ha YyCTaHOBKY;

— OCYLLECTBMSET TEXHNYECKOE U KOHCYNbTaLMOHHOE COMNPOBO-
XOEHWe NpoBeAeHUSA MYCKOBbIX Onepauuii, BbIBOA, YCTAHOBKU Ha
rapaHTMpOBaHHbIE NMoKa3aTenu.

B TeuyeHve Bcero cpoka SKcnnyartauuv OCYLUEeCTBMASETCS MO-
HUTOPUHI paboTbl YCTaHOBKW, OKa3blBAKOTCA KOHCYrbTaLuMu.
MIMeHHO KomnnekcHasi NMoAAepkka NMPOEeKTOB crnocobcTBoBana
OOCTUXKEHUIO BbICOKMX pe3ynbTaTtoB 1 obecnevmna TexHomnorum
«M3omank-2» npusHaHue B Poccun 1 3a ee npeaenamu.



MECSALbI/ MONTHS

BUAbI PABOT / TYPES OF WORKS

8|90 |n|12(13[1M4]|1B5|16|17|18B[1O|D|21|2|B|24

1. BasoBoe npoekTVpoBaHue / Basic Engineering

2. Pabouee npoekTpoBaHm1e, ohopmrieHre paspeLun-
TenbHol AokymeHTaumn / Detailed Engineering, execution
of permissive documentation

3. 3akas 1 nocraeka obopyaoBaHus /
Equipment order and supply

4. [NoprotoBKa TEPPUTOPUN K CTPOUTENLCTBY /
Teritory preparation for construction

5. ®yHaaMeHTbI OCHOBHOTO TeXHoIorn4eckoro obopyao-
BaHusi / The main process equipment foundations

6. MetannokoHcTpykumm / Metal structures

7. MoHTax 06opyaoBaHyisi 1 Tpybonposodos /
Equipment and pipelines installation

8. MoHTax KUMWA, anexkTpoTexHmyeckoro obopyaosa-
Hus / Instrumentation and electrical equipment installation

9. MyckoHanaao4Hble paboTbl / Pre-commissioning works

lnaH-epaghuk peanusayuu ocHo8HbIX cmaduli npoekma/ Working schedule of the main project stages

on the role of Licensor at the initial stage of the project and
distribution of responsibility between Licensor and design
organization in selection of equipment. In Russia equipment
selection is traditionally carried out by design organization and
Customer’s services, therefore, Licensor provides Design Basis
(in the amount stated by «Regulation on Design Basis»), and for
each object, calculation and selection of equipment are usually
made all over again.

In the West, almost all projects are carried out according to
the Basic Engineering Design of the Licensor. In contrast to
the Design Basis, Basic Engineering Design usually includes
detailed specifications of the equipment and components
of the plant, already agreed with equipment suppliers and
manufacturers, cooperating with the Licensor. In this case
order of the equipment may be carried out from the second or
third month of the design — after coordination of process flow
diagram and basic technical solutions. Manufacturing of the
equipment also takes less time, with clear terms of the order
completion. This way allows you to complete the project in less
time, but requires from the Licensor greater responsibility and
more work at the initial stage of the project implementation.
During the entire duration of the project implementation
and operation of the plant PJSC SIE NEFTEHIM is in close
cooperation with customers.

Starting from the very early stage of the project, specialists of
PJSC SIE NEFTEHIM are directly involved in its implementation:
— Front End Engineering Design and selection of optimal
technological solutions are carried out, considering features of
the feedstock base, requirements to the product and features
of the refinery site, where construction of the plant is planned,
preliminary technological calculations are carried out;

— licensing of technology is carried out, key technological
instructions are provided containing know-how and basics of the
technology;

— Basic Engineering or Design Basis (depending on standard
used for design).

When designing and constructing the plant PJSC SIE
NEFTEHIM:

— provides technical assistance and advice during Detailed
Design;

— coordinates detailed P&IDs and drawings, examines
documentation from suppliers of the technological equipment;
— takes part in drawing up production schedules and APECA
(action plan for the elimination and containment of accidents) for
the plant;

— conducts inspection of the plant under construction on the
part of the Licensor;

— provides advice and training of technological personnel of
the plant;

— provides supply of catalyst to the plant;

— provides technical and consulting support of start-up

operations, bringing the plant to guaranteed performance.
During the lifetime of the plant PJSC SIE NEFTEHIM carries out
monitoring of its operation and provides consultations.

It was just a comprehensive project support that contributed
to achievement of good results and ensured recognition of
technology «lsomalk-2» in Russia and abroad.
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PA3SPABOTKA, NMPOMBIUWJIEHHOE MNMPOU3BOACTBO
U NOCTABKA KATAJINZATOPOB U3OMEPUZALIMU MU

PUDPOPMUHTIA

Anexkcanap WAKYH, Mapuna PEAOPOBA

B nocnenHee gecatunetve Npou3BOACTBO M MOCTaBKa Katanu-
3aTOPOB M30oMepu3aumn M pudopMUHra COOCTBEHHONW paspa-
OOTKM CTano OAHWM M3 OCHOBHbIX BMAOB gesitenibHoctu NAO
«HIMN Hedprexumy.

lMepen HOBbIM aKUMOHEPHbBIM 06LLECTBOM, 0OpPa30BaHHbLIM B Ce-
peavHe 1990-x, cTosna 3agaya co3fgaHus CroXKHOWM LENOYKN: OT
nabopaTopHbIX MCCnefoBaHW A0 NOCTaBKY KaTanM3aTtopos, 3a-
rPy3Ku 1 BbIBOAA NMPOMbILLIIEHHbIX YCTAHOBOK Ha rapaHTMpOBaH-
Hble nokasatenu. Npobnema peanv3aumu Takon cxembl Obina
obuen ansa Bcex CTapbiX Y HOBbIX OPraHn3aLnii, OKa3aBLLMXCA B
KECTKOW KOHKYpPEeHTHOW cpefe. Ha poCcCMNCKUIN PbIHOK NPULLIIK
n3eecTHble mypoBble nuaepbl UOP (CLUA), Axens (®paHuus),
Sid-Chemie (FepmaHus) n gpyrve 3apybexHble VHXUHUPUH-
roBble KOMMaHWW, pacrnonaraBlUMe He TOMIbKO CBOUMMW KaTanu-
3aTopamu, TEXHONOIMAMN U pedepeHLnaMn, HO 1 0BOPOTHBLIM
KanuTanom, no3BosNsLLIMM BblaBaTb HEOOXOAUMbIE rapaHTun
1 aBaHCMpoBaTb MPON3BOACTRBO.

B Poccun B 3TO Bpemsa cyllecTBoBana vHas cuTyaums. Wc-
cnefoBaHnst M pa3paboTKy KaTtanu3aTopoB WM TEXHOMOTUI0 UX
Npon3BOACTBA OCYLLECTBNANMN Hay4YHO-UCCreaoBaTenbLCckme op-
raHum3auumn, a NpovM3BOACTBO M MOCTaBKY KaTanv3aTopoB BeNu
KaTanusaTopHble 3aBofbl. [1py NnogobHoWM cxeme BO3HMKar pas-
pbIB OTBETCTBEHHOCTU — Hay4YHO-UCCIEAOBATENbCKME OpraHu-
3auuy He MOITM ee HeCTu B MONTHOM o6beMe, a 3aBofbl, He SB-
nssicb B 6OMbLUMHCTBE CriydYaeB COOCTBEHHUKAMW TEXHOMOMMU,
He Bcerga Obinv roToBbl rapaHTMPOBaTh NMokasaTenu.

HIIM HedTexum ctan ogHOM M3 NepBbIX POCCUMCKMX Hay4YHbIX
N UHXVHUPWHIOBBIX OpraHuW3auui, Kotopble B3AnM Ha cebs n
NoCTaBKy, 1 OTBETCTBEHHOCTb 3a AOCTMKEHWE rapaHTMpPOBaH-
HblX nokasatenen. CnoxHoctb ans MNAO «HIMIMT Hedtexnm»
3akno4Yanachb elle B TOM, YTO €ero karanusaTopbl copepkar
BGnaropogHbIn MeTann — NNatuHy, YTO MHOTOKPaTHO YBEMWYu-
Bano ¢pmHaHcoBble puckn. HecMoTps Ha 3TO OBCTOSITENLCTBO
N Ha OYEeHb XECTKyl KOHKypeHumto, B 2003 rogy Obin 3akmnto-
YeH nepsbii Npsamon gorosop mexay HIM Hedrexum n OAO
«YdaHedTexum» Ha noctaBky katanusatopa CWU-2. Mpexae
BCEro, And OCyLlecTBreHna npousdBoactsa noctasku HIM
HedTexum 3aknoumn nuueH3noHHbIn goroBop ¢ OAO «AHrap-
CKUI 3aBOA KaTanu3aTopoB Y OPraHM4eckoro CMHTE3a» O nepe-
[aye HEUCKIHYUTENBHOW FNUUEH3UN Ha TEXHOMOrM Mpous-
BOACTBa Cynb(aTUpOBaHHbIX KaTannaaTopoB, MoA KOHTPONeM
N C HemnocpeacTBEHHbIM yyYacTuem paspabotyvkoB. [Mpu aToM
B NMLEH3MOHHOM [OroBOpPE 3aKpEenmnsnocb NpaBo Ha MpsiMble
NocTaBKW 3aKas4ymkam Tonbko 3a nuueHsvnapom — AO «HIM
Hedtexum» (B T0 Bpems OAO).

Cnepgyowym atanomM 6bina onbITHO-NPOMbILLNEHHASA NpYBHA3Ka
TEXHOMOrMM NpousBoAcTBa karanusatopa CU-2 k obopynosa-
HU0 OAO «A3KnOCy, BbINyCK OMbITHLIX Y OMbITHO-NMPOMBbILLITEH-
HbIX napTui. Takas 3agadva Gbina pelleHa: B NEpBOM KBapTa-
ne 2003 roga npu HernocpeacTBEHHOM yYacTUM CneumnanicToB
MAO «HTIMN Hedtexum» Gbina nsrotosneHa nepeas naptus (36
TOHH) KkaTanusaTtopa CU-2.

[MepBbIi NMycK YCTAHOBKM M30MEPU3aUMM MEeHTaH-TeKCaHOBOW
dppakunm Ha CU-2 nokasan nepcrnekTvBbl LUMPOKOro MCMosb-
30BaHWs HOBOrO kaTanu3artopa. OgHako Heob6XxoaMMOCTb Hemo-
CpenCcTBEHHOro MPUCYTCTBMSA HALLUX CMEeLnanvcToB B JANeKoMm
AHrapcke 3amMeTHO YCNoXHsina npon3sogctso. Mostomy B 2004
rogy Obin 3aKnioYeH eLle OaUH NULEH3NOHHBIN A0roBOp Ha ne-
pefavy HEeUCKMYUTENbHON NULIEH3MM HA NPOU3BOACTBO CyJlb-
daTMpoBaHHbIX LMpKoHMEBbIX kaTanu3atopoB 3A0 «[MpombiLw-
NeHHble Katanusatopbl» (PA3aHb), BXOAMBLUEMY B TO BpeMS B
rpynny komnanun THK BP. Bce ycrnoBusi, B TOM Yucine UCKIo-
yntenbHoe npaso MAO «HIIN Hedtexum» Ha nocTtaBky kata-
NN3aTOpoB NOTPEOUTENAM, BbINM TakMMK XKe, Kak U B NMEPBOM
TNNLIEH3VIOHHOM [JOrOBOpE.
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TepputopuansHas 6nunsocte 3A0 «[MpombilLnNeHHbIe KaTtanuaa-
TOpbl», obnerynna u nosbicuna 3EKTUBHOCTb y4acTus cre-
unanuctoB NMAO «HIMM HedTtexnm» B npoussogctee. B 2003-
2014 ropgax ObINO U3rOTOBMNEHO W MOCTaBMEHO 3akas34dukam 15
naptun katanuaatopa CUA-2.

Ho paxe yyactume B nokynke 3AO «lMpomkatanus» (26% akuui)
He nossonuno MAO «HIIN HedpTexum» peanv3oBaTtb BCE CBOU
noen pasBUTUSA KaTanms3aTopHOro mnpou3BoAcTBa. [losTomy B
2015 rogy 6bino co3gaHo HoBoe npeanpustne, OO0 «Hwuxe-
rOPOACKME KaTanmsaTopbl», C KOHTPONbHbIM naketom y [MAO
«HIMMN Hedrexvm». Ha aToM npegnpuaTm 3a KOPOTKUIA Neprog,
ObINI0 MOAEPHM3NPOBAHO MPOU3BOACTBO M BbiMyLLEHA NapTusi
kaTanusatopa usomepusauunm H-bytaHa CW-3 ans kuTamckoro
3akasunka SSCG Ha ycTtaHoBKy «M3omMank-3» u naptus katanu-
3atopa CW-2 ons HoBown ycTaHoBku «M3omank-2» AO «TAHE-
KO» (HwxHekamck).

Ha atom >xe npeanpusitum nnaHWpyeTcs Npou3BOACTBO U ApY-
rmx KkatanusatopoB — katanusatopa CU-4 ons nsomepusauyum
dpakumm 70-105°C, ueonuTHOro katanumsaTopa M3omepusaumm
CU-1 (ona 3aMeHbl LeONUTHBIX KaTanu3aTopoB Ha OCTaBLUMX-
CS yCTaHOBKaxX), KaTanu3atopbl pudopMuHra ansi yCTaHOBOK CO
cTaumoHapHbiM cnoem cepun REF 1 katanusatop pudopMuH-
ra RC-12 gns ycrtaHoBok HPK, a Takke HoBas, paclumpeHHas
HOMEHKMNaTypa KaTanuaaTopoB A pa3nunyHbIX npoLeccoB. He-
CMOTPS Ha 60MbLUOe 3Ha4YeHME NPON3BOACTBEHHbLIX MOLLHOCTEMN,
NnepBbIM Y OCHOBHbLIM 3TarnoM B CO34aHun 3MEKTUBHBIX KaTa-
nn3aTopoB ocTalTcsa nabopatopHble uccriegoaHmns. C Lenbio
ux passutua «HIMMN Hedrexum» nocnegHue 20 neT akTUBHO
paclmnpsieT MeToabl UCCneaoBaHuin, npmobpeTaeT n ocBanBaeT
HoBble Npubopkl 1 o6opyaoBaHve. 3aBepLUaroLLMM 3Tanom mc-
cnefoBaHui Mo pa3paboTke HOBbIX KaTanm3aTopoB SABMSKOTCS
NMUNOTHbIE UCMBITAHUSA Ha yCTaHOBKax, paboTaroLmnx Kpyrinocy-
TO4YHO. Mo Mepe HeobXxoOMMOCTU MPaKTUKYIOTCA ANUTEMbHbIE,
no 200-500 4yacoB 1 6ornee, NUNOTHbIE UCTbITaHUA. Ha aTux xe
yCTaHOBKax NPOXOAAT TECTUPOBAHME BCE NPOMBbILLIIEHHbIE Nap-
TUW KaTanu3aTopoB, BbiMycKaeMble Ha 3aBOAaX.

B nocnegHue roabi B NMAO «HIMMN Hedtexmum» NOCTOAHHO NPOBO-
[OSITCA HOBbIE MCCINEN0BaHMS MO KaTtanusaTopam, B TOM YUCHE:
1. OnTMMM3aumsa NPOM3BOACTBa Karanusatopa M3oMepusauuu
CU-2 neHTaH-rekcaHoBbIX pakUuMn C Lenbio AanbHenwero
COBEpLUEHCTBOBAHNS KaTanuMTUYECKMX U OU3UKO-XMMUYECKMX
XapakTepucTuk. PaspaboTaHbl HECKONBKO MoAMdMKaLniA ¢ pas-
NMYHbIM cogepxaHunem Pt ot 0,22 go 0,29% macc.

2. Paspabotka katanusatopa CW-3 u TexHomnormm nsomepusa-
unn H-6yTaHa. VccnenoBaHus 3aBeplueHbl BbIMYCKOM MEPBOWN
napTum Karanusatopa, NPOEeKTUPOBaHWEM, CTPOUTENBLCTBOM U
NycKOM yCTaHOBKM B KuTae.

3. PaspaboTka HOBbIX MOAMMUKALIMIA LEONTUTHOIO KaTanusaTopa
n3oMepu3aLmmn neHTaH-rekcaHoBbix dpakumi CU-1. Pag cra-
pbiX MPOMBILLISIEHHBIX YCTAaHOBOK B Poccun n 3a pybexom Bce
elle paboTtaeT Ha LEeonUTHbIX KaTanu3atopax. He Bce 3aBogpl
roToBbl MHBECTMPOBAaTb B MOAEPHU3ALMNIO UMW CTPOUTENBCTBO
HOBBbIX YCTAHOBOK, Tak 4YTo MM TpebylTcsa HoBble, Gonee adg-
deKTUBHbIE LleonuTHbIE kaTtanuaaTopsl. Katanusatop CU-1 Ho-
BOMO MOKOJSIEHUS C YNYYLUEHHbIMU KaTannTUYECKUMIN CBOWCTBA-
MW BKITIOYEH B HOMEHKNATypy npou3BoacTea u nocraBok MAO
«HIMMN Hedrexumy».

4. PaspaboTtka HoBOW TexHonorum nsomepusauum C, — dpak-
unn (70-105°C) n katanusatopa CU-4 ans atoro npotecca. Hc-
cnepoBanus Begytca ¢ 2005 roga. B Hactoswee Bpems NMAO
«HIIM HedTtexvm» rotoB K NpOMbILLNIEHHOMY NPOU3BOACTBY Ka-
Tanusatopa CW-4 1 npoeKkTMpoBaHWIO YCTAHOBOK «V13oMank-4».
5. PaspaboTka HOBbIX MoAmMdUKaLMin KatanusaTopos pudop-
MWHra Ons CTauMOHapHOro Crosi U KatanusaTopoB A ycTa-
HOBOK C HenpepbiBHON pereHepaumnen (HPK). TemaTtuka kata-



DEVELOPMENT, PRODUCTION

AND DELIVERY OF ISOMERIZATION

AND REFORMING CATALYSTS
Alexander SHAKUN, Marina FEDOROVA

During the last decade production and delivery of proprietary
isomerization and reforming catalyst have become one of the
main activities of PJSC SIE NEFTEHIM.

The new joint stock company, established in the mid-1990s, had
the task of creating a complex chain, from laboratory research
to supply of catalysts, loading and commissioning of industrial
plants to guaranteed performance. The problem of realization of
such a scheme was common for all old and new organizations
caught in a tough competitive environment. Well-known world
leaders UOP (USA), Axens (France), Sud-Chemie (Germany)
and other foreign engineering companies came to the Russian
market, they possessed not only their own catalysts, technologies
and references, but also working capital, allowing them to give
necessary warranties and advance production.

At that time there was a different situation in Russia. Research
and development of catalysts and their production technology
were carried out by scientific research organizations, and
production and supply of catalysts — by catalyst plants.
Under this scheme a responsibility gap occurred — research
organizations could not be fully liable, and plants, not being
owners of the technology in most cases, not always were ready
to guarantee performance.

NEFTEHIM became one of the first Russian scientific and
engineering organizations that have undertaken both supply
of catalysts and responsibility for achieving guaranteed
performance. Additional difficulties for PJSC SIE NEFTEHIM
consisted in that its catalysts contain precious metal — platinum,
which greatly increased financial risks. Despite this fact and
very tough competition, in 2003 the first direct contract was
signed between PJSC SIE NEFTEHIM and OJSC Ufaneftekhim
for supply of SI-2 catalyst. First of all, for implementation of
production and supply SIE NEFTEHIM concluded a license
agreement with OJSC Angarsk Plant of Catalysts and Organic
Synthesis (AZK&OS) for the transfer of non-exclusive license
for technology of production of sulfated catalysts, under the
supervision and with direct participation of developers. At the
same time the license agreement attached the right of direct
supplies to the customers only by the Licensor — PJSC SIE
NEFTEHIM.

The next stage was experimental and industrial binding of SI-2
catalyst production technology to equipment of OJSC AZK&OS
and production of pilot and pilot-industrial batches. This task was
completed: in the first quarter of 2003, with the direct participation
of PJSC SIE NEFTEHIM specialists the first batch (36 tons) of
SI-2 catalyst was produced.

The first start of the plant for isomerization of pentane-
hexane fraction using SI-2 catalyst demonstrated prospects
for widespread use of a new catalyst. However, the need for
direct presence of our specialists in the distant Angarsk made
production much more complicated. Therefore, in 2004, another
license agreement was concluded for transfer of non-exclusive
license for production of sulfated zirconium catalysts by CJSC
Promcatalys (Ryazan), at the time member of TNK BP group. All
terms and conditions, including exclusive right of SIE NEFTEHIM
for supply of catalysts to consumers were the same as in the first
licensing agreement.

Territorial proximity of CJSC Promcatalys facilitated and
enhanced efficiency of participation of SIE NEFTEHIM experts
in production.15 batches of SlI-2 catalyst were produced and
delivered to customers in 2003-2014.

But even participation in purchase of CJSC Promcatalys (26% of
shares) did not allow PJSC SIE NEFTEHIM to implement all its
ideas related to development of catalyst production. Therefore,
a new company, “Nizhegorodskie catalysts”, LLC was created
in 2015, with major share of stocks in possession of PJSC SIE
NEFTEHIM.

In a short period the production at this enterprise was updated
and a batch of SI-3 catalyst for n-butane isomerization was
produced for «Isomalk-3» plant of Chinese customer SSCG and
a batch of SI-2 catalyst was produced for the new «Isomalk-2»
plant of JSC TANEKO (Nizhnekamsk).

Production of other catalysts is also planed by “Nizhegorodskie
catalysts®, i.e. catalyst Sl|-4 for isomerization of 70-105°C
fraction, zeolite isomerization catalyst Sl-1 (for replacement
of zeolite catalysts at old plants), reforming catalysts of REF
series for fixed bed plants and reforming catalyst RC-12 for
CCR plants, as well as the new, extended range of catalysts for
various processes.

In spite of great importance of industrial capacities, laboratory
studies remain the first and the main stage in creation of effective
catalysts. With the purpose of their development PJSC SIE
NEFTEHIM has been actively expanding research methods,
purchasing and mastering new instruments and equipment for
the last 20 years.

The final stage of research for development of new catalysts
is pilot tests on plants operating round-the-clock. As necessary,
long-term (200-500 hours or more) pilot tests are practiced. All
industrial batches of the catalysts produced at the factories are
also tested at these plants.

In recent years PJSC SIE NEFTEHIM regulary carries out new
studies of the catalysts, including:

1. Optimization of production of catalyst SI-2 for isomerization
of pentane-hexane fractions with the purpose of further
improvement of catalytic as well as physical and chemical
characteristics.

2. Development of catalyst SI-3 and technology of n-butane
isomerization. The studies have been completed with production
of the first batch of the catalyst, designing, construction and
start-up of the plant in China.

3. Development of new modifications of zeolite catalyst for
isomerization of pentane-hexane fraction SI-1. A number of old
industrial plants in Russia and abroad are still working on zeolite
catalysts. Not all factories are ready to invest in modernization
and construction of new plants, so they require new, more
efficient zeolite catalysts. Catalyst SI-1 of new generation with
improved catalytic properties is included in production and
supply range of PJSC SIE NEFTEHIM.

4. Development of new isomerization technology for C, fraction
(70-105°C) and catalyst for this process (Sl-4). Studies are
being conducted since 2005. At present PJSC SIE NEFTEHIM
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NN3aTOPOB U TeXHOMNorun pucdopmmnHra 6EH3MHOBBIX pakUmi
npo4Ho 3akpenunack B [NMAO «HII HedTtexmum» ewe ¢ 1960-x, a
B 1990-x HIMIM HedbTexnm ctan BbinyckaTb kaTanu3aTopbl Cepum
REF. bonee gecsatn NpoMbILUNIEHHbIX YCTaHOBOK OblnNn nepese-
[O€EHbl Ha KaTtanuaaTopbl aTo cepumn. CHUXKEHNE aKTUBHOCTY pa-
60T no npou3BoacTBy katanu3datopoB cepun REF nocne 2005
roga cBsidaHo ¢ OonbliMM 06bemMom paboT Mo Katanusatopam
n3omepusaumm. Ho ¢ 2012 roga nccrnegoBaHms BO30OHOBMEHBI,
n «HIIM HedTtexvm» BbIWMIO Ha PbIHOK C HOBbIM MOnMMeTan-
nuyeckum Katanmsatopom REF-125. Kpome atoro, B ¢BS3u C
BbICOKOM aKTyanbHOCTbIO CO34aHUSA OTEYECTBEHHOW TEXHOMOrMN
pucbopmumHra ¢ HenpepbIBHOW pereHepauven n obbeguHeHNEM
ycunun no cosgaHuio Takow TexHonorum ¢ OO0 «JleHrmunpo-
HedTEXMMY» BO3HUKNA HEOOXOOUMOCTL OpraHM3oBaTh B CTpaHe
NPOMBILLIIEHHOE NPOM3BOACTBO KaTanv3aTtopoB Afs YyCTaHOBOK

HPK. B HacToswee Bpems pa3paboTaHa nepBasi Mapka Takoro
katanu3atopa (RC-12) n opraHnsosaHo npoussogctso B OO0
«Hwxeropopckune katannsaTopbi».

6. Mockonbky MAO «HIIN HedpTtexum» paspabartbiBaer 6a3o-
Bble MPOEKTbl YCTAHOBOK M30Mepu3aLun n pudopMuHra, Ans
obecneyeHnsa npearnapooynCTKY Chipbs Obli pa3paboTaH kaTa-
nunsatop rugpooumctkm 6eHsnHoB OC-20. Begytcsa pabotbl no
JanbHelLleMy COBEPLUEHCTBOBaHMNIO TaKMX KaTanM3aTopos.

7. PaspaboTka HOBbIX KaTann3aTtopoB Afsi NpOoLEeCCOB U30Mepu-
3auUun KCUIomnoB, AUCTPONOPLMOHMPOBAHMS U TpaHCankuimpo-
BaHUA ankunapomaTtuyeckux yrnesogopoaoB, AervMapMpoBaHms
Nerkux ankaHoB M Apyrux npoueccos. ccnegoBaHnsa HaxoasT-
Csl Ha pasnnyHbIx ctagusax. OQuH N3 HUX — KaTanusaTop n3ome-
pusauum keunonos NK-112 — rotos K Npon3BOACTBY.

NMPOMBILLJIEHHBbIU OMbIT MYCKA U OKCMAYATALUMU
YCTAHOBOK USOMEPUSALIUN «<U3OMAIJIK-2»

Tumodeiit KAPNEHKO, Exarepuna JJEMMUAOBA, Haranva PELLETUHA

TexHonozusi «U3omank-2», paspabomaHHas [TAO «HIII
Hegpmexum», cmana camoUli pacrpocmpaHeHHoU mexHonoauel
usomepu3sayuu 8 Poccuu u 0OHOU U3 HEMHO2UX OMe4YecmeeH-
HbIX mexHonoauli HegbmernepepabomkKu, 3KCIOPMUPyeMbIX 3a
npedernbi CHI™

OcHosHas npu4uHa makou nomnynspHocmu — obecrie4yeHue ca-
MbIX 8bICOKUX mpebosaHul K Kadecmsy rnpodyKkma rpu rnpocmo-
me, Herpuxomsueocmu U 2ubKkocmu mexHonoauu, ¢ 803MOX-
HOCMbI PUMEHSIMb YOObHbIe Ord 3aKa34UKo8 MmeXHUYecKue
peweHus.

NMAO AHK «BawHedTb»

«BawHedTb — YhaHedTexnm»(2003)
[MepBoe nNpPOMBbILWNEHHOE BHEAPEHWE TEXHOMOrMU U30MEpU-
saunn C.-C, dopakumn «M3omask-2» Gbifio OCyLECTBIEHO Ha
yctaHoBke B [AO AHK «bawHedTtb» «bawHedTb-YdaHed-
Texumy». [lyck peKoHCTPYyMPOBAHHOW YCTaHOBKM puUopMUHra
J1-35-5 B ycTaHOBKY M3oMepusauumn «3a npoxon» COCTOSSICS B
okT6pe 2003 roga.
PekoHcTpykums 2003 roga Bkmto4vana nepeobBA3Ky CbipbeBOM
neyn puchopmMmHra,MOHTaX JIMHUMN «KBEHYa» BOAOPOACOAEPKA-
LLlero rasa Ha BXO[ B peaKkTopbl, BKIIOYEHNE B COCTaB YCTaHOB-
K1 agcopbepoB-ocyLlLUMTENen LMpKynvpytoLlero rasa. Mo Takon
cxeme ycTaHoBKa npopabotana 5 nert.
B ntoHe 2008 roga 6bin Npou3BeaeH 2-i atan PEKOHCTPYKLUN,
Lenbio KOTOpPOro 6bino yBenvyeHne npou3BOAUTENBLHOCTM MO
cbipbto 1 goobopygoBaHue GNOKOM AeusorekcaHu3auum ans
OpraHu3auun peuukna Manopas3BeTBIIEHHbIX FEKCAaHOB B Cbl-
pbe ycTtaHoBku.Takke Oblna npoBedeHa 3amMeHa BHYTPEHHMWX
YCTPOWCTB peakTopoB, NepeobBs3ka pebonnepHoOn neun Ko-
JIOHHbI CTabUnNM3aumm nsoMepursarta 1 BKIOYEHNE B CXEMY MEX-
pEeakToOpHOro TEMI00OMEHHUKA C LIENbIO OXMaXXaeHWUs ra3onpo-
OYKTOBOW cMecu nepep peaktopom P-3.
Cnepyowmi, 3- NO cYETY aTan PEKOHCTPYKLUN YCTAHOBKU CO-
crosincs B Hosibpe 2012 ropa. YcraHoBka 6bina oobopynoBaHa
OnoKom AeneHTaHM3auum, Obiria CMOHTUPOBaHA HOBasi TPEXCEK-
LIMOHHas neYb Ans Harpesa Ky6oB konoHH OWI v OWT, n nogo-
rpeBa rasocbipb€BOI CMECH Nepes peakTopamu n3oMepusaumu,
ycTaHoBKa Obinia ocHaweHa HoBbiM obopynoBaHvem KUTMWA.
Karanunsatop CW-2, otpaboTaBLumin CBOWM CPOK cry0bl, Obin 3a-
MEHEH CBEXMUM.
Mocne pekoHcTpyKummn 2012 roaa Ha YyCTaHOBKE CTaro BO3MOX-
HbIM MOMyYeHVe N3omMepm3arta C OKTaHOBbIM Yncrom Ao 91 nyH-
KTa, YTO COOTBETCTBYET XECTKMM TpeboBaHUsIM COBPEMEHHbIX
CTaH4apTOB MONy4YeHNsi aBTOOEH3MHOB.

YAO «JIMHUK» (2005)
Myck BTOpOM Mo cyety yctaHoBku «M3omank-2» B YAO «J1N-
HWK» 6bin npousseneH B 2005 rogy. YcraHoBka nepepaboTku
nupokoHaeHcata npounasoactea AlN-300 6bina nepeobopynosa-
Ha B yCTaHOBKY M3omMmepusaummn 6eHsnHoBor dpakunm HK-70°C
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OIS NONyYeHUsi BbICOKOOKTAHOBbLIX KOMMNOHEHTOB 6eH3uHa. MNep-
BOHa4arnbHO MPOEKT OblN BbIMOMIHEH MO TEXHOMOMNI0 N30MEpPU-
3aumm CKS ISOM Ha ueonutHoM kaTtanusaTtope. Ho yxxe B xoge
CTpOUTENbLCTBA YCTAaHOBKN komMnaHuen THK BP 6bino npuHaTo
pelleHne 06 MCnonb30BaHUN HOBOFO POCCUINCKOrO Katanu3ato-
pa CU-2, n Ha cTaguun cTpouTENbLCTBA B MPOEKT ObIN BHECEHDI
KOPPEKTUPOBKN.

[MpoekTHas MOLLHOCTb YCTaHOBKM MO CbIpbio (6eH3MHOBOW dhpak-
unm HK-70°C) - 300 Thic. T/rog. YcTaHoBKka paboTana no cxeme
C [en30MneHTaHn3aLmMen Cbipbsl, C BO3MOXHOCTbIO peLuKna nexH-
TaHOB.

Myck ycTtaHoBKM B JIMcnyaHcKke mokasar, YTo Mo akTUBHOCTY Ka-
Tanusatop CU-2 He TONbKO 3HAYNTENBHO MPEBOCXOAUT LIEONNT-
Hble KaTanusatopbl, HO 1 He yCTynaeT no addEKTUBHOCTA pac-
NPOCTPaHEHHOW TEXHOSTOMMN M30MEPU3aLIMM Ha XITOPUPOBAHHbIX
katanusatopax. Npu Takou xe rnybuHe n3omepusaLum, Kkak n 'y
XINOPMPOBaHHbIX KaTtanu3aTtopoB, katanunsatop CU-2 obnagaer
3HAYUTENBHO MEHbLUEN YYBCTBUTENBHOCTLIO K KaTanMTU4eckum
agam.

AO «PHIK» (2005)
Ewe B 1999 rogy B AO «PHIK» 6b1n nponsBeaeH nyck Nnepeovi B
Poccun yctaHoBKM n3omepusaumm no TexHonornm «somank-1».
YctaHoBka nsomepusaumu «[letony» paborana Ha LLeonIMTHOM Ka-
Tanusartope CU-1. B aBrycte 2005 roga yctaHoBka bbina nepe-
BeJeHa Ha TexHonoruo «/somarnk-2» Ha OKCMQHOM KaTanuaaTo-
pe CN-2. PEKOHCTPYKLMSA YCTAHOBKW Obina MUHMManNbHON.
MepeBog ycTaHOBKM M3omMepusaummn Ha katanusatop CU-2 no-
3BOMWN CHU3NUTbL TemnepaTtypy npouecca go 130-140°C u gose-
CTM OKTaHOBOE YMCNo n3omepusara 4o 83 nyHKTOB MO UCCneao-
BaTeNbCKOMY METoAy, YTO Ha 6 MyHKTOB NPEeBbILLAET NoKa3aTenu
Ha LeOnUTHOM KaTanusartope.
B 2009 rogy pykoBoactBo AO «PHIIK» npuHsAno pelueHve o
CTPOMUTENBbCTBE HOBOW YCTAaHOBKM M30MEPU3aLuu.
B ceHTa6pe 2010 roga B MAO «HIIM Hedrexum» Gbinn paspa-
6oTaHbl U MepenaHbl UCXOOHbIE AaHHble ANs NPOEKTUPOBaHUS
yctaHoBku. B nioHe 2011 roga 3aBepLueHa paspaboTka AoKyMeH-
Tauuu cTagum «MpoeKT», MPOEKT 1 paboyas JOKYMEHTaLMs Bbl-
nonHeHbl OO0 «JleHrMnpoHedTEXMMY.
B mae 2015 roga cocTosancs ucnbitatensHbIn NPo6er yCTaHOBKMY,
C [OCTWDKEHMEM BCEX rapaHTMPOBaHHbIX NokasaTenen.
Mo pesynbratam ncnbelTatenbHOro npobera ycTaHOBNEHO:
— OKTaHOBOE YMCIIO M30MEHTAaHOBOW (bpakuuy (BEpPXHEro npo-
pykta JNMM) coctaBnano 93,0-93,5 nyHkTtoB (MOY) npu rapaHTu-
poBaHHOM He MeHee 92,0 nyHkTa (MOY);
— OKTaHOBOE YMCIO MEeHTaH-U30rekcaHoBoW bpakumn (Bepx-
Hero npogykta OWI) coctaenano 89,5-90,3 nyHkToB (MOY) npu
rapaHT1poBaHHOM He meHee 88,0 nyHkToB (NOY);
— BbIXOA4 CTAbMNbHOrO M3oMepu3aTta Ha Cbipbe€ PeaKTOPHOro
6noka nsomepusauum coctasun 98,6-98,8% macc, npu rapaHTu-
poBaHHOM He MeHee 97% macc.



is ready for industrial production of catalyst SI-4 and designing
of «Isomalk-4» plants.

5. Development of new modifications of fixed bed reforming
catalysts and catalysts for continuous catalytic reforming
(CCR) plants. Subject matter of catalysts and gasoline fractions
reforming technology was firmly established in SIE NEFTEHIM
since 1960s, and in 1990s SIE NEFTEHIM began to produce
catalysts of REF series. More than ten industrial plants have
been converted to catalysts of this series. Slowdown of works on
production of catalysts of REF series after 2005 was associated
with large amount of work on isomerization catalysts. However,
in 2012 the studies were renewed, and PJSC SIE NEFTEHIM
has entered the market with a new polymetallic catalyst REF-
125. In addition, due to the high relevance of development of
domestic CCR technology and combining efforts to create such

technology with LLC Lengiproneftekhim there was a need to
organize industrial production of catalysts for the CCR plants in
the country. Currently, the first brand of such a catalyst (RC-12)
is developed and its production is managed at “Nizhegorodskie
catalysts”, LLC.

6. Since PJSC SIE NEFTEHIM develops Basic Designs
of isomerization and reforming plants, DS-20 catalyst for
gasoline hydrotreatment was developed to facilitate feed
prehydrotreatment. Works for further improvement of such
catalysts are in progress.

7. New catalysts for isomerization of xylene disproportionation
and  transalkylation of  alkylaromatic ~ hydrocarbons,
dehydrogenation of light alkanes, and other processes are
under development. Studies are in various stages. One of them
- xXylene isomerization catalyst IK-112 - is ready for production.

INDUSTRIAL EXPERIENCE AND OPERATING START OF
ISOMERIZATION UNITS ISOMALK-2

Timofey KARPENKO, Ekaterina DEMIDOVA, Natalia RESHETINA

Technology Isomalk-2, developed by PJSC SIE NEFTEHIM,
has become the most common technology of isomerization
in Russia and one of few domestic oil refining technologies,
exported outside CIS.

The main reason for such popularity is meeting highest
requirements to quality of the product in conjunction with ease,
simplicity and flexibility of the technology, with possibility to apply
technical solutions suitable for customers.

PJSOC Bashneft, Bashneft-Ufaneftekhim (2003)

The first industrial plant, on which Isomalk-2 technology for
isomerization of C.-C, fractions was introduced, is PJSOC
Bashneft, Bashneft-Ufaneftekhim. Start-up of L-35-5 reforming
unit converted to “once-through” isomerization unit took place in
October 2003.

2003-year revamp consisted of reforming feed furnace repiping,
installation of hydrogen gas quench line at reactors inlet,
integration of recycle gas drying adsorbers into the unit. The unit
had been operated for 5 years under such a scheme.

In June 2008, the 2nd stage of revamp was conducted, the
purpose of which was to increase the feed efficiency and to add
deisohexanization block for providing low-branched hexanes
recycle in the unit feed. Also, reactors internals were changed,
isomerate stabilizer reboiler furnace was repiped and inter-
reactor heat exchanger was included into the scheme to cool
gas-product mixture upstream of R-3 reactor. The next (3rd)
stage of unit reconstruction took place in November 2012. The
unit was additionally equipped with depentanization block, a new
three-section furnace was installed to heat DIP and DIH columns
bottoms and gas-feed mixture upstream of isomerization
reactors, the unit was fitted with the new instrumentation. Having

its service life expired, SI-2 catalyst was replaced with the fresh
one.

After the unit revamp in 2012 it became possible to obtain
isomerate with octane number up to 91, which corresponds to the
strict requirements of modern standards for gasoline production.

PJSC LINIK (2005)
Start of the second plant Isomalk-2 in PJSC LINIK took place in
2005. A plant for recycling pyrocondensate of EP-300 production
was retrofitted to plant for isomerization of gasoline fraction IBP-
70°C to produce high-octane gasoline components.
Initially the project was performed for application of isomerization
technology CKS ISOM based on zeolite catalyst. But already in
the course of construction TNK BP decided to use new Russian
catalyst SlI-2, and at the stage of construction the project was
adjusted.
Design feed (IBP-70°C gasoline fraction) capacity of the plant
is 300 thousand tons/year. The plant was operated according to
the scheme with the feed deisopentanization, with possibility of
pentanes recycle.
Start-up of the plant in Lisichansk demonstrated that in terms of
activity SI-2 catalyst not only greatly exceeds zeolite catalysts,
but also is not inferior to common isomerization technology
based on chlorinated catalysts. With the same isomerization
depth as chlorinated catalysts, the catalyst SI-2 is much less
sensitive to catalytic poisons.

JSC Ryazan Oil Refining Company (RORC) (2005)
As far back as in 1999, at JSC Ryazan Oil Refining Company
(RORC) the start-up of the first in Russia isomerization plant
under «lsomalk-1» technology was performed. Isomerization
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Diagram of the main operating performances of L-35-5 unit in PJSOC Bashneft, Bashneft-Ufaneftekhim
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000 «KUHE®» (2005)
YcraHoBka pudgopmuHra OO0 «KUHE®» J1-35-11/300, pabo-
TaBLlas paHee Mo TEXHOMOormm mnocenektogopmuHra, B 2005
rogy 6bina nepeBeneHa Ha HM3KOTEMMNEPaTYpPHbIV NPoLEece U30-
Mepusauum ¢ UCMNOoNb30BaHMEM OKCUMAHOro katanusartopa CU-2.
PekoHcTpyKumMsa Bkntoyana:
— nepeobBA3Ky Neyn 1 peaKkTopos.;
— poobopyaoBaHME UCMOMb3yeMbIX CEKLMIA MeYN MUIOTHBIMM
ropernkamMm ¢ curHanmsaTopamMmu pacno3HaBaHus NilaMeHu;
— MOHTax nuHuu nogaym BCIT Ha BXOA B peakTopsbl;
— YCTaHOBKY [OMONTHUTENBHOIO XONMOAWMbHMKA Ha NMHUN MO-
Aaun BCI B peakTopsl;
— 3aMeHy eMKOCTM OPOLLEHNSI OTMAPHOWN KOSOHHBI;
— nepeobBa3Ky agcopbepoB-ocyLunTEnen.
B 2008 rogy Obina npoBedeHa PEKOHCTPYKUMSI YCTaHOBKW C
Lernblo 3amMeHbl M3HOLLEHHOro obopyaoBaHus. PeKoHCTpyKuus
BKItoYana 3ameHy peaktopa ruapoo4MCTKU U 3aMeHy OTNapHOMn
KOMOHHbI MMAPOOYMCTKU. bbina npoBefgeHa pereHepauus kata-
nusaropa rugpoounctkn KIrM-70.
lMepeBoa ycTaHOBKM M3oMepusauumn Ha katanusatop CU-2 no-
3BOMUIT MO CXEME «3a MPOXoAd» YBENWYUTb OKTAaHOBOE YUCIIO
n3omepusata Ha 7-8 MyHKTOB, YTO 3HAYMTENBLHO NOBLICUIO A-
eKkTBHOCTbL nNponssoacTBa aBTobeH3nHOB B OO0 «KNHE®».
C MomeHTa nycka ycTaHOBKM B okTsiope 2005 roga oo Hactos-
Lero BpeMeHu pereHepauusi katanusatopa Cl-2 He npoun3so-
Avnacb. YCTaHOBKa NMpodoImkaeT paboTaTb B XKECTKOM pexvume
¢ 3arpy3kon ~90M3/4 n nony4yeHnem n3omepusara c MIO4Y 82-83
nyHKTa
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NMAO AHK «BawHedTb» «BawHedTb — Ydpumckum HM3
(2008)

[MepBoHa4anbLHO ycTaHOBKa n3omepusaumm Ha Ydumckom HIMN3
Oblna peKoHCTpyMpoBaHa M3 YCTaHOBKM «W30pndOopMuHry B
YCTaHOBKY M30MEpU3aLun C PELMKIIOM MaropasBETBIEHHbIX
rekcaHoB Ha LIeoNMMTHOM KaTanusaTtope B utoHe 2003 roga.
B nioHe 2008 roga Gbina npousBegeHa PEKOHCTPYKLMSA, KaTanu-
3aToOp U3 BTOPOro peakTopa Obin neperpyeH Ha Katanvsartop
Chh-2.
Meperpy3ka katanusaTopa BO BTOPOM peakTope Mo3Bosuna rno-
ny4nTb n3omepusatr ¢ O4YMM 85-87 nyHKTOB, YTO Ha 5-7 NyHKTOB
BbIlLE, YeM Npu paboTe TONMbKO Ha LIEONIUTHOM KaTanusaTope
WUIMM-02 (80-81 nyHKT).
B 2012 rogy 6bina npovsBeneHa peKOHCTPYKUMS C Lenbio yBe-
JNINYEHMS MPOU3BOAUTENBHOCTM MO ChIPbHO.
B noHe Tekywero 2016 roga 6bina npov3BegeHa pereHepaums
kaTanusatopa B o6oux peaktopax. TakuMm obpasom, mexpere-
HepauMOHHbIM Nepuog paboTbl katanudatopa CU-2 coctasun 8
ner.

MAO «BawHedTL» «BawHedTL-HOBOW» (2009)
YcTaHoBKka nsomepusaummn Ha HoBo-Ydmmckom HIM3 npencras-
nsaet cobon cekumto 300 yctaHoBkM pudopmumHra J1-35-11-1000,
nepenpoguIMpoBaHHyIo Mog npouecc mnsomepusaumm B 1997
rogy.
lMepBoHayanbHO ycTaHoBKa Obina nyLieHa Mo cxeme «3a Mpo-
X04», Y MPOLecC M30MepU3aLmn OCyLLECTBANCS Ha LEEONTUTHOM
KaTanmsaTope.
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pachuk ocHosHbIX Mokadamernel pabomsi ycmaHosku usomepu3dayuu OO0 «KUHE®» ¢ momeHma rycka
Main operating performances of KINEF, LLC isomerization unit since start-up

AO «MetpoTen-NTYKOWI» (2006)
YcTaHoBKa nsoMepusauumn neHTaH-rekcaHoBon dpakumu ¢ fe-
n3oneHTaHu3aumen colpbsa U peumknom rekcaHos AO «Petrotel
LUKOIL» (PymblHMSA), paboTaBliasi paHee MO TEexXHOrornu
Parisom ¢ katanusatopom LPI-100, 6bina neperpyxeHa Ha ka-
Tanunsatop CU-2 6e3 peKoHCTPYKLIMK.
C nekabps 2006 roga ycTtaHOBKa SKCMyaTUpyeTCsl Mo TEXHOSO-
mn «3omank-2» ¢ gensoneHTaHu3aumMen Cbipbs Y PELMKIIOM
MarnopasBeTBMNEHHbIX rekcaHoB. [epeBoa yCcTaHOBKM Ha «M30-
Marnk-2» Mo3BOMUI YBEMUYUTb OKTAaHOBOE YMCIIO CMECEBOM
ppakumm U30KOMMOHEHTOB Ha 3-4 nyHKTa.
B deBpane 2013 roga npou3BegeHa OCTaHOBKA YCTAHOBKM Ha
KanuTanbHbIA PEMOHT C 3aMEHOI PEaKTOPOB M30OMepu3aLmu, ¢
Lenbio obecrnevyeHnss COXpaHHOCTW KatanusaTtopa, NpoBeAeHa
€ro pereHepauus.
C MOMeHTa nycka yCTaHOBKM 10 MEPBOW pereHepauuny Kkatanu-
3aTop npopaboran 7 ner.
B Te4eHue Bcero cpoka akcnnyataumm (6onee 10 neT) nokasare-
I OKTAHOBOTO YMCria 1 BbIXo4a NpodyKTa OCTalTCs Ha NepBo-
HayarbHOM YpOBHE.

TEXHOIIOJINC XXI §l¢

Ha nepBom aTane pekoHCTPYKLUsi cBoaunacb K nepeobBsiske u
neperpyske peakTtopHoro 6rnoka. Bnocneactemm yctaHoBka Gbina
[oobopyaoBaHa KOMOHHOM Aen30rekcaHn3auum.

[Mocne NpoekTMpOBaHWs, CTPOUTENBLCTBA M BBOAA B dKChnyara-
unto 6noka OWI crtano oveBnaHO, 4YTO 3dhdbekTMBHas pabota
TpebyeT 3aMeHbl CpegHEeTEMMNEPATYPHOIO LIEONMTHOTO KaTanuaa-
Topa Ha 6ornee achPEKTUBHBIA HU3KOTEMMNEPATYPHbLIN U B dEBpPa-
ne 2009 roga yctaHoBka Oblnia nepeBegeHa Ha npouecc «W3o-
Marnk-2». PEeKOHCTpyKUMSA BKIoyana:

— 3aMeHy LieOnUTHOrO KatanusaTopa Ha HU3KoTeMMNepaTypHbIv
OKCUAOHbIV kaTanusaTtop CN-2;

— BKIIOYEHME B cxeMy Brioka ocyLiku umpkynupytoilero BCT;
— MOHTaX CXEMbl aBapUNHOW NPOAYBKM peakTOpHOro 6roka;
— 3aMeHy BHYTPEHHMX YCTPOWCTB peakTopoB N30Mepu3aLmu;
— YCTaHOBKY NMOTOYHbIX aHann3aTtopoB cbipbs v LIBCI.
MepeBog ycTtaHoBkM Ha kaTtanusatop CU-2 nossonun obecne-
YNTb OKTAHOBOE YMCIO n3omepuaara 86-88 nyHktoB MOY, yto Ha
7-8 MYHKTOB BbILLE MO CPABHEHMIO C LIEONUTHBIM KaTann3aTopoM.
B 2012 rogy 6bina npoBedeHa PEKOHCTPYKUMUSI C LieNblo yBEnu-
YeHMs1 OKTaHOBOrO YMcna ToBapHOro u3omepusara go 89 MNOY,



plant «Detol» worked using zeolite catalyst SI-1. In August 2005,
the plant was converted to Isomalk-2 technology with usage of
oxide catalyst SI-2. The reconstruction was minimal.
Conversion of the isomerization plant to SI-2 catalyst allowed
reducing the process temperature to 130-140°C and bringing
the isomerate octane number up to 83 RON, which is 6 points
higher than in the case of zeolite catalyst usage.
In 2009 management of JSC RORC made a decision to build a
new isomerization plant.
In September 2010 SIE NEFTEHIM developed and provided
Design Basis for the plant. In June 2011 development of project
stage documentation was completed; design and working
documentation were performed by Lengiproneftekhim.
In May 2015 test run of the plant took place with the achievement
of all guaranteed performances.
According to the test run results, it was found that:
— octane number of isopentane fraction (top DIP product) was
93.0 - 93.5 RON with guaranteed value of no less than 92.0
RON;
— octane number of pentane-isohexane fraction (top DIH
product) was 89.5 - 90.3 RON with guaranteed value of no less
than 88.0 RON;
— vyield of stable isomerate per isomerization reactor section
feed was 98.6-98.8 wt. % with guaranteed value of no less than
97 wt. %.

KINEF, LLC (2005)
Reforming plant L-35-11/300 of KINEF, which previously operated
using isoselectoforming technology, in 2005 was converted to the
low-temperature isomerization process using oxide catalyst SI-2.
The reconstruction included:
— repiping of the furnace and reactors;
— retrofitting of used furnace sections with pilot burners with
flame detection signaling devices;
— installation of the hydrogen gas feed line at reactors inlet;
— installation of additional cooler in the hydrogen gas feed to
reactor line;
— replacement of the stripper reflux drum;
— repiping of drying adsorbers.
In 2008 the plant reconstruction was carried out with the purpose
to replace worn-out equipment. The reconstruction included
hydrotreatment reactor replacement and hydrotreatment
stripper replacement. The hydrotreatment catalyst KGM-70 was
regenerated.
Conversion of the isomerization plant to catalyst SI-2 over
“once-through” scheme allowed increasing the isomerate octane
number by 7-8 points, greatly enhancing efficiency of motor
gasolines production in KINEF, LLC.
Since the plant start-up in October 2005 up to now SI-2 catalyst
regeneration has not been performed. The plant continues
operation in the strict mode with loading of ~ 90 m%h and
production of isomerate with 82-83 RON.

SC Petrotel-LUKOIL, SA (2006)
The plant for isomerization of pentane-hexane fraction with feed
deisopentanization and hexanes recycle of SC Petrotel LUKOIL
(Romania), which previously operated using Parisom technology
with LPI-100 catalyst, was reloaded with SI-2 catalyst without
any revamp.
Since December 2006 the plant has been operated under

Isomalk-2 technology with feed deisopentanization and low-
branched hexanes recycle.

Conversion of the plant to Isomalk-2 technology allowed
increasing the octane number of the mixed isocomponent
fraction by 3-4 points.

In February 2013 the plant was shutdown for overhaul with
replacement of isomerization reactors; with the purpose to
ensure integrity of the catalyst, it was regenerated. From the
plant start-up till the first regeneration the catalyst worked for 7
years.

During the whole operation period (more than 10 years) the
octane number and product yield performances remain as at the
primary level.

PJSOC Bashneft, Bashneft-Ufa Refinery (2008)
Initially, isomerization plant at the Ufa Oil Refinery was
reconstructed from Isoreforming plant to isomerization plant
with low-branched hexanes recycle over zeolite catalyst in June
2003.

In June 2008, it was revamped; the catalyst from the second
reactor was replaced with SI-2.

Reloading of the catalyst in the second reactor allowed obtaining
the isomerate with 85-87 MON, which is 5-7 points higher than
the value achieved over zeolite catalyst IPM-02 only 80-81 MON.
In 2012 the plant was reconstructed in order to increase feed
capacity.

In June, 2016 the catalyst was regenerated in both reactors.
Thus, service cycle of SI-2 catalyst has been equal to 8 years.

PJSOC Bashneft, Bashneft-NOVOIL (2009)
Isomerization plant at Novo-Ufa refinery (Bashneft — NOVOIL)
is section 300 of the reforming plant L-35-11-1000, converted to
isomerization process in 1997.

Initially, the plant started over «once-through» scheme, and
isomerization process was carried out over zeolite catalyst.

At the first stage, the reconstruction was limited to repiping
and reloading of the reactor block. Subsequently, the plant was
retrofitted with deisohexanization column.

After DIH block designing, construction and commissioning, it
became obvious that efficient operation required replacement
of mid-temperature zeolite catalyst with a more efficient low-
temperature one and in February 2009 the plant was converted
to the process Isomalk-2.

The reconstruction included:

— replacement of zeolite catalyst with low-temperature oxide
catalyst SI-2;

— inclusion of recycle hydrogen gas drying block into the
scheme;

— installation of reactor block emergency purge system;

— replacement of isomerization reactors internals;

— installation of feed and recycle hydrogen gas online analyzers.
Conversion of the plant to catalyst SI-2 allowed obtaining octane
number of isomerate 86-88 RON, that is 7-8 points higher as
compared with zeolite catalyst.

In 2012 the plant was reconstructed in order to increase final
isomerate octane number up to 89 RON. The reconstruction
included replacement of fractionation columns internals and
installation of deisopentanization block at the plant AGFU-1.
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BKITHOYaBLUAs 3aMeHYy BHYTPEHHMX YCTPOWCTB KOMOHH dhpakumo-
HUPOBaHUSA N MOHTaX Orioka 4en3oneHTaHu3aLnm Ha YCTaHOBKE
Aroy-1.

AO «lasnpomHedTL-OHI3» (2010)
YcTaHoBKa nsomepusaunm crnpoektTmpoBaHa no nuueHsun NMNAO
«HIMN Hedbtexvm» n aBnseTca ogHon ns KpynHenwmx B Poccumn
YCTaHOBOK M30Mepu3auun. OTO nepBasi OTeYeCTBEHHas ycTa-
HOBKa, OT Hayarna v 0 KOHLa CMPOEKTUPOBAHHAsH N NMOCTPOEH-
Has MO POCCUICKON TexHororum «somarnk-2».
lMyck ycTtaHoBkn npoussoauTensHocTbio 800 Thic. T/rog cocto-
anca B Hosibpe 2010 roga. MicxogHble AaHHble ANS NPOEKTU-
poBaHus ycTtaHoBkM Obinu BbigaHel MAO «HIMIM Hedrexum» B
2007 rogy. MNpoekT n paboyas AOKYMEHTaLUWs BbINOMHEHbI Me-
Tepbyprckum 3A0 «HedTexmmnpoekT», nog aBTOPCKMM Haa30-
pom HIIM Hedtexnm. MeHepanbHbin npoekTupoBLmk — OAO
«OMCKHEPTEXMMNPOEKT».
YctaHoBKa Obina CnpoekTMpoBaHa U MOCTPOEHa 3a Tpw roga.
370 cBA3aHO € TeM, YTo padpaboTka paboyen JOKyMeHTauum u
3aka3 06opynoBaHNS OMUMTENbHOIO CPOKa M3roTOBMNEHMS Obinu
Npon3BeeHbl eLe Ha CTaaun BbIMOSTHEHNS NMPOEKTa.
YcTaHoBKa MO3BOMSET MoMyyaTb W3OMEHTAHOBYHO dpakumio
C OKTaHOBbIM 4YucnoM 92-93 nyHKTa U FNErkyro U3orekCaHoBYHO
dpakumio ¢ okTaHoBbIM Yncnom 91,5 - 92,5 nyHktos OY.

OAO «CnaBHehTb-AHOC» (2011)
YcTtaHoBka nsomepusaumm MmowHocTbio 720 000 TOHH B roa no
CbIpblo, MOMMMO CEKLMW M30MepU3aLim, BKMOYaEeT B cebs cek-
L1 NOArOTOBKM Cbipbsl U NPEABAPUTENBHON MMOPOOYNUCTKN NEH-
TaH-rekcaHoBou ppakumu. MNpoLiecc ocyLLEeCTBASIETCSA MO CXEME
C [Oeun3oneHTaHM3aunen Cbipbs U PEeLUKIIOM Marlopa3BeTBMEH-
HbIX rekcaHoB. [1poekTMpoBaHue YCTaHOBKM BbiMnoriHeHO 3A0
«HedtexvmnpoekT». icxogHble AaHHblE ANs MPOEKTUPOBaHUS
ycTaHoBkM 6binu BblgaHbl MAO «HIMIM Hedprexum» B 2007 roay.
[MepBas o4epenb cTpouTenscTBa BbinonHeHa k 2009 rogy.
lMpon3BeneH aBTOPCKUI KOHTPOSb U COrMacoBaHWE MpoekTa u
paboyern JOKyMeHTaUMn Ha 0bopyaoBaHUE, TEXHOMOMMYECKOro
pernameHTa ycTaHOBKM. BTopas ovepenb cTtpouTenbctea Obina
3aBeplueHa k aBrycty 2011 roga. Myck cocTosncs B OKTs6pe
2011 ropa.
C momeHTa nycka B 2011 rogy v 40 HacTosLLEero BpeMeHu, pe-
reHepauus katanusatopa nsomepusauum CA-2 He npoussoau-
nacb, MokasaTeny Npouecca OCTaloTCs Ha NPEXHEM YPOBHE.
B 2016 roay 6bIn0 NPUHATO peLLeHne NPOU3BECTU PEKOHCTPYK-
LIMI0 YCTaHOBKM C LIENb YBENMYEHUS OKTaHOBOTO YMcna ToBap-
HOro nsomepwusara 4o 91 nyHkTa Nno uccrnegoBaTenbCKOMY Me-
Togy. [ns aTtoro Heo6xoaUMO OpraHM3oBaTb PELMKIT MEHTaHOB,
KOTOPbIA OyOeT BblAeNATbCA U3 KOMoHHbl AU n HanpaBnaTecs
B KOMOHHY Oeu3oneHTaHM3auuMu Ansi NOBTOPHOro BblAeneHust
M30MeHTaHa 1 BO3BpaTa HOPMarbHOrO MEHTaHa B PEaKTOPHbIW
6nok. B HacTosiwee Bpemsa MNAO «HIIM Hedprtexvm» paspabo-
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TaHbl U NepedaHbl UCXOAHbIe AaHHble ANs NPOBEAEHWUs 3TOW
PEKOHCTPYKLUW.

NMAO «CapatoBckuin HIMN3» (2013)
YctaHoBka moLHocTbio 300 Thic. T/rog cnpoekTupoBaHa u no-
cTtpoeHa no nuueHsunn NMAO «HIMIM Hedtexumy.
Mpouecc n3omepusaLmn OCyLLECTBMSETCA MO CXEME C Aen30-
NMeHTaHn3aumnen Cbipbs, PELMKIIOM H-NMEHTaHa U ManopasBeT-
BMEHHbIX FEeKCaHoB. B cocTaB ycTaHOBKM Takke BXOAUT OGMok
NpearapooynCTKN NPSMOroHHon dpakumm HK-70°C.
McxogHble paHHble Obiny paspabotanbl MAO «HIM Hedte-
xum» B mapTe 2008 roga. B 2008 rogy 3AO «HedtexnmnpoekT»
BbIMOSIHEHA CTagusl «NpPoeKT». Becb mpoLiecc NpoeKkTMpoBaHus
ocyulecTBnanca nog crtporum koHTponem MAO «HIMIM Hedte-
XUM.
Myck ycTaHoBku cocTosncs B mapte 2013 roga.
OkTaHOBOE YMUCIIO TOBApPHOro M3omepusarta coctaensetr 91-93
nyHKTa Mo UccrnegoBaTtensckoMy Metoay. Beixog ToBapHoro npo-
OyKTa B pacyeTe Ha rMapOOYULLEHHOE ChIpbe CEKLUN N30Mepu-
3aunn coctaBnsieT 98% macc.

OAO «OpckHedTeoprcuHTe3» (2015)
B 2008-2009 rogax npoBegeHO NPOEKTMpOBaHME HOBOW ycTa-
HOBKM n3omepwmsauun npovssogutensHocTbio 300 Thic. T/rog no
CXEME «3a Mpoxoa» C CeKUuMen npenBapuTenbHOW rmapoo4ncT-
Kn. MNMpoekT n Yactb paboyven AokymeHTaumu BbinonHeHsl OO0
«MKT-CepBucy.
B 2011 rogy npvHATO peLueHre 06 N3MEHEHNM TEXHOIOMMYECKON
CXeMbl YCTaHOBKM M30MepusaLum B CBA3WN C HEOOXOAMMOCTLIO
nony4yeHus cymmapHoro nsomepusara ¢ MO4Y He meHee 91 nyH-
KTa.
B aHBape 2012 roga MAO «HIIM HedbTexum» Gbinm paspabo-
TaHbl U NepefaHbl HOBblE UCXOAHbIE AaHHbIE Afsi MPOEKTUPO-
BaHWS YCTAHOBKM MO CXEME C PELMKIIOM H-MEeHTaHa 1 manopas-
BETBMEHHbIX rekcaHoB. eHeparnbHbI nNpoekTnpoBLunk — 3A0
«HedrexumnpoekT». [lyck ycTaHOBKM COCTOSASICA B heBpane
2015 ropa.
Chbipbe ycTaHoBkM — cmech dpakuum HK-70°C, nogaBaemon ¢
yCTaHOBKM 22-4, 1 nerkoro 6eH3vHa ¢ yCTaHOBKWN MMAPOKPEKUH-
ra.
ToBapHbI U30Mepm3aT C OKTaHoBbIM Yncnom 91,5-92,5 nyHkTa
MOM HanpaBnsieTcsi B ToBAapHOE NPON3BOACTBO GEH3NHOB.

B Hacmosiwee epemsi Ha pa3Hbix cmadusix MPOEKMuUpPO-
eaHusi u cmpoumesiscmea e Poccuu u 3a py6exom Haxo-
dssmcsi euje HECKOJILKO ycmaHo80kK «M3omaink-2». [popa-
6ambieaemcsi 803MOXHOCMb rNepesoda psida ycmaHO8OK
usomMepu3ayuu, yxe MoCMPOEHHbIX M0 Opya2uM MEeXHO-
Jso2usivM, Ha npouyecc «M3omank-2», 3apekomeHdoeaeswull
cebs kak HauboJsee aghghekmueHbIl, HaGeXXHbIU U NMpocmou
e 3Kcr/lyamauyuu rnpouyecc usomepusayuu.
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Ipaghuk ocHoBHbIX Moka3amereli pabomsl ycmaHosKku «M3omank-2» 8 OAO «CrnasHegpmb-SIHOC»
Main operating performances of Isomalk-2 unit in OJSC Slavneft-YANOS
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JSC Gazpromneft-Omsk Refinery (2010)
The isomerization plant was designed under the license of PJSC
SIE NEFTEHIM and is one of the largest isomerization units in
Russia. It is the first domestic plant, designed and built from
beginning to the end per Russian Isomalk-2 technology.
Start-up of the plant with capacity of 800 thousand tons/year took
place in November 2010. Design Basis of the plant was issued
by SIE NEFTEHIM in 2007. Design and working documentation
were performed by St. Petersburg CJSC Neftekhimproekt under
the supervision of PJSC SIE NEFTEHIM. General designer is
0OJSC Omskneftekhimproekt.
The plant was designed and built in three years. This is due
to the fact that the development of working documentation and
order of long lead equipment were done at the design stage.
The plant allows obtaining isopentane fraction with octane
number of 92-93 RON and light isohexane fraction with octane
number of 91.5-92.5 RON.

by CJSC Neftekhimproekt in 2008. The whole engineering
process has been performed under the strict control of PJSC
SIE NEFTEHIM.

The plant was started-up in March, 2013.

The octane number of commercial isomerate is 91-93 RON.
Commercial product yield per hydrotreated feed of isomerization
section is 98% wit.

JSC Orsknefteorgsintez (2015)

In 2008-2009 the design of isomerization plant with capacity of
300 thousand tons/year under “once-through” scheme with pre-
hydrotreatment block was carried out. Design and part of the
working documentation were performed by ECT Service, Ltd.

In 2011, it was decided to change the isomerization plant process
scheme because of the necessity to produce total isomerate
with at least 91 RON.

In January 2012, PJSC SIE NEFTEHIM developed and submitted
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lpacbuk ocHo8HbIX Mokazamenel pabomel ycmaHosku «M3omarnk-2» AO «lasnpomHegpmb-Omckul HI13»
Main operating performances of Isomalk-2 unit in JSC Gazpromneft - Omsk Refinery

OJSC Slavneft — YANOS (2011)
Isomerization plant with the feed capacity of 720,000 tons/
year, besides isomerization section, includes sections of feed
preparation and preliminary hydrotreatment of pentane-hexane
fraction. The process is carried out under the scheme with feed
deisopentanization and low-branched hexanes recycle. Design
of the plant was performed by CJSC Neftekhimproekt. Design
Basis of the plant was provided by SIE NEFTEHIM in 2007. The
first phase of construction was completed by 2009.
Designer supervision and coordination of the project, working
documentation of the equipment and technology regulations of
the plant were performed. The second phase of construction was
completed by August 2011. The start-up took place in October
2011.
From the start-up in 2011 until now the regeneration of
isomerization catalyst SI-2 has not been performed, the process
performance remains at the same level.
In 2016 the decision was made to revamp the unit to increase
the commercial isomerate octane number up to 91 RON. For
this, it is necessary to arrange pentanes’ recycle, which will be
recovered from DIH column and fed to DIP column for repeated
recovery of isopentane and recycle of normal pentane back to
reactor block. Currently PJSC SIE NEFTEHIM has developed
and submitted the Design Basis for this revamp.

PJSC Saratov Oil Refinery (2013)

Plant having capacity of 300 thousand tons/year is designed and
constructed under the License of PJSC SIE NEFTEHIM.

The isomerization process is carried out based on the scheme
with feed deisopentanization, n-pentane and low-branched
hexanes recycle. The plant also includes the straight-run fraction
IBP-70°C pre-hydrotreatment section.

The Design Basis was developed by PJSC SIE NEFTEHIM in
March, 2008. The Detailed Engineering has been performed

new Design Basis for the plant under the scheme with n-pentane
and low-branched hexanes recycle. General designer is CJSC
Neftekhimproekt. Start-up of the plant took place in February
2015.

The plant feed is a mixture of IBP-70°C fraction, fed from plant
22-4, and light gasoline from the hydrocracking plant.

The commercial isomerate with octane number of 91.5-92.5
RON is supplied to commercial gasoline production.

Currently, there are still several plants Isomalk-2 at various
stages of design and construction in Russia and abroad.
The possibility to convert a number of isomerization plants,
having been already built under other technologies, to
Isomalk-2 process, which proved itself to be the most
efficient, reliable and simple in operation isomerization
process, is considered.
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«NU30OMAJIK-2» — JIMAEP CPEAU POCCUMNCKUX
KOHKYPEHTOCNMOCOBHbIX TEXHOJIOTUUA
NPOU3BOACTBA BEH3UHOB KJIACCA 5

Bnapumup KANMYCTUH, Enena Y EPHBILWWEBA

lMepexon Ha BbiNyck GEH3MHOB, COOTBETCTBYOLMX TpeboBaHM-
sIM Krnacca 5, mocTtaBwun nepen npous3BoauTENsMU TOMMMBa B
Poccuun Lenbin psig 3agad, pelleHre KOTopbiX CBSI3aHO C CO3-
AaHnem GEeH3MHOBOW KOMMO3WLMU OMpefderneHHoro cocrtaBa U
CBOWCTB. Tak Kak ntobov ToBapHbIN GEH3NH ABMSETCA NPOayK-
TOM KOMMayHAMPOBAHMWS, TO OYEHb BaXKHO NMPW NMPOU3BOACTBE
OeH3nHa uMeTb BO3MOXHOCTb BapbUPOBaHUSA KONMUYEeCTBa U
Ka4yecTBa HECKOmNMbKMX OEH3NHOBbLIX KOMMOHEHTOB. McTopude-
Cku B Poccum OCHOBHbIM KOMMOHEHTOM MpW NPOU3BOACTBE Bbl-
COKOOKTaHOBbLIX OEH3UHOB CNY>XUT OEH3VH KaTanMTU4ecKoro
pucopmumHra. Ha HekoTopbIx NpeanpuaTuax gons pudopmara
pocturaet 80-90% B KOMNOHEHTHOM COCTaBe TOBAapHOro 6eH3n-
Ha. BeH3nHbl kKaTanMTu4eckoro pndopMyHra coaepar B CBO-
eM coctaBe okono 60% 06. apomaTnyeckux yrneBogoponaos,
MMET HEPaBHOMEPHOE pacnpeaerneHMe OKTaHOBOroO Yucna no
PaKLUMOHHOMY COCTaBY M 3HAYUTENbHYIO Pa3HULy MEXAY OK-
TaHOBbIMU XapaKTEPUCTUKaMW NO MUCCNeaoBaTenibCKOMy U MO-
TOPHOMY MeToAam OnpeferieHns aHTUAETOHALMOHHOW CTONKO-
CTWU. BEeH3UHbI KaTanUTUYECKOro KpPEeKUHra, BTOPOro no oobemy
[o6aBnsiemMoro B TOBapHbI GEH3MH KOMMOHEHTA, TaKKe MMET
CYLLIECTBEHHYIO pasHULy MO OKTaHy U HeJoCTaTOYHYH OKWCMV-
TEnbHY cTabunbHocTb. BBeaeHne B GEH3MHOBbIE KOMMO3ULIMM
B KayecTBe KOMMOHEHTA NpoAyKTa mpouecca KatanmnTuyieckomn
1M3omepu3aLmm No3BOSISIET HE TOMNbKO YBENUYUTbL 0O 06beM
GEH3MHOBOrO Myna, HO U 3HAYUTEMbHO YMYyYLINTb 3KOMOorMye-
CKME M 3KCMIyaTaLWOHHbIE XapaKTEPUCTUKN TOMMMBA: CHU3UTb
cofepXaHne apomaTUYecKkunx yrreBogopoaoB, 6eH3ona u cep-
HUCTbIX COEAVHEHUI B CyMMapHOM OeH3nHe, BbIPOBHATb OKTa-
HOBOE YMCro GeH3nHa No ppakLMOHHOMY COCTaBy, OCOGEHHO B
obnactu BbIKMMAaHWSA nerkmx 6eH3nHoBbIX dpakumn (oo 70°C),
yNyyLlWnTb NOoKasaTenb YyBCTBUTENBHOCTU TOMMMBA U MOBLICUTb
OKTaHOBbIV (hOHA NPEANPUATUSA B LIENOM. Takue NpeMMyLlecTsa
n3omepusata AenarwT ero He3aMeHUMbIM KOMMOHEHTOM BCEX
COBPEMEHHbIX B6EH3VMHOBbLIX TOMNB, OCOOEHHO TOMMMB Knacca
5, N CTUMYNMpyrT HEOBXOAMMOCTb CTPOUTENBCTBA YCTAHOBOK
M3omepmsaumMm Ha BCeX NpeanpuaTUaxX TOMIMBHOMO npodu-
Nsi, BbIMYCKaMLLMX BbICOKOOKTaHOBbIE GeH3uHbI. Peanvsauus
NPOLIECCOB M30MEpu3auum Ha npeanpuaTusax oTpacnv npu-
BreKkaTerlbHa OTHOCUTENbHO HWU3KOW CTOMMOCTBIO YCTaHOBOK,
HEBBICOKMMMW 3KCMIyaTaLMOHHbIMM 3aTpaTaMu Y MPOCTOTOW TeX-
HUYECKMX pPeLLEHUN.

B mupoBoi HedpTenepepaboTKe CyLLECTBYET HECKOMbKO TUMOB
TEXHOMOMNA M30MEepun3aLm, UCNosb3yLWNX pasfnuyHble KaTa-
TNINTUYECKNE CUCTEMbI — LIEONUTHBIE, XJITIOPUPOBAHHbLIE MNaTU-
HOBbIE 1 OKCMAHbIE Ha CynbaTMpOBaHHOM OKCUAe LpKoHus. B
nocrniegHee Bpems akTyanbHbl NocregHne ABa Tuna Karanusa-
TOPOB, 3KCMnyaTMpyemble B 06MacTn HU3KMX Temnepartyp. JTo
00yCroBrneHoO BO3MOXHOCTbBHO MOSTyYeHns n3omepusaTa ¢ BbICO-
KM OKTaHOBbIM Yncnom 88-93 nyHKTa no nccregoBaTenbCKomy
metoay (MOY).

Tak kak Poccua akTMBHO BKIOYMMacb B Mpouecc nepexoga
Ha TonnMBa Kracca 5 ¢ mogepHusauuen HedTenepepabatbi-
BalOLMX NPeanpusTUn, TO Ha POCCUMCKOM pbIHKE OKasanucb
npencTaBneHbl MPAKTUYECKN BCE U3BECTHbIE NULIEH3Mapbl Tex-
HoMmorum n3omepusauun. B Havyane HoBoro croneTus NUAupPy-
lowne nosmummn 3aHnmana cdupma Axens (19,7% poccumnckoro
pbiHka), 3atem komnaHua UOP (20,2 % poccuMrncKoro pbiHKa
CyMMapHo 3a cyeT TexHonorun Penex n Par-lsom). HeGonbLion
NPOLEHT HaLLEro pbiHKa 3aHUMAaET TEXHOMOrMsa KomnaHum Sud-
Chemie — 3,3 %. Brnarogapsi TexHOMOrMyeckMuMm npenmylue-
CTBaM MHWLMATMBY YyOarnocb NepexBaTUTb POCCUMCKON TEXHO-
norumn «MN3omank-2» — 56,8%, 4to coctaBnsiet 5170 ThbiC. TOHH/
rog. TexHonorns n3omMepusaumnn neHTaH-rekCaHoBbIX paKkLuii
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«M3omank-2» — yHukanbHas poccuickasi pa3pabotka B 00-
nactTu vM3omepusaumm nerkux G6eH3MHOBbIX dpakumin. Ee ad-
(PEeKTUBHOCTb MOATBEPXAEHA Ha AECATU NPOMbILLUNEHHbIX yCTa-
HOBKax B CTpaHe M Ha Tpex ycTaHoBkax 3a pybexxom. Havano
BHeApeHns npouecca obino nonoxeHo B 2003 rogy poccunckon
komnaHuen «HIMIM Hedptexum». OcobeHHOCTb TEXHOMOrMN — B
MCNonb30BaHUN OKcuAHoOro katanmsatopa CU-2, obecneuymBa-
lOLLIero NpoTekaHne npouecca B TePMOANHAMUYECKN BbIFO4HOMN
AN M3oMepusaumn napaduHOBBIX YrNEBOAOPOAOB HU3KOTEM-
nepatypHon obnacti 120-180°C n obnagatoLlero NoBbILLEHHON
YCTONYMBOCTBIO K OEWCTBUKO KaTanUTUYECKMX SO0B — BOAbI,
cepbl, a3oTa. [MpenmyLLecTBa TEXHONOMMN Ha OKCUAHbLIX KaTanu-
3atopax «/3omarnk-2» no CpaBHEHUIO C XITOPUPOBaHHLIMU KaTa-
nusatopamv npu AOCTUXKEHUN OAMHAKOBOIO OKTAHOBOIO 4yucria
CBOOATCS K criegyoLemy:

— He TpebyeTca rnybokasi ocyLlKka Cbipbsi, MO3TOMY B CXeme
OTCYTCTBYET BIOK OCYLLKWN CbIpbsi HA MOSEKYMSAPHbIX CUTAX;

— He Tpebyetca rmybokas o4McTka Cbipbsi OT CEpPbl U a30Ta,
noatomy 6rok agcopOLUMOHHON A0OYMCTKM FMApOreHusara oT
MUKPOMpPUMECEN Cepbl 1 a3oTa OTCYTCTBYET;

— KaTtanusaTtop YCTOMYMB K MPOCKOKaMm Cepbl, a3oTa U BOAbI,
TEXHOMNOINYeCKNe HapyLleHUs He NpuBOaAT K Ge3Bo3BpaTHOM
noTepe akTMBHOCTMY;

— [oKasaTenu B Havarne M B KOHLE pereHepauyoHHOro npo-
Oera ogMHaKoBblI;

— KaTanusaTtop BblOEPXUBAET HECKONbKO pereHepauui 6e3
noTepun akTUBHOCTY;

— noTpebneHve Bogopoda Ha mpouecc bnarogapsi BbICOKON
cenekTMBHocTn 1 umpkynsaumm BCIT muHumansHo: 0,20-0,35%
Macc. Ha CbIpbE;

— Karanusatop yCTON4YuB K KornebaHnsiM 06bEMHOWN CKOPOCTU
nopayn ceipbs: 0,2-4,0 yt.

K 2015 rogy TexHonorus «Wsomank-2» BHegpsnacb Ha HIM3
nyTeM PEKOHCTPYKLUMM MPOMBILLMEHHBIX YCTAaHOBOK pudop-
MWHra, nepeBofa YCTaHOBOK C LEONUTHOIO Katanu3aTtopa Ha
okcuaHbIn katanusatop CU-2, a Takke CTpOUTENbCTBA HOBbIX
KOMMEKCOB. [JOCTUrHYTbI BbICOKME MOKa3aTeny no akTMBHOCTM,
YCTOMYMBOCTM K MPOCKOKaM KaTanuUTUYECKUX SO0B, Mexpere-
HepaLuMoHHOMY Nnepuoay M CpoKy cnyx6bl katanusatopa CA-2.
Bonbwnm OOCTUXKEHWEM CTano CTPOMTENBbCTBO MOLLHENLIEro
Komnnekca «Vsomank-2», CrpoeKTUPOBAHHOIO MO NULIEH3UU
MAO «HIIMN Hedtexumy», nyck KOTOPOro COCTOSNCS B OKTAOpe
2010 roga B AO «lasnpomHedTb-OHI3». YcTaHoBKa usome-
pu3auny No CXeme C AeM30NeHTaHM3aUMEN Cbipbsl, PELIMKITOM
NMEHTAHOB M ManopasBETBMEHHbIX FEKCAHOB — camasi KpynHas
13 yCTaHOBOK M3oMepu3auum no TexHonorum «Msomank-2». OHa
MO3BONSET Mory4yaTb M30MEHTaHOBYH (DPaKLMI0 C OKTAaHOBbLIM
yncrnom o 92-93 nyHKTa U Nerkyr M3orekCaHoByto opakLumio ¢
OKTaHOBbIM Yncriom Ao 92,5 nyHKTOB MO MccrnenoBaTenbCKoOMy
mMeToay.

Pa3BuTne nmMnopro3amMelleHnsi B CIOXMBLLENCS reononutmnye-
CKOWM cuTyauuu npeacrtaBnsieT cobon 3agadvy nepBOOYEepPenHOW
BaxxHoCTM. OCHOBHas A0Mnsi MPOEKTOB MoAepHM3auun B HedoTe-
nepepaboTke OCHOBaHa Ha 3apybexHbIx TexHonornsx. Ha gonto
uMnopTa MNpuMxoguTcs Haubonee TEeXHOMOIMYHOE U CIOXHOEe
obopynoBaHue. HecmoTps Ha ycTon4MBbIE MO3ULMKN 3apybex-
Hbix koMmnaHun, MAO «HIMN Hedtexvm» yaanocb 3aHaTe nu-
OVPYIOLLYIO MO3MLMI0 Ha POCCUMCKOM PbIHKE CPeAM U3BECTHbIX
TNLIEH3VAapOB TEXHOMOINI M3oMepu3aummn bnarogapsi TEXHOmMo-
rMYEeCKUM NPENMYLLECTBAM.

OnbiT pabotbl NMAO «HIIM Hedtexum» — npumep adhdekTns-
HOro BHEOPEHUSI OTEYECTBEHHbIX TEXHOOMMIA U MHHOBALIMOHHbIX
nccregoBaTenbCckmMx paspaboTok.



ISOMALK-2 — LEADER AMONG RUSSIAN COMPETITIVE
TECHNOLOGIES OF GASOLINE PRODUCTION

OF EURO 5 STANDARD

Viadimir KAPUSTIN, Elena CHERNYSHEVA

Conversion to production of gasolines meeting requirements of
EURO 5 standard has set a number of tasks before Russian
producers of fuel, and the solution is associated with develop-
ment of the gasoline blend with certain composition and proper-
ties. Since any commercial gasoline is a product of compound-
ing, during production of gasoline it is very important to have
possibility of varying quantity and quality of several gasoline
components. Historically, in Russia a major component in pro-
duction of high-octane gasoline is catalytic reforming gasoline
(reformate). At some enterprises, share of reformate in fractional
composition of commercial gasoline reaches 80-90%. Catalytic
reforming gasolines contain about 60% of aromatic hydrocar-
bons, have an uneven distribution of the octane number by the
fractional composition and significant difference between the oc-
tane characteristics obtained by research and motor methods
for anti— knock resistance determination.

Catalytic cracking gasolines, the second by volume component,
added to commercial gasoline, also have significant difference
by octane and insufficient oxidation stability. Introduction of cata-
lytic isomerization product to gasoline compositions as a com-
ponent allows not only increasing total volume of gasoline pool,
but also significantly improve environmental and operational
characteristics of the fuel i.e. decrease content of aromatic hy-
drocarbons, benzene and sulfur compounds in total gasoline,
adjust the octane number of gasoline by fractional composition,
especially in light gasoline fractions boiling range (up to 70°C),
improve the fuel sensitivity index and increase the octane pool
of the enterprise as a whole. Such benefits of isomerate make
it an indispensable component of all modern gasoline fuels, es-
pecially fuels of EURO 5 standard, and promote the necessity
of isomerization plants construction all enterprises of the fuel
industry, producing high-octane gasolines. Implementation of
isomerization processes at the enterprises of this sector is at-
tractive due to relatively low cost of plants, low operational costs
and simplicity of technical solutions.

In the world oil refining, there are several types of isomerization
technologies using different catalytic systems — zeolite, chlori-
nated platinum and oxide based on sulfated zirconia. In recent
years, the last two types of catalysts operated at low tempera-
tures are most relevant. This is due to possibility of obtaining
isomerate with high octane number of 88-93 points by the re-
search method (RON).

Since Russia has been actively involved in the process of tran-
sition to the fuels of EURO 5 standard with modernization of
refineries, it turned out that almost all known licensors of isom-
erization technologies are presented on the Russian market.
At the beginning of the new century the leading position was
held by Axens (19.7% of the Russian market), then UOP (totally
20.2% of the Russian market at the expense of Penex and Par-
Isom technologies). A small percentage of our market is held
by the technology of Sud-Chemie — 3.3%. Russian technology
«Isomalk-2» managed to seize the initiative due to the process
advantages, it has - 56.8%, which amounts to 5 170 thousand
tons/year.

Technology «lsomalk-2» for isomerization of pentane-hexane
fraction is a unique Russian development in the field of isomeri-
zation of light gasoline fractions. lts effectiveness is confirmed
on ten industrial plants in the country and three plants abroad.
The process was started by Russian company SIE NEFTEHIM
in 2003. The main feature of the technology is usage of oxide
catalyst SI-2, which provides process behavior in low-tempera-
ture range of 120-180°C thermodynamically favorable for isom-
erization of paraffin hydrocarbons and has higher resistance to
the actions of catalytic poisons — water, sulfur and nitrogen.

KanycmuH Brnadumup Muxatinosud,
2eHepasibHbIl OUPEKMOpP Hay4YHO-Ucc1e008ameribCKo20
U MPpOeKmMHo20 uHcmumyma Hegpmenepepabamsigatowieli U
Heghmexumuyeckol npombiwneHHocmu OAO BHUTMUHegmb /
V. KAPUSTIN, General Director of OJSC «VNIPIneft»

Advantages of «Isomalk-2» technology over oxide catalysts
compared to the chlorinated catalysts with achieving the same
octane number are follows:

— it does not require deep drying of the feedstock, so in the
scheme there is no feedstock drying block on molecular sieves;
— it does not require deep purification of the feedstock from
sulfur and nitrogen, so there is no block of additional adsorption
treatment of hydrogenate from sulfur and nitrogen traces;

— the catalyst is resistant to skips of sulfur, nitrogen and water,
process upsets do not result in irreversible loss of activity;

— performances at the beginning and end of the regeneration
run are the same;

— the catalyst can withstand multiple regenerations without
loss of activity;

— due to high selectivity and recycle of hydrogen gas, con-
sumption of hydrogen in process is minimal: 0.20-0.35 wt. % per
feedstock;

— the catalyst is resistant to fluctuations of feed space velocity:
0.2-4.0 h.

By 2015, technology Isomalk-2 was implemented at the refin-
eries through the reconstruction of industrial reforming plants,
conversion of the plants from zeolite catalyst to oxide catalyst
SI-2, as well as through construction of new complexes. High
performances of activity and resistance to skips of catalytic poi-
sons, cycle length and service life of catalyst SI-2 were reached
there. A major achievement was construction of the most pow-
erful complex Isomalk-2, designed by the license of PJSC SIE
NEFTEHIM. Its start took place in October 2010 in JSC Gaz-
promneft-Omsk Refinery. Isomerization plant under the scheme
with the feed deisopentanization and recycle of pentanes and
low-branched hexanes is the largest of isomerization plants,
operating under Isomalk-2 technology. It allows obtaining iso-
pentane fraction with octane number of 92-93 RON and light
isohexane fraction with octane number 92.5 RON.
Development of import substitution in the current geopolitical
situation is a matter of high priority. The main share of modern-
ization projects in oil refining is based on foreign technologies.
The most technological and sophisticated equipment is import-
ed. Despite the strong positions of foreign companies, PJSC SIE
NEFTEHIM managed to take the leading position on the Rus-
sian market among known licensors of isomerization technolo-
gies thanks to technological advantages. PJSC SIE NEFTEHIM
experience is an example of effective implementation of domes-
tic technologies and innovative research developments.
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«U30OMAJIK-3» - HOBAA TEXHOJ1IOI'NA

U3OMEPUSALIUN H-BYTAHA

Anexcanpap WAKYH, Mapuna PEAOPOBA

Tumodeii KAPNEHKO, Exarepuna JEMUAOBA

B pekabpe 2015 roga, npy HEMOCPELACTBEHHOM Yy4acTuu crie-
uymanuctoB NAO «HIMM Hedtexum» B npoBeAeHUM NOArOTOBU-
TenbHbIX M MYCKOBbIX Onepauui Ha nnowanke, 6bin ocyLecT-
BMEH BBOZ, B 3KCMNIyaTaLyio NepPBON NPOMBbILLNIEHHON YCTaHOBKMN
n3omepusauum H-bytaHa no TexHonorum «Ksomank-3».
3akasunmk — 4vacTtHas HedTenepepabaTbiBatoLlas KoMMNaHUs B
Kutae — Shandong Sincier Petrochemical Co. YcTtaHoBka Bxo-
OUT B COCTaB KoMmmrekca no nonyyeHvto MTES, nuueH3napom
KOTOPOro SBMAsieTCA kKoMnaHusa Lummus.

CTpontensCcTBO 3TON HEBOMBLLLOW MO NPOMBILLIIEHHBIM MepKam
YCTaHOBKM — NMPOU3BOANTENBHOCTb MO Chipblo cocTaBnseT 200
TbIC. TOHH B rof, — CTasno 3HaKOBbIM JOCTUXKEHUEM HE TOSbKO
ans MNAO «HIIM HedTexvmy, HO 1 AnNsi BCe POCCUNCKON HayKu,
Tak Kak noaTBepAnno MosiBIieHWE HOBOW TEXHOIIOMMK, OKa3aB-
Lwencsa BocTpeboBaHHOW Ha MUPOBOM PbIHKE.

BbicTpas peanusaums NpoekTa crana BO3MOXHOW Gnarogaps
coTpyoHudectBy ¢ komnaHuen GTC Technology (CLUA), koTto-
pas 3aHMmaeTcs npoaswkeHuem TexHonorun MAO «HIMN He-
dbTexumy» 3a npegenamm CHI™ 1 yyactByet B pa3paboTke 6a30-
BbIX MPOEKTOB A1 3apy6eXXHbIX 3aKa34MKOB.

B KoHKypeHTHoN 6opbbe ¢ Hauboree pacnpocTpaHEHHOW B
MUpe TexHorornen ndomepunsauum H-dytaHa «Butamer» komna-
Hu UOP (CLLUA) 3aka3qmk NpuHSAM peLleHne B Norb3y poCcuii-
CKOW TEXHOJSTOMNN.

OcHoBHas Npu4YnHa Takoro Bbibopa KpoeTcsl B HefocTaTKax Tex-
HOMOMMM C MPUMEHEHNEM XITOPUPOBAHHOIO KaTtanuaaTopa:

— BbICOKas YyBCTBUTENbHOCTb KaTanunsatopa K 4eNCTBUSM Ka-
TanUTUYECKMX SL0B;

— BbICOKasg CTOMMOCTb TEXHONOrM4eckoro obopyooBaHUS U
Hanu4yme CrnoXHbIX B NU3roTOBNEHUN MO3ULINIA;

— TMOCTOSIHHas 3aBMCUMOCTb OT MOCTaBOK peareHTOB M KaTa-
NN3aTopOB;

— CIOXHOCTb OYMCTKM NPOAYKTa OT MUKPOMNPUMECEN XI10pa;
— npobnemsbl C yTunusaumen oTxoqos 6oka 3allenavymBaHus.
HoBas TexHonorunsi nsomepusaunm H-dytaHa «/zomank-3» Bcex
3TUX HEeOOCTATKOB JIMLLIEHA, YTO M MOBMAMSNO Ha pelueHue 3a-
Kasynka. HecmoTps Ha OTCYTCTBME HA MOMEHT NPOBEAEHMUS TEH-
OEPHbIX NpoLenyp Yy TexHorornm «M3omank-3» npoMbILLIIEHHbIX
pedepeHumn, Gbina BbibpaHa MMEHHO OHa.

C MOMeHTa NpoBedeHMsi CTapTOBOrO COBELLaHWsi C onpenene-
HWEM OCHOBHBbIX MPOEKTHbIX PELLUEHUI 4O MycKa B 3KCnyaTaumo
BCero komnnekca nonyvyeHna MTES, BkntovatoLLero naTb ycra-

HOBOK, MPOLLSIO BCEro ABa roga.
CocTtaB ycTaHOBKU M30OMepu3aLuu.

1. CeKkumsa pakumoHMpoBaHns cbipbs Ha yrnesogopoabl C,-C,
nC,;

2. CeKums rmapooumncTKMY, BKIOYatoLLas:

— PeakTopHbIi 610K rMapO0YNCTKY;

— bBnok oTnapHoM KOMOHHBI;

3. Cekuusa nsoMmepumsauunn, BrIroYaroLas:

— bnok pensobytaHnsauuu;

— PeakTopHbIi 6ok n3omepusaumm Ha katanusatope CU-3 ¢
y3nom agcopbepos-cylumtenen BCIT n yanom agcopbepos-ocy-
LUMTENEN Cbipbs;

— bBrnok ctabunusaunoHHOM KOMOHHBI.

Mony4aembli MPOAYKT — n300yTaH C YMcToTON He Hmke 99%
macc. Cpean NnpenMyLLecTB 3TOM TEXHOMNOMMM — ee NpPocToTa.
Cxema peaKkTopHOro 6roka npUHUMNManbHO CXOXa CO CXeMOM
npoLecca Ha XJIOPUPOBAHHOM KaTanu3aTtope, OOHAKO OTCyT-
CTBYIOT y3rbl MOAAYM XMOPUPYIOLLErO peareHTa U O4YUCTKM U30-
mMepu3sarta. [NokaszaTenbHO CpaBHEHME TEXHOOrnn «M3omank-3»
C U3BECTHOM TexHonornen «Butamery» (cm. Tabnmuy 1).
Karanusatop ans mpouecca npocT B obpaiieHun. 3arpyska B
peakTop NPOou3BOAUTCS PyKaBHbIM METOAOM, MHEPTU3ALUS Cpe-
Obl He TpebyeTcsl, HEMPOAOIMKUTENBHbBIA KOHTAKT C aTtMocdep-
HbIM BO34yXOM He CKa3blBaeTCSA Ha akTMBHOCTU KaTanuaartopa.
OpHa 13 ocobeHHocTel npouecca — 6Ooree Bbicokas Aonst
peakumin OUCnponopLMOHNPOBaHNS NapadUHOBbLIX YrNEeBOAO-
ponoB 1 obpasoBaHMe OOMOMHUTENBHOIO KOMMYecTBa YrneBo-
nopogoe C, B konuyecTse 2-3% Macc. Ha cbipbe. [ns MHOrmx
3aKa34MKOB 3TO AOMOSTHUTENbHBIN MAKC, TaK Kak Monyyaemyro
npu pasgerneHun nsomepusara U3oMneHTaH-NeHTaHOBY dpak-
umio (MOY ~ 85 nyHKTOB) MOXHO BOBIEKaTb B KOMMAayHAMPOBA-
HWe aBTOOEH3NHOB.

3a c4yeT mpocToro B obpalleHunn KatanusaTopa U OTCYTCTBUS
[0pOrocTosiLLMx 6riokoB XSIOPUPOBaHUA 1 3aLlenadnBaHns npo-
uecc «M3omank-3» BecbMa npuBRekateneH Ans HebomnbLInX
YCTaHOBOK M30Mepu3aumm H-OyTaHa, BXOOSLMX B COCTaB KOM-
nnekcos nonyveHnss MTBD nnu ankunara n HeO6XoAMMbIX Ans
nony4yeHns AOMOSTHUTENbHbLIX KONMYECTB n3obyTaHa.

B HacToslee Bpemsa Ha cTagum NPOEKTUPOBAHWUS HaxOAATCA
elle [ABe YCTaHOBKW M30OMepu3aumu H-OyTaHa no TexHomoruu
«M3omank-3» B Knutae, a uenbii psa NPOEKToB — Ha cTaguu
NPeAnPOEKTHON NPOpPaboTKL.

Tabnuua 1

OpraHusauus-paspaboTumk UOP (CLLA) MAO «HIMIM Hedprexum»
Cragust ancopbLUMOHHON JOOUUCTKM ecTb ecTb
Temnepatypa npouecca, °C 160-210 160-210
[NasneHve, MMa 2,5-3,2 1,5-2,0
O6beMHasi CKOpoCTb MoAauM Cbipbs, Yt 6,0-8,0 6,0-8,0
MonbHoe oTHowweHne H,:6yTaH 0,07-0,15 0,07-0,15
KoHBepcus H-6yTaHa «3a npoxoay, % 55-60 50-55
Beixog yrnesogopoaos C,, «3a npoxoa», % macc. 99 99
Bbixoa yrnesogopoaos Ch«aa npoxoa», % macc. 98 95-96
O6wwin cpok cnyx0bbl katanusartopa, nert 2-3 8-10
YyBCTBUTENBHOCTL KaTanusatopa K NpyMecsiM B Cbipbe BbICOKast yMepeHHasi
B03MOXHOCTb pereHepaumu katanuaaropa HeT ecTb
Mopaya xnopcoaepxallnx CoeanHEHNI MOCTOSIHHO HeT
3allenayvBaHue KUCTbIX ra3oB ecTb HeT
OTxoapl ecTb HeT
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ISOMALK-3: NEW TECHNOLOGY

OF N-BUTANE ISOMERIZATION

Alexander SHAKUN, Marina FEDOROVA,

Timofey KARPENKO, Ekaterina DEMIDOVA

In December 2015 PJSC SIE NEFTEHIM’s specialists directly
assisted in preparation and start-up operations on site for
commissioning the first Isomalk-3 commercial n-butane
isomerization unit.

The customer is Shandong Sincier Petrochemical Co., a private
refining company in China. This unit is a part of MTBE production
complex licensed by Lummus.

Construction of such a small (by industrial standards) unit (feed
capacity is 200 thousand tons/year) has become a landmark
achievement not only for PJSC SIE NEFTEHIM but also for
the whole Russian scientific community, as it acknowledged
appearance of new technology, which has proved to be in high
demand on the world market.

Fast implementation of the project was possible thanks to
cooperation with  GTC Technology US, LLC (USA), which
is engaged in promotion of the PJSC SIE NEFTEHIM's
technologies outside the CIS and takes part in development of
Basic Engineering Designs for foreign customers.

In competition with the most popular in the world technology of
n-butane isomerization — Butamer by UOP (USA) the customer
made a decision in favor of the Russian technology.

The main reason of such choice lies in disadvantages of
technology with application of chlorinated catalyst:

— high sensitivity of catalyst to the effect of catalyst poisons;
— high cost of process equipment and presence of difficult-to-
make items;

— permanent dependence on deliveries of reagents and
catalysts;

— complicated purification of product from chlorine trace
components;

— problems with waste disposal from alkalization unit.

New Isomalk-3 technology of n-butane isomerization is deprived

of these drawbacks; that's why customer chose it. Despite the
fact that the technology Isomalk-3 had no industrial references
at the moment of tender, it was chosen.

It took only two years since the kick-off meeting where the main
project designs were determined up to putting the whole MTBE
production complex with five units into operation.

Structure of Isomerization Unit

1. Feed fractionation section into hydrocarbons C,-C, and C,;
2. Hydrotreatment section, including:

— Hydrotreatment reactor block;

— Stripper block;

3. Isomerization section, including:

— Deisobutanization block;

— |Isomerization reactor block over SI-3 catalyst with the
module of H, gas drying adsorbers and the module of feed
drying adsorbers;

— Stabilization column block.

The derived product is isobutane of purity not lower than 99% wt.
Its simplicity is among advantages of this technology.

The diagram of reactor block is basically similar to that of
the process over chlorinated catalyst; however, there are no
modules of chlorinating agent supply and isomerization product
treatment. Comparison of Isomalk-3 technology with the popular
Butamer technology speaks for itself (Table 1).

Catalyst for the process is easy to operate. Loading to reactor
is carried out by “sock loading” method and no medium purging
required as short contact with atmospheric air does not affect
catalyst activity.

One of the peculiarities of the process is higher fraction of
paraffinic hydrocarbons disproportionation reactions and
generation of additional quantity of hydrocarbons C; in the
amount 2-3% wt. per feed. For many customers this is an
additional advantage, as isopentane-pentane fraction (RON ~
85 points) derived by separation of isomerate may be involved in
compounding of gasolines.

Due to easy to operate catalyst and absence of expensive
chlorination and alkalization units, Isomalk-3 process is greatly
attractive for small n-butane isomerization units forming a part
of MTBE or alkylate production complexes and necessary for
production of additional quantities of isobutane.

At present two other n-butane isomerization units with Isomalk-3
technology are being designed in China and there is a whole
series of projects are at the stage of design study.

Table 1

Developer UOP (USA) PJSC SIE NEFTEHIM
Stage of adsorption final treatment Yes Yes
Process temperature, °C 160-210 160-210
Pressure, MPa 2.5-3.2 1.5-2.0
Feed space velocity, ht 6.0-8.0 6.0-8.0
Molar ratio H,:butane 0.07-0.15 0.07-0.15
«Once-through» conversion of n-butane, % 55-60 50-55
«Once-through» yield of hydrocarbons C,,, % wt. 99 99
«Once-through» yield of hydrocarbons C,,, % wt. 98 95-96
Service life of catalyst, years 2-3 8-10
Sensitivity of catalysts to impurities in feed high moderate
Catalyst ability to regenerate No Yes
Supply of chlorine-containing compounds Constant No
Alkalization of acid gases Yes No
Wastes Yes No
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«U30OMAJIK-4»: MEPCNEKTUBHASA TEXHOJIOINA
U3OMEPU3ALINA C,-OPAKLIUU AN MTPOU3BOACTBA
BbICOKOKAYECTBEHHbLIX ABTOBEH3UHOB

Anexcanap WAKYH, Mapuna PEJOPOBA,
Tumodeii KAPNEHKO, Exarepuna AEMUAOBA

PacTywuii cnpoc Ha aBTOMOOUIbHbIE GEH3UHbI C BLICOKUM OKTa-
HOBbIM YMCIOM 1 HEOBXOOUMOCTb COOTBETCTBUSA BbIMyCKaeMbIX
aBTOMOOWIbHbIX TOMMMB TpeboBaHUAM TexHM4eckoro perna-
mMeHTa «O TpeboBaHMsX K aBTOMOOMIBHOMY M aBUALMOHHOMY
6eH3VHy, AM3enbHOMY M CyA0BOMY TOMSMBY, TONMAMBY AN peak-
TUBHbIX ABUraTenen n Tono4HoMy MasyTy» notpebosan ot HIM3
nepecMoTpa paHee MpuBbIYHBIX CXEM MPOM3BOACTBA aBTOOEH-
3MHa.

Haunbonee cyllecTBEHHbIM MPENSATCTBMEM Ha MyTW ABWXKEHUS
K OOCTWDKEHUIO NOCTaBMEHHON nepepn 3aBofamMu 3afaduv crano
TpeboBaHME MO OrpaHWYEHUIO COOEPXKaHUS apOMaTUYECKUX
yrnesogoponoBs (He 6onee 35% 06.), B Tom uncne 6eH3ona (He
6onee 1% 06.) B aBTOMOOUIbHBLIX BEeH3MHax NMpu OKTaHOBOM
yncne ToBapHOro aBTO6EH3NHa He MeHee 95 NMyHKTOB Mo Mccrne-
[oBaTeflbCcKoMy MeToay.

VICTOYHMKOM MOBbLILLEHHOTO cofepXaHusa GeH3ona v apomartu-
YeCKuX YrneBoAOpPOAOB B LENOM B TOBApHOM aBTOGEH3NHE SB-
NSIETCSl OOAMH U3 OCHOBHbIX KOMMOHEHTOB aBTOOEH3MHA — KaTa-
nn3aT YyCTaHOBOK prd)OpPMUHTa.

CyliecTByeT ABa NyTWM CHWXEHWUS codepxaHus 6eH3ona B pu-
cdopmare:

dpakumm 70-105°C. Kak KOMMOHEHT TOBApHOro aBTOOEH3MHAa
UCMONb30BaHWe AaHHOW (dpakuuyM OrpaHMYeHO M3-3a HU3KOro
oKTaHoBoro uucna (45-55 nyHktoB VIOY), TpagmumoHHas nso-
Mepu13aLusi NeHTaH-reKCaHOBOW hpaKLMn He MO3BOMSET BOBIe-
KaTb TshKenble YrneBoAopoAdbl B 3HaYMMbIX KOnMYecTBax M3-3a
BbICOKOM [0MW rMApOKpekuHra yrnesonopoaos C. .. Ontumarns-
HbIM BapuaHTOM nepepaboTkn dpakun napapuHoBbix C.-
YrneBoAopPOA0B C LEMbO NOMYyYeHUs AOMOMHUTENBHOMO Konmnye-
CTBa HEapoMaTM4ECKOrO BbICOKOOKTAHOBOIO aBTOKOMMOHEHTA
crana m3omepusauusa no HOBOW TEXHOMOrMM Ha OKCWOHOM Ka-
Tanusatope nsomepusauun CU-4, paspaboraHHom MAO «HIMM
Hedrexnmy.

BknitoueHne TexHonorum msomepusaumy C -cpakumm B cxemy
nepepaboTkn LUMPOKOW GeH3nHoBoW (pakumm Ha HIM3 nosso-
NSeT yBenu4uTb 06beM Bbinycka 6€H3MHOB, COOTBETCTBYOLLNX
TpeboBaHuAM cTaHgapToB EBpo-4 1 EBpo-5, 3a cueT:

— MnoryyYeHns A0MNOMHUTENBHOMO KonnmyecTsa HeapomMaTn4ecKko-
roO aBTOKOMIMOHEHTA C BbICOKUM OKTAHOBbLIM YMCIOM;

— CHWXeHns copepxaHus 6eHsona B pudopmare 4O YPOBHS
1,0-1,5 % macc 3a cuet obnaropaxvBaHusi Cbipbsi pUGOPMUHT;
— yBENMYeHNs BbIxoga pudopmara Ha yCTaHOBKE pudOpMUHra.

lMpuHyunuanbHas cxema rosyYeHUs asmomobusibHo20 beH3uHa no cmaHAapmy Eepo-5 ¢ eknroyeHuem 8 cxemy nepepabomku
ycmarosku usomepusayuu C-copakyuu «/3omarnk-4»

1. N3BneveHune GeHsoncoagepkallen gpakumm u3 pucgopmara u
rmapupoBaHne 6eH3ona Ha OTAENbHOW YCTaHOBKE.

2. MNogroTtoBka Cbipbsi PUAOPMUHIa C MOBBILLEHHBIM Ha4yanom
kuneHus (105-110°C), no3BONSIOWMM MOMHOCTLIO WUCKIIOYUTD
6eH3onobpasyLume yrnesogopoabl M 4OCTUYb copepXaHus 6eH-
3ona B pudgopmarte He bonee 1,5 % macc, gaxe npu pabote
YCTaHOBKM B XeCTKOM pexume nonyveHus NOY (okTaHoBOro
yucna no muccregoBaTtenbckoMy MeTony) bonee 98 nyHKTOB.
BTopoii BapuaHT MMeEeT psf BECOMbIX NPENUMYLLECTB:

— He npegycMaTpuBaeT AOMNOMHUTENbHbBIX 3aTpaT Ha n3Bneye-
Hne GeHsona;

— CHWXKaeTcsa 3arpyska Ha YCTaHOBKM KaTanuWTUYeCcKoro pu-
dopMuHra;

— noBblILIaeTcs Bbixod pudopmara C,;

— MOBbILIAETCS OKTAHOBOE 4ucno pudopmarta, a crefosa-
TenbHO, BO3MOXHa paboTa ycTaHOBOK pudopmuHra B Gornee
MSArKMX YCOBUAX (YBENMYeHne cpoka crnyx0bbl 1 CHMXeHne 3a-
TpaT Ha pereHepauuio katanuaaropa pudopMuHra).

OpgHako B TakoM cryyae BO3HMKaeT npobrema nepepaboTku
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Ha 3aBogax, uMeroLLyx B CBOEM COCTaBE KOMMIEKChI NOMyYeHns
apomaTtuKM Hamuume YCTaHOBKM M3omepu3aumu «Momank-4»
MO3BOMUT YBENMYUTL rMyOuHY nepepaboTku 3a cHeT nepepaboT-
Kn dopakumii pacduHaTa, cogepkallumx npenmMmyLLeCcTBEHHO napa-
duHoBble C.-yrneBoAopoabl B BbICOKOOKTAHOBbLIN KOMMOHEHT
aBTO6EH3MHA.

Mpouecc nsomepusauym C_-hpakLym MOXeT ObITb OpraHN3oBaH
«3a MPOXOA» UM C PeLMpKynsaLmnen HepasBeTBeHHbIX napadu-
HoB C..

B nepBom cny4ae BO3MOXHO nonyyeHve ndomepusata ¢ MOY
70-72 nyHKTa, HO, HECMOTPSA Ha BbICOKU/A MPUPOCT OKTaHOBOIO
yucna npoaykTa K cbipbio (0kono 20 MyHKTOB), Takad cxema Mo-
XKeT nogonTn He kaxgomy HIN3 BBMAY OTHOCUTENBHO HWU3KOMO
OKTaHOBOIO YuMcna.

BkntoueHne B cxemy yctaHoBkM «M/3oMarnk-4» KOMOHHbI YETKON
pekTnudukaumm n obecneyveHve peLmpKynauuM ManopasBeT-
BIEHHbIX reNTaHOB MO3BOJSET CYLLECTBEHHO YBENNYNTb OKTAHO-
BOE YMCNO MPOAYKTa M MOBLICUTL €ro NpUBMeKaTenbHOCTb ANS
HM3.



ISOMALK-4: PROMISING TECHNOLOGY FOR
ISOMERIZATION OF C; FRACTION FOR PRODUCTION OF

HIGH QUALITY GASOLINE

Alexander SHAKUN, Marina FEDOROVA,

Timofey KARPENKO, Ekaterina DEMIDOVA

Growing demand for motor gasoline with high octane number
and need to ensure compliance of produced motor fuels with
requirements of Technical Regulations “On requirements to au-
tomobile and aviation gasoline, diesel and marine fuel, jet fuel
and heating oil” required from oil refineries to review previous
common schemes of motor gasoline production.

The most significant obstacle for refineries on the way to solution
of these problems was requirement on limitation of content of
aromatic hydrocarbons (less than 35% vol.), including benzene
(no more than 1% vol.) in motor gasoline, with octane number of
commercial gasoline at least 95 points by the research method.
The source of high content of benzene and aromatics in general
in the commercial gasoline is one of the main components of
gasoline — catalyzate from reforming plants.

There are two ways to reduce benzene content in the reformate:
1. Extraction of benzene-containing fraction from reformate and
hydrogenation of benzene on a separate plant.

2. Preparation of the feedstock for reforming with increased ini-
tial boiling point (105 -110°C), allowing to completely eliminate
benzene-forming hydrocarbons and achieve content of benzene
in the reformate of not more than 1.5% by weight, even when

new technology on oxide isomerization catalyst SI-4, developed
by PJSC SIE NEFTEHIM.

Inclusion of C_-fraction isomerization technology into the pro-
cessing scheme of wide gasoline fraction allows increasing pro-
duction volume of gasoline meeting requirements of EURO 4
and EURO 5 standards, due to:

— obtaining of additional amount of non-aromatic component
with a high octane number;

— reduction of benzene content in reformate to the level of
1.0-1.5% wt. at the expense of upgrading reforming feedstock;
— increasing the yield of reformate at the reforming plant.

At the oil refineries, having in their composition aromatics produc-
tion complexes, availability of an isomerization plant Isomalk-4
will allow to increase depth of processing at the expense of re-
cycling raffinate fractions containing predominantly paraffinic C_-
hydrocarbons, to high-octane component of motor gasoline.
The process of isomerization of the C_-fraction may be arranged
as “once-through” or with recycle of unbranched paraffins C..

In the first case it is possible to obtain isomerate with RON of
70-72 points, but despite the high increase in the octane number
of the product to the feedstock (about 20 points), such a scheme

Process flow diagram of gasoline production under EURO 5 standard with inclusion of
Isomalk-4 C_-fraction isomerization plant into the processing scheme

the plant is operating in hard mode of obtaining RON (octane
number by research method) of more than 98 points.

The second option has a number of substantial advantages:

— does not provide for additional costs for benzene recovery;

— reduces load on the catalytic reforming plants;

— increase in the yield of C,, reformate;

— octane number of reformate is increased, and therefore,
reforming plants may operate under milder conditions (increas-
ing service life and lowering costs for regeneration of reforming
catalyst).

However, in this case, there is a problem of processing fraction
70-105°C. As a component of commercial gasoline, usage of
this fraction is limited due to its low octane number (45-55 RON);
traditional isomerization of pentane-hexane fraction does not al-
low involving heavy hydrocarbons in significant quantities due to
the high share of hydrocracking of C_, hydrocarbons.

The best processing option of paraffin C.-hydrocarbons
fraction with the purpose of obtaining additional amount of
non-aromatic high octane component became isomerization per

may be suitable not for every refinery due to relatively low oc-
tane number.

Inclusion of precise rectification column to the scheme of
Isomalk-4 plant and providing recycle of low-branched heptanes
allows significantly increase octane number of the product and
its attractiveness for a refinery.

Isomerization technology Isomalk-4 has a hardware design close
to traditional scheme Isomalk-2 with recycle of low-branched
hexanes.

Changing feedstock/recycle ratio with the same scheme of the
process allows obtaining isomerate with octane number from 76
to 85 RON.

Heavy isomerate, being obtained at the plant, representing a
concentrate of naphthenic hydrocarbons C,, may be fed to the
feed of catalytic reforming plant. It will allow improving perfor-
mance of the reforming plant and obtaining total isomerate with
a higher octane number at the isomerization plant.

Technology Isomalk-4 does not require neither special licensed
equipment nor special solutions for preparation of the feedstock
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lNpuHyunuanbHas cxema ycmaHo8KU «30MariK-4» ¢ peyuKkiiom Marnopa3eemesieHHbIX 2efmaHo8

TexHonorna msomepusauun «M3omank-4» nMmeer annapaTtHoe
odhopMreHne, 6nmnskoe K TpaanLMOHHOM cxeme «M3omank-2» ¢
peuunKknom ManopasBeTBIIeHHbIX reKCaHOB.

M3meHeHne cooTHolweHus nepepabaTrbiBaeMoro Cbipbs U pe-
LMpKynsaTa, Npyu OOHOW U TOW e CxeMe npoLecca, No3Bonser
nony4nTb N30MepU3aT C OKTAHOBbIM YMCrOM OT 76 o 85 nyH-
kToB NOM.

[Monyyaembln Ha yCTaHOBKE TSDKENbIA M3oMepusar, npencras-
NSO 13 cebs KOHLEeHTpaT HadTeHOBLIX yrneBonoponos C.,
MOXHO HanpaBUTb B Cblpbe YCTAHOBKU KaTanuTUYeCKOro pu-
dopMurHra. 3TO MO3BOMMUT YMyYLLNTb NOKa3aTenu paboTel ycTa-
HOBKM pUAOPMUHIA U MOMNYyYUTb Ha YCTaHOBKE M3oMepusaumu
CyMMapHbI ©3omMepusaTt ¢ 6onee BbICOKMM OKTaHOBbIM YMCIOM.
TexHonoruns «W3omank-4» He TpebyeT HWM crneuuanbHOro nu-
LIEH3MPOBaHHOrO 060PYAOBaHNS, HWU CrneuManbHbIX pPeLIeHUi
Nno MNOAroTOBKE Chbipbs (MOArOTOBKA Chipbs OCYLLECTBRASETCA
Ha CTaHOAPTHOM OGrioke r’MApPOOYMCTKM) U MOXKET ObITb peanu-
30BaHa Kak MyTeM HOBOro CTPOWUTENbCTBA, Tak M C MOMOLLbIO
MOOEepHM3aLM1 YCTaHOBOK MOrypereHepaTMBHOIrO pudopMmnHra
unun nsomepmnaaumm. OCHOBHbIE TEXHOMOIMYECKME MapamMeTpbl
paboTbl ycTaHOBKU «/3omarnk-4» npeacrtaBneHbl B Tabnuue 2.
[Mpy BbICOKOW CTEMEHU peuupKynsuMyM noslydyaembli Ha ycTa-
HOBKe «l/13omank-4» NpoayKT — KOHLEHTPAT BbICOKOOKTAHOBbIX
nsomepos C. ¢ Huskum [HI1, 6e3 apomMaTnyeckux yrnesonopo-
[OOB 1 KaKnx-Nnbo HexenaTernbHbIX MPUMece — MOXET yCreLu-
HO KOHKYpMpOBaTb C ankuiatoM — OOHUM M3 CaMbiX LEHHbIX
KOMMOHEHTOB aBTOOEH3MHa, Ansi MonyyYyeHusi KOToporo Tpeby-
€TCS CMOXHbI, SHEPrOEMKUIN U 3KOMormyeckn HebesonacHbIn
KOMMIEKC YCTaHOBOK.

CosgaHune yHUKanbHOM U He MMEHLLEV aHaNoroB B MMPe TEXHO-
norum «W3omarnk-4» crano Bo3MOXHbIM briarogaps paspabotke
MAO «HIMIM HedbTtexnm» HoBewLLEro katannsatopa nsomepusa-
umm CU-4, rmaBHOM 0COBEHHOCTBIO KOTOPOro SIBNSAETCS BblCOKast
aKTUBHOCTb B peakuusax n3oMepusauum npu BbICOKOW CENEKTUB-
HOCTUM mpouecca. B otnuyme ot TpaguLMOHHBIX KaTanM3aTtopoB
M30MEepU3aLmm CeNEKTUBHOCTb «3a NPOXOA» Afsi mpoLecca nso-
mepusaumm C_-yrnesofoponos Ha katanusartope CU-4 npu Tpe-
ByeMoW aKTMBHOCTU cocTaBnsieT He MeHee 95%.

Karanunsatop nsomepusaunm CU-4 npencraBnsieTr cobon yHu-
KanbHbIN MO CBOMM CBOVICTBaM NPOJYKT, HE MMEIOLLMIA aHaroroB
B MUpe. Bbicokas akTMBHOCTb kaTanu3atopa CU-4 obycnoeneHa
0cob0or MOPUCTON CTPYKTYPOU MOANDULNPOBAHHOIO LIMPKOHUI-
cofepallero HocuTerns ¢ HaHeceHHoW nnaTtuHon. Katanusartop
MMEET BbICOKYIO YCTOMYMBOCTb K MPOCKOKaM MpuMecen Bnaruv
1 cepbl B cbipbe. Hnskoe obpasoBaHve KOKCa Ha NOBEPXHOCTM
obecnevmBaeT BbICOKMI MEXpereHepaLMoHHbIN Nepuoa padoThl
KaranusaTtopa He MeHee Tpex feT, CPoK Cry0bl kKatanusaTtopa
— He MeHee 8 neT.

TexHonornss No3BONSET OCYLUECTBUTbL CTPOUTENLCTBO YCTaHO-
BOK C MUHUMarbHbIMW KanuTanbHbIMU 3aTpaTaMu.

Ons 1ex HIM3, Ha KOTOPbIX yXXe HanaxeH BblNyck aBTOGEH3nHa
Knacca 5, BKrodeHve B CxeMy npeanpusatus npouecca n3ome-
pusaumm C, nosBomnuT MonyyYnTb OOMOMHUTENBHYIO BbIrOdy 3a
CYeT:

TEXHOIIOJINC XXI WIS

— CHWXeHus copepxaHus 6eH3ona B pudopmMaTe yCTaHOBOK
pucbopmMmumHra oo ypoBHs MeHee 1,5% macc., 3a CYeT UCKIToYe-
HUsi 6eH30M00pa3yLNX YINEBOAOPOAOB U3 Chipbsi YCTAHOBOK
prdOpPMMHIa M UCKMOYEHNs BriokoB (OPakLMOHMPOBAHUSA puU-
dopmaTa Ans nssnedeHns GeHsoncogepxallen Mpakumm;

— noBblWweHns obLlero Bbixoga pudopmaTta Ha ycTaHoBKax
pudopMurHra Ha ~2% Macc., 3a CHET CHWKEHUS gonu napadu-
HOBbIX C_-yrmeBofopPOAOB B Chipbe YCTaHOBOK pUOpMUHra, Mno-
BbILLEH/E 3KOHOMMYECKMX MOKa3aTenen npoiecca pupopmmnH-
ra;

— pelleHusa Borpoca nepepaboTkM paduHaTa C YCTaHOBOK
NPON3BOACTBA apoOMaTNYECKMX YINEBOAOPOAOB.

— cokpalleHus MTB3 n apyrmx JOpOrocToswmnx HeapomaTu-
YeCKMX aBTOKOMMOHEHTOB NpW BbINycke aBTOOEH3NHOB MO CTaH-
papty EBpo-5.



Process flow diagram of Isomalk-4 plant with recycling of low-branched heptanes

(feedstock preparation is carried out at a standard hydrotreat-
ing unit) and can be implemented both through new construc-
tion and revamp of semiregenerative reforming or isomerization
plants. The main technological parameters of the Isomalk-4
plants are presented in the table 2.

With a high degree of recirculation, product, obtained at the
Isomalk-4 plant — a concentrate of high-octane isomers C, with
low RVP, without aromatic hydrocarbons and any undesirable
impurities, can successfully compete with the alkylate, one of
the most valuable components of gasoline, for production of
which a set of complex, power-consuming and environmentally
unsafe complex of plants is needed.

Creation of unique and unparalleled in the world technology
Isomalk-4 became possible thanks to development of the new-
est isomerization catalyst SI-4 by PJSC SIE NEFTEHIM, the
main feature of which is high activity in isomerization reactions
with high selectivity of the process. Unlike traditional isomeri-
zation catalysts, «once-through» selectivity for isomerization of
C,-hydrocarbons with SI-4 catalyst at the desired activity is not
less than 95%.

Isomerization catalyst SI-4 is a unique in its properties product,
which has no analogues in the world. High activity of the catalyst
Sl-4 is stipulated by a special porous structure of modified zir-

conium-containing carrier with deposited platinum. The catalyst
has high resistance to skips of moisture and sulfur impurities the
feedstock. Low formation of coke on the surface provides high
service cycle of the catalyst of not less than 3 years. Catalyst life
is not less than 8 years.

The technology allows building plants with minimal capital costs.
For refineries, which already have well-organized production of
gasoline under EURO 5 standard, the inclusion of C7-isomer-
ization process into the scheme of the enterprise will yield ad-
ditional benefits at the expense of:

— reduction of benzene content in reformate of reforming
plants to less than 1.5% by weight by eliminating benzene-form-
ing hydrocarbons from the feedstock of reforming units and ex-
clusion of reformate fractionation units for recovery of benzene-
containing fraction;

— increasing total yield of reformate at the reforming plants
by about 2% by weight at the expense of reduction of share of
paraffin C.-hydrocarbons in the feedstock of reforming plants,
increase of economic indicators of reforming process;

— solution of the issue of raffinate processing from aromatic
hydrocarbons production plants;

— reduction of MTBE and other expensive non-aromatic com-
ponents in production of motor gasolines per EURO 5 standard.

Tabnuua 2/ Table 2

O6beMHas ckopocTb nogauu coipbs, Yt/ LHSV, ht 1.0-2.0
[aBneHune Ha BxoAe B nepBhbivi peaktop, Mla / First reactor inlet pressure, MPa 1.5-2.0
Temnepatypa Ha Bxofe B peakTopHblIii 6nok, °C / Temperature at the inlet to reactor block, °C: 160-200
MonbHoe oTHolweHne H,:cbipbe / Molar ratio H,: feedstock 1.0-2.0:1
OkTaHoBoe uucro nerkoro n3omepusara, MOY / Octane number of light isomerate, RON

— «3a npoxopy» / “once-through” 70-72
— ¢ peumknom rentaHoB / with recycle of heptanes 76-85
MpupocT okTaHoBoro Yncna / Increase in octane number

— «3a npoxog» / “once-through” 15-20
— ¢ peuuknom rentaHoB / with recycle of heptanes 25-35
Kauectso C,-nzomepusara / Quality of C_-isomerate

— cofepkaHue apomaTyecknx yrneBogopoaos, % o6. / aromatics content, % vol. -

B TOM ymncne 6eHsona, % 06. / including benzene, % vol. -

— coaepkaHue oneduHoBbIX yrneBogopoaos, % o06. / content of olefin hydrocarbons, % vol. -

— cogepxaHue metannos, Fe, Mn, Pb, mr/m® / content of metals, Fe, Mn, Pb, mg/m? -

[OHM C,-n3omepusara, kMa / RVP of C -isomerate, kPa:

— «3a npoxoay / “once-through” 17-18
— ¢ peuuknom rentaHos / with recycle of heptanes 25-28
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U3OMAJIK:

KNACCUYECKUN CITYYAA MMINOPTO3AMELLLEHUSA

Amurpun MOCUEHKO, rnaenbin pegaxkrop xypHana «OIL MARKET»

O6Ban HedTAHbIX LIEH B oMepeaHor pa3 nogHsan B Poccun Bon-
Hy PasroBOpPOB W, KOHEYHO, HEKOTOPbIX MPaKTUYECKUX LLAroB,
MMELLUMNX LIeNbo COKPaTUTb 3aBUCMMOCTb OT MMMOpTa TEXHO-
norun n obopypoBaHusa. OBbIYMHO TakMe Liary npecrnenyoT npe-
»XOe BCEro 9KOHOMMIO BantOTHbIX PECYPCOB, 3aTEM — CO3[AaHne
pabourx MECT B CTpPaHe, U NMULLb peXe — Co3aaHue KOHKYPEH-
TOCMNOCOBHbIX aHanoroB. KpacHogapckasi komnanms MAO «HIMMM
Hedtexnmy», pasBrBasi CBOM TEXHONMOMMYECKME PELLEHUS U NPO-
OYKUMIO, He TOMbKO peluunna BCe 3TU 3afayu, HO 1 co3pana Bbl-
COKOKOHKYPEHTHbIV TeXHomnorn4eckui bpeHa, BoctpeboBaHHbIN
Ha MMPOBbIX PbIHKAaX U BbIUIPbIBAIOLLIMIA CONMEPHUYECTBO C Beay-
LWMMN aMEePUKAHCKUMU, HEMELIKUMU U (hpaHLy3CKUMU MOCTaB-
LMKaMW TEXHONOMMIA Ans HedpTenepepaboTKu.

Tak crnoxwunock, 4To Poccus TpagmumnoHHo «beHanHoBasi» cTpa-
Ha. CypoBble 31MMbl, HanNM4yne OrpoOMHON COBCTBEHHOW O0ObIYM
HeTU 1 LenbIn pag opyrMx (akTopoB NPUBENW K TOMY, YTO aB-
TOMOOMIM ¢ BEH3NHOBBLIMWU ABUTraTeNAMU HE TONbKO COCTaBMs-
10T GOSbBLUMHCTBO TPAHCMOPTHbLIX CpeacTB B PP, Ho 1 obecneyu-
BalOT PacTyLUMi CNpOC Ha BEeH3VH.

B otnnuuve ot EC, roe gaBHO npowna «au3enusauusy TpaHc-
nopta, Poccusa npogomkaeT HapawmBaTtb notpebneHve 6eHsu-
Ha, a BMECTE C HUM — MPOU3BOACTBO Pa3fMYHbIX COPTOB 3TOr0
MOTOPHOro Tonnvea. Bcnen 3a y>ecTouYeHMeM 3KONOrmyeckmx
TpeboBanun B EC, CLUA n gpyrvMx BbICOKOPa3BUTBIX PErnoHax
MUpa, poccuiickMe nepepaboTyMKM OKasanucb B YCMOBWUSIX,
KOrga OHMW BbIHYXXAEHbl CHWXaTb COAEPXKaHME 3SKONOrM4ecku
BPEeAHbIX KOMMNOHEHTOB B BeH3nHax, npexae Bcero — 6eH3on 1
apomatuky. bes TexHonmornm nsomepusaunm 3Ty 3agadvy He pe-
WnTb. A Beab «GEH3MHOBBIMU» CTPaHaMKU OCTalOTCA U YKpauvHa,
1 KasaxctaH, npuyem B KazaxctaHe notpebneHve 6eH3MHOB au-
HaMWYHO PacTeT, U CTpaHe NpUXOANUTCS MMNOpPTUpoBaTh bornee
TpetTn notpebneHns 6eH3nHOB, B OCHOBHOM 3 P®, Benapycu
n KHP. N ecnn B P® nponsBoacTtBO M3omepusata ctaburibHO
pacter, To B KazaxctaHe n YkpanHe ero octpo He xBartaer. Kak
cnepncteue, KasaxctaH umnoptupyet 6onee 30 npoLEHTOB, a
YkpanHa n BoBce Ao 80 npoueHToB Heobxoanmoro noTpebne-
Husi 6eH3nHoB 13 Poccuu, Benapycwu, Jluteel, B crniyyae ¢ Kasax-
CTaHOM K CMMCKY NOCTaBLUMKOB AobaBnsaercs elle n Kutai.

B 1997 rogy B P® 6bina nuiib ogHa ycTaHOBKa U3oMepu3aunm.
K koHuy 2015-ro ux 4ncno ysenuymnoch Ao 26, a k 2020 rogy
UX CTaHeT elle Ha 9 eguHuL, bonblue, obllee KonM4yecTBo O0-
cTurHet 35 yCTaHOBOK.

HecMoTps Ha akTMBHOE UCMONb30BaHNE MHOCTPaHHbIX TEXHOIO-
mn nomepusaumm B P® ¢ koHua 1990-x, cerogHs poccuickasi
TexHonorus «K3omank-2», KoTopyto NpeaoCcTaBnseT KOMMaHus
MAO «HMM Hedtexum», B P nonynspHee TEXHOMOrMN BCEX
ocCTasnbHbIX MpPoOM3BOAMTENEN BMecTe B3ATbIX. [lokasaTenbHo
OPUEHTUPOBOYHOE KOMMYECTBO W30Mepwu3aTta, BbipabaTbiBae-
MOrO MO pPasfnMyHbIM TEXHONOMNAM:

— Suld-Chemie — 300 TblIC. T/rop;

— Axens — 1800 Thbic. T/roa;

— UOP «Par-Isom» — 440 TblIc. T/roa;

— UOP «Penex» — 1400 TbIC. T/roa.

[Ona cpasHenus, B 2015 rogy nponssoactso C.-C. nsomepusara
B Poccum Ha ycTaHoBKax TexHonorum «M3omank-2» coctaBumno
okorno 5170 TbIc. TOHH 13 obLero oo6bema 9100 ThiC. TOHH B rof.
B 2015-m Obinu 3anylleHbl OBEe o4vepedHbiX YCTaHOBKM WU30-
mMepusaumm no TexHonornn «M3omank-2» — Ha Opckom HIMN3
n PsasaHckon HedpTenepepabatbiBatowen Komnanum (PHIIK),
BXO[SLLEN CErofHsA B CTPYKTYpy ruraHTa «PocHedTb». Tenepb,
C BBOJOM B 3KCMIyaTaLuio 3TUX YyCTaHOBOK, B P® yxe oguHHaz-
LuaTb YCTaHOBOK W30Mepu3auun, MCMOMb3YLNX TEXHOMOIMo
«WM3omanky». Mpn atom yctaHoBka nsomepmusaumm PHIK ctana
ofHOM n3 KpynHenwmnx B Poccumn. Ee MOLLHOCTbL MO CbIpblo CO-
ctaBnseT 800 TbiC. TOHH Cbipbsi B rog! OT0 TpeTbsl yCTaHOBKA
TaKOW MOLLHOCTW B CTpaHe, NpeabiayLime ase 6biny 3anyLLeHbl
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Ha Omckom n Apocnasckom HIM3. Cneayet nobaBuTb, YTO Cpea-
HSI MOLLHOCTb yCTaHOBOK «/3omank-2» B Poccum 3HaumTensHo
BblLLIE, YeM Yy ycTaHoBOK no TexHonornsm UOP n Axens. Pesyrnb-
TaTbl MUCMbITaTENbHbIX NPOOGEroB YCTAaHOBOK M30OMepu3auny Ha
Opckom n PagaHckom HIM3 npeBs3oLwnu rapaHTMpOBaHHbIE MO-
Kasartenu:

— WOM Bepxa KOMOHHbI Aen3oneHTaHm3aumm hakTn4eckm co-
craBuno 93,0 npu rapaHTupoBaHHoM 92,0;

— WOY Bepxa KOMOHHbI Aen3orekcaHm3aumm akTuyecku co-
ctasuno 89,5 (PHIK) n 92 (Opckun HI13). B nocnegHem cny-
Yae bonee BbICOKOE OKTAHOBOE YMCIIO 0BYCNOBNEHO HANNYNEM
B TEXHOJIOTMYECKON CXEME KOFIOHHbI AeMNeHTaHN3aTopa;

— BbIxog nsomepusarta coctasun 6onee 98% npu rapaHTuMpo-
BaHHOM nokasaterne 97% macc.

Takue npeumyulecTBa TexHonorun «WM3omank-2» no3BonunIm
KOMMaHW1 He TOomnbKo AobuTbes BecnpelieneHTHOro nuaepcTaa
N 3aBOEBaTb Beayllee MOSIoXKEHNE Ha PbIHKE TEXHOSTOMMIN Npo-
N3BOZCTBA BbICOKOOKTAHOBLIX HEAPOMATUYECKUX KOMMOHEHTOB
6eH31HOB B PP, HO 1 yCneLIHO BbINTY Ha MEXAYyHapOaAHbIE PbiH-
kn. K koHuy 2015 roga TexHonorus 6bina nuiueH3npoBaHa ans
BHEOPEHNsI B NATU CTpaHax, yBepeHHo BbiBeas MAO «HIM He-
dTEXMY B paabl MEPBOKMNACCHbIX KOMMAHUN B CBOEM CErMeH-
Te pbiHKa. [epBble OBe yCTAHOBKU M3 HOBbIX MPOEKTOB OyayT
BBeAeHbl B akcrnyataunto yxe B 2016-2017 rogax B NHoum m
Kutae.

Ycnex MAO «HIIM Hedtexnmy», ctaB pe3ynsratoM MHOFOMNeT-
HeW nccrnegoBaTenbCKon MHHOBALMOHHON paboThbl U opraHunsa-
TOPCKMX YCUIUIA, TaKKe NpeabsBnsieT n 6onbLlune TpeboBaHUs K
KOMMaH11 1 ee PyKOBOACTBY B BOMPOCE CTpaTernn aanbHenwe-
ro pasBUTUS U 3aKPEMEHNS ycrnexa.

XOoTsi NpOM3BOACTBO HEAPOMATUYECKNX KOMMOHEHTOB 6EH3NHOB
B P® pesko BO3pocno n mx HexBaTka pes3ko ollyllaeTcs, nep-
CMEKTUBbI AM3ENM3aLMn MO-NMPEXHEMY orpaHuyeHbl. OTcioaa,
Kak CrefcTBMe, OrpOMHOE KONMMYECTBO NpobrnemM y aBToMoounu-
CTOB, KOMMNaHWM, (b1UCKarnbHbIX U APYrMx opraHoB. ViHave rosops,
CTpaHa BeCbMa OCTPO OLLyLaeT HEXBATKy YMCTOro, CTabunbHo-
ro BbICOKOOKTAHOBOIO aBTOKOMIMOHEHTA.

B pesynbrate mMHoronetHen paboTbl KOMMaHUW CErogHs poc-
CucKas TEXHONOrMSA Nosy4YeHns1 U3OKOMIMOHEHTOB HE TOJbKO He
yCTynaeT Ny4yLiyM MUPOBbLIM aHanoram, Ho ¥ NPeBOCXoAuUT ux. B
3HaunTenbHOM Mepe bnarogaps ev Ha poccunckmnx HIM3 pewena
3ajadva NpoM3BOACTBa aBTO6EH3NHOB no ctaHgapTty EBPO-5.
OpHako Ans yBenuyeHusi MpoU3BOACTBA U CHUXeHUsi cebecTo-
MMOCTM TOBapHOro npoaykTa Tpebyerca ganbHenlee yBenuye-
H/Me BbIpabOTKN BbICOKOOKTAHOBbLIX HEApOMaTUYECKUX KOMMO-
HEHTOB GEH3MHOB.

Kpome TOro, neperpyxeHHOCTb YCTaHOBOK prddOpMUHra no Cbl-
pbto Ha HIM3 B P® n Bbicokoe copepxaHne 6eH30noobpasyto-
WX 1 KOMMOHeHTOB C_-yrnmeBofopodoB B Chipbe yCyrybnsior
npobnemMy MpPovn3BOACTBa BbICOKOKAYECTBEHHbLIX aBTOOEH3MHOB
N TpebyoT HOBLIX TEXHONOrMYECKUX pelueHnin. Haspena Heob-
xogumocTb nepesoaa dpakuun C-yrnesogopoaos (70-105°C)
C YCT@HOBOK KaTanMTUYECKOro pUGOPMUHIA Ha OTAENbHbIE
YCTaHOBKM M30Mepu3auny rentTaHoBon pakumnn. Takas TEXHO-
norus - «Msomank-4» - yxxe cosgana NAO «HIMIM Hedprexum» un
roToBa K BHEAPEHUIO.

Ewe ogHa npobnema B HedTenepepabotke — geduunT npu-
popHoro usobytana. Mo mepe yBenuyeHus rmyGuHbl nepepa-
60Tk HedTM NOTpPebHOCTb B M300yTaHe ONA MpouM3BOACTBA
ankunata u MTBO Oygetr mocTtosiHHO Bo3pactaTtb. Bce 6ornb-
LUYI0 aKTyanbHoCTb Byaer obpeTaTb TEXHOMOrMs U30Mepu3aLmm
H-OyTaHa. OgHaKko TeXHONorns u3oMepusaumnmn H-6yTaHa Ha Bbl-
COKOXIOPMPOBAaHHbIX KaTanM3aTopax XoTb M Mornyyurna B MUPO-
BOWN HedhTenepepaboTke JOCTATOYHO LUMPOKOE NPUMEHEHNE, HO
UMEET psifi U3BECTHbIX HEAOCTATKOB. B CBA3M C 3TMM KOMMNaHus
paspaboTana ansTepHaTVBHY TEXHOMOIMK M30Mepu3aLmm



ISOMALK:

A CLASSIC CASE OF IMPORT SUBSTITUTION
Dmitry MOSIENKO, chief editor of «Oil Market»

Collapse of oil prices has once again raised in Russia a wave
of talks and, of course, some of practical steps that aim to
reduce dependence on imported technologies and equipment.
Usually, these steps first of all pursue saving of foreign currency
resources, and then creating jobs in the country, and only rarely
creation of competitive analogues. Krasnodar company PJSC
SIE NEFTEHIM, by developing its own technological solutions
and products, not only solved all these problems, but also
created a highly competitive technological brand in demand
on world markets, and winning competition with the leading
American, German and French suppliers of technologies for oil

In 1997 there was only one isomerization plant in Russia. By the
end of 2015 their number increased to 26, and by 2020 there will
be nine more units, and total number will reach 35 plants.
Despite the extensive use of foreign isomerization technologies in
Russia since the end of the 1990s, today the Russian technology
Isomalk-2, which is presented by PJSC SIE NEFTEHIM, in RF is
more popular than technologies of all other producers altogether.
The approximate amounts of isomerate produced under various
technologies are indicative:

— Sid Chemie - 300 KTA;

— Axens - 1,800 KTA;

refining.

— UOP “Par-Isom” - 440 KTA;

TexHonornv Ha LeonuTHbIX katanusaTtopax /
Technologies over zeolite catalysts

TexHomnorMm Ha XnopupoBaHHbIX kaTtanusaTtopax /
Technologies over chlorinated catalysts (UOP, Axens)

TexHonoruu Ha cynbaTMpoBaHHOM KaTanusaTope
CU-2 («M3omank-2»,MAO «HIMM HESTEXUM») /
Technologies over sulfated catalyst SI-2
(«Isomalk-2», PJSC SIE NEFTEHIM)

X Temnepartypa npouecca 250-280 °C, TepmoamHa-
MUYeckn HebnaronpusiTHas ans npouecca /
Process temperature 250-280 °C,
thermodynamically unfavorable for the process

V Temnepatypa npouecca 130-160 °C /
Process temperature 130-160 °C

V Temnepatypa npouecca 130-160 °C /
Process temperature 130-160°C

X OKTaHOBOE YKCIIO «3a MPOXOA»
77-78 nyHktoB (M) /
“Once-through” octane number 77-78 RON

V' OKTaHOBOE YMCIOo M3oMepu3aTa C PELMKITOM A0
91 nyHkToB (UM) /
Octane number of isomerate with recycle
up to 91 RON

/' OKkTaHOBOE YMCIOo M3oMepu3aTta C PELMKIIoOM A0
92 nyHkToB (UM) /
Octane number of isomerate with recycle
up to 92 RON

X BbIcokue 3aTpatbl Ha pekTuukaumio
npu pabote ¢ peumnknom /
High costs for rectification in case of
operation with recycle

V' OkTaHOBOE Y/CIO U3oMepu3aTta «3a Npoxoa»
82-84 nyHkta (UM) /
“Once-through” octane number of isomerate
82-84 RON

V OKTaHOBOE YMCII0 M30MepusaTa «3a Npoxoa»
82-84 nyHkta (UM) /
“Once-through” octane number of isomerate
82-84 RON

X HeobxogMMocCTb NOCTOSIHHONM Mofdayn xmnopa v
oumnctku YBI /
Need for constant supply of chlorine and purification
of hydrocarbon gases

V' Bblicokasa cTabuUnNbHOCTb U HAOEXHOCTb
kaTanusartopa /
High stability and reliability of the catalyst

X Bbicokasi YyBCTBUTENBHOCTb K [AEACTBUIO MUKPO-
npumecen cepebl, a3ota, BoAbl /
High sensitivity to traces of sulfur, nitrogen, and water

V' OocturHyT 10-neTHUiA 3KCnnyaTaunoHHbI npober
6e3 pereHepauum /
10-year operation run without regeneration is
achieved

V lMoaTBepxaeHHas BO3MOXHOCTb MOMy4YeHus
nsomepumsata ¢ MOY 92-93 nyHkta /
Confirmed possibility of obtaining isomerate with
92-93 RON

LocmouHcmea (V) u Hedocmamku (X) pasanuyHblx mexHoroaut uzomepusayuu C.-C, gopakyuu
Advantages (V) and disadvantages (X) of various technologies of C.-C, isomerization

Traditionally Russia is considered a «gasoline» country. Harsh
winters, availability of huge domestic oil production and a number
of other reasons have led to the fact that cars with gasoline
engines not only make up the majority of vehicles in the Russian
Federation, but also provide growing demand for gasoline.
Unlike the EU, where «dieselization» of transport took place
a long time ago, Russia continues to increase gasoline
consumption, and with it — production of various grades of this
motor fuel. Following the tightening of environmental regulations
in the EU, USA and other highly developed regions of the world,
Russian oil refiners found themselves in circumstances, when
they are forced to reduce content of environmentally harmful
components in gasoline, primarily benzene and aromatic
hydrocarbons. Without isomerization technology this problem
cannot be solved.

But Ukraine and Kazakhstan also remain «gasoline» countries;
moreover, in Kazakhstan the consumption of gasoline is
growing rapidly, and the country has to import more than one
third of gasoline consumption, mainly from Russia, Belarus and
China. And if in Russia isomerate production is growing steadily,
in Kazakhstan and Ukraine, there is acute shortage of this
product. As a result, Kazakhstan imports more than 30 percents,
and Ukraine up to 80 percents of the required consumption
of gasoline from Russia, Belarus and Lithuania. In case of
Kazakhstan, China is added to the list of suppliers.

— UOP “Penex” - 1,400 KTA.

For comparison, in 2015 the production of C.-C, isomerate in
Russia on plants operating under “Isomalk-2” technology was
about 5,170 KTA from the total volume of 9,100 KTA.

In 2015 two another isomerization plants under Isomalk-2
technology were commissioned — at the Orsk refinery and
Ryazan Oil Refining Company (RORC), today included in
structure of Rosneft giant. Now, with the commissioning of these
plants in the Russian Federation, already eleven isomerization
plants are utilizing «lsomalk» technology. At that, isomerization
plant of RORC has become one of the largest in Russia. Its feed
capacity amounts to 800 KTA! It is the third plant of such capacity
in the country; the previous two were commissioned at the Omsk
and Yaroslavl oil refineries. It should be added that the average
capacity of «lsomalk-2» plants in Russia is much greater than
that of plants under UOP and Axens technologies.

Results of test runs of isomerization plants at the Orsk and
Ryazan refineries exceeded guaranteed performance:

— Octane number of deisopentanization column top actually
was 93.0 RON with guaranteed value of 92.0 RON;

— Octane numbers of deisohexanization column top actually
were 89.5 RON (Ryazan Refinery) and 92.0 RON (Orsk refinery).
In the latter case, higher octane number is due to the presence
of depentanizer column in the process scheme;

— Yield of isomerate was more than 98 wt. % with guaranteed
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H-OyTaHa — «M3omank-3», npu3BaHHy obecneunTb cTabunb- Mo nonyyvyeHnto MTES, ¢ nponsBoanTensHocTbio 200 Thic. T/rog
HOe MPOM3BOACTBO N300yTaHa. no cbipbto. Peanusauus gaHHOro mpoekTa ocyllecTBrsnach B
B pekabpe 2015 roga 6bin Nnpon3BeaeH Myck NepBon ycTaHoB-  pamkax cotpygHudectsa MNAO «HIMIM Hedtexnm» ¢ komnaHuen
K1 n3omepmsaumm «Msomank-3» ¢ ncnonb3oaHnem okcugHoro GTC Technology US LLC B kavecTBe napTHepa no NUueH3upo-
nnatuHocopepxatlero karanusatopa CU-3 B Kutae, B cocta-  BaHWIO U MPOABMKXEHUIO TEXHOMOTMM HA MYPOBOM PbIHKE.

Be komnriekca komnaHum Shandong Sincier Petrochemical Co.

Kak Hu cTpaHHO, HO Hanbornee GnarononyyHble B NnaHe CBOMX CMOCOBHOCTEN (COBCTBEHHBIX CyOBEKTUBHBIX YMEHW) U
BO3MOXHOCTEW (M3BHE 3a4aBaeMbIX PaMOK AEeATENbHOCTU) K YCTOMYMBOMY Pa3BUTUIO CEKTOPa POCCUMCKON 3KOHOMUKU —
WH(OPMaLMOHHO-KOMMYHUKALMOHHBIA (TOYHEE, TakoW ero CerMeHT, kak MobunbHas CBA3b, KAYECTBEHHO U, NOXOXE, YXXe
«HaBcerga» onepexaroLlasa npoune nogsuapl IT) n «yrneBogopoaHbIny» (Yero, onsATh e, Henb3s ckasatb 0 TOKe B Lenom)
pPEenKko oKasbiBaKTCH NpeaMeToM Ans aHann3a MHHOBALMOHHBIX MPOLIECCOB. B cerogHsLwHeM oTe4ecTBEHHOM AWCKypce
CO CNOBOM «MHHOBALMMN» COMPSXXEHO, Kak NpaBumo, NpeacTaBieHne 0 KOMMEPYECKN PUCKOBaHHBIX MPOEKTax, OCHOBHAs
npobnema WMHHOBALMOHHOIO Pa3BUTWUS BUAMTCA B HageneHnvu nogobHbIX MPOEKTOB MHOroobpasHbiMM MOAMopKamMu u
«nogylkamm 6Ge3onacHoCcTn» (MPEeUMyLLECTBEHHO FOCOIOMKETHBIMU M OKOMOBIOAKETHLIMKM), TOrda Kak mnpobnembl u
MPaKTUYECKNI ONbIT CTAHOBMNEHNS BU3HEC-TEXHONOrMYECKNX NMAEPOB B «BOMbLLOA» S3KOHOMMUKE, pearbHO BbICTYMNaoLLMX
B KayecTBe OCHOBHOIO ApariBepa 9KOHOMWYECKOro pocTa B LIeIOM, OCTAlTCA B He3acny>XeHHOW TeHW. KoHeyHo, cTomb
pa3Hble cekTopa, Kak Te >xe Jobblda M nepepaboTka yrneBOAOPOAOB («Knaccuyeckas» Ons Halew CTpaHbl cdepa)
unM mobunbHasi cBA3b (NOXKamnyn, eAMHCTBEHHAs M3 BO3HUKLLUMX OyKBambHO «C Hynms» U KOMMEPYECKM COCTOsIBLUAACH
oTpacnb), 06beanHSET CyLLECTBEHHOE OBCTOATENBCTBO: OHM HE HYXAAKTCA B CaMonuape Kak CpeAcTBe BbDKUBaHWS, B
HUX BpaLLaoTCs AeACTBUTENbHO Gonblune AeHbrv, KOTOpblE MO ONpeaeneHnto «oBAT TULWNHY». OTY4aCTN NOSTOMY MOXHO
C ropasgo 6onbLueri BEpOATHOCTBIO YCrbllaTh 06 MHHOBALIMOHHbLIX MPOEKTaXx, CKaXkeM, B 06ractn OMOTEXHONOrMM, Hexenm
B obnactun HedpTexumnn. Mexay Tem cama CyTb MHHOBaLMOHHOIO NpoLecca Kak YMeHWs Aenartb TEXHOMNOrM4yeckme CtaBku
C ynpexxgeHueMm, He TONbKO NPOrHO3Mpys BO3MOXHbIE BapuaHThl OyayLuero, Ho 1 opmupys aTo Byayliee 3aech u cendac,
co34aBas 3aBTpaLUHME M NOcre3aBTpallH/Me NMPUOPUTETHI, OCTAeTC HEM3MEHHOW BO BCEX Cryyasx u obcTosaTenbcrBax,
npu Bcen ponn PUHaHCOBO-OPraHU3aLMOHHBLIX UHCTPYMEHTOB M KOMBMHALWA, CINAHWIA U NOFNOLLEHWI, K 06CYXaeHuo
KOTOPbIX, KaK MPaBuo, U CBOAWUTCS aHan13 passBuTus U NepcnekTMB HedpTerasoBoro cektopa.

Haw »xypHan He BnepBble NpeAcTaBnseT MHHOBaLMOHHBIN ONbIT « Hay4HO-Npon3BoACcTBEHHOTO NpeanpuaTus Hedrexnmy,
HO Ha 9TOT pa3 — CUCTEMHO, KOMMMEKCHO M, MOXHO CKasaTb, B MCTOPUYECKON MEPCNEKTMBE: YETBEPTb BEKA YCMELUHOW
KOHKYPEHTOCMOCO6HOM paboTbl Ha pbiHke B Poccun 1 3a pybexxom — cTax AN Nogo6HOro 3asBNeHNs JOCTaTOMHBbIN.

[. JlyHes,
obo3peBarenb PbIHKOB
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performance 97 wt. %.

Such benefits of Isomalk-2 technology enabled the company
not only to achieve unprecedented leadership and gain leading
position on the market of production technologies of high-octane
non-aromatic components of gasoline in the Russian Federation,
but also to successfully enter international markets. By the end
of 2015, the technology has been licensed for implementation in
five countries, confidently leading PJSC SIE NEFTEHIM to the
ranks of first-class companies in its market segment. The first
two plants of the new projects will be put into operation in 2016-
2017 in India and China.

The PJSC SIE NEFTEHIM'’s success, having become the result
of many years of research innovative work and organizational
efforts, is also placing greater requirements to the company and
its management in respect of a strategy of further development
and consolidation of the success.

Although production of non-aromatic components of gasoline in
Russia has risen sharply, their shortage is acutely sensed there,
however, the prospects of «dieselization» are still limited. Hence,
as a consequence, a great number of problems for motorists,
companies, fiscal and other bodies. In other words, the country
is very acutely aware of the lack of clean, stable high-octane
automotive component.

As a result of many years of company’s work, today the Russian
technology for producing isocomponents does not only compete
with to the best world analogues, but even exceeds them. This is
largely due to this technology the problem of gasoline production
under EURO 5 standard is solved at Russian refineries.
However, to increase production and reduce net cost of

commercial product, a further increase in production of high-
octane non-aromatic gasoline components is needed.

In addition, overload of reforming plants by feedstock at refineries
in the Russian Federation and high content of benzene-forming
components and C_-hydrocarbons in the feedstock exacerbate
the problem of production of high quality motor gasoline and
require new technological solutions. The need is ripe to transfer
C,-hydrocarbons fraction (70-105°C) from catalytic reforming
plants to separate plants for isomerization of heptane fraction.
Such technology, Isomalk-4, is created by PJSC SIE NEFTEHIM
and ready for implementation.

Another problemin the oil refining is shortage of natural isobutane.
With increasing depth of oil refining demand in isobutane for
the production of alkylate and MTBE will constantly increase.
Technology of n-butane isomerization will be increasingly
urgent. However, although n-butane isomerization technology
over highly chlorinated catalysts had received a sufficiently wide
application in the global oil refining, it has a number of well-
known shortcomings. In this regard, the company has developed
an alternative technology of n-butane isomerization - Isomalk-3,
intended to ensure stable production of isobutane.

In December 2015 the start-up of the first isomerization plant
Isomalk-3 with usage of oxide platinum-containing catalyst SI-3
was conducted in China, within Shandong Sincier Petrochemical
Co. complex for production of MTBE, with the feed capacity of
200 KTA. This project was implemented within the framework
of PJSC SIE NEFTEHIM cooperation with GTC Technology US
LLC as a partner in licensing and promotion of the technology on
the world market.

XYPHAJ NMPOMbIWNAEHHOTO, HAYYHO-TEXHUYECKOIoO Uh 3KOHOMUYECKOIO PA3SBUTUA

3apeructpupoBad Muxuctepcteom P® no genam nevaru,
TenepapvoBeLLaHusa U CPeACTB MaCCOBbIX KOMMYHUKaLMIA
MU N2 77-17602
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KpynHenwwmn komnnekc ndomepusaumm «Msomank-2» mowyHoctbio 800 000 TOHH B rof, CNpOeKTUPOBaHHbBIN No 6a30BOMY MPOEKTY
OAO «HIMM HedTtexnm», NocTpoeH n BBeAeH B akcnnyataumto Ha Omckom HIM3 B Hosi6pe 2010 . YcTaHoBka paboTaeT no cxeme
C MOSHbIM PELIMKIOM HeNnpeBpaLleHHbIX Manopa3BeTBNeHHbIX M30MepoB. KonmyecTBo peLmknia coctaBnset MeHee 60% OT Cbipbs.
Bbixoa ToBapHoro npogykTta — 98% macc., npy rapaHTMpoBaHHOM He MeHee 97 % macc.

Mpy rapaHTMpPOBaHHOM OKTaHOBOM 4yucrie He MeHee 91 myHKTa no uccregoBaTenbCKOMYy METOAY, Ha YCTaHOBKe BblpabaTbiBaercs
KOMMOHEHT TOBapHOro 6eH3MHa C OKTaHOBbLIM YMCIOM 92 MyHKTa.

[Mokasatenu ycTaHOBKM CBMOETENbLCTBYIOT O BbICOKOW 3(W(PEKTUBHOCTM POCCUINCKON TexHonorun «Msomank-2» u Karanusartopa
CWN-2, He ycTynasa nyyLiMm MUPOBBLIM aHaroram.

A.B. na3oe, 3aM. 2eHepasibHO20 dupeKkmopa — mexHu4Yeckuli QupeKmop
OAO «lasnpomHeghbmb — Omckuti HIM13»
(08.04.2011)

B 2004 r. yctaHoBka nsomepusaummn AO «lMetpoten-Jlykonn» 6bina MoaepHM3npoBaHa nof npouecc «Parisomy» no nuueHsun
dupmbl «UOP» ¢ 3arpyskoii B peakTopHbI 6riok katanusatopa LPI-100. [Npoektom npeaycMoTpeHbl Aen30neHTaHn3aunsi Cbipbs
1 PELMKI HN3KOOKTAHOBbIX reKCaHOB. [apaHTMpOBaHHbIE MOoKa3aTenu He ObInn AOCTUTHYTHI.

B 2006 rogy yctaHoBka Obinia nepeBefeHa Ha TexHonornio «M3omank-2» ¢ Mcnonb3oBaHWEM OKCMAHOrO katanusatopa CU-2,
paspaboraHHoro OAO «HIMIM Hedtexum» (Poccus). MNocne 3ameHbl katanmsatopa OKTAHOBOE YMCIIO CMECEBOW (hpakumu
MN30KOMMOHEHTOB YBENUYEHO Ha 4 MyHKTa 1 cocTaBnseT 86-87 nyHKTOB MO MOTOPHOMY MeToZy.

C momeHTa 3arpys3ku katanusatop CU-2 He nopgeprancs pereHepauum, nokasbiBasi CTabUNbHOCTb OKTAaHOBbLIX XapakKTepUCTUK
MN30KOMMOHEHTa B TeYeHme Bcero uukna. Oxunaaembli CPoK MexpereHepaumnoHHoro npobera no oueHke JlvueHsnapa coctaBnser
10 net.

BHeOpeHne Ha ycTaHOBKE M30Mepu3auuu TexHomorum «Msomank-2» Mo3BOnuII0 YBENMUYUTbL BbIPabOTKy aBTOOEH3MHOB MO
ctaHgaptam EBPO-5 n noBbicuTb ahheKTMBHOCTL NPOM3BOACTBA.

A. O3Hynecky, 3amecmumerns eHepanbHO20 dupekmopa — [naeHbIl UHXeHep
S.C. PETROTEL-LUKOIL S.A.
(07.04.2011)

B 2016 rogy nnaHupyetcs BBOA B 3KCMfyaTaLuio YCTAHOBKM M30OMeEpMU3aumy NErkon HadTbl MOLHOCTbIO 420 ThiC. TOHH AniS
Komnnekca HedptenepepabaTtbiBatoLmnx 1 HedpTexummyeckux 3aBogoB MNAO «TatHedTb nmenu B.L. WawmHay.

TexHonorva «W3omank-2» komnanHum [MAO «HIMM HedTtexum» Obina BbiOpaHa B KECTKOW KOHKYPEHUMM C  KPYMHbIMU
MHOCTPaHHLIMN KOMMaHUSIMMU.

XOopoLLo opraHM3oBaHHasi 1 kadyecTBeHHasi padota cneunanuctoB NAO «HIMM HedTexnm» nossonuna BbiaepkaTb CTPOrMe CPOKU
peanu3auun npoekTa. 3a BeCcb nepuog padoTbl cneunanmcTbl okasdblBanu MHOPMaLIMOHHO-KOHCYBTALMOHHY NMOMOLLb, BbICTPO
1 OnepaTyMBHO peLuany BO3HUKaLLMe BONpoChI.

MpodeccnoHanam 1 Ka4ecTBO OKa3aHHbIX YCIyr COOTBETCTBYHOT MyYLUMM MUPOBbLIM CTaHAapTaMm, YTO NMO3BOJISIET CMENO 3as8BUTb
0 MOSIBMEHNM Ha PbIHKE TEXHOIOIMI B oTpacny HedtenepepaboTku n HedTeEXMMIM OTe4eCTBEHHOIO JInLieH3napa, He yCTynatoLero
MUPOBLIM NAEPaM.

A.A. Hypmues, u.o. HayanbHUKa YnpaeJseHusi o peasu3ayuu npoeKmoe cmpoumesibcmea
ITAO «TamHegpmb umeHu B.[. LllawuHa»
(01.05.2016)

MepeBop, yctaHoBkn nsomepusaumn 3A0 «PHIMK», paboTtaBwen Ha ueonuTHoM katanusatope B 2005 rogy, Ha OKCUAOHBIN
katanusatop CU-2 n TexHonmormwo «MU3omank-2» no3BONun CHU3MTL Temnepatypy npouecca o 130-140 °C Ha Bxoge B
peakTopHbIA OroK M MOBLICUTH OKTAHOBOE YMCIO M3omepu3ata Ha 4-5 MyHKTOB, yBEMUYMTb BblpabOTKy aBTOOEH3VHOB MO
ctaHgaptam EBpo-3 n EBpo-4.

OkcnnyaTtaumsa yctaHoBkuM ¢ 2005 roga Ha katanusatope CU-2 cBuaeTenbCTBYET O BbICOKMX MOKasaTensx karanmus3atopa u
TexHonorun «M3omank-2», pagpaboraHHeix OAO «HIMM Hedtexmumy».

C.A. Makees, dupekmop npou3eodcmeeHHO20 dernapmamMeHma
3AO0 «PsizaHcKkass Hegpmenepepabamabiearoujasi KOMIaHUSI»
(21.03.2011)

YcTaHoBKa n3omepusaunm nerknx 6eH3mHoBbIX hpakuuii no TexHonorny «M3omank-2» cnpoektuposana ans OAO «CapatoBckuii
HIM3» no nuueH3un n ucxogHbiM gaHHbiIM OAO «HIIM Hedtexum». MpoekTHas npov3BOAUTENBHOCTE YCTAHOBKM MO ChIPbiO
coctaenset 300 TbIC. T/roA.

Mocne BbIBOga TEXHOMOMMYECKOro obbekTa B Mycko-HaNagky v NpoBedEeHUss UCMbITaTeNbHOro npobera (B Te4EHWE TPEX OHEN) B
MapTte 2013 r. 6binM 4OCTUMHYThI CrieayroLLMe nokasatenu npowecca:

— Ha yCTaHOBKE Mory4YeH KOMMOHEHT TOBapHOro OGeH3uHa (cMecb m3oneHTaHoBoW dbpakuuu, avctunnsta OUT n ky6osoro
npoaykTa KomnoHHbl OUIM) ¢ OKTaHOBbIM YMCIOM MO uccrnegoBaTenbckomy metoay 92,5-93,0 nmyHkTa, Npy rapaHTUPOBAHHOM He
MeHee 91,0 nyHKTa;

— BbIXO4 CTabunbHOrO M3oMepu3ata Ha Cblpb€ peakTopHoro Ornoka umsomepusaumm coctasun 98,3-98,5 % macc, npu
rapaHTupoBaHHOM He MeHee 97 % macc;

— Temnepatypa Ha BxoAe B peakTtopa coctasnset 130-135°C.

Oxupaemblii CPOK MeXpereHepaLmoHHOro npobera no oLeHke JlvueH3napa coctaBnsieT He MeHee 6 neT, obLniA Cpok cryxobl 12
ner.

JocTurHyTble nokasaTenu yCTaHOBKM CBUAETEMbCTBYIOT O BbICOKON 3(P(EKTUBHOCTU POCCUNCKON TexHomorun «Usomank-2» u
kaTtanusatopa CU-2, He ycTynas nyywnmM MMPOBbLIM aHanoram.

A.A. [lemaxuH, u.o. Qupekmopa o npou3sodcmey — 271a8HO020 UH)XeHepa
OAO «Capamoeckuti HI13»
(15.05.2013)

B deBpane 2009 roga Ha yctaHoBke J1-35-11/1000 cekumm usomepusauumn OAO «Hosonny», paboTarolien Ha LEeonnTHOM
KaTanusatope upMbl «Axens» Mo CXemMe C PELMKIOM Mariopa3BETBIIEHHbIX FEKCaHOB, OCYLUECTBIIEHa PEKOHCTPYKUMSA Ans
nepeBofa Ha HNU3KoTeMnepaTypHbIV npouecc «A3omank-2».

Meperpyska LeonMTHOro Katanusaropa Ha OKCUAHbIM kaTanusaTop CU-2 no3sonunna noBbICUTb OKTAHOBOE YMCIO M30KOMMOHEHTA
Ha 5-6 NyHKTOB 1 JOBECTU ero Ao 85 NyHKTOB MO MOTOPHOMY METOAY.

BHegpeHne Ha ycTaHoBKe u3oMepusaumm TexHonoruv «Msomank-2» mno3Bonuno yBenuyuTb BblpaboTky aBTOOGEH3VMHOB MO
ctaHgaptam EBPO-3 n EBPO-4 1 noBbIcMTb 9hEKTUBHOCTL NPOU3BOACTBA.

Okcnnyataums yCTaHOBKY CBMAETENbCTBYET O BbICOKMX NOKa3aTensx karanusatopa u texHonorun «M3omank-2», paspaboTaHHbIX
OAO «HIMMN Hedtexmumy».

C.U. bopucoe, 2eHepanbHbIlU OUPEKMop
OAO «Hoeo-Ygumckuli He¢gpmenepepabamsbiearoujuii 3aeo00»
(21.03.2011)



B 2005 rogy ycraHoBka J1-35-11/300, paboTaBLuas no cxeme n3ocenekrodopmuHra, beina nepenpodunmpoBaHa Ha TEXHONOMMIo
«A3omank-2».

3a Bpemsi akcnnyatauumn yctaHoBku ¢ 2005 roga okTaHOBOE YMCIO cTabunbHoro nsomepusata cocrasnset 80,5-81,5 nyHkta no
MOTOPHOMY METOAY, MPUPOCT OKTAHOBOTO YMCa n3oMepusata no OTHOLLEHWIO K Cbipblo B npeaenax 13-15 nyHKTOB B 3aBUCUMOCTU
OT COAEPXaHNa N3OMEPOB B Chipbe, BbIXOA CTabunbHoro nsomepusara He meHee 98 % macc. TemnepaTypHbI PeXUM HaxoauTCs
B npegenax 130-140 °C Ha Bxoge B NepBbI peakTop.

C Havyana aKkcnnyaTauum Kkatanusatopa pereHepaumns He NpoBOAUNACh.

OxugaeMbivi CPOK MexXpereHepaLumoHHoro npobera no oueHke JlnueHanapa — OAO «HIM HedTtexnm» — coctaBut bonee 6 ner,
o6LWn cpok cnyxobbl — 12 ner.

Okcnnyartaumsa yctaHoBku ¢ 2005 roga cBuOeTenbCTBYET O BbICOKUX MOKasaTensix karanmusaTtopa u TexHonornn «U3omank-2»,
pa3pabotaHHbix OAO «HIM Hedrexmumy.

r.4. 3anuweesckull,
mexHuyeckul dupekmop 000 «KUHE®»
(17.03.2011)

B MexxBeaOMCTBEHHbIN COBET MO NpucyxaeHuto npemun NMpaButenbcTBa
Poccuiickon Peaepaunm B 06nacTyv Haykum U TEXHUKW.

OT3bIB Ha paboTy «Co3aaHue U LMpoKkomaclTabHoe BHeApPeHne pOCCUMCKON KOHKYPEHTOCNOoCO6HOM
TEXHOJIOTUX N30MepU3aLumn U NpPoMbILLSIeHHbIX komnnekcoB «M3OMAJIK», AnsA KPYyNHOTOHHAXXHOIO
NPou3BOACTBa aBTOOEH3MHOB, COOTBETCTBYOLMNX TPE6OBaHUAM €BPONENCKUX CTAaHAAPTOBY, BbINMOMTHEHHYHO
KONnnekTMBoM aBTopoB: nasoB A.B., JlyroBckon A.U., Hukonan4yk B.A., Po3eH6epr J1.C., CaHHukoB A.Jl.,
®epnopoBa M.J1., YepHep A.M., LLlakyH A.H., BbIABMHYTYIO Ha couckaHue lNMpemun MNMpaButensctea P® B
obnacTtu Hayku u TexHuku B 2011 rogy.

Pabomy asmopos, 8bI08UHymyro Ha couckaHue [Mpemuu lNpasumeniscmea, mpyOHO nepeoueHuUms. PaspabomaHa u
gHeOpeHa eocmpebosaHHas Hegmenepepabomkol omeYyecmeeHHass MexXHOsI02usi MOMyYeHUsT 3KOI02u4YHO20
8bICOKOOKMaH08020 KOMMoHeHma. AkmyarnbHocmb 0aHHOU pabombl 0bycrioerieHa He MOJbKO peweHUeM 80rpoco8
Kayecmea aemobeH3UHO8, HO U CO30aHUEM [1O/IHOU MEXHO/I02UYECKOU Ome4YecmeeHHOU Ueroyku om
rnpoekmuposaHusi 00 8birycKa MPoOyKUUU.

B pamkax pabombi:

— ©6b11 paspabomaH NpuHYUNUanbHO HO8bIlU BEeCXIOPHbIU Kamanu3amop Ha cyribghamupo8aHHbIX OKcudax Memarinia
«CU-2», obnadarowull 8bICOKOU U30Mepu3ywel akmueHOCMbH, cmabuibHOCMbH, yCmoU4u8ocmbio K 0elicmauto
Kamanumu4eckux 5008, Mo360ssouuli nposodums U30Mepu3ayuro J1eeKUX MeHmaH-2eKcaHo8bIx ¢hpakyuli 6eH3uHa.
Kamanusamop no ceoum XxapakmepucmukaM He MmOJIbKO He ycmyrnaem 3apybexHbiM aHariozaMm, a O0axe ux
rnpesocxodum — Mo cmabunbHocmu nokasamersed npoyecca u3oMepusauuu, 2apaHmuliHOMYy pecypcy pabomsbi U,
4Ymo camoe efiagHoe, omeeyaem 8bICOKOMY Kilaccy aKornoau4yeckol 6e3onacHocmu.

— 0Op2aHuU308aHO CepuliHoe Mpou3eoOCMe0 Kamasnusamopa Ha 08yX Kamasnu3amopHbiX ¢habpukax 6 Ps3aHu u
AHeapcke.

— peanu308aHbi KPYrnHOMOHHaXHbIE MEXHOI02UYECKUE KOMIIEKChI cepuu «M3omarnky. Tak, Hanpumep, Ha OMCKOM
HegmenepepabambigarowiemM 3ago0e KomrnaHuu «lasnpomMHeghmb» MOCMPOEH U ycriewHo pabomaem KpyrnHedwut 8
Eeponie kommnnekc «M3omarnk-2» moujHocmeto 800 meic. m/200, rnosgonsrowul rnomydyams 6eH3UHbI, omeedyaroujue
mpebosaHusim Knacca-4 u Knacca-5.

O mom, uymo pa3pabomaHHasi MEXHOMO2US HU3KomemMrepamypHoU u3oMepu3auyuu cepuu  «M3omarnk»
8bICOKOKOHKYPEHMHa, 2080pUM y»e Mo, Ymo Ha CeMu POCCUlICKUX Heghmenepepabambigarouux npeodnpusmusix
cmpaHbl peanu3oeaHbl makue rnpoeKkmabi, 6e0emcs npoekmuposaHue u cmpoumenscmeo ewe Ha 9 HIN3. Kpome moeo,
pabomarom 0se 3apybexxHble ycmaHOo8KU rpouecca «M3omank» Ha HIMN3 e PymbiHUU U YKpauHe.

Aemopamu ripogedeHa o2pomHasi paboma Mo fNpPoOBUXEHUIO MeXHOoIoauu «V3omanky Ha MexXOyHapOOHbIU PbIHOK.
lNposedeHa paboma o nameHMuUpoBaHu mexHonoauu 6 P®, YkpauHe, Eepone u OJdpyaux cmpaHax. Ha
MHO20YUCIIEHHbIX KOHGbepPeHUUsIX, KoHepeccax OOKMadbi8asocb O CYWHOCMU U [OMyYeHHbIX pesyfibmamax
mexHonoauu «Msomariky», ornybriukoeaHo 6onee 150 Hay4YHbIx mpydos.

JaHHolu pabomol cdenaH ewe O0UH Waza K CO30aHU MexHOI02U4YeCcKol U 39KOHOMUYECKOU He3asucumocmu
poccutickol Heghmenepepabomku. Ha Haw 6325150, paboma «Co30aHue u wupokomacumabHoe eHedpeHue
pocculickol KOHKYpeHmocrnocobHOU mexHOomo2uu usoMepusayuu U npomMblwiieHHbIx kommnekcos « M3OMAJIK», dns
KpYynmHOMOHHa)XHo020  rpou3deodcmea  asmobeH3uHos8,  coomeemcmeywux mpebosaHUsIM  e8porelicKuX
cmaHOapmos» be3ycrio8HO 3acrnyxusaem [lpemuu npasumernscmea Pocculickol ghedepayuu 8 obnacmu Hayku U
MEXHUKU.

O.l. bensisckull, 2eHepasibHbIU OUPEKMOP
OAO «lasnpomHepmb-OHI13»
(17.11.2011)



The largest isomerization complex “Isomalk-2" with capacity of 800,000 tons per year, designed by the Basic Design of
SIE NEFTEHIM, was built and commissioned at the Omsk Refinery in November 2010. The plant operates under the scheme with
full recycle of unconverted low-branched isomers. The amount of recycle is less than 60% of the feedstock. The yield of commercial
product equals to 98 % wt., while guaranteed yield is not less than 97% wit.

With the guaranteed minimum research octane number of no less than 91 points, the component of commercial gasoline with
octane number of 92 points is produced at the plant.

The plant performances show high efficiency of the Russian technology “Isomalk-2" and SI-2 catalyst, not yielding to the best
world analogues.

A.V. Glazov, Deputy General Director — Technical Director,
0JSC “Gazpromneft — Omsk Refinery”
(08/04/2011)

In 2004, the isomerization plant of S.C. Petrotel-Lukoil S.A. was revamped for Parisom process under UOP license with LPI-100
catalyst loading to the reactor block. The project provides for feedstock deisopentanization and recycle of low octane hexanes.
Guaranteed performance was not achieved.

In 2006, the plant was transferred to “Isomalk-2" technology with usage of oxide catalyst SI-2, developed by SIE NEFTEHIM
(Russia). After replacement of the catalyst, the octane number of the mixed fraction of the isocomponents increased by 4 points and
it is 86-87 points by the motor method.

Since loading catalyst SI-2 was not subjected to regeneration, showing stability of octane characteristics of the isocomponent
during entire cycle. Expected cycle length by Licensor’s assessment is 10 years.

Implementation of “Isomalk-2" technology at the isomerization plant allowed increasing production of gasoline by EURO 5
standards and enhancing production efficiency.

D. Danulescu, Deputy General Director — Chief Engineer,
S.C. PETROTEL-LUKOIL S.A.
(07/04/2011)

In 2016 it is planned to commission the light naphtha isomerization plant with capacity of 420 thousand tons/year for the complex
of oil processing and petrochemical plants of PJSC “Tatneft named after V.D. Shashin”.

“Isomalk-2" technology of SIE NEFTEHIM was chosen in tough competition with large foreign companies.

A well-organized and high quality work of JSC SIE NEFTEHIM’s specialists allowed withstanding strict deadlines of the project
implementation. Over the entire period of the work experts provided informational and consulting support, quickly and efficiently
solved emerging issues.

Professional competence and high quality of provided services meet the best world standards. It allowed to announce with
confidence that domestic Licensor not yielding to the world leaders appeared on the market of technologies in oil refining and petro-
chemical industry.

A.A. Nurmiev, Acting Head of Construction Projects Implementation Department,
PJSC “Tatneft named after V.D. Shashin”.
(01/05/2016)

Conversion of CJSC “Ryazan Oil Refinery Company” isomerization plant which previously operated over zeolite catalyst in 2005 to
the oxide catalyst SI-2 and “Isomalk-2" technology helped to reduce the process temperature to 130-140 °C at the reactor block
inlet, increase the octane number of isomerate by 4-5 points and enhance production of gasolines by EURO 3 and EURO 4
standards.

Operation of the plant since 2005 with SI-2 catalyst shows high performances of the catalyst and “Isomalk-2" technology, devel-
oped by JSC SIE NEFTEHIM.

S.A. Makeyev, Director of Production Department,
CJSC “Ryazan Oil Refinery Company”
(21/03/2011)

The plant for isomerization of light gasoline fractions under “Isomalk-2" technology was designed for OJSC “Saratov Refinery”
under License and Basic Design of JSC SIE NEFTEHIM. Design feed capacity of the plant is 300 thousand tons/year.

Followir%g commissioning and test run of the process object (during three days) the following process performances were achieved
in March 2013:

- A component of commercial gasoline (a mixture of isopentane fraction, DIH distillate and bottom product of DIH column) was
obtained at the plant with research octane number (RON) of 92.5-93.0 points, while guaranteed value is at least 91.0 RON.

- Yield of stable isomerate per isomerization reactor block feed was 98.3-98.5 % wt., while guaranteed value is at least 97% wt.

- Temperature at the reactors inlet is 130-135 °C.

Expected cycle length per Licensor’s assessment is not less than 6 years, total service life of the catalyst is 12 years.

The achieved performances of the plant show high efficiency of Russian technology “Isomalk-2" and SI-2 catalyst, not yielding to
the best world analogues.

A.A. Demakhin, Acting Production Director — Chief Engineer,
0JSC “Saratov Refinery”
(15/05/2013)

IIn February 2009, at the isomerization section of plant L-35-11/1000 of OJSC “Novoil”, operating on Axens zeolite catalyst per
scheme with recycle of low-branched hexanes, a revamp was carried out for transfer to the low-temperature process “Isomalk-2".
Overloading of zeolite catalyst to oxide catalyst SlI-2 allowed increasing octane number of the isocomponent by 5-6 points and
bringing it up to 85 points by the motor method.

Introduction of “Isomalk-2" technology at the isomerization plant allowed increasing the production of motor gasoline by standards
EURO 3 and EURO 4 and increasing production efficiency.

Operation of the plant demonstrates high performances of the catalyst and “Isomalk-2" technology, developed by JSC
SIE NEFTEHIM.

S.I. Borisov, General Director,
0JSC “Novo-Ufa Refinery”
(21/03/2011)



In 2005 plant L-35-11/300, which had operated per Isoselectoforming scheme was converted to “Isomalk-2" technology.

During plant operation since 2005 the octane number of stable isomerate is 80.5-81.5 points by the motor method, the increase of
octane number of the isomerate in relation to the feedstock is within 13-15 points, depending on the isomers content in the feed,
the yield of stable isomerate is no less than 98 % wt. Temperature range is within 130-140°C at the first reactor inlet.

Since the beginning of catalyst operation, its regeneration was not performed. The expected cycle length of the catalyst by assess-
ment of Licensor (JSC SIE NEFTEHIM) will be more than 6 years, and total service life — 12 years.

Operation of the plant since 2005 shows high performances of the catalyst and “Isomalk-2" technology, developed by JSC SIE
NEFTEHIM.

G.D. Zalischevsky, Technical Director,
KINEF, LLC
(17/03/2011)

To the Inter-Agency Council for awarding prizes of the Russian Federation Government in
the field of science and technology.

Review to the work “Creation and large-scale implementation of Russian competitive isomerization technol-
ogy and industrial complexes “ISOMALK” for large-tonnage production of motor gasolines meeting require-
ments of European standards”, performed by a team of authors: Glazov A.V., Lugovskoy
A.l., Nikolaichuk V.A., Rosenberg L.S., Sannikov A.L., Fedorova M.L., Cherner A.M., Shakun A.N., nominated
for the Prize of the RF Government in the field of science and technology in 2011.

The work of the authors nominated for the Governmental Prize competition cannot be overestimated. Much-needed
domestic refining technology for production of environmentally friendly high-octane component is developed and imple-
mented. The relevance of this work is stipulated by not only solution of issues of motor gasoline quality, but also by
creation of a complete domestic technological chain, from design to production.

Within the framework of the work:

— there was developed fundamentally new non-chlorine catalyst SI-2 on sulfated metal oxides having a high isomeriza-
tion activity, stability, resistance to catalytic poisons, allowing to carry out isomerization of light pentane-hexane fractions
of gasoline. By its characteristics the catalyst is not inferior to foreign analogues, and even exceeds them — in respect
of stability of isomerization process performances, guaranteed working resource and, most importantly, meets high
class of ecological safety.

— there was organized a serial production of catalyst on two catalyst plants in Ryazan and Angarsk.

— there were implemented large-scale technological complexes of “Isomalk” series. For example, at Omsk Refinery” of
0JSC “Gazpromneft” there was built and is successfully operating the largest in Europe complex “Isomalk-2" with
capacity of 800 thousand tons/year, allowing obtaining gasolines, meeting requirements of Euro 4 and Euro 5 stan-
dards.

High competitiveness of the developed low-temperature isomerization technology of “Isomalk” series is confirmed by
the fact, that such projects are already implemented at seven Russian oil refineries, design and construction are
conducted at another 9 refineries. In addition, two foreign “Isomalk” plants are in operation at refineries in Romania and
Ukraine.

The authors have done of a lot of work to promote “Isomalk” technology to the international market. The work on patent-
ing the technology in the Russian Federation, Ukraine, Europe and other countries was conducted. Nature and results
of application of “Isomalk” technology were reported on numerous conferences and congresses. More than 150 scien-
tific works have been published.

This work is another step towards creation of technological and economic independence of Russian oil refining. In our
view, the work “Creation and large-scale implementation of Russian competitive isomerization technology and industrial
complexes “ISOMALK?” for large-tonnage production of motor gasolines meeting requirements of European standards”
definitely deserves the Prize of the Russian Federation Government in the field of science and technology.

O.G. Belyavsky, General Director,
0JSC “Gazpromneft — Omsk Refinery”
(17/11/2011)
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