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Improvement
of the Technology for Diesel Oil Fractions Hydrotreating

ycoBeplueHCTBOBaHMNE

TeXHONIOrMM NpoLecca ruapooyMCTKN AN3enbHbIX (paKumii

Ramiz Aliev, Anatoly Yolshin, Renat Galiev Pamus Anues, AHatonui Enwun, PeHat fanvnes

most common catalytic processes in the layouts of CUTCS K Haubosiee pacIpOCTPAHEHHBIM KaTaJIUTH-
petroleum refineries. Key elements in the develop- YECKHM IIPOoIjeccaM B cxemMax HedrenepepabdbaTbiBa-
ment of this technology include the following: IOMUX 3aBOIOB. [Ipyu pa3zpaboTKe ee TeEXHOJIOTHUH KIIo4e-
® Seclection of a reactor unit which would ensure the maxi-  BBIMM MOMEHTAMM SABIAIOTCH:
mal contact of the catalyst with the initial raw stock and
its uniform distribution;

AUTHORS’ BIO 0b ABTOPAX

Hydrotreating of the diesel oil fractions is one of the rnnpoquCTKa ¢dpakuil JU3ENbHBIX TOIUIUB OTHO-

Oil&GasEURASIA

SOURCE: ROSNEFT / MC‘TOHHMK: POCHE®Tb



Ne4 Anpens 2009

® Sclection of a catalyst having stable hydrodesulfurization
activity and high strength properties;

® Sclection of the optimal catalyst system in order to reduce
the pressure differential;

® Catalyst activation completeness;

® Determination of the technological parameters in order
to achieve the lowest initial process temperature.

The reactor is the main device determining the effi-
ciency of this process and the depth of the raw stock con-
version; its technical design should ensure the specified
productivity, have the necessary reaction capacity, develop
the contact area of interacting phases required for the
process, and maintain the necessary heat exchange during
the process and the level of the catalyst activity. This design
should have the minimal hydraulic resistance and ensure the
uniform distribution of the gas-liquid stock flow over the
whole reaction volume. Usually, reactors with axial infeed of
the gas-liquid stock mixture are used at the domestic units
for diesel oil hydrotreating,

Practical experience of use of diesel oil fractions
hydrotreating indicates that performance of the reactor
with axial movement of the stock flow is characterized by
non-uniform distribution of the gas-liquid stock mixture
over the cross-section of the device and increasing hydraulic
resistance of the catalyst layer, especially during long opera-
tion. Increase of differential pressure in the reactor results
in decrease of its productivity and higher power consump-
tion by the unit. To suppress the rise of differential pressure
during the operating cycle, the following actions are usu-

HedTburasEBPA3UA
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® BHIGOP PEAKTOPHOTO YCTPOKHCTBA, 0GECIIEUHBAIOINIE-
IO HAaUOONBIHH KOHTAKT KAaTaJU3aTOPA C HMCXOTHBIM
CBIPBEM U PABHOMEPHBIM €TI0 PACIPEICTICHUEM;

® 110/{60p KaTaTM32TOPA CO CTAGWIBHOH THApooGecce-
PHUBAIOIIEH AKTUBHOCTBIO M BHICOKUMHU IIPOYHOCTHBIMH
CBOWCTBAMU;

® BHIGOP ONTUMATBLHOM CHCTEMBI KATATU3ATOPOB C I[EJIBIO
YMEHBIIEHHUS II€PEIIa/a TaBICHU;

® [10/1HOTA AKTUBAIMHU KATAIU3ATOPA;

® onpejeneHne TEXHOJIOTUYECKUX ITOKA3ATENCH C 1eIbIO
AOCTHKEHHUA HAMMEHBIICH HAYAJIbHOH TEMIIEPATYPHI
Ipoiecca.

OCHOBHBIM aINapPaTOM, ONPEAEIAIOMUM 3(PPEKTUB-
HOCTb 3TOTO IPOIECCA U INIyOMHY NPEBPANMICHUS ChIPb,
ABISACTCS PEAKTOP, KOTOPHIH IO CBOEMY TEXHOJOTHYEC-
KOMY O(OPMICHHUIO JIOJUKEH OGECIHEYnBATh 3aaHHYIO
NPOMU3BOJUTEIBHOCTh, UMETh HEOOXOAMUMBIN PEAKIHOH-
HBII 06'bEM, CO3/1aBaTh TPEGYEMYIO /ISl IPOIlecca MOBep-
XHOCTh KOHTAKTA B3AaUMOJEHUCTBYIOMUX (ha3, moajepKu-
BATh HCOOXOAMMBIN TEIIOOOMEH B IIPOILECCE H YPOBEHb
AKTHBHOCTH KaTaau3atopa. Ero KOHCTPyKOHSA HOKHA
006/1a/JaTh MUHUMATBHBIM TI'HIPABIUYECKUM COIPOTUB-
JIEHHEM MU 00€CIeYnBaATh PABHOMEPHOE pacIpeie/IeHHue
[a30ChIPHEBOTO MOTOKA 10 BCEMY PEAKITHOHHOMY OGbeMy.
Kax mpaBuiio, Ha OTEYECTBEHHBIX yCTAHOBKAX T'MJPO-
OYMCTKHU JIM3EbHBIX TOIUIMB MCHOJB3YIOTCSA PEAKTOPHI C
AKCHAJIBHBIM BBOJIOM I'a30CBIPHEBOM CMECH.

IIPOMBINUICHHBIA ONBIT MCIIOJb30BAHUS YCTAHOBOK
THAPOOYHCTKH IU3ETbHBIX TOIIUB IIOKA3bIBACT, YTO PabO-
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Ta6n. 1. OcHOBHbIE TEXHONOrMYECKUE NOKA3ATENN 3KCNJyaTaLuu OTEYECTBEHHbIX YCTAHOBOK rMPO0YUCTKM
AN3enbHbIX TONNUB (ycpeaHeHHble AaHHble) / Table 1. Main production data of domestic units for hydrotreating

of diesel oil fractions (averaged data)

Mokasarenu
Characteristics

Yucno notokos / Amount of lines

nocnenoBa-
TenbHoe /
Series

CoenuHenmne peaktopos / Connection of
reactors

06bem 3arpyaku Katanuaaropa
(cymmapHo Ha notok), M3/ Catalyst charge 25
volume (total for the flow), cu. m

O6Liee naBneHne Ha Bxofe B peaktop, MMa
/ Total pressure at the reactor inlet, MPa

3,5

nocneaoBa-
TenbHoe /
Series

56

Tun ycTaHoBku /
Unit type
N-24-6 Anrapckuit HN3
OAO «AHXK» / L-24-6 Angarsk
refinery, APC
Ao nocne
PEKOHCTPYKUMN PEKOHCTPYKLMM
/ Prior to | Atter
upgrading upgrading

n-24-7
L-24-7

N4-24-2000
LCh-24-2000

2

nocneoBa-
TenbHoe /
Series

nocnepoBsa-
TenbHoe /
Series

napannensHoe
/ Parallel

30 70 25 110

3,5 3,5 3,9 3,7 44

Temnepatypa Ha Bxofe B peaktop, °C
(Hayano umkna) / Temperature at the reactor 3565
inlet, C (cycle start)

350 350 345 340 310 340

ally undertaken: the top layer of the catalyst is periodically
removed from the reactor; so-called filtering baskets, inert
spherical materials (porcelain balls of variable diameter);
combined protective catalyst layers, distribution devices
are used. The listed methods make it possible to protect the
main catalyst layer, but cannot solve the problem of the high
hydraulic resistance.

It is possible to reduce differential pressure in the
hydrotreating reactor without the catalyst performance
degradation by changing the scheme of the stock infeed in
the reactor from axial to axial-radial (Table 1).

Non-uniformity of the reaction behavior is condi-
tioned generally by the gradient of flow distribution over
the layer cross-section and catalyst volume. The design of
the inner components of the axial-radial reactor develops
the cross movement of the reacting gas and liquid flows in
the catalyst layer. At the same time, the hydrogenous gas is
redistributed along the layer height, uniform catalyst layer
performance and absence of dead zone for gas slippage
are achieved; lower hydraulic resistance to the flow when

e R

[

Ta PEAKTOPA C AKCHAJIbHBIM JBHKEHHEM IIOTOKA CHIPbS
XaPaKTEPU3YETCd HEPABHOMEPDHBIM paCIpPEEICHUEM
ra3oChIPbEBOH CMECHU IO CEYEHHUIO aIlIapara U poCTOM
IUJIPABIMYECKOTO COIPOTHUBICHUS CA0S KaTaau3aTopa,
3HAYMUTEJBHO BO3PACTAIONHUM IIO MEPE €TI0 IMTEIbHOU
KCILIyaTallMU. YBEIUYEHHUE MIE€PENa/a JABJICHHUSA B PEAK-
TOpE NPUBOJUT K CHIJKEHHIO €r0 IPOU3BOAUTEIbHOCTH
M YBEJIMYEHHUIO HEPIreTHYECKUX 3aTPAT HAa YCTAHOBKE.
Jisa 3aMe/lJIeHUsI POCTa Ilepenaja JaBacHUs B pabouem
LIMK/IE€ OOBIYHO IEPUOJUYECKH YAAIAIOT U3 PEAKTOpA BEP-
XHHUH CJIOH KaTaJIu3aTOpa; MCIOJAb3YIOT (PUIbTPYyIOIIHE
KOP3HWHBL; HHEPTHBIN cepruueckuit marepuan (dpapdo-
pOBBIE APl IEPEMEHHOIO JAUAMETPA); KOMOMHUPOBAH-
HbI€ 3AIMUTHBIE CJIOU KATAJIM3ATOPOB, PACHPEIENUTEND-
HBI€ yCTpOHCTBA. IlepeuynCIeHHbIEC IIPUEMBI IIO3BOJISIOT
3aIMUTHTh OCHOBHOM CJI0H KaTAJIN34TOPA, HO HE PEMIAIOT
IIPOOJEMY BBICOKOI'O I'MJIPABJIHNYECKOTO COIPOTHBICHUS
IIOJIHOCTBIO.

CHU3UTH IIEPENAJbl JABJIECHHUS B PEAKTOPE T'HAPO-
OYHCTKHM 6€3 yXyJIEeHUs paboThl KaTaaIUu3aTOpa MOMKHO

Oil&GasEURASIA
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it passes through the catalyst layer; improved distribution
of the gas-liquid stock flow over the cross-section of the
unit. The mentioned factors ensure (as practical experience
proves) lower differential pressure in the axial-radial reactor
during its long-time operation.

In Russia, the first axial-radial reactors were installed at
the second module of the standard double-flow hydrotreat-
ing unit L-24/6 of Salavatnefteorgsyntez. During the four-
year service cycle of kerosene-gasoil fractions processing,
molybdenia-cobalt-alumina catalyst was used in the first
reactor with the gas-liquid stock flow, and molybdenia-
nickel-alumina catalyst was used in the second one; this
scheme ensured the required product quality (residual
sulfur content is 0.05-0.15 mass percent) at low hydraulic
resistance (0.03-0.04 MPa) of the catalyst layer and lower
power consumption.

Since 2002, production of diesel fuel with the reduced
sulfur content has been started at the diesel oil hydrotreat-
ing unit L-24-6 of Angarsk refinery of Angarsk Petrochemical
Company (APC); this unit was fabricated by the technol-
ogy of VNII NP (All-Russian Research Institute of Petroleum
Industry) and according to the design of Lengyprogas
Institute. Catalyst AGKD-205A with high hydrating and
strength properties and catalyst of the protective layer
FOR-1 (both produced by the Angarsk plant of catalysts and
organic synthesis — APC&OS) were charged into the reac-
tors. Experience of hydrotreating unit operation showed
that during the four-year service cycle, AGKD-205A steadily
provided production of the diesel fuel with residual sulfur

HYDROTREATING | TMAPOOYUCTKA

M3MEHUB KOHCTPYKIIMIO BBOJA ChIPbSl BHYTPHU pPEaKTOpa C
AKCHAJbHOM HA AKCHAJIbHO-paauanabHyio (Tadm. 1).

HeosgHOPOAHOCTD YCIOBUM NPOTEKAHUS PEaKIUHN
00yC/IOB/IEHA, B OCHOBHOM, I'DAaJUEHTOM PACIIPEICIACHUS
IIOTOKOB IIO CEYEHHIO CJOA M OObEMYy KaTaJau3aTopa.
KoHCTpYKIMS BHYTPEHHHUX YCTPOMCTB aKCHAJIbHO-Pa/IHU-
AJIBHOTO PEaKTOpa CO3JaeT IEPEKPECTHOE /IBHKECHHE
pearupyromux IOTOKOB KMJIKOCTU U Ira3a B CJIOE€ KaTa-
smzaropa. Ilpyu 3ToM IPOUCXOAUT OJHOBPEMEHHOE IIEpe-
pacmnpejeneHue IOTOKA BOJOPOJCOJAEPKAIIETO ra3za 1o
BBICOTE CJIOSA, JOCTUIAIOTCSA PABHOMEPHOCTb PabOTHI CJIOS
KaTaJau3aTopa M OTCYTCTBHE 3aCTOMHBIX 30H I/ IIPO-
CKOKa TIa3a; MEHbIIEE T'HMAPABINYECKOE COMPOTHUBICHUE
IIOTOKY IIPH IPOXOXKJEHHUHU Ye€pe3 CJIOH KaTaau3aTopa;
Jly4dniee pacupejie/;IeHue ra3oChlpbeBOro MMOTOKa IO Cceve-
HHUIO anmapara. YKazaHHble (PaKTOPhI 00ECIIeYnBAIOT, KaK
MO TBEPXKAAET IPOMBIINIJICHHBIA ONBIT, HU3KHE II€penajbl
JaBJIEHHUSA B AKCHMAJIbHO-PAJHAIBbHOM PEAKTOPE IPHU €ro
JKCIIIYATAIIUHA B TEYEHHUE AIUTEIBHOTO BPEMEHHU.

B Poccum akcHanbHO-paJHuaJIbHBIE PEAKTOPHI BIEP-
Bbl€ OBIJIM YCTAHOBJIEHBI HAa BTOPOM OJIOKE THIIOBOM
JBYXIIOTOYHOM YCTAHOBKH THAPOOYUCTKU JI-24/6 OAO
«CanaBaTHe(dTEOPICUHTE3>. YETBIPEXTOJUYHBIN MeEXpe-
FE€HEPANMOHHBIN IIEPHOJ IKCIUIyaTAllUU NPU Iepepa-
6OTKE KEPOCHHO-TA30UIE€BOH (PPAKIUHU C HCIOIb30BA-
HHUEM B IIEPBOM II0 XOJY I'a30CBIPbEBOHU CMECH peaKTOpe
AJIIOMOKOOAIbTMOIUOAEHOBOIO U BO BTOPOM — aJTIOMO-
HHUKEIbMOJUOAEHOBOTO KATAJIU3ATOPOB 0OECIIEYNBAIOCH
TpedyeMoe KaueCTBO IPOAYKTA (CO/IEPKAHUE OCTATOYHOMN

OcHOBHOM BUA AeATE/IbHOCTU KOMMNaHun — npou3BoacTeo PelletOil™ — kanbumsa X/I0PUCTOro TEXHNYECKOro
TBEpPAOro rpaHyMposaHHoro 94-98% (roCT 450-77)—pns npuMeHeHUs Ha HeTAHbIX U ra3oBbIX
MecTopoXxaeHusx, a Takxe EXTROIL —kucnotbl consHou ans HedTAHOW U ra30BOM NMPOMbILLIEHHOCTH

€ uHrnébutopom ConmHr.

© ynenbHas NAoTHoCTb 1,090-1,474 rp/m;
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© MPOU3BOACTBO Ha OCHOBE YUCTON CUHTETUYECKOW CONSIHOM KUC/OTbI;
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content 0.04-0.10 mass percent from the stock mixture at  cepnr 0,05-0,15% macc.) IIPU HU3KUX I'H/IPABIAYCCKUX
weight hour space velocity 4-5 h-1. The required amount of ~ cOnpOTHBICHUIX (0,03-0,04 MIIa) cnos KaTaausaTopa u
diesel fuel was achieved at the total pressure at the reactor ¢ MEHbIIEMH YHEPTETHYECKMMH 3aTPATAMHU.
inlet 3.3-3.7 MPa, the initial cycle temperature 335 C, and the C 2002 roma HA YCTAHOBKE T'HAPOOYUCTKU JU3CIIb-
final one — 355 C. HOTO To1IMBa JI-24-6 Anrapckoro HII3 OAO «Anrapckas
To organize production of low-sulfur diesel fuel HedrexuMUYECKas KOMIAHUSA>, CO3ZNAMHON 110 TEXHO-
at APC, a decision was made to upgrade the operating morum BHUU HII u no npoeKTy «JIeHrunporasa» Hadart
hydrotreating unit L-24/6. The basic design was developed — BBINYCK JH3EIBHOIO TOILIMBA C MOHMKEHHDBIM copepxa-
by Angarskneftechimproyekt based on the initial data of wHuem cepbl. B peakTops! 6buIn 3arpyKeHbl KaTaIU3ATOP
VNII NP. The hydrotreating process improvement concep-  ATK/I-205A ¢ BBICOKHMH THAPHPYIOIIUMHU U IIPOYHOCTHBI-
tion consisted in implementation of the following technical ~ Mu CBOMCTBAMH M KaTaaM3aTOP 3aUMTHOTO cosi ®OP-1

solutions: (06a mpoussoacTBa OAO «AHTAPCKUI 3aBOJ] KATATH3ATO-
— Transfer to the series connection of the reactors with ~ poB u OpraHUYeCcKOro CUHTE3a»). OIBIT 3KCIUIyaTAITHH
higher pressure in them; YCTAHOBKHU I'H/IPOOYMUCTKH IIOKA32J, YTO B TEYEHUE YEThI-

— Installation of two new reactors on each flow with  pexrogumanoro MEXKPETr€HEPANUOHHOTO IIEPUOAA IKCILTY-
the catalyst charge volume 57 cu. m each; axial-radial infeed ~ atanuu katamusatop ATK/-205A cTa6HIbHO O6ECIEIHBAT
of the stock was used in the first reactor; IOJIYYEHHUE U3 CMECEBOTO ChIPbSl AU3EIBHOTO TOIUIMBA C

- Replacement of the worn-out equipment; OCTaTOYHBIM cojiepxanuem cepor 0,04-0,10% macc. npu

— Use of the catalyst system which would ensure the  06BbEMHOI CKOPOCTH TIOJAYH CBIPbA 4-5 u-1. Tpebyemoe
enhanced activity in the reactions of hydrogenation of sulfur ~ kKauecTBO AM3EIBHOIO TOIIMBA JAOCTHTAIOCH pu obmem

compounds and multiring aromatic hydrocarbons (MAH); JABJICHUN HA BXOJIE B peaKkTOpHI 3,3-3,7 MIIa u Temmepa-
— Application of a special charging scheme with protec-  Type B Hauase nuxia 335 °C, B KOHIE — 355 °C

tive layer catalysts; Hnst opranmusanuu B OAO «AHXK» nmpousBojcTBa
— Catalyst activation by the sulfiding chemical usinga  MaJOCEPHHCTOrO AM3EIBHOTO TOIUIMBA GHIIO IIPUHATO

special technique. pEmIEHNE PEKOHCTPYUPOBATDL JAEHCTBYIONIYIO YCTAHOBKY

Experience of operation of the unit in the mode of rugpoouncrku J-24/6. Ba3oBsrit IIPOEKT OBLI BHIMOJHEH
the stock mix hydrotreating showed that in the course of OAO «AHTapCKHE(PTEXUMIIPOEKT> MO MCXOJHBIM JaHHBIM
time, flow distribution over the parallel-operated reactors OAO «BHUM HII>. Koumenmus YCOBEPIIEHCTBOBAHUS
is changing, and their operational mode is also changing. mnponecca THIPOOYHUCTKH 3aKIK0YATACh BO BHEJPEHUU
Non-uniformity of flow distribution in the reactors, and  cIeayIOmMMX TEXHHYECKUX pemeHuni:

Ta6n. 2. OCHOBHbIE TEXHONOTMYECKNE NoKa3aTeny (hMKCUPOBAHHOro Npobera Ha 2-M NoToke ycTaHoBku J1-24/6
0AO «AHXK>~ / Table 2. Main technological data of the pre-determined run at the 2nd flow of L-24/6 unit of APC

Qc, M3/y4 TP-2/1,0C TP-2/2, 0C

BTODHYHBIE  pp 5 PP-2/2

KOMMNOHEHTbI . :
MNa/MPa MnMa/ MPa
scero / total / secondary / a/ Bxop / inlet Bbixop / outlet Bxop / inlet

component

Nara / Date Bpems / Time

Bbixop /
outlet

i T ey 443 R RN s vt MR
G . T 441 436 33 8 370 373
18.00 110 28,0 4,42 4,37 336 367 368 370
24.00 < R ., 4,37 335 368 38 369

BB AN e 325 360 341 349

o 12,00 119 408 444 439 26 w2 2 30
1800 120 39,7 4,45 4,39 325 362 342 351

24.00 325 360 342 349

UcTtouHmk: BHUM HIM, ABKnOC / Source: VNII NP, APC&OS
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low reflux density resulted in decreasing efficiency of the
charged catalyst volume utilization. Transfer to the serial
connection of the reactors will make it possible to increase
the reflux density to the level required for the satisfactory
performance of the whole catalyst volume.

Taking into account the characteristic of the stock to be
processed, and also in order to prevent increase of hydraulic
resistance in the reactors, maintain the productivity of the
unit at the same level and ensure two-year service cycle, a
scheme was selected, when the reactor of the axial-radial
type comes first along the gas-liquid stock flow, and the axial
radiator comes second. To reduce the exothermic effect of
the reaction and increase the duration of the reaction cycle,
possibility of cold hydrogenous gas supply into the cross-flow
between the reactors is provided. Increase of the hydrogen
partial pressure in the second reactor will have positive effect
on the stock treatment depth and catalyst performance sta-
bility.

Engineering designs of the reactors were developed
by VNIIneftemash. In 2007 these reactors were brought to
the construction site of the L-24/6 unit. Molybdenia-nickel-
alumina catalyst (AGKD-400-BN) and molybdenia-cobalt-
alumina catalyst (AGKD-400-BK) of the Angarsk plant of
catalysts and organic synthesis (APC&OS) were selected to
be charged into the reactors of both flows. In the catalyst
system, to prevent clogging of the main catalyst layer by the
products of corrosion and coke, improve distribution of gas-
stock mixture over the reactor cross-section, catalysts of the
protective layer FOR-2 and FOR-1were used, these catalysts
formed as hollow cylinders. After the catalysts were prepared
for operation (hydrogenous gas drying, sulfurization by a
sulfiding chemical), the hydrotreating unit was placed in
operation late in 2007.

Cepa, ppm / Sulfur, ppm

Quscr, Tbic.M3/y4
Qhg*, thou.
cum/h

QH2, M3/4

Qo2, cum/h cbipbe / raw

stock

npoaykT /
Product

962 33,5 7140 48
8765 341 7010 46
9305 32,1 6790 28
9305 31,4 5790 26

F

9582 323 6560 167
9418 32,8 6750 160
9847 333 6160 172
9250 329 6830 156

HedtburasEBPA3UA
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— IepeBO/] YCTAHOBKU HA IOCJIEOBATEIBHOE COE/TH-
HEHHE PEAKTOPOB C MOBBIIEHUEM /IABJICHUS B HUX;

— YCTAaHOBKA HA KaXXJOM ITOTOKE /IBYX HOBBIX PEaK-
TOPOB C 0OBEMOM 3arPY3KH KATAIU3ATOPA 57 M3 KaxK/IbI,
npuYeM B [IEPBOM IIO XOJIy PEAKTOPE ObLI MCIONb30BAH
AKCUAJIBHO-PA/IUAJIbHBIN BBOJ ChIPbSI;

— 3aM€Ha YACTHU U3HOUIEHHOTO 060PY/JOBAHMS;

— IpUMEHEHUE CUCTEMBI KaTaau3aTOPOB, 06eCIedH-
BAIONIEN IMOBBINICEHHYIO aKTUBHOCTb B PEAKIUAX THPH-
pOBAHMS CEPHHUCTBIX COEIUHEHUM M IOJUIHKINIECKUX
apOMATUYECKHUX YITIeBOA0pOo10B (ITAY);

— HMCIIOJIBb30BAHUE CIIECIIUAIBHOM CXEMBbI 3arPy3KH C
NPUMEHEHHEM KaTaIU3ATOPOB 3AMUTHOTO CI05;

— AKTHUBALHsA KaTaJU3aTOPOB CyAb(PUIUPYIONIUM
AT€HTOM I10 CHEIMAJIbHOM METOJHUKE.

ONBIT 3KCIUIYaTAllUd YCTAHOBKHM B PEKHUME T'HJ-
POOYUCTKH CMECEBOTO ChIPbs IMOKa3aJ, YTO C TEYEHH-
eM BPEMEHHU IPOUCXOJUT H3MEHEHHE PaCIpE/e/ACHHUA
[IOTOKOB TI0 MapajuIeJbHO PAaOOTAIOMIMM PEAKTOpPaAM H,
COOTBETCTBEHHO, THAPOJUHAMHUYECKOIO PEXKHUMA B HHX.
HepaBHOMEPHOCTD PACHPEJEICHHs IOTOKOB 110 PEAKTO-
paM, HU3Kasg IUVIOTHOCTb OPOIICHUS NPHUBOJAMIM K CHH-
JKEHHUI0 3(P(PEKTUBHOCTH HUCHOIb30BAHMA 0ObEMa 3arpy-
JKEHHOI'0 KaTanusatopa. IlepeBoj Ha MOCIEAOBATEIbHOE
coeluHEHNE PEAKTOPOB MO3BOJHUT MOBBICUTDH IVIOTHOCTD
OpOIIEHUsSI 1O YPOBHsA, TPeOYyeMOro A yJOBIETBOPHU-
TEJIbHOM PaGOTH BCETO 0ObEMA KATAIU3ATOPA.

C yueroMm crenudUKu mnepepadaTpiBAEMOIO ChIPb,
a TAKKe JUIA IPEJOTBPAleHUsI POCTa THAPABIUIECKOTO
CONPOTHUBJICHUSI B PEAKTOPAX, COXPAHCHUS IPOU3BOJH-
TEJTBHOCTH YCTAHOBKH IIPEKHEM YPOBHE U OGECIICICHUS
JBYXTOJJMYHOTO MEKPEreHEepallMOHHOTO npobera Oblaa
BbIOpAaHA CXE€Ma C MCIOJb30BAHUEM IEPBBIM IIO X0y
ra30ChIPHEBOTO IMMOTOKA PEAKTOPA AKCHATBHO-PAJHAb-
HOTI'O THIIA, BTOPBIM - AKCHAJIbHOIO. JI/Isi CHY)KEHHUS 9K30-
TepMu4YeCcKoro 3p@eKTa peakuu, YyBeIUICHUS IPOAOI-
JKMTENbHOCTH ITUKJIA PEAKIIMH IIPEJyCMOTPEHA BO3MOXK-
HOCTbH IIO/IAYHM XOJIOJTHOTO BOJOPOJCO/EPIKAMEro Ia3a B
IepeToK MesK/1y peakTropamu. [IOBBIIEHUE NAPIUATbHOIO
JTaBIEHUA BOJOPO/JA BO BTOPOM PEAKTOpE GIArOMPHUATHO
OTPA3UTCA HA TIYOUHE OYUCTKH CHIPbS U CTAOMIBHOCTH
paboThl KaTaIU3aTOPA.

TexHUUYECKHE MPOEKThl PEAKTOPOB OBLIN BBITIOJHEHbI
B OAO «BHUHHedTemam». B 2007 rogy uX yCTaHOBHIM HA
CTPOUTENBHOM IUIOIIAIKE YCTAHOBKH J1-24/6. 7151 3arpy3KH
B PEAKTOPBI OGOUX IIOTOKOB ObIIM BEIOPAHBI ATIOMOHHKEIb-
Monu6aeHOBBIH (ATKI-400-BH) 1 a11:0MOKO6aIbTMOING1e-
ool (ATK/I-400-BK) KaTaqM3aTopbl AHIApCKOI'O 3aBOJA
KATAIU32TOPOB U OPTAHUYIECKOro cuHTe3a. [ipu paspaborke
KATAIATHYIECKON CUCTEMBI IS TPEJOTBPAIIEHUS 30 MBAHIS
OCHOBHOT'O CJIOSI KaTaau3aTopa NPOAYKTAMH KOPPO3HH H
KOKCa, YJIYIIICHHS PACIPE/IeIEHHUA Ia30ChIPHEBOM CMECH 110
CEYEHHIO PEAKTOPA UCIIONIb30BAMNUCH KATAIU3ATOPHI 3aIUT-
HOro cinosi ®OP-2 u ®OP-1, cpopMOBAHHBIE B BUJIE ITOJIBIX
nrInHAPOB. TTocae TOATOTOBKU KaTaIU3aTOPOB K 3KCILTY-
arauuy (CyIIKH BOJOPOJACOAEP/KANIUM I'a30M, OCEPHEHHUSA
CYIb(PUAUPYIONIM aT€HTOM) B KOHIIe 2007 rofia yCTaHOBKU
IUIPOOYMCTKH ObLIA MYIEHA B 9KCILTYaTaIlHIO.

B pesyipTaTe COBEPIIEHCTBOBAHUS TEXHOJOTHYEC-
KOM CXEeMBbI IIPOU3BO/ICTBA JM3EJIbHOTO TOIUINBA HA yCTa-
HoBKe JI-24/6 Aurapckoro HII3 OAO «AHXK» BO3MOKHO
CTa6UAbHOE IIPOU3BOICTBO JU3€EIbHOIO TOIUIMBA C COJEP-




® Angarsky 0il Refinery plant.
@ Axrapckuit HN3.

Improvement of the process flowsheet for production
of diesel fuel at the L-24/6 unit of the Angarsk refinery of
APC resulted in the possibility of stable production of diesel
fuel containing less than 350 ppm of sulfur and less than 7
mass percent of multiring aromatic hydrocarbons (MAH) at
low hydraulic resistance in the catalyst layer.

To evaluate the potential of the catalytic system of the
first flow of the hydrotreating unit, a pre-determined run
was performed in January of 2008. By the results of this run,
it was ascertained that during processing of the mixed stock
containing 38 mass percent of secondary components, it is
possible to achieve 28-45 ppm of sulfur and MAH content
not exceeding 5.5 mass percent at the first reactor inlet tem-
perature 335-340 C.

By end of March of 2009, the unit has been in continu-
ous operation for 14 months without the catalyst recovery.
At present, at the temperature 305-310 C, residual sulfur con-
tent is less than 500 ppm, and less than 50 ppm at 330-335 C.
During the operating period, differential pressure increased
from 0.04 to 0.07 MPa.

The main performance data of L-24/6 unit operated at
APC are given in Table 2.

Analysis of these data enables us to state the following:
upgrading of the reactor assembly with application of new
catalyst systems made it possible to ensure the optimal tech
nological parameters for use of the domestic desulfurization
catalysts and organize production of the ecological diesel
fuel having sulfur and MAH content in compliance with the
requirements of Euro-3 and Euro-4 Standards.

Diesel fuel having less than 10 ppm of sulfur (Euro-5)
can be obtained by changing the technological parameters:
reduction of the share of the secondary raw stock involved
in the process to 15 percent, rise of the partial pressure in the
reactor and increase of the temperature to 345-350 C.
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JKaHUeM cepbl MeHee 350 ppm, MOTHIUKIAICCKUX apO-
MATHYECKHUX YITIEBOJOPOJIOB MEHEE 7% MACC. IPU HU3KUX
THPABINYECKUAX COIPOTUBICHUAX B CJIOC KATAIU3ATOPA.

Jlyisi BBISIBJICHHUA IMOTEHIHUAJIbHBIX BO3MOKHOCTEN
KATAJUTAYECKOM CUCTEMBI HAa IIEPBOM IMOTOKE YCTAHOBKH
I'HAPOOYUCTKU B siHBape 2008 roaa 6bLT NPOBEACH pux-
cUpOoBaHHBII Mpober. 1o ero pesynbraraM yCTaHOBJICHO,
YTO TPHU MepepaboOTKE CMECEBOTO CBHIPbA, COACPHKAIETO
38% MacCC. BTOPUYIHBIX KOMIIOHEHTOB, COJJ€PKAHUC CEPEI
28-45 ppm u IIAY He 60see 5,5% Macc. 00ecIeunBaeTCs
IIpU TEMIEPaTypax Ha BXO/IC B IEPBBIA PEAKTOP 335-340
G

Ha xoner; mapra 2009 roga ycTaHOBKA npopaborana
14 mecsaues 6e3 pereHepanuy. B Hacrosmee BpeMs IIpH
remmneparype 305-310% OCTATOYHOE COACPKAHHUE CEPDI
cocrapuser Mmeree 500 ppm, a ipu 330-335 °C — menee 50
ppm. 32 EPHOJ IKCITyATAIUH IIEPETa/] AABICHUA YBE/IH -
guics ¢ 0,04 go 0,07 MIla.

OCHOBHBIE TEXHHUKO-2KOHOMHUYECKHE IIOKA3aATCIH
AKCIUTYaTAllUU YCTAaHOBKHU J1-24/6 B OAO «AHXK» mpH-
BegeHbl B Tabna. 2. X aHAJIM3 NO3BOJAECT KOHCTATHPO-
BATh: B PE3y/IbTATE PEKOHCTPYKIHMHU PEAKTOPHOTO 6710Ka
C MCIIOJb30BAHMEM HOBBIX KaTAJIM3ATOPHBIX CHCTEM Y/d-
JI0Ch 0BECIIEYUTh ONITUMATbHBIE TEXHOJIOTHYECKHUE Tapa-
METPBI /ISl 9KCIUTYATAI MK OTE4E€CTBEHHBIX KATATH3ATOPOB
o6eccepuBaHUs U HAJNAAUTh NPOU3BOJCTBO KOTOTUIEC-
KU YUCTOTO JTU3€JbHOTO TOILIMBA 110 COICPIKAHUIO CEPBI M
[TAY, OTBEYAIOMHUX TPEOOBAHUAM Euro-3 u Euro-4.

Jlu3eabHOE TOIIMBO C COJEPIKAaHHEM CEPBl MCHEC
10 ppm (Euro-5) MOKeT ObITh IOTYYEHO 32 CUCT H3ME-
HEHHUS TEXHOJOTHYECKHX MMapaMeTPOB: CHIKEHHUSA JOTH
BOBJIEKAEMOI'O BTOPHYHOI'O CHIPbs 0 15%, YBEJIUICHUA
[aPIHAIBHOIO JABICHUSA B PEAKTOPE, TIOBBIICHUA TEMIIC-
parypst 10 345-350 °C.
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