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CoBpeMeHHble pa3paboTky pOCCUMCKUX KOMMNAHUM U UX 3apy6eXXHbIX MapTHEPOB NO3BOJISILOT BbIBOAUTb
Ha pbIHOK BbiCOKO3¢deKTUBHOE 060pyA0BaHME MO NepepaboTke BCeX BUAOB OTXOA0B U OYUCTKE BOAbI,
Cco3aHHOEe Ha OCHOBE HaHOTEXHOJIOFMW U HaHoMaTepuanos. [laHHoe obopypoBaHuWe B COYETaHUMU
C YMHbIMU TexHonornsmu (Smart technology — nporpaMmHble MpoAyKTbl, CUCTEMbl yrpaB/ieHus,
peweHus pns uHpopmaLMOHHOW 6e30MacHOCTM), MO3BOAAIOT CO34aBaTh BbICOKOKOHKYPEHTHbIE
KOTFHUTUBHbIE CUCTEMbI, OTBEYAIOLL e IKOJIOrMYeCKUM Tpe60BaHUSM POCCMACKOro 3aKOHO4aTe/1bCTBa.
Up-to-date developments of Russian companies and their foreign partners allow to bring to market
high-performance equipment for processing of all types of waste and water treatment based on
nanotechnologies and nanomaterials. This equipment, combined with smart technology (software
products, management systems, solutions for information security), allow to create the highly
competitive cognitive systems that meet environmental requirements of the Russian legislation.

€3yYCJIOBHO, COBPeMeHHBIe CHCTeMBbl

no nepepaborke 0TXOLOB M OYHCTKEe BOJBL

BOCTpebOBaHBI BO BCeX OTPACIsIX 3KOHOMHUKU
CTPaHBl U UMEIOT CTa6I/I)H>HbII;I, HepCHeKTI/IBHbII;I
PBIHOK, GOPMHUPYSI HOBBIM CEKTOP COBPEMEeHHOTIO
BBICOKOTE@XHOJIOTUYHOTO IIPOMU3BOACTBA. [IpuHKUMas
BO BHHMaHHe Ba>XKHEMNIIYIO 3KOJOTHYeCKYIO
3a/layy IIO OXpaHe BCeX BHUIAOB MPUPOSHEBIX
PecypcoB OoT HeTaTUBHBIX BO3[eHCTBUI, KPYIHbIE
MIUJIOTHBIE IIPOEKTHI 11eJIecO0OpPa3HO peasn30BEIBATh
B HedTerasoBou oTpaciu Poccuu, coBpeMeHHas
CTpaTervs pa3BUTHS KOTOPOH IpelycMaTpHUBaeT
MaKCHMaJjlbHOe HCIIONb30BaHHEe BCeX I10JIe3HBIX
KOMIIOHEHTOB IIpH 0obbIue U mepepaboTke HedTH
U rasa c obecmedyeHMeM 3aIMHUTH 3KOJOIHH
Ha IIpeAnpuaTUaX. CUCTeMHas peayiu3alis JaHHOro
HalpaBJeHHS CTpaTeruud [OOJKHA OHNUPAThCH
Ha MPUOPUTETHOEe CO3JaHHe OTedeCTBeHHOU
BBICOKOI)PeKTUBHOM KOMIIJIEKCHON CHCTEMBI

I10 3KoJIoruveckor nepepaborke (KCIIO) Bcex BHIOB
OTXO0JI0B, KOTOPBble GOPMHUPYIOTCS Ha BCeX 3Tallax
LIMKIA JesTelbHOCTH NPeANpUATUH HedTera3oBou
OoTpaciau - oT HepTenobsuu no0 HepTerepepaboTKuU
C y4eTOM COBPeMeHHBIX TpebOBaHHU I K TeXHOCHePHO
0e30I1acHOCTH, B TOM YKCJIe BOLHBIX PECypPCOB, IIOUBBHI,
6rocdepsr.

3KOJIOTMYECKAS NEPEPABOTKA OTXO10B

C TOYKH 3peHUSs 3KOJIOTUYeCKON U 3KOHOMHUYEeCKOHN
3pdexkTuUBHOCTHU, co3maBaemble KCIIO moJI>KHBL
GYHKIIMOHUPOBATh Ha OCHOBE PelUPKYJISILIUU BCeX
BUJOB OTXOZOB, COIYTCTBYIOIIHUX AeSITENIbHOCTH
NpefIpUsSTUN HedTera3oBoH OTpPACIH, BKIKUYASL
oTpaboTaHHBIe U 3arps3HeHHble HePTHIO OTXOMBI
(HedTemmambl), a TaK>XKe CONYTCTBYIOU[HE
ODpoMBIIIJeHHO-ObITOBBIe OTX0AB (IIBO),
C MoJlydeHHEM B pe3yjbTaTe HUX IepepaboTku
KOHKYPEHTHBIX IIPOyKTOB U YCIYT, BOCTPe6OBaHHBIX
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B JesSTeIbHOCTH CaMUX NPeANPUSTHH
U obecrieunBaroOmel UX HHPPACTPYKTYPHL.

BaskHBIM 06BegUHSIOMUM GaKTOPOM ISl BCEX
BUJOB OTXOJOB SIBJISIeTCSI TO, YTO HedTellJaMBbl
u [1BO comepskaT HabOpEl KOMIIOHEHTOB, COPTHPOBKA
U mnepepaboTka KOTOPBIX MalopeHTabenbHa
U Helleslecoobpa3Ha, ocobeHHO B yAa/IeHHBIX PalioHaX
3amaaHoOM U BOoCTOYHOM CI/I6I/IpI/I, a Takke [lajipHero
BocToka. HammpuMep, HedTelll1aMbl COAEPsKaT TBEpAbIe
IIPHMeCH KPYITHOTO K MeJIKOTO pa3Mepa, obpasymormue
CTOMKYIO He pacC/IalBaIOUYI0CS SMY/IbCHIO U T.II., UYTO
nenaeT HepeHTabenbHBIM IIPOLIECC UX Pa3lielieHHUs,
npuvyeM OOJBIIMHCTBO CTAHLAPTHBIX METOLOB
pereHepanuu HedTellJIaMOB He CIPaBISIOTCH
[IOJIHOCTBIO C [IOCTaBJICHHOH 3aga4deri. B obimactu I1EO
B S3KOHOMMHYECKH Pa3BUTHIX CTPaHAX MHPa TPEHAO0M
saBasieTcsa nepepaborka mo 70-80% oTxomoB Ge3
COPTHUPOBKHU C KOreHepallHel Tellyla U 3JIeKTPUYeCcTBa,
a Takxe (B Hebospmom obbeme) IONydyeHHEM
MaTepHaJIoB [JISI CTPOUTE/ILCTBA.

TakuMm o6pa3om, B OCHOBE KOHIIEIILIUM CO3LAHHUS
BeICOKO3®PekTUBHON KCIIO ans mpefnpUSATHU
HedTerasoBorl OTpPaCAH MOOJKHBI JIeXaThb
MHHOBAIIMOHHBIE TeXHOJOTHH, obeclieuuBalolIiue
nepepaboTrky oTxomoB 6e3 IpeABapUTeNbHOM
COPTHPOBKH C IIOJIyYeHHEM TeIljia, 3JIeKTPUYecTBa
U CTPOMTEJ/IBHOTO MaTepHaja, a TaKsKe pelleHHe
3KOJIOTMYECKUX 3aJay Ha COBpeMeHHOM ypOBHe.
JaHHBIM TpeGOBaHUSIM OTBEUAeT MHHOBALIMOHHO-
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MHBECTHUIMOHHBIN NPOeKT "BricoK03dPeRTUBHASL
KOMIIJIeKCHAsT CHCTeMa II0 3KOJOTHMYeCKOH
nepepaboTke 0TX0mOB B HedpTera3oBou OTpaciau’
(puc.1), xoToprli cOOPMUPOBAH Ha OCHOBE
MHHOBAIIMOHHBIX TEXHOJIOTHI U 060pyNOBaHHUSL.
VIHHOBAIIMOHHAsI TEXHOJIOTHSI I10 ITepepaboTke Bcex
BHUJIOB OTXO/I0B (HepTelm1aMOB, IIPOMBILIIIEHHBIX,
OBITOBBIX) OCHOBaHa Ha BBICOKOTEMIIEPATYypPHOM
IJIaBSIIeN FasuUKALUHU U UMeeT PSf OTIHYUM
OT APYTUX Fa3uGUIIUPYIOIIUX HIH IHPOTUTHIECKUX
IpolleccoB. BricokoTeMIlepaTypHas nepepaboTka
OTXOJI0OB He HYKIAeTCs B IPeACOPTHUPOBKE CHIPbS
U OTHOCHUTCS K IIMKJIAaM 3aKPBITOTO THUIIA, YTO
yCTpaHsieT BCe SKOJIOTMYeCKIe OIIAaCHOCTH, CBSI3AHHBIE

ndoubtedly, up-to-date sys-

tems for waste processing

and water purification are in
demand in all sectors of the econ-
omy and have a stable, promising
market, establishing a new sec-
tor of modern high-tech produc-
tion. Taking into account the most
important environmental prob-
lem of the protection of all natu-
ral resources from the negative
impacts, it is reasonable to realize
large pilot projects in the oil and
gas industry, whose development
strategy provides maximum utili-
zation of all useful components in
the extraction and processing of oil
and gas with protection of ecology
in enterprises. Systematic imple-
mentation of this strategy should
be based on the priority creation of

a domestic high-performance com-
plex system for environmental pro-
cessing (CSWP) of all types of waste
at all stages of the cycle of activity
of the enterprises of the oil and gas
industry - from oil production to
refining taking into account mod-
ern requirements of technosphere
safety, including water resources,
soil, biosphere.

ENVIRONMENTAL

WASTE PROCESSING

From the point of view of envi-
ronmental and economic per-
formance, created CSWP should
operate on the basis of recycling
all types of waste, which accom-
pany the operation of the oil and
gas industry, including oil-pol-
luted waste (sludge), and related

industrial and domestic waste
(IDW), with obtaining of com-
petitive products and services
that are in demand in the opera-
tion of the enterprises and their
infrastructure.

An important unifying fac-
tor for all types of waste is that
the oil sludge and IDW contain
components, sorting, and pro-
cessing of which are not profit-
able and impractical, particu-
larly in remote areas of Western
and Eastern Siberia and the Far
East. For example, the oil sludge
contains solid impurities of large
and small size that form a per-
sistent emulsion, etc., making
unprofitable process of their sep-
aration, and most of the stan-
dard methods of regeneration of
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Puc.1. KomnaeKkcHas cucmema no 3konozuveckoli nepepaéomke omxodos (KCrQO) das npednpusmuli Hedpmezazosoli ompacau Poccuu
Fig.1. Complex system of environmental waste processing (CSWP) for oil and gas industry

oil sludge can not cope with the
task. In economically developed
countries, the trend is recycling
of 70-80% of the IDW without sort-
ing with cogeneration of heat and
electricity, as well as (in small
amount) with obtaining of materi-
als for construction.

Thus, the concept of creating
highly effective CSWP for the oil
and gas industry should be based
on innovative technologies, pro-
viding processing of wastes with-
out preliminary sorting to pro-
duce heat, electricity and building
material, as well as solving envi-
ronmental problems at the pres-
ent level. Innovative investment
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project "Highly efficient complex
system of environmental waste
processing for oil and gas indus-
try" (Fig.1), which is formed on
the basis of innovative technolo-
gies and equipment, meets these
requirements.

Innovative technology for pro-
cessing of all types of waste (oil
sludge, industrial, domestic) is
based on high temperature melt-
ing-gasification, and has a num-
ber of differences from other gas-
ification or pyrolysis processes.
High temperature processing of
waste does not need pre-classi-
fying of raw materials and is a
cycle of the closed type, which

eliminates all environmental risks
associated with waste manage-
ment. The only requirement is that
the waste must comply with the
size of the input window and must
have a valid humidity. Mineral
and metal contaminations are not
only permitted, but encouraged.

Gasification is carried out
mainly using technical oxygen
and sometimes - water vapor.
Depending on the factory size and
characteristics of raw materials
the processing efficiency reaches
75-80%.

The treated waste pass the
following stages of process-
ing at atmospheric pressure in
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c mepepaboTKoi 0Tx00B. EAMHCTBeHHOe TpeboBaHMe
COCTOHT B TOM, YTO OTXOIbI JOJIKHBI IIPOXOJUTH
B IIPHEMHO€ OKHO YCTAHOBKH M MMETb JOIIYCTUMYIO
BJIaJXHOCTh. MHUHepaJibHbBle U MeTaJl/IMYeCKHUe
BKIIOUYEHHUS He TOJAbKO TOMYCKAKTCH, HO
U [IPUBETCTBYIOTCS.

FasuuKaumusa OCyIeCTBISAETCSI, B OCHOBHOM,
C HNOMOINbIO TEeXHMYECKOIro KHCJIOpOLa,
a MHOIA ~ BOASHOIO Iapa. B 3aBHCHMOCTH OT pasMepa
$abpUKU U XapaKTePUCTHUK CHIPbsi 3G PEeKTUBHOCTD
repepaboTKu cocTaBisieT 75-80%.

B OpAsMOTOYHOM IIAXTOBOM peakTope
aTMocdepHoOro maBiaeHus obpabaTeBaeMble
oTXoAbl (pHC.2) MPOXOAST CHelyIOL[He 3Tallbl
06paboTKHU: CymKYy, MHUPOJU3, Fa3suPUKALHIO,
YaCTUYHOe OKHMCJeHHe, OKHUC/IeHHe, YaCTHYHOoe
OKHUCJIeHHe U BOCCTaHOBJIeHHe., [a3udpUKanusi
OCYILleCTBIISIeTCSI B BOCCTAaHAB/IKBalIoIler aTMocdepe
opy Temieparypax 1500-2000 °C. bonpuias 4acTh
yIr1eBOLOPOLOB pa3jiaraercs yxKe B peakTope
rasupukaTtopa, 4YTO J[gejaeT IIPaKTHYeECKH
HeBO3MOKHBIM IIepBUYHOe 06pa3oBaHMe JHOKCHHOB
U pypaHoB. OpraHuvYeCKHe KOMIIOHE@HTEI OTXO/0B
IIPHU ONYyCKaHHUH BHHU3 IIO0 TOINOYHOM KOJOHHE
[OABEpraroTCcsa NUPOJIHUTUUYECKOHN JeKOMIIO3UIIHH,
oboramas TOIMOYHBIN ra3. TOT MHUPOJIUTHUYECKUI
ras ImojaeTrcs B BBICOKOTeMIIePAaTyPHYI 06/1acTs,
rme OH IIOYTH IOJTHOCTBIO KOHBEPTHpYyeTCHd
C IIOMOIIBIO KUC/IOPOJA B KauecTBe rasudukaropa.
OpraHuvyecKkue KOMIIOHEHTHI pa3jlaramwTcs
B HHM3KOMOJIeKYJISIpHble COeLHHEHUHS IPpHU
TeMIlepaTypax okoo 2500°C.

Co6CTBEHHbIN ra3
Own gas

Kncnopoa
Oxygen

HeounleHHbIN ras

Kncnopoga,
Oxygen

Pacnnas
Melts

Puc.2. Cucmema ebicokomemnepamypHol nAdesuie
2a3upukayuu: 1 - cywka, 2 — nupoaus; 3 — zasupukauus;
4 - okucneHue; 5 - soccmaHosneHue; 6 — scacbieaHue; 7 -
oKucaeHue; 8 - nAaska.

Fig.2. High-temperature melting-gasification system: 1 - drying;
2 - pyrolysis; 3 - gasification; 4 - oxidation; 5 - reduction; 6 - suc-
tion; 7 - oxidation 8 - melting

the direct-flow reactor: drying,
pyrolysis, gasification, partial
oxidation, oxidation, partial
oxidation and reduction (Fig.2).
Gasification is performed in a
reducing atmosphere at tem-
peratures of 1500-2000 °C. A
large part of the hydrocarbons is
decomposed already in the reac-
tor, making it virtually impos-
sible the primary formation of
dioxins and furans. When low-
ering down in the reactor col-
umn, the organic components of
the waste are subjected to pyro-
lytic decomposition, enriching
the flue gas. This pyrolysis gas is
fed into high temperature area,

where it is almost completely
converted with oxygen as a gas-
ifier. Organic compounds are
decomposed into low molecular
weight compounds at tempera-
tures of about 2500°C.

Through the use of oxygen as
the primary gasifier, a low con-
tent of nitrogen oxides (NO,) in
the synthesis gas and the high
calorific value of the latter (2-3
kWh/m?3) are achieved. In condi-
tions of destruction of organic
materials and passivation, as
well as of the concentration of
inorganic materials, the hazard-
ous substances are destroyed and
recycled.

Thus, after the processing
of waste using high tempera-
ture melting-gasification, vir-
tually complete lack of products
that require further disposal is
achieved, i.e., dust and smoke
are not produced in the envi-
ronment. End products are gas,
heat, stone, metal (Fig.3).

The offered technology and
equipment allow to implement
four main options for the use of
the produced synthesis gas:

« burning with water heating,
electricity generation by the
steam turbine;

« production of heat and electricity
using combined system;

#1/71/2017 NANO INDUSTRY
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2mansl 8bicokomemnepamypHoli naassiueli 2a3udukauuu

Stages of high-temperature melting-gasification

TemnepaTtypa, °C
Temperature, °C

MNMpouecc
Process

CbIpbe ¥ AOMOIHUTE/bHbIE BELLECTBA 3arpy>KatoTcs Mpu TeMrnepaType OKpy>KatoLLern cpefibl i HOpMasbHOM

<100 AaBNeHnun

Raw materials and additional substances are loaded at ambient temperature and normal pressure

100-200

CyLKa Cbipbs, yAaNeHWe COMyTCTBYIOLEN BOAbI
Drying of raw materials, removal of associated water

BoccTaHoBIeHMe, CEpOOYNCTKA, YaaNIeHne BMUTAHHOW BAarn u YrnekKncaoThbl, genoammMmepusanns, Ha4asio pas-

250 NIoxXeHns H,S

Reduction, desulphurization, removal of absorbed moisture and carbonic acid, depolymerization, beginning of
decomposition of H,S

340 KpekuHr anndaTtmnyecknx cBs3em, Ha4ano otaenenuns CH, n opyrux anndatos
Cracking of aliphatic linkages, beginning of separation of CH, and other aliphates

KokcoBaHue

S0 Coking

400

Pacnag C-O n C-N cBsizen, OTAeNeHne reTepoaToMoB
Decomposition of C-O and C-N bonds, separation of heteroatoms

400-600

KoHBepTauus butyma
Conversion of bitumen

KpekuHr 61MTyMa 40 TepMOCTabUIbHbIX Cy6CTaHLMI (KOPOTKOLENOYeUYHbIX Fa3006pa3HbIX Yr1eBoA0pOA0B),

> 600

hydrocarbons

CMHTE3 apoMaTUYecKmX yrieBog0pOA0B
Cracking of bitumen to thermally stable substances (short-chain gaseous hydrocarbons), synthesis of aromatic

rasmowkaums: cuHtes N,/NH; 1 H,S/COS; ranoreHbl MoHOCTbIO B ra3006pa3Hoi Gpopme (Kak X0pUAbI LLeoy-

800-1200
metals or HCI)

HbIX MeTann0B nan HCl)
Gasification: synthesis of N,/NH; and H,S/COS; halogens are completely in gaseous form (as chlorides of alkaline

ObpazoBaHMe MUHepabHOro pacnaasa. MosHoe pasoXeHne apoMaTUYeckmx yrinesofoposos, HCN v opraHu-

1200-2000
formation

YeCcKnx X10pnaoB, 0bpasoBaHme caxm
Formation of mineral melt. Complete decomposition of aromatic hydrocarbons, HCN and organic chlorides, soot

O6pa30BaHVIE >Keneso-meTasInyeckoro pacnsiasa. Havyano MOJ'IEKy}'IFIDHOVI anccoumaunn, HWHXKHAA naasMmeHHas

2000-2700 obnactb

Formation of iron-metal melt. Beginning of molecular dissociation, lower plasma region

« partial conversion to meth-
anol with associated heat
generation during the
synthesis;

 transfer of processed gas to
outside consumers.

The project envisages the
creation of two variants of
reactors with a capacity of
10,000 tons/year and 20,000
tons/year. Gasifying line con-
sists of two reactors, and waste
processing can continue even
if you stop one of them for
service. Thus, the gasifying
capacity of the line is 20,000
or 40,000 tons/year. The modu-
lar structure allows to increase
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the complex’s capacity by
installing additional gasifying
lines.

"Self-sustainability" of the
system allows to install it in
the place that best meets the
needs of the region or busi-
ness. This energy source is able
to allow inaccessible regions
to become more autonomous.
Recycling of one ton of waste
provides about 1.6 MW/h of
electricity, or about 380 liters
of diesel fuel. Processing prod-
ucts are used in primary and
secondary production of oil
and gas companies, as well as
in the social sphere.

WASTEWATER TREATMENT

The wastewater treatment system
is created on the basis of univer-
sal technology of electrochemi-
cal activation (ECA). This technol-
ogy enables the use of the same
processes of synthesis of electro-
chemically activated solutions for
water purification, as well as tech-
nical systems with the same type
of electrochemical reactor for use
in a variety of fields. The electro-
chemical systems are developed
and manufactured with capaci-
ties from a few liters per hour up to
several thousand cubic meters per
day, which are used for high-qual-
ity purification and disinfection
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DNeKTpuyecTso
Electricity

CrHTe3-ras
Synthesis gas

Y

Pacnnas
Melt

OnpecHeHne
Desalination

TennoobMeHHMK
Heat exchanger

&y

n|and u

Cnnasbl
Alloys

Puc.3. Om mycopa K nonesHbim npodykmam
Fig.3. From garbage to useful products

braromaps UCIIOIb30BAHUIO KUCIOPOA B KayecTBe
OCHOBHOI'0 ra3u$UKaATOPA, JOCTUTAIOTCS IIOHUKEeHHOe
comepskaHHe OKCHOB a30Ta (NOX) B CHHTe3-rase
Y BBICOKAsl TEIIJIOTBOPHAS CIIOCOOGHOCTD I1OC/IeJHETO

(2-3 xBT'u/Mm3). IIpu paspyLIeHUH OpPTaHHUYECKHUX
MaTepHaJIOB U MHEPTU3ALIUH, a TAKKe KOHLIEHTPaLluK
HeOpraHUYeCKUX MaTepHUaoB, OMACHBIE BellecTBa
Pa3pyILIAOTCS H YTHIHU3UPYIOTCSL.

of drinking water, wastewa-
ter, etc. (Fig.4). Models for use in
large water treatment plants and
in individual cottages and apart-
ments are developed and serially
produced.

The main advantages of ECA
over conventional chemical
technologies are environmen-
tal friendliness, efficiency and
versatility.

Environmental friendliness
is caused by the possibility to
completely eliminate or signifi-
cantly reduce the use of chemi-
cal reagents in industrial pro-
cesses requiring the use of water
and aqueous solutions for various

purposes, including in disinfec-
tion and purification of drink-
ing water and also to completely
eliminate or significantly sim-
plify the purification of the sew-
age that is usually necessary at
use of conventional chemicals.

Efficiency is caused by signifi-
cant increase in the efficiency of
processes by reducing labor costs,
time and materials consump-
tion, and by improving the qual-
ity and functional properties of
final products.

The versatility of the ECA
allows to create equipment for
use in the project for drilling,
mining, transportation and

processing of oil and gas (Fig.5).
For example, the ECA allows to
reduce the amount of chemicals
used in drilling on 60-70 %; to
increase the mechanical drill-
ing speed in 1,5-2,0 times; to sig-
nificantly reduce environmen-
tal pollution and contamination
of aquifers due to nonchemi-
cal regulation of physicochemi-
cal parameters of drilling fluids
(viscosity, water loss, static shear
stress) and reduction of the crit-
ical area of formation thanks to
the electroosmotic prevention of
the penetration of mud filtrate
into the formation, as well as
through the use of electrokinetic
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TakuM obpasom, mociie nepepaboTKH OTX0H0B
C KCII0/Ib30BaHHEM BBICOKOTeMITePATyPHOM IJIaBSIIer
rasupuKaLUU NPAaKTUYeCKH OTCYyTCTBYIOT IIPOAYKTHI,
KOTOPble HY>KIAIOTCS B Ja/IbHeHIIeH YTUIKU3aluu, TO
eCTb IIBIIb K ABIM He BBIIIYCKAIOTCSI B OKPY>KAIOLIYI0
cpeny. KoHeuHble MpOAyKTHl IepepaboTKu - ras,
TeI10, KaMeHb, MeTaJl1 (puc.3).

[IpepnaraeMasi TeXHONOTHSI U 0OopymoBaHUe
[I03BOJISIIOT pPeaik30BaTh YeThIpe OCHOBHBIX BAapHaHTA
HCII0/Ib30BAHUS I10/IyYeHHOI'0 CHHTe3-Ta3a:

e CXKMTaHHUe C HarpeBOM BOJBl, IIPOH3BOJCTBO
37IeKTPOIHEPrUHU IIaPOBOH TYpPOHHOM;
* IPOHU3BOACTBO TeIJO- H 3/JeKTPOIHEepPTHUHU

KOMOMHHMPOBAHHOM YCTAHOBKO;
¢ YaCTHUYHOe ITpeobpa3oBaHMe B METAHOJI C IIOIy THOHN

TeIlJIoreHepaliKe IIpK CHHTe3e;

e Iepefava OUYMIIEHHOIO ra3a CTOPOHHEMY
roTpeburenio.

[IpoeKT mpesycMaTpHUBaeT CO3/laHHe IBYX Bapu-
AaHTOB PeaKTOPOB C MOIIHOCTEIO 10 ThIC. TOHH/TO[,
u 20 THIC. TOHH/TOI. Fasupunupyomas JUHUSA
COCTOHUT U3 IBYX PeaKTOPOB, U IlepepaboTKa Mycopa
MO>KeT IIPOJOJIKAThCS aXKke B C/lydae OCTAHOBKU
OZHOTO M3 HUX Ha o6cnykuBaHUe. Takum obpasoM,
MOIIHOCTb Fa3suPUIUPYOLeH JUHUU COCTaBIgeT
20 ThIC. MK 40 THIC. TOHH/rof. MoaynbHas CTPYK-
Typa IO3BOJIZeT YBeJHUYHBATh MOUHOCTb KOM-
IjleKkca IIyTeM YCTAaHOBKH JOMOJHUTEIbHBIX Ta3H-
GULIMPYIOIIMX TUHUH.

"CaMOZOCTATOYHOCTD' YCTAHOBKU II03BOJSIET
pacmosiaraTh ee B MecTe, Haubojiee oTBevaroem

noTpe6bHOCTIM MAHHOTO perdoHa UM 6H3Heca.
9TOT UCTOUYHMK 3HEPIUH MOXKET II03BOIUTE TPYAHO-
OOCTYIIHBIM PerHMOHaM CTaTh 60/1ee aBTOHOMHBIMH.
[TepepaboTka ofHOM TOHHBI Mycopa obecriedrnBaeT
0K0710 1,6 MBT/4 3/1eKTPO3HEpPruH UK IPUMePHO
380 TMUTPOB AHU3€IBHOTO TOIIMBA. [IpOAYKTHI ITepe-
paboTKM HCIIONAB3YIOTCS B OCHOBHOM M BCIIOMOTA-
Te/IbHOM IIPOM3BOJICTBAaX IpeAIpPUITHHN HedTeraso-
BOM OTPaC/IH, a TaK>Ke B COLJMAIbHOM chepe.

OYMCTKA CTOYHDbIX BOA U BOAOMOArOTOBKA
CucTeMbl OUMCTKU CTOYHBIX BOJ, U BOJOIIOATOTOBKU
CO3JaHBl Ha OCHOBe YHHUBEPCAIbHOMU TEXHOJOTHUH
3JIeKTPOXUMHUYECKON aKTHBALIUHU (3XA). OTa TexXHO-
norus obecrieuuBaeT BO3MOKHOCTb UCIIOJIb30BAHU S
OJJMHAKOBBIX IIPOLIECCOB CHHTEe3a 3JIeKTPOXUMHU-
YeCKM aKTHBHUPOBAHHBIX PACTBOPOB AJI OYMUCTKH
BOJbI, a TAKKEe TeXHUYECKUX CUCTEM C OLMHAKOBBIM
THUIIOM 3JIeKTPOXMMHYECKHX PEaKTOPOB [IJI5 [IpUMe-
HeHUS B pa3TUYHBIX 0b1acTax. Pa3pabaTeBatoTCs
U BBIIYCKAIOTCS 371eKTPOXMMHYECKHUEe yCTAHOBKU
IIPOU3BOSUTEBHOCTHIO OT HeCKOJIbKUX JIUTPOB
B 4acC 10 HECKOJIBKUX THICSY KyOOMETpPOB B CYTKH,
KOTOPBIe CIy>KaT [1JIs1 BBICOKOKaueCTBEHHOM OUHCTKH
1 o6e33apaskMBaHUS IUTbheBOM BOABL, CTOUHBIX BOJ
U T.1. (puc.4). Pa3paboTaHbl U CEpPUMHO BBIIIYCKa-
IOTCSI MOZI@/IH JJISI MUCII0JIb30BAHU S KaK Ha KPYIIHBIX
BOJJOOYHMCTHBIX CTAHLMAX, TAK U B OTJHEJIbHBIX KOT-
Te[ KaX U KBapTHPaX.

OCHOBHBIMH IIpeHMYLIeCTBAMHU TeXHOJIOIUH DXA
nepes TPagULHOHHBIMH XUMHUYECKUMH TeXHOJIO-

removing of fine-dispersed solid
phase (clay particles smaller
than 10-20 pm in size) from a
drilling fluid, which allows to
exclude the operation of dilution
of the latter.

Various modifications of elec-
trochemical modular compact
systems allow to synthesize
the hydrochloric acid and caus-
tic soda from sodium chloride
solution. Energy consumption
per ton of caustic soda does not
exceed 3000 kW. Simultaneously
with the production of one ton of
caustic soda in the form of a 18 %
solution, 0.9 tons of hydrochlo-
ric acid with concentration of
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15 % (according to hydrogen chlo-
ride - 100 %) is synthesized.

Electrochemical devices of
various modifications also help
to clean natural water and turn
it into drinking at almost any
source contamination. Capacity
of a single installation can range
from 20 to 500 liters/hour.

The intensification of the sec-
ondary methods of oil extraction
can increase the oil recovery in
case of injection of the electro-
chemical activated solutions by
5-10% in comparison with the
displacement of the oil by aque-
ous solution of polyacrylamide or
micellar solutions. At the same

time, the consumption of chemi-

cals is eliminated, in particular

of surfactants, and contamina-
tion of the environment is pre-
vented. The energy consumption
of production of ECA solutions is
0.5-0.7 kWh/m3.

ECA can be used to solve the
following tasks:

« removal of asphaltene sediments
using hot electrochemically acti-
vated water with the preset val-
ues of pH and oxidation-reduc-
tion potential (ORP) and addition
of surfactants;

 bactericidal treatments with
a solution of oxidants from
AQUATRON devices with the
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Puc.4. Snekmpoxumuyeckas ycmaHoeKa 015 8bICOKOKA4ECMBeHHOL 04UCMKU U 06e33apaXkusaHusl 00bl
Fig.4. Electrochemical system for high quality purification and disinfection of water

THUAMH ABISAOTCA 3KOJTOTHMYeCKasad YHMCTOTa, 3KOHO-
MHYHOCTDb 1 YHHBEPCAJIBHOCTbD.

JKojoruyeckas 4YucToTa 06YCHOBHEH3. BO3MOXK-~
HOCTBIO ITOJTHOCTBIO UCKIIOYHKUTD UJIXM 3HAYHUTEJIBHO
COKPAaTHUTh INPUMeHeHHe XUMUYECKUX peareH-
TOB B TEXHOJIOTHMYECKHUX IIpoleccax C UCIIOJIb30~
BaHHEM BOAbI U BOAHBIX PACTBOPOB PA3JIMYHOTO
Ha3HAa4YeHHsd, B TOM YHCJIe TIpU o6e33apa>I<HBaH1/m
U OYUCTKE IIHUThEeBOU BOObI, 4 TAK>Ke ITOJIHOCTBIO

HCKJIIOYUTh U/IU 3HAUHUTE/IbHO YIIPOCTUTD OUUCTKY
CTOUYHBIX BOJ, OOBIYHO HEO6XOAUMYIO IIPU IIPUMe-
HeHUU TPAJULIMOHHBIX XUMHUUECKUX PeareHTOB.

9KOHOMHUYHOCTD 3aK/II0YAETCS B 3HAUHUTETbHOM
MOBBIIIEHUH 3PPeKTUBHOCTU TEXHOTOTHYECKUX
IIPOIeCCOB KaK 3a CUeT yMeHbIIeHHUs 3aTpaT TPy/a,
BpeMeHH U MaTepHajoB, TaK U 3a CUeT yaydlleHHs
Ka4yecTBa U QYHKIIMOHAJIBHBIX CBOMCTB KOHEUHBIX
IIPOLYKTOB.

addition of the corrosion inhibi-

tor or without it;

« flushing of pipelines using solu-
tions on the basis of electro-
chemically activated water
for removing of asphaltene
sediments;

+ flushing of wellbore zones for
intensification of oil produc-
tion using electrochemically
activated water or bactericidal
water-in-oil emulsions on the
basis of electrochemically acti-
vated water.

In transportation of oil and
gas the use of ECA for corrosion
protection of pipelines against
aggressive liquids (stratal, waste

and sea water) eliminates the
need for corrosion inhibitors, pro-
vides 99% protection when power
consumption is 0.016-0.027 kWh
for 1 cubic meter of pumped lig-
uid. This prevents environmental
pollution by inhibitors and corro-
sion products.

The preparation of solutions
of scale inhibitors using electro-
chemically activated water with
controlled pH and redox poten-
tial will provide decrease in a
consumption of inhibitors in 3-4
times while maintaining perfor-
mance of solutions.

ECA is efficient in electrical
desalting of oil. Before feeding the

crude oil to the refinery the excess
of the dissolved salts must be
removed by addition of water fol-
lowed by separation in an electro-
static field. Replacement of nor-
mal water by a cathode activated
allows to speed up the extraction
of salts, to increase the depth
of oil purification from salts in
3-5 times, to reduce the required
amount of added water in 2-4
times.

Purification of associated gas
from hydrogen sulfide in the pro-
cess of pipeline transport of oil,
purification of natural gas prior
to obtaining the LNG by using
an electrochemically activated
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Puc.5. MpumeHeHue 3neKkmpoxXumu4eckoll akmusayuu 8 npoMbiu-
AeHHoCmU
Fig.5. industrial applications of electrochemical activation

YHHUBepPCaAbHOCTh DXA IIO3BOJISIEeT CO3LaBaTh
obopymoBaHMe /151 HCIIOJIb30BAHUS B PACCMaTpHBa-
eMOM ITpoeKTe Ipu 6ypeHUH, 10ObIYe, TPAHCIIOPTe
u nepepaborke HedTH U rasa (puc.5). Tak, npuMe-
HeHMe DXA I103BOJISIeT COKPATUTD PACcXo[ XUMHYe-

solution of sodium sulfate allows

CKUX peareHToB IIpu 6ypeHuu Ha 60-70 %; yBenu-
YHUTh MeXaHHUYeCKYyI0 CKOpPoCTh 6ypeHHSs B 1,5-2,0
pas3a; 3HAaYMTeJIbHO YMEHBIINTh 3aTPA3HEHME OKPY-
>KaIoMlel cpe/ibl M BOJOHOCHBIX TOPU30HTOB 6y1aro-
naps 6e3peareHTHOMY PeryJIMpoBaHUIO QHU3HUKO-
XMMHUYECKHX [1apaMeTPOB OYPOBBIX PACTBOPOB (BsI3-
KOCTH, BOLOOTHAYH, CTATUYECKOr0 HAIIPSKeHU I
CABMIA) M COKPAlleHHI0 KoJIbMaTalluy Ipu3abon-
HOM 30HBI nacTa (I13I1) 3a cyeT 37IeKTPOOCMOTH-
YeCKOTO MpeaoTBpallleHUs IPOHUKHOBeHU S GUIIb-
TpaTta 6ypoBoro pacTBopa B IJIaCT, a TaKKe 3a CUeT
KMCIIOJIb30BAHU S 3/IeKTPOKHMHETHUYECKOIr0 MeToza
yoaneHUus MeJIKOAUCIIePCHON TBepAoH dassl (Iiu-
HUCTBIX YaCTHUI, pa3MepoM MeHee 10-20 MKM)
13 6ypoBOro pacTBOpa, UTO MO3BOJSIET UCKIIOUYUTh
oreparuio pa3bapieHHUs IIOC/IeIHETO.

JJIeKTPOXHMHUYECKHEe MOAY/IbHbIe KOMIIAKTHEIE
YCTAHOBKH Pa3/HYHBIX MOOHUPHUKALMU 103BOJISIOT
CUHTE3HUPOBATh COJSHYIO KHMC/JIOTY U KayCcTHYe-
CKYIO COAY M3 pPacTBOpa XJopHaa HaTpug. Pacxon
3HePTrUH Ha TOHHY KayCTHU4YeCKOM COZBI He IIPeBhl-
maetT 3000 kBT. OGHOBpeMEeHHO C IIPOH3BOACTBOM
OJTHOM TOHHBI KayCTHYeCKOM COAEI B BHe 18 % pac-
TBOpa CHHTe3upyeTcsa 0,9 TOHHBI CONSIHOU KHC-
JIOTHI KOHILIeHTpalKel 15 % (110 XJIOpUCTOMY BOJO-
poxny —100%).

Taxske, 371eKTPOXMMHYECKHE YCTAHOBKH Pa3/IMY-
HBIX MOJMUQPHUKALUU II03BOJSIOT OYHIATDL IPHU-
poInHyIO BOAY U IIpeBpalllaTh €e B IIMTheBYIO IpaK-
THYeCKHU IPHU TI060M HCXOLHOM 3arps3HeHHUH.
I[IpoM3BOOUTENbHOCTh eJUHHUYHON YCTAaHOBKH
MO>KeT COCTaB/IsATh 0T 20 10 500 TUTpOB/4ac.

to create waste-free, automated
production that does not pollute
the environment, to eliminate
the use of costly absorbents and
adsorbents (ethanolamines, zeo-
lite), to reduce the loss of gas in
3.5-4.0 times compared to exist-
ing methods.

If to use the cathode-activated
distilled water under pressure of
15 kgf/cm? and with a temperature
0f120°C in the pyrolysis of straight
run gasoline, then the output of
basic products of organic synthe-
sis (ethylene, propylene, butadi-
ene, benzene) increases approxi-
mately twice.
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Use of electrochemically acti-
vated potable water in the produc-
tion of chromia-alumina catalysts
for dehydrogenation of paraffin
hydrocarbons (butane and isopen-
tane) provides increase in activity
and strength of the catalyst by 10%.
The technology is developed by spe-
cialists of the Syzran plant for the
production of catalysts with the par-
ticipation of the authors of the ECA.

The technology of emulsion
polymerization of butadiene with
styrene with the use of electro-
chemically activated potable water
allows to improve the efficiency
of production of butadiene-sty-
rene rubbers due to reducing the

consumption of reagents (rosin
soap, chloride and potassium pyro-
phosphate), to increase by 40%
the rate of copolymerization, to
improve the quality of the rubber.
The technology is developed by sci-
entists and specialists of the Kazan
National Research Technological
University and Nizhnekamskshina
with the participation of the
authors of the ECA.

In General, the domestic technol-
ogies and equipment allow to cre-
ate a highly effective comprehensive
system for ecological waste man-
agement in the oil and gas industry,
which meets the modern require-
ments of the world market. [
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TexHONMOTUSA MHTeHCUPUKAL KUK BTOPHYHBIX
MeTOoJ0B A06BIYM HepTHU IMO3BOJISLET YBEJIUUYUTH
HedTeoTmauy IMIACTOB IIPH 3aKauke B HUX IXA-
pacTBOpOB Ha 5-10% 110 CpaBHEHHIO C BEITeCHEHHUEM
HepTH BOAHBIM PaCTBOPOM IIOJIMAKPHIAMUIA UIU
MULENIAPHBIMH pacTBopaMu. OJHOBpPeMEHHO
KHCKJII0YaeTCd PacXxol] XMMHUYECKHUX peareHTOB,
B 4acTHOCTH IIAB, mpemorspamaercs 3arpssHe-
HHe OKpYy’KaloIleHu cpejbl. Pacxol 3JIeKTpO3Hep-
TUU OJIS IoJy4YeHUsT DXA-pacTBOPOB COCTAB/IseT
0,5-0,7 kBT-u/m3.

9XA MOXXeT IPUMEeHSATBCA [IJISI pelleHU s ClIefyIo-
KX 3aJa4:

* yhaneHHs acPaJlbTeHOCMOIONAPadHUHOBBIX OTJIO-
skeHUH (ACIIO) ropsuen 31eKTPOXHMHUUYECKHU
AKTHBHUPOBAHHOK BOJOM C 3aJaHHBIMHU 3HAUeHH-
AMU pPH M OKUCIIUTEIIbHO-BOCCTAHOBUTEJILHOIO
noteHIrasna (OBII) c mobaBkoi ITAB;

e bakTepuIHHAs 06paboTKa pacTBOPOM OKCHIAH-
TOB U3 ycTaHOBOK AKBATPOH ¢ 106aBKOM MHIU-
6ruTOpa KOppo3uu UaH 6e3 TAKOBOH;

e NPOMBIBKU TPybOmpPOBOLOB pacTBOpPaMH
Ha OCHOBe 371eKTPOXUMHYeCKH aKTHBUPOBAHHOM
BOJBI C LIe/1bi0 yaaneHus ACIIO;

¢ IIPOMBIBKHU IIPH3a60MHBIX 30H CKBa>KHH C LIeJIbIO
MHTeHCHUOUKALKK N0ObIYM HePTHU 3TeKTPOXH-
MHYeCKH aKTHBUPOBAHHOMU BOJOH HJIK BOJO-
HeQTAHBIMU OAKTEePULIMJIHBIMU 3MYJIbCUSIMU
Ha OCHOBe 371eKTPOXUMHYeCKH aKTHBUPOBAHHOM
BOZBI.

ITpy TPaHCIOPTHPOBKe HePTH U Ta3a UCIIOJIb-
30BaHHe IXA /19 aHTUKOPPO3HMKMHOMN 3aIHUThHI
TPyOOIIPOBOMOB OT arpecCHBHBIX XHUAKOCTEH
(m1acTOBOM, MOPCKOM U CTOYHOM BOZBI) UCKIIIO-
4JaeT HeoOXOAUMOCTb IPUMeHEeHHU I HHIUOUTOPOB
KOppo3uH, obecrneunBaeT 99 % CTeleHb 3aLIUTEH
OpH pacxone 3jeKTposHepruu 0,016-0,027 kBT-u
Ha 1 kybomeTp mmepeKauynuBaeMOM KUKOCTH, UTO
[103BOJISIeT IPeJOTBPATUTh 3arpsA3HeHHe OKpyKa-
I0IIeN Cpeabl HHITHOUTOPaAaMU U IIPOAYKTAMHU KOp-
po3uH.

TeXHOJIOTM S NPUTOTOBJIEHHUSI PACTBOPOB HHIH-
OUTOPOB COJIEOTIIOKEHU M Ha 37IeKTPOXUMHUYECKH
aKTUBHPOBAHHOH BOJe C PeryJIupyeMbIMHU 3Ha-
YeHUAMHU PH U OKHCIUTENIbHO-BOCCTAHOBUTEIb"
HOIO IIOTeHIIHana obecredUT CHUKeHHe Pacxona
HHTUOUTOPOB B 3-4 pa3a IPH COXPaHEHUH BCex
3KCIIJIyaTallMOHHBIX Ka4eCTB PaCTBOPOB.

9XA 3¢ deKkTHBHA U B TEXHOJIOTUHU 371eKTpoobec-
conuBaHUS HeTHU. Ilepes nmogaden CeIpoi HePTHU
Ha HedpTemepepabaThBaloONUKN 3aBOJ U3 Hee
yOANSIOT U36BITOK PACTBOPEHHBIX COJIEH IIYyTeM
no6aByIeHU S BOAEI C IIOC/TeAYIOMKM pa3ieleHHeM

B 3JIeKTPOCTaTU4YeCcKoM ItoJie (ycTaHOBKHU DJIOY).
3aMeHa 06BIYHOM BOJBl Ha KaTOJAHO-aKTUBUPO-
BAaHHYIO [103BOJISIeT YCKOPUTH IIPOLeCcC U3BJieye-
HHS CONIeH, YBEeIHUUYUTD INTyOHHY OYUCTKH HePTH
OT cole B 3-5 pa3, YyMeHBUIUTHh HeobxXxoOAHMOe
KOJIMYeCTBO LoOaBJIsIeMOH BOLEL B 2-4 pasa.

O4YMCTKa MHOIIYyTHOILO Tra3a OT CePOBOAOPOLA
B IIpolecce HeQTeIIPOBOLHOIO TPaHCIOpPTa
HedTH, OUYMCTKA IIPUPOJHOTO ra3a mepej mojayye-
HueM CIIT ¢ MOMOIIBIO 3JIEKTPOXUMHUYECKH aKTH-
BUPOBAHHOTO pPacTBOpa CyabdaTa HATPHA I103BO-
JSII0T CO3AaTh 6€30TX0IHOE ABTOMATU3HPOBAHHOE
IIPOM3BOJACTBO, He 3arps3HAILee OKPYKAOILY IO
cpeny, UCKJIIOYKUTh UCIIOJb30BaHHUE JOPOTOCTOS-
IIMX U HeYLOOHBIX B 3KCIIJIyaTalluu abcopbeHTOB
U azficopbeHTOB (3TAaHOJIAMUHOB, I1€0JIMTAa), COKpa-
TUTh [IOTEPHU ras3oB B 3,5-4,0 pasa mo CpaBHEeHHIO
C CYIIeCTBYIOIMMH METOLAMHU.

Ecny KaTomHO-aKTHBHUPOBAHHYIO JUCTHIIINA-
POBaHHYIO BOAY, HaXOASIYIOCS IO JaBjeHHeM
15 krc/cM? 1 HMeIyo TeMIepartypy 120°C npu-
MEeHHUTDb B IIHPOJIH3e IPIMOroHHOro 6eH3HnHa,
TO BBIXOJ[ OCHOBHBIX IIPOJYKTOB OPraHHUYeCKOro
CHHTe3a - 3TUJIeHa, IPOIM1JIeHa, JUBHUHUIIA, OeH-
30/1a - BO3pacTaeT NpUbIHU3UTEeIbHO BIBOE.

[IpuMeHeHHe 3JIeKTPOXMMHUYLCKH aKTUBHUPO-
BaHHOM IIMTbeBOM BOJBL B IPOM3BO/CTBE aIFOMOX-
POMKaIHeBbIX KaTaJIM3aTOPOB AeTUAPUPOBAHU S
napapUHOBBIX YIIeBOAOPOoAoB (byTaHA M HU30IeH-
TaHa) obecrneunBaeT MOBbIIIEHHEe AaKTUBHOCTH
U IIPOYHOCTH KaTajau3aTopa Ha 10%. TexHoIOrUs
paspaboraHa cmenuanucTaMu ChI3paHCKOIO
3aBofia 10 IIPOU3BOACTBY KaTa/IM3aTOPOB C y4a-
CTHeM aBTOPOB IXA.

TexHONMOrusg 3MyA1bCHOHHOU MHONHMMepH3aL U
JVBHHMIJIA CO CTUPOJIOM C IIPUMEHEHHEM 3JIeKTPO-
XMMHYeCKH aKTHBHUPOBAHHOMU IIUTbheBOU BOJBI
[103BOJISIeT IMOBBICUTH 3QPEeKTHBHOCTD I10JIyYeHHU
JUBUHUJICTUPOJBHBIX KayYyKOB 32 CUeT YMeHb-
IIeHH S pacxofa peareHToB (KAaHUGQOIBHOTO MBLJIA,
xJlopuga U nupodocdara Kanaus), YBeIUUHUTH
Ha 40% CKOpPOCTb COIONKMMEPU3aL MU, IIOBEICUTH
KauecTBO Kay4yKa. TexHosorus paspaboraHa yue-
HBIMH M CIIelHa/IUCTaMHU Ka3aHCKOT0 XMMHUKO-
TeXHOJIOTUYeCKOT0 MHCTUTYTAa 1 IIPOU3BOACTBEH-
Horo obvennHeHHUS "HHUKHEKAMCKIIMHA" € y4a-
CTHeM aBTOPOB DXA.

B nenom, mpenjgaraeMele oTeYeCTBeHHbBIE TeX-
HOJIOTUU U 06opynoBaHHeE II03BONSIOT CO3MATh
BBICOKO3)PEeKTHUBHYIO KOMIIJIEKCHYIO CHUCTeMY
I10 3KOJIOTHYeCKOH epepaboTke 0TX00B B HedTe-
ra30BOM OTPAC/IH, KOTOPasl COOTBETCTBYeT COBpe-
MeHHBIM TPeb6OBAHUSIM MHUPOBOTO PEIHKA. |
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