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PaCTHUTEIBHOTO IPOUCXOXKICHHS: OTPYOH, OPEXH, KPYIIbI,
crenuy, 4ai, kode, Kakao, OBOLIH.

lpenaparet maruus: marnust uurpar C.HO Mg
, mMarnus oporar (C.H,N,O,),Mg, maruus DIIOKOHAT
(CH,,0,),Mg, maraus naxrar (C,H,0,),Mg. B mexumm-
HE HCIIONB3YIOTCSI KaK MHHEpalbHbIE JT0OABKU C L0
POGHUIAKTUKY U JICUCHUS Ae(UIINTA MATHUS B OPTaHH3-
M€ M THIIOMAarHUEMHUH. MarHus opoTaT NMPUMEHSETCS B
Tepaluu CepIeyHON HeI0CTaTOUHOCTH.

U3YYEHUE NOAJUHHOCTU MUKCTYPbI KBATEPA
T'ycosa A.O., [3epanosa K.b.

Cesepo-OcemuncKuil 20¢y0apCmeeHHblll YHUSepcunem
um. KJI. Xemazypoesa, Braoukasxas, Poccus

KomOunmpoBanHblii npenapar Ksarepa oxaseiBaer
YCIOKanBaIollee U IPOTUBOCYA0POKHOE AelcTBuE. Llens
paboThI: U3ydeHNE MOUIMHHOCTH MUKCTYphI KBarepa.

Xon paboThl.

Bpomua-non ompenensnan mo oOpa3oBaHHUIO JKEITO-
BaTOTO TBOPOXKHCTOTO 0CAJKa, KOTOPHI HE PaCTBOPUM B
pacTBope aMMOHHs KapOoHarTa.

C IMHKYpaHMIAETaTOM 00Pa30BaNICs KENTHIH KpH-
CTJUIMYECKUH 0Ca/IOK, YTO CBHJETEIBCTBYET O IPHCYT-
cTBUM HOHOB Na'.

C pactBopom Harpus (hochara B MPUCYTCTBUH aM-
MOHHSI XJIOpHAA 00pa30BaICsl KPUCTATUIMIECKUH 0CaI0K,
PacTBOPUMBIN B YKCYCHOI KHCIIOTE, YTO CBUAETEIbCTBY-
€T O MPUCYTCTBUH HOHOB Mg?".

Cynb(aT-HOHBI ONPEaeIuIn no 00pa3oBaHui0 Oerno-
ro ocazka 6apus cynbgara, HEpaCTBOPUMOTO B KHCIOTAX
U 1IeIovax.

AMUIONIUPYH OTKPBIBANIN 110 PEaKIuu ¢ cepedpa HUl-
TpaToM (CHHe-(HOIETOBOE OKpAIINBAHUE)

benszoar oOHapyXHJIM C TMOMOILBIO PEAKIUH KOM-
wiekcooOpaszoBanus ¢ xenesa (I11) xmopumom (po3osaro-
JKEJITBIA 0CaJIOK).

Kodenn onpenenuinn ¢ MOMOIIBbIO MyPEKCHIHOM pe-
aKIINH.

Takum 06pa3oM, B pe3ynbrare IpOBEICHHBIX HCCIIe-
JIOBaHUH OBIIO yCTAaHOBJIEHO, YTO COAEP)KAHHE KOMIIO-
HEHTOB COOTBETCTBYET 3asBICHHBIM (hapMOKOIICHHBIM
TpeOOBaHMAIM C OTHOCUTENBHOI OMOKON (TIpH J0BEpHU-
TenpHON BeposiTHOCTH p=0,98):

Harpus opomux - 1,5%,

MarHus cyabdar - 2,1%,

aMHUJIOTUPHH - 2,8%,

Harpus kKopenH-6ensoar - 4,0%.

BUOJIOT'MYECKAS POJIb CEPbI M IPUMEHEHUE
EE COEJJUHEHUI B MEJULIUHE
Enoesa /1.B., Heénosa O.B.

Cegepo-OcemuncKuil 20Cy0apCmeeHHblll YHUsepcunem
um. KJI. Xemazyposa, Biaouxaskas, Poccus

ConeprkaHre cepbl B OpraHu3Me YeJI0OBeKa COCTaBIIS-
et 0,16 %. Cepa OTHOCHTCS K MaKpO3JIEMEHTaM M JKU3-
HEHHO HEOOXOIMMa ISl JKUBBIX OpraHu3mMoB. CyTodHas
MOTPEOHOCTH B3POCIIOrO YETI0OBEKa B CEpe COCTABIACT 4-5
r. Cepa BXOAMT B COCTAaB CEPOCOACPKAIMX AMHUHOKHUC-
JIOT - IIUCTEHHA, INCTHHA, HE3aMEHUMON aMUHOKHUCIIOTHI
METHOHWHA, OMOJIOTMYECKH aKTUBHBIX BEIIeCTB (THCTa-
MHUHa, OMOTHHA, JIUIIOEBOI KUCIOTHI U Ap.). B akTHBHEIE
LEHTPBI MOJIEKYN psiia (epMEeHTOB BXOIAT SH-rpymiibr,
y'—laCTBy}OLLU/Ie BO MHOI'UX (bepMeHTaTl/IBHbIX peaKuM—
SX, B TOM YHCIIC B CO3/IaHUH W CTAOMIM3AI[H HATHBHOU
TPEXMEPHO CTPYKTYPBI OCIIKOB, & B HEKOTOPBIX CITydasix
— HEMOCPEACTBEHHO, KaK KaTalMTHUSCKHEe LEHTPBI dep-
MEHTOB.

Cepa obecrieunBaeT B KJIETKE TAKOH TOHKHU U CIIOXK-
HBII TIpoIece, KaK mepenada YHEPTUH: MePEeHOCHUT JIEK-

TPOHBI, NMPUHKMMAas Ha CBOOOIHYIO OpOWTaNb ONUH M3
HECIapeHHbIX EKTPOHOB kuciopona. Cepa ydacTByeT
B (MKCAlMM U TPAHCIOPTE METHIBHBIX rpymi. OHa sB-
JSETCS TAKAKE YACThIO PA3IMYHBIX KOIH3MMOB, BKIIOUAs
K03H3UM A. BoJiblas 4acTk cepbl IIOCTYNACT B OPraHu3M
B COCTABE aMUHOKHCIIOT, @ BBIBOJUTCSI B OCHOBHOM C MO-
4oii B Buzie noHa SO,

B MexnmmHCKOI IpaKTHKe MPUMEHEHHE Cephl OCHO-
BaHO Ha €€ CIIOCOOHOCTH MPH B3aUMOJCHCTBUH C OPTraHu-
YECKHUX BELIECTBAMH OpraHu3Ma 00pa30BBIBATH CYIb(U-
61 ¥ TIGHTATHOHOBYIO KUCJIOTY, OT IPHCYTCTBHUS KOTOPBIX
3aBHUCAT KEPaTOJUTHYECKHE, INPOTHBOMHUKPOOHBIE U
npotuBonapasutapHsie a¢gdexrsr. Cepa BXOAUT B COCTAB
Ma3H BHWIBKMHCOHA M APYTHX IpenaparoB, HpPHMeEHse-
MBIX JUISl JICYSHHS 4eCOTKH. OUHIIECHHYIO H OCAXKICHHYIO
cepy YHOTpeOIIOT B Ma3sX M MPUCHINKAX JUISl JICUCHHS
HEKOTOPBIX KOXHBIX 3a0oiieBaHuil (cebopest, mcopuas,
CHKO03); B TIOPOIIKE - IPU IIIHCTHBIX MHBA3UAX (IHTEPO-
6103); B pacTBOpax - JUIsl IIMPOTEPAITHH IIPOTPECCHBHOTO
napannya u Jip.

CepHast Ma3b - 9T0 Oe3peLenTypHOE CPEICTBO, KOTO-
pOe HCIIOb3yeTCs IPH JICUCHUH MHOTHX KOXKHBIX 3a00-
neBanuil. OHa 00/1a1aeT KepaTOIUTHUECKUMH CBOICTBa-
MH, TO €CTh Pa3MsATrdacT U ylasieT OMEPTBEBIINE KICTKH
C TMOBEPXHOCTH KOXKH.

MCCJIEJOBAHUE NOAJIMHHOCTH
KOMBHUHHUPOBAHHOI'O IPENTAPATA
AMMUJONMUPUHA, KO®EUHA BEH30ATA U BOJbI

Koxuesa 3.B., /Izepanosa K.b

Cegepo-Ocemunckuil 20cyOapcmeentblil YHusepcument
um. K.JI. Xemazypoea, Braouraexas, Poccus

B pesynbrare n3ydenus (U3HOIOTHUECKHX OCOOCH-
HOCTEH JeHCTBUsI KoenHa Ha LEHTPAIbHYI0 HEPBHYIO
CHCTEMY OBUIO YCTaHOBJICHO, YTO KO(EHWH YCHINBAET W
peryaupyeT Mpouecchl Bo30yXIeHHsS B KOPE TOJIOBHOTO
mosra. Kak amuponupuH, Tak U KOenH IHPOKO IIPU-
MEHSIOTCSl B MEIUIINHE, TIPH TOJIOBHOW OOJH, apTpUTax,
XOpee U OCTPOM CyCTaBHOM PEBMATH3ME.

Llens maHHOM PabOTHI 3aKIIIOYATACh B H3YICHHUH MO~
JIMHHOCTU aMHJIONIMPUHA U HAaTpHs KodenHa-oeH3oara.

AMUIONIUPUH OTKPBIBAIH MO PEAKLIUH ¢ cepedpoM
HHUTPaTOM ¥ HAOMIONany CHHE-(hHOIeTOBOE OKpalInBa-
HHE.

Jis obHapyxeHus OeH30ara MPOBOAWIN PEAKIHIO
KoMIuTeKcooOpaszoBanust ¢ skenesa(lll) xmopmmom; Ha-
6mroanock 00pa3o0BaHUE 0Ca/IKa PO30BATO-XKENTOIO IIBe-
Ta.

[MosiBnenne ObICTPO HCUE3AOMEro  (HHUOIETOBOTO
OKpAIIIMBaHUs CBUJETEIbCTBOBATIO O MPUCYTCTBUH aMU-
JONHpPHHA.

Kogenn onpenesnsiii ¢ MOMOIIBI0 MyPEKCHIHON pe-
AKIMH TTOCIIe OTAEIEHHS OT aMUIOITPHHA XJIOPO(HOPMOM
B cpezie pa30aBlIeHHOW cepHOU KuciaoToil. Habmomamm
MypIypHO-(QHONETOBOE OKPAIINBAHHE.

KonmuecTBeHHOE ompeneneHne aMHUIONHPHUHA HPO-
BOAWJIN aIlMJOMETPHYECKH B IPHCYTCTBHH METHIIOBO-
TO OpaHXXEBOTO W MUTeneHoBoro cuuero. 1 mi 0,1 H.
pacTBopa XJIOPOBOAOPOIHOH KHCIOTBI COOTBETCTBYET
0,02313 r amuponupuna. Kopenn onpenesnsiau obpar-
HBIM THTPOBAaHHWEM HOJOMETPHUYECKH C ITOMOIIBIO THO-
cynbdara mHarpust. 1 mir 0,1 M pactBopa #ona cooTBert-
ctByeT 0,004855 1 6e3BOIHOTO KOenHa.

Takum o6pasom, B pe3ynsTare MPOBEICHHBIX HCCIe-
JIOBaHUH OBIJIO YCTAaHOBJIEHO, YTO COJEp)KaHUE KOMIIO-
HEHTOB COOTBETCTBYET 3asBICHHBIM (papMaKOmeHHBIM
TpeOOBaHMUSAM C OTHOCHUTENHHOH OMMOKOH (TIpH BEposIT-
Hoctu p = 0,95):

st amugonupusa 1,5%,

Juts Hatpust koenHa-6ensoara 2,5%.
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MPUMEHEHHUE HATPUS XJIOPUJIA U KAJIUS
XJIOPHJIA

Xacuesa K.A., [I3epanosa K.b

Cegepo-Ocemunckuii 20cy0apcmeentblil yHusepcumen
um. KJI. Xemazcyposa, Braouxasxas, Poccus

Harpust xnopua u Kanust XJI0pHJ, SIBISIIOTCS OCHOB-
HOHW COCTaBHOM YacTBIO COJEBBIX M KOJIIOMJHO—COJIEBBIX
PacTBOPOB, IPUMEHSIEMBIX B KaueCTBE I1a3MO3aMEHSI0-
UX XKUAKOCTeH. Harpus Xjmopua coaep’urcst B KpoBU
1 TKaHEBBIX XKUAKOCTAX opraHm3Ma. KaTnoH kxaims xJo-
puaa SABIACTCS OCHOBHBIM BHYTPHUKJICTOYHBIM HOHOM,
KOTOPBII UTPaeT BaXKHYIO PONb B HOPMATBHOM (DyHKIIHO-
HUPOBAHUM OpraHn3Ma. JlaHHble pacTBOPHI OBLIM HCCITe-
JIOBaHBI B aHAJTUTUIECKOH 1ab0paTopHu.

ens paboTsl — M3yINTH 00NACTH TPUMEHEHMS Ha-
TpUs XJIOpUJA M Kalus XJIOpuaa, a TakkKe UX poiib B
opraHusMe denoBeka. Harpust xmopua n kamus XIopun
SIBISIIOTCS  BRKHBIMH  KOMITOHEHTaMH, HEOOXOIUMBIMHU
JUIS HOPMAJIbHOM paboThl BCEX CHCTEM M OPraHoOB Yelo-
Beueckoro Tena. [Ipu nedummre HaTpus xmopuaa B opra-
HU3Me, OH BBOAUTCS] BHYTPHUBEHHO IJIH TTOJIKOYKHO B BH/JIE
0,9 % BomHOTO pacTBOpa, HA3BIBAEMOTO N30TOHUYECKHM

pacTtBOpoM. BBeneHue ero BblpaBHUBACT U HOpPMAIU3yeT
OCMOTHYECKOE MABICHHE KPOBH. Takke M3BECTEH KaK
XOPOIINH PacTBOPUTEIb APYTUX JIEKapPCTBEHHBIX ITperia-
paroB. ['unepronnueckue pactsopsl (10 % pactBop) uc-
MOJIB3YIOT IS TIOAHATHS AABICHUS TP KPOBOTCUCHUSX,
BBI3BAHHBIX HEXBATKOW HOHOB HATPHs, IPU OTPABICHUH
coysiMu cepedpa, a Takoke Ipu 00paboTKe THOWHBIX PaH.
Harpust xnopun ucrnonb3yeT Takke A1 BaHH, 00THpa-
HUH, TOJIOCKAHUI MPH 3a00JIEBAHUM BEPXHUX JIbIXATEIIb-
HBIX IMyTel. OCHOBHBIM MOKa3aHHEM K MPHMEHEHHIO Ka-
JHS XJIOpUa SIBISIETCS HapylICHHWE CEePAEYHOIo PHUTMA,
0COOEHHO B CBfI3M C MHTOKCUKALMEH CepIeYHBIMHU IIIH-
KO3UJIaMH, YTO CBSI3aHO ¢ 00eJHEHHEM KJICTOK MHOKapaa
MOHaMU Kaiusl. VIOHBI Kauust CiocOOCTBYIOT TOHMIKSHHIO
JaCTOTHl CEPAEUHBIX COKpAILEHUH, NPOBOAUMOCTH H
B030yanMocTH Muokapaa. Kamus xymopupa nmpuMmeHsieTcs
TAKXKE B ClIydasaX r’MIOKaJIEMUH, KOTOpasi BOBHUKACT ITPU
JUTITEIFHOM IIPUMEHEHHH IuypeTHkoB. HasHawaror ka-
ISt XJIopuJ BHYTpb B Bujie 10% BozxHOro pactsopa.

Taxkum 06pa3om, ObUIO H3YUEHO IPUMEHEHHE HATpUs
XJIOpHZA U KaJIHs XJIOPUA, a TAKKEe HX PONb U JICHCTBHE
Ha OpPraHu3M 4YeJIOBeKa.

Cexyus «Xumuueckas mexnHonozua Heop2anuiecKux 6euiecmay,
Hayunwiii pykogooumenv — Konecnukog A.C., kano. mexu. nayk, npogpeccop PAE

ENERGY-SAVING PROCESS OF “HALDOR TOPSOE”
(DENMARK) PRODUCTION OF SULPHURIC ACID
FROM HYDROGEN SULFIDE

Suroviatkina D.G. , Semenova 1. V.

Moscow State University of Mechanical Engineering, Moscow,
e-mail: dasha00007@mail.ru

The article considers the technology of production of
sulphuric acid from hydrogen sulphide waste gases of oil
refineries. The data on the work of a new reactor of the Russian
production, performed with the use of elements of anti-corrosion
protection. Discusses the need for adjustment of operation of the
technological scheme when using the Russian reactor.

Keywords: utilization of hydrogen sulphide, Haldor Topsoe,
sulphuric acid production.

The main feature of the modern oil refineries is a deep
processing of oil with the use of new technologies. As a
result of use these processes are formed gas emissions,
which contain a variety of hydrocarbon compounds. Han-
dling of this waste requires the creation of new technolo-
gies for recycling.

In 1988, Danish engineer and scientist Haldor Topsoe
was first proposed technology of production of sulfuric
acid from sulfur-containing waste. It received the name
“Technology company “Haldor Topsoe” WSA”. Technol-
ogy is recognized as the world produces = 200 million
tons, and in Russia ~ 10 million tons of sulfuric acid per
year. About 80% of the raw materials used to account for
share of hydrogen sulfide. Technology company “Haldor
Topsoe” known on the European market since 1993, the
USA first installations were built in 1996.

At present this technology in the world are approxi-
mately 70 units. Experience in various industries have
proven operational benefits and versatility process WSA.
In December 2006, the European Commission to the
United Nations included the process WSA among “The
Best technologies for large-scale production of inorganic
substances”.

In 2005, license on processing of waste gases refinery
of the company “Haldor Topsoe” was purchased by Rus-
sia and implemented at the Ryazan refinery, and in 2008
- at JSC “Salavatnefteorgsintez”. Delivery of the equip-
ment was carried out by the Danish company.

The disposal of waste gases consists of three main
units: unit of combustion gases with translation of H,S
into sulfur dioxide SO,, unit contact oxidation of sulfur
dioxide SO, to sulfur trioxide SO,, and the unit of sulfur
acid production.

The burning of the waste gases occurs in the reactor
- the boiler at a temperature 1000 °C. The reactor is work-
ing in hard conditions of high temperatures and corrosive
fluids. Therefore, after three years of operation, the ques-
tion arose about the need to replace it. Russian designers
were given the task to develop the domestic version of
boiler of a reactor that could be compatible with other
devices operating in the technological scheme “Haldor
Topsoe™.

In 2009-2010, Russian companies “Power machines”
and PSC "Neftehim" were executed design works on de-
velopment and replacement of the boiler equipment in-
stallation "WSA - 1" on the block burning of sulphurous
gases.

This article provides data on the work of a new reac-
tor of the Russian production, performed with the use of
elements of anti-corrosion protection.

Experimental tests have shown that the reactor for the
combustion of sulfur-containing waste oil refineries of
the Russian production of PCS-15-4.0 provides sufficient
long time secure the implementation of the process of H,S
combustion and may be used as part of the technological
scheme “Haldor Topsoe — WSA” (Denmark). However,
the use of boiler of a reactor PCS-15 — 4.0 require any
adjustments to the work of the technological scheme.

Russian reactor is a less productive. Thus, the
maximum capacity of the boiler company “Haldor
Topsoe” - 4000 m* / h , the Russian analogue - 2000 m?/
h of gas. Steam temperature, which is produced in the
boiler PCS-15-4.0 is 250-260 °C With that in 1,5 times
lower than import similar (420-440 °C).

The concentration of SO, in the technological gas
produced in the boiler-reactor PCS-15-4.0 two times
higher than required by the regulations. In the reactor
of the company “Haldor Topsoe” receive gas, which
contains 4.2 -4.3 % SO2. This gas is then directly using
the contact the device for the subsequent stages of the
process. When applying the boiler PCS-15-4.0 receive
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