FogvwHuk Ha MuHHO-reonoxkma yHmsepeutet "CB. UBaH Punckun"
ToM 44-45, cBuTnK lIl, MexaHu3aums, enektpudpmkaums u aBTomatusauus Ha munute, Codus, 2002, ctp. 43-46

XUMUYECKU METOAWU 3A OYUCTBAHE HA HAKUMKU OT MALLUHWN B
OBOIrATUTENHWUTE ®ABPUKN

Kpuctuna NposeBa

ET “KpuctuHa M”
Codona 1505, Bvnrapus

MBaH MuHuH

MUHHO-reonoXkn yHUBepCUTeT
“Cs. WBaH Punckn”

Codms 1700, Bbnrapus

PE3IOME

Pasrnena+ e np06nema 3a Hakuna B KOMNpecopuTe U Bb3MOXHUTE MEPKW 3a npedoTBpaTaBaHe Ha 06pa3yBaHeTo My. OLleHeHVI Ca Bb3MOXHOCTUTE Ha MEXaHW4HOTO
U XMMWUYHO OQ4YMUCTBaHE Ha Hakuna. I'Ionpo6Ho € OnncaHa TexHonorusaTa Ha NpemMaxsaHe Ha Hakuna 4Ypes XMMUYECKn peareHTu. HaKpaﬂ Ca npeanucaHn U3ncKkeaHnaTa
3a Cna3BaHe Ha npasunaTa 3a HesonacHocT Ha TpyAa npu pa60Ta C KUCENWUHN 1 OCHOBU

MPOBJIEMBT HAKMIM B HAKOW MALUMHW B
OBOTATUTENHNTE ®ABPUKN

B oboratutenHute ¢abpuku 3a pyau, 3a HSKOM cnomara-
TEMHU TEXHOMNOTUYHM JENHOCTM € HeOBXOAMM CrbCTEH Bb3ayX
1 3a Tasn Len ce 13non3eaT KOMMPECOPU 3a HUCKO HansraHe.
B Tesu MmalwuHW Ce OCblyecTBsiIBaT NpoLec CBbp3aHu C
OTHENSHETO Ha ronsMO KONMWYECTBO TOMMMHA, KOETO Hanara
oxnaxgaHeto uMm. OxnaxgaHeTo e npoLec Ha OTBeXJaHe Ha
TOMNMHATa OT HarpsiBaHUTE CTEHW Ha MaLUMHUTE W NOALbpPXa-
HETO Ha TemnepaTypa B onpegenexu rpaHnum. Kato cpeacteo
3a OTBEXJaHe Ha TOMMMHaTa Hail-4ecTo ce U3nonaea Tevalla
Boga. /3BecTHO e, Ye B Te3un Cryyaum Mo CTEHUTE Ha OXragu-
TENHWTE MPOCTPaHCTBa Ha MawuHuTe U TpbbonposoauTte ce
OTZens T.Hap. HakiM (HEMPaBWMHO HapW4aH KOTMEH Kambk),
KOWTO 3aTpydHsiBa, HOPMamnHMs npouec Ha oxnaxgaHe. B
HSIKOW Cly4am MpOLeCHT Ha OXNaxaaHe Ha KOMMpecopa MOXe
fa 6bae BOWeH W Ha u3xoga My TemnepatypaTa Ha Crbere-
HWs Bb3AyX da pocturHe o 190-200° C (npu makcumanHo
ponyctima - 170° C). Tasu cutyaums moxe fa 6bae npegnoc-
TaBKa 3a Npeau3BUKBaHE Ha B3PYWB, kO HArOpeLLEHN YacTuum
OT Harap OT KnanaHwTe (HarHeTaTenHuTE) Ha KoMnpecopa
3anangaT MacneHuTe OTnaraHus W Cce Cb3faje asapwitHa
CUTYaLMs C PUCK 3a XMUBOTa Ha 0BCMyKBaLLMs nepcoHan.

B oboratutenHata cabpuka kbm “Enaunte - meg” Al c.
MwpkoBo, ce ekcnnoaTupat 06MKHOBEHM ByTanH1 KOMMpecopy
33 CrbCTeH Bb3ayX U CheLmanHn KOMNpPecopu KbM KIumaTiy-
HaTa WHCTanauwms 3a nogabpkaHe Ha NOCTOSHHA TeMnepaTtypa
Ha eneKTPOHHOU3YNCITUTENHUS LIEHTBP YNpaBnsBaLLy TeXHOO-
MMYHUTE NapameTpu 1 npouecu Ha dabpukata. W gsata suga
komnpecopu paboTAT B T.HAap. HEMPEKbCHAT PEeXWM, KOeTo
0bCTOATENCTBO OMpedens akTyanHocTTa Ha npobnema 3a
thabpukara.

Hsikou cBeaeHws 3a HakunuTe

MHoro 0T pasTBOpMMUTE COMK BB BOdAaTa MMaT CBOACTBOTO
pa obpasyBaT Hakumu. HakimbT 3aBMCM MMaBHO OT BMpa Ha
CONUTE Ha Kanuus u marHeaus. Taka Hanpumep KanuuesusT
BukapboHat Ca(HCO3), obpasysa Mek Hakun, AoOKaTO kanuue-

BuAT cyndpat CaSOy - TBBbPA.

OcHoBHuTE NpUYMHKM 32 06pa3yBaHETO Ha Hakun e oTaens-
HETO Ha Marko pasTBOPUMMTE CONMW OT HACUTEHUTE UM
pasTBOpU Mpu HarpsiBaHe. Taka Hanpumep HE3HAYUTENHOTO
noBuMLLIABaHE Ha TeMmnepaTypaTa Ha BogaTa € A0CTaTbyHO 3a
n3napsiBaHe Ha Marko KOnu4yecTBO Boga WM obpasyBaHe Ha
NPECUTEHN pa3TBOPU MO OTHOWEHME Ha Kanuuesus W
marHesneBusi Bukap6oHatn - Mg(HCOs),, Thit kaTo pasTBopu-
MOCTTa Ha Te3u CoMnu € Marka.

Cnopea XMMWYHUS CbCTaB HakunuTe Guear:
kapOoHaTHW, kKoUTO CbabpxaT noseye o1 50 % CaCOs;
runcosu, cbabpxalm 4o 50 % CaSOq;

CUNUKATHK CbabpKaLm Hag 25 % SiOy;
CMECEHW ChIbpXally Kanluesn 1 MarHesneBu kapboHa-
TW U CUIUKATH.

CBONCTBOTO Ha BojaTta Aa 06pa3yBa Hakun ce Hapuya
TBbPAOCT Ha BOAATa M Ce AbJTXM Ha PA3TBOPEHUTE B HEA CONU
Ha Kanuusa n marHesus.

/3BecTHO e, Ye KOeULMEHTBT Ha TOMMONPOBOAMMOCT Ha
HaKuna € HSKOMKOKPaTHO Mo-MarbK OT CTOMaHaTa Wim YyryHa,
OT KOMTO Ca W3paboTeHU OXMaxaaHUTE CTEHW, MOpaaun KOeTo
popu 06pa3yBaHETO Ha HakuM CbC CPABHUTENHO Marka fgebe-
NIMHa CUIHO HamansiBa ehEKTUBHOCTTA Ha OXNaXAaAHETO.



NMPEOBAPUTEINHA OBPAEOTKA HA BOJIATA 3A
NMPEANOTBPATABAHE HA OEPA3YBAHETO HA HAKWM

/3BecTHM ca MHOrO MeToaM 3a npeaBapuTenHa obpaboTka
Ha BOfaTa, KOMTO Ce OCHOBaBaT MPEeAMMHO Ha Ao6aBsiHE Ha
peareHT BbB BOfATa, 3aTpyAHSIBALLM NPOLECUTE HA KpUCTa-
NM3aLMs UK U3MEHSILM KOHLEHTPaLUMsiTa Ha pasTBOPEHUTE
conu. TakaBa 0bpaboTka Ha BofgaTa € LenecbobpasHo fa ce
W3BbPLUBA CaMO MpW YCroBME, Ye Ce u3non3ea 00OpoTHA
BOZA, KOETO € CBbP3aHO C U3rpaxaaHe Ha OXNMaguTemnHn Kynu
W Opyrv CbOpbXeHus. B HacToAWMA MOMEHT B MpakThkaTa Ha
oboratutenHute abpuku WMKOHOMUYECKM HE € U3rofHO
npunaraHeTo Ha npeasaputenHa obpabotka Ha BogaTa u ce
13noN3Ba NPOMMLLIIEHO Tevallia Bofa.

METO[M 3A OTCTPAHABAHE HA HAKMIM OT MALLIHW,
OXNAOVUTENM X TPBBOMNMPOBOIN

Ob6pasyBanuaT Ce Hakun MO CTEHWTE Ha OXMaxaaHuTe
CucTteMn Moxe fa ce npemaxHe no MexaHuyeH unn xmummyeH
Ha4nH.

MexaHu4yeH Ha4uH

MeToabT M3NCKBA M3BLPLUBAHETO Ha Pa3rnobHu onepauumn
3a ocurypsiBaHe Ha [OCTbN 40 MecTaTa 3a MOYMCTBAHETO Ha
Hakuna. MexaHW4YHOTO OTCTpaHsiBaHe Ce CbCTOM B U3CTbprBa-
HETO Ha HaKuna Ype3 CTOMaHEHU CTbpranku 1 TeNeHN YeTku B
MecTaTa, KbeTo TOBa € Bb3MOXHO. [lpakTiyecku obaue,
MHOrO Marko ca NMOBbPXHUHWTE C HaKWM, KOUTO Ca AOCTHIHM
3@ pbYHO umcTeHe. [pn MexaHUYHUS HauWH, He € Bb3MOXHO
HaIMmbJTHO OTCTPaHsIBAHE Ha Hakvna OT TPYOHWUTE y4acTbly 3a
OCTbPrBaHe W Ma OMacHOCT 3a NOBpEXJaHe Ha MeTana npu
TbHKOCTEHHUTE n3genns.

XUMUYEH HaumH

HakumbT ce paspyluaBa OT pa3TBapsHETO My Ype3 Noaxoas-
WM peareHTH, kOMTO MoraT fa ObaaT: CoOnMHa KUCEnMHa,
XPOMOBA KMCENUHA UK ankanHu conu,cofa, Hatpues docdat

n ap.

KnucenuHute ce n3nonasar 3a pa3TBapsHETO Ha kapboHaTeH
Hakun, a ankarHuTe Comm 3a - CyndateH uv cunukateH. B
TEe3W Cnyyaum [OEUCTBMETO Ha peareHTnTe ce CbCToM B
paspoxsaHe Ha Hakuna u npeBpbLiaHeTo My B Wnam. Bba-
ﬂeVICTBMeTO BbPXYy Hakuna 4pe3 pasTBOPEHUTE peareHTu BbB
BOAaTa CTaBa 4pe3 MpecTosBaHETO UM B Oxnaxpalute
NPOCTPaHCTBA 3a OMpefenieHo BpeMe Unu Ypes LMpKynupaly,
pa3TBop. 3a Aa ce NpefoTBPaTM KOpo3usTa Ha MeTanHuTe
CTEHW OT pa3TBOPEHUTE peareHT! ce A0DaBAT T.HAP. WHXM-
Outopu. Toea ca BellecTBa, KOWTO WMaT CBOWCTBaTa Aa
3abaBAT ¥ [a 3aTpyaHsABaT MpOLEeCHUTe Ha paspyliaBaHe Ha
MeTanuTe B yCNOBWsITA Ha arpecuBHa Kucena cpeaa.

O4YMCTBAHE HA HAKWIMA OT KOMIMPECOP YPE3 COMNHA
KWCENNHA

YcnoBus Hanarawy noYvMcTBaHe
KoraTo Temnepatypata Ha CrbCTEHWS Bb3AYX Ha 13xoda Ha
[l creneH noctosHHO Hagsuwasa ¢ 8-10° C ponyctumarta

Hopma (170° C), a konn4ecTBOTO BOLA € AOCTaTbYHO W Ha U3-
X0a Ha OxnaguTenHaTa cuCTeMa TemnepatypaTta Ha Bogata
He e Hag 30-35° C, TO mpuuMHa 3a MOLIOTO OXNaxgaHe e
oBpasyBanuaT ce Hakun B komnpecopa. B Tosu cnyvan e
HaNOXWTENHO MOYUCTBAHETO Ha Kommpecopa OT Hakun. He
TpsibBa Aa ce ponycka obpa3yBaHeTo Ha Aeben crioi Hakwn,
TbI1 KaTO TPYLHO Ce Npemaxaa.

HO-,ELOJ'Iy Ca ONnnCaHn TEXHOJIOTMYHUTE onepaunin CBbp3aHn C
MeToda Ha XMMNUYHOTO O4YUCTBAHE Ha HakKunna B KOMMNPECOPUTE.

Pasrno6sBaHe Ha oxnagMTenHara cuctema

OB6WKHOBEHO KOMMPECOPBT Ce OXNaxzaa B CrefHNTe MecTa;
BOAHAaTA pu3a Ha LMNuHObpa OT I®° cTerneH, MeXmuHHWS
oxnaguten mexay | w Il cteneH u BogHatTa pusa Ha
unnuHgbpa ot Il creneH. B noseveto cnyyan Tesu npo-
CTPaHCTBA NpU KOMMPECOPUTE C HUCKO HansiraHe, KakBUTO ca B
oboratutennute abpuku, ca CbeanMHEHN B eaHa OXaauTen-
Ha cuCTEMa, B KOSITO Ce NofaBa oxnaxpaallarta eoga. [opagm
TOBa € Heobxoaumo da ce pasrnobaT (pa3uneHsT) Tpbbonpo-
BOAMTE CbeauHsBawM Tesn npoctpaHcTea. Cnep ToBa ce
LEMOHTMpAT Kanauute Ha OXnaguTens u OT pusnTe Ha
uunuuapute. MpaBu ce BbHLEH Orfief 3a CbCTOSHUETO Ha
Te31 OXNaguTEernHM NPOCTPAHCTBA W Cried ToBa Ce NpoMmBaT
BOAa OT BoZeH Mapkyd noa HansraHe go 0,1-0,2 MPa, 3a ga
Ce M3MEHSIT MEXaHWYHWTE YTaKKM, NICbLUM, MacrneHn otnara-
HWS 1 apyru.

B3emaHe Ha npoba 3a aHanu3 Ha Hakuna

OT cTeHaTa Ha MOYMCTEHOTO OT MEeXaHUYHW 3aMbpCsABaHUS
Ha BOfHaTa pu3a (OXNaguTenHOTO MPOCTPAHCTBO) ce B3emar
npoba oT Hakuna 3a f[a ce aHanMaupa cbcTaBa My. ToBa €
HeoBX0AMMO caMo MpY MbPBOHAYANIHOTO YMCTEHE Ha Hakumna,
Tb KaTo 3a CleaBaluTe Onepauuu, ako He e W3MeHeH
CbCTaBa Ha OXMaxzallaTa Bofa HsMa NpuynHa 3a U3MEHEHe
Ha CbCTaBa My.

Bb3 0CHOBa Ha aHanu3a Ha Hakuna ce onpeaens v Buga Ha
peareHTuTe. OT M3CNEBAHMSTA HU CE YCTaHOBY, Ye HakuUMbT €
NPEANMHO C kapboHaTeH CbCTaB, KOETO OMPeaens W 13nons-
BaHETO Ha conHa kucenuHa (HCI) 3a nouncTaHeTo My.

TexHM4eCKn cpefcTBa 3a OYUCTBAHETO
Heobxogumun ca cbooBe 3a pasTBOpUTE, enekTpuyecka
nomna, MapKy4um u KpaHoBe, KakTo ca nokasaHu Ha dur. 1.

CbabT 1 e npeaHasHayeH 3a NpUroTBsHE Ha pasTBoOpUTE U
3a TasW Uen MOXe Oa ce u3nonsBa OOMKHOBEH Bapen C
BmecTumoct 200 nuTpa, Ha KOMTO FOPHOTO AaHO € U3pPsI3aHo.

CbAbT 2 € aHanornyeH Ha 1, Ho B JOMHWUA My Kpaw ca MOH-
TUPaHW, KpaHbT 3 3a U3NyCKaHe Ha Lnama ¥ NOYMCTBAHETO Ha
Cb[a M KpaHbT 4 CBbP3BALY Bapena ¢ nomnara.

Momnata 5 e obukHoBEeHa LeHTpobExHa M He e
3agbkUTenHo fa ObAe  KUCEnoycToMuMBa  KOHCTPYKLMS.
Heobxoanm e manmbk aebut n 06MKHOBEHO Ce 3a[BWKBA OT
MOHOtha3eH enekTpoasurarern.
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Queypa 1

MpuroTBsiHe Ha HeoOXxoaMMUTE pa3TBOPU

Mpn n3bpaH peareHT 3a MOYUCTBAHE, B Cryyas COMHa
KucenuHa, e HeobxoauMo da Ce Onpedeni 1 KakBa KOHLEHT-
pauus Ha pastBopa e Heobxoguma. OT nwuTepaTypHuTe
M3TOYHWLM € W3BECTHO, Y€ 3a MOYMCTBAHETO Ha KapboHaTHM
HaKUMKU Ce W3MOMn3BaT BOAHM Pa3TBOPM C KOHLEHTpauWs Ha
conHata kucenuHa ot 2 4o 12 %. N360pbT Ha KOHLEHTpauus
Ha COMHaTa KucenuHa 3aBuCK npeaumHo oT gebenuHata Ha
MeTanHaTa CTeHa Ha OXNaguTenHoTO MpOCTPaHCTBO U
pebenuHata Ha Hakuna. Tbi kaTo AebenuHata Ha BOAHWTE
pU3N MO KOHCTPYKTWUBHW W3WCKBAHUS € [OCTaTbyHO ronisima
(Hag 10 mm), To B cny4as MOXe Aa Ce W13non3BaT pasTBoOpU C
no-ronsma koHueHTpaums - 10+12 %. Mpu ounctsaHeTo Ha
MEXOMHHUS  OXNaguTen, CbCTaBeH OT TpbbeH cHon,
pebenuHata Ha TpbOuTe e cpeaHo 2 - 2,5 mm, To 3a fa ce
n3berHe Nony4yaBaHETO Ha KOPO3MOHEH Npobue e Heobxoguma
no-marska KOHLEHTPaLms Ha CornHa knucenuua - 4 - 5 %.

[lebennHaTta Ha Crnos CbLLO OKa3Ba BRMsiHWE BbPXY M3bopa
Ha onTuManHaTa KOHUEeHTpauua. |_|pI/I Hakunn C rongama
pebennHa ce npenopbyBa M3NON3BAHETO Ha PasTBOPU C MO-
Mamnka KOHLEHTPauUuWst Ha COMHa KWCEnuHa, HO BpeMeTo 3a
obpabotkata TpsibBa Aga e no-ronsmo. ToBa Ce Hanara OT
0BCTOATENCTBOTO, Y€ MPU TONEMW KOHLEHTpauuu npoThya
CUITHa XMMWYHA peakLusi U MonyveHuTe NpoLyKTW OT pasnaja
Ha Hakuna 3aTpyaHsiBaT UMpKyrauusita Ha nouucTBaLyust
pa3Teop. Tbil KaTo TPLOUTE OT MEXAWHHWS OXNaauTen ca ¢
Marko CBETIO CeyeHue TO ToBa 0BCTOSTENCTBO ONpeaens no-
ronsmata aebenuHa Ha Hakuna. M no To3n nokasaten e
HeOBXOAMMO 3a MEXOWHHWS OXrMaguTen f[a Ce M3nonasa
pa3TBOp C NO-Masika KOHLEHTpaLus.

/3BecTHO e, Ye comHaTa KUCeNnMHa B MPOMMLLIEHN KOMW-
yecTBa Ce A0CTaBsf C KoHueHTpaums 37 % u 3a ga ce
onpegeny HeobXxoaMMOTO KONMWYECTBO 3a MONyvaBaHETo Ha
BOZEH Pa3TBOP C OnpejeneHa KOoHLEeHTpaLmus ca Heobxoaumm

ereMeHTapHu M34ncnermus. Taka Hanpumep 3a NPUroTBSIHETO
Ha 100 nutpa BogeH pa3TBop € 5 % KOHLEHTpauuMs Ha ComHa
kucenuHa e Heobxoammo kbM 86,5 nuTpa Boaa Aa ce fobasu
13,5 nuTpa KoHLeHTpUpaHa conHa kucenuHa (37 %).

Mpu NPUrOTBSHETO HA MOYMCTBALUMA Pa3TBOP BUHAMM Ce
Criassa MpaBumoTo, Ye kucenuHata ce [obasa KbM BodaTa
MOCTENEHHO NpU HeNpeKbCHATO pa3BbpKBaHe Ha pasTBopa.

KbM npurotBeHus ¢ HeobxoanumaTa KOHUEHTpaLms pasTeop
ce npubaBAT pasnuyHn MHXMbuTopK. CHCTABBT U KONMYECTBO-
TO Ha Te3M BELLECTBa Ce ONpeaens KOMIPOMUCHO MO TEXHMKO-
MKOHOMUYECKN CbobpaxeHus. MMpu febenn MeTanHu CTeHn e
Bb3MOXHO M3MON3BAHETO HA MO-Manku KOHLEHTpauuW, a npu
TBHKOCTEHHU C FONsIM PUCK 3@ MPOBUB - C NO-ronsMa KOHLEH-
Tpaums. OT u3cnegBaHusTa HU Ce YCTaHOBM, Ye 3a cryyas
M3MoN3BaHeTo Ha MHXMOWTOpa YPOTPOMMH €  HambiHO
3agosonutentHo B kormyectso 10 g 3a 1 nuTbp pasTBop 3a
OYMCTBAHETO Ha pU3nTe Ha LUunuHAbpa M 25 g 3a 1 nnTbp 3a
MEXOUHHWS OXnaguTen.

KonuuyecTsoTo Ha pa3TBopa ce onpegens B 3aBUCUMOCT OT
obema Ha OXNaauMTENHOTO NPOCTPAHCTBO, KOEeTo TpsibBa Aa ce
noYmncTL.

TexHonorms Ha O4MCTBaHETO

I'Ipenopqua Ce OYMCTBAHETO HA Hakuna Aa 3ano4He OT ToBa
OXNnaguTenHo NPoOCTpPaHCTBO, 3a KOETO € Heobxoguma Hail-
HUCKa KOHUEHTPauua, B Cnyyasd MeXOUHHUA OXnaauTen. ToBa
Ce npasy C Len, ako oCTtaHe no4ncTeall pa3Teop, B KONTO UMa
Hen3pa3xodBaHO KONMM4YeCTBO CONHa KncenvHa Aa ce U3nonsea
3a NPUroTBAHETO Ha CneaBallnTe pa3TBopu.

lMouncTBaHETO Ha HakuWna MOXe fJa Ce M3BbpLUM MO ABa
HauMHa: 3ambfiBaHe Ha OXMaguTenHOTO MPOCTPAHCTBO C
pasTBOP M NPecTosiBaHETO My B npogbixkeHune Ha 10-12 yaca
M UMPKYNaLMOHEeH, MNpu KOWUTO pasTBOPLT Ce Mnojaea
HenpekbCHaTo Ype3 nomna. pegumcTeaTa Ha UMPKYNaLmoH-
HWS HAauMH ca 6e3CnopHN W nopaay ToBa ce MpernopbyBa Tasu
TEXHONOrUS.

CobLUMHCKOTO MOYMCTBAHE HA Hakvna e pasrnefaHo Ha
npuMepa Ha MexauHHUA oxnaguten 7 cnopeg cur. 1. B
pe3epBoapa 2 ce Hannea HeobXO4MMOTO KONMYECTBO Pa3TBOP
(okono 120-150 rwmTpa) u upe3 nomnata 5, mapkyya 6,
oxflaguTens 7 n mapkyya 8 ce OCblLUeCTBSIBa HenpekbcHaTa
UMpKynaums Ha pasTBOpa M MOCTEMEHHOTO OYUCTBAHE Ha
Hakuna. [lpe3 TOBa BpeEMEe MEPUOAMYHO Ce MpoBepsiBa
CbCTOSIHMETO Ha pasTeopa. AkO pa3TBOpbLT obpasyBa nsHa,
TOBa € MpU3HaK, Ye peakLumTe NpoTHYaT HOpManHo. Ako crpe
MpOLIECHT Ha NsiHoO6pa3yBaHe ca Bb3MOXHM [1Ba Cryyas: uim
HaKUMbT € PasTBOPEH W MOYMCTBAHETO € 3aBbpLUEHO UMK, Ye
COrHaTa KucenmHa e 13pa3xofieHa, Ho e ocTaHan OLLEe Hakwn.

3a ycTaHOBsIBaHe CBLCTOSHMETO Ha NOYMCTBALLMS MPOLEC Ce
MoCTbMNBA NO CneaHust HauvH. B yawa ce Hanmea 40-50 ml ot
MOYMCTBALLMS PA3TBOP M KbM HETO ce NpUBABAT HAKOMKO Kamnku
10 % pastBop oT cpebbpeH Hutpat. Ako ce noseu 6sna
yTaika TOBa € CUIypeH Mpu3Hak, Ye ComHaTa KucenuHa He e
“3pasxofeHa Hamb/IHO M HakMMbT € MmouncTeH. Jluncata Ha
Gsna yTaiika nokasea, Ye KMCENMHaTa e u3pasxofdeHa, KOeTo
Hanara noYncTBaHeTo fja NPOABLITKMA C HOB pa3TBop.



MpoAbMKUTENHOCTTA HA OnepaLusiTa 3aBuCM OT MHOTO
(hakTOpu M 0BUKHOBEHO NpofbIXaBa 3-4 Yaca.

MpomunBaHe Ha OXNagUTENHOTO NPOCTPAHCTBO

Cnep ycTaHOBsIBaHe Ha kpasi Ha MOYMCTBAHETO Ha Hakwna,
pPasTBOPBT Ce CbOupa B CbAa U ako Ce YCTaHOBM, Ye CorHaTta
KucenvHa e 3pasxoaBaHa pasTBOPbT Ce U3XBbPIS B KaHamnM-
3aUnATa 3a OTMafbyHM BOAM. AKO Pa3TBOPLT MMa Heuspas-
X0dBaHa KWUCENMHa Ce M3Non3Ba 3a MPUIOTBSHETO Ha
crefiBalLuTe pasTBopy.

CbobT ce npommBa € Tevallia Bofda KaTo WnaMbT U Boaata
n3Tmyart npes kpaHa 3. Crneg NPOMMBAHETO CbAbT Ce HambNBa
C TEXHMYECKM 4MCTa BOAa, C KOATO Ype3 mnomnata B
npogbikeHne Ha 15-20 min ce ocbLecTBABa NpOMMUBaHE Ha
oxnaautens. KbM kpasi Ha NpOMWBAHETO B CbAa Ce MOCTaBs
N3BECTHO KONMMYECTBO pa3TBOpPEHa HaTpMeBa OCHOBA MIu
pas3TBOp OT raceHa Bap 3a HeyTpanuaupaHe Ha eBeHTyarHu
OCTaTbLM OT KICENMHATA MO CTEHUTE Ha OXMaguTENs.

Mo aHanorMyeH HauuMH ce NOCTLMBA M C OYMCTBAHETO Ha
Hakuna OT BOAHUTE PpWU3M Ha UMNUHOPUTE, a Taka CbLUo U

HakunuM oT TpbGOMPOBOAM TPaHCMOPTUpPALLM BOAA, BOAHM
pe3epBoapy 1 Apyr CbOPbXEHUS.

BE3OMACHOCT HA TPYA NP XUMUYHUTE
TEXHONOT M 3A YACTEHE HA HAKWM

Mpu Te3n TexHororun ce paboTi C roremu KommyecTsa
KMCENMHM W OCHOBW, KOETO Hanara CTPOro CrasBaHe Ha
npaBunaTa 3a 6€30MACHOCT Ha Tpyaa W HAKOM CrieLuduyHM
W31CKBAHWA Ca:

- KOHLEHTPUPaHUTE KMCENUHM Ce NMPexBLPAT OT eauH CbA
B [PYr CbC CMGHOHM C TyMeHa NoMmna M KpaH, KOeTo ce
3aKpenBa KbM Cbaa. M3nuBaHeTo Ha KucenuHata TpsibBa fa

3
CTaBa paBHOMEPHO, nopagn KOeto Ce 3anbfiBa Camo Z oT

obema Ha cbaa;

- pu paspexnaaHe Ha KOHLEHTpUpaHa KUCENuHa BUHar ce
HanuBea KucennHaTta BbB BOAATa,

- KOHLEHTpWpaHWTE KUCEMWUHW Ca CUMHO passxaally,
nopagnM KoeTo BWHarM ce paboTM C TYMEHW pbKaBuUW C
MaHLET (4bnru), a ounTe Cce npegnassat Cc ouyuna OT
HEYyMINBO CTBKNO;

- pasTBOpUTE OT KWUCENUHM Ce W3XBBPNAT camo cneA
CMITHOTO UM paspexpaHxe.
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ABSTRACT

Paper deals with slag formation in compressors and applicable measures to prevent it. Mechanical and chemical depositions cleaning are discussed and evaluated.
Technology for its elimination under application of chemical agents is presented in details. In conclusion regulations for safety operations with acids and alkali has

been formulated.

SLAG PROBLEM IN SOME PROCESSING PLANTS’
MACHINES

Compressed air for some subsidiary technological
procedures in ore processing plants is required. For that
reason compressors for low pressure are used. Processes with
great amount of heat liberation take place in such machines
and need for cooling arose consequently. Cooling is a process
of heat transfer from hot walls and maintaining the temperature
in special limits. More often water is applied as cooling liquid
and as a result on pipelines and machines walls hard
depositions are accumulated which cause difficulties in normal
cooling process. It can be worsen so severe that the
temperature of exit compressed air can reach 190-200°C (in
comparison with maximal admissible - 170°C). This
circumstance could be precondition for explosion if hot residue
particles from vacuum valves burn oil deposits. This could
become accidental situation with high-risk degree for workers
and equipment.

In the processing plant “Elatzite — med” JsC, village of
Mirkovo near Sofia are used traditional piston compressors as
well as special compressors for air conditioning system, which
role is to maintain constant temperature for computer remote
control center. From there technological parameters and
processes are controlled remotely. Both types of compressors
operate in continuous regime that make the problem discussed
in this paper immediate and topical.

Information about slag

Many soluble types of brine make slag depending on their
type. For instance calcium bicarbonate Ca(HCO3); make soft
depositions, while calcium sulfate CaSO4 — hard one.

Main reason for slag formation is separation of less soluble
brines from their saturated solutions in case of temperature
increase. Little increase in water temperature is enough to
evaporate little amounts water and saturated solutions in

regard to calcium and magnesium bicarbonates - Mg(HCOa)2,
due to their little solubility.

According to its chemical composition slag could be
classified as:

- Carbonates consisting more than 50 % CaCOs;
- Gypsum —up to 50 % CaSOy;
- Silicates — over 25 % SiOp;

- Mixed - consisting calcium and magnesium
carbonates and silicates.

Water ability to form slag is called water hardness and is due
to soluble in it brines of calcium and magnesium.

It is well known that slag heat transfer coefficient is several
times less compared with steel and cast iron - material of
cooling walls. By that reason even in presence of thin
deposition layer cooling efficiency decrease rapidly.

PRETPEATMENT OF WATER FOR SLAG FORMATION
PREVENTION

Several methods for water treatments are known, based
mainly on reagents adding into it. These reagents hamper
crystallization processes or change concentration of soluble
elements. Such treatment is reasonable only if the water is
turnover and the process is linked with cooling towers
construction. Recent practice in processing plants show that
pretreatment of water is not profitable and that is why industrial
water is used there.

METHODS FOR SLAG ELIMINATION FROM MACHINES,
COOLERS AND PIPELINES

Accumulated depositions on cooling systems’ walls can be
eliminated either in mechanical or in chemical way.
Mechanical way

This method requires disassembling operations in order to
ensure access to the accumulated slag. Mechanical removal



means to scrape off the residue with steal scrapers and wire
brushes at reachable places. In practice such surfaces are
very limited in number. That is why mechanical way is not
applicable for full cleaning especially at hard to reach places.
There exist another problem - a risk to damage the metal in
thin walls installations.

Chemical way

Slag is eliminated by solving with appropriate reagents such
as hydrochloric acid, chom acid, alkaline, natrium fosphatus
etc.

Acids are applied to carbonate depositions, while the alkaline
— for sulfate or silicate ones. The action of such chemicals
transforms the slag into slurry by its shagging. Reagents effect
is achieved by circulation of the chosen solvent or by its
presence for certain time inside the equipment. Special
supplements called inhibitors are added in order to prevent
metal walls from corrosion. These are substances able to slow
down or prevent metals from corrosion in aggressive acid
environment.

SLAG ELIMINATION FROM COMPRESSOR WITH
HYDROCHLORIC ACID

Conditions forcing cleaning
In the process of compressor operation when:
- Water is sufficient and its outlet temperature is
30-35°C;
- Compressed air outlet temperature precedes
the norms (170° C) with 8-10°C
these are serious indirect arguments for bad cooling due to
slag accumulation. Cleaning is requirement. Its postponing will
lead to further depositions formation and even more difficult
removal afterwards.

Technological operations required by chemical cleaning of
slag are discussed below.

Cooling system disassembling

Compressor is normally cooled at the following places:
cylinder water mantel from I-st degree, intermediate cooler
between Il degree and cylinder water mantel Il degree and I.
More often low-pressure compressors (mainly such types are
used in processing plants) are linked in one cooling system,
where water is supplied. That is why disassembling of
pipelines, joining these areas, need to be done as first
operation. Then the coolers and cylinder mantels covers are
removed. Outside inspection of these spaces is performed and
washing with water through hose with pressure 0,1-0,2 MPa in
order to wash out mechanical and oils depositions, sands etc.

Taking samples for depositions tests

Samples from cleaned water mantel (cooled space)
mechanical depositions are taken in order to test its
composition. This is required only at first cleaning of
equipment. Such sampling is not obligatory in further cleaning
if water composition has not been change and no reason for
slag structure changing exists.

Depositions analysis predefines reagent usage. Our research
shows that slag is mainly with carbonate composition, which
lead to hydrochloric acid (HCI) application for its cleaning.

Technical means for cleaning
Equipment needed for this action are: containers for
solutions, electrical pump, hoses and tabs, as shown on fig. 1.

Container 1 serves as place to make the solution. Ordinary
200 | barrel with removed upper cover can be used.

Container 2 is similar to 1, but at its lower part tab 3 for slurry
discharge and tab 4 (link between barrel and pump) are
mounted.

Pump 5 is normal centrifugal pump and there is not need to
be acid-proof. Its motor is one phase electrical unit.

[

Hoses 6 and 8 are with diameter 1% or 2".

Preparation of solutions

If the reagent has been already chosen (in our case
hydrochloric acid, it is needed to define its concentration.
References show that carbonate slag are removed by
application of 2 to 12% hydrochloric acid water solutions.
Hydrochloric acid concentration depends on metal wall depth
of cooling space and on depositions depth. Design
requirements for water mantels depth are serious (over 10
mm) and by that reason solutions with great concentration can
be applied (10+12 %). When cleaning of intermediate cooler,
built from sheaf of pipes with wall depth of 2 - 2,5 mm,
hydrochloric acid concentration should be less - 4 - 5 %.

Optimal concentration depends also on slag depth.
Depositions with great depth should be treated with less
concentration but with great time duration. Higher
concentration of acid lead to strong chemical reaction, to big
particles elimination which hamper circulation of cleaning
liquid. Pipes from intermediate cooler are very narrow, which
predefines thicker slag layer and consequently application of
solution with less concentration.

Hydrochloric acid is produced with 37% concentration. In
order to count how much acid with appropriate concentration
should be ordered simple calculations should be done. For
example 100 | water solution with 5% hydrochloric acid
concentration should be made by adding 13,5 | hydrochloric
acid (37%) into 86,5 | water.

Acid is added to water gradually under constant mixing

Different inhibitors are added to thus prepared solution.
Composition and quantity of these substances are chosen
under technical and economical reasons. When cleaning
procedure is performed for installations with thick walls higher
concentrations should be used and vice versa. Our research
shows that application of inhibitor Urothropine is very
appropriaate in dosage of 10 g per 1 | solution for cylinder
mantel cleaning and 25 g per 1| for intermediate cooler.
Solution amounts depend on cooling space volume need to be
cleaned.



Cleaning technology

It is recommended that slag cleaning should start from that
cooling space where lowest concentration is required, in our
case intermediate cooler. The purpose of this is in case some
amount hydrochloric acid remains unused to be applied for
next objects.

Slag cleaning can be performed in two ways:
1 Filing of whole cooling space with solution and its
remaining there for 10-12 hours;
2 Solution is constantly added into the space by pumping
(circulation way of cleaning).

Advantages of the second method (circulation) are out of
any doubts and such technology is strongly recommended.
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Figure 1.

Depositions cleaning itself is shown on figure 1 on the
example of intermediate cooler. Into reservoir 2 needed
solution (120-150 I) are added and by pump 5, hose 6, cooler 7
and hose 8 continuous solution circulation is achieved, which
consequently lead to slag cleaning. Regularly solution status is
tested. If the solution forms foam the process is in normal
condition. In case foam forming stops it can mean one of the
following:

— Slag is eliminated and the cleaning is over;
— Hydrochloric acid is spent out, but still there is slag
remaining on the walls.

Testing of cleaning process is performed in the following
way. 40-50 ml from cleaning liquid are pour in a glass and
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several drops of 10 % argenium nitrate solution are added. If
white depositions appear it is certainly that hydrochloric acid
has not been spent off completely and slag has been cleaned.
The absence of white deposition shows that the acid has been
spent off and cleaning should continue with new amounts of
solution.

Duration of cleaning operation depends on several factors
and normally prolong 3-4 hours.

Washing of cooling space

On end of cleaning process solution is collected into the
vessel. If whole hydrochloric acid has been utilized the solution
is drained into wastewater canals. If some acid has not been
used the solution is further applied for preparation of other
cleaning solutions.

The vessel is cleaned with flowing water, which with slurry
drains out through tab 3. After washing the vessel is filled with
technical water and by pump for 15-20 min washing of cooler is
in progress. On the end of washing procedure some sodium
alkaline or caustic lime solution is added so that neutralize acid
remains on walls.

Slag cleaning from cylinder water mantels and from water
transporting pipelines, water reservoirs etc. is performed in
similar way

LABOR SAFETY IN SLAG CLEANING CHEMICAL
TECHNOLOGIES

Great amounts of acids and alkaline are used in such
technologies that impose serious requirements for safety
operations. Some specific rules are:

- Acids concentrates are transferred from one
vessel to another through siphons with rubber
pump and tab placed on the vessel. Pouring out

of acid should be done regularly and only % of

vessel volume is filled;

- Dilution of concentrated acid is performed by
adding the acid into water;

- Plastic gloves with long cuffs and safety glasses
should be ware always for acids are highly
mordant;

- Acid solutions are drained only after their
dilution.
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