VK 628.474.76

HCCJIEJJOBAHUE 3KOJIOTI0-3KOHOMHYECKHUX IMMOKA3ATEJIENA
CUCTEM OYUCTKU I'A30BbIX BBIBPOCOB OT JTMOKCHUJIA CEPBI

JIOKT. TexH. HayK, po¢. BYBHOB B. I1., maructp Texn. Hayk JOBHAP /1. A.

Benopyccxuil nayuonansuvlii mexnuyeckuil yuusepcumen

Jnokcun cepel, cepructsiii anruapua (SO2), sBIsSeTCS OAHUM U3 PACIpPO-
CTPaHEHHBIX KOMIIOHEHTOB BPEJHBIX BEIOPOCOB XUMHUYECKOH MPOMBIIIIEHHOCTH
u teroBoi sHepreTukd. [Ipn coemunennn SO ¢ mapamu BoIbl 00pa3yroTCs
CepHHUCTasl U CepHasi KHUCIOTHl. B COOTBETCTBYIOLIMX METEOYCIOBHUSIX CEpHas
KHCJIOTa HaXxOAMTCS B arMocdepe B BHIE KaleleK TyMaHa JH0O BBINANACT Ha
3eMJII0 BMeCTe C AokaeM. IIpu 3arpsi3HeHur BO3oyXa CEpHUCTBIMU COEIUHEHU-
SIMU CBEPX JOIYCTHUMBIX MPEIENIOB Yy JIOACH MPOSBISIIOTCS JeroyHble 3a00eBa-
HUS, 000cTpsieTcsi XpoHnUYeckuii OpoHxuT. [laryOHOMY BO3JEHCTBUIO TIOABED-
rarotcs (iopa u payHa, 31aHUS U COOPYKESHHS, BOIOEMEI.

OnHUM M3 OCHOBHBIX 3arpsA3HUTENICH OKPYXalOLIEH cpeAbl CEPHUCTHIM aH-
THIIPUIOM SBISIIOTCS DHEPreTHYECKHE YCTaHOBKH, HMCIIONB3YIOIINE OpraHuye-
CKoe cepocojepxkariee TOIDINBO. M3BecTHO okono 200 pa3iauyuHBIX CIIOCOOOB
yAAJIEeHUs] CEPHUCTOTO aHTUAPHUAA U3 JBIMOBBIX ra3oB, Oonee 25 U3 HUX HAIUIH
MpoMbINUIeHHOE MpuMeHeHue [1-3]. Bce n3BecTHbIe METOABI OYUCTKH T'a30B OT
SO MOXKHO pa3[IeNnuTh Ha TPH OCHOBHBIE TPYIIITHL:

1) aMmMua4yHble METO/IBI, TIO3BOJISIOIINE OJTHOBPEMEHHO C OYHUCTKOM ra3oB OT
SO, nmonyuaTh Cynb(MUT U OUCYIb(MUT aMMOHHUS, KOTOPHIC HMCIIOIB3YIOTCS Kak
TOBapHBIE TPOIYKTHI, JTHUOO BBICOKOKOHIEHTpUpOBaHHBIH SO. W COOTBETCT-
BYIOILYIO COJIb;

2) MeToJbl HEeWTpalu3alul CEPHUCTOrO AHTHIPHU/A, TMO3BOJISIONINE OHO-
BPEMEHHO MOJIYy4aTh CyIb(UTHI U Cylb(haTl. DTH METOABI 00€CIIEUNBAIOT BBICO-
KYIO CTETIeHb OYMCTKH T'a30B, HO MOJy4aeMble MPOAYKTHl HMEIOT OTPaHHUCHHOE
HCTIOJIb30BaHHE;

3) KaTaJIUTHYECKHE METO/IbI, OCHOBAHHbIC Ha OKUCICHHU CEPHUCTOTO aHTH/I-
pHza B MPUCYTCTBUM KaTaJIM3aTOPOB C MOJyUYCHHEM pa30aBIeHHON CEpHOU KHC-
JIOTHI.

Br10op TOro mwim MHOrO METOJa OYMCTKU OT CEPHUCTOrO aHTMAPHIIA IIPOHC-
XOAWT C YYETOM MECTHBIX YCJIOBHH, TEXHHKO-DKOHOMHYECKMX TOKa3aTelei
W MOTPEOHOCTH B MOJY4YaeMBIX NponykTax. OCTaHOBHUMCS Ha HEKOTOPHIX OCO-
OEHHOCTSIX U TEXHUKO-?PKOHOMHUYECKUX MOKA3aTeJsIX NPUBEACHHBIX BBIIIE METO-
JIOB OYMCTKHU OT TMOKCHA CEPHI.

|. AMMuHa4Hble MeTOAbI OYMCTKH ra3oB OoT SO,. AMMHAauYHBIE METOIBI
OYHMCTKU OTXOASIINX ra30B OT CEPHUCTOTO aHTUIPHUIAa OCHOBAHBI Ha B3aMMOJICH-
crBur SO ¢ BOJAHBIMHU pacTBOpaMHU CyJIb(QHUTa aMMOHUS

SO, + (NH4)2803 + H,0 = 2NH4HSO:s.

[MonyueHHbIN OUCYIBPUT aMMOHHUSI TIOJBEPracTCs Pa3IOKCHHIO KUCIOTHBIM,
ABTOKJIABHBIM, IIUKJIMYCCKAM MU HEITUKINIECKAM CIIOCOOOM.

AMMUAUHO-KUCIOMHbBIE MemOObl SBIAIOTCA OTHOCUTEIBHO SKOHOMHUYHBI-
MH, HO TpeOYIOT pacxo/a Ae(UIMTHOrO IPoayKTa — ammuaka. [lorydaemsle mpu
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STOM COJIM U TOBapHasi ABYOKHCH CEphl HE BCEria KOMIICHCHUPYIOT PacXoJbl Ha
OUHUCTKY.

AMMHAYHO-KUCIIOTHBIE METOZBI HAIUTA NMPUMEHEHNE JUIA OYMCTKH OTXOJs-
LIUX TA30B CEPHOKHUCIOTHBIX U METAILTYPrUUYE€CKUX MIPOU3BOICTB.

1. AMMHaYHO-CEpHOKHUCIIOTHBIN MeTo . CyITHOCTh 3aKJIroUacTcs B 00paboT-
Ke OuCyIh(pUTa aMMOHHS CEPHOM KUCIOTOM

2NHsHSO; + H2SOs — 2(NH4)2S04 + 2H,0 + SO..

TexHonoruyeckass cxemMa aMMHAYHO-CEPHOKHCIIOTHOTO METOJIa OYUCTKH OT-
XOZSIIUX Ta30B OT CEPHHUCTOrO aHTHApPUAA MOKa3aHa Ha puc. 1. OCHOBHBIM aIl-
MapaToM YCTaHOBKH siBisieTcs aOcopbep pacmpututensHoro tuma (APT). Dog-
(EKTUBHOCTh OYMCTKH Ta3a 3aBUCHT OT COCTaBa IMOMVIOTUTENHLHOTO PacTBOPA.
OCHOBHBIMH TapaMeTpaMH, XapaKTEePU3YIOIIMMH aKTUBHOCTb pacTBOpa, SIBIIS-
I0TCSL O0IAasi KOHIEHTPAIUS COJeld U COOTHOIICHUE MEXITy KOHICHTPAIUSMH
cynbbuTa 1 OucynbpuTa aMMOHUS.

100 % SO,
Ta3 Ha :

OUUCTKY CepHas
B atmocepy

. ITornoTUTeNbHbII |
pacTtBop

PactBop
aMMHaKa Cynbgar
aMMOHHUS

Hacsiuennsrit
pacTBOp

Puc. 1. TexHonorndeckasi cxeMa aMMHaqyHO-CEPHOKHCIOTHOTO METO/Ia OYHUCTKH ra3oB oT SO2
¢ ucrionb3oBanueM APT: 1 — APT; 2 — xarneotOoliHuK; 3 — 21eKTPOGHUIBTPEL; 4 — KOJIOHHA
pasnoxeHus; 5, 7 — Hacockl; 6 — cOOpHUK cyibparta ammonus; 8, 9, 11 — emkocTH;
10 — cOOpHUK aMMHAYHOM BOJIBI

W3menenune conepxanus cyab(pUTa aMMOHHSL B PACTBOPE PETYIUPYETCs My-
TeM U3MeHeHus rnojayn ammuaka. [1pu ysennuennn konndectsa NHz mporekaer
peakuus

NHsHSOz + NH; — (NH4)2803.

Korma xonmerpanust cynbpur-OMCcynbQUTHBIX COJEH B IOTIIOTHTEIHHOM
pactBope mocturaetr 500-600 /71, ero u3 eMKOCTH 9 TepHOUIECKH OTBOJISAT B 8,
a OTCIOJIa C TIOMOIIBIO IIEHTPOOESIKHOTO HAcOca 7 MOJAI0T Ha OPOIIEHHUE KOJIOH-
HBI paznoxenus 4. 3aeck npu Temmneparype 70 °C npoTekaroT peakiuu:

2NHsHSO; + H2S04 — 2(NH.)2S04 + 2H,0 + SO3;
(NH4)2H803 + H,SO; — (NH4)ZSO4 + H,0 + SO..

Boigensomiasicss 100%-s1 ABYOKHCH Cepbl OTBOJAUTCS U3 KOJOHHBI M UCIOJIb-
3yeTcsl JUIsl TTOJIyYeHHUs] CEPHOM KHUCJIOThI MJIM HAIpaBJsieTCsl Ha CKial. PactBop
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cynbdara aMMOHHUSI M3 KyOOBOW YacTH KOJIOHHBI IOCTyHaeT B COOPHHUK, TOE OH
HEHTpanu3yeTcss aMMHUAYHONW BOAOHM 0 HEHTpaTbHON MK cIabolIeIOuHoi cpe-
Il ¥ LEHTPOOEKHBIM HACOCOM S IOAAETCsl Ha CKJIa TOTOBOM MPOIYKLIUH.

2. AMMMaYyHO-a30THOKUCIOTHBIN MeToJ. CyIIHOCTh 3aKII04aeTCsl B OYHCTKE
OTXOJISIINX TAa30B OT CEPHUCTOTO aHTUApPHUAA CYIbOUT-OUCYTbOUTHBIM PACTBO-
POM C HOCTIEIYIOIINM PA3JI0KEHUEM MTOITYYEHHBIX pAaCTBOPOB a30THOW KHUCIIOTHI:

(NH4)2H503 + 2HNO3; — 2NH4NO3 + SO, + H,0;
NHsHSO3; + HNO3 — NH4NO3 + SO, + H20.

B pesynbrare 31X peakumii 00pa3yroTcs TOBapHas IByOKHCH CEPbl U aMMHU-
adHas CeIMUTPa, UCIOJIb3yeMast B KAUeCTBE a30THOTO yIOOPEHUSL.

IIpu ouyucTKe 3TUM METOAOM IbIMOBBHIX razoB TOLI, comepxkarmmx 0,3 %
cepHucToro anruapuia, Ha 1,0 T yTWIM3HpYeMOro CEpPHHCTOTO aHTHIpPUAA
MOXHO moy4uTh 1,3 T cepHoit kucnoTel, 3,0 T KUIKUX a30THBIX YAOOpEHUH.

3. AMmuauHO-POCHOPHOKUCIOTHBIN crnocod. [Ipu MCmonb30BaHUU 3TOTO
crocoba ourcTkr 00pasyroTcs hochopHble YIOOPEHUS U CEPHUCTHIN aHTHAPUI,
KOTOPBI MOXeT OBbITh Janee IepepadoTaH B CEpHYIO KUCIOTYy. PasznoxkeHue
CyIbhUT-OUCYIbPUTa aMMOHHS (HOCHOPHON KUCIOTON MPOTEKACT MO PEAKIUSIM:

3(NH4),S0s + 2H;PO; — 2(NH4)sPOs + 3S0; + 3H,0;
3NH4HSOs + HsPOs — (NH4)sPO4 + 350, + 3H.0.

Ammuauno-aemoxnaguutii memood. CEpHUCTBI aHTHIAPUA aOCOpPOUpyeTcs
pactBopoM cynbpur-oucynsdura ammonusa. [lo mocTikeHWUM ompenereHHON
KOHLIEHTpPAIUU COJIeH B pacTBOpPE €ro IepeiatoT Ha pa3siokeHue. B ominune ot
aMMHAYHO-KHCJIOTHOTO METO/a pa3joXeHHe CyNIb(pHUT-ONCyTb(OUTHBIX PacTBO-
POB TPOM3BOAAT HE KHUCIOTaMH, a HarpeBaHueMm B aBTokiase 10 140-150 °C.
I[Tpu 5TOM B KHCIIOH Cpejie MPOUCXOANT Pas3IoKEeHHE CONeH aMMOHUS

2NHsHSO; + (NH4)2803 — 2(N H4)2SO4 + S+ H,0.

[Tomyuaemsbie cynbhaT aMMOHUS U cepa UCIOIB3YIOTCS KaK TOBapHBIE MPO-
JTYKTBHI.

Ji1s ycKkopeHus: peakiiy B aBTOKJIAB J00aBIISIOT CEPHYIO KHCIIOTY, Cepy, ce-
neH wi Trocynbdat. KoandectBo 100aBisieMoii cepbl ONMPEeIsioT 0 CTEXHO-
METPUYECKOMY pacdeTy JUIsl TepeBojia Bcero cynbdura B THOCYIBGAT. [Ipu
JIBYX-, TPEXKPAaTHOM H30BITKE Cepbl MPOJOKUTEIHHOCTD TPOIIECCa COCTABIISET
okono 1 4. JloGaBnenue 0,003 % cenena (0T Macchl pacTBOpa) MO3BOJIAET BECTH
nporiecc npu 135 °C.

OO0pa3oBaBIIyIOCS B aBTOKJIABE XKUJAKYIO cepy, cojepxkaliyto 10 99,9 % oc-
HOBHOT'O BEIIECTBA, OTBOJAT B BUIE TOBAPHOTO MPOYKTA HA CKJIA].

HemocratkoM MeTona siBIsieTcst OOJIBIION pacxoj aMMHaKa U rapa.

Ammuauno-yuknuyeckuit memoo. CyniHOCTb 3aKJII0YAETCsl B MOTJIOIIEHUN
CEpHHUCTOTO aHTHJPHUIA BOJHBIMU PACTBOPAMU CYIbQHUT-OUCYIbPHUTA AMMOHUS
P HU3KOW TeMIepaType W BBIICIICHUH ero npu HarpeBaHuu. [Ipouecc mpote-
KaeT 1o o0paTuMO peakiiuu

(NH4)2503 + SO, + H,0 < 2NH4HSO:s.
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BeieneHHbII IPY HArpeBaHUM CEPHUCTBIA aHTHIPU OCYIIAIOT M HCIIOJIb-
3yIOT KaK TOBApHBIN MPOIYKT BHICOKOTO KauecTBa WM IepepadaThIBAIOT B CEPY
WIN CepHYIO KHCIOTy. PacTBOp CynbpuTa aMMOHHS OXJIaXTAIOT U BHOBBH HC-
MOJB3YIOT /It a0copOImu cepHucToro anruapuaa. CTeneHb OYUCTKU ra3a mpu
sToM cocTtasiseT 90 %.

K HemoctaTkaM aMMHa4YHO-IIMKIMYECKOT0 METO/Ia OYMCTKHA MOYKHO OTHECTH
Taroke OOJIBIINE 3aTPaThl HA HArPEeB, HEOOXOAUMOCTD U3rOTOBIICHUS BCEH amma-
paTypbl U3 KHUCIOTOCTOMKHX MaTE€pHaliOB, BBICOKYIO CTOMMOCTH YCTaHOBKH U
OOoJTBIIINE SKCILTyaTaAlMOHHBIE PACXOIbI.

Il. MeTonbl 0YMCTKH, OCHOBAHHBIE HA HEHTPAIU3alMi CEPHUCTOrO aH-
ruapuaa. Co0oewlii Menood OCHOBAaH Ha TOTJIOIICHUH CEPHUCTOTO aHTHUAPHIA
pacTBOpoM coxabl. DaKTHYIECKH IMpOILEcC MOIydeHUs OMCyIb(pHTa MPOUCXOIUT
4yepe3 cTaauu 00pa3oBaHus OuKapOoHaTa U CyabQuUTa HaTPHUs:

2Na,CO3 + SO, + H,O — 2NaHCO; + N8.2803;
2NaHCO3 + SO; — Na,SOs + CO, + H0;
Na,SO; + SO, + H,O — 2NaHSO:s.

[Tpu konnentpanuu SO, B raze menee 0,3 % nonyyeHne TOBAPHOTO MPOIYK-
Ta 3aTPyAHSACTCS H3-32 MapajuIeIbHO TMPOTEKAIOIIEro MpoIecca OKHCICHUS
NaHSO3 B xuakoii ¢ase.

H3eecmkosublii u uz3eecmHuaKoswvlli Memoo. B 0CHOBE METOJIOB JICKUT HEUT-
panu3anys CEpPHUCTON KHCIIOTHI, MONYYAIOMEeHCs B pe3ylbTaTe pPacTBOPCHUS
JTMOKCHJIA CEePBI, COJCPKAIIETOCs B JABIMOBBIX ra3ax, ruaparom okucu Ca(OH):
(u3BecThIO) Mnu kapOoHaToMm Kanblmsa CaCOs (u3BecTHsikOM). M3BecTh Ooree
JOPOroil U JeUIUTHBIA MaTepHral, OJHAKO ¢ MPUMEHEHUE B KaUuecTBe COPOCH-
Ta MO3BOJISICT MOYTH B JIBA pa3a COKPATHTh PAcXOJ pearcHra, CHU3UTh PacXoj
3JICKTPOIHEPTUU Ha MIPUTOTOBJICHUE CYCIICH3UH U OpOIlIeHHe abcopbepa.

[MpuHIMUaTEHAS CXeMa U3BECTKOBOTO METO/Ia MPEICTABICHA Ha pUC. 2.

B atmochepy

L
alnl
I I I I M3BecTHsIK
-
| | | | Boma OunbTpaT
L[]
2
T'a3 Ha 3
OYHCTKY
Cyenensus nspecTHAKa IIlmam (CaSO,, CaSOs)
[MormotuTensHas 7
9 CYCIICH3HSI
8

Puc. 2. Cxema H3BECTKOBOTO METO/Ia OUHCTKH Ta3oB oT SO2: 1 — ckpy6bep; 2 — emKocTH;
3 — Hacoc; 4 — kpucrauusarop; 5 — BakyyM-GHuiIbTp; 6 — cOOpHUK; 7 — HAcoC;
8 — UPKYISIIHOHHEIN Hacoc; 9 — COOPHHK M3BECTKOBOTO MOJIOKA
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[Iponecc abcopOunm AMOKCHIA CEpBl Ui U3BECTKOBOTO M M3BECTHSKOBOTO
METOJIOB OCHOBAH HA CIICTYIONUX PEaKITHsIX:
1) U3BECTHAKOBEII:

CaCOs + H2SO3 — CaSO3 + HaSOg;

CaCOs + H,CO3 — Ca(HCOs)2;

CaS0; + H,SO; — Ca(HSO3)2;
Ca(HSO3) + 2CaCOs — Ca(HCO3), + 2CaSOs;
Ca(HCC)s)z + 2H,S0O; — Ca(H503)2 + 2H,COg;

Ca(HSO3)2 + O2 — Ca(HSOs)2;

2CaS0O:; + O, — 2CaSOy;
Ca(HSO,), + 2CaS0s — Ca(HSO3), + 2CaSOs;
Ca(HSO4), + 2CaC0O; — Ca(HCO3); + 2CaSOu:
Ca(HSO4), + Ca(HSOs)z — 2CaSOs + 2H,S0s;
CaS0; + 1/2H,0 — CaSO0s-1/2H20;

CaS04 + 2H,0 — CaS04-2H0;

2) U3BECTKOBBHII:

CaO + H,O — Ca(OH)y;

Ca(OH)z + CO,; — CaCOs + H.0;

CaCO; + CO; + H:0 — Ca(HCO)z;
Ca(HC03)2 + SO; + H20 — CaS03-2H20 + 2COy;

CaS03-2H,0 + 1/20; — CaS04-2H-0.

HOCTOI/IHCTBOM 9TUX METOJAOB SABISAIOTCS. OTHOCHUTEIIbHAA IIpoCTOTa TEXHO-
JIOTUHM IIpU BBICOKOM CTETNICHU OYMCTKH ra3oB OT AUOKCHa CEPhI, JOCTUTaroIas
B COBPEMCHHBIX YCTAHOBKAX 95-98 %, HU3KUC KAITUTAJIBbHBIC U SKCILTyaTalluOH-
HBIC 3aTpaThbl; BO3BMOKHOCTE OYMCTKHU ra3da 6e3 MNPpEABAPUTCIIBHOTO OXJIAXKACHHUA
1 00eCTIbITMBAHHUS.

HeI[OCTaTKI/I — HEAOCTATO4YHAas CTCIICHb HCIIOJIb30BaHHUA U3BCCTHAKA, 06p330-
BAaHUC OTXOJ0B B BUC IJIaMa WUJIK 3arpsAASHECHHOT' O TUIICA.

Macnezumoswtit memood. CyniHOCTh €ro COCTOUT B cBsi3biBanuu SO» cyc-
nensueir MgO ¢ oOpazoBaHueM CyIb(QHUTa MarHHs, KOTOPBIH BBINAaeT B OCAJIOK

MgO + SO; + 6H,0 — MgSQO3 - 6H20.

Metoa MOXeT OBITh OCYIIECTBIIEH MO JABYM BapHaHTaM: IO KPUCTAIBHOW U
OeckpucTalbHON cxeMaM. Pa3nuane cocTouT B criocode perympoBaHus COCTaBa
pabodero pacTBopa B LUKJIE TTOTJIOMIECHUS, LEIBI0 KOTOPOTO SBISETCS MPEH0T-
BpallleHHEe BBINAJACHUS KPUCTALIOB Cynbpura MarHua. [lo OeckpucranbHOI
CXEME€ 4aCTb paCTBOPA BBIBOAUTCA U3 HHUKJIA MOIJIOMICHUSA IJId U3BJICUCHUA KpU-
cramioB MgSQO3 B cnienualibHOM ammapare — HelTpaiu3aTope, rie OHCyIbQUT
MAarHus B3aMMOJICHCTBYET C MArHE3UTOM.

Marsae3uToBbIi METOJT OYMCTKH O0JIaaeT MPEUMYIIIECTBAMHU NIEpe]] APYTUMHU
METOJaMH: BO3MOXHOCTb OYHMCTKH 3allbIZICHHBIX I'a30B, MMCIOIIUX BBICOKYIO
TeMIeparypy, OTCYTCTBHME CTOYHBIX BoJ. K Hemocrarkam clieyeT OTHECTH
HaJIMYME TBEPJBIX BELIECTB B CUCTEME IMOTJIOMIEHHS, a TaKkkKe OOJIBIION pacxox
sHepruu Ha pazioxenue MgSOs.
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L{uukogwtit memood. CymHocTh 3akirovaetcs B noryomenun SO, u3 ra3os
CycCleH3uel OKUCH IUHKa. [Ipu 3TOM npoTeKarT peakuuu:

ZnO + SO, + 2,5H20 — ZnSO0;3 - 2,5H20;
ZnO + SO, + 2,5H,0 — Zn(HSOs)..

B03MOXHBI TpH BapHaHTa peaan3aiiy MEeTo/a:

1) BeIAaua B BUAE TOTOBOM MPOAYKLIMHK CyIb(UTA [IHHKA U KUAKOCTHOTO SOy;

2) BeIJaua B BUJE TOTOBOW MPOIYKIUH TOIBKO KHUIKOro SO;;

3) monmy4yeHue CepHOM KUCIOTHI.

I11. KaraguTtnueckne MeTOAbI OYHUCTKU AUOKcUAA cepbl. Iluponrozum-
Hblil Memo) OCHOBaH Ha OKHCJICHHUH CEPHHCTOrO aHTHIpHUIa KUCIOPOJOM B
KHUIKOH (ha3e B IPUCYTCTBUHU KAaTaIN3aTOPA-TINPOIIO3UTA.

[Tpn m3yueHnn MeXxaHU3Ma KaTaIUTHYECKOTO OKHCIICHNSI CEPHUCTOTO aHTHUI-
puzna ObUIO YCTaHOBJICHO, YTO NMPH HAJMYMH KHCIOPOJA MapraHell HU3LICH Ba-
nenTHOCTH MN?" okmensieTcs 10 MN®*, pu 9TOM OJHOBPEMEHHO MPOUCXOIUT
MHIYKTHBHOE OKHCIICHHE CEPHUCTOTO aHTHIPU/IA:

4Mn?+ 30— 2Mn,0s3;
250+ O,— 2S0:s.

Jlanee TpexBaJCHTHBIA MapraHell OKUCIISIET CEPHUCTBII aHTUAPH]I, TIEPEX OIS
cHOBa B Mn?*:

2Mn,03 + 6S0O, + 30, — 2Mn2(SO4)3;
Mn(S04)3 + SO, + 2H,0 — 2MnSO4 + 2H,S0.4.

MapraHieBslii KaTaau3aTop BECbMa YyBCTBUTEIEH K MOCTOPOHHUM IpUMe-
CsIM; OCOOCHHO CHJIBHBIM KaTaJIM3aTOPHBIM SJOM SIBISEeTCS (eHos. Bricokyro
CKOPOCTh IpOLIECCA MOXKHO IOAJEPKUBATh WIM BBEIACHUEM CBEXHUX IOPLMMI
Maprania Mn**, uiM yBenmMueHHeM CKOPOCTH OKHMCIIEHHS JIByXBAIEHTHOTO Map-
rafna. [IMpoo3uTHRIA METOA HpPUMEHSETCS I OYMCTKH OTXOJSIINX Ta30B
[I0CJIE KOHIIEHTPATOB CEPHOU KUCIIOTHI.

TexHoNOrHyeckas cxema NUPOIT3UTHOIO METOIA TOKa3aHa Ha puc. 3.

B artmochepy

PacTBoOp i
MHPOTIO3HTA

Cepnas
KHCIIOTa

é 46 IIupomo3ur

Bona

T'az na
OUHUCTKY |

12 B nex cMmemenust
11

Puc. 3. TexHosornueckas cxema MIpoJIFO3UTHOTO METO/1a OYUCTKHU ra3oB oT SO2:
1 — Gamrns ¢ Hacazkoit u3 kosenr Pammra; 2 — Hacoc; 3 — cOopHuk; 4 — 6apbotep 1-if crymneny;
5 — GapboTep 2-ii cTyneHn; 6 — AIEKTPOPMIBTp; 7 — MIapoBasi MEJILHUIIA;
8 — cOopHUK NupoII03uTa; 9 — HACOC JUIS CYCTICH3UH MTUPOJTIO3HTA;
10 — Hacoc rotoBoii mpoxykuun; 11 — cOopHHK TOTOBOU MpoayKIwm; 12 — meHTpudyra;
13 — HanopHsIi 6ak; 14 — Hacoc; 15 — cOopHHK cltaboii CepHON KUCIOTHI
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O30n0-kKamanumuyeckuit Memood. JIOCTOUHCTBO METOAa — OTHOCUTEIIbHAS
MMPOCTOTa TEXHOJOTUYECKON CXEMBbl M BO3MOXKHOCTh MOJy4eHUsI 0oJiee KOHIICH-
TPUPOBAHHOHN CepHOM KUCTOTHI (110 60 %). O30HO-KaTaTUTUIECKUI METOJ SBIIS-
€TCS JANbHEHIIUM Pa3BUTHEM MMHUPOJIO3UTHOTO METOJa M OTJIMYAeTCS OT IIO-
CJIGTHETO TEM, YTO OKHCJICHHE JBYXBaJCHTHOTO MapraHIia JI0 TPEXBAJICHTHOTO
OCYIIECTBISIETCS O30HO-BO3AYIIHOM cMechlo. TexHolorndeckas cxema O30HO-
KaTaJUTHYSCKOTO METO/Ia He OTIUYAETCS OT MUPOJIFO3UTHOTO.

Kuokocmno-konmaxkmubstii Memoo OCHOBAH Ha TOTJIOIIEHUU CEPHUCTOIO
aaTuapuaa u3 razoB cycnensueir CaCOs. [Ipu aTom mpoTtekaer peakuus

CaCO3 + SO, — CaSOs3 + COa.

Mo pacueram, Ha Helrpanuzanuio 1,00 kr SO, pacxomyercs 1,56 xr CaCOs.

V. DilekTpOHHO-Ty4€eBOl MeTOJ OYHCTKH ra3oBbIX BbIOpocoB. Kak cie-
IyeT W3 PAacCMOTPEHHBIX BBIINIE METOAOB, yTmim3anuss SOz OCHOBaHA Ha €ro
CBSI3bIBAHUM, BOCCTAHOBJICHUH IO MOJICKYJISIPHON Cephl MO0 AOOKHUCIEHHH [0
BBICIIIMX OKHUCJIOB C BBIZCTICHUEM B BHJE KUCIOT MM COOTBETCTBYIOIIUX COJIEH.
C 5T0ll TOYKH 3pEHHS DIECKTPOHHO-TYYEBOH METOJ OTHOCHUTCS K MOCIECOHEMY
knaccy. OcoOEHHOCTh ANEKTPOHHO-TY4eBOW 00pabOTKH Ta30B COCTOUT B TOM,
4TO IIpU 3TOM MHNPOUCXOAUT OAHOBPECMCHHOC YAAJICHHUEC U3 IbIMOBBIX Ta30B
OKHCIIOB Cephl U a30Ta [4, 5]. IT0 cyXoil METO OYMCTKH, KOTOPHIN TO3BOJISIET
n30exaTh JKUIKAX OTXOJOB, NPOOJEMBl yHaJeHWs MUIaMOB, ITOBTOPHOTO
HarpeBa razoB. Kpome Toro, mpu takoii ounictke oT SO» m NO; momyuaer-
Csl TMOpPOIIKOOOpa3Hasi CMECh IMOOOYHBIX MPOMYKTOB — Cynb(haTa aMMOHHA
(NH4)2SO4 1 ammuaunoii ceutpsl NHaNOs.

VYnpaleHHylo cxemy Mporecca MOKHO MPEJCTaBUTh B CIICAYIOIIEM BHIE:

l ] ]
Q H,0 NH;s

SO, — SO; — H2SOs — (NH4)2SOs,
A%

rne Q — sHeprus uznydeHus; v — yactora manydenus; HoO — mapst Bossr; NHs —
aMMHaK.

HaunOonee wn3BecCTHOE TEXHOJOTMYECKOE PELICHUE 3JIEKTPOHHO-IYyYeBON
ra3004MCTKH — TaK Ha3bIBaeMblil D0apa-mporecc.

B pesynbrare nporexkaHus paaualliOHHO-XUMHYECKHX PEeakLuil o0pa3ytoTcs

peakimonHo-akTiBHbIC KommoneHTsl O; OH; H,. Onu B3aummozeiictByrot ¢ NOx

u SO, B pe3ysbTaTe Yero MoiydaroTcst 0ojiee BHICOKHE OKCHIBI a30Ta U CEpBI
(NO3 u SOs3), koTOpBIE C BOISHBIM IapoM 00pa3yroT Hapbl a30THOM M CEPHOM
kucaoT. [Ipu B3auMoecTBMH C aMMHUAKOM, KOTOPBIM BBOJUTCS B ra30Xxoj] JO
cTaguu o0IydeHHs, TIOIYyYatoT TBEPAbI HUTPAT U CyIb()aT aMMOHUSI.

[Ipu ucnonb30BaHUM «UUCTOTO» DOapa-npolecca Ajsl AocTxReHus 3¢ dexra
ouucTku (yaanenue Oonee 95 % oxcuno cepsl u 6onee 80 % OkcHIOB a30Ta)
B Ta3e JOJDKHO OBITH IMOTJIONIEHO OKOo 2 Mpan usmydenus, wiu 25 k/lx Ha
KyOndeckuii MeTp rasza. 3TO O3HAYaeT, 4To A 00paOOTKH OTXOSIIMX Ta3oB
TEIJIOBOM 3JNEKTPOCTAHIIMU yCTaHOBIEHHOW MomrHocThi0 500 MBT (BBIOpacs-
BAEMOE KOJIMYECTBO JBIMOBBIX Ta30B — OKOJNO 1,6 MiH M*/4) HeoOXomum
HMCTOYHHUK M3Iy4eHus okoio 12 MBT, uro coctaBnsger 2,4 % ycTaHOBIEHHOU
MomHocTh. OnHaKo yBelIW4YeHHE 3aTpaT Ha COOCTBEHHBIE HY)KIbl CTaHIHH
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KOMITCHCUPYETCS YMEHBIIICHHEM 3KOJIOTHYECKOTO HaJlora 3a BBIOPOCHI, a TaKKe
JN00ABOYHBIM JIOXOJIOM OT PEaM3alliM TOJYy4YaeMbIX IMPOIYKTOB B IPOIECCE
OYHUCTKH JBIMOBBIX Ta30B 0T SO u NOx.

B HacTosimiee Bpemsl Takue YCTaHOBKH 3KCIuTyatupytorcs B SAnonuu, CILA,
ITonsiue, I'epmanun.

J1 cCpaBHUTENBHOTO aHANN3a PACCMOTPEHHBIX METOZOB OYMCTKH JBIMOBBIX
razoB TOC ObuUIH pacCYUTaHBI HEKOTOPHIC OTHOCUTEIBHBIC MOKA3aTEIN CUCTEM
OYHUCTKH (32 €AMHUITy MPUHUMAINCH TIOKA3aTeNI! CHUCTEMBI) C MCIOJIB30BaHUEM
M3BECTKOBOTO MeTO/a (B MOKA3aTENAX HE YUYUTHIBAIHNCH dKOJOTHIECKAN 3 (PexT
Y peaju3aliis TOTOBOro MpoAyKTa). Pe3ynbrarhl npuBeneHs! B Taom. 1.

Tabnuya 1
CpaBHHTeJbHbIE TOKA3aTEJIN CHCTEM OYHCTKH JIBIMOBBIX ra3oB ot SO2
Conepxanne SO2 Y nenvHble 3aTpathl, pa3| CTOMMOCTH
CreneHn
HawnmenoBanme B JIIMOBBIX OYUCTKH
MeTona B TOH;'[I/I- rasax, O‘II/I(;(”’FKI/I, KaIATasb- | SKCILIYaTa- | 00 \3 envo-
Be, % v (%) HBIE UHOHHEIE | o1y rasop, pas
U3BecTKOBBII 3 5,5(0,2) 95 1 1 1
U3BECTHAKOBBIN 3 5,5(0,2) 95 1,14 1,05 1,14
Marse3uToBBIH
C MOJyYCHUEM:
CepHOI KUCIIOTHI 3 44(015) 85 3,90 2,24 2,91
cepbl 4,60 2,24 3,43
AMMua4HO-
LIUKJINYHBIHA 3 10,3 (0,35) 85 7,15 7,41 4,97
O30HHBIN 3 2,0 90 5,05 4,83 -
DIEeKTPOHHO-Ty4eBO 3 2,0 95 4,44 517 2,86

BbBIBO [

Haumenbiuve 3aTpathl Ha oducTKy 1000 M3 MMEIOT M3BECTKOBBIH U M3BECT-
HSIKOBBIH, a TAKXK€ JIEKTPOHHO-TY4eBOH MeTobl. OTHAKO JIEKTPOHHO-TY4EBOM
METO/T TIO3BOJISIET OJTHOBPEMEHHO MPOU3BOAUTH OYUCTKY JBIMOBBIX T'a30B cpa3y
ot SO u NOx.
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