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(57) Pedpepar:

B ogHOMy acnekTi 4aHOro BMHaxody po3KpuTa BepTuKkanbHa abcopOuiiHa konoHa, npusHayeHa ans
abcopbuii okcmaie as3oTy 3 rasy TEXHOSOMYHOro npouecy, WO MICTUTb 3a3HayeHi okcuau asoTy,
BOAOK [Ans BUMPOOHMLTBA BOAHONO PO3YMHY a30THOI KMCNoTu. ABCOpOUiHa KOMOHa MICTUTb
po3nogintoBay pigvHW, WO MICTUTb XUBMUITbHUK, SKUA Mae 3ybyacTum 3nvB Anis po3noginy piavHu
yepes CrnpsiIMOBaHi Bropy 3y0OLi 3yb4acToro 3nmBy no nepopoBaHnx Tapifikax po3noinoBaya pignHu
i € posTawoBaHuMm 6e3nocepeaHb0 Hag CTPYKTYPOBaHOK HacagKow, CTPYKTYPOBaHY Hacagky,
nnacTvHYaTy HacafgKy, L0 MICTUTb CYKYMHICTb FOPU3OHTaNbHUX MNNacTWH, OCHaLleHy 3acobamu
OXOMNOXKEHHs, BMNYCKHWM OTBip ANA [04aBaHHS KUCHIO 00 HWKHbOI YacTUHW BepTUKarbHOI
abcopbUiHOT KOMOHW, BMYCKHUI OTBIp ANsl ra3y TEXHOMOMNYHOro Npouecy, WO MiCTUTb OKCUAM a3oTy
nicns NpoLecy OKUCHEHHSI amMiaKy B HWXHI YaCTWHi BepTuKanbHOi abcopOUiNHOT KONOHW, BNYCKHUNA
OTBip ANS BOOHOrO PO34MHY Y BEPXHIN YacTWHI BepTUKanbHOi abcopOLUiHOI KOMOHK, LLOHAaNMeEHLUEe
OAMWH BUMYCKHMI OTBIp ANS a30THOI KUCNOTW BHU3Y BEpPTUKaNbHOI abCcopOLUiiHOT KONMOHM i BUMYCKHMI
OTBIp A4Ns1 XBOCTOBOrO rasy, Lo MiCTUTb OKCUAM a30Ty, 3BEpXYy BepTUKanbHOI abCcopOLiHOI KONOHMN.
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[aHni BUHaxig TakoX CTOCYeTbCA crnocody abcopbuii ana BMpoGHMLTBA BOAHOIO PO34YMHY a30THOI
KMcnotu wnsaxoMm abcopbuii okcmaiB a3oTy BOOOK Y BepTUKanbHiA abcopbuiriHii KONOHi 3rigHO 3
AaHuM BuMHaxodoMm. [laHui BMHaxi4 A0OATKOBO CTOCYETbCHA cnocoby BUPOBHULTBA a30THOI KMCMOTH i
cnocoby 3BedeHHA [0 MiHIMYMy KinbKOCTi rasonogibHux okcuaiB asoTy Yy XBOCTOBOMY rasi 3
BepTMKanbHOI abcopOLUinHOi KONOHM 3rigHO 3 JaHUM BMHAXO4OM. TakoX OAaHUW BUHaXxig CTOCYETbCA
3acTocyBaHHA abcopbuinHOi KOMOHW 3rigHO 3 AaHUM BUHAaxXOAOM i 3aCTOCYBaHHSA CTPYKTYpPOBaHOI
Hacagku B abcopOUilHi KONOHI 3rigHO 3 4aHUM BUHAXO40M.
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"anysb TEXHIKWN, 00 SAKOT HANeXnUTb BUHaXIg,

[aHnii BUHaxXig CTOCYETbCS BepTMKanbHOi abcopbuinHOi KOMOHM Ans BUMPOOHMLTBA BOAHOrO
PO34YMHY a30THOI KUCMOTK Yy NPOLIECI BUPOOHULTBA @30THOI KUCMOTK, i cnocoby BUpOBHMLITBA BOOHOTO
PO34YMHY a30THOI KMCNOTW Yy npoueci BUPOOHMLTBA a30THOI KUCMOTW. bBinbll KOHKPETHO, AaHun
BMHaxig, CTOCYETbCA BepTUKanbHOI abcopbuiiHoi konoHu i cnocoby abcopbuii, B AkMX OKCMAaW asoTy
abcopbytoTbCsl BOOOK 3 BMKOPUCTAHHSIM CTPYKTYPOBAHOI Hacagku i cneuianbHO CKOHCTPYWMOBAHOMO
posnogintoBaya piavHu, Wo € HOBMM AN 3aCTOCYBaHHS Y BKadaHMX cnocobi n abcopbuiriHiin KOMOoHi.

[MepeaymoBM CTBOPEHHS BUHaxoQy

YuncTta a3oTHa kucnota sBnsie cobor nposopy 6e36apBHY piguHY 3 CUIbHMM 3anaxoM. A30THY
KMCMNOTY BUPOOMAIOTh Y BEMMKUX KINbKOCTAX 30€0iNblIOoro LWASXOM KaTaniTMYHOrO OKUCHEHHS aMiaky
(mpouec OcTtBanbga). Amiak NepeTBOPIOOTb Ha a30THY KUCMOTy Yy ABa eTanu. CnodyaTKky amiak
OKVCHIOIOTb Ha NIIaTUHOBKMX CiTKax 3 oJepXXaHHsIM MOHOOKCMAY a3oTy i Boamn (dopmyna 1):

4NHs (r) + 502 (r) — 4NO (r) + 6H20 (1) (1)

MpoaykT peakuii 3 dopmynu 1, moHookeua a3oTy (NO), noTiMm okuCHIOTL A0 okcuais a3oTty NOx,
3okpema giokenay asoty NO:z (r) i gani o Tetpokemay giasoty N204 (r) 3rigHo 3 popmynamm 2 i 3:

2NO (r) + Oz (r) — 2NO2 (r) (2)

2NO2 (r) — N204 (r) (3)

OxncHeHHss NO go okcuaiB a3oTy NOx (sKki BU3Ha4eHi B 4aHOMY OOKYMEHTi K Taki, Lo MICTATb
woHanveHwe giokeng as3oty NO:z i Tetpokeng giazoty N204) Ha 3aBogax i3 BUPOBHWMUTBA a30THOI
KACMOTN Ha CbOrOAHILIHIA AEeHb BMKOHYIOTb LUMSIXOM KOMOiIHyBaHHsi OBOX CMocobiB: OXONOOXKEHHS
rasy, sike 3MmilLlye piBHoBary B CTOpPoHy yTBopeHHsA NOgz; i HagaHHA 4OCTaTHLOrO Yacy yTpUMaHHS Ans
3abe3neyvyeHHss MOXITMBOCTi 3aBEPLUEHHST peaKLiii rOMOreHHOr0 OKUCHEHHS.

NO2 i N204 micna uporo abcopbytoTbcA BOAOK B abCOPOUINHIN KOMOHI (TAkoX Ha3uBaHin
abcopbuinHoto GaluTo) 3 YTBOPEHHSIM a30THOT KACIOTU i MOHOOKCUAY a3oTy (popmynu 4 i 5):

3NO2(r) + H20 (p.) » 2HNOz (Boa.) + NO (r) (4)

3N204 (r) + H20 (p.) — 4HNOs (Bog.) + 2NO (r) (5)

3anuvLKoBMN MOHOOKCKA a30Ty MOBTOPHO OKWUCHIOKTbL B abcopbuinHii KOMOHI A0 oKkcuaiB asoTy
AN NoAanbLIOro NepeTBOPEHHsT Ha a3oTHY kucnoTy. EdekTnBHicTb abcopbuii, Wo gocaraetbcs, B
uinomy ctaHosutb 98,2-99,3 %.

I3 BUKOPUCTAHHAM 3a3HA4eHOro cnocody oaepXyrTb Criabky a3oTHY KMCIMOTY 3 KOHLIEHTpaUieo 40
68 % (aseoTpon). 3aBadku npouecy pekTudikauii KOHLEHTpauid as3oTHOI KMCIOTU Moxe 6yTu
36inbweHa Ao 99 % KOHLEHTPOBaHOI a30THOI KUCMOTH.

3aranbHa peakLis nokaszaHa 3a JONOMOrow HacTynHOI hopmynu 6:

NH3+202 — HNO3+H20 (6)

XBocToBUI ra3 abcopOuiviHOT konoHn, wo mictute npogykT peakuii NO Tta NO2 i N204, ski He
npopearysanu, 3a3suyan obpobnsaTe y "6noui ounweHHs Big NOX" nepea BUKMOOM Y HaBKOMULLIHE
cepepoBuule. be3 06pobkn XBOCTOBUI ra3 pobutb BHECOK Yy Npobnemy 3abpygHeHHs MoBiTPs, i KOro
MOXHa BMi3HaTV 3a TUMOBUM YEPBOHO-KOPUYHEBUM LUNENOM i3 pi3KMM 3anaxom, Lo BUXOAUTL i3
BEpLUMHU abcopBLiiHOT KONOHW.

Tunosa abcopbuiiha ©GawTta mictute 30-50 ropu3oHTanbHMX MNAACTUH (TAKoX Ha3MBaHMX
Tapinkamu), i nuwe BepxHi 8—9 He oxonomkyTbcs. OXONOMKEHHA € HEODXIOHUM ANS iHWKNX Tapinok,
OCKiNbKK BCi peakLii y cnocobi BUpoOHULTBA a30THOI KUCMNOTU € EK30TEPMIYHUMMU.

"asonopibHi okcuawn asoTy, npusHadeHi ona abcopbuii, BignpaenAlTe Ha abcopbuiHy KONOHY y
NpOTUTENII0 BIOHOCHO BOAM, BMKOPUCTOBYBAHIN AnA abcopbuii 3a3HaveHnx rasonodibHux okcugis
asoTy. A30THa KucnoTa, ogepxxaHa B pe3ynbTati abcopbuii, Tedye 3Bepxy BHU3 abCoOpOLiiHOT KOMOHM.
PisHoBara peakuii (dopmyna 4), BupakeHa B 3Ha4YeHHAX napuianbHUX TUCKIB CKNagoBux, € yHKLIE
TemnepaTtypu, Mpu UbOMY HU3bKi TemnepaTypu CHpuUsiioTb YTBOPEHHIO a30THOI kucnotu. OpHak
Jiokcua asoTy LIBWMAKO YTBOPHOE PIBHOBaXHY CyMill 3i CBOIM OMMEpPOM, TETPOKCUMOOM [ia3oTy,
OCTaHHI € nepeBaXHWM 3a HU3bKOI TemnepaTypu Ta BUCOKOro TUCKY. MexaHisamu 1 eTtanu, sKi
KOHTPOSIIOKOTh LWWBUAKICTb YTBOPEHHS KUCNOTU, 3MIHIOOTLCH 3 KOHUEHTpaLUi€eo i CTyNneHeM OKUCHEHHS
[0 TeTpokcmay Adia3oTy. 3a BMCOKMX 3HadyeHb KOHUeEHTpauil TeTpokeuay giasoty (> 40 Bar. %) N20O4
Biirpae OCHOBHY pOfib B YTBOPEHHI a30THOI KMCMOTU. 3a HMXYMX 3HAYEHb KOHLUEHTpaLUil TeTpokecuay
Aia3oTy Ginbll BaXIIMBUM CTae MNOEAHAHHA MexaHiamiB, wo 3agitoloTb NO2, N20s, i HNO2. Ak
Hacnigok, y npoueci abcopOuii 3agisHO Benuka KifbKiCTb peakLUiiHUX KOMMOHEHTIB Y ra3osin ¢asi, i
Mogenb peakuii € cknagHoto, ane Jobpe Bigomoto daxiBUEBi y AaHin ranysi.

YTBOPEHHSA a30THOI Kncnotu wnsxoM abcopbuii NO2 abo N204 y Bofj CTBOPHE a30THY KUCIOTY,
OKWCHEHHSI [0 SKOi BMKOHYKOTb Pi3HUMWM cnocobamu 3rigHo 3 TUCKOM y cucTemi abcopbuii. Ha
CTaHOapTHOMY Cy4YacHOMY 3aBOAi 3 BUPOOHULTBA a30THOI KMCINOTW 3 MOABIMHUM 3HAYEHHSIM TUCKY
cepefiHiX po3MipiB CTUCHEHW ra3 TEeXHOMOriYHOro MnpoLecy, O4epXKYBaHUN MNICNSA 3ropsiHHA amiaky,
NnoAalTb Y HWXKHIO YacTMHY abcopOUiHOi KONMOHKM, sika 3a3Bu4yal siBnsie cobok KOMOHY 3 Tapinkamm
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(nnactmHamun), i 3MyLWylOTb WOro nNpoxoguTn 4depe3 abcopOuiliHy KOMOHY Yy MpoTuTeYilo 40 BOAU
TEXHOMOrMYHOro npouecy, $Ky BBOAATb 3Bepxy KomnoHw. Cnabka/posbaBneHa kucnota  3i
CKOHEHCOBaHOI Nnapw, WO € HAsBHOK Y ra3i TeXHOMOr4YHOro npouecy, BBOAATb Ha NOTPIGHIN BUCOTI
abcopbuinHoi konoHn. B abcopbuinHnx KonoHax i3 TapinikaMyv OKUCHEHHS ra3onofibHmx okcuais a3oTy
NPOAOBXYETLCA Y BiNbHOMY NPOCTOPI MK Tapinkamu, i abcopbuis nNpoooBXYETbCA Ha Tapinkax.
Tapinku aBnaTb cobo0 KoBNakoBi Tapinku abo nepdoposBaHi (CMTONOAIOHI) NNacTUHKU, MO SKUX Teye
piavHa, y Ton Yac K ras andyHaye Yepes HeBenvKi Npopian y cityacTin Tapinui abo Yepes KoBnaku.
Tapinkun B abcopbuiiHii KOMNOHI OCHalLleHi 3acobamun OXONoKEHHsT ANng BigBeAeHHs Tenna abcopouii,
0COONMBO B HWKHIN YaCTMHI KONOHW. XBOCTOBUI ras, KM MICTUTb OKCMAM a30Ty, nigaarTb obpobui
ONS BUOANEHHS OKcMAaiB a30Ty abo 3HMXKEHHS iX BMICTY y BignpaubOBaHOMYy rasi nepej nogaveto oo
po3LlmMploBanbHOi  TypbiHM Onsi MOBEpPHEHHsI eHeprii  cTuckaHHsa. Opep)kaHy as3oTHY KUCHOTY
nponyckawTb 4vepe3 BiabinoBanbHy KOMOHY, B SKih po3umHeHi rasm NOx BigainstooTb 3 as3oTHOI
KNcnoTw.

OCHOBHUM NPOMUCMOBUM BIAXOAOM 3aBOAY 3 BMPOOHMUTBA a30THOI KMCMOTUM € XBOCTOBMWN ras,
AKMA MICTUTb oKcuau asoTy Big abcopbepa. Bukmam xBOCTOBOro rasy MOXyTb OyTu 3BefeHi [0
MiHIMyMYy 3aBaskv OnNTMMI3auii ymoB npouecy, 36inblueHH0 edeKTUBHOCTI abcopbuii Ta/abo
BMKOPUCTAHHIO creLianbHmMx cnocobiB 0Opobku xBOCTOBOro rasy. [leBHa u4acTuMHa iHBeCTMLUIn,
CMPSAMOBaHMX Ha 3MEHLLEHHS KiNbKOCTi OKCMAIB a30Ty, NOBEPTATLCA 3aBAsKM 36inbeHoMy BMXoAy
NPOAYKTY Y BUrNSAAi a3oTHOI kucnoTtn. OgHak BUMOra LWOAO 3HWXKEHHSA BMKMAIB OKCuay a3oTy 4acTo He
peani3yeTbCsl Yepe3 EKOHOMIYHI Ta BUPOOHMYi BUMOTN.

KoHcTpytoBaHHsi abcopOUiiHMX KOMOH Ansi BUPOOHMUTBA a30THOI KUCINOTU € crneuianizoBaHUM
NpoLecoM, Lo BMMarae iHauBiayanbHOro NPOeKTyBaHHS Ha KOXHOMY eTani abcopOuii BignosigHoO Ao
MNOro BMMOI [0 OXONOMKEHHS i 06'eMiB MOBITPS abo iHWOro KMCHEBMICHOro rasy, siki NnoTpibHi ans
OKUCHEHHS1 OKCMAIB a30Ty. TpaauuinHuiA cnocid BMpPOOHMLTBA a30THOI KMCIOTU NoTpebye 3HauHUX
iHBECTULiM, | 3aBOA4 3aMMae 3HayHy nnowy. TakuM 4YMHOM, iCHye noTpeba y HapgaHHi Ginbl
edeKTMBHOro cnocoby BUMPOBOHULTBA a30THOI KACMOTU NOPIBHAHO 3 TPagWUINHOI IHAYCTPIED, TakoxX
icHye notpeba y 3MeEHLUEHHi Mnnolli, sKy 3anMae 3aBog 3 BMPOOHUUTBA a30THOI KMCMOTU. BinbLu
BaXNWBO, 3 MPUPOAOOXOPOHHUX MIipKyBaHb, iCHye noTpeba y 6inbw ekonoriyHoMy BUPOBHMLTBI
a30THO| KMCMOTKU, BHACNIQOK YOro BMICT ra3onofibHnx OKCuAiB as3oTy Yy XBOCTOBOMY rasi mae 6yTtu
3BeJeHUN 0 MiHIMyMy.

lMonepeaHin piBEHb TEXHIKK

Y natenTi EP 0256533 A (Norsk Hydro, 28 »xoBTHst 1992 p.) onucaHi cnoci6 i anapat, npu3HayeHi
ANsi 3BMEeHLLEeHHA BMICTy okcmay a3oTy o 200 ppm y BignpauboBaHMX rasax 3 abcopbuinHOi KONoHM
Anst BUpoOHUUTBA a3oTHOi kucnotu. Lo6 pocartm meHwoi kinbkocTi giokeuay asoTty (NO2) vy
BignNpaLbOBaHOMY rasi, BigHOLLEHHS MMOLLi KOHTaKTy [0 BiflbHOrO ra3oBOro NPocTopy i HanawWToOBYOTb
WnaxoM 36inblUeHHA BOAO3MMBHOIO HAaMopy PiBHSA PiguUHW | MNPOMIKKIB AN OKUCHEHHST MiX
nnactTuHamu. TakoX 3MEHLUEHHS BUCOTU NPOCTOPY HaA HAWBULLOK NMACTUHOK MPUBOAUTL A0
3meHLweHHA okucHeHHst NO go NO..

Y pokymeHTti WO 02/083260 A2 (Koch-Glitsch LP, 24 xoBTHa 2002 p.) po3kpuTo posnogintosay
PiOVHW y KONOHI MacoobMiHy, LLIO PO3MOAINSE PiAMHY NO Wapy MacoobMiHy, SKUA 3HAXOOAUTLCS HIDKYE,
WO MICTUTb OAaMH abo Binblue HeperynsapHux, CiTkoBux abo CTPYKTypOBaHMX ereMeHTIB Hacagku.
3ybuyacTuii 3nMB BUKOPUCTOBYETLCS OIS PO3NOAINY PiAvHU Yepe3 cnpaAMOoBaHi BHM3 3yOLi 3y6yacToro
3MMBY MO LWIAPY MAcoObBMiHY, AKUI 3HAXOOUTLCA HMXYe. 3acTocyBaHHs B abcopbuiiHin bawwTi Ha eTani
abcopbuii cnocoby BUMPOOHULITBA a30THOI KMCMOTK He 3a3HaveHe, SK He 3a3HaYeHe i 3aCTOCyBaHHS
3ybG4acToro 3nuBy AN po3noginy piguHW 4vepes cnpsiMoOBaHi Bropy 3y6ui 3ybyacToro 3nvBy no
nepdopoBaHUM TapifikaMm po3nogintoBaya piguHu.

B pokymeHti US 4816191 (Koch Engineering Company, 28 6epe3Hs 1989 p.) po3KpuTO
pPO3MoAintoBay pianHyn ans ra3opianHHOI KOHTAKTHOT KOJTOHU, SIKUIM TaKOX MICTUTb 3yb4acTuii 3nvmB Ans
pPO3MOoAiny pianHM Yepes CNpsMoBaHi BHU3 3y0Li 3y64acToro 3nmBy no KOSOHI, WO 3HAaX04MTbCA 3HM3Y.
CTpyKTypOBaHi Hacafku He 3a3HaudeHi.

B pokymenTi WO 2020/169465 A1 (Yara International ASA, 2020) poskpuTa BepTuKamnbHa
BigGintoBanbHa GawTa ANA BuOANEHHs PO3YMHEHUX OKCWAIB a30Ty 3 BOOHOMO PO3YMHY a30THOI
KMCINOTN 3 BUKOPUCTAHHAM BigAyBHOrO rasy, Takoro sik MOBIiTPsi, @30T, KMCEHb abo ixX KoMOiHaUil y
cnocobi BUpOOHMLTBA a30THOI KACMOTU, O MICTUTL CTPYKTYPOBaHYy Hacaaky; po3nogintoBad piaunHu,
LLLO MICTUTb XUBUIBbHUK, SKUA Mae 3yb4yacTuii 3rve 415 pO3nOAiny BOAHOIO PO34MHY a30THOI KUCNOTH,
WO MICTUTb pPO34YMHEHI OKCMAM as30Ty, 4Yepe3 CnpsAMOBaHi Bropy 3y6ui 3ybyacTtoro 3nuBy Mo
nepcopoBaHNM TapifikaM po3noAinioBaya piauHN i € po3TalloBaHUM HaJ CTPYKTYPOBAHOK HacagKow
ONd  po3nofdiny BOAHOrO PO3YMHY a3O0THOI KUCMOTU, WO MICTUTb PO3YMHEHI OKCMAM asoTy, No
CTPYKTYpOBaHi Hacagui; BMYCKHWA OTBIp i BUMYCKHUIA OTBip, obuaBa 3 skMX € npuaaTHAMK Onis
BOAHOMO PO34MHY a30THOI KUCMOTK; | BNYCKHMI OTBIP | BUNYCKHWI OTBIp, 06uaBa 3 SKUX € NpuaaTHUMu
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AN BigAyBHOMoO rasy. Y HbOMYy He PO3KpUTE NOEAHAHHSA SIK TapifloK, Tak i CTPYKTYpOBaHOI Hacagku. Y
HbOMY TaKOX He pPO3KPUTO OKPEMWI BMYCKHUIA OTBIp ANs [oAaBaHHA rasonodibHOro KMCHK [0
BiaGintoBanbHOI balTu.

BukopucTaHHA CTPYKTYpOBaAHOI HacaakM B MacoobMiHHMX KOMOHaxX B LiNoMy Bi4OMO, Hanpuknag y
npotiecax AMCTuUnsLii, po3aineHHs i aeskux npouecax abcopbuii (aus. octaHHi B ctatTi Decanini et al.
Ind. Eng. Chem. Res. 2000, 39, 5003-5011). Xo4ya cTpykTypoBaHa Hacagka Mae nepeBarv Hag
CTaHOapTHOK Hacaakow abo iHWWMY BHYTPILLHIMW eneMeHTaMmn B KOMOHI, iCHYIOTb AekKirnbka acnekTis,
AKi BMAMHYNM Ha BUKOPUCTAHHSA CTPYKTYpOBaHOI Hacagky y npouecax MacoobmiHy, Taki ik CyTTEBO
BMLLIA BapTiCTb, CKMNagHoOLWi B eKkcnnyaTauil Yyepes, OKpiM iHLOro, yMOBM 3aBOAHEHHS i KepyBaHHS
Tennom. CTpykTypoBaHa Hacagka He Oyna 3acTtocoBaHa B abcopOuiHMx KomoHax y cnocobi
BMPOOHMLTBA a30THOI KMCNOTU. Yepes ek3oTepMivHi peakuii abcopOuii KinbkicTb Tennotn abcopbuii
Oyoe Oyxe BUCOKOK B abCOpOUINHIA KOMOHI, OCHALLEHin CTPYKTypOBaHOK Hacagkow, i Oyae
HeoOxigHe 3abe3neyveHHst 30BHILLHBLOr0 OXONOAXKEHHS, WO YCKNaAHWTb 3aranbHui npoLec.

Takum 4ynHOM, 3anuwaeTsca notpeda B abCopOUINHIN KOMOHI, Wo 3abe3neyvye MOXNUBICTb BinbLu
edekTnBHOI abcopbuii rasonogibHWx okcuaiB asoTy, WO, Y CBOK 4epry, AO3BOMSE 3MEHLUUTU
rabaputn abcopbuinHoi KOMoHM Ta/abo 3MEHLWWUTU BUKMOWM OKCWUAIB a30Ty Ha BMMNYCKHOMY OTBOPI
abcopbuinHoi 6aTn.

CyTb BMHaxoay

3rigHO 3 mepwuyMm acnekToMm [aHOro BWHaxody po3kpuTa BepTukanbHa abcopbuiiHa KonoHa,
npusHadeHa ans abcopbuii okcMaiB as3oTy 3 rasy TEXHOSONYHOro npouecy, Wo MICTUTb 3a3HaJeHi
oKcuay asoTy, BOAOW, ANS BUPOOHMLUTBA BOOHOMO PO34MHY a30THOI kucrnoTu. ABcopbuinHa KonoHa
MICTUTb:

- PO3MOAINBaY PiAnHU, WO MICTUTb XXUBWUIBHUK, SKUIA Mae 3yb4acTuin 3nme

ANst po3nojiny piavHM 4vepes3 crnpsMOBaHi Bropy 3ybui 3yb4yactoro 3nmuBy Mo nepdopoBaHUM
Tapinkam posnogintoBaya piguHu i € postawoBaHum 6e3nocepeaHbO Hag CTPYKTYPOBAHOK HacaaKolo;

- CTPYKTYpPOBaHy Hacagaky;

- NNacTUH4YaTy Hacagky, WO MICTUTb CYKYMHICTb FOPMU3OHTaNbHUX NMAACTUH, OCHALLEeHYy 3acobamu
OXOMNOAXKEHHS;

- BMNYCKHMI OTBip ANA A04ABaHHSA KUCHKO [0 HWKHbOI YaCTWHM BepTUKanbHOi abcopbuinHoi
KOIOHWU;

- BMYCKHMI OTBIp ONS rady TEXHOMOMYHOro Mpouecy, WO MICTUTb OKCuAWM a3oTy Nicnsi npouecy
OKUCHEHHS1 aMiaKy B HWKHIA YaCTUHI BepTMKanbHOI abCopOUiNHOT KONOHU;

- BNYCKHWIA OTBIp A8 BOAHOIO PO34YMHY Y BEPXHIl YAaCTUHI BepTUKanbHOT abcopOLiiHOT KONOHY;

- LWOHaNMeHLIe OOWMH BUMYCKHUI OTBIp ANsl a30THOI KUCIOTU BHU3Y BEPTUKamNbHOI abcopbuinHoi
KOMOHY;

i

- BUMYCKHMM OTBIp AN XBOCTOBOrO rasy, WO MIiCTUTb OKCMAM a30Ty, 3BEPXY BEPTUKaANbHOI
abcopOLUinHOT KONOHM.

HecnogiBaHo aBTOpamu [JaHoro BuHaxody Oyno BMSABMNEHO, WO CTPYKTypOBaHa Hacagka B
abcopbUinHin KOMOHI y MOEAHaHHI 3 po3noginiBadeM PiguHW, WO MICTUTb XUBUIBHUK, SKUN Mae
3yG4yacTMn 3nuB AnNs PO3MOAINY PiAvMHW 4epe3 chnpsmMoBaHi Bropy 3ybui 3ybGyactoro 3mvBy no
nepcdopoBaHMM Tapinkam po3nofinioBada piguHKn, 3abesnedye OGinblw edekTnBHy abcopbuito
rasonogibHnx okcugie a3oTy, WO B CBOK Yepry A03BOMSE 3MEHWNTH rabaputn abcopbuinHOi KOMOHM
Ta/abo 3MEHLUMTVN BUKMAM OKCUAY a30Ty Ha BUMYCKHOMY OTBOpi abcopbuiriHoi 6awTu.

3rigHO 3 OpyrMM acnekToM [aHoro BuHaxody po3kputo crocid abcopbuii ans BupoOHMUTBA
BOZHOMO pPO34MHY a30THOI KUCIOTYM LWsxom abcopbuii okcmaiB asoTy 3 rasy TEXHOMONYHOro NpoLecy,
O MICTUTb OKCUAW a30Ty, BOAOK Y BepTuKarbHii abcopOUifHIN KONMOHI 3rigHO 3 AaHUM PO3KPUTTSIM.
Cnoci6 Bknoyae eTanu:

- nogadi BOOHOrO PO34MHYy 3BEpXy BepTUKanbHOI abCopOUiHOI KOMOHM 4Yepes3 po3nogintoBad
pPianHY;

NpUYOMy BOAHWI PO3YMH NEPEBAXHO SBMSE COHBOK BOAY TEXHOMOrYHOro nNpoLecy, Wo no CyTi He
MICTUTb OKCUAIB a3oTy;

- 3abe3nevYeHHss MOXIMBOCTI pyxXy BOLHOIO PO34YMHY BHU3 Yy BepTUKarbHy abCopOLUinHYy KOMOHY
Yyepes CTPYKTYPOBaHY Hacadky i nnacTuHyaTy Hacagky; i

- NPUBEOEHHS B KOHTAKT BOOHOMO pO34MHY 3 ra3oM TEXHOSOrYHOro MpoLecy, WO MICTUTb OKCUaW
as30Ty nicnga npouecy OKUCHEHHHA amiaky, WO pyXaeTbCs Yy HanpsMKy NpoTuTedii BiAHOCHO BOOHOrO
PO34MHY Yepe3 CTPYKTYpOBaHy HacafKy i MnacTuH4YaTy Hacagky.

3rigHo 3 TpeTiM acnekToM [aHOro BUHAxoA4y PO3KPUTWIA CMoci® BMPOOHMUTBA a30THOT KUCIOTW.
Cnoci6 Bkntoyae eTanu:

- OKMCHEHHS amiaKky 3 YTBOPEHHSM MOHOOKCUAY a30Ty;
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- OKMCHEHHSI MOHOOKCKAY a30Ty A0 iHWKnX okcugis a3oTty, nepeBakHO NO2 i N2Os;

- abcopbuia okcmais a3oTy BOOOK Y BepTUKanbHii abcopbuinHii konoHi 3rigHo 3 abcopbuinHoto
KOMOHOI0 332 JaHMM BUHAX04OM 3 YTBOPEHHSIM BOAHOIO PO34MHY a30THOI KUCMOTK;

- BUOAnNeHHs pO3YMHEHNX OKCUAIB a30Ty 3 BOAHOIO PO34MHY a30THOI KUCMOTU 3 BUKOPUCTAHHAM
BiA6intoBanbHOI KOMOHW;

- NOBEPHEHHS BUAaneHux okcuais asoTy B abcopbuiiHy KONOHY 3rigHo 3 abcopbuinHO KOMOHO
3a JaHUM BUMHAXo4O0M Ans NoAanbLIOro NepeTBOPEHHS BUOANeHnX oKCuaiB a3oTy Ha a30THY KUCMOTY.

3rigHO 3 4YeTBEpPTMM acnekTOM [aHOro BMHAxXody PO3KPUTWUIA CMocid 3BeAeHHS A0 MiHIMymy
KiNbKOCTi ra3onofibHnx okcuaiB a3oTy y XBOCTOBOMY rasi 3 BepTuKarnbHOI abCcopOUiiHOT KONOHM 3rigHO
3 AaHMM BMHaxodowMm, y cnocobi abcopbuii 3rigHo 3 AaHMM BMHaxodom abo y crnocobi BupobHMUTBA
a30THOT KMCNOTK 3rigHo 3 gaHum BuHaxoaoM. Cnocib Bkntoyae etanu:

- NiATPUMaHHA TemnepaTypu 2-5 HaBULLIMX TOPU3OHTaNbHUX NITACTMH y AianasoHi Big 5 go 35 °C,
Ta/abo

- NiATPUMaHHA KOHUEHTpaLil oKcuaiB a3oTy Yy rasi TEXHOMOrMNYHOro npoLecy y BiNnbHOMY MpPOCTOpI
MiX 2-5 HaBULLMMW rOPU3OHTaNbHUMU NracTMHamMmm meHwoo 3a 5000 ppm (06.), nepeaxHo Big 100
8o 5000 ppm (06.), 6inbw nepeBaxHo Big 100 go 2000 ppm (06.), we Ginbw nepesaxHo Big 150 oo
250 ppm (06.).

3rigHo 3 N'ATMM acnekTom JaHOro BUHaxoA4y PO3KPMTO BMKOPUCTaHHS BEPTUKaNbHOI abcopOuinHoi
BawTn 3rigHO 3 gaHMM BMHaxodoMm, Ang abcopbuii okcmaiB a3oTy 3 rady TEXHOMOTYHOIO Npouecy, Lo
MIiCTUTb 3a3HayeHi OKCMAM a30Ty, BOOHUM PO3YMHOM Afsi BUPOOHWULTBA BOAHOIO PO34MHY a30THOI
KMCNOTKN y cnocobi BUpOOBHULTBA a30THOI KUCMOTW.

3rigHO 3 LWIOCTMM acnekToM [aHOro BMHAxXody PO3KPUTO BWKOPWUCTaHHS, Yy BepTMKalbHIn
abcopObuinHin GalwTi 3rigHO 3 AaHMM BUMHAXo4OoM, cripsiMoBaHe Ha abcopbuito okcuaiB a3oTy 3 rasy
TEXHOJOrMYHOro MpoLecy, WO MICTUTb 3a3HayeHi OKCMAM asoTy, BOAOK ANA BUPOOHULTBA BOOHOMO
PO34YMHY a30THOI KMCNOTKM y crnocobi BMPOBHMLTBA a30THOI KUCNOTW, CTPYKTYPOBAHOI HAcagkn y
NoedHaHHi 3 po3nodinioBadYeM piguHW, WO MICTUTb XMBWUMbHUK, SKUA Mae 3ybByacTtui 3nvB Ans
posnodiny pianHu Yepes crnpsmoBaHi Bropy 3ybui 3ybuactoro 3nmBy no nepdopoBaHUM Tapinkam
posnogintoBaya piavHK, i € postawoBaHuM Ge3nocepedHbO Hafd CTPYKTYPOBaHOK Hacagkow And
po3noainy piavHW NO CTPYKTYpOBaHi Hacaau,.

Ctucnun onuc rpadivyHnx maTtepianis

Ha oir. 1 nokasaHe cxemaTudHe npeacTaBneHHss abcopbuiHoi GalTyu 3rigHO 3 gaHuUM
BMHaxXo40M;

Ha oir. 2 NokasaHe cxemaTWyHe NpeacTaBnNeHHs CTPYKTYPOBaHOI Hacadku, BUKOPUCTOBYBaHI B
abcopObuinHin GalwTi 3rigHO 3 AaHUM BMHaXOAO0M;

Ha cpir. 3 NnokasaHe cxemaTU4He NpeacTaBreHHs abcopObuinHoi 6awTn 3rigHO 3 4aHUM BUHAX040M
i3 peunpKynALiMHUM KOHTYPOM As a30THOI KUCMOTMW.

Ha dir. 4 nokasaHe 300paxeHHA npuknagy pos3noiniioBaya pPiagMHW ANS BUKOPUCTAHHA Yy
NoedHaHHi 3i CTPYKTYpOBaHO Hacagkow B abcopbuinHin GalwTi, Ae EMOHCTPYETLCA CNPsIMOBaHUN
Bropy 3yb4actui 3nus.

Ha ¢pir. 5 nokasaHe 306paxeHHs nepdopoBaHMX Tapifiok posnogifntoBaya piguMHu, po3TalloBaHoOro
©e3nocepeaHbO Ha CTPYKTYPOBAHIN HacaLi y BepTukanbHii abcopbuinHin 6awTi.

[doknagHuii onuc BuHaxoay

B onuci i popmyni gaHoro BuHaxogy crioBa "MicTMTU" i iX NOXigHi 03Ha4YalTb "BKMOYHO, ane 6e3
oOMeXeHHs", | BOHW He nNpu3Ha4veHi AN BUKIIOYEHHST iHWWX parmMeHTiB Monekyrn, [o0aBok,
KOMMOHEHTIB, LinicHUX YacTuH abo etanie. B onwuci i popmyni gaHoro BuHaxogy ¢opma OOHWHM
OXONIoe POPMY MHOXWHM, SIKLLLO KOHTEKCT He BMMarae iHworo. 3okpema, TaMm e BUKOPUCTOBYHOTLCSA
rpamMaTW4Hi KOHCTPYKUIi, XapakTepHi Ons OOHWHW, Yy OaHOMY Onuci ix cnig posymiTM K Taki, Lo
nepenbavaloTb HE TiNbKN OOHWHY, ane TakoX i MHOXWUHY, SKLO KOHTEKCT He BMMarae iHLIOoro.

O3Haku, UiniCHi YaCTWHKW, XapaKTepuUCTUKK, CMOMyKW, XiMiYHi dparmeHTn monekyn abo rpynum,
OnMcaHi CTOCOBHO OJHOIO KOHKPETHOro acnekTy, BapiaHTa 3gilcHeHHA abo npuknagy 3a AaHum
BMHAxX0o4oM, Chif, pO3yMiTU SIK 3aCTOCOBHI 4O OyAb-sIKOro iHLIOro acnekTy, BapiaHTa 34iMCHEHHs abo
npuknagy, onucaHoro B AaHOMYy OOKYMEHTI, 3@ YMOBMW BiACYTHOCTI MPOTUPIY MK HUMW. YCi O3HaKW,
PO3KPWTi B JAHOMY OMNUCI (BKIMOYHO 3i CynpoBigHO hOPMYIIo BUHaxody, pedepaTom i rpadivyHnMm
MaTepianamu), Ta/abo BCi eTtanu crnocoby abo npouecy, PO3KPUTI TakUM YUMHOM, MOXYTb OyTK
0o6'egHaHi B 6yab-IKOMY NMOEOHaHHI, 32 BUHSTKOM MOEAHaHb, A€ LOHaNMeHLle OesKi 3 Takux O3HaK
Ta/abo eTaniB € B3aEMOBUKMYHMMMU. [JaHe poO3KpUTTA He obOmexeHe aeTtanamun Oyab-skoro 3
noAanbLlUnX BapiaHTiB 34iACHEHHS. [laHe pO3KpUTTS OXOMMe Oyab-sKy HOBITHIO 03HaKy abo byab-sike
HOBITHE MOEOHAHHS O3HaK, PO3KPUTUX Y [daHOMYy Onuci (BKMKOYHO 3i CynpoBigHOW (HOPMYIOH
BMHaxody, pedepaTtom i rpadiyHummn martepianamu), abo Oyab-siKMiA HOBITHIA cnocib abo byab-sike
HOBITHE NOEOHaHHA eTaniB Byab-aKoro cnocody abo npouecy, ONMCaHoro TakMM YMHOM.
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Hymepauis uncnoBmnx 3Ha4YeHb 3a AOMOMOrOK KiNbKiCHMX Adiana3oHiB nepenbadae BCi 3HAYEHHS i
YacTKM UMX OianasoHiB, a TakoX 3a3HadeHi KiHuesi Toukn. Ppasa "B gianasoHi ...—...» abo "B gianasoHi
Big...00...» Y KOHTEKCTI Aiana3oHy, NpuMAaTHOro Ansi BUMIPIOBAHHSA BEMNWYMHKU, Takoi 9K napameTp,
KiNbKICTb, MNepiog 4acy TOWO, Mpu3HavyeHa AN BKMNIOYEHHS FPAHUYHMX 3HAYeHb PO3KPUBAHOMO
JianasoHy.

3rigHO 3 nepwyMm acnekToMm [aHOro BMHaxody po3KpuTa BepTukanbHa abcopbuinHa KonoHa,
npusHayeHa ana abcopbuii okcmaiB as3oTy 3 rasdy TEXHOMOrYHOro npouecy, Lo MICTUTb 3a3HaudeHi
oKcuay asoTy, BOAO, ANS BUPOOHMUTBA BOOHOrO PO34MHY a30THOI kucrnoTu. ABcopbuinHa KonoHa
MICTUTb:

- PO3MOAINoBaYy PianHU, WO MICTUTb XUBUIbHUK, SKUIA Mae 3y04YacTUin 3NuB AN po3noAiny pianHu
yepes crpsAMoOBaHi Bropy 3ybui 3ybyactoro 3nmBy no nepdopoBaHUM Tapinkam po3nogintoBaya
piovHM | € po3TalioBaHum 6e3nocepeaHbO Hag CTPYKTYPOBaHOK HacagKolo;

- CTPYKTYpOBaHy Hacagaky;

- NNacTUH4YaTy Hacafky, WO MICTUTb CYKYMHICTb rOPM3OHTanNbHMX NAacTuH, OCHalleHy 3acobamu
OXOMNOAXEHHS;

- BNYCKHMI OTBip ANA [A04AaBaHHA KUCHIO [0 HWKHbOI YacTWHWM BepTuKanbHOi abcopbuinHoi
KOIOHWU;

- BMYCKHMIN OTBIp ANS rasy TEeXHOMOMYHOro mpouecy, WO MiCTUTb OKCuAM asoTy Nicns npouecy
OKUCHEHHSI aMiaKy B HWDKHI YaCTUHI BEpTMKanbHOI abcopOUinHOT KOMNOHM;

- BMYCKHWI OTBIp A1 BOAHOIO PO34MHY Yy BEPXHIil YacTWHI BepTUKanbHOT abcopbLiiHOT KOMNOHM;

- WOHaMMeHLle OAMH BUMYCKHUIA OTBIp AN a30THOI KACNOTU BHU3Y BepTuKanbHOI abcopbuiiHoi
KOIMOHMU;

i

- BUNYCKHMW OTBIp ANA XBOCTOBOro rasy, L0 MICTUTb OKCWOW as3oTy, 3BepXy BepTUKanbHOI
abcopOUinHOT KONOHM.

Y KOHTEKCTi faHOro OOKYMEHTa BOOHWUA PO34MH BUOpaHO 3 rpynu, WO CKNnagaeTbcs 3 Boau, abo
PO34MHY a30THOI KUCNOTK y BOAi KOHUeHTpauieto no 0,5 ear. %, abo oo 1 Bar. % HiTpaTty amoHilo y
BoAi, abo ix kombiHaLii.

Moxe B6yTn 3pobneHe nocunaHHsa Ha dir. 1 i 3, Ha AkMx nNokasaHa abcopbuinHa 6awTa 1 3rigHo 3
AaHUM BMHAXO4OM, fka MICTUTb CTPYKTYPOBaHy Hacagky 2, BNYCKHWWA OTBIp ANns rasdy TEXHOMOriYHOro
npoLecy, BUMMYCKHUI OTBIip AN XBOCTOBOro rasy 4, BMYyCKHWA OTBip 5 Ans koHgeHcaTy Boaun abo
a30THOI KMCMNOoTK abo KOHAEHcaTy HiTpaTy aMOHito, | BUNYCKHMI OTBIp 6 AN a30THOT KUCIOTH.

HecnogiBaHo aBTOpamu [aHoro BuHaxody Oyno BUSBNEHO, WO CTPYKTypOBaHa Hacagka B
abcopbUinHin KOMOHI y MOeAHaHHI 3 pO3MNoAintoBayYeM PiguHW, WO MICTUTb KUBWITbHUK, SKUA Mae
3yb4yacTMn 3nuB AnNs PO3NOAiNy PiavHW 4Yepe3 chnpsMOBaHi Bropy 3ybui 3ybG4actoro 3mnvBy no
nepcdopoBaHMM TapinkaMm po3nofinioBada piguHu, 3abesnedye OGinblw edekTnBHy abcopbuito
ra3onodibHMx okcuaiB asoTy, WO B CBOK Yepry A03BOSISE 3MEHLWNTM rabapnt abcopOuUiiHOT KONOHM
Ta/abo 3MEHLLIMTN BUKMAM OKCUAIB a30Ty Ha BMNYCKHOMY OTBOpi abcopbuinHoi bawwtu.

Mpuknagm CTPYKTYpOBaHMX HacagoK ABnstoTb Cobol rodpoBaHi TOHKI MeTanesi nucTu
(Hanpuknag, TOBWUHOW 1-2 MM), PO3LUMPEHi MeTaneBi KOHCTPYKLiT, MeTanesy CiTKy, NPUYOMY NNCTK
pO3MilLieHi BepTuKanbHO i rodpu OpPIEHTOBaHI Mig KyTOM BiAHOCHO BepTUKamnbHOI Oci (dir. 2).
lodbpoBaHi MmeTanesi NMCTM MOXYTb 6yTN NepdopoBaHi Ta/abo maTu TeEKCTYpHY NoBepxHo. MaTtepian
CTPYKTYpOBaHOI Hacagkm Mae OyTu CTiikuM OO KOpPO3iHOro cepefoBullia i Temnepatypyu B
abcopbuinHin KonoHi NpoTarom Tpmeanoro yvacy. MNMpuaaTHi maTepianu ABNSOTb COOOK KMCNOTOCTINKI
pisHOBMAWM cTani, NpuaaTHi nnacTukosi MaTepianu i TutaH. Kpim TOoro, cekuis 3i CTPyKTYpOBaHOM
HacagKow NOBWHHaA MaTU MeXaHiYHy MiLlHICTb, JOCTaTHIO ANS NIATPUMKU Barv Hacagkv i piguHu 3a
po6ounx ymos.

Ha cir. 4 npeaocraBneHe 306paXeHHsA pO3NOAintoBayva piguHM Ans BUKOPUCTAHHSA Yy MOEAHAHHI 3i
CTPYKTYpOBaHOI Hacagkow y BepTukanbHii abcopbuiniHin 6awTi y npoueci BUpOGHULUTBA a30THOI
KMCINOTW 3rigHO 3 AaHWM BMHaxodom. Po3nogintoBad piguHU MiCTUTb HACTYMHI eneMeHTu: 3ybyacTun
anme 301, xwuBunbHuk 302, Tapinka (tapinku) 303 i citka 304. PosnoginioBay piguHn nomiweHun
3BepXy CTPYKTYpOBaHOI Hacagku Yy BepTukanbHii abcopbuiviHii 6awTi y KonoHi/6awTi Ximi4HOro
3aBogy. BogHumin po3uvH nogaetbcs Ha xumBunbHWk 302. BogHui poO3yYMH pO3NoAinseTbca no
nepdopoBaHMM Tapinkam Yyepes 3ybyactun 3nue. BHN3y nepcdopoBaHnx Tapinok € 6arato ManeHbKnx
npopisis. TakMM 4YMHOM ONTUMI3YETLCS PO3NOAIN BOAHOMO PO34MHY MO NepdopoBaHUX Tapinkax,
ONTMMI3YETLCA NIOLLa MOBEPXHI MK BOOHWM PO34YMHOM i ra3onofibHUM OKCMAOM a30Ty, KinbKiCTb
oKcuay asoTy, Lo NpoTikae B cekuito abcopbuii, 30epiraetbcsa MiHIManbHOLO, | ONTUMI3yeTbCA Nepenag
TUCKY.

Ha dcir. 5 nokasaHe 300paxeHHs nepdopoBaHMx Tapinok 402 posnoaintoBava piguHuW, Oe
nepdoposaHi Tapinkmn 402 nomiweHi 6eanocepeaHbO Ha CTPYKTYpoBaHy Hacaaky 401.
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PoanogintoBad piguHM MICTUTb XXUBWUITbHUK ANS NPUAOMY BOLAHOMO PO3YMHY, WO MOCTyrnae B
abcopbuinHy 6awTy. BogHun po3yunH po3noginaeTbes 3 XXMBUMNbHMKA N0 NepdopoBaHUM Tapifkam.

KuBunbHuk Mae cnpsmoBaHun Bropy 3ybyactum 3nmB. 3ybyacTum  3nvMB  Moxe ByTwu
po3TalloBaHM Ha OAHOMY MO340BXHLOMY Kpai abo 060X NO3J0BXKHIX Kpasx >XuBunbHuKa. BogHuim
PO34YMH PO3NOAINAETLCA 3 XUBUMbHUKA Yepes3 3yOLi no nepdopoBaHMM Tapinkam. 3acToCyBaHHSA
3ybyacToro 3nuBy i MOro po3TallyBaHHA BCepeavHi posnoginoBada pobutMMme noganbLumii BHECOK B
onNTUMI3aLito MacoobMiHy MiXK okcMaamun a3oTy i BOAHUM PO3YMHOM.

PisHOMaHITHI chopmu 3yOUiB 3nMBiB, Taki Ak V-nofidHi 3ybui, kopoHyaTi 3youi, U-nopibHi 3youi,
MOXYTb 3abe3nevyBaTu opHakoBui abo nogibHunm edekT. [Mig TepmiHom "3ybuacTui 3nue" crig
PO3YyMiTW He TiNbKn Takui, Wo nepenbdayae nunkonodioHy opmMy, ane TakoxX i iHWi HeniHinHI dopmu,
o 3abe3nevyoTb Takn camuin abo noAibHUn edpbekT po3noAiny BOOHOTO PO3UNHY.

Y We ogHOMy BapiaHTi 34INCHEHHS! XUBWUIIbHUK MOXE MaTu MpOopi3avM B HWXKHIN 4YacTuHi Ta/abo
CTiHKax Ans po3noginly BOAHOMO pPo34MHY MO nepdopoBaHMM Tapinkam. [popisn MoxyTb 6yTu
Kpyrnumm abo MOXyTb MaTu hopMy BepTMKanbHUX abo ropu3oHTanbHMX LiMWH.

HwxHa yacTuHa xuBunbHMKa Moxe ByTu posTalloBaHa BuLle 3a nepdopoBaHi Tapinku. B iHwWomMy
BapiaHTi 34iINCHEHHS HWXKHSA YacTUHA XXMBUINbHMKA MOXe ByTu po3TalloBaHa Ha Tild camiii BUCOTI, LWO i
HWXKHS YacTuHa nepopoBaHnX Tapinok. AKLWO >XUBWUMAbHWUK MICTUTb 3yByacTui 3nuBs, 3ybui maioTb
OyTKn po3TalLoBaHi BuLLE 3a BEPXHiV kpan nepdopoBaHmX Tapisok.

MepdopoBaHi Tapinku gna po3noainy piguHn MoxyTb ByTy po3TalloBaHi Ha OMOPHUX CiTkax abo
Oe3nocepenHbO Ha CTPYKTYPOBaHIN HacaLi.

3rigHO 3 AaHMM BMHAXOA4OM CeKLuisi abCcopOUINHOT KOMOHN 3 PIBHSA TEXHIKW, sika Mae TpaguuinHi
Tapinkuy i He Mae XX0AHOT CTPYKTYPOBaHOI Hacadku, 3aMilleHa CeKLie0 3i CTPYKTYypOBaHOK HaCaaKolo.
3a gonomoroo 3amMiHy TpaguUiiHUX Tapinok CTPYKTYPOBaHOK HacaaKow B AaHi cekuii abcopOuinHoi
KOMNoHM rabaputn abcopObuinHOi KONMOHM MOXYTb OYTM CYTTEBO 3MEHLLEHi, 0cobGnMBO Moxe OyTu
3MeHLWeHa BucoTa KOmoHw. Kpim TOro, 3aBAsku 3aMmiHi TpaguuiMHWX Tapinok CTPYKTypOBaHOI
HacagKo Yy CeKUil KifbKiCTb ra3onofibHnx oKCMAIB a30Ty Yy XBOCTOBOMY ra3i CyTTEBO 3MEHLUYETbCS,
WO Takox Bede A0 306iMblieHOro Bmxody Yy npoueci BMpobHMuTBa a3oTHOI kucnotu. [yxe Benuka
nnowa MOBepxHi Cekuii 3i CTPYKTypOBaHOW Hacagkow 3abesnedvye AOyxe BENuKy MNOBEPXHIO
posaineHHsa "ras-pignHa”, 3abesneuvyoum BMCOKMA MacoobmiH. Benvka noBepxHs posgineHHs "ras-
piavHa" Bege 0o 3HAYHOro 36inbLueHHs edheKTMBHOCTI abcopbuii ra3onoaibHNX OKCKAiB a3oTy y PiguHI
NMOPIBHSIHO 3 TpaguuiiHMMK abcopOuinHnmmn Tapinkamn. Kpim Toro, Benvka MoOBepXHS1 pPO3AiNeHHs
"rasz-pignHa" TakoX npuBOAUTL A0 30iNblUeHOi LWBWMAKOCTI Aecopbuii i OKMCHEHHSI YTBOPEHUX
rasonogioHunx okcugie as3oTy. Y Bunagky, konu abcopOuiiHa KonoHa, Lo CKMagaeTbCst MO CyTi 3
HECTPYKTYpPOBaHOi Hacagku y ¢opmi ciTyacTux Tapinok, 6yna moaudikoBaHa Tak, WOO MicTUTH
CTPYKTYpOBaHy Hacafky, BUKMOU OKCUAIB a30Ty 3MEeHLIMnnca 3a pospaxyHkamu 3 5200 ppm go 3200
ppm.

3rigHO 3 OAHMM BapiaHTOM 34iMCHEHHs abcopObuiiHOT  KOMOHW 32 [aHUM  BUHAxXo4oM
posnoAinioBay piauHW | CTPYKTypoBaHa Hacajka pOo3MillieHi MK BMYCKHUM OTBOPOM ANA BOAW i
HaMBMLLOK FOPU30OHTANbHOK MMACTUHOK NIACTMHYAaTOI HAacadky, i pignHa sense coboto Boay.

Ocob6nnBO NepeBaXHOI € HasiBHICTb CTPYKTYPOBaHO|I Hacadaku, PO3MiLLEHOT B HANBULLIN YacCTUHI
abcopbuinHoi GawTun. [leBHa piy, Tenno abcopbuil, opepxyBaHe B pe3ynbTaTi abcopbuii
rasonogibHnx okcuAaiB a3oTy BOAOK abo po30aBneHO a30THOW KWUCMOTOK € MakCMMarnbHUM BHU3Y
abcopbuinHoi OawTh, Oe rasv Ha BXOAi MakwTb [Oy)Xe BWCOKY TemnepaTtypy i MakcumarnbHy
KOHUeHTpauilo BcepeauHi ©OawTun. BignosigHo abcopbuis rasonofibHMx okcuAiB  as3oty €
MaKcMMarbHOK BHU3Y abcopbuinHoi 6awTn. MakcumanbHa Tennota abcopbuii reHepyeTbesi, Taknum
YMHOM, BHM3Y abcopOuinHoi 6awTn i Moxe OyTM OOCTaTHBOK MIpOK BILHOBMEHOK NWLIE KOMU
BMKOPUCTOBYETBCSI 4OCTaTHbO XOfIOAHE OXOMNMOpKyBalnbHE cepefoBulLle, Take sK Boga abo amiak, 3
BUKOPUCTAHHA CUCTEMM OXOSNOMKEHHs. [JOCTaTHE OXONOMKEHHA BOAM NpPeacTaBnATUME BENUKI
BUTPaTW. TakMM YMHOM, MPUBEOEHHS [0 MakcumyMy abcopbuii BHM3Yy abcopbuinHoi 6awTu
nepenbavae cynyTHi BATPATU eHeprii, BUKOPUCTOBYBAHOI AN OXONOMKEHHSI BOAW, 3aCTOCOBYBaHIn y
TennooOMiHHI cucTemi Ans noBepHeHHs Tenna abcopOuii, Wo yTBOPHETLCS B pe3ynbTaTti abcopbuii
ra3onofibHnx okcuaie asory.

HaBnaku, B HamBuLLin 4acTuHi GawTyM KOHLEHTpauisi rasonofibHMX OKcuAiB a3oTy 3MEHLUeHa
BiJHOCHO KOHLEHTpaUii ra3onogibHnx okcuais asoTy, WO BXoASATb A0 abcopbuinHoi 6awwTtn 3 i H13y:
3pO3yMino, Konu ras3onogibHi okcuan a3oTy pyxarTbCs 3HU3Y OO BepxiBkM OawiTh, iX KOHLEHTpauis
3MEHLUYETLCS, OCKINTbKWM BOHW MOCILOBHO MOIMUHAKTLCS 3@ LONOMOIoK ropn3oHTanbHUX NIacTuH, 3
AKMX CKIagaeTbCa MnacTuHYaTa Hacagka. Takum 4mHoM, abcopOuisi razonogibHMx okcuais asoTy
3Bepxy abcopbuinHoi H6awTn NpunyckaeTbCs MeHW edEeKTUBHOW, HiXX BHU3Y OalTu. TakMum YMHOM,
BMKOPUCTaHHSI CTPYKTYPOBAaHOI Hacadku € 0COONMBO CNpUATIIMBUM Y HAaMBUILLIN YacTuHi 6awwTtn. Okpim
TOro, OCKIfIbKM KOHLEHTpaLis ra3onodibHnx okcuaiB a3oTy B HaMBMLLIA YacTUHI abcopOuinHoi GawwTtu
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HWXK4Ya 3a BiOMNOBIAHY KOHLIEHTpauilo BHM3Y abcopbuiriHoi GawTh, Tenno, Wwo reHepyeTbecsa nig yac
abcopbuii razonodibHUX okcuaiB as3oTy, € MEHLWWUM, Tak Lo cucTema TennoobmiHy 3, Hanpuknag,
BOJO0, TeMnepatypa sKkol nepebysae B giana3oHi Big 5 0o 45 °C, 6yae [ocTaTHBOW ANs NOBEPHEHHS
Tenna abcopbuii.

ABTOpamu [aHOro BuHaxody Oymno BUSABMEHO, WO 3aNOBHEHHS BEPXHbOI CeKuii TpaguuinHOi
abcopbuinHoi konoHn 6e3 CTPyKTypoBaHOI HacagkM CTPYKTYPOBaHOK HAcadKow npuBeae A0 CyTTEBO
3HWKEHOT KOHLUEHTpauii raszonofibHnx okcuiie a3oTy y XBOCTOBOMY rasi, Takmum YMHOM 36inbLuyioymn
BMXiA Npouecy BUPOOGHULTBA a30THOI KMCNOTU. Buxogsyum 3 BenNukMx BUpoOHMUMX 00'eMiB Ha 3aBofi 3
BUPOOHMLTBA a30THOI KUCIOTWU, Takmii 30inblUeHWIA BUXiO OacTb 3HAYHI 3a0La[KEeHHS!, 5K CTOCOBHO
OiNbLIOT KINbKOCTI Ofep)XaHOoi a30THOI KMUCMOTWU, TaK i CTOCOBHO MEHLLOI MOTPpedu B 3MEHLUEHHI
KiNTbKOCTi OKCuAiB a3oTy. 3aBOskym pPO3MIlLlEHHK CTPYKTYPOBaHOI Hacagkym Ha BepXHid  cekuii
abcopOUinHOi KONOHN HeMae NOTpedbn B OXONMOMXKEHHI LINSAXOM TennoodmiHy. Boga TexHonoriyHoro
npouecy, AodaBaHa Hah CTPYKTYpPOBaHOK Hacagkow, 3abeaneyyBaTume LOCTATHE OXONMOOXKEHHS
CeKLiT 3i CTPYKTYPOBaHOK HacaaKOK 3 METOK NPOXOMKEHHSA peakuin e(peKTUBHUM YUMHOM. 30Kpema,
abcopbuinHa bawTa Moxe MICTUTU N'ATAECAT Tapinok, i Npy UbOMY BiCIM—OeB'ATb HaWBULLNX Tapinok
BCcepeaunHi abcopbuinHoT 6aTn MICTATL CTPYKTYPOBaHY Hacaaky i He OXONOMKYOTLCS.

Konn edekTuBHiCTb abcopbuii € MakcumanbHO 3BepXy, MOXIMBA eKcrnnyaTauis 3i 3MEHLIEHUM
AiameTpomM BEepXHbOI Cekuii. TakuMm 4YMHOM, B OOHOMY BapiaHTi 34iMCHEHHS abcopbuifiHOT KOMOHM
3rigHo 3 JaHNM BMHaxXodoM nepegbayeHa HoBa KOHCTPYKLIS BEPXHbLOI CeKuii abcopOUiHOT KOMOHW.

3rigHo 3 0gHMM BapiaHTOM 34iNCHEeHHS abcopbUiiHOT KONMOHN 3a JaHUM BUHAXO0O4O0M KUCEHb SIBIISIE
coboto ra3onofdibHMn KNMCeHb, i BMYCKHUI OTBip ANs ra3y TEXHOOrYHOro npouecy i BMyCKHUA OTBIp
ANst 0OOAaBaHHS rasonofibHOro KMCHI0 € OKPEMWMW BMYCKHMMMK OTBOpaMu. 3aBasku 3abesneyeHHto
HaANVLLKOBOrO KWUCHIO, MEPEBAXHO Y BUMMAAI ra3onogibHoro kucHio, 6inbwe NO nepeTBOpETLCA Ha
okcmnan asoty. Llen edbekt Bigomuii 3 Kankani et al., Chemical Engineering Journal, 278 (2015) cT.
430-446. [llepeBaxHO abcopbuiiHa KONMOHa 3a AaHuM BMHAXOAOM CKOHCTpyWOBaHa Tak, LWob
cnpaBnaTUCs 3 OINbLUOK KINbKICTIO OKCMAIB a3oTy, TMM CaMuMM 3HOBY MiABULLYIOYM €EKTUBHICTb
abcopbuii.

3rigHO 3 OAHMM BapiaHTOM 34iMCHEeHHs abcopbuiiHOT KOMOHM 3a [OaHWM  BMHAXOAOM
posnointoBay piavHM | CTPYKTypOBaHa Hacagka pO3MilWeHi MDK HaWHWKYOH TFOPU3OHTamNbHOK
NNacTUHOK NNacTUHYaTOl Hacagku i BNYCKHUM OTBOPOM ra3y TEXHOSOrYHOro Npouecy, SkMin MiCTUTb
OKCMAM a3oTy, i pignHa siBnsie cob0 BOOHUIN PO34YMH a30THOI KUCMOTH.

OcKinbKn KOHLEHTpaLis ra3onofibHNX okCMAIB a30Ty HanBMLLA BHWU3Y KOJIOHU, OCOBNNBO BaXXMMBO
MaTn eekTUBHY abcopbuilo y Ui HWXKHIN YacTuHi GawTn, 3 MeTol 3anobiraHHA BMKMOAM OKCUAIB
asoTy, WO BUXoaATb i3 6awTu.

3rigHo 3 ogHUM BapiaHTOM 34iCHEHHS1 abcopbUiHOT KONOHU 3a JaHUM BMHAxX0A4oM abcopOuinHa
KONMoHa [J04aTKOBO MICTMTb 3acobu Ansi BMMIpIOBaHHA TemnepaTypyu BOAHOIO PO34YMHY a30THOI
KMCNOTU Ha OJHIiN abo Ginblie ropmM3oHTaNbHUX NIacTMHaX MNNAcTUHYaATOl HAcadKu i, NepeBaxHo,
A0AaTKOBO MICTUTb 3acobu Ans BUMIpOBaHHSA KOHLEHTpaUii ra3onoaibHmMx okcuAaiB as3oTy y BinNbHOMY
NPOCTOpPi MK ABOMA CYyMDKHUMW rOPU3OHTanNbHMMK NnacTMHaMu nNnacTuH4YaToi Hacagku. 3acobu ans
BUMIpIOBaHHS TeMnepaTypu € OCOGMMBO KOPUCHUMW [ONsi BUPaxXyBaHHA pPO3paxyHKOBOro Tenna,
OfEepXyBaHOro B pesynbTaTi abcopbuii rasonogibHux okcuais as3oTy abcopOuiiHO piguHOK i
3abe3nevyloTb Te, WO TemnepaTypa OXONO4KYyBanbHOrO cCepefoBMLla B TEMNOOOMiHHIA cucTeMi €
npuaaTHO A1l NOBEPHEHHS Uiei TennoTtn abcopbuii. Kpim Toro, sik onncaHo CTOCOBHO BUMIPHOBaHHS
TemnepaTypu rasonodibHnx okcuaiB a3oTy, BUMIPIOBaHHS KOHLIEHTpaLii rasonogibHmMx okcugis asoTy
Mae 3abe3neunMTn MOXNMBICTb paxiBUEBi Yy AaHin ranysi BuMpaxyBaHHA pPO3paxyHKOBOIo Tenna,
ofepXyBaHoro B pesynbTaTti abcopOuii rasonogibHuMx okcuiiB as3oTy abcopOuinHo piauHoto, i
rapaHTyBaTu ONTUMAnbHICTb POBOYMX YMOB TEMMOOOMIHHOI CUCTEMM [ONA MOBEPHEHHA Tenna,
3reHepoBaHoro nicnsa abcopbuii razonogibHnx okcuaiB a3oTy. e ogHieto nepesaroto € Ton cakT, Wwo
MOXITMBO HanawTyBaTu napameTpu abcopbuii i 3BMeHLWeHHS KiNbKOCTI ANs AaHOI TexHonoril Tak, wob
BOHUW He nepeBuLLyBanu JO3BOMEHUX PiBHIB BUKUIB.

3rigHO 3 OAHMM BapiaHTOM 34iACHEHHST abCOopOUINHOI KOMOHW 3a AaHMM BMHAxXOAOM 3acobwu
OXOJOKEHHST ABNAOTL COOO oaMH abo Oinblue OXONoMmXKyBarlbHUX 3MIMOBMKIB, WO MICTSTb
OXOmopKyBasnbHe cepefoBULLIE, HAKIMAAEHi MOBEPX FOPU3OHTANbHOI MNACTUHM NITACTMHYATOI HAaCaaKu.
Ll KOHCTpYKLIiS i KOMNOHYBaHHSA 3abe3neyyoTb ONTUMAanbHE NEPEHECEHHS Tenna Mk abcopOuinH1m
CepefoBULLEM i OXOMNOMXyBanbHUM cepefoBulieM. [lepeBakHO 3acobu OXONOMKEHHS SABMSAOTb
coboto ofuH abo bGinblue OXOnomKyBarbHUX 3MINOBUKIB, i OXONOMXyBanbHi 3MiioBMKM BUbGpaHi 3
Hei30MnboBaHNX Tpyd, TpyD, pO3TalIOBaHUX Yy LIAXOBOMY Nopsaky, pebpuctux Tpyd abo Byab-skoi ix
KomOiHauii. Byno BusIBNeHO, WO Taka cucTeMa ONTUMarnbHMM YMHOM [OCArae MakCMMaribHOro
NMOBEPHEHHsT Tenna, 3reHepoBaHoro mnicna abcopbuii rasonofibHux okcuaie asoty. [lepeBaxHO
noyaTKkoBa Temnepatypa OXOSNo4KyBanbHOIO CepefoBulia B OXONOMKYBaNbHUX — 3MiOBUKAX
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ctaHoBUTb Bid 5 o 45 °C. B mexax Takoro fgianasoHy Temnepatyp OOCAraeTbCs MakCUMarbHe
NnoBepPTaHHS TeNna, LWo reHepyeTbes Yepes abcopbuito razonoaibHnx okcnais as3oTy.

3rigHO 3 OoOHUM BapiaHTOM 34iMCHEHHA abcopbuiiHOI KOMOHW 3a OaHMM  BUHaXO4oM
CTPYKTYpOBaHa Hacajka Ma€ MroLly NOBEPXHIi, sika CTaHOBUTL LLoHaMeHLwwe 250 mM2/m3, nepeBaXHO
450-750 m?/m3. 3a LMx YMOB J0CSraeTbCst MakcumarbHa abcopbuis razonogibHmx okcugie asory.

3rigHO 3 OOHUM BapiaHTOM 34iMCHEHHA abcopbuiiHOI KOMOHWM 3a OaHMM  BMHAXO4o0M
po3nofinioBad piguHM Mae LWINbHICTb KpanesribHMX TOYO0K, $sika CTaHOBUTb LWoOHanWMeHwe 30
KpanenbHUX TOYOK Ha M2, nepeBaxHo Big 60 go 200 kpanenbHUX TOYOK Ha M2. 3a UMX YMOB
AocsAraeTbCsl MakcmanbHa abcopOuisa razonogidHMX okcuaiB asoTy.

3rigHO 3 OAHMM BapiaHTOM 34iiCHEeHHs abcopOuUiHOI KOMOHM 3a [OaHUM  BMHAxXO4oM
CTPYKTYpOBaHa Hacagka BMWKOHaHa 3 KUCMOTOCTIMKOI HepXaBiloyoi cTani, TuTaHy abo iHWux
KMCNMOTOCYMICHMX MaTepianiB. TakuM 4YMHOM, ODOCMYroByBaHHSl i 3aMiHa CTPYKTypOBaHOi Hacagku
3BefeHi 0o MiHIMyMYy Yepes 30inbLIeHNn CTPOK CNy>0M Hacaaku.

3rigHO 3 ApyrMm acnekToM [AaHOro BuHaxXody Po3KpuTo cnocib abcopbuii ang BvpoGHMUTBA
BOAHOrO pPO34YMHY a30THOI KMCIOTU Lunaxom abcopbuii okemaiB a3oTy 3 rady TEXHOMOrYHOro npouecy,
O MICTUTb OKCMAW a3oTy, BOAHUM PO34YMHOM Y BepTuKanbHi abcopbuiriHii KONOHI 3rigHO 3 AaHUM
BMHAxX040M, SKMI BKIOYAE eTanu:

- nogadvi BOOHOrO PO34YMHY 3BEpXy BepTukanbHOI abcopbuiHOi KOMOHW 4epes pos3nogintoBad
piavHuy;

npUYoOMy BOOHWUA PO3YMH NepeBaXHO SABMsie cOO0 BOAY TEXHOSOMNYHOro Npouecy, LWo Mno cyTi He
MICTUTb OKCKAIB a30Ty;

- 3abe3nevYeHHs1 MOXIMBOCTI pyxXy BOOHOIO PO34YMHY BHWU3 Yy BepTUKaribHy abcopOuiiHy KOMoHy
Yepes CTPYKTYpOBaHY Hacaaky i nnacTuH4yaTy Hacagky; i

- MPUBEOEHHSI B KOHTAKT BOAHOMO PO34MHY 3 ra3oM TEXHOMOrYHOro npouecy, Wo MiCTUTb oKcuam
asoTy nicnsi Npouecy OKMCHEHHS amiaky, WO PyXaeTbCs Y HanpsAMKy NpoTuTedii BiHOCHO BOAHOrO
PO34YMHY Yepes3 CTPYKTYpOBaHy HacaaKy i NnacTUH4YaTy Hacagaky.

Cnoci6 abcopbuii BKNOYae BUKOPUCTAHHA BePTUKanbHOI abCcopOUIMHOI KONMOHW 3a AaHuMm
BMHAxXo4oM, i3 BMKOPUCTAHHSAM TpaauLiMHUX eTaniB, ski TakoX npuaaTHi OO0 3acTOCyBaHHS [0
TpaguuinHmx komnoH. OpHak cnocié 3a paHuM  BuHaxodoMm 3abesnedye kpawy abcopbuito
rasonodibHnx okcuaiB asoTy BOAHMM PO3YMHOM, BMKOPUCTOBYBaAHUM Sk abcopOuinHa piguHa, i €,
TakuM YMHOM, Binbll ePEeKTUBHUM. AK BOOHUIA pO34MH MOXe OyTu BUKOpUCTaHa BoAa, Taka sik Boaa
TEXHOJSIOrNYHOro NPoLecy, a TakoXX BOAHUA PO34MH a30THOI KMCNOTK abo HiTpaTy amoHito. [NepeBaxHo
AK BOOHUA PO34YMH BMKOPUCTOBYETBCA BOAA TEXHOMOMYHOro npouecy. Takum 4YmHoM, abcopbuis
rasonogibHunx okcuais a3oTy Oyae 3BedeHa 4O MakKCMMyMy, OCKIflbKM BoAa He MICTUTb OKCMAIB a3oTy,
3gaTHicTb Jo abcopbuii rasie Oyae mMakcumanbHoOW nepes AOCSArHEHHAM PIBHOBaXXHUX KOHLUEHTpaLin
oKkcuais a3oTy B rasosin dasi i B BOAi.

3pobneHo nocunaHHa Ha oir. 3. 3rigHO 3 O4HMM BapiaHTOM 34IMCHEHHS 3rigHO 3i cnocobom
abcopbuii 3a AaHUM BUHAxXo4oM Cnocib AoAaTKOBO BKMOYAE eTan MOBEpPHEHHS YacTWHM CTBOPEHOI!
a30THOI KMCMNOTK A0 BEPXiBKN BEPTMKANbHOI abCOPOLINHOI KONOHK, A& BOAHWIA PO34MH NOLA0Tb Yepes
pO3NoAintoBay piavHu, i Npy LbOMY BOAHUI PO3YMH CKIMAAaeTbCAa 3 BOAM i CTBOPEHO| a30THOI KUCIOTH.
Takum 4YMHOM, SIK Bara BOAHOrO PO3YMHY, i, 9K HaCnigoK, BiOHOLWIEHHA BarM OKCuAiB as3oTy 4O Baru
BOAHOIO pPO34YMHY, TaK i KOHLUEHTpauis CTBOPEHOi a30THOI KUCMOTU MOXyTb OyTn edekTUBHO
KOHTpOnboBaHMMU. 30KpeMa, $SK MokasaHo Ha dir. 3, 4acTMHy CTBOPEHOI as30THOI KUCIOTU
noBepTalTb 4O BMYCKHOrO OTBOPY 5 3a A0MNOMOrot Hacoca 7 nicns i OXONO4KEeHHS B OXONoaxysadi
8.

3rigHO0 3 ofgHUM BapiaHTOM 34iicHeHHs crnocoly abcopbuii 3a gaHMM BUHAxXo4oM cnocit
A0OaTKOBO BKMNOYAE eTan Mofadi KACHIO OO0 HWXKHBbOI YaCTMHM BepTUKanbHOI abcopOUiiHOT KOMOHM.
3aBasikum nopadi HagnuwkoBoro kncHiw Oinbwe NO nepeTBOpHETBCS Ha okcuau asoTy. Llen edekT
Bigommin 3 Kankani et al., Chemical Engineering Journal, 278 (2015) ct. 430-446. lNepeBaxHo
abcopOuinHa komnoHa 3a AaHMM BMHAxXOAOM CKOHCTpyMoOBaHa Tak, WoO cnpaBnsitucs 3 OinbLuoio
KiNbKICTHO OKCMAIB @30Ty, TUM CaMUM 3HOBY MiABMLLYIOYM e(PeKTMBHICTb abcopbuii.

3rigHO 3 OopHMM BapiaHTOM 34iNCHEeHHsA cnocoby abcopbuii 3a gaHMM BMHaxo4oM, ras
TEXHOMOrYHOro npouecy, WO MICTUTbL OKCUAM as3oTy MNiCnA Mpouecy OKUCHEHHSA amiaky, SAKun
nepemillyeTbCs Yy HanpsaMKy npoTuTedii BIOHOCHO BOOHOIO pPO34YMHY, Ma€ BigHOWEHHA "ra3s
TEXHOMOri4YHOro npouecy/BoAHMI po3unH" B AianasoHi Big 2,5 kr rasy/kr BOOAHOMO po3ynHy Ao 25 kr
rasy/kr BOOHOrO PO34UHY.

3rigHo 3 ogHUM BapiaHTOM 3AiMCHEHHS cnocoby abcopbuii 3a AaHUM BMHAXo4oM nepenag TUCKY
no BepTuKanbHin abcopbuinHin konoHi nepebysae B gianasoHi Big 20 m6ap go 500 mbap, nepeBaxHO
Big 20 mbap go 85 mb6ap. |HWKM BaknMBUM nNapameTpoM, KpiM TeMMepaTypu PiguHN, KA BMNIMBaE
Ha BuXig npouecy abcopbuii, € TMCK y abcopbuifiHii KOMOHI, AKNA NepeBaXXHO Mae CTaHOBUTU 9-11
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Oap (900-1100 «lMa) B abcopbuiHin KOMOHI 3 ABOXpiBHEBMM TuUCkOoM. [lepenag Tucky no
CTPYKTYPOBaHil Hacafli, 3a OQHAaKOBOI BUCOTW, HWXYMUA 3a nepenag TUCKY MO CiT4acTin Tapinui 3
pigkuM wapom. TakMm YMHOM, BUKOPUCTAHHS CTPYKTYPOBAHOI HAacagku NigTpyumyBaTUMe BULLUIA TUCK
no abcopbuiviHi KONoHi. Buwwmim Tuck 3Bepxy KOMOHW nokpatlye abcopbuito okeuais a3oTy i 3MeHLye
ix Bukmaun. KoHueHTpauis CTBOpPeHOi a3oTHOI KUCMOTM 3pOCTaE 3i 3pOCTaHHAM TUCKY B abcopbuiliHin
KOMOHi. 3 MipKyBaHb BMPOBHMYMX YMOB, a TaKOX eKChnyaTauinHux BWTpaT nepenag TUCKY NO
abcopbUinHin KONOHi Mae BYTU SKHANHWKYUM.

3rigHO 3 TpeTiM acnekToMm AaHOoro BMHAaxody PO3KPUTUIA CMnocid BUPOOHMUTBA a30THOI KUCMOTWU.
Cnoci6 Bknoyae eTanu:

- OKMCHEHHS aMiaKy 3 yTBOPEHHAM MOHOOKCUAY a3oTy;

- OKMCHEHHSI MOHOOKCKAY a30Ty A0 iHWKnX okcuais a3oTty, nepeBakHO NO2 i N2Os;

- abcopbuii okcuaiB a3oTy BOAOH Yy BepTuUKanbHiA abcopbuiliHii KOMoHi 3rigHo 3 abcopOuinHo
KOMOHO 32 JaHVMM BUHAxO4OM 3 YTBOPEHHSAM BOAHOIO PO34MHY a30THOI KUCMNOTK;

- BUOAnNEeHHs pO3YMHEHNX OKCUAIB a30Ty 3 BOAHOIO PO34MHY a30THOI KUCMOTU 3 BUKOPUCTAHHAM
BiA6intoBanbHOI KOMNMOHW;

- NOBEPHEHHS BUAaneHux okcuaie a3oty B abcopbuiiHy KONOHY 3rigHO 3 abCcopOLinHO KONMOHO
3a JaHUM BUHAX04O0M Ans NOA4AanbLIOro NepeTBOPEHHS BUOANEHUX OKCMAIB @30Ty Ha a30THY KMUCHOTY.

3rigHO 3 YeTBEpPTMM acMeKTOM [aHOro BMHAXody PO3KPUTWUIA CNOCiO 3BedeHHS A0 MiHIMymy
KiNbKOCTi rasonofibHnx okcuaiB a3oTy y XBOCTOBOMY rasi 3 BepTuKarnbHOI abcopbuinHOi KOMoHM Y
cnocobi abcopbuii 3a gaHMM BuHaxogoM abo y cnocobi BUPOOHMUTBA a30THOI KWUCMOTWM 3rigHO 3
AaHum BrHaxogom. Cnocib Bkrovae eTanu:

- NiATPUMaHHA TemnepaTypu 2-5 HaBULLIMX TOPU3OHTaNbHUX NIIACTMH y AianasoHi Big 5 oo 35 °C,
Ta/abo

- NiATPUMAaHHA KOHLUEHTpaLUil OKCMAIB a30Ty Y rasi TEXHOMNOrMYHOro NPoLecy y BiflbHOMY MPOCTOPI
MiXK 2-5 HaBULLMMW rOPU3OHTaNbHUMK NriacTMHamMmm meHwoto 3a 5000 ppm (06.), nepeBaxHo Big 100
Ao 5000 ppm (06.), 6inbw nepesaxHo Big 100 go 2000 ppm (06.), we binbw nepesaxHo Big 150 oo
250 ppm (06.).

3rigHo 3 N'ATMM acneKkTomM J4aHOro BUHaxo4y PO3KPUTO BMKOPUCTaHHS BepTUKanbHOI abcopbuinHoi
KOMOHW 3rigHOo 3 AaHMM BUHaxodom aAnga abcopObuii okenais a3oTy 3 rady TEXHOMOTYHOrO Npouecy, LWo
MICTUTb 3a3Ha4yeHi okCuaM as3oTy, BOAHWM PO3YMHOM NS BUPOOHMLUTBA BOOHOIO PO34YMHY a30THOI
KMCNOTKN y cnocobi BUpoBHULTBA a30THOI KUCMNOTW.

3rigHO 3 LWIOCTMM acnekToM [aHOro BMHAxXody PO3KPUTO BWKOPWUCTaHHS, Yy BepTMKasbHIn
abcopbuinHin GawTi 3rigHO 3 AaHUMM BUHAXo4OM, cnpsiMoBaHe Ha abcopbuilo okcuaiB asoTy 3 rasy
TEXHOJOrMYHOro NpoLecy, WO MICTUTbL 3a3HayeHi oKcuan asoTy, BOOHUM PO34YMHOM Afsi BUPOOHMLTBA
BOLAHOMO PO34YMHY a30THOI KWUCMOTM y cnocobi BUpOOHMUTBA a30THOI KUCIMOTW, CTPYKTYpOBaHOl
Hacagku y NOeAHAHHI 3 pO3MNOAiNoBa4YeM PigMHU, L0 MICTUTb XMUBUMbHUK, SKUA Mae 3yb4acTui 3nve
AN po3noAiny piaguHuM Yepes cnpsiMoBaHi Bropy 3ybui 3ybyactoro 3nuey no nepcopoBaHnmM Tapinkam
posnogintoBaya piavHK, i € posTtawoBaHuM Ge3nocepedHbO Hafd CTPYKTYpOBaHOK Hacagkow And
po3noAiny pianHM No CTPYKTYpPOBaHin Hacay,.

Mpuknagu

Mpuknag 1

lMoegHaHHs CTPYKTYpOBaHOI Hacafku i posnofintoBaya piguHW JochigKysBanu 3a J0MOMOror
KOMM'IOTEPHOrO MOAENOBAHHSA ANs Aekinbkox abcopOuinHmx 6awT, 3anponoHoOBaHUX aBTOPOM AaHOro
BMHaxody, 3 BMKOPUCTAHHAM BoAM sk abcopbuiiiHoi piguHK, | Byno nokasaHe CyTTeBE MOKPaLLEHHSA
CTOCOBHO KOHLEHTpaLii ra3onogibHnx okcuAiB a3oTy y XBOCTOBOMY rasi, L0 BUXOAATb i3 abcopOuinHoi
fawTwy, i 36inbLIeHe BUPOOHULITBO KUCIOTW MOPIBHAHO 3 NOYATKOBOK KOHCTPYKLiE GaLlT i3 Hacaakot
y BUMMSAI ciTYacTuUxX Tapinok abo meTtaneBux kineub. PesynbraTu nokasaHi B Tabnuui 1 Huxkye.
CTpykTypoBaHa Hacagka, OcCHalleHa 3ybyacTumu posnoginoBavyamu piguHw, 6yna npugbaHa y
komnaHii Sulzer (BiHTepTyp, WBenuapis).

Tabnuus 1
OanHuus A
BMMIipIOBaHHSA

CTpykTypoBaHa Hacaaka
HiameTp 6awtn M 5,2
Bucota Hacagku M 12,6
Tuck abcopbuii 6ap 1,94
Okcuam a3oTy y XBOCTOBOMY rasi ppm 3200
3MeHLUEHHs OKCMAIB a30Ty Y XBOCTOBOMY rasi % 38 %
36inbLeHHs BUpOOHMLITBA KUCTOTH % 2,7
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Ak no4aTkoBI AaHi ONsi NOKpPaLLEHb HMKYe HaBeOeHi Aedki AaHi ona nodaTkoBux abcopbuinHmx
bawT:

Tabnuuga 2
OanHULUS BUMIpHOBaHHSA A
HecTpykTypoBaHa Hacagka,
KepamiyHi Kinbus Pawwura
HiameTp 6awwitu M 5,2
BucoTa Hacagku M 17,7
Tuck abcopbuii bap 1,94
OKCMAM a30TY Y XBOCTOBOMY rasi ppm 5200

Pe3ynbTtatv sIBHO MOKa3ylTb MOKPALLEHHS CTOCOBHO 3MEHLLEHHS OKCUAIB a30Ty Y XBOCTOBOMY
rasi i 36inbLeHHs1 BUPOOHNLTBA KMCITOTH.

®OPMYJIA BUHAXOLOY

1. BepTukanbHa abcopbuiiHa konoHa ans abcopbuii okcuaiB a3oTy 3 rady TEXHOSOMNYHOro npoLecy,
WO MICTUTb 3a3HayeHi OKCMAM a3oTy, BOAOK ANS BMPOOHULTBA BOAHOIO PO3YMHY a30THOI KUCMOTH,
sika MiCTUTb:

po3noaintoBay pPiavHW, WO MICTUTb XUBUIbHUK, SKUA Mae 3yG4yacTui 3nuB AN PO3nOAiny piavHu
Yyepes CrnpsiMOBaHi Bropy 3ybui 3ybyactoro 3nvey no nepdopoBaHmnx Tapinkax po3nogintoBada piguHu
Ta € po3TawoBaHum 6e3nocepeaHbO HaL CTPYKTYPOBAHOK HAacaaKolo;

CTPYKTYpOBaHy Hacaaky;

nnacTvHYaTy Hacagky, WO MICTUTb CYKYMHICTb FOPU3OHTANbHUX NMAacTWH, OCHALLeHy 3acobamwu
OXONOAXEHHS;

BMYCKHUIA OTBIp ANsi AOA4aBaHHSA KUCHEBMICHOIO rady 10 HKHbOI YacTMHU BEpPTMKanbHOI abcopOuinHoi
KOIMOHMU;

BMYCKHWUA OTBIp AN rasy TeXHOMOrYHOro npouecy, Wo MICTUTb OKCMAWM aso0Ty nicng npouecy
OKUCHEHHSI aMiaKy B HWDKHI YaCTUHI BEPTUKaNbHOI abCOpPOLINHOT KONMOHY;

BMYCKHWUI OTBIp ANsi BOAHOIO PO34MHY Y BEPXHIi YaCTWHI BEpTUKanbHOT abCcopOLUiHOT KONOHW;
LWOHaNMeHLIEe OAMH BWMYCKHWWA OTBIP ANA a30THOI KMCNOTM BHWU3Y BepTuKanbHOI abcopbuinHol
KOMNOHW; i

BMNYCKHWIA OTBIp ANs XBOCTOBOrO rasy, Wo MIiCTUTb OKCUAM a30Ty, 3BepXy BepTuKanbHOI abcopbuinHoi
KOIOHWU;

npuyoMy posnoginioBay piguHKU i CTPYKTypoBaHa Hacagka po3MilleHi MK BMYCKHUM OTBOPOM Ans
BOAHOIO PO34MHY i HAMBULLOK FOPU3OHTAarbLHOK NAAcTUHOK NacTUHYaTOl HacaaKu.

2. BepTtukansHa abcopbuiiHa konoHa 3a n. 1, 9ka BiAPi3HAETbCA TUM, WO KUCHEBMICHWUIA ra3 ABnsie
coboto rasonofibHui knceHb Ta/abo Npu LUbOMY BMYCKHMIA OTBIp ANA rady TEXHOMOMNYHOro NPOLECY i
BMYCKHUIA OTBIp ANs AO4aBaHHSA KUCHEBMICHOrO rasy € okpeMuUMn BNYCKHUMU OTBOpPaMW.

3. BepTtukanbHa abcopbuiiHa koroHa 3a n. 1 abo 2, sika BigpisHAETbCA TUM, WO A0AATKOBO MICTUTb
3acobu anga BMMIpIHOBaHHSA TemnepaTtypy BOAHOIMO PO34YMHY a30THOI KUCIMOTU Ha ofHin abo Ginblie
rOpM30OHTaNbHUX NNAacTUHAX NNACTUHYATOI HacaaKu.

4. BepTukanbHa abcopbuiiHa koroHa 3a n. 3, dka BiAPI3HAETbCA TUM, LLIO AOAATKOBO MICTUTb
3acobu AN BMMIpOBaHHA KOHLUEHTPaLii ra3onogibHnX oKCMAiB asoTy Y BiflbHOMY NPOCTOpPiI MiX ABOMA
CYMDKHUMW FOPU3OHTANbHUMM MAacTUHaMM MNacTMHYaTol Hacaaku.

5. BepTtukanbHa abcopbuinHa konoHa 3a 6yab-skum i3 nn. 1-4, ska Bigpi3HAETLCA TUM, WO 3acobu
OXOINOMKEHHSA SBNSAOTb cobot oauH abo 6Ginblle OXOnomKyBanbHUX 3MINOBMKIB, LIO MICTATb
oxonokysanbHe cepefoBuLle, SKi HaknageHi NoBepx roOpM3OHTamnbHOI MNNAcTUHW NnacTUH4YaTol
Hacagkw.

6. BeptukanbHa abcopbuinHa konoHa 3a n. 5, fka BiAPIZHAETbLCA TUM, WO OXONOLKYBaslbHi
3MilioBMKM BUOpaHi 3 HeizonboBaHMX TPYD, TpyO, po3TalloBaHUX y LLIAXOBOMY MOPAAKY, pebpuctmx
Tpy6 abo 6yab-akoi ix KombGiHauil, i NpyM UbOMY Mo4yaTkoBa TemnepaTypa OXOJo4XKyBarlbHOro
cepeaoBULLIA B OXONO4KyBalbHMX 3MiNOBUKAX CTaHOBUTL 5-45 °C.

7. BepTtukanbHa abcopbuiHa KomnoHa 3a OyAab-skum i3 nn. 1-6, sika BiAPI3HAETbLCA TUM, O
CTPYKTYpOBaHa Hacafka Mae MnnoLly NoBepXHi, ika CTaHOBUTb LoHaiMeHLle 250 m2/m3.

8. BepTtukanbHa abcopbuiiHa KonoHa 3a n. 7, sika BiAPI3HAETbLCA TMM, LLO CTPYKTypOBaHa Hacagka
Mae NnoLLy NoBepxHi, sika ctaHoBUTb 450-750 mM2/m3,
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9. BepTtukanbHa abcopbuinHa konoHa 3a Oyab-akum i3 nn. 1-8, ska Bigpi3HAETbLCA TUM, LLO
po3nofinioBad pigvHM Mae LWINbHICTb KpanesnbHUX TOYOK, $Sika CTaHOBUTb LWoOHanMmeHwe 30
KpanenbHUX TOYOK Ha M?,

10. BepTtukanbHa abcopbuiiHa koroHa 3a n. 9, sika BiAPI3HAETBLCA TUM, LLIO PO3MOAiNtoBay pianHu
Mae€ LLiNbHICTb KpanernbHUX TOYOK, sika cTaHoBUTb Big 60 o 200 kpanenbHMX TOYOK Ha M2,

11. BepTukanbHa abcopbuiriHa kKonoHa 3a Oyab-sikum i3 nn. 1-10, gka Bigpi3HAETbCA TUM, WO
CTPYKTYpOBaHa Hacajka BUKOHaHa 3 KMCIOTOCTIMKOT HEpPXKaBiloyoi cTani, TuTaHy abo iHLINX CYMiCHUX 3
KMCROTOK MaTepianis.

12. Cnocib6 abcopbuii ana BMPOOHMUTBA BOOHOIO PO34YMHY a30THOI KMUCMOTWU LWNAXoM abcopbuii
oKcuaiB a3oTy 3 rady TEXHOSOMYHOro Mpouecy, WO MICTUTb OKCUAWM a3oTy, BOOHWM PO3YMHOM Y
BepTMKanbHin abcopbuiliHi KonoHi 3a 6yab-akuMm i3 nn. 1-11, akuin BKNKOYAE HACTYMNHI eTanu:

BOOHWI PO34MH NOAalThb 3BEPXY BEPTUKANbHOI abcopOLUinHOT KONoHu 3a byab-akum i3 nn. 1-11 yepes
po3anogintoBad piguHu;

3ab6e3nevyloTb MOXMUBICTb PyXy BOOHOMO PO34YMHY BHM3 Y BepTuKanbHy abcopbuiinHy KOMOHY 4epes
CTPYKTYpOBaHy Hacagky i nnactuH4aTy Hacaaky; i

BOOHWUMA PO34YMH MPUBOLATL Y KOHTAKT 3 ra3oM TEXHOMOrYHOro mnpolecy, LWo MICTUTb OKCuau asoTy
nicrs NPoLecy OKUCHEHHS aMiaky, L0 PyXaeTbCs Y HaNPSAMKY nNpoTuTedii BIQHOCHO BOAHOMO PO3YMNHY
yepes CTPYKTYPOBaHY HAcaaKy i nnacTuH4YaTy Hacagky.

13. Cnoci6 abcopbuii 3a n. 12, akuin BiAPI3HAETLCA TUM, LLO BOOHWUA PO3YMH sIBNSie cOOO BoAy
TEXHOJOMYHOro NpPoLeCy.

14. Cnoci6 abcopbuii 3a n. 12 abo 13, akuii BiAPISHAETLCA TUM, WO AOAATKOBO BKIMOYaE eTan, Ha
SIKOMY YaCTUHY CTBOPEHOT a30THOI KUCMOTW MNOBEpPTalTb A0 BEPXHbOI YacTMHW BEPTUKANbHOI
abcopOuinHoi KOMNoHW, Ae BOAHWI PO34MH NOAATb Yepes po3noAintoBay pianHu, i npyu LbOMy BOOHWIA
PO3YMH CKIafaeTbCs 3 BOAW | CTBOPEHOT a30THOI KUCHOTH.

15. Cnocib abcopbuii 3a 6yab-akmuMm i3 nn. 12-14, sk BiAPI3HAETLCA TUM, LLO AOAATKOBO BKIOYaE
eTan, Ha SKOMY [0 HWKHbOT YaCTUHW BePTUKanbHOI abcopbuinHOi KONMOHU NOAAKTb KUCEHD.

16. Cnoci6 abcopbuji 3a 0yab-akum i3 nn. 12-15, aknin BiAPI3HAETLCA TUM, LLO ra3 TEXHOJIOMYHOro
npouecy, WO MICTUTb OKCMAM as3oTy MiCns Mpouecy OKUCHEHHSA amiaky, SKUA nepemiylotb Yy
HanpsAMKy MpoTUTeYii BIQHOCHO BOOHOrO PO34YMHY, Ma€ CMiBBIAHOWEHHS ra3 TEeXHOMOriYHOro
npouecy/BogHMIN po34nH B Adiana3oHi Big 2,5 0o 25 kr rasy/Kr posynHy.

17. Cnoci6 abcopbuii 3a 6yab-skum i3 nn. 12-16, akii BigpI3HAETLCA TUM, WO nepenag TUCKY Mo
BepTUKanbHin abcopbuiliHin konoHi ctaHoBuThb Big 2000 go 50000 Ma.

18. Cnocib abcopbuii 3a Oyab-akum i3 nn. 12-17, akuii BiAPI3HAETLCA TMM, LIO A4OAATKOBO BKIIHOYaE
HaCTyMHi eTanu:

TemnepaTypy 2-5 HarWBULLMX FOPU3OHTaNbHUX MMacTVH MNiATPUMYIOTL Yy AianasoHi Big 5 go 35 °C;
Ta/abo

KOHLIEHTpALil0 OKCMAIB a30Ty Yy rasi TEexXHONOrYHOro mnpouecy y BiNbHOMY npocTopi Mix 2-5
HaVBULLMMM FOPU3OHTarNbHMMM NNacTuHamu NigTpMMyoTb MeHwoto 3a 5000 ppm (06.).

19. Cnoci6 abcopbuii 3a n. 18, AkMN BiAPI3HAETbLCA TUM, LLIO KOHLEHTPALilo OKCMAIB as3oTy y rasi
TEXHOMNOrMYHOro MpPoUeCy Y BiflbHOMY MPOCTOPI MK 2-5 HaMBULLMMW FOPU3OHTaNbHUMK MracTUHaMu
nigTpumytoTb y AianasoHi Big 100 go 2000 ppm (06.) abo Big 150 go 250 ppm (06.).

20. Cnoci6b BMpobHMLTBa a30THOI KUCMOTK, SIKMIA BKIOYAE HAcCTyNHi eTanu, ge:

OKVCHIOIOTb amiak 3 yTBOPEHHSIM MOHOOKCKAY a30TY;

MOHOOKCUA a30Ty NepeTBOPIOTbL HA OKCUAMN a30TY;

okcuam asoTy abcopbytoTb BOAOK Yy BepTUKanbHiA abcopbuinHin KonoHi 3a 6yab-akum i3 nn. 1-11 3
YTBOPEHHSIM BOOHOIO pPO34MHY a30THOI KUCIOTH;

PO3YMHEHI OKCMAM a30Ty BWUAANATb 3 BOAHOMO PO34YMHY a30THOI KWUCMOTM 3 BUKOPUCTAHHAM
BiAbintoBanbHOI KOMOHY;

BUOAneHi OKCMAM asoTy noBepTalTb B abcopbuinHy konoHy 3a 6ygb-akum i3 nn. 1-11 gns
noJanbLUOro NepeTBOPEHHS BUAANEHNX OKCUAIB a30Ty Ha a30THY KUCIOTY.
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