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Anomayis. Poboma npucesiuena axmyanvuiii npobiemi niouwyenHs epexmueHocmi O4UleHHs MeXHONOSIMHUX 2a318 )
CKpYOepax HAcaoKko8020 Muny 3 Memoio 3HUICCHHS GUKUOIE WKIOIUGUX PEUOBUH I MEEPOUX OOMIWOK 00 ammocghepu ma
RIOBUWEHHS MEXHIKO-eKOHOMIYHUX NOKAZHUKIE CUCTEM MOKPO20 2a300uuuerts. [ ybo2o Oy10 po3pobieHo mpukymmuy
HACAOKy 3 Xpecmonooibnumu eupizamu. Y pobomi excnepumeHmanbHo 6USHAYAEMbCs eeKmusHicmy ouUueHHs CKpybepom
3 yiero Hacaoko. Ileped oOuUWeHHAM BUKOHYEMbCA O0B80CMYNEHe8e OXON00XCeHHs 2a3i8. TIOpIGHAHHA SUKOHYEMbCA 3
HaUuobiIbW epeKMUBHUMU HA CbO2OOHT MUNAMU HACAOOK OJi MOKPO2O 2A3004UUeHHs — Xopoosa Oepes aua i Kinvysa Pawwuea.
Tokazano, wo po3pobrena MpuUKymHA HACAOKA 3 XPeCMONoOiOHUMU eupizamu npu ouuwjeHui Kokcosoeo 2azy 6i0 CO:
noxkpawye ouuwjenns na 25 % nopienano 3 oepeg’sinoio xop0ogoio, ma na 15 % — 3 kineyamu Pawwuea. Lle oozseonse

PeKoMeHdysamu it 00 WUPOKO20 BNPOBAONCEHHSL.

Kniouosi cnosa: easoouuwenns, ckpybep, ouuwyyeHHs 2a308ux 6uKudie, ammocgepne nogimps,

Hacaoka.

Beryn. Ha pgannit yac npo6iema razooqniieH-
HS € Jy)K€ BaXKJIMBOIO y 3B 513Ky 31 3pOCTaHHSIM
MPOMHCIIOBOT MOTYKHOCTI KpaiH €BpoIy.

I"a3oBa 000I0HKA 3eMITi 3aXHINAae yce KUBE BiJl
yineTpadioneToBux mnpomeHiB. [Ipore € daxropw,
SIKl TIOTIPIIYIOTh CTaH aTMOC(epH Ta MOTOHIIYIOTh
o 000J0HKY. 30KpeMa TaKUMH € aHTPOIOTCHHi
Bukuau. CymapHo BHKHIM B armocdepy
cTaHoBJIATH 380 TOH OTPYMHMX peYoBUH Ha | KM,

AtMocdepHe TOBITps 3a0pYAHIOETHCS IUTTXOM
HaAXOKEHHS a00 YTBOPEHHS B HHOMY 3a0pyIHIO-
BAILHUX PEUOBHMH Y KOHLEHTPAMisX, IO MEPEeBU-
HIyIoTh Horo mpuponHii BmicT [1, 2]. 3abpyaHnto-
BaJbHI PEYOBMHH — II€ PI3HI JOMIIIKH, SKi Yy
MEeBHI KOHIEHTpAalii YWHATh HECTIPUATINBUI
BIUIB Ha HaBKOJMINHE cepenosuuie. [lizBuiiena
KOHLIEHTpaliss 0araTboX 3 HUX MOXE BHKIMKATH
3aXBOPIOBAHHS B JIFOJIEH Ta TBAPUH.

OmanMm 3 HalOUTBI  e()EeKTUBHUX 3aco0iB
OUUIIICHHS JUMOBHUX Ta3iB BiJl MUy € CKpyOepH.
BoHM BUKOHYIOTH OYMIIEHHS 3aBISKH B3a€MOJIl
ra3iB 3 BOJOK. PO3BUTOK Ili€l TEXHIKH Mae OyTH
CIpSIMOBAaHWI Ha MiJBUIICHHS €(QEeKTUBHOCTI
OUYMILECHHS 31 3MEHIIEHHSM BHUTPAaTH BOIU Ta
SHeprii.

AKTyaJbHicTh gocaigkeHHss. OUUIICHHS BU-
KHJIIB 10 aTMOCc(epH € BaXKJIMBUM IMUTAHHSIM B Cy-
YaCHOMY CBITi, IO TTOB’s13aHE 31 3MOPOB’SIM JTrOmei
Ta IHITUX KUBHX iCTOT.

OctanHi fgocaimkeHHs Ta  myOJikamii.
3HayHMN BKJIAQX Y JOCHIJDKCHHS Ta3004HIINCHHS,

3poounmu  BueHi C. II. Turos, I H. CeBepeni,
O. ®. Peapko, O. H. Kymim, B. I'. Hazapos,
C. 3. Ilomimyk, B.II. Kyn, B. b. JloBramoxk,

b. C. Caxun Ta in. Ha nanuit wac nmpoOnema ra-
3004MIEHHS € OJHICI0 3 HAWBaXIIMBIINAX JUIS
MIPOMHUCIIOBOTO KOMITIEKCY Ykpaiam. OpauMm 3
BapiaHTIB PEKOHCTPYKII CUCTEM Ta300YUIICHHS €
3aCTOCYBaHHsI CKpyOepiB HACaJIKOBOTO THITY.

[IpomucioBe Ta300YMIICHHST HEOOXiTHE I
BHUJIQJICHHS 3 ra3y TBEPAUX Ta PIIKUX YaCTHHOK,
IIKIJJIMBUX JOMIIIIOK, YJIOBIIOBaHHS I[IHHUX MaTe-
piamiB. Yci 11i 3axomyd HOTPIOHI TSI 3MEHIIESHHS
3a0pyIHEHHS aTMOC(EpPHOTO TOBITPS, Ta 3HIKEH-
HS HETaTHMBHOTO BIUIMBY Ha TOAAIBILY OOPOOKY
ra3y. OUuIeHHsT TPOMUCIIOBHX Ta3iB € Ba)JIINBUM
3aBIAHHSM IS YOPHOI, KOJTBOPOBOI METaNyprii Ta
IHIIMX BUAIB mpomuciioBocti [3, 4]. Came Tomy
TIOJIiJT TA30BUX HEOMHOPITHMUX CUCTEM BiTHOCHTHCS
JI0 4YHclia IIAPOKO PO3IOBCIOMKEHUX OCHOBHHUX
MPOIIECIB XIMIYHOT TEXHOJIOTII.

Jns posmmpeHHss 00JNacTi BUKOPUCTAHHS U
MiIBUINEHHS e(EeKTUBHOCTI OYHINEHHS Ta30BUX
BHUKHIIIB PO3p0o0NieHO [2] TPUKYTHY Hacaaky 3
xpecrononionumu Bupizamu (puc. 1). Ii epexrtn-
BHICTH Mae OyTH MiATBEpPIUKEHA EKCIEpH-
MEHTAJIBHO.
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Puc. 1. TpukyTHa Hacaaka 3 XpeCTONOAIOHIME BUpi3aMu:
1 — xopmyc 3 JieroBaHoi craii; 2 — XpecTonoAioHuit OTBip;
3 — 3MiHHE KpiluieHHs; 4 — npiOHa ciTKa, 3 JIErOBaHOI CTai

@opmyIIOBaHHA Wijeil cTarTi. MeToro qaHoi
pobotu € mepeBipka eEeKTUBHOCTI PO3poOICHOT
TPUKYTHOI HACAJKH 3 XPECTOMOAIOHNMHI BHPi3aMHu.

OcHoBHA yacTHHA. Y poOOTi MOPIBHAHO ede-
KTUBHICTh pPO3pOONEHOI TpPUKYTHOI Hacagkud 3
XpEeCTONONiOHMMH BUpi3aMu 3 1i aHajmoramm —
JIepeB’ STHOIO XOPAOBOIO Ta KUTbIsIMU Parmra.

3aBIsIKM po3Mipy OTBOpIB Ta iXHIU crenudi-
yHid Qopmi TpUKyTHA Hacajka 3 XpeCTONOAIOHHM-
MU BHpi3amMH 3a0e3leuye [OBIIMHA KOHTAaKT 3
BOZIOIO, IO JO3BOJISIE 3MEHIIUTH BUTpATy OCTaH-
HBOI. 3aBAgKM BUKOHAHHIO HACAIKHU 3 JIETOBAaHOIL
cram AISI 316 (10X17H13M2), Bona moxe OyTu
BHKOPHCTaHA HAaBITb y HaWOUIBII arpecUBHOMY
CEPEIOBHIII.

Hns mpoBeaeHHs [OaHWX MPOMHCIOBUX BH-
npoOyBaHbh OyJI0 BHKOPHCTAHO TEPMOTITPOMET-
razoanamizarop CO, turty AZ — 7797 [5, 6] 3 BU-
cokotounuM NDIR (iHdpadepBoHUM) DaTUNKOM
CO; Ta aBToMaTHYHUM (POHOBUM KaJiOpyBaHHSIM
(W/ABC) i xoMIIeHcalli€l0 BiIXWIECHb MPH TpPHU-
BTl excrutyaranii (puc. 2 a). Jliana3oH BUMIpIO-
BaHH KoHmeHTpamii  0..9999 ppm, mnoxubka
CTaHOBUTH £ 5 %.

[Ipu mpoBeneHHI MPOMHUCIOBUX BUIPOOYBaHb
KOKCOBHH Ta3 OXOJNOMKYBaBCsS 3a JOMOMOTOIO
amiaunoi Boam Binm 750 mo 80 °C. Ilortim BiH
IIOAABABCS 10 NEPBUHHOTO I'a30BOT0 XOJIOAUIIBHHU-
ka (0a3oBoro Tumy) Oe3mocepenHboi Iii, A€ HOro
Temneparypa 3MeHmyBanacs g0 15 °C.

BurpoOyBaHHsS BHKOHYBAJIHCS TIPU TeMIlepa-
Typi HaBkoimIIHBOTO cepenosuima 23 °C. Byno
MIPOBEJCHO ICKIIbKa 3aMipiB s KOXKHOTO THILY
HACaJIKH, B TUTIOBii KOHCTPYKIIii ckpyoepa [7, 8].

Sk pobounii ra3 BUKOPUCTaHO KOKCOBHH ra3
JMBAapHOTO BUPOOHUITBA. TemmepaTypa Apyroro
CTyTEHS OXOJIO/IKCHHS KOHTPOJIFOBAJIACs
MaHOMETPUYHUM TEPMOMETPOM Ha puc. 2 0.
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Puc.2. BumiproBanbHi mpuay:
a — razoananizarop CO,; 6 — MaHOMETPUYHUIT TEPMOMETP IS
BUMIPIOBaHHS TEMIICPATYPH I'a3iB MiCIIsE OXOIOMKEHHSI

[Tpu BunmpoOyBaHHIX BUMIipIOBaJIACs KUIBKICTbH
CO, micis Tepmoro CTYIEHS OXOJOKCHHS Ta
TiCTIsT OCTAaTOYHOTO oxoJomkeHHs 10 15 °C. OTpu-
MaHO KOHIEHTpalil0 B TMEPIIOMY BHIAAKY
0,465 %, a y apyromy — 0,321 %.

Hami Oyno orpumano kouueHrpamito CO, B
OXOJIOJDKCHOMY ¥ ouuIieHoMy rasi (puc. 3, 4).

Haii6inbiry edeKkTHBHICTh BHUSBICHO y PpO3-
poOiieHoi TPUKYTHOI HACAAKU 3 XPECTOMOAIOHUME
Bupizamu. lls Hacajka migBuinye eQEKTUBHICTH
ounuieHHs Ha 15 % mopiBHSAHO 3 KiblIsAMHU Pamim-
ra ta Ha 259% TOpIBHAHO 3 JepeB’STHOI0
XOPZ0BOIO.

upoxe BIpoBajKEeHHS PO3po0IeHol HacaaKu
JIO3BOJIUTH 3MEHIIMTH 3a0pyIHEHHS aTMocgepu
IITKIIJTABUMHA BUPOOHUINMU BUKHIAMU.

BucnoBku. Po3pobnena TpukyTHa Hacaaka 3
XpECTONONIOHMMH ~ BHpi3aMH pH  OYMLICHHI
KokcoBoro ra3y Bin CO, mokpaliye O4HIIeHHS Ha
25 % TOpIBHIHO 3 JIEpeB’THOK XOPOBOIO, Ta Ha
15 % — kinmens Pammra, ski € omHi€ro 3 Haii-
e(eKTUBHIIIMX Ha CHOTOAHI Hacaok. Lle no3Bosse
PEKOMEHyBaTH 1i JO MHUPOKOTO BIIPOBAIKCHHS.
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JepeB'AHa Pawwura Haca/Ka 3 2
XpectonogibHumu
BUpi3amm 0.17 . . .
Puc. 3. Konnenrpanis CO., %, ] 2 3 4 5 6
TIPY BUKOPHCTAHHI Pi3HUX HACATIOK Homep gocaizy
(nacHi BunpoOyBanHs [2]) Puc. 4. Ipadix ounmenns sin CO, 3a pesynsraraMu
MPOMHUCIIOBUX BUIIPOOYBAHb:
IlepcneKTHBH MOAAJBIIMX JAOCHIIKEHb., Y 1 — TpuKyTHa HacaJKa 3 XpeCTOMOIOHUMH BUpi3aMu (BIIACHI
MOJANBIIIOMY TUIAHYETHCS BU3HAYUTH  CTYIiHB , BUNPOOYBAHHS);
OUMIIIEHHS Ta3y JHUBapHOIO BHPOOHHUIITBA BI 2 —xinbita Pammra (B1acki BnpoOysaks);
.m 4 P . b 1 A 3 — xinbug Pammra (BunpoOysaunns B. O. TIponina it
napiB OcH3011y Ta Ha)TaTiHY. 0. B. Jlonrosckoi [9])
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Annomayusn. Paboma nocesuwjena akmyaibnoti npobneme nosbiueHus 3P eKmusHocmu O4ucmKYU MexHONI0SUYeCKUX 2a308 6
CKpyObepax HacadouHo20 MUNA ¢ Yervlio CHUNCEHUs BbIOPOCO8 BPEOHbIX 6eujecms U meEpobix npumecell 6 ammocpepy u
NOBbIUUEHUS MEXHUKO-IKOHOMUYECKUX NnoKasameneil cucmem MOKpou eazoouucmku. [ia smozo Oviia paspabomaua
mpeyeonbHasl HACAOKA ¢ KPecmooOpasHulMu ebipe3amu. B pabome sxchepumenmanvho onpeoensemcs dPhekmusHocms
ouucmxu ckpybbepom ¢ smoii Hacaokol. Ileped ouucmroll 8bINOIHAEMCSA 08YXCmMyneHuamoe oxaadcoenue 2azos8. Cpagnenue
8bINONHAEMCA ¢ Hauboee IPheKMuUeHbIMU HA Ce200HA MUNAMU HACAOOK 071 MOKPOU 2A3004UCTHKY — XOPOO08As OePeBAHHAS
u xonvya Pawwuea. Ilokasano, umo paspabomannas mpey2onbhas HAcaoKa ¢ KpecmooOpasHbIMU blpe3amil npu OYUCHIKe
Kokcogoeo eaza om CO, ynyuwaem ouucmky Ha 25 % no cpasHenuto ¢ 0epeésaHHOl Xopoogou, u Ha 15 % — ¢ Konvyamu
Pawuza. Omo nossonsem pekomenoosams eé O WupoKo2o HeOPeHUs.

Kniouesvle cnosa: eazoouucmka, ckpybbep, OHUCMKA 2A308bIX 8bIOPOCOS, AMMOCHEPHBIL 8030YX,
Hacaoka.
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Annotation. The work is devoted to the topical problem of increasing the efficiency of cleaning process of gases in packed-
type scrubbers in order to reduce emissions of harmful substances and solid impurities into the atmosphere and improve the
technical and economic indicators of wet gas cleaning systems. For this, a triangular cross-cut packing has been developed.
Due to the size of the holes and their specific shape, the triangular packing provides longer contact of the packaging with
water, which reduces water consumption. The packing is made of alloy steel AISI 316, so it can be used even in the most
aggressive environment. In the work, the efficiency of cleaning with a scrubber with this packing is experimentally
determined. The tests were performed at an ambient temperature of 23 °C. Several measurements were made for each type of
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packing, in a typical scrubber design. To conduct these industrial tests, a thermohygrometer-carbon dioxide gas analyzer
AZ-7797 was used with high-precision NDIR (infrared) sensor, automatic background calibration (W/ABC), and
compensation for deviations during long-term operation. The concentration measurement range is 0-9999 ppm with an error
of +5 %. The gases were cooled in two stages. At first, they were cooled with ammonia water from 750 to 80 °C. Then they
were fed to a primary gas refrigerator (basic type) of direct action, where its temperature were falled to 15 °C. Carbon
dioxide concentration was measured after the first stage of cooling, after the final cooling, and after the cleaning process.
The comparison is carried out with the most effective types of packing for wet gas cleaning today — chordal wood and
Raschig rings. It is shown that the developed triangular packing with cross-shaped notches during the purification of coke
oven gas from carbon dioxide improves the purification by 25 % in comparison with the wooden chord one, and by 15 % -
with Raschig rings. This allows us to recommend it for widespread implementation.

Key words: gas cleaning, scrubber, gas emission cleaning, atmospheric air, packing.
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