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Poauncs B 1960 roay, n3ydaln XuMU4YECKOE MAIIMHOCTPOCHUE B TEeXHUUECKOM YHUBEPCUTETE
«Ortto on ['epure», MarneOypr, kaHaAuIAT TeXHHYECKUX HayK. [IpodeccrnonanbHas kapbepa
Hayanace B GEA Wiegand GmbH Esslingen, ¢ 1995 roxa 8 ALLGAIER Process Technology

GmbH Uhingen, ¢pakTrdeckas J0JDKHOCTh AUPEKTOPA 11O UCCIICIOBAHUSAM U pa3paboTKaMm.

Bpamaromuecss 6apabaHHble CYNIMIKH JCCATHICTHAMH HCIONB30BAINCH YIS CYIIKH
Pa3IMYHBIX BUJIOB TOBAPOB M IMUPOKO HUCTONB3YIOTCS B CTPOUTEIBHOMN, MUHEPATHLHON U
CHIPDbEBOI  MPOMBINUICHHOCTH, a4 TaKkke B XHUMHYECKOH IPOMBIIUICHHOCTH,
MPOM3BOJICTBE YJOOPEHHI 1 B APYTHX OTPACIISX.
B To e Bpems, ogHako, 6apabaHHbBIE CYIIMIKH OBLIH ele 0oJiee YCOBEPIICHCTBOBAHEI
Y TIO3BOJISAIOT MPUMEHSTH 3HEprocOeperaronue pelieHusi, 0COOCHHO B MUHEpPaIbHON
MPOMBINIUICHHOCTH, a TaKXe JUIS OYeHb HAJEKHBIX M HW3HOCOCTOWKHMX pEIICHUH.
3HAYNTENBHBIH Tporpece ObUT TOCTUTHYT JUIS CTENHUAIbHBIX MPUMEHEHHH, TaKHX Kak
OapabaHbl 11 KOMOWHUPOBAHHON CYIIKH M TOCIEIYIOMIEr0 OXJAXACHUS B OJHOM
OJIOKe, CYIIMIIKH ¢ peKyIepalfei Teria 3a cYeT MUPKYJIISAIUN T'a3a WIA UCIOIb30BaHUe
WCTIAPUTEIBHOTO OXJIAXKJCHHS, Bpallaronuecs OapabaHbl i1 TPAHYJIUPOBAHUS WU
HAHEeCEHHsI MOKPBITHH, OapaOaHbl KOCBEHHOTO OXJAXACHUS JUIsl TOPSYUX MPOAYKTOB
BO3yXOM WJIM BOJIOW C peKyIrepaluei Termia u T. 1.

KawueBble cjoBa: Bpamaronuiics 0apabaH, Cylika, OXJIQKICHHE, Teub, PEKyMepanus

TCILJ1a.

bapatanHnble cymmiIKu:
HeprocoOeperammme, 3pPeKTUuBHbIE U HA/IEKHbIE ANINAPATHI

Bpamatommecst OapaGaHHBIE CYIIWIKM TPUMEHSIOT B TPOMBINUICHHOCTH Ha
NPOTSDKEHUHM MHOTHX AeCATHIICTHH. OHM UCHIONB3YIOTCS IS CYIIKH U OXJIQXKICHUS, JUIs
NPOKAIMBAaHUS, TPAHYSAIUN U HAaHECEHUS MOKPHITHHA. B TO Bpems Kak MCTOpUYECKH
CylmuibHble OapabaHbl B OCHOBHOM pAacHojlaTaiUCh IO/ HAKJIOHOM, YTOOBI
OCYIIECTBIIATH TPAHCIIOPTHPOBKY TBEPABIX YACTHII B COYETAaHWH C BpAIICHUEM,
COBpPEMCHHBIE OapabaHHBIC CYIIMJIKHA 4Yalle YCTAHABIMBAIOTCS TOPH3OHTAIBHO.

[TogbeMHBIC TOMACTH MOAHUMAIOT BIAKHBIM MaTepHall co JHA OapadaHa, TO3BOJISIS eMy



CHOBa ymacTb, o0ecreuynBas KOHTAKT MEXIY TOpSYMM BO3AYXOM Ui CYIIKH U
BIQKHBIM  TBEpABIM  BEIIECTBOM. BaxubiM  dakropom g 3¢ (HEeKTUBHOTO
UCIIOJIb30BAaHUSl YHEPIUU HarpeBa SIBJISIETCS ONTHMAalbHAs KOHCTPYKIMS BHYTPEHHUX
YCTPOMCTB CYHIMJIKH, IOCKOJbKY OHHM JOJDKHBl TapaHTHPOBATH ONTUMAJbHBIN U
UHTCHCUBHBIH KOHTAKT MEXJIy TBEpIbIMH 4YacTUIAMH M OCYIIAIOUIUM Ta30M.
Konctpykuus pacnonoxenusi, GopMbl U KOJIMYECTBA BHYTPEHHHX YCTPOHCTB TpeOyer
coyeTaHusi OOJIBLIOrO  OMbITA, UCHBITAHUH W  pacyeToB Uil  NPaBHIBHOTO
IPOEKTUPOBAHHUS.

B OonpmMHCTBE BapHMAHTOB CYIIKM TBEPAbIM MaTepHal TPaHCIOPTHPYETCs
OPSMOTOKOM (TO €CTh B HANpaBJICHUH IMOTOKA ra3a). B cymmike Takxke HCHOIb3YIOT
KOMOMHAIMIO MapajuleIbHOIO TOTOKA M IMONEPEYHOro MOTOKAa MEXKAY OCYLIAOIIUM
ra3oM M MaTepuajoM, B TO BpeMs, KaK OXJaXJAeHUE B OOJBIIMHCTBE CIIy4aeB
OCYILECTBIISICTCSI B PEXUME INPOTUBOTOKA. IIpOTMBOTOK ISl CYIIKM MM Harpena
BCTPEYAIOTCS TJIAaBHBIM 00pa3oM B ac(aibTOBONH MNPOMBIIUICHHOCTH, a TaKkKe B
BBICOKOTEMIIEPATYPHBIX TEXHOJIOTUSAX PU MPOKAINBAHUM.

CylecTBYIOT pa3ivyHble METOJbl PEKyNepalyy TeIla ¢ MOMOLIBI0 LUPKYJISALUH
0TpabOTaHHOTO BO3/yXa WM HCHAPUTENBHOTO OXJAXKICHHS, KOTOpble ObUIN
pa3paboTaHbl B COOTBETCTBHH C JIOCTHKCHUSAMU MOCICIHUX JECATHICTUH.

CoBpeMeHHble 0OapabaHbl C JBOHWHOM 000JOYKOW HMMEIOT TOPH3OHTAIBHYIO
KOHCTPYKLIMIO, O3BOJISIOIIYIO TPAaHCIIOPTUPOBAaTh MaTepHuaji BO BHEIIHEM OapabaHe B
HalpaBJICHUH, MPOTHUBOMOJIOKHOM JBIKCHHIO MaTepHuaja BO BHYTpeHHeM Oapalawe.
3TO MO3BOJISET COYETATH CYIIKY M OXJIAXKJCHUE B OJJHOM YCTPOMCTBE.

bapabaHHble CYMIMIKY NOAXOAAT I CYLIKH MEJIKOAUCIIEPCHBIX MaTepHaoB, TAKUX
KaK KBapIEBBIH MECOK, HO OCOOEHHO JAJIsl JOBOJIBHO KPYIIHBIX CBHIIYYHUX MaTepHalIOB.
[Tpon3BOAUTENHHOCTh TAKUX CYIIMIIOK cocTaBisieT oT 5 10 350 1/4 (puc. 1). OcoObie
npeumyniecTBa 0apaOaHHBIX CYIIMJIOK COCTOSAT B TOM, YTO OHU B 3HAUUTEILHOU
CTETIEHU HEUYBCTBUTENILHBI K KOJIEOAHUSM MCXOHOTO COZEp KaHuUs BIark B MaTepuasie,
HOJUIeXKAIEM CYIIKE, U K Kole0aHMsAM pacxoja ChIpbs, K pa3Mepy 4acTULl WIH K
HE)KeNaTeIbHbIM KOMKaM WJIM HHOPOJHBIM TPYObIM MaTepHaIaM.

IIpu  cooTBeTcTBYIOLIEH  KOHCTPYKLUMM  BHYTPEHHHUX  YCTPOMCTB  MOXHO
o0OpabatbIBaTh JJake OueHb abpa3uBHBIC MaTepHaibl. Bo Bpamatoniixcs 6apabanax s
aOpa3uBHBIX MaTepUaoOB CTEHKH OapabaHOB, JIONMACTH U JIONACTU BHYTPH BBHINOIHEHBI

W3 TOJICTOCTEHHOU CTaIH.



Puc 1: BonbImoii Bpamatomuiics 6apadban U3 Hep>KaBeIoIIel CTalld B
MIPOM3BOJICTBEHHOM Iiexe (muametp 4,5 MeTpa, JuytiuHa 35 METPOB) TS CYITKH
ynobpenuit 320 /4

Bapabannple Cymmiakd OCOOEHHO TEpMUMBI K OMMOKaM TepcoHala B padoTe H
MO3TOMY  ONTHUMAJIbHO MOJIXONAT JUIsl YCTAaHOBKM B  pailloHax ¢  IJI0XO#
uHppacTpykTypoii. CTOMMOCTh aBTOMATH3AlMM CHUCTEMBl YIPABICHUS CYIIHIKON
CpaBHUTEIHHO HHU3Kas. B ciydae cOos momaum marepuaina, Kak IPaBHIIO, MOXKHO
BO300HOBUTH PAa0OTy cpa3y MOCJIEe BOCCTAaHOBIEHUS NHUTAaHHS. [IOCKONBKY BIIaXKHBIH
MaTepuan B 6apabaHHON CyIIMIIKE MepeMeIaeTcsi TOIbKO MpU BpalleHuu O6apabaHa, B
cly4yae TpeKpalieHus ToJlayd Bo3ayxa OapabaH MOXKHO Ha BpeMs OCTaHOBUTb.
brnaronmapsi cpaBHUTEIBHO TPOCTOM HACTpOWKe OapaOaHHOW CYIIUIKA KOHEUYHBIE
MOJIb30BATEIN MOTYT CAMOCTOSATEIHHO BBHITIOJHUTH COOPKY CYIIHMIIKH Ha CTPOUTEIHHOM
IoMaKke. OTO BBIFOJHO HAa MHUPOBBIX PBIHKAX, TJE MOHTaX O0O0OPYIOBAHHUS
MPOU3BOJUTCS CAMUMHU MECTHBIMH KoMmmaHusiMU. Kpome Toro, GapabaHHBIC CYIIHIIKH
0OBIYHO MOT'YT OBITh BBEJICHBI B OKCIITyaTalMI0 B OTHOCUTEIILHO KOPOTKHE CPOKH.

TexHuueckue TpeOOBaHUS K HarpeBy B OapaOaHHBIX CYIIWIKAX OTHOCHTEIHHO
HeBbICOKH. COBpEMEHHBIE TOPEIKH HMEIOT HEOONBIINE BEHTHISATOPHI IS TOJAYH
BO3/lyXa HJisi ropeHusi. HacwllieHHBIN Biaro oTpaOOTaHHBIA BO3MYX YIAIsSETCs W3
CYIIUJIKA BBITSHKHBIM BEHTUJISITOPOM, OUYMINAETCS OT TMBUIM HA PYKaBHOM (GUIBTpPE U
BBIOpachIBaeTCs B OKpPYXKaIOIyl0 cpexy uepe3 napimMoxon. Cucrema Tpyd ans
BBITSDKHOTO BO3AyXa u3 0OapabaHHON CYIIMIIKE SIBISETCS CpPaBHHUTEIBHO MPOCTOM
KOHCTPYKITUEH, MOCKOJIBKY BO3MIyX JIOJDKEH BBIBOJUTHCS TOJBKO M3 OJIHOM TOYKH Ha

KOPITYCE CYIIMIIKH.



Puc. 2: Bun Ha cymmunibHbI OapabaH ¢ miiaMmeHeM BHYTpH OapabaHa

['a3pl ropeHuss YaCTUYHO CMEIIMBAIOTCS C OKPY)KAIOIIUM BO3JYXOM, YTOOBI
MOJyYUTh CpPeIHHE TeMIeparypbl Bo3ayxa mis cymku ot 600°C mo 900°C. [ns
HEUyBCTBUTENBHBIX K TEMIIEPAType MaTEpUaAIOB (HallpuMep, KBapIEeBOTO MECKa, IIjIaKa)
mamMsi MOKET TOPETh HEMOCPEACTBEHHO BO Bpamaroriemcsi 6apabane (puc. 2). s
CYyIIKH TEPMOYYBCTBUTEIBHBIX  MaTepuanoB  (U3BECTHSAK, TIJIMHA, OCHTOHWUT,
nepepabOTaHHBIN IJIACTUK MM OPraHUYECKHE OTXOMbI) HCIOJIB3YIOTCS TONKH CO
CMECUTEIILHON KaMepoi.

Kakx mnpaBuiio, OapaOaHHBIE CYIIMJIKH HWMEIOT HHU3KOE VAEIbHOE IOTpeOsieHne
TEIUIOBOM SHEPTyH, €CIM CYIIKY MOXKHO OCYHIECTBIIATH IPHU BBICOKOW TeMmIiepaType
Bo3ayxa Ha Bxoje. CremoBaTenbHO, KIIOYEBOH OCOOCHHOCTBIO SIBISIETCS HX
Yype3BbIUaiiHO »HeprodpdexTrBHas pabora. Bbicokue TemmepaTypbl ropsdero rasa
MPUBOJAT K HU3KOMY KOJMYECTBY OCYIIAIOIIETO BO3AYyXa M MEHBIIHUM IMOTEpSM Teruia
O0TpabOTaHHBIX Ta30B.

B mHacrosimee BpeMs Bce BBIIICYNOMSHYTbIE OCOOEHHOCTH Jaldl POTOPHBIM

Bpamaromumcs 0apabaHaM peHECCaHC B MPOMBIIIICHHOM MTPAKTHKE.

OcHoOBHbBIE IpeuMylIecTBa 0apadaHHbIX CYyLIHJIOK
[TocTaBImMKHM CYHMIMIBHOTO OOOPYAOBAaHHS YacTO MPOJBUTAIOT CBOU COOCTBEHHBIE
amnmapaTthl HE3aBHCHMO pAallMOHAIBHOTO TNPHUMEHEHUS OapabaHHBIX (POTAIlMOHHBIX)

CYIINJIOK, CYHIMJIOK C IICEBAOOXHKXCHHBIM CJIOEM, BUXPEBBIX CYHIMJIIOK, JIOMACTHBIX



CYHUIMJIOK WJIM JPYTHX. DTO TNPHUBEIO K HEONPEAETICHHOCTH CpeIu IO0JIb30BaTenei,
BBIOMPAIOLINX ONTUMAIBHYIO CUCTEMY CYIIKH.

Bpamatomuecss GapaGaHHbIE CYHNIMJIKM HMMEIOT MHOXECTBO MPEUMYIIECTB IO
CPaBHEHHMIO C JIPYTMMHM TEXHOJOTUsMHU cymkd. [lockonmbky OapabaHHbBIE CYIIMIIKH
NOJIXOAAT KaK JJISi MEJKUX, TaK U JJIsi KPYMHBIX YaCTHII, @ TaKXKe JUIsl OUY€Hb KPYITHBIX
CBHITyYMX MaTEepHalioB, HEOOS3aTENbHO PETYIMPOBATH PAacXoj] BO3ayxa B OapabaHHON
CyIIMJIKE JUIsi CMEeHbl TpoAykTa. Marepuan B OapabaHe TpaHCHOPTHpPYETCS
MOCPEACTBOM BpamlieHUs: OapabaHa HE3aBHCHMMO OT IOTOKa Bo3ayxa. Iloatomy
OapabaHHBIE CYIIMIKH MOTYT paboTaTh C BEICOKOM HaJEKHOCTBIO.

Ocoboe mpenmymiecTBO OapaOaHHBIX CYIIMIOK COCTOUT B TOM, HYTO MOXKHO
perynupoBarh Kak TeMmIrepaTypy Ha BXOJ€ rOpsSiuero rasa, Tak U KOJMYECTBO BO3yXa
JUISL CYIIKM B T€ MEPHUOJIbI, KOT/Ia CUCTEMa CYUIKH, IpeJHa3HaYeHHasl ISl KOHKPETHOM
POM3BOIUTENBFHOCTH, pabOTaeT B TEYCHHE JIUTEIHHOTO BPEMEHH CO 3HAYUTEIHLHO
CHIDKEHHOM TMPOM3BOJUTEIBHOCTHIO. YMEHBIICHHE KOJIMYECTBA BO3JyXa ISl CYLIKU
MO3BOJIIET TOJJCPKUBATh BBICOKYIO TEMIIepaTypy ToOpsiyero rasza, OJM3KYI K
pacueTHOMY 3HayeHuio. Kak omucaHo BbIIIE, 3TO O3HAYAET, YTO HU3BKUM YIEIbHBIN
pacxoJl TOIUIMBA Ha TOHHY BBICYIIEHHOTO TBEPJIOT'0 BEIIECTBA COXPAHSETCs, JaKe Koraa
CyLIMJIKa He paboTaeT Ha MOJHONH HOMHUHAJIBLHON MOIIHOCTH.

VYaenpHoe MOTpeOJICHHE SJEKTPOIHEPTrur B OapabaHHOW CYIIMJIKE OTHOCHUTEIHHO
Hu3koe. bapabaHHbIE CYIIWIKKM OTJIMYAIOTCS TakXKe TEM MPEUMYIIECTBOM, UTO
yIpaBJIEHUE CYIIUJIKOW MOMKET OCYIIECTBISATHCS C IOMOIIBIO MacCOBOT'O pacxoja

BO31yXa, a HC C IOMOLIBIO TEMIICPATYPhI BO3AyXa Ha BXOIC.

Quesuonvle npeumyuiecmea 0apadaHHbIxX Cyuiui10K

e [loaxondar kak s TpyOBIX, TaK U JUIsl TOHKUX TBEPABIX YACTHII

e HeuyBcTBUTENBHBI K TPYOBIM MIIH TSXKEJBIM TBEPIbIM BELIECTBAM.

e Huskue pacxo/bsl Ha 000pyHOBaHUE IS TIOJIAYH BO3/IyXa

e HeuyBCcTBUTENBHBI K K3BMEHEHHSIM pa3Mepa YacTHll

e HeuyBCTBUTENBHBI K KOJICOAHUSIM BIIArOCOICPKAHUS U MACCOBOTO PAcXo/a.

e HeuyBCTBUTENbHBI K OTKIIOYEHHIO OCYILIAIOLIETO BO3AyXa.

e Bricokas remnepaTypa Bo3ayXa Uil CYIIKH B COYETAaHUN C HU3KUMHU MTOTEPSMU
Teria

e Hus3kas ynenbHas MOTPEOHOCTH B AJIEKTPUUECKON dYHEPTUH



OpHako HEKOTOpPHIMH HEJOCTaTKaMH Bpamiaromuxcsi OapaOaHHBIX CYIIMIIOK He

CtaOunbHBIN yIEIBHBIN pacXo/1 TeTIa JaKe MPU MPOU3BOAUTEIEHOCTH HUKE
HOMUHAJIbHON

[Ipocrast yctaHOBKa ¥ OBICTPBIN BBOJI B AKCILTyaTaIHIO

TepnumocTh K ommbOKkam nepcoHaia B padboTe

OueHb NPOYHBIN TOJICTOCTEHHBIN OapabaH ¢ ATUTEIHHBIM CPOKOM CITYXKOBI

YMepeHHbIH U3HOC M HU3KHE TPEOOBAHMS K 3aI1aCHBIM YacTsIM

cilemyeT mpeHeoperars.

Heoocmamku 6apadanuslx cywiuiok

Bricokas MeTauI0eMKOCTh (TOJICTOCTEHHAst KOHCTPYKIIUs OapabaHa)

Br160p BHYTpEHHUX YCTPOMCTB MPH MPOSKTUPOBAHUH CYIIUIILHOTO Oapabana
TpeOyeT MHOTOJIETHETO OTBITA

OOecnbUIMBaHNE MaTepHaIa MPH CYIIKE MPOUCXOANT JIUIIh YACTUIHO
[TpoTHBOTOYHBIC BAPUAHTHI CYIIKHA OTPaHUYCHBI KPYITHO3EPHUCTHIMH

MaTepHaaMH.

Kpurepun Bp10opa CylIWJIOK B IPOMBIILIICHHOCTH

ﬂJ’IH IMPAKTUYCCKOro IMPUMCHCHUA PCIICHUEC MOOJDKHO IPHUHUMATBCIA Ha OCHOBC

OCHOBHBIX KPUTCPUECB, KOTOPBIC UMCIOT 0co0o0¢e 3HaYeHHuE JJIs1 KIIMCHTA.

Kputepun BbpIOOpa, Ha OCHOBAHUU KOTOPBIX MOXKET OBITh NPHUHITO PELICHHUE B

NOJIb3Yy Bpallaommxcs 0apabaHHBIX Cymiok [1, 2], mpuBeneHbl B HIXKECIEAYIOIEM

nepeyvHe:

[[upoxuii acCOPTUMEHT MATEPUAIIOB - OT TOHKOTO JI0 OY€Hb TPyOoro
HepaBromepHoOe pacrnipeneneHue 4acTul] 1o pa3zMepam

HepaBHoMepHOE KauecTBO BBICYIIIMBAEMOTO MaTepHraia

[IpoayKT HEUYBCTBUTEIEH K BBICOKMM TEMIIEpaTypam

TpeOyeTcst ucnob30BaHNe MPSMBIX TA30BBIX HIIN KUIKOTOTUIMBHBIX TOPEIOK
Bo03MOXHBI YacThI€ U3MEHEHHS TPOU3BOIUTEIILHOCTH

[TpumeHeHne OOBIYHOM CTAIH JOCTATOYHO

Her mecTa 11 ClOKHOM CUCTEMBI ITOJAYH BO31yXa

TpeOyeTcst ycTaHOBKA CYIIMIIKK Ha OTKPBITOM TUIOIIAIKE



TennoBoe 1 KOHCTPYKTHBHOE IPOEKTHPOBaHNe 0apa0aHHBIX CYIIHIOK

W3-3a HEXBaTKM pecypcoB M POCTa IIeH Ha SHEPTUI0 BaKHOE 3HAUYEHUE MpuoOpeTaeT
emie 6onee 3pdeKkTruBHAS KOHCTPYKIIUS U SKCIUTYaTaIUs CYIIHIIOK.

KoHcTpykius OapabGaHHOM CYIIMJIKKA € BpamjaromuMcs OapabaHOM TpagulliOHHO
BBITIOJIHSICTCSI HA OCHOBE pacyeTa TEIJIOBOro OanaHca ¢ MPUMEHEHHUEM 3MITMPHYECKUX
MOJICJIEH, OCHOBAaHHBIX HAa YJEIbHOM pacxoje HCIAapeHHOW BIlaru ® A JaHHOM
reomMeTpuuecko koHcTpykumu. [lo TerioBomy ©OanaHcy Ha IE€pBOM  3Talme
paccuMThIBalOTCS pabouyve NapaMeTphl, TakMe Kak TeMIlepaTypa Ia30B U TBEpIbIX
YacTHII, CKOPOCTh BO3JYIIHOTO NOTOKA, OIPEENIAETCS MOIIHOCTh TOPEJIKH U MacCOBBIN
pacxoJl MaTepuaIbHBIX OTOKOB, @ TAKXKE TEMIepaTypa ra3os.

Temneparypa Bo3gyxa Ha BXOJAE B CYIIWIKY MCIOJIb3YyeTcd M OLEHKH
COOTBETCTBYIOLETO YAEIBHOIO PACXOAA UCHAPEHHOH BJAaru @, KOTOpas HeoOxoauma
JUIs  OTpeNeNieHusT BHYTPEHHEro oObema cymwibHOro Oapabana. B TeueHue
JNECATWIETUN W3BECTHO, YTO 3HAUEHUE (0 IIOKA3bIBAET XOPOIIYID KOPPESALUI0 C
TEMIIepaTypoil HarpeBarollero ra3a M, KpOME€ TOro, ¢ JAPYIMMHU KIIHOYEBBIMU
onpenensaomuM GakTopaMy, TAKUMHU KaK COJep KaHUe BJard BO BIAKHOM MaTepuaie
WIN TeMIIepaTypa ra3oB OTpabOTaHHOI'O BO3JyXa U TeMIepaTypa KOHEYHOIO MPOIyKTa
Ha BBIXOJIC U3 CYIIWIKH. [3, 4].

B nuteparype mocinenHuUMH oONpenensomUMH (aKTOpaMU 4acTo IpeHeOperaror,
XOTS OHHM OKa3bIBalOT OOJBIIOE BIMSHUE HA XapaKTEPUCTUKU CYIIKHM U pa3Mep
nojgy4aemMoro OapaGaHa. B MHOrOYMCIEHHBIX NPOBEACHHBIX 3KCIepUMEHTax [5, 6]
ObUIM HCCIIEIOBaHbl XapaKTEPUCTUKU CYIIKH pPa3IMYHBIX MHPOAYKTOB, KOTOpPbHIE B
OCHOBHOM MMEIOT TMOBEPXHOCTHYIO BJIary, U TeX MPOAYKTOB, KOTOpPbIE MMEIOT TaKXe
BHYTPEHHIOIO Biary. bbulM HCHBITaHBl pa3ivyHbe OMANA30HbBl Pa3MEpOB YaCTHII,
COJepKAHMWE BJIard M TEPEMEHHBbI MacCOBBI pacxoa BIAKHOINO MaTepuana,

TeMIieparypa oTpadOoTaHHOIO BO3/1yXa M TeMIepaTypa BbICYIIEHHOTO IPOIYKTA.

‘B PYCCKOSI3BITHOMN JIUTEpaType YASTHHBIA PacXo UCIIApEHHOH BiTary (BOMIbI) WU yAeIbHas
CIOCOOHOCTPH HCTIAPEHUS BIIard OOBIYHO HA3BIBAIOT BIATOHANIPSHKEHHOCTHIO CYITMIBHOTO
OapabaHa (HaNMPsHKEHHOCTH CYNIWIIBHON KaMephl 10 UCIIAPESHHOM BJIare) M OMPEACsIIOT KaK
KOJIMYECTBO UCTIAPEHHOM BJIATH M3 BIQXKHOT'O MaTepUalia B 4ac, OTHECEHHOE K 00beMY
CYLIMIIBHON KaMepsl, B JAHHOM ClIydac K 06beMy CYIIIIBHOrO Gapabana, kr/(m>-dac).



Tennogou 6ananc

Ha pucynke 3 mokazaHbl TOYKH U3MEPEHHS TEMIIEPATYpPhI, CKOPOCTH BO3IYLTHOTO
MOTOKA Vamix M MOIIHOCTU TOpeNKH Pg Ha NOTYNPOMBINIIEHHOW HCIBITATENbHOM
YCTaHOBKE B HCIBITaTEILHOM 1eHTpe Allgaier. B Hauane mporecca BIaKHBIA MPOIYKT
MOCTyIaeT B 6apabaH ¢ MacCOBBIM PACX0JIOM Mp, P TeMIeparype tpyf U Comep>KaHIH
BJIArd Xprf. DTOT MaTepuan BCTYMAaeT B KOHTAKT C IUIAMEHEM TOPENKH U TOPSYHMH
ra3aMu, KOTOpbIe 00pa3yIoTCs MPU CXKUTAHUU Ta3a. MOIIHOCT Topenku Pg nu3smepsiercs
C TOMOIIBIO Ta30BOro cueTdyrka. [fIoMuMO ropsyux razoB M BIQXXHOIO MaTepuania, B
MPOIIECC BXOIUT OKPYKAIOIIUKA BO3AYX C TEMIEPATYPOH tymp. OOImIMIA MacCOBBIN pacxoy
BO3JlyXa OMHUCHIBaeTCs mMy. B 0OapabaHHOW cymmiike Marepuan BBICYIIMBACTCS M
HarpeBaeTcsl 10 TeMIepaTyphl tpy U OCTATOYHOM BIAXKHOCTH Xpy. B COOTBETCTBUU C
STHM BO BPEMSI CYIIKH BO3YX OXJIKIAACTCS JO g real, @ €70 BIKHOCTH MOBHIIIaeTcsi. Ha
BBIXOJIE M3 CYyHIIMJIBHOrOo OapabaHa MPOUCXOMAT HEU30EKHBIE YTEUYKH, TaK YTO
CYLIMJIBHBIN BO3YX MIpPU TeMIEpaType tareal CMEIIMBAETCS C OKPYXKAIOIIMM BO3TyXOM
npu Temneparype tamp. Pe3yapTupylomas temrepaTypa BBIXOISAIIETO BO3AYXa tamix U
CKOPOCTH BO3AYIIHOTO TTOTOKA Vi mix U3MEPSIOTCS B BHITSDKHOM BO3IYXOBOJIC.

Va,mix

tPr,f

S
J;\\ |

Pucynok 3: Cxema nonymnpomsinuieHHON cymmika TT 20/4 B ucnipitaTensHOM
neHTpe Asutraiiep (YXUHreH)

ta,mix

Otu mapameTpsl BBoasATCsS B ypaBHeHus (1), (2) u (3), rme Qo - oOmmias terioBas
MOIIIHOCTh, HeoOXoaumas Juisi Tporecca cymkd. CreayeT OTMETUTh, 4YTO OTH
YpaBHEHUS YIPOIICHBI: Njix MPEACTaBIACT SHTAIBIUIO BIAKHOIO BO3AyXa, hpy

IPEJCTABIISIET SHTAIBIINIO TBEPABIX YacTull, Qr IOTEpPH TEIUIa U My, MACCOBBIN pacxon
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BO3/lyXa yTe4kH. B pe3ynbrare BeMHCISICTCS TemiepaTtypa te ropsuero rasa (Bo3ayxa)
Ha BXO/E, KOTOpas HE MOXXET ObITh M3MEpPCHA HAMpsAMYK H3-3a HEPaBHOMEPHOCTH

IIOTOKA JBIMOBEIX I'a30B U OKPYXKAKOIIETO BO3AyXa U UX CMCIIMBAHUA.

Qtot = th[(h1+x)a - (h1+x)e] + thr(hPr,a - hPr,e) + thLCP,L(ta,mix - talmb) + Qr
1)
Qtot = thCP,L(te - tal,reall) (2)

Pg = my,cp,(te — tamp) (3)

Pesynomamul ucnvimanuit

B xome Bcex wuCHbITaHUM BIAXHBIA MECOK M HEKOTOpPHIE NPYyrue MPOAYKTHI C
BHYTPEHHEH BIQKHOCTHIO CYIIUJIU JIO0 OCTAaTOYHOM BIAKHOCTH Xp . OOBIMHO M30eranu
HEHY>KHOTO TIeperpeBa TBEPABIX YaCTHI], YTO O3HAYAET, YTO MPOLIECC CYIIKH paboTaeT
HaubOonee 3pPeKTUBHO.

B mnepBoM wucmpITaTEIhHOM TMEpPUOAE BO Bpamaromeics OapabGaHHOW CYIIMIIKE
HCCIIEIOBAIA CYILKY HATypalbHOIO IMECKa C TPeMs pa3IU4YHbIMU pa3MepaMu 3epeH
01 - 04 mm, 0,4 - 1,0 mm u 1,0 - 2,0 MM), 9TOOBI BBISICHUTB, €CTh JIU BIIHSHHE
pa3MepoB HYACTHUI[ Ha YAEITbHYIO CIHOCOOHOCTh MCHapeHus BoIbl . Ha pucyHke 4

MOKa3aH BHEITHUW BUJT KBapIIEBOTO TECKA.

Pucynok 4: KpemMHe3eMHBIH ITECOK C TpeMs pa3MepaMu 3€peH.



HcnpiTanus mpoBOAWINCH NPU BIAKHOCTH Ha BXoze Xprs 4% u 8%. MaccoBslii
NOTOK BapbUpOBAICS BO BPEMs HUCHBITAHUNA, U ObUIO OOHAPYXKEHO, YTO BIHSIHHE
pa3mepa 3epHa HE3HAYUTEIBHO ISl IPOAYKTOB TOJIBKO ¢ TOBEPXHOCTHOM BIAXKHOCTBIO.

Bcero BMecTe ¢ mepBBIM  HUCHBITATENbHBIM  PSAJOM  OBLJIO  IPOBEIECHO
72 skcriepuMeHTa. PUCYHOK 5 COAEPKUT BBLAEPAKKY M3 3TUX TECTOB. B TO Bpems Kak
yepHass nuHUs «before» mokaspiBaeT M3BECTHYIO B HACTOSIIEE BpEMs YICIbHYIO
CIIOCOOHOCTh MCTIApEHMs BJIard, HAa PUCYHKE 5 MOKa3aHbl OCHOBHBIE XapaKTEPUCTUKH
cymku necka (pazmep 3epex 0,4... 2,0 MM) TIp pa3IMIHOM COJIEP)KaHUU Biaru. Todka
U3MEPEHUsi C CaMOM BBICOKOH CHOCOOHOCTBIO HCIAPEHMs BIArd XapaKTepu3yercs
MaKCHUMAaJbHOH TPOMYCKHOW CIOCOOHOCTBIO CYIIMJIKM. MOXHO BHAETH, UTO
CIIOCOOHOCTBH BOJIbI MCTAPSATHCS W3 MecKa Mpu BiIaxHOCTU 4% (KpacHble KBaJapaThl)
3HAYUTEIIBHO BBIIIE, YEM TE )K€ 3HA4eHUs NpH 2% BIIaKHOCTU. JIOTMYHO clenyerT, 4To
YBEJIMUEHUE COJEPXKAHUS BJIard B ChIpbe 10 8% (romyObie poMObI) MPUBOIUT K Ooliee

BBICOKOM yJI€IbHOM CITIOCOOHOCTH MCTIAPEHHUS BOJIBI.

160

2
‘s 140
S
o
S 120
c
o
E E'100
8F
&£ 80 @)
52
& 60 * 8%
g B 4%
© —_
g 20 before
n O customer

0

200 300 400 500 600 700 800 900

Hot drying gas temperature [°C]

Pucynok 5: YV nenbHblil pacxos ucnapeHnHoi Biaru (Specific water evaporation
capacity) ® B 3aBHCHMOCTH OT TeMITEpaTypsl Iperoriero rasza (gas temperature) te
IIPH CYIIKE MECKa Ha MMOJYIPOMBIIUICHHON HCIIBITATEILHON YCTAHOBKE M Ha
YCTaHOBKaXx 3aKa3yuka. [6]

Kak 1s KpacHbIX KBaapaToB, TaKk M JUIsl TOJyObIX POMOOB OrpaHMYMUBAIOIINM

dakTopoM OblIa TaKKe MPOIYCKHAs CIIOCOOHOCTh CYIIECTBYIONMIUX CYIIMJIBHBIX

O6apabaHOB. DTO 3HAYUTENBHO BBIINIE, YEM Mpeles NpU colepxkaHuu Biaru 2%,
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MOCKOJIbKY MAacCCOBBIM pacxoji, HEOOXOAMMBIN sl JOCTH)KCHHSI BBICOKOW YAEThHOM
MOUIHOCTH UCTIAPEHUS BOJIbI, HUXKE.
bonee Toro, BeICOKOE coJiep:KaHue BIIard B KBAPLEBOM IECKE HE SBISAETCS OOBIYHBIM

SBJICHUEM, TMOA3TOMY BIJIMSHHE COJEp)KaHWs Biard Beilie 4% B JaJbHEWIIEM HE

paccMaTpuBailoCh.
160 -
140 —before ——Kroll
—&— Haber ® Maltry
m Silicasand, 8% ® Bentonite (fine), 30 %

—
]
o

[

o

o
1

B [ea]
o o
1 1

[
o
1

Specific water evaporation capacity
[kg/m?3/h]
[os]
S

o

0 100 200 300 400 500 600 700 800 900
Hot drying gas temperature [°C]

Pucynok 6: Y aensHbIil pacxon ucnaperHoit siaru (Specific water evaporation

capacity) o B 3aBucuMocTH OT Temrieparypsl raza (hot drying gas temperature) te .[5]

B JOIIOJIHEHUEC K HUCIIBITAHUAM C II€ECKOM GBIJII/I MMPOBCACHBI UCIIBITAHUA C neM30il u
OCHTOHHTOM B KauecTBE OOpa3IOBBIX NMPOIYKTOB C BHYTPEHHEH BIIAXHOCTHIO. Bblia
UCTIOJIB30BaHa Ta K€ MPOIeaAypa Uil U3MEPCHUST MaKCUMAJIbHOW MOIIHOCTU CYIIKU U
JUIS pacyeTa yAeIbHOI0 pacxo/ia UCIIApeHHOM Biark Ha 00beM cymriku. /i BeniecTs
C BHYTPEHHEW BJIXXHOCTBIO OBLIM yCTAaHOBJIEHBI 0o0Jiee BHICOKME 3HAYCHHUS YACITbHOU
CIOCOOHOCTH BOJIBI K MCIIAPEHUIO, YeM B utepatype (puc. 6). Uepnas nunus «before»

MPEJICTaBIISIET peain3yeMble B HACTOSIIIEe BPeMsI CKOPOCTH UCIIAPEHHUS.

Hcnvimanua Ha npOMbIUIEHHBIX CYUUIKAX
JlaGopaTtopHble UCHBITAaHUS MPOBOJWINCH B  YCIOBHSIX, KOTOpPblE OOBIYHO
OTCYTCTBYIOT B INpAKTHKE: MOCTOSHHBIN MacCOBBIM pacxojl, MOCTOSHHOE COAEpKaHHe

BJIar'm B KBApLCBOM IICCKC U T. M. MaccoBsbrit pacxon Marcpuajia U €ro BJIAXKHOCTb
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3HAYUTEIBHO BAPHUPYIOTCS B PEKUME MPOMBIIIICHHON SKCIUTyaTallil CYHIMIBHBIX
anmapatoB. YToObl MMOKa3aTh BO3MOXHOCTH M TMpeNeNbl HOBOTO 3MIIMPHYECKOTO
COOTHOILIEHHUS JJIi MPOEKTUpoBaHUs OapabaHHBIX CYIIWJIOK C BpallarolIuMCs
OapabaHoM, aBTOpHI [5, 6] KccieIoBaIM CYIIECTBYIONINE TPOMBIIIUICHHBIC CYIIUIbLHBIE
YCTQHOBKH B MOBCEJHEBHOM 3KCIUTyaTallUu. Pe3yabTaThl TpeX pasiuyHbIX CYHIMIBHBIX
YCTAHOBOK 3aKa3UMKa TaK)Ke MPEACTABICHbI HAa PUCYHKE 5.

B 1Byx Toukax, OTMEYEHHBIX O, TMOKa3aHbl JBa PA3IUYHBIX pPEKUMa pPaOOTHI
OapabaHHOI CyNIMIKK ¢ Bpamiamomumcs 6apabanom (tum: Allgaier TT 90/6,5), xotopas
CYIIMT KBAapIEBBIII MECOK C pPa3MEpOM YaCTHIl OKOJO 4 MM M BIXHOCTbIO 7%.
BrIcyi1eHHBINM KBapLEBbIN I1ECOK, KOTOPBIM OKUAAECT CYLINIIKY HA BBIXOJE, IIOJTHOCTBIO
CyXOH («TEXHWYECKH HyJIeBas» BJIAKHOCTh). Kak BuUIHO M3 pHCyHKa 5, 00e TOUYKH
U3MEpPEHHUs] 3HAYUTENIbHO HHUXKE MAaKCHMalIbHO BO3MOXHOTO YJEJNBbHOIO pacxoia
ucrnapeHHoil Boapl. OOBIYHO CYIIMIIKA JTOJDKHA paboTarh BOJIM3M KPACHOM WM CHUHEH
nuHuM. Pexxum pabothl crmeBa oT 3TuX ABYX Touek (te = 420°C) xapakrepusyercs
CJIMIIKOM BBICOKMM BO3IYUIHBIM MOTOKOM, KOTOPBIM BCAChIBAETCS Yepe3 CYIIMIbHBIH
Oapaban. CnenoBarenbHO, TeMIlepaTypa TIpEIOIIMX Ta3oB te JOBOJIBHO HH3Kas, U
CYILIMJIbHAsI YCTaHOBKA paboTaeT Hed((HEKTUBHO. 3a CUET YMEHBIIEHHUS TTOTOKA BO3yXa
IOyTEeM YMEHBIIEHUS MOIIHOCTH BEHTHJIATOPA BBITSDKHOTO BO3JAyXa M YBEJIWYCHUS
MaccoBOro MOTOKa, paboudas Touka Iepemelnaercs K Oojiee BBICOKOMY YAENbHBIM
pacxoJly MCIapeHHON BOJBI MpHU 0oJiee BBHICOKOHM TeMIlepaType Ta3a Ha Bxoje. Takum
o0pa3oM, 3(p(PEKTUBHOCTh CYHIMJIBHOW YCTaHOBKM Obljla 3HAYUTENBHO YyBEIHUYCHA.
Pabora aHanu3MpyeMoil CyIIMJIKH BCE €Ille HEe HJealibHa, TaK KaK TeMIeparypa te
MPOU3BOJUTENIBHOCTD 110 MCIApEHHOM Bllare MOXKET OBITb TEOPETUYECKH YBEIHUYEHBI.
OmHako 3TO HEBO3MOXKHO, TTOCKOJIBKY TOUKA POCHI YKe Oblja oueHb BBICOKOH. B aTOM
0co0OM cilydae JajibHellee yBelHnueHue Harpy3Ku Mo MCHapeHHOM Biiare MpUBEIET K
KOHJICHCAIIUU BOJIBI B BO3/YXOBOJIE OTPAOOTAHHOTO BO3/TyXa.

JHpyras cymmnbHas ycraHoBka (puc. 5), tum: Allgaier TT 120/9,5, paGoraer B
MCXOJHOM TOUKE MpOeKTUpoBaHus. KpeMHe3eMHbIi niecok ¢ pazmepoM 3epeH 0,1 - 2 mm
CyLIaT OT BJIaXHOCTU OT 6% 10 0%. DTa ycTaHOBKAa MOXET paboTaTh ¢ 60Jjiee BEICOKHUM
NOTOKOM  BJI@KHOTO  Marepuana, 4YTOObl  MOBBICUTH  3(dekTuBHOCTE U
POU3BOIUTENFHOCTD CYIIKH.

Tpetbst mpombinuienHas cymmiaka (puc. 5), tum: Allgaier TT 120/11 paboraer mpu

JIOBOJILHO BBICOKOM TemrmepaType ropsiuero raza 900°C. Y aenbHbIil pacxo/1 uCapeHHON
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BJIarM HWXKE pacdeTHOH. B »TOM ciydae MOXHO OBUIO JIETKO OMPEIEIHTh, MPOCTO
U3MeEpsisi TEMIIepaTypbl, MOIIHOCTHU M MAaCCOBbIE MOTOKHU (CM. PUCYHOK 3), YTO Ha
KOHKPETHOW YCTaHOBKE JIOJDKHA OBITh TEXHUUYECKas mpoosiema. [Ipobiema 3akitouanach
B OLIMOOYHOM YIPABJIEHUU BEHTHJIATOPOM BBITSHKHOIO BO3AyXa. OJTO MPHUBOIUT K

BBICOKOMY pacxo/ly BO3IYIIHOTO MIOTOKa B OapabaHe.

Bwisoown

B monynpomeiienHol 1abopaTopHoi OapaOaHHOW CyIIMIKE OBLIO MPOBEICHO
HECKOJIbKO SJKCIIEPUMEHTOB C KBapIIEBBHIM IIECKOM, MEM30H U OEHTOHUTOM. bbIIo
NOKa3aHO, 4YTO M MPOAYKTOB, MMEIOUIMX TOJIBKO MOBEPXHOCTHYIO BIIAKHOCTb,
pasmepsl yactuil (0,4... 2,0 MM) MPaKTHYECKU HE BIMSIOT HA XapaKTEPUCTHKH CYIIKH.
C mnomomiplo TEMIoOBOro OajlaHca M U3MEPEHHS COJEp>KaHUS BJIard U MacCOBOIO
pacxoia TBEpABIX YACTHII HAa BXOJE M BBIXOJE Bpallaromielics 0apaOaHHOW CYIIWIKU
Obula YCTaHOBJIGHA M CPaBHEHA 3aBHCHMOCTh MEXAY TEMIepaTypoll HarpeBaroIiero
raza (Boznyxa) te W ymenbHBIM  PacxoJOM HCIIAPEHHOW BJaru « C JaHHBIMU M3
nuteparypsl [3, 4]. YaenpHbIN pacxo UCIAPEHHOW BOJbI 3HAYUTEIBLHO YBEIMYHBACTCS
C YBEIIMYCHHUEM COJCpKaHUs BIard B TBEpAbIX BemiecTBax. [lpu comeprxannu Biaru 8%
JIOCTUTaeTCs MAaKCHUMAJIBHBIA YAEJIBHBIA PacxoJ HCIIAPEHHOM BIarv, W JajbHEWIIee
YBEJIMUEHUE COJIEpP)KaHUs BJIard HE MPHUBOJUT K Oojiee BBICOKUM IOKa3aTemsiM.
VYaenpHBIA pacxoJ HCIHAPCHHON Bard B COBPEMEHHBIX OapabaHHBIX (POTOPHBIX)
CyIIWJIKaxX U1 Pa3IMYHBIX KOHKPETHBIX ciydaeB noiyuywicda Ha 60% Bbllle, 4eM
OOBbIUHBIC 3HAYCHHSI B JUTepaType. brmaromaps moixydeHHBIM pe3yiabTaTaM POTOPHBIC
OapabaHHBIE CYIIMJIKH MOTYT OBITh CKOHCTPYUPOBAHBI CETO/IHS 00Jiee KOMIAKTHBIMUA U
B TO k€ BpeMs 0osiee 3(pheKTHBHBIMHU.

JlononuurenbHo ObUIO OOHAPYXKEHO, YTO JAHHBIA METOJ MOXKET MCIOJIb30BaThCS B
Ka4eCTBE CEpPBUCHOIO MHCTPYMEHTA, YTOOBI JIETKO PELINTb, €CTh JIU CEPhe3HbIC OLUTHOKU

B pabOTe CYIIECTBYIOUIMX MPOMBIIIJICHHBIX CYIIUJIOK.

KomOuHMpoBaHHbIE CYIIWIbHBbIE U OXJIAKIAI0IIME DapadaHbl

[Tocne cymku vacto Tpedyercss oxJaxaeHue mpoaykra. OxjaxaeHue HeoOX0IuMO
U3-32 TOCIEAYIONINX ATAoOB 00pabOTKH, TAKMX KaK TPAaHCIOPTUPOBKA, MPOCEHBAHUE,
XpPaHCHUC, CMCIIMBAHUC HJIM YIIAKOBKA, KOTOPLIC OOMYCKAIOT OHNPCACICHHBIC
MaKCcHMaJbHble TeMIEpaTyphl A MaTepuana. OXJaxIeHue Takxke TpedyeTcs, eciu K

BBICYIICHHOMY TBEpJIOMY BEIIECTBY HEOOXOJUMO J00aBUTh UYBCTBUTENbHBIE K
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TeMreparype J00aBKHM, HEKOTOpbIe CMOJbI, Hampumep, Ui POU3BOJCTBA
BBICOKOKaYECTBEHHBIX MaTepuaoB "roToBasi cMech" u3 mecka. [lockonbKy 3aTparsl Ha
o0opyOBaHWE W DHEPronmoTpeOICHUE CBSA3aHBI C TEXHOJOTHMUYECKHUM TPOEKTOM,
OXJIAXKACHUE JOJDKHO OCYIICCTBIATHCA TOJIBKO 10 (DaKTHYECKOW Tpedyemoit
TeMriepatypsbl. JJis IpUMEHEHUN B MPOMBIILIEHHOCTH CTPOUTENBHBIX MaTepUaliOB 3Ta

Temreparypa yacto coctanisieT 55...60°C u pexe 40...45°C.

Pucynok 7: Porarmonnsie 0apabaHbl 1151 KOMOMHUPOBAHHON
CYIIKH U OXJIQXKJAEHUS MecKa

Cywka u oxnaxcoenue 6 060IHOM dapadane pomayuoOHHOU CYMUIKU

B npomnuibie BpeMeHa CyImika U OxXJiaxIeHHe IPOBOJMINCH B OTAETbHBIX OapabaHax.
B Hacrosmiee BpeMss KOMOMHUPOBaHHAS CYIIKA U OXJIAKICHUE B OJHOM BpAIAIOLIeMCs
OapabaHe CIeNUaIbHOM KOHCTPYKIIMH SIBIIIETCS XOPOIIO OTPaOOTaHHOW TEXHOJOTHEH.
Hanbonee w3BeCTHBIMH SIBISIOTCS Bpamiaromuecss OapabaHbl ¢ JBOWHBIM KOPIyCOM
toprosoii Mapku MOZER® TK. B MupoBoil HHIyCTpUU MUHEPAIOB U CTPOUTEIBHBIX
MaTepuajIoB MOXHO HAWUTH COTHU NMPUMEHEHUHN I CYIIKH M OXJIAKIEHUS, TJIABHBIM
obpasom, necka u 1meoHs. [IpuMepsl mokazanbl Ha pUCYHKE 7. XOTS CYIIKa MPOUCXOIUT
BO BHYTpeHHeH TpyOe OapabaHa C mapayieIbHBIM TOTOKOM TBEPAOTO MPOAYKTa H
CYIIMJIBHOTO Ta3a, OXJaXICHHWE OCYIIECTBISIETCS BO BHEIIHEH oOojouke ¢
HCIIOJIb30BAHUEM OKPY’KAIOLIEro BO3/1yXa B IPOTHUBOTOKE K CYXOMY M TOpSYEMY
MPOJIYKTY, KOTOPBIA JMOJKEH ObITh oxJyaxaeH. [IpuHuun paboTsl KOMOMHUPOBAHHBIX
JIBYXCIIOMHBIX CYIIMJIOK / OXJIaIUTEJICH TTOKa3aH Ha PUCYHKE 8.

[IpenMy1iecTBOM CHCTEMBI SABIISIETCSI KOMIAKTHASI KOHCTPYKLMS KOPOTKOW JUITMHBI U

BO3MOXHOCTb MPUBOIAUTH 6apa6aH B JABHXXCHUC HCIIOCPCACTBCHHO C TIOMOIIBIO
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MEepPEaHEr0 PEeAYKTOPHOTO JABUTATelNs, TOJbKO OJHOIO LWJIMHIApAa M OJHOM mapbl
posnkoB. Bxoj BiaxkHOTO MaTepurana U BbITPy3Ka CyXOro MpoAyKTa Ha OJTHOM U TOM ke
CTOPOHE YCTAaHOBKM MOTYT OBIThb BBITOJHBIMM, KOIJa, Hampumep, Tpelyercs

JOTIOTHUTENIbHBIN Oaiiac MaTepuasna, MUHYS CYIIMIKY/OXJIaAUTENb.

|
f Exhaust air

]

Moist product

’ /

- (
i /

FL 1 ﬂ?Z] d;nnllng air

. Dry product

ALLGRIER

Pucynox 8. Ipunuunuaneueiii yeptexx 2D u 3D OGapabGannoit cymmnku TK ¢
BO3JIyIITHBIM OXJIQXKJCHUEM

[Tockonpky TOpsiumii BHYTpeHHUU Oapa®aH BXOAUT B KOHTAaKT C BBICYIICHHBIM
TBEPABIM BEIIECTBOM, MOMJSKAUUM OXJKICHUIO, 3(P(GEKTUBHOCTh OXJIAXKICHUS
CUCTEMBI OI'PaHUYMBAETCS TeMIlepaTypaMH KoHedHoro mpoaykra ot 55°C mo 60°C B
3aBUCHUMOCTM OT YCJIOBMM OKpykaromed cpenpl. OIHAko 3T TemmepaTypsl B
OOJIBIIMHCTBE CJy4yaeB SBISIOTCA JOCTATOUYHBIMHM JJISl OXJIAKICHHUS MaTepualoB B

MUHEpaJIbHOM MPOMBIIIIEHHOCTH.
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Cywika u oxnaixcoenue 8 00H0OAPAOAHHOU CyUIUTIKe

B HexoTOphIX cimyyasx AJig BBICYIICHHBIX MaTepUANOB TpeOyroTcs Oosee HU3KHE
TeMIeparypbl Onm3kue kK temmeparype okpyskaromiei cpeasl (30...45°C). VcranoBka
JOTIOJTHATEIFHO K CYIIWJIKaM/OXJIaAUTeNIsIM ¢ JBOMHBIM Kopmycom TK Oapabana

oxnagurens (cepust TK-D) mo3BosseT momyduTb NPOAYKT C HU3KOH TeMIepaTypoi.

Dried and cooled
solid outlet

Pucynok 9. Bpamaromasics 6apadannas cymuika TK-D ¢ mpoTHBOTOYHBIM
BO3YLIHBIM OXJIaKIEHUEM
B otnmume oT cymmibHOro/oXnaxaaroniero 6apabdana ¢ nBoiHoN obomoukon TK,
koHCcTpykuusa TK-D mpexacraBnser coboit MoHOOapabaH, y KOTOPOTO HET KOHTakTa
MEX]y OXJIaXKIaeMbIM MaTepHaJIOM M TOpsYei BHYTpEHHEH MOBEPXHOCThIO OapabaHa B
30HE BXOJa CYIIWIKHM. BpICylIeHHBII MaTepual MPOXOJUT 4Yepe3 CIELUAIbHO
pa3paboTaHHBI OTCEK U3 30HBI CYLUIKHM B 30HY OXJAXICHMs, TJ€ OH OXJIAXKIAKTCS
MPOTUBOTOKOM XOJIOAHBIM Bo3ayXoM (puc. 9). bmaromapst Takoil KOHCTPYKIHH
cymmibHbINH/oxnaxaatommii 6apadan TK-D BeIrpyxkaer BbICYIIEHHBIH Marepuanl ¢
TeMIlepaTypoii OJMM3KOH K TeMIepaType OKpYXKaloIIero Bo3ayxa. B TumoBoi
KOHCTPYKIIMM 00a IOTOKa OTPabOTaHHOI'O BO3/yXa U3 CYHUIMJIBHOIO U OXJIaXJAIOLIETO

OTCEKOB YIAJIAIOTCS B aTrMoc(hepy BEHTHJISATOPOM dYepe3 OJHOKAaMEPHBIH pPyKaBHBIN

¢unbTp (pucynok 10).
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Abluft

Abluftfilte .
plurtfilter Exhaust air

bag filter
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Burner
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Pucynok 10: Cxema notokoB B MoHoOapabane TK-D

IIpy 1BYXKOMIIOHEHTHOM KOH(UIypalMu LEHTPAIbHOTO MEPEeAATOYHOr0 OTCeKa
NOTOKH OTPabOTaHHOTO BO37yXa M3 30HBI CYIIKM U 30HBI OXJIXKICHHUS MOTYT OBITH
ylaneHnsl U3 OapabaHa OTAeIbHO. B TO Bpems Kak BIaKHBIH OTpabOTaHHBIA BO3IYyX
10CJI€ CYLIKU OYMINAETCS OT MbUIM U BBIOpAchIBaeTCs B arMocepy, TEIUIbld, CyXol u
OYMUIICHHBIM OT MBUIM BO3IyX IOCIE OXJIAAUTENS MOXKET BO3BPALLATHCSA B NPOLECC B
BUJE MPEABAPUTEIBHO HArpeToro OCYHIAIOUIEr0 BO3/1yXa, 4YTO MPUBOAUT K
peKynepanuu Teria u3 cyxoro marepuaina (pucyHok 11). to obecrieunBaeT SJKOHOMHUIO
SHEPI'uM MEPBUYHOIO HArpeBa, HapuMep, raza win macia, 10 10%.

Abluft
Exhaust air

Filterstaub

Abluftfilter
baqg filter

KUhlerabluft o 1
Exhaust cooling air e

Filter dust
Nafgut =
Wet material Kiihlluft
"—* Cooling air
‘ n -
VEFIJFEI‘II‘ILII'IQS|UfE[l|
Combustion air
Erdaas Trockengut

Natural gas Dry material

Pucynok 11: PaznenpHOe ynaneHue OTpaOOTaHHOTO BO3JyXa MOCJE CYIIUIKUA H

OXJIAZUTEIIS U peKylepanus Tera
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OtnenbHas mojaya M OTBOJ TA30BBIX IOTOKOB 0O0ECHEUMBAIOT OMOJHHUTEIbHBIC
BO3MOXHOCTH OOpabOTKM Marepuana W rasa (BO3AyXa): CyIIKa NPSMOTOKOM WX
IPOTUBOTOKOM, HE3aBUCHMO JPYT OT APYra, MOXET COYETaThCsl C MPOTUBOTOKOM HIIH
IPSMOTOKOM ITPH OXJIAXKACHUH

Hcnonp3oBaHue MPOTHBOTOKA BO3JAyXa M MarepHaja OOeCleYrBaeT OCOOCHHO
3 PEKTUBHBIN BBICOKOTEMIIEPATYpHBIH TPOLIECC, HANpUMeEp, IS IMPOKAJTHBAHUS
TBEPABIX BELIECTB, KOTOPOE CPa3y e CONMPOBOKAACTCA OXJaKACHHEM. 30Ha Harpena
MOXET OBITh HAaCTpO€Ha M ONTHMHU3UPOBAHA IOJHOCTHIO HE3aBUCHMO OT 30HBI

OXJIAXKACHHUA.

Hcnapumenvnoe oxnaxcoenue 6 vapavanax TK+

IIpu pocre meH Ha sHeproHocutenu 3((HEKTUBHOE HCIOIB30BAHUE PECYPCOB
SIBJISIETCS. BAYKHBIM METOJIOM TMOBBIIICHUS PEHTA0CTbHOCTH U KOHKYPEHTOCIIOCOOHOCTH
npou3BoJcTBa. [locKkoIbKY TepMUUecKas cyika TpeOyeT B AeCSTh pa3 OoJbIIe SHEPTUH
[0 CPAaBHEHUIO C YUCTO MEXaHWYECKHM YJAJICHHEM BOJbI, OCOOBIH HHTEpec
MPEJICTABISIET KCIOIh30BAaHUE CHCTEM CYIIKH, KOTOPBIC SIBISIFOTCS MaKCHMalIbHO
sHeprodhPekTUBHBIMU. B TOTOTHEHNE K BBIIMICONMHCAHHBIM CIIOCO0aM HCIIApUTEILHOE
OXJIQXKJIEHUE SIBIISIETCS €IIe OJHUM CIIOCOOOM CHIDKEHHS 3HEpPronorpeOaeHus.
[Tporpecc B 3TOM Bompoce moafep:kuBaetcs TexHosorueid Allgaier MOZER® TK+ [7].
[IpennaraeMbrii cnoco® B OCHOBHOM HCHOJB3YeTCSI TOJMBKO JUIsI TPOIYKTOB C
MOBEPXHOCTHOW BIAXHOCThIO. KoMOWHUpOBaHHAs CymIWIbHAS U OXJIAXKIAFOIIAS
Oapabannas cuctema TK+ mpemnaraer KoHUeNui, KoTopas 3pHEKTUBHO OXJIaXKIACT
BBICYIICHHBI TE€COK C IMOMOUIbI0 HCIAPUTEIHLHOTO OXJAXAEeHHUA M o0ecredynBaeT
SKOHOMHUIO TorIMBa A0 15%.

B 1O Bpems kak B OONBIIMHCTBE CIy4yaeB OXJAXICHUE TOPSYEro Iecka
OCYILIECTBIIIETCS C HCIOJB30BAHUEM CYXOI'O OKpPY)KAIOIIEro BO31yXa, BO BpEMs
UCIAPUTEIBHOTO OXJIAXKIECHUS OXJIAXKJEHUE TBEPIBIX YACTHUIl OCYHIECTBIIIETCS MyTEM
WCIIapEHUs OCTATOYHBIX TOPIUNA OCTaBIICHCS BJIard W3 4YacTHIl. TakuMm oOpa3om,
BMECTO OOMEHa U3MEepSIeMOM WIN «OUIYTUMOW» TEMJIOTOW MEXAYy BO3AYyXOM U
MaTepuaioM, HWCHAPUTEIBHOE OXJIAXKJACHHUE TMPEACTABISET COOOM  OXJIaKICHHE
MaTepuaia C HCIOJb30BAaHHUEM «CKPBITON» TEIJIOThI, KOTOpas SIBISETCS TEIIOTOM
ucnapeHus Bojbl. TeopeTuueckn BO3MOXKHO OXJaKICHHE J0 «TeMIEepaTypbl MOKPOIO
TEPMOMETpPa» B COOTBETCTBHHM C TICHXPOMETPHUYECKMM MpHHIMIOM. Kak crencrsue,

MNpEUMylICCTBO HUCIAPUTCIBHOI0 OXJAXKIACHUA 3aK/III04acTCA B TOM, YTO OJSHCPrus
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COXpaHseTCI BO BpeMs CYIIKA 3a CYET UCIHOJIb30BAaHUS OCTAaTOYHOIO TeIja B
MaTtepuale, B TO BpeMsi KaK MPOIYKT TaKKe OXJIaXAAeTCsl OJJHOBPEMEHHO.

B cucreme TK+ nepBuunsblii moTok okono 85-90% Bia)xxHOro Mecka BhICYIIMBAETCS
BO BHYTpPEHHEH TpyOe CYIIMIKH/OXTaauTens ¢ ABOMHOM 00omoukoii. [Tocie cymiku Bo
BHYTpEHHEH TpyOe OCTaBIIMIACS TMOTOK BJIQKHOTO TIECKa TOJAETCS B CHUCTEMY
KOHTPOJHPYEMBIM 00pa3oM. ['opsiumii BEICYIIEHHBIN TPOAYKT CMEIIUBAIOT C XOJIOIHBIM
IPOAYKTOM, KOTOpBIM emle He Obul BBICYIIEH, O0003HAYEHHBIM KakK IEPernyCKHOM
npoaykT (bypass product - pucyrok 12).

Bypass product Moist product

1 [ [ 51 tasea

Abluft
S [ ~Ee——

Exhaust L(:

air I

141

* Dry product

Pucynox 12: Ipuanunuansaeiiil ueptex 2D u 3D cucreMbl 6apabaHHOM CYIIUIKHA
TK + ¢ GalimacHOM moia4eil U UCTIAPUTETHHBIM OXJIKICHUEM

lopstunii cyxoil mpoaykT W3 BHYTpeHHero Oapa0aHa M MEPernyCKHOH NpPOAYKT

HHTCHCHBHO IICPEMCIINBAIOTCA BO BHCIIHEM 6apa6aHe C IIOMOIIbIKO MOABEMHBIX
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nonacteil. OOBEAMHEHHBIN MaTepuan TPAHCTIOPTUPYETCS MPOTHB OYEHBb HEOOBIIIOTO
IIOTOKa XOJIOJHOTO OKpY’KAaloIIero Bo3Ayxa. Bo Bpems 3Toro mporecca BoAa,
coJiepkaniasicsi B MaTepuane Oaifrmaca, ucnapsiercs, B TO BpeMsl KaK TOpSIYUN MPOIYKT
oxJlaxaaeTcs 3a c4eT d(pdekTa UCTTapUTETLHOTO OXJIAKICHHS.

[IponopuroHaIbHO MEHbIIEe KOMHYecTBO, 0T 85% mo 90%, TormBa (IpUPOIHBIMA
ra3, JIeTKOe Ma3yT, CKMKEHHBIM He(TSHOU ra3) TpeOdyeTcs M CYIIKH YMEHBIIEHHOTO
OCHOBHOTO TMOTOKA BJIa)KHOTO 1ecka. Kpome Toro, KoJIM4ecTBO 0XJIaXIaI0LIEro Bo3ayXa
yMeHblIlaeTcs u3-3a 3pdekxra ucnapureabHoro oxyaxaeHus. Kak ciencrsue, cuctema
TK+ TpebyeT 3HaYUTETHFHO MEHBIIETO IO PAacXOy BEHTUIISATOpPA U MEHBIIETO pa3Mepa
pykaBHOro GunbTpa. B 1gomonHEHHE K YMEHBIICHHIO KOJIHYECTBA HEOOXOJUMOTO
TOIIMBA TaKXK€ MPOMCXOAUT CHI)KEHHUE MOTPEOJICHUS 3JIEKTPUUECKON IHEeprun. Takxke
BO3MOXKHO TIpeoOpa3oBaTh craHiapTHyto cucremy TK B cucremy TK+ 6e3
HEOOXOJUMOCTH M3MEHATh WJIM 3aMEHSTh CYIIECTBYIONIYIO YCTAHOBKY IJISl yJAJCHUS

IIBIJIN.

Hccneoosanun noomeepircoarom 3IKOHOMUIO IHEPZUU 3A CYENM UCHAPUMENbHO20
oxXnax)coeHun

MHOTOJIETHUH OMBIT U CIOXKHBIE MPOTPAMMBI pacdeTa MO3BOJISIIOT PACCUUTHIBATH
a(dexThI, omMcaHHBIC BHIMIC. TakKUM O00pa30M, MOXKHO aJalTHPOBATh CYIIMJIBHOE
obopymoBaHue MO TPEOOBAHUS KAKIOTO KiIUeHTa. IHTEHCMBHOE MCClIeIOBaHUE OBLIO
OPEINPUHITO B OOIIEH CIOKHOCTH Ha OAWMHHAANATH CYIIWIKAX, [OCTABISIEMbIX
Allgaier, 4yTOOBI NPOBEPHUTH, MOATBEPKIAIOT JM (DaKTUYECKHE HapaMeTpbl CYIIUJIOK
nporuoszupyemMoe norpednenue sueprun [8]. Bee moctymHbie mapameTpsl mpoliecca u
noTpedsieHUsT U3MEPSIIOTCS C MOMOIIBI0 MPUOOPOB, KOTOPbIE B HEKOTOPBIX CIydasx
MOTYT HAaKaIuIMBaTh MHPOPMAILIMIO B T€YEHHE HECKOJbKUX JIeT. bbuin rccnenoBanbl Kak
cymmika/oxinagutenu cuctemsl MOZER® TK, tak u ycraHoBku cuctembl TK+.
CpaBHUTENBHBIE  OLEHKH  MapaMeTpPOB,  OMPEACNIEHHBIX C  HCIOJIh30BaHUEM
CYILIECTBYIOIIUX TMPOrpaMM HPOEKTUPOBAHUS M 3HAUEHUH, M3MEPEHHBIX Ha 3aBOJax,
MOKa3ajJ TECHOE COOTBETCTBHUE C TMEPBOHAYAIBHBIM TEOPETUYECKHUM IPOEKTOM
ycTaHoBKM. MccnenoBaHue NMOATBEP)KIAET, 4TO 3KOHOMUs TomuBa oT 10% mo 15%
MOXKET OBITh JOCTUTHYTa C TOMOIIBI0 HWCHAPUTEIBHOTO OXJAKACHHUS IPH
WCIIOIb30BaHUM YCTaHOBOK cucTeMbl TK+. Taxke OBLIO TOATBEPKIEHO, YTO

noTpebsieHue 3JIeKTPOIHEpruu Ha ycTtaHoBKax TK+ ¢ mcmapuTenbHbIM OXJIaKICHUEM
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MOYTH BIBOE YMEHBIIAETCS HM3-32 YMEHBIICHHS KOJIMYECTBAa OTPabOTaHHOIO BO3TyXa.
Ha pucynke 13 mokazaHbl pa3iudHbIe 3aTpaThl HAa TOIUIMBO B a0OCONIOTHOM U
OTHOCUTEIIbHOM BBIpaXKEHHH (OTHOCALIMECS K coJep)kaHuio Biard B mecke TK+ ¢
BIaKHOCTBIO 4%) 1 B cuctemax TK u TK+ ¢ mpumMepHBIM CoJiepKaHUEM BJIard B TECKe

4%, 5% u 6%.

3,50 €/t 200%
B TK+
3,00 £/t
OTK
- 150%
2,50 €/t
2,00 €/t

- 100%

1,50 £/t

Relative fuel costs per
tonne dry material

1,00 €/t

Fuel costs per tonne dry material

- 50%

0,50 £/t

0,00 £/t - 0%

5%

Feed moisture

Pucynok 13: CpaBHeHue 3arpaT Ha TOIUTMBO Ha METPHUYECKYIO TOHHY CyXOTO
matepuana B TK 1 TK + npu paznnyHoi BIaXHOCTH CBHIPbSL. [§]

0,60 €/t 350%
O TK+ - 300%
0,50 €/t
OTK
z - 250%
@ 0,40€/t .
£ 2
[+ v T
e - 200% jrr
e S §
@ % 0,30 €/t & E
g & 5 r
8 - 150% £ B
z oo
o > £
E 020€t 2
i - 100% 2
w

0,10 €/t -
- 50%

0,00 €/t - - 0%

5% 6%

Feed moisture

Pucynok 14. CpaBHeHHe 3aTpar Ha SJEKTPOIHEPTHIO HA METPUUYECKYIO TOHHY
cyxoro Marepuana B TK u TK + npu pa3nuuHo# BIa)KHOCTH CBHIPBA. [ 8]
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Ha pucynke 14 moka3aHbl 3arpaThl Ha DSJIEKTPOIHEPTHIO s OOEUX CHCTEM,
OOYCIIOBJICHHBIE pPa3HBIM KOJMYECTBOM BO3AyXa (MOKa3aHbl B aOCONIOTHBIX H
OTHOCHUTEJIbHBIX €IMHUIIAX OTHOCUTEILHO conep kaHus Biaru B necke TK + u 4%).

Ha pucynke 15 mokazansl cpegHue oOIue YHEPreTUUECKHe 3aTpaThl Ha CYIIKY OJHOM

METPUUYECKOM TOHHBI [TECKA HA IPUMEPE UCXOIHOTO COAEP KaHUS BIIary B recke 5%.

3,50 €/t
- 140%
O Electricity costs

3,00 €/t L
_ @ Natural gas costs | 120%
(1]
E 2,50 €/t
B 100% 5
i n ®
P 2,00 €/t 2%
£ 4 80% [ -
=] e E
5 5 =
g 1,50¢/t 60% s
2 2 £
3 B 2
% 1,00 €/t 40% o
(1)
[
(FE )

0,50 €/t 20%

0,00 €/t 0%

TK TK+

Pucynoxk 15. O6mue 3atpaTsl SHEpruM Ha MeTpudeckyto ToHHY B TK u TK+ mpu
BIIAXKHOCTH ChIPbs 5%. [§]

TakuM 00pa3oM, CTAaHOBHUTCS SICHO, YTO IOTCHIHAIbHAS IKOHOMHS C ITOMOIIBIO
cucteMbl K+ cymuiabHO-OXJTaxkaaromero 6apadaHa 3aBUCUT OT COJACpPI)KaHUS BJIaru B
necke. bonee BBICOKas BIAXKHOCTH TMECKa yBenumumBaeT mpeumyinectBa TK+. Omnako
cnez[yeT OTMCTHUTB, UTO OGBI‘IHO cne):[yeT HAa4YMHATh CyH_IKy C MUHHUMAJIBHO BO3MOXHbBIM
coJiep)kaHUWeM BJIard B Tiecke. Ha HadaiapbHOE COJep)KaHUE BIIarM B TIECKE MOXKET
BJIMSATH, HANPUMEpP, XpaHCHHE IeCKa B Kyde B TEUCHUE HECKOJBKHX JIHCH IS

CCTCCTBCHHOI'O OTBOJZIA BOJbBI UJIM YKPBITUC XPAHWIUIIA OT OJOXKIA.

Hcnapumenvnoe unu 6030yuiHoe oxaaxcoeHue?

Pemenne o ToMm, Kakas M3 JOCTYMHBIX CHCTEM CYLIWJIKH-OXJIATUTENs SBISETCS
ONTUMAIBHOM 11 KOHKPETHOM 3ajauM, JOJDKHO MNPUHUMATHCS B 3aBUCUMOCTH OT
HECKOJIbKUX (PaKTOPOB B Ka)JOM KOHKPETHOM ciiydae. MOKHO HCIIOJIb30BaTh pacyer
aMOpTH3allMK, 4YTOObl TOKa3aTh, Kakas CHCTeMa SBJSETCS ONTHUMAaJbHOM IS

COOTBETCTBYIOIIEro mpuMeHeHus. CylmuiabHas YCTaHOBKAa Ha OCHOBE CYIIMJIBHO-
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oxJnaxaatomiero 6apadana TK+ tpeOyer OonbpImx 3aTpaT Ha KOHTPOJIUPYEMYIO MOAavy
OCHOBHOTO TIOTOKa BIIQHOTO TI€CKa ¥ JO3UPOBaHHE OOXOAHOTO TMOTOoKa. Jlis
KOHTPOJIMPYEMOTO  JO3MPOBAaHUS  BJIAKHOTO MaTepuana JOCTYHMHO HECKOJIbKO
TEXHUUYECKHUX BapHAHTOB. MOXHO HCIIONb30BaTh COBMEIICHHbBIE KOBIIOBbIE KOHBEHEPHI,
JICHTOYHbIE KOHBEWEpPHhl WJIM pELIEHHWE C KOHTPOJHMPYEMBIM 3aTBOPOM MaTepHalia.
JlononHuTENbHBIE 3aTPaThl HA NOJIaYy MaTepuaia, pa3BUTasl MporpaMmMa 3JIEKTPOHHOTO
yhnpaBiaeHUsT U Oojee BBICOKME 3aTpaThl, CBSI3aHHbIE C TEXHOJOTHYECKHUM
o0opy/soBaHHEM, Ha H3rOTOBJICHHE KOMOMHHMPOBAHHOIO CYHIMJIBHO-OXJIAXIAIOIIEro
Oapabana TK+ mpuBOIST K HECKOJIBKO 00Jiee BBICOKOW CTOMMOCTH YCTAaHOBKH JUISI
cucrem TK+ no cpaBHeHHto co cragaapTHeiMu cucteMamu TK. B nenom, nocrosHHbie
MHBECTUIMOHHBIE 3aTpaThl Ha TEXHOJOTHMI0 YMEHBIIAIOTCS IPOMNOPHUOHAIBLHO
YBEJIMUYEHHUIO O0IIero pa3mepa ycTaHOBKU. [10CKONIbKY AOMOJNIHUTENbHBIE 3aTpaThl Ha
noipoOHbIe acniekThl TK+ yMEHBIIAIOTCS TI0 CPAaBHEHHUIO C Pa3MEPOM YCTAHOBKH, TO C
YBEJIMYCHUEM pa3Mepa YCTaHOBKU JOMOIHUTENbHBIE 3aTPAThl HA CUCTEMY CYIIMJIBHOU U
oxJyaxpaaromieil yctaHoBku TK+ OKka3pIBalOT MEHbBINEE BIUSHHUE TpH O0JIee BBICOKOM
MIPOU3BOIUTEILHOCTH.

Ha pucynke 16 B kauecTBe mpuMepa MOKa3aHbl 3aKyMOYHBIC 3aTpaThl ISl 00EUX
CHUCTEM, HOPMAJIM30BaHHBIE JUIsl CUCTEMBI | K CHCTEMBI C MacCOBBIM PACX0JIOM CYXOTO

npoaykra 15 1/4.

300%
250%
1]
=]
(2]
0
Q
£ 200%
Q
£
e
3 150% -
> aTK
£
v OTK+
2 100% -
E=]
2
L
o
50%
0%

15 25 40 60
Dried product mass flow [t/h]

Pucynok 16. OTHOCUTENbHBIE WHBECTULMOHHBIE 3aTPAaTbl B 3aBUCUMOCTH OT
MaccoOBOTO Pacxoja Cyxoro mpoaykra. [8]
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BenenctBue Gonee HU3KHMX 3aTpaT Ha DJEKTPOIHEPTHIO (3aTpaThl HAa TOIUIMBO +
3aTpaThl Ha OSJEKTPOIHEPTHIO) NPU HCIOJIB30BAHUM HCIAPUTEIBHOTO OXJIAXKICHHS
JOTIONTHUTEJIbHBIE 3aTpaThl Ha pachpesesieHne OOXOIHOTO IOTOKa M yIpaBieHHE
yctaHoBkoi TK+ o00sraHO amoptusupytorcs uepe3 5000-8000 paboumx dacos.
[lepuonsl amopTu3anuy, TOKa3aHHbIE Ha pHCyHKe 17, ObUIM pacCUMTaHbBl C
MCIIOJIb30BAaHUEM HEMELKHUX IieH Ha sHeproHocurenu c¢ 2013 roga. Ecim 3arparsl Ha
3MEKTPOIHEPIHIO, KaK 03KUIACTCS, POAOKAT YBEIHMUMNBATHCA B OTHOUICHUH 3aTpaT Ha
pabouyto CUTy U MaTepuabl, IEPUO aMOPTH3AIUK OYIeT COKpaIIaThCs erie OobIIe.

OcobOeHHO Ha 3aBoJax C BBICOKOH MPOIMYCKHOH CIIOCOOHOCTBIO U BBICOKHM
HayaJIbHBIM COJIEPYKAaHHEM BJArd LEJIecoO00pa3HO MCIIOIB30BaTh dHEprocOeperaromnme
TEXHOJOTHH, Takue kKak cucrema MOZER® TK+. OgHako cieayer OTMETUTb, YTO
HU3KOE COJIep)KaHWE BJard B IE€CKE CHUXKACT aOCOJIIOTHBIC KANUTAIOBIOXKEHHUS U
3aTpaTbl Ha DSHEPrui0 Uil JI000M CcymmiabHOW ycraHoBKH. (ClenoBarenbHO,
BBILICTIPUBEICHHOE YTBEPXKJICHHE HE JOJDKHO OBITh HEMPAaBUIBHO IOHATO; JH00ast
MeXaHWYecKas IMpeABapUTeibHasl CyIIKa WM O00E3BOKHMBAHUE BIIAXHBIX MPOIYKTOB

Bceraa OyaeT pa3yMHOM, €CITH 3TO BO3MOKHO.

30000
—m— Feed moisture - Feed moisture Feed moisture
4% 5% 6%
25000
<
T 20000
=)
)
]
o
S 15000
= O
©
L
v o
O 10000
£
<
5000
0
15 20 25 30 35 40 45 50 55 60

Dried product mass flow [t/h]

Pucynok 17: Ileprnoabl aMOpTHU3alUK B 3aBUCUMOCTH OT MPOITYCKHOMN
CIIOCOOHOCTH CYXOr0 MaTepuaia Mpu pa3IndHON BIKHOCTH TBEPAOTO
Marepuaia. [ 8]
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bapatanHble CyIIMIKHU JJI CYIIKH CHJIbHO A0pa3uBHBIX MATEPUAJIOB

Bpaiaromuecss Cymmikd MOTYT TakXKe HMCIONb30BaThCS Il OYEHb CIIOKHBIX
NPUMEHEHUH, TaKuX Kak aOpa3uBHBIE TMPOIYKTHI, KOTOpPbIE MOTYT BBHI3BATh
3HAUUTENBHBI W3HOC KOpITyca CYIIMJIKH, a TakXKe JonmacTed BHYTpH OapabaHa.
HHTEepecHbIM MPUMEPOM SIBIISIETCS CYILIKA CTEKIJISTHHBIX OTXOJI0B MEpe]l COPTUPOBKOM IO
uBety [9]. CeroiHsi CTEKJISIHHBIE OTXO/IbI SIBJISIFOTCSI OCHOBHBIM BTOPUYHBIM CHIPHEM JJISI
MPOU3BOJICTBA CTEKIONPOAYKINHA. DAKTUYECKU, CTEKOIbHAS IPOMBIIUICHHOCTh MOXKET
UCIIOJIb30BATh €r0 B KAUeCTBE CTEKI000s JIJIsl IPOM3BOCTBA HOBBIX M3/ICTHI U3 CTEKIIA,
OJIHOBPEMEHHO CHI)Kasg YPOBEHb OSHEPronoTpeOeHHs] CTEKIOBAPEHHBIX Ieuei.
CHmXeHHe TeMIlepaTypbl PAcIlIaBICHHOTO CTEKJIa MPH MCIOJb30BAHUM BTOPUYHOTO
CTEKJIa MO3BOJISIET 3HAYUTEIHLHO CHU3UTH DHEPIeTUUYECKUE 3aTpPaThl HA MPOU3BOJICTBO.
Kaxnpie 10% BTOpUUYHOTrO CTEKJIA, UCTIOIB3YEMOI'O B KAUECTBE ChIPhsI B PACILIABIEHHOM
CTeKJIe, 00eCIIeYnBaIOT YKOHOMHIO SHEPTUH OKOJI0 2%. 3a MOocIeHIE TOAbl TPEOOBAHMS
K Ka4eCTBY CTEKJIa 3HAYUTEIHHO BO3POCIH B cpepe MOArOTOBKH BTOPUYHOIO cTekia. B
pacIUIaBIEHHOM CTEKJIC, HCIIOIh3yeMOM IS TIPOU3BOCTBA OYTHUIOK, JOCTUTAIOTCS BCE
OoJiee BBICOKAs CTENEHb PEIUKINHTA, B TO BpeMsl KaK MOTPEOHOCTh B JIOME CTEKJIa
MPOJIOJDKAET OCTaBaThCs BOcTpeOoBaHHOU. CremoBaTeNbHO, IsI 00pabOTKH CTEKJIa U
COPTUPOBKH €ro 1o IBeTy TpeOyroTcs 3¢h(EeKTHBHBIE W BBHICOKOTPOU3BOIUTEIHHBIE
CUCTEMBI COPTHUPOBKH. CErojiHs COBPEMEHHBIE CHUCTEMBI COPTUPOBKH TIO I[BETY
crocoOHbI 3(PPEKTUBHO pa3AeATh OTACIBHBIC YACTHUIIBI PAa3MEPOM 10 2,5 MM - OJHAKO
TOJIbKO €CJIM CBIphE IIOCTaBJISETCSI B CYXOM M 4YHCTOM cocTossHuu. Kpome Toro,
nepepaboTaHHOE CTEKJIO COJEPKUT JApPyrue pas3pyllaloliue BeIIecTBa, TaKue Kak
kepamuka, kamHu, happop (CSP), npoOku, maacTMacchl, METAJUIMYECKUE KOJIMAYKH H
KIIEHKHe JTUKETKH, a TakKKe BCe Opyrue Buiabl Mycopa. CTEKIo s peUuKIMHTa
MPEUMYIIECTBEHHO XPAHHUTCS HA OTKPHITOM BO3AyX€, MOITOMY OOJbIlIee WM MEHBIIEe
KOJIMYECTBO BOJIbI TAK)KE MOMNAAaeT B MECTa CKIAAUPOBAHUS CTEKII0005 B 3aBUCHMOCTH
OT Ce30Ha U KOJINYECTBa JN0XJeh. B pe3ynpraTe BTOPUYHOE CTEKJIO UMEET BIIAXKHOCTH
or 1% no 6%, koropas kosebineTcss B TeueHue roza. J[ns copTUpOBKH COOpaHHBIX
CTCKJISTHHBIX OTXOJI0B (OYTBUIKM W CTEKJISIHHAS MOCYJA, a TAKXKE COACpKAIIUeCcs B HUX
3arpsI3HAIONINE BEIIECTBA U MOCTOPOHHUE BEILIECTBA) C MOMOILIBI0 OMNTO3JIEKTPOHHOM
CHCTEMBbI COPTUPOBKHU I[BETAa, TAKOM Kak, Hampumep, MSort, BiIakKHOE ChIpbE ITOKHO
OBITh CHauada BBICYIICHO W JKENATeNIbHO OJHOBPEMEHHO OYHUIICHO W OT TPS3U H

9THUKETOK.
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Pucynok 18: bapaGanHnas cymmika Jiss BTOPHUHOTO CTEKJIa

bapabaHHbIe CYIIMIIKH, KaK MPABUIIO, OTBEYAIOT BCEM CIEIU(PUICCKAM KPUTECPHUSIM
CYIIKH TepepabOTaHHOTO CTEKJa, YTO OOBSICHSET, MoYeMy B MOCJIEIHUE TOJbI BCE
Oonbiie u Oosbliie OapaOaHHBIX CYIIMIOK HAYMHAIOT UCIOIB30BaTh ISl CYIIKU ATOTO
Marepuana. OgHuUM TOO0YHBIM 3(P(HEKTOM BO BpeMs CYIIKH BTOPHYHOTO CTEKJIA B
OapabaHHBIX CYIIMJIKAX SIBIISIETCS OYMCTKA MaTepraina OT PUMECEH 3a CUeT UCTHPAHHUS
MaTepuaiza BO BpeMs CYIIKH. BrHeuaTisiommii mpuMmep MPOIyKTa, MOITYYCHHOTO W3

OapabaHHOM CYIIMJIKH, TIOKa3aH Ha pucyHke 19.

Pucynok 19: Bropuunoe crekino <10 MM 10 U mocie Cynmku

lopstumii BO3ayX /Ui CYIIKM O4Y€Hb OBICTPO OXJIQXKJAeTcs BO BXOJHOM 30HE
O6apaOaHHON CyIIWJIKM M3-3a KOHTaKTa C BJIAXKHBIM IPOAYKTOM, YTO CBOJIUT K

MHHHUMYMY OIIAaCHOCTHh BOCIIIAMCHCHHA OPTraHUYCCKUX KOMIIOHCHTOB OT INNIaMCHH
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ropenku. Tem He MeHee, TpyOa Ui OTpabOTaHHOTO BO3[yXa OCHAIEHA CHUCTEMOM
KOHTPOJISI UCKPBI M yCTPOWCTBOM IMOKAPOTYIIEHUS B LEISIX O€30MacHOCTH, YTOOBI
MPEOTBPATUTh BO3MOXKHOCTH Moxkapa B GuibTpe 1uist orpaboTaHHoro Bo3ayxa. Eciu B
3arps3HEHHOM HEoOpaOOTaHHOM CTEKJIe MPHUCYTCTBYIOT OCOOCHHO OOJIBIIIE MPUMECH
OpPraHMYecKOT0 MaTepHaja, HCIOJb3YIOTCS BHEUIHHME TEIUIOreHepaTopsl Bo3ayxa. B
9TOM CJIy4ae OYeHb rOpSYHe JTLIMOBBIC Ta3bl U3 TOPEIKHU CMEIIMBAIOTCS C aTMOC(HEPHBIM
BO3/IyXOM JI0 JIOBOJIbHO OJTHOPOJHOIO BO3AYLIHOTO IMOTOKAa YMEPEHHOW TeMIEepaTyphl.
B mporecce cymku cTeksio HarpeBaroT 10 TemrepaTypbl oT 60 mo 75°C u cymar a0

ocTtaTo4HO# BiaxkHocTH OT 0,5 10 1%.

3awguma om uznoca

BropuvHoe cTeKIIO SIBISETCS OYeHb a0pa3WBHBIM MPOAYKTOM, IO3TOMY MaTepHalbl,
UCTIONIb3YEMBIC JIJIsI €r0 MepepadOTKH, IOJDKHBI BBIOMPATHCS OYEHBb TIIATENBHO.
[Mogxonsmiass KOHCTPYKIHS YCTAHOBIEHHBIX KOMIIOHEHTOB TIO3BOJISIET CHU3UTH HX
n3HOC. YUTOOBI IPOJITTUTH CPOK CIYKOBI CYIIUIIOK JJisi 00pabOTKH CTekJa, B OapabaHax
UCTIONB3YIOTCSl OUYEHb TOJICTHIC CTEHKU. YUYaCTKH, TJ¢ HMEETCS IPSIMOM KOHTAKT MEXIY
CTEKJIOM U CTEHKOH ammapara, moABep>KeHbl 0COOCHHO CHIIBHOMY U3HOCY; II03TOMY OHHU
OOJIMITOBAHBI 3aIIUTHRIMU TUTACTUHAMU OT U3HOCA. [[pOTHBOM3HOCHBIE IIACTHHBI MOTYT
OBITH CIIPOCKTUPOBAHBI TaK, YTOOBI UX MOXKHO OBLIO MPUKPENHUTHh OOJITaMH, U TIPH

HEOOXOIMMOCTH JIETKO 3aMEHUTH (CM. PUCYHOK 20).

Pucynox 20. [IpukperienHbie 601TaMU KOMITIOHEHTHI, YCTAHOBJICHHBIC B
OapabaHHOH CyIIMIIKE

OO0paraercss BHUMaHUE Ha TO, YTOOBI M30€KaTh CKOJIBKEHHS TBEPIOTO MaTepHaia
Ha TIOJJbEMHBIX W HAMpPAaBJISIOMINX JIOMACTAX WM XOTS OBl YAE€PKHUBaTh 3TOT YPOBCHb

CKOJIbKCHHA Ha HU3KOM YPOBHC, TAKIKC HCO6XO[[I/IMO CJIICOUTH 3a TEM, YTOOBI MaTcpuall
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najajg Ha CJIOH BBICYIIEHHOI'O TBEPIOro Marepuana. Bce 3To mo3BossieT co3aaBath
JOJITOBEYHBIC PEIICHUS JIsl CYIIKU JJaKe BHICOKOAOPA3UBHBIX TBEPABIX BEIIECTB, TAKUX

KaK BTOPHUYHOC CTCKIIO.

Pucynoxk 21: KpecToBrHa yCTaHOBIIEHHBIX KOMIIOHEHTOB B 0apaOaHHOM CYIITHIIKE

BTopuyHoe CcTEekI0 HE JOKHO pa3pyliaThesi BO BPEMS CYIIKH, MOATOMY BBICOTA, C
KOTOpOM CTEKJIO MajaeT B TOYKAaX Mepexojia U B CYIIMIKE, JODKHA OBITh CBEIEHA K
MUHUMYMY. B pe3ynbTare cymmibHbie OapabaHbl sl CTEKJIa ONMIIMOHAIBHO OCHAIIEHBI
CIEUUATBbHBIMU  TIONEPEYHBIMH  MEPErOpOJAKaMU. Y CTAaHOBJICHHBIE  MONEPEUHbIE
KOMIIOHEHTHI (CM. pUCYHOK 21) Ma0T OYeHb XOPOLIUH pe3yabTaT B OTHOILICHHUH

COXpaHEeHHsI pa3Mepa YaCTHIl BO BpeMsI ITPOIecca CYIIKH.

Koméunuposannas ouucmka u cywka 6mopuiHozo cmexia

OuncTka ¥ yJaJeHHE OJTUKETOK MOTYT OBITh  3HAUMUTENIBHO  YIIYYIICHBI
KOMOWHHUPOBAHHON CYIIKOH M OYHCTKOM B OapabanHoi cymmuke RTT, koropas
coderaeT B cebe 00a Mose3HbIX CBOMCTBA it 00paboTku ctekia [10]. s atoro mepen
30HOHM CyIIKH Bpamaronierocss OapabdaHa HUCHOIB3YETCSl OTCEK OOJBIIET0 JuaMerpa
OapaGana M, ciemoBaTeNbHO, Ooyiee IIMTENbHOE BpeMsl IMpeObIBaHUS CTEKsa. JTa
3alaTeHTOBAHHAS TEXHOJIOTHSI MPEIIOJaraeT, YTo OYHIACMbIH CTEKIISTHHBIA MaTepual
NepeMeIMBaeTCs B YUCTAIEM O0apabaHe mepe]] CyIIIIbHBIM OTCEKOM B TedeHue 10 20
MHUHYT 0€3 3HAUUTEIBHOTO MOBPEXKIEHHUS MPOJYKTa (CM. PUCYHOK 22 - BHJ Ha 30HY

ounctku RTT).
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Pucynoxk 22: Bug orceka o4ncTKH KOMOMHUPOBAHHOTO CYIIMJIBHOTO OapabaHa

OTtaenpHBIC YaCTHUIIBI CTEKJIA TPYTCS APYT O Apyra BO BpeMs IBHXKEHUS B OapadaHe,
OJIHOBPEMEHHO C YAaJIEHUEM HAKJIEEHHBIX ATHKETOK. DTO CAEJaHO HAaMEpPEeHHO, MOoKa
CBIpBE €II€ BJIAXKHOE U TPeOyeT MIUTENBHOTO BPEMEHHU BbIIECPKKH. MHOrOUYNCIIEHHBIE
SKCHEPUMEHTBI, MPOBEJICHHBIE ABTOPOM M Jp. MOKA3aJId, YTO TAKOM METOJ JOCTHIaeT

JIyUlInX pe3yjibTaTOB OUUCTKH.

Flow Chart Cleaning- Drum- Dryer Type RTT D ZL OB K G

Abluft zur Abluftreinigung

exhaust air to exhaus air treatment NaBgut (verschmutzt)

wet material
(contaminated)

1 |
Hot Gas ] | 7

Heikgas Drylng/ Trocknung klaanlng (label removal)
Reinigung (Etikettenentferner /

4

i} Li ﬂjﬁ ;

Trockengut (gereinigt)

dry material (cleaned)

Pucynokx 23: Cxema mpolecca OYHMCTKM BTOPHYHOTO CTeKjIa B OapabaHHOM
cymunke RTT
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ITocne 3TOro OYMILECHHBIM CTEKJISIHHBIM MaTepual NEPEMEINAEeTCs B 30HY CYIIKHU
Oapabana, r71e OH BBICYIIMBaeTCs (Ha pHCyHKe 23 mokazaHa OJOK-CXema Ipoliecca).
Cymka crekyio0osi B OapabaHHON CYIIUIKE HWMEET CYIIECTBEHHOE MPEUMYIIECTBO,
MOCKOJIBKY PacxXoj Terjia HEOOJBIIION M, CJIeIOBAaTEIbHO, CyIIKa OoueHb 3(¢deKTHBHA

KaK I10 MpUHIHUITY IPOTHUBOTOKA, TAK U 110 MPHUHIUITY IMapaAJUICIIBHOTO ITOTOKA.

Cymka U3BeCTHSIKA U OYMCTKA ero 0e3 CIoJb30BaAHUS BOIbI

AHanoruyHasi KOHCTPYKIHUS CYIIMJIKA MCHOJB3YETCS B JPYrol yHUKaJIbHOU
TEXHOJIOTUM Uil CYIIKM M MOCTEeIYIOIEH OUYMCTKH 3arpsA3HEHHOTO HM3BECTHAKA BO
Bpamaromemcs 6apabane [11, 12]. Bo MHOrHX Kapbepax, HCIIOJIb3YeMbIX IS JOOBIYN
W3BECTHSKA JIJISl TIPOMBINUICHHOCTH CTPOUTENLHBIX MAaTEPHUATIOB W ISl M3TOTOBJICHUS
HAIIOJTHUTENICH ¥ MHUTMEHTOB, MOCJE COPTHUPOBKU TOJYYAlOT M3BECTHSIKOBBIN IIEOCHB
pazmepom ot 0 1o 60 mm. ITo kpaiinelr mepe, B OONBIIMHCTBE KaphepoB B EBporie 3TOT
KaMeHb MMEET OOJIbIIOE KOJIMYECTBO CYTIIMHKA M TJIMHBL, MPUIMIIIINX K HEMY U3 CIIOEB
NOYBBl B MECTOPOXKJCHMM H3BECTHsKA. [l0 HEJaBHEro BpPEMEHH 3TOT MPOCESHHBIN
U3BECTHIK TPEOOBAJl KCIOJIb30BAHHS JOPOTMX MOCYHBIX MAIIMH I JajdbHEUIIen
nepepabOTKH B BRICOKOKAYECTBEHHBIE MaTepHaibl. YacTo 3arps3HEHHbBIN H3BECTHSK 0e3
KaKoi-mM00 JOMOJHUTENBHON 00pabOTKM HCHOJIB30BAM B KaueCTBE HHU3KOCOPTHOTO
NPOCESHHOTO IIEOHS Ui JOPOXKHOTO CTPOMTENHbCTBA. B CHIIbHBIE MOPO3BI WM B
3aCyNUIMBBIX PETMOHAX TpHU JAe(UIUNTEe BOJBl TMPOMBIBOYHBIC YCTAHOBKH HWMEIOT
OTrpaHWYEeHHOE TpHUMeHeHHe. Kpome Toro, HCHOJIb30BAHWE MOCYHBIX YCTAaHOBOK

TpeOyer moporocrosimei oOpabOTKM oOcaaka, yAaaeHUs CTOYHBIX BOJA M YAaJCHUS

OTXOO0B.
Product ?nlet Exhaust to filter
(Nassguttrichter) (Abluftauslass zur

Drying zone Cleaning zone
(Trocknungszone)| (Reinigungszone) t \ Entstaubungsanlage)
I | / 4 i LI

Exhaust

(Abluft)
\ _J ]
A

o el o= =
I5 N" a@f\ T
By
.
Burner aggregate T Product outlet

(Brenneraggregat) [ (Ausfallgehause)

Pucynok 24: Cxema cymmibHoro 6apadana TRH mis cyxoit 4ncTku KamHs
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YuukanpHas Oapabannas cymika TRH, mokazanHas Ha pucyHke 24, IpeaCcTaBIsieT
€000 METOJI, KOTOPBIN CYIITUT MPOCESTHHBIA U3BECTHSIK M OJTHOBPEMEHHO OCBOOOKIAECT
€ro OT Wia U TJIMHBI 0€3 HEOOXOJAUMOCTH MCIOJB30BaHUS BOJBI MW JOPOTOCTOSIINX
cucreM Mouku kamHed. Kak m B ommcamHoii Bbime cucteMe RTT, cmcrema TRH
UCTIONB3YeT OapabaHHBI OTCEK YBEIWYCHHOTO JMaMeTpa, HO C HEKOTOPBIMH
crienuanbHbIME JonacTsamu. B 6apadane TRH orcek mis OUYUCTKH cleAyeT 3a OTCEKOM
OBICTPOI CYIIIKM MPH TOBBIMICHHBIX Temneparypax. CyrJIMHOK M TJIMHA YAQISIOTCS C
MOBEPXHOCTH HW3BECTHSAKA COYETAaHUEM OBICTPOTO BBICHIXaHUSI W WHTEHCHUBHOTO
UCTUpaHus kamHel. [IpuMecu ynmansioTcs W3 CYIIWIKH BMECTE C OTpabOTaHHBIM
BO3IyXOM WJIM MOTYT OBITh OTJEICHBI OT OCHOBHOTO MPOAYKTA C MOMOIIBIO TOBOJIBHO

IMPOCTHIX MMPOCCUBAIOIIUX MAIIWH ITOCJIC CYIINJIKH.

Pucynoxk 25: Cucrema cymku TRH nist ouncTku n3BecTHsIKA

@DaKTUYECKH, BBICOKOKAUYECTBEHHBIM U3BECTHSKOBBIM KaMEHb, IMOJYYEHHBIM 3TUM
crocoboM, UMEET TaKoe K€ WM JlaXe Jydlllee KauecTBO, YeM TOT, KOTOPbIN MOITy4aroT
Ha TPAJUIMOHHBIX MOEYHBIX KOMIUIEKCAaX Ha KaMHeoOpabaThIBAIOLIUX 3aBOJAX,
HECMOTPS Ha 3HAYUTENBHO 0OJiee HU3KHE KAMUTAIbHBIC 3aTPAThl, a TAKXKE 3HAYUTEIHHO
0oJiee HU3KHE IKCIUTYaTAIlIOHHBIE PACXOJIbl, BOSHUKAIOIIUE B PE3YyIbTaTe OTCYTCTBUS
HEOOXOJUMOCTH HCMOJIb30BaHUS BOJbL. KpoMe TOro, MCronb30BaHHE ITONW CHCTEMBI
3HAUUTENBHO YMEHBIIAET KOJIMYECTBO HEOOXOIUMOro 00O0pYyAOBAaHUS UM KOHBEMEpPHBIX

OJIOKOB, a TaKkXKe TPeOyeT ropas3io MEHbIIIE MECTa JUIS YCTAHOBKH.
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Ha pucynke 26 moka3aH NpUMEpHBIH oOpa3en MpOoJyKTa, MOJTYYEHHBIH IOCIe
ounctku B 6apadane TRH (cnpaBa), B cpaBHEHHH € TPSA3HBIM MPOIYKTOM, 110/1aBAEMbIM

Ha 3aBOJI (ClIeBa).

Pucynoxk 26: O6pa3ibl M3BECTHAKOBOTO KaMHsI J10 M mociie cymuiaku T RH

BrimeynomsiHyThle  TIpeMMyIIecTBa OBUTHM  MOATBEP)KICHBI HMCCIIEOBAHUEM B
corpyaHndyectBe ¢ kiueHTamu [13]. DQQeKTHBHOCTH 3TOr0 HHHOBAI[MOHHOTO
TEXHOJIOTUYECKOT0 PEIIEHHs CPaBHUBAJIACh C CCTEMaMM MOMKH KaMHsl ¢ CYIIKON U 0e3
CYUIKH IPOMBITOrO MarepHuaia. Pe3ynpTaTbl MOKa3blBalOT SBHBIE NPEHMYILECTBA C
TOYKHA 3pEHHUs] DHEPromnoTpeONeHMs, KalUTAIbHBIX 3aTpar, AKCIUTyaTal[HOHHBIX

pacxooB | 3aTpaT Ha TeXHUUECKoe oOcmyxuBanue (Pucynok 27).

6

miInvestment Costs

5 OGround and Buildings
B Special Costs

OMaintenance

OManpower Costs
BElectricity
OThermal Costs

Costs per ton treated material in €
[F]

Dry Cleaning Wet Cleaning Wet Cleaning with Post-
Drying

Pucynok 27: 3aTpatsl Ha CymIKy/O4nuCTKY U3BecTHsKa B Oapabane TRH B
CpaBHEHHUH C 3aTpaTaMy Ha MOMKY KaMHEH 0e3 U ¢ mocieayromen cymkoi [13]
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Pa3pa6oTka HOBOro Bpamawuerocs TpyoyaToro oXJaauresas 1Js ChITy4ux
MaTepHuaJIoB

Bo MHOTMX MPOMBIIIJIEHHBIX CITydasx HEOOXOANUMO OXJIaKIaTh TETIIbIA UM TOPSYHi
npoaykr mocie  cymkd. OcoOeHHO  ropsyue  ChIIydyue  MaTepualibl  OT
BBICOKOTEMIIEPATYPHBIX IMPOIIECCOB, TAKUX KaK MPOLECCHl MPOKAIMBAHUS, OKUCICHUS
WIN CTOpaHus, TpeOyIOT CIIeHUAIBHOTO OXJIaXIEHUS OT Temieparyp okono 700°C wmm
naxe 1200...1400°C nmo Gonee Hu3kmx Temmeparyp. [IpuMepamMu Takux TPOTYKTOB
ABIIAIOTCS TUTMEHTHI (HalpuMmep, ITUOKCUI TUTaHA), IUIAKH, OKCHIBI U THAPOKCHIbBI
METAJIJIOB, [IEMEHTHBIA KIUHKEP, ry04aToe >kene30, OKalnHa, aKTUBUPOBAHHBIN YTOJb,
KaTajau3aToOpbl M OTXOJbl OT IUIABHIBHBIX 3aBOJOB. JlanpHeimas oOpaboTka 4YacTo
HEBO3MOJKHA 0€3 oxJaxIeHus MmpoaykToB jgo Temmeparypsl 100...150°C. Bo mHOTHX
CIy4asx TEIUIOBas JSHEpPrus, CcoJepXkallascsi B TBEPAbIX BELIECTBAaX, JOJDKHA
BO3BpAILlATbCS B TMPOIECC CYWIKM WM TpokaiuBaHus. [lomMumo HCmIOIB30BaHUS
XOJIOAWJIBHUKOB € TMPSMBIM KOHTAaKTOM MEXJYy OKPYXKAIOIIUM BO3AyXOM U
OXJIQXKJAEMbIM MaTepuajoM, BpallaolIUecss TpyOdaTble OXJIATUTENd KOCBEHHOTO
JEHUCTBUSI TAaKXE€ UCIHOJIB3YIOTCA B  IMPOMBINIIEHHOCTH. OXJaXACHUE MOKET
OCYILECTBISATHCS BO3AYXOM WJIM BOJOW. TEepMHH «KOCBEHHBIM» O3HA4aeT, 4YTO
OXJIXAAroUasi *KUJIKOCTh HE BCTYMAET B NPSAIMON KOHTAaKT C TOPSYUM MPOIYKTOM,
MOJIEXKAIIUM OXJIAKIECHUIO0. BMECTO 3TOro Temio nepegaeTcss OT ropsuero Npoaykra K
OXJIQXKAAKOLIEHN )KUIKOCTH Yepe3 CTEHKY, KOTOPasl pa3ieisieT TENJIOHOCUTENH.

Poropuble oxytaguTeny HENpsIMOro NEUCTBUS C IUIAHETAPHOM Iepefadei pa3IudHbIX
KOHCTPYKLIMH, HCHOJB3YIOUIME B KauyeCTBE OXJAXKIAIOMEH cpenbl aTMOC(epHBIN
BO3YX, U3BECTHBI JECATHICTUSAMH [ 14].

Ouenp 3(dexkTrBHAS TEXHOJOTUS OXJIKICHUS OOECIeYMBACTCS BpaIalOIIAMCS
TpyOUaThIM OXJIQAMTENIEM, B KOTOPOM B KauecTBE OXJXKAAIOMIEH KHUIKOCTU
ucnoinp3yetcst Bona [15]. DTor HOBBIA oxyaguTens, Ha3BaHHBI RK-W, obecneunBaer
MHOT0 IIPEMMYILECTB 10 CPABHEHUIO C PaHEE U3BECTHBIMU peleHusMu. Ha pucynke 28
MOKa3aH TPEXMEPHBINA UepTex oxyaautens 1 oxiaxaeHus 40 1/4 okcuaa mMeTaia ot

temnepatypsl Ha Bxojzie 800°C 1o temnepaTypsl Ha Beixoje Menee 150°C.
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outlet

Pucynoxk 28: PoTopHBIil 0XJ1aiuTenh KOCBEHHOTO OXJIAXKCHUS JIJIsl TBEPIOTO
BEIIECTBA MPOU3BOIUTEIHLHOCTHIO 40 T/4

OxaguTens U3roTOBJICH C UCIIOIh30BaHUEM, HarlpuMep, 6 uiau 8 Tpyd ¢ TBOMHBIMH
CTCHKaMU C OXJIAXKIAIOIICH BOJIOH, MPOTEKAIOMICH B IPOMEXKYTKE MEXAY TpyOamMu. ITo
HCKITIOYAeT HeOOXOIMMOCTh MCIOJIb30BAHUS TSHKEIIOTO U CIIOKHOTO CBAPHOTO KOpITyca
Bparmaronierocs O6apabaHa, Kak 3TO OBUIO CIAETAaHO B TaK HA3bIBAEMBIX CEKIIMOHHBIX
oxJjanuTensx, npenioxkeHHsix BSH necatunerust Hazaa. B ceKIMOHHBIX OXJIaIUTENsX
SIBHBIC TEPMHUYECKHE HANPSOKEHUS MOTYT MPUBECTH K TOBPEXKIACHUIO CTAILHOTO
KOpIyca KOHCTPYKILHHU, KOTOpash UMEEeT HEOONBIIyI0 THOKOCTh. OTH TEPMUYECKUE
HampsHKeHUs MOTYT MPUBECTH K 00Pa30BaHMIO TPEIIUH B CBAPHOU KOHCTPYKLIUU.

B HOBOI KOHCTPYKIIMM OXJIagUTelNs HCIOIb30BAHO PEIICHHE, KOTOPOE AOIMYCKaeT
pacimupeHe Teroo0MeHHBIX TpyO. Takass KOHCTPYKIUS MPUBENIA K CHIDKEHUIO Beca U
YMEHBIIIEHUIO CBAPOYHBIX PA0OT, HEOOXOIUMBIX MPU U3TOTOBJICHHUH.

CTpyKTypa HOBOTO BpalalOIIerocsi TPyOo4aToro oxXJjaauTens Oblla ONTHMHU3UPOBaHA
C TOYKM 3PEHHS] TEPMHUYECKUX HAIPSHKEHUH W CpOKa CIYKObl C HCIOIb30BaHUEM

COBPCMCHHBIX paCuYCTOB MCTOJOM KOHCYHBIX 3JICMCHTOB (pI/ICYHOK 29)
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o= 53 N/mm*

Pucynox 29: PesynpraTel FEM-pacdera HOBOM KOHCTPYKITUN OXJIQUTEISI

B HOBOM oOxmnaauTene MPOCTPAHCTBO TPYyO € NBOWHBIMH CTEHKAMHU ITOJIHOCTHIO
3alI0JIHEHO TPOTOYHOM BOJOW, YEro HENb3sl CKa3aTh O CEKIIMOHHBIX OXJIATUTEISIX.
[IpoucxoguT  NOCTOSHHOE  OXJIAXACHHUE  BCEX  JIOCTYNHBIX  MOBEPXHOCTEU
TEMI000MEHHUKA, HECYIIETO TOPSYUA TPOAYKT, JOCTUTas yaydiieHus 3¢(HeKTUBHOCTH
oxyaxaeHus. Oxaxaaroias Boja MoAacTCs U yAAIsSeTCs OCPEICTBOM IrepMETUYHOTO
MIAPHUPHOTO COCAMHEHUS M TPYOHBIX COCAMHEHUH, MPOXOIANIUX K OTACIbHBIM
OXJIAKJAIONUIUM TpyOaMm, KOTOpPBIE HECYT MPOIYKT, W BBHIMOJHEHBI B BHUAEC TPYO C
JNBOMHBIMU CTE€HKamMHu. l'opsiuvie TBepAble YacTHIlbl, BBOJAMMBICE B OXJQJUTENb,
MepeMeNIaloTcs OT BXOJIa K BBIXOMY IMOCPEACTBOM BpAIICHHUS U HEOOJBIIIOTr0 HAKJIOHA

OXJIagHUTEIIA.

Pucynok 30: JIJabopaTtopHbIii 0XTaIUTENb IEPUOTUIESCKOTO JSHUCTBHS IS
OTpeziesieHUs] CBOMCTB ChIMMYYHX MaTepUajIoB U TEIUIONEPeIaul TBEPAbIX BELIECTB
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UToObl HA/JIEKHO CIIPOSKTUPOBATh amrmapar, B TEUEHHE Nepuoja pa3padoTKu ObLTH
MIOCTPOCHBI JIB€ J1a0OpaTOpPHBIEC HCIBITATENbHbIE CUCTEMBI. VICIONB3ysl 3TH CHUCTEMBI,
MOYKHO OBIJIO OMPEAETUTh JaHHBIE O CHIIYYUX MaTepHuagax Juis KOHKPETHOIO MPOJIyKTa

1 K03 PUITMEHTHI TETTONEpeIau peabHbIX TBepIbIX BemecT (puc. 30 u 31).

Pucynox 31: HchoeiTaTenbHass yCTaHOBKA [JIi HEMPEPHIBHOTO OXJIAXKICHUS
TBEP/BIX YaCTHII.

B corpynHuyectBe ¢ BHEIIHUM TEXHUYECKUM OTAEIOM OBUIM IPOBEIEHBI
monenupoBanuss DEM nist oxmamuTenst TBEpABIX YACTHUI] C MCIIOIH30BAHUEM CHITYyYUX
MaTepUaIoB M TEIIOOOMEHHBIX CBOWCTB PEAILHOTO MPOJYKTA, OMPEICICHHBIX B X0/
KaJIMOpOBOYHBIX UcTbITaHUN. KannOpoBka nmpoBoaniiack B HEOOJIBIIOM BPAIIAIOIIEMCS
nuwivHape auamerpom 180 MM u TBepaoW 3arpy3ke W3 2,5 Kr OKCHAa MeTajlja C
o0vemHOI mIoTHOCTRIO 2300 kr/m®. Ilepennmii KOHEN W 3agHSS CTOPOHA IWIMHIpPA
OBLIH CJeNIaHbl U3 MPO3PAYHOrO TUIACTHUKA, YTOOBI MOXKHO OBUIO HAOIIOAATh JBUKCHHE
TBEPAOIO Chilyyero marepuana. Hampumep, UWIMHAP MNPUBOAWIM B JIBUXKEHHE CO
CKopocThio BpaieHnus 4,08 MUH (0,068 c'l). VYTron HakJIoHa MaTepuajga cocTaBml 33°.
C momomipio pa3nUYHBIX Tporeayp monenupoBanuss DEM sroro wucmeirarensHOro
o0opymoBaHusi OBUIM  OMpEACNeHbl COOTBETCTBYIOIIHME TapaMeTphl  OOBEMHBIX
XapaKTePUCTUK ¢ KOIPGUIIMEHTOM TpeHus dyacTuipl-yactunbel ff = 04 wu
koa(durmentom tpenus kadenus fr = 0,2. Ha pucynke 32 crneBa mokaszaH mpoduib
pETbHOTO TMPOJYKTa M CHOpaBa pe3yibTaT MOJCIUPOBAHMS C HUCIHOJIb30BaHUEM

BBILICYIOMSAHYTHIX K03 PuimeHToB TpeHus 1 moaenupoBanust DEM.

36



Pucynoxk 32: PesynbTaThl KaTMOPOBOYHBIX UCTIBITAHUM JIJISI OTIPEICTICHUS
00BEMHBIX XapaKTEPUCTUK (TIpUMep: MPOKaJICHHBIN LIMHK, CKOPOCTh BPAIICHUS
4,08 mun™, yros oTkiauka 33 °©)

Takum xe o0pa3oM mapamMeTpsl, XapaKTepPHU3YIOILIHE TEIUIONPOBOAHOCTh YaCTHIL
thCoP u temnonpoBognocts thCoW wu3 Hep)kaBerole CTaimy, ONpEeNesid U3
9KCIIEPUMEHTOB C IEPUOIUYECKUM OXJIaKICHHEM, OIMCAHHBIX BBIIIIE.

Hakonen, ¢ pa3paboTaHHBIMH  KaJUOPOBOUHBIMM  [apaMeTpamMH, KOTOpHIE
MOKA3bIBAIOT XapaKTEPUCTHKY PEaIbHOTO TBEPAOTO MarepHaia, Oblla CMOJEeTUpOoBaHa
nosHoMaciiTabHas ycraHoBka. Ha pucynke 33 mokaszaH pe3yiabTHPYIOUIHH Mpoduib
TEeMIepaTyphbl TBEPAOr0 MaTepuaia Mo JUIMHE OXJIaJUTeNs sl oXJaauTens JiuHon 10
M, TPOU3BOJIUTEIHLHOCTHI0O 40 T/4 TPOKAICHHOTO IMHKA C TEMIepaTypoil momadu

TBepaoro BemectBa 700°C.

Temperature (K)

L, 300.0 686.5 1073.0
' osest '

Pucynox 33: Pesynbratel DEM-MonenupoBaHusi poTOPHOTO OXJIaguTens (IIUHK
npokajeHHsbIi, 40 T / 4, Temneparypa TBeporo Bemectsa Ha Bxozae 700°C)

CpaBHuBass pe3ylnbTaThl MOJAEIUPOBAHUSA C TEIUIOBBIM OalaHCcoOM, YHCIaMHU

TCILIoNCpeaaun U C TpaI[HHHOHHOﬁ OLICHKOM HCIBITAHUM TEXHHUYECKOTO OCHTpA, OblIa
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MOATBEPXKJIEHA BOCIPOU3BOAUMOCTH  PE3YNbTAaTOB. Takke ObUIM — OMpeeNeHBI
kodduimeHTs! Ternonepenayun ot 124 no 237 Bt/ M2 K s MPOKAJIEHHOTO IIUHKA, OT
120 mo 208 Br/M*-K JUIs KBapIiieBoro mecka u ot 81 mo 126 Br/M%K IUIL OKCHIa
JKene3a. DTU pe3ysibTaThl COOTBETCTBYIOT JJAHHBIM U3 JIUTEPATYPHI [ 16], MOKa3aHHBIM B

KaueCcTBE NpUMEpPA HA pUCYHKE 34.

108 =
[ a}
_— p=1,01-10° Pa

W/im?

2 durch-
0 ischte
o Schiittungen
5
2
-Iﬂ'l 1
5 10’ 2 5 102 2 5 s 10°

Zeitt
Pucynok 34: KoaddunueHnTs! Teronepenayn OT CTEHbI K CMEIIAHHBIM CHIITYYHM
marepuanam, Jlanusre WWunschmann [16]
B npanpheiimem ans pa3pabOTKH MOTHO(PYHKIMOHATBHOM CHUCTEMBI OXJIaXICHUS
MOTYT HCIIOJIb30BaThCs KaK HEMpPEpbIBHbIE UCTIBITAHUS B TeXHUYECKOM LieHTpe Allgaier,
Ttak 1 Meton umutanmu DEM, ocHoBaHHBIN Ha KamTMOPOBOYHBIX HCIIBITAHUSX CBOMCTB

CBIITYYUX MAaTCPpHUAJIOB U TCIUIONCPCAAYUN PCAIbHBIX IMTPOJAYKTOB.

BbIBO/IBI U MEPCNEKTUBBI

Kak moka3pIBarOT pa3iuuHbIe MPUMEPHI, Bpamawimuecs 0apabaHbl st 00paboTKH
CBIITYYCro Marcpuajia B UCJIOM U JJISI CYHIKU U OXJIAXKACHHUSA B CIICHUAJIBHBIX YCIOBUAX
BCE €IIE€ HEYKIOHHO COBEPIICHCTBYIOTCS. B  cTarbe moapoOHO  OMHCaHBI
IKCIEPUMEHTAIBHBIE CCIICIOBAHMUS IO OMPEICIICHUIO YISIFHOTO pacxo/a UCTIApSHHOM
BJIarW (BJIATOHANPSDKEHHOCTH) B OapabaHHBIX Cymuiakax. [IpeacTtaBieHbl HOBBIE
MPUIIOKCHUA JIA MCIOJIb30BAHUSA BpPALIArOMINXCA 68.p8.6aHOB, TAKHUC KaK pa3JIMYHbIC

METO/bl KOMOMHUPOBAHHOM CYIIKH M OXJIQXJICHHS, CYIIKa Ype3BbIYallHO aOpa3MBHBIX
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TBEP/IBIX BEIIECTB, TAaKMX KaK CTEKJIO00W, KOMOMHMpOBAaHHas CYyIIKa W yJaJleHHE
ITUKETOK, YUCTKa W CyIIKa [IeOHs HM3BECTHSIKA W KOCBEHHOE OXJaXKACHUE OYEHb
TOpSYMX TBEPAbIX YaCTHIl BOJOW B HOBOM POTOpPHOM oxjamurene. IlpeacraBineHsl
pe3ynbTaThl SKCHEPHUMEHTAIBHBIX HMCCIICAOBAHNN Ha PA3IMYHBIX ITOJIHOMACIITaOHBIX
NPEANPUATHIX-TIOTPEOUTENAX, KOTOPhIE MOKAa3bIBAIOT MpaKTHYeckuii 3ddekt u maror
peKOMEHIAlMU JUIi KOHEUHBIX Tojb3oBareneld. Haxonen, omucan mnpumep
UCTIONIb30BAaHUSI COBPEMEHHBIX METOJI0B MOJAEIMPOBAHMS IPH pa3paboTKe ammapaTta Ha
puMepe HOBOTO POTOPHOTO OXJIAUTENSI KOCBEHHOTO OXJIaXKICHHSL.

OnHako 3((eKTUBHOCTh POTAIMOHHBIX MPOIIECCOB BCETra MOKHO YIYYIIUTh. JTO
BOIPOC MHOTOJIETHETO ONbITa M HCIOJB30BAHUS COBPEMEHHBIX METOJIOB pacueTra u

MPOEKTUPOBAHUS, YTOOBI HANTH MPaBUIIbLHOE PELICHHE B UHTEpPECcax KIMEHTA.

YciaoBHBIE 0003HAYECHUS

ff Koaddumment tperus yactuira-yactuna 1 moaenuposanus DEM
fr Koadduument tpenns kauenus ains moaenupoanus DEM

N1+x [JTx] DHTaJIBINS BIAXKHOTO BO3/IyXa

her [JTx] DHTANBIIUSA TBEPAOr0 MaTepraa

my, [xr/c] OO01muii MacCoBBIN pacxo] BO3AyXa

myy, [kr/c] YTeuka BO31yxa, MaCCOBBIN Pacxol

Mp, [kr/c] MaccoBbIii pacxo/1 TBEpJOr0 MaTeprasia

Ps [Br] MOIIHOCTH TOPEIKH

Q, [Br] [ToTepu OT TEIIIOBOTO H3ITYYCHUS

tamb [K] Temreparypa OKpy»KaroIiero Bo3ayxa

ta,mix [K] PesynpTupyromas Temreparypa BHITSHKHOTO BO3TyXa
tareal [K] Temrmieparypa oxJaxaaroIiero (OCyIaroIero) Bo3ayxa
te [K] Temrmeparypa ropsiaero ra3a Ha BXOJIe

thCoP [Br/(m K)]  TemmonmpoBOaHOCTh YaCTHII

thCoW [Br/(m K)]  TemionpoBoaHOCTh HEPKABEIOIICH CTAIH

tpr s [K] Temmieparypa TBEpIOro MaTepuana Ha BX0Je

tpir [K] Temrmieparypa TBEpPIOTO MPOAYKTA HA BBIXOJIE

Va mix [m/c] CKOpPOCTh BO3IYIIIHOTO IMMOTOKA

Xpr [-] BrnaxHocTh TBepAOro Marepuaia Ha BXOJIE

Xp.tr [-] OcrtaroyHast BIQXXHOCTb TBEPJOI'0 MaTepHasa Ha BBIXOJE
® [xr/(c m3)] yIENbHBIA PacXo/] MCIIaPEHHOM Bard (BJaroHanpsHKeHHOCTD)
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CokpaiiieHus

DEM Meroz TUCKPETHBIX 3JIEMEHTOB

RK-W KocBeHHBIH MTaHeTapHBIA 0XJIATUTETh
RTT KomMmOuHupoBanHas 6apabaHHas Cylika U OYMCTKa
TK Trocknen / Kihlen = Cymka/Oxnaxnenue
TRH Cymika 1 ouMcTKa U3BECTHSIKA
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Rotary drums for efficient drying and cooling

Rotary drum dryers have been used for decades for drying many different types of
goods and are widely used in the building, minerals and raw-materials industry, but in
the chemical industry, fertilizer industry and in other branches as well.

At the same time, however, drum dryers have further been improved and permit energy-
efficient applications, particularly in the minerals industry, and for very robust and
hard-wearing solutions. Significant progress has been achieved for special applications,
such as drums for combined drying and subsequent cooling in one unit, dryers with heat
recovery by gas circulation or the use of evaporating cooling, rotary drums for
granulation and coating procedures, indirect cooling drums for hot products by air or

water with heat recovery, etc.

Keywords: rotary drum, drying, cooling, kiln, heat recovery

Drum dryers: energy-efficient and particularly robust and reliable

Rotary drum dryers are present in industry for many decades. They are used for drying
and cooling, for calcining, granulation and coating. While historical drum dryers are
mainly inclined to realize solids transport in combination with the rotation, modern
drum dryers are more often installed horizontally. Lifting blades pick up the moist solid
from the bottom of the drum letting it fall again, allowing contact between the hot



drying air and the moist solid. An essential factor for the efficient utilization of the
heating energy is the optimal design of the dryer’s internal fittings, as these have to
guarantee optimal and intensive contact between solids and the drying gas. The design
of the arrangement, shape and number of fittings require a combination of extensive
experience, trials and calculation for proper design.

In most drying applications, the solid material is conveyed in a co-current flow (i.e. in
direction of the gas flow). A combination of parallel flow and cross flow between the
drying gas and the material is produced in the dryer, while cooling in most cases is done
in countercurrent mode. Countercurrent applications for drying or heating are found
mainly in the asphalt industry as well as in high-temperature applications and in
calcining.

Various methods for heat recovery by exhaust air circulation or evaporative cooling are
available and have been developed to the latest state of art during the last decades.
Modern double-shell drums are horizontally designed, allowing the material in the outer
shell to be conveyed in the opposite direction to the material in the inner shell. This

allows a combination of drying and cooling in one unit.

Figure 1: Big rotary drum from stainless steel at the manufacturing hall (4.5 meter in
diameter, 35 meter length) for drying of 320 tph fertilizers

Drum dryers are suitable for fine materials such as silica sand, but especially for rather
coarse bulk solids. They are built for solid mass flow rates between 5 and 350 tph
(Figure 1). Particular advantages of drum dryers are that they are largely insensitive to
fluctuations in the starting moisture content of the material to be dried and to



fluctuations in the feed mass flow rate, to the size of the particles or to unwanted lumps
or foreign coarse materials.

With appropriate design of the internal fittings, even very abrasive materials can be
processed. In rotary drums for abrasive materials the drum walls, the blades and vanes
inside are made from thick-walled steel.

Drum dryers are especially tolerant to operating errors and therefore optimally suitable
for installation in areas of poor infrastructure. The cost for automation of the dryer
control system is comparatively low. In the event of a power outage, it is usually
possible to resume operation when power supply is restored. In the event the supply of
drying air cuts out, the solid in the drum dryer is reliably conveyed just by the rotation
of the drum. Due to the comparatively simple setup of a drum dryer, end-users can
perform dryer assembly on the construction site themselves. This is advantageous in
global markets where locally available exhaust air filters are used or air ducts are
installed by local companies themselves. Additionally, drum dryers can usually be
commissioned in a relatively short time.

Technical requirements for heating drum dryers are relatively low. Modern burners
have only small combustion air fans. The moisture-laden exhaust air is extracted from
the dryer by means of a draught fan, fed through a bag filter to remove any entrained
dust and emitted into the environment through a chimney flue. The system of pipes for

the exhaust air from the drum dryer is a comparatively simply arrangement as the air

only has to be extracted from one point on the dryer casing.

Figure 2: View into a dryer drum with flame in the interior of the drum



The combustion gases are partially mixed with ambient air to obtain average drying air
temperatures between 600 °C and 900 °C. For thermally insensitive materials (e.g.
silica sand, slag), the flame can burn directly into the rotating drum (Figure 2). For the
drying of temperature-sensitive materials (limestone, clay, bentonite, recycled plastic or
organic waste), firing chambers are used.

In general, rotary dryers have low specific heating-energy consumption if the process
can be run with a high inlet-air temperature. Hence, a key feature is their extremely
energy-efficient operation. High hot-gas temperatures result in low amounts of drying
air and less heat losses by the exhaust.

All the above mentioned features gave rotary drums a renaissance in the industrial

praxis at present.

Advantages of rotary drum dryers

For a required application suppliers often promote their particular own technology no
matter of rotary dryers, fluid bed dryers, flash dryers, paddle dryers or other. This has
led to uncertainty among users selecting an optimal drying system.

Rotary drum dryers have multiple advantages in comparison to other drying
technologies. As drum dryers are suitable for both, fine and coarse particle sizes, and for
very coarse bulk materials as well, it is not necessarily imperative to adjust the amount
of air into a drum dryer for a change of product. The material in the drum is transported
by means of the rotation of the drum regardless of the air flow. As a result, drum dryers
can be operated with high reliability.

A special advantage of drum dryers is that it is possible to adjust both the hot-gas inlet
temperature and the amount of drying air in periods when a drying system designed for
a specific throughput is operated for a long time at a significantly reduced performance.
Reduction of the drying air amount makes it possible to keep the hot-gas temperature
high, close to design value. As described above, this means that the low specific fuel
consumption per ton of dried solid is maintained even when the dryer is not operating at
its full rated power.

The specific electricity consumption of a drum dryer is relatively low. As the specific
fuel consumption per ton of material to be dried increases if, due to a continuously low
amount of material or low moisture content of the material, the drying system is not

operated at the rated drying air temperature for which it was designed, rotary drum



dryers are characterized by the advantage that the control of the dryer can be done by
the air mass flow rate and must not be done by the inlet drying air temperature.

Advantages of Drum Driers at a glance

e Suitable both for coarse and fine solids

e Largely insensitive to coarse or heavy solids

e Low expenditure for the inlet air equipment

e Insensitive to changes in the particle size

e Insensitive to fluctuations in the moisture content and the mass flow rate
¢ Insensitive to cut-out of the drying air

e High drying air temperatures combined with low heat losses

e Low specific electrical energy requirement

e Constant specific heating energy requirement even at only partial loads
e Straightforward installation and quick commissioning

e Tolerance to operating faults

e Very rugged and thick-walled equipment with long life-time

e Moderate wear and low spare parts requirement

However some disadvantages of rotary drum dryers should not be neglected.

Drum Dryer Disadvantages

e Requirement of heavy equipment (thick-walled design of the drum)
e The design of the internal fittings requires many years of experience.
e Solid materials are only partially de-dusted during drying.

o Counter-flow applications are limited to coarse-grained materials

Selection criteria for the use of dryers in the process industry

For practical applications the decision must be done on the basis of a couple of main
criteria which are of particular importance to the client.
Selection criteria from which a decision in favor of rotary drum dryers can be taken [1,

2] are summarized by the below listing:



e Wide range of material from fine to very coarse

e Non-uniform particle distribution

e Non-uniform solids quality

e Non-sensitive product against heat

e Use of direct gas or oil burners required

e Fast load changes to be expected

e Mild Steel application sufficient

e No space for a complex supplied inlet air system available

e Outdoor installation required

Energetic and geometrical design of rotary drum dryers

Due to the scarcity of resources and increasing price of energy an even more efficient
design and operation of dryers becomes more and more important.

The design of a rotary drum dryer is traditionally done by means of a thermal balance
for the energetic design of the dryer and by the use of empirical models that are based
on the specific water evaporation capacity o for the geometrical design. By a thermal
balance in the first step operating parameters as temperatures of gases and solids, air
flow velocity, burner power and bulk material mass flow and the temperature of the hot
heating gases are calculated.

The latter inlet drying air temperature is used to estimate the corresponding specific
water evaporation capacity o of the dryer that is used to determine the required inner
volume of a drying drum. It is known for decades that the value o shows a good
correlation to the heating gas temperature and, moreover, to other key determinants as
the moisture content of the wet solids or the temperature of the exhaust air gases and the
hot product temperature. [3, 4]

In literature the latter determinants are often neglected although they have a great
impact on drying characteristics and the resulting drum size. In numerous experiments
carried out [5, 6], the drying characteristics of various products that mainly carries
surface moisture and those products, that carry inner moisture as well, were
investigated. Different grain size ranges, moisture contents and alternating wet material

mass flow, exhaust air temperature and dried product temperature were tested.



Thermal balance
In figure 3 the measuring points of temperatures, air flow velocity vamix and burner
power Pg at a semi-industrial test plant in the Allgaier test center are shown. At the

beginning of the process wet product is entering the drum with a mass flow of my, at a

temperature tp, ¢ and moisture content Xp, +. This material gets in contact with the burner
flame and hot gases t. that are obtained by burning gas. The power of the burner Pg is
measured by means of a gas meter. Besides the hot gases and the wet material, ambient
air at a temperature of tyn is entering the process. The total air mass flow is described

by m, . In the drum dryer the material is dried and heated up to a temperature of tp; and

a residual moisture content of Xp 4. In accordance to this during drying the air is cooled
down to tyrea and its humidity rises. At the outlet of the drying drum there are
unavoidable leakages so that the drying air at a temperature of t,ea gets mixed with
ambient air at a temperature of t,mp,. The resulting exhaust air temperature t, mix and the

air flow velocity v, mix are measured in the exhaust air duct.

Va,mix

1:a\,mix \ tamb 1:Pr,f

Figure 3: Scheme of the semi-industrial test plant TT 20 /4 at Allgaier in Uhingen.



These parameters are entered in equations (1), (2) and (3), where Q... is the total

thermal heat input that is required for the drying process. It should be noted that these
equations are simplified: hi.x represents the enthalpy of humid air, hp, represents the

enthalpy of the solids, @, the thermal radiation losses and m,, the leakage air mass

flow. As a result the hot inlet gas temperature t. is calculated, which cannot get
measured directly due to irregularities in the flow of flue gases and ambient air and the
mixing of both.

Qtnt = th [{:hl+x}a - lI:hl+:vc}e] + r]:ll:"r(lrll:"r,a - hPr,e) + thLCP,L (ta,mix - tamh) + Qr (1)
Qtnt = th CpL (te- - t&.rea]) (2)
Pg = 1y cpy (te — tapms) (3)

Tests and results

Within all tests wet sand and some other products with inner moisture were dried to a
residual moisture content Xp¢. Unnecessary overheating of the solids was generally
avoided which means that the drying process works in the most efficient way.

In a first test period drying of natural sand with three different grain size ranges (0.1
mm to 0.4 mm, 0.4 to 1.0 mm and 1.0 mm to 2.0 mm) was investigated in the rotary
drum dryer in order to find out whether there is an impact of the grain size range on the
specific water evaporation capacity o. In figure 4 exemplary silica sand and its

appearance is shown.

£

Figure 4: Silica sand with three grain size ranges.



The tests were carried out at inlet moisture Xp ¢ 0f 4 % and 8 %. The mass flow was
varied during the tests and it was found that the impact of the grain size is negligible for
products with surface moisture only.

In total, together with the first test row, 72 experiments were carried out. Figure 5
contains an excerpt of these tests. While the black line “before” shows the presently
known evaporation capacities, Figure 5 shows and explains the general behavior of sand
(grain size 0.4 ... 2.0 mm) at different moisture contents. The measurement point with
the highest water evaporation capacity is characterized by the maximum conveying
capacity of the dryer. It might be seen that the water evaporation capacity of sand at a
moisture content of 4 % (red squares) is significantly higher than the values at a
moisture content of 2 %. It follows logically that an increase of the feed moisture

content to 8 % (blue diamonds) leads to a higher specific water evaporation capacity.
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Figure 5: Specific water evaporation capacity o vs. heating gas temperature te in sand

drying and results from customer’s plants. [6]

For both, red squares and blue diamonds, the limiting factor was also the conveying
capacity of the present drying drums. It is significantly higher than the limit at a
moisture content of 2 % since the mass flow needed to reach a high specific water
evaporation capacity is lower.

Moreover high moisture contents of silica sand are not usual and so the impact of

moisture contents higher than 4 % have been neglected in the past.
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Figure 6: Specific water evaporation capacity o vs. hot drying gas temperature te .[5]

Further to the tests with sand additional tests with pumice and with bentonite as
exemplary products with inner moisture were carried out. The same procedure to
measure the maximum drying capacity and to calculate the specific water evaporation
capacity per volume of the dryer was used. As for the sand, higher values of the specific
water evaporation capacity @ for the solids with inner moisture was established than
found in literature (Figure 6). The black line “before” represents the presently used

evaporation rates.

Tests at industrial plants

The laboratory tests were carried out at conditions that usually do not exist in praxis:
constant mass flow, constant moisture content of silica sand etc. However, the mass
flow of material and its moisture content vary significantly in everyday praxis operation
mode. In order to show the opportunities and limits of the new empirical correlation to
design rotary drum dryers, the authors [5, 6] investigated existing industrial drying
plants in everyday operation. Results from three different customer’s drying plants are
presented in figure 5 as well.

The two spots marked with 1) show two different operation modes of a rotary drum
dryer (type: Allgaier TT 90/6,5) that dries silica sand with a grain size of about 4 mm
and a moisture content of 7 %. The dried silica sand that leaves the dryer at the outlet is

10



completely dry (“technically zero” moisture). As it can be seen in figure 5 both
measurement points are significantly below the maximum possible specific water
evaporation capacity. Normally the dryer should be able to operate close to the red or
blue line. The operation mode of the left of those two points (t. = 420 °C) is
characterized by an too high air stream that is sucked trough the drying drum. Hence,
the temperature of the heating gases t. is rather low and the drying plant is operated in
an inefficient way. On account of reducing the air flow by a reduction of the exhaust air
fan power and an increase of the mass flow the operating point moves to a higher water
evaporation capacity at higher inlet gas temperature. So the efficiency of the drying
plant was significantly increased. The analyzed dryer’s operation is still not perfect
since the temperature t. and the water evaporation capacity could be further increased
theoretically. However, this is not possible because the dew point was already very high
in this special case and a further increase of the water load of the exhaust air would lead
to water condensation in the exhaust air duct.

Another drying plant (marker: 2 at figure 5), type: Allgaier TT 120/9,5) is run at the
original design point. Silica sand with a grain size of 0,1 — 2 mm is dried from a
moisture content of 6 % to 0 %. This plant could be run with a higher wet material
stream in order to increase the drying efficiency and capacity.

The third plant (marker: 3 at figure 5), type: Allgaier TT 120/11) is operated at a rather
high hot gas temperature of 900 °C. The specific water evaporation capacity is lower
than designed. In this case it was easily possible to recognize by just measuring
temperatures, powers and mass flows (cf. figure 3), that there must be a technical
problem at the specific plant. The problem was an erroneous control of the exhaust air

fan. This leads to a high drying air stream in the drum.

Conclusions

In a semi-industrial laboratory rotary drum dryer several experiments with silica sand,
pumice and bentonite were carried out. It was shown that for products with only surface
moisture common grains (particle sizes 0.4 ... 2.0 mm) have no practical impact on the
drying behavior. With the help of a thermal balance and the measurement of the
moisture content and mass flow of the solids at the entrance and the outlet of the rotary
drum dryer a relation between the heating gas temperature t. and the specific water

evaporation capacity ® was established and compared with data from literature [3, 4].
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The specific water evaporation capacity increases significantly with the increase of the
moisture content of the solids. At moisture contents of 8 % a maximum of the specific
water evaporation capacity is reached and a further increase of the moisture content
does not lead to higher specific water evaporation capacities. The specific water
evaporation capacity in modern rotary dryers for various specific cases was found up to
60 % higher than usual values in literature. With these results rotary drum dryers can be
designed more compact today and at the same time more efficient.

As a side effect it was found that the method can be used as a service tool to decide

easily whether there are any severe errors in the operation of existing industrial plants.

Combined drying and cooling in rotary drums

After drying, the heated product must often get cooled. Cooling is necessary because of
subsequent processing steps such as conveying, screening, storing, mixing or packing,
which permit specific maximum material temperatures. Cooling is also required if
temperature-sensitive additives are to be added to the dried solid, e.g. certain resins, for
the manufacture of high-quality “"ready mix™ materials from sand for instance. As the
equipment costs and energy costs are related to the technological design, cooling should
only be undertaken to the actual temperature required. For applications in the
construction material industry, this temperature is often approx. 55 °C to 60 °C and less

frequently approx. 40 °C to 45 °C.

Figure 7: Rotary drums for combined drying and cooling of sand
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Drying and cooling in double shell rotary drums

While drying and cooling was done in separate drums in the past, combined drying and
cooling in one rotary drum of special design is a well-established technology at present.
Best known are the double-shell rotary drums of brand name MOZER® TK. Hundreds
of applications can be found in the worldwide minerals and building materials industry
for drying and cooling mainly of sand and crushed lime stone. Examples are shown by
figure 7. While drying takes place in the inner tube of the drum with parallel flow of the
solid product and drying gas, cooling is done in the outer shell using ambient air in
counter flow to the dry and hot product to be cooled. The working principle of

combined double shell dryers/coolers are shown by figure 8.

|

|
i
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\ Moist product
|

L

ﬂ‘?/ ﬂgnnllng air

, Dry product

Figure 8: 2D and 3D principle drawing of a drum dryer system TK with air cooling
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An advantage of the system is the compact design of short length and the possibility to
drive the drum directly by a front mounted gear motor, one barrel ring and one pair of
rollers only. The wet feed product inlet and the dry product outlet at the same side of the
plant can be advantageous, when optional solid by-passing of the dryer/cooler is
required for instance.

Since the hot inner drum gets in contact with the dried solid to be cooled, the cooling
efficiency of the system is limited to final product temperatures of about 55 °C to 60 °C
depending on the ambient conditions. However those cooling temperatures are

sufficient in most cases of the minerals industry.

Drying and cooling in single shell rotary drums

In some cases, lower temperatures near the ambient (30 °C to 45 °C for instance) are
required for the dried output materials. Adding the option of cooling to particularly low
solid temperatures and efficient heat recovery with the resulting energy savings makes

the TK-D Series a welcome complement to the TK double shell dryers/coolers.

. |
Dried and cooled

solid outlet

Figure 9: Rotary drum dryer system TK-D with countercurrent air cooling

In contrast to the double-shell TK drying/cooling drum, the TK-D is a single-shell
drum, which has no contact points between the solid to get cooled and any hot inner
drum surface in the entry area of the dryer. The dried solid is passed by a specially
designed solid transfer compartment from the drying zone to the cooling zone, where
the solids gets cooled by a countercurrent flow of ambient air (Figure 9). Thanks to this
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design, the TK-D drying/cooling drum outputs low-temperature dried solids
approaching ambient air temperature used. In standard applications the both exhaust air
streams from the drying and from the cooling compartment are draught from the
transfer compartment through a single chamber bag filter by the exhaust air fan (Figure

10).

Abluftfilter AbIUT
X . Exhaust air
bag filter
' T
Filterstaub
I' Filter dust
Nafgut s
Wet material . KUhlluft
-P—* [N Cooling air
Verbrennungsluft
Combustion air
Brenner —§ |
Burner
Erdgas Trockengut
Natural gas Dry material

Figure 10: Single extraction of the exhaust air streams at TK-D

With a two-part configuration of the central transfer compartment, exhaust air streams
from the drying zone and from the cooling zone can be individually extracted and de-
dusted. While the moisture-laden dryer exhaust air is de-dusted and released to the
atmosphere, the warm, dry and de-dusted cooling exhaust air can be returned to the
process as preheated drying air resulting in heat recovery from the dry, warm solid
(Figure 11). This provides savings of the primary heating energy such as gas or oil up to
10 %.

The separate supply and exhaust of the gas streams additionally allow different

processing possibilities for the solid and the gas (air):

e Co-current flow or counter-current flow drying, independent of one another, can
be combined with

e Counter-current flow or co-current flow cooling
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Figure 11: Separated extraction of the exhaust air and heat recovery

The use of counter-current flow routing of the air and the stream of solids allows a
particularly efficient high-temperature process for e.g. calcining of solids immediately
followed by cooling. The heating zone can be configured and optimized completely

independently of the cooling zone.

Evaporative cooling in TK+

In times of rising energy prices, the efficient usage of resources is an important method
of increasing cost-effectiveness and the competitiveness of production. Because thermal
drying requires up to ten times more energy compared to purely mechanical water
removal, there is particular interest is using drying systems that are as energy-efficient
as possible. In addition to the above described methods, evaporative cooling is another
method to reduce the energy consumption. Progress towards this issue is supported by
Allgaier’'s MOZER® TK+ technology [7]. It is mainly used for products with surface
moisture only. The combined drying and cooling drum system TK+ offers a concept
that effectively cools the dried sand by means of evaporative cooling and leads to a fuel-
saving of up to 15 %.

While in the majority of cases, cooling of the hot sand is undertaken using dry ambient
air, during evaporative cooling, cooling of the solids is done by evaporation residual
portions of remaining moisture from the particles. Thus instead of exchange of
measurable or "sensible" heat between air and material, evaporative cooling is the
cooling of the material using "latent" heat, which is the heat of evaporation or

vaporization of the water. Theoretically, cooling to the "wet bulb temperature” in
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accordance with the psychrometric principle is possible. As a consequence, the
advantage of evaporative cooling is, that energy is saved during drying by using the
residual heat in the material while the product is also cooled simultaneously.

On the TK+ system, a primary flow of about 85 % to 90 % of the moist sand is dried in
the inner tube of the double shell dryer/cooler. After the drying in the inner tube, the
remaining sub-flow of moist sand is applied to the system in a controlled manner. The
hot dried product is mixed with the cold product that has not yet been dried, referenced

as "bypass product” (Figure 12).
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Figure 12: 2D and 3D principle drawing of a drum dryer system TK+ with bypass feed
and evaporative cooling
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The hot dry product from the inner drum and the bypass product are intensively mixed
in the outer drum by lifting plates. The combined material is conveyed against a very
small flow of cooler ambient air. During this process, the water contained in the bypass
material evaporates, while at the same time the hot product is cooled by the effect of
evaporative cooling.

A proportionally smaller amount, 85 % to 90 %, of fuel (natural gas, light heating oil,
liquefied petroleum gas) is required to dry the reduced main flow of moist sand. Also,
the quantity of cooling air required is reduced due to the effect of evaporative cooling.
As a consequence, system TK+ requires significantly smaller draught air fans and bag
filter plants. In addition to the reduction in the amount of fuel required, there is also a
reduction in the consumption of electrical energy. It is also possible to convert the
standard TK system to the TK+ system without the need to modify or replace the

existing dust removal plant.

Study confirms energy saving due to evaporative cooling

Many years of experience and sophisticated calculation programs make it possible to
calculate the effects described above. Therefore, it is possible to tailor the plants to be
delivered to each customer. An intensive study has been undertaken on a total of eleven
plants supplied by Allgaier to verify whether the actual plant operations confirm the
predicted energy consumption [8]. All available process and consumption parameters
are measured with plants being able to supply information for several years in some
cases. Both MOZER® TK system dryer/coolers and also TK+ system plants were
studied. Comparative assessments of the parameters, determined using the existing
design programs and the values measured on the plants, have shown close agreement
with the original theoretical plant design. The study confirms that fuel savings of
between 10 % and 15 % can be achieved with the aid of evaporative cooling on the
usage of the TK+ system plants. It has also been confirmed that the electrical power
consumption on TK+ plants with evaporative cooling is almost halved, due to the
reduced amounts of waste air. Figure 13 shows the different fuel costs in absolute and
relative terms (referred to a TK+ and 4 % sand moisture content) on the TK and TK+
systems with example sand moisture contents of 4 %, 5 % and 6 %.
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Figure 13: Comparison of fuel costs per metric ton of dry material in TK and TK+ at

different solid’s feed moistures. [8]

Figure 14 shows the electricity costs for both systems, resulting from the different
amounts of air (shown in absolute and relative terms referred to a TK+ and 4 % sand

moisture content).
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Figure 14: Comparison of electricity costs per metric ton of dry material in TK and
TK+ at different solid’s feed moistures. [8]
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Figure 15 shows the mean total energy costs for drying one metric ton of sand based on
the example of an initial sand moisture content of 5 %.
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Figure 15: Total energy costs per metric ton in TK and TK+ at solid’s feed moistures of
5%. [8]

It therefore becomes clear that the potential savings with a system TK+ drying-cooling
drum are dependent on the sand moisture content. Higher sand moisture content
increases the advantages of a TK+. However, it should be generally noted to start drying
with the lowest possible sand moisture content. The initial sand moisture content can be
influenced, e.g., by storage of the sand at a pile for several days for natural water

drainage or by roofing the storage facility and the resulting protection against the rain.

Evaporative cooling or air cooling?

A decision as to which of the available dryer-cooler systems is optimal for a specific
task must be made depending on several factors on case-by-case basis. An amortization
calculation can be used to show which system is optimal for the related application. A
drying plant based on the drying-cooling drum TK+ requires greater expenditure for the
controlled feed of the main flow of moist sand and dosing the bypass flow. Several
technical variants are available for this controlled moist material dosing. It is possible to

use matched bucket conveyors, belt conveyors or a solution with a controlled material
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gate. The additional expense for the material feed, the mature electronic control
program and the higher process-equipment related expenses for the manufacture of the
combined drying-cooling drum TK+ result in a somewhat higher plant price for the
TK+ systems compared to the standard TK systems. In general, the fixed investment
costs of a technology diminish proportionally with increasing overall plant size. As the
additional expense for the detailed aspects of a TK+ also reduce relative to plant size
with increasing plant size, the additional costs for a system TK+ drying-cooling plant
have less impact at higher capacities.

Figure 16 shows as an example the procurement costs for both systems normalized to a
system TK plant with a dry product mass flow of 15 t/h.
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Figure 16: Relative investment costs versus dry product mass flow. [8]

Due to the significantly lower energy costs (fuel costs + costs for electrical energy) on
the usage of evaporative cooling, the additional costs for the bypass flow distribution
and the control of TK+ plant can be generally amortized after 5000 to 8000 operating
hours. The amortization periods shown in Figure 17 were calculated using German
energy prices from 2013. If energy costs as expected continue to increase in relation to
labor and material costs, the amortization period will reduce further.

Particularly on plants with high throughput and high initial moisture content, it is
worthwhile to use energy-saving technologies like that of the MOZER® TK+ system.

However, it is to be noted that low sand moisture content reduces the absolute
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investment and energy costs for any drying plant. Hence the above statement should not
be misunderstood; that any mechanical pre-drying or dewatering of wet products will

always be reasonable, if that is possible.
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Figure 17: Amortization periods versus dry material throughput at different solid feed

moistures. [8]

Rotary driers for drying seriously abrasive products

Rotary driers can also be used for very robust applications such as abrasive products
which might cause significant wear to the dryer’s body and the blades and vanes inside.
An interesting example is the drying of glass waste prior to color sorting [9]. Today,
glass waste is a major secondary raw material. In fact, the glass industry can use it as
cullet to make new glass products while simultaneously reducing the energy
consumption levels of glass melting furnaces. Reduction in the molten glass
temperature when using recycled glass allows the energy costs of glass production to be
reduced considerably. Each 10 % of recycled glass used as a raw material in the molten
glass represents an energy saving of about 2 %. The requirements on achieved glass
quality have risen significantly over recent years in the business of preparing recycled
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glass. Higher and higher recycling rates are being achieved in the molten glass used for
producing bottles, while a low scrap rate continues to be demanded. Therefore, efficient
and high-performance sorting systems are required for glass processing and color
sorting. Today, modern color sorting systems are able to separate individual particle
sizes as small as 2.5 mm effectively — however only if the raw material is provided in
dry and clean condition. Additionally, the recycled glass contains other disruptive
substances such as ceramics, stones, porcelain (CSP), corks, plastics, metal caps and
adhesive labels, as well as all other kinds of rubbish. Recycled glass is predominantly
stored outdoors, therefore greater or smaller amounts of water also get into the outdoor
storage facility depending on the season and the associated quantity of rain. As a result,
recycled glass has a moisture content between 1 % and 6 %, which fluctuates
throughout the year. In order to sort collected glass waste (bottles and glassware, as well
as the contaminants and foreign matter they contain) with an optoelectronic color
sorting system, such as an MSort for example, the wet raw material, which is also soiled
and mixed with foreign matter, must first be dried and preferably simultaneous cleaned
and de-labeled.

Figure 18: Rotary drying system for recycled glass

Drum dryers usually meet all the product-specific criteria for drying recycled glass,

which explains why over recent years there have been more and more drum dryers
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entering service for drying recycled glass. One side effect during the drying of recycled
glass in drum dryers is the associated cleaning of the material by galling of the material
during drying. An impressive example of product received from a rotary dryer (see

figure 18) is shown by Figure 19.

: . gm ;

Figure 19: Recycled glass < 10 mm before and after drying

The hot drying air is cooled down very quickly in the input area of the rotary dryer due
to contact with the moist product, thereby minimizing the danger of deflagration of the
organic components due to the burner flame. Nevertheless, the waste air pipe is
equipped with a spark monitoring system and extinguishing device for safety's sake, in
order to prevent the possibility of a fire in the waste air filter. External hot air generators
are used if particularly high proportions of organic material are present in the
contaminated raw glass. That way the very hot flue gases from the burner are mixed
with ambient air to a rather homogeneous air flow of moderate inlet drying air
temperatures. During the drying process, the glass is heated up to temperatures between

60 °C and 75 °C and dried to residual moistures between 0.5 % and 1 %.

Wear protection

Recycled glass is a very abrasive product, which explains why the materials used for
its processing must be selected very carefully. Suitable design of the installed
components allows the wear to be reduced. In order to extend the service life of
dryers for glass processing, extra-thick walls are used in the drums. Areas where there
is direct contact between glass and the apparatus wall are exposed to particularly high
wear; therefore they are lined with wear protection plates. The wear protection plates

may be designed to be bolted on so that they can be exchanged easily (see Figure 20).
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Figure 20: Bolted-on components installed in a drum dryer

Attention is paid to avoiding the solid material from sliding on the lifting and guidance
paddles, or else keeping this level of sliding low, and also care is taken to ensure that
when the material falls it drops onto a bed of the dried solid material. All this makes it
possible to achieve durable dryer solutions even for highly abrasive solids such as
recycled glass.

Figure 21: Crossways installed components in the drum dryer

Recycled glass should be smashed up as little as possible during the preparation
process, therefore the heights through which the glass falls at the transition points and
within the dryer are minimized. As a result, drying drums for glass are optionally
equipped with special crossways installed components. The crossways installed
components (see Figure 21) achieve very good results with regard to retaining the

particle size during the drying procedure.
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Combined cleaning and drying of recycled glass

Cleaning and label removal can be significantly improved by a combined drying and
cleaning drum dryer RTT, which combines both useful properties for glass processing
[10]. For this purpose upstream the drying zone of the rotary drum a compartment of
bigger drum diameter and consequently longer duration time for the glass is used. This
patented technology involves the glass material to be cleaned being churned in a
cleaning drum ahead of the drying compartment for up to 20 minutes without significant
product damage (see figure 22 as a view into the cleaning zone of an RTT).

Figure 22: View into the cleaning compartment of a combined drying cleaning drum

The individual glass particles rub against each other due to the churning, at the same
time as removing the adhering labels. This is deliberately done while the raw material is
still damp and involves a long holding time, because numerous experiments done by the
author et.al. have shown that this method achieves the best cleaning results.
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Figure 23: Process diagram of the cleaning drum dryer RTT

Following this, the cleaned glass material moves into the drying zone of the drum,
where it is dried (Figure 23 shows a flow chart of the process). Drying glass cullet in
the drum dryer offers the advantage that the necessary amount of energy is low and

thus drying is very effective, both in the counter-flow and parallel-flow principles.

Drying limestone and cleaning it without the use of water

A similar plant design is used by another unique technology for drying and subsequent
cleaning of dirty limestone in a rotary drum [11, 12]. At many of the quarries used to
mine limestone for the construction materials industry and for making fillers and
pigments, the processing that follows yields screened stone with a size of 0 to 60 mm.
In most open-pit mines in Europe at least, this stone has large amounts of loam silt and
clay stuck to it as a result of the composition of the soil layers found above the
corresponding limestone deposits. Until recently, this screened limestone required the
use of expensive stone washers in order to be further processed into high-grade
materials, and accordingly was often taken without any additional processing and used
as low-grade screened stone for road building instead. In heavy frost or in arid regions
with lack of processing water stone washing plants are limited in their usability.
Moreover the use of stone washing plants requires costly sludge treatment, waste water

removal and waste disposal.
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Figure 24: Scheme of system TRH for dry cleaning of stone

However, the very unique TRH drum dryer shown in figure 24 is a method that dry
screened limestone and simultaneously free it from silt and clay without any need for
water or expensive stone washer systems. As in the above described RTT system, the
TRH system uses a drum compartment of increased diameter but with some special
blades and vanes. In the TRH the cleaning compartment follows the drying
compartment of very quick drying at increased temperatures. Loam and clay is loosened
from the surfaces by the combination of quick drying and intensive attrition of the
stones. The fines are removed from the dryer together with the exhaust air or can be

separated from the good product by rather simple screening machines downstream the

dryer.

Figure 25: Drying system TRH for screened limestone
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In fact, the high-grade lime stone obtained with this method is of equal or even better
quality to those obtained with the usual complex stone washer plants despite
considerably lower capital costs, as well as significantly lower operating costs that
result from not having to use water or deal with wastewater. In addition, the use of this
system significantly reduces the amount of equipment and conveyor units needed while
also requiring a lot less installation space.

Figure 26 shows an exemplary product sample received from the TRH (right) versus the
dirty product fed to the plant (left).

Figure 26: Lime stone samples from before and after the dryer/cleaner TRH

The above mentioned advantages were proven by a study in cooperation with customers
[13]. The efficiency of this innovative, technological solution was compared with stone
washer systems with and without drying for the washed material. The results show clear
advantages in terms of power consumption, capital costs, operating costs, and
maintenance costs (Figure 27).

29



EInvestment Costs

5 OGround and Buildings

B Special Costs

OMaintenance

OManpower Costs

mElectricity

OThermal Costs

Costs per ton treated material in €
w

0 [ ,
Dry Cleaning Wet Cleaning Wet Cleaning with Post-
Drying

Figure 27: Processing costs of TRH versus costs of stone washing without and with
subsequent drying. [13]

Development of a new indirect rotating tube cooler for bulk materials

In many industrial cases, it is necessary to cool warm or hot product from drying.
Particularly hot bulk materials from high temperature processes such as calcining,
oxidation or combustion processes require a special cooling from temperatures of about
700 °C or even 1200 ... 1400 °C. Examples of products are pigments (for example,
titanium dioxide), slags, metal oxides and hydroxides, cement clinker, sponge iron, scale,
activated charcoal, catalysts and waste material from smelting plants. Further processing
is often not possible without cooling products down to about 100 to 150 °C. In many
cases, at least some thermal energy contained in the solids is to be recovered during the
cooling that is necessary for engineering purposes. Besides using coolers with direct
contact between ambient air and the material to be cooled, indirectly operated rotating
tube coolers are also used with air or water. The term "indirect” means that the coolant
does not come into direct contact with the hot product to be cooled. Instead, the heat is
exchanged from the hot product to the coolant by way of a wall in the device that
separates the media.

Indirect planetary rotary coolers of different designs using ambient air as coolant are

known for decades [14].

30



A very efficient cooling technology is given by a rotating tube cooler that operates with
water as coolant [15]. This new planetary cooler, named RK-W, provides many
advantages over the previously known solutions. Figure 28 shows a three dimensional
drawing of a cooler for an exemplary customer’s project for cooling 40 tph metal oxide

from 800 °C inlet to less than 150 °C outlet temperature.

Figure 28: Indirect planetary rotary cooler for 40 tph solid

The cooler is built using several, for example, 6 or 8, double-walled tubes configured like
planets with the cooling water flowing in the tube gap. This eliminates the necessity of
using heavy and complex welded rotating drum housing as this was known from so-
called Sectional Coolers proposed by BSH decades ago. In the latter coolers, pronounced
thermal stresses may result in the material used because of the solid implementation that
has little flexibility. These thermal stresses can result in material fracture and cracks in
the welded structure.

However, the implementation of the new cooler results in a design that is tolerant to
expansion by using commercially available tubes. This design led to a reduction of the
weights and to a decrease in the welding work required during manufacture.

The structure of the new rotating tube cooler was optimized in terms of thermal stresses

and service life using modern Finite Elements calculations (Figure 29).
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Figure 29: Results of FEM-calculation of the new cooler design

In the new cooler, all gaps of the double-walled tubes are completely filled with flowing
water, which is not the case at the Sectional Coolers. This constantly cools all available
heat exchanger surfaces carrying the hot product achieving an improvement in the
cooling performance. The cooling water is supplied and removed by means of a sealed
swivel joint and pipe connections running to and from the individual cooling tubes that
carry the product and are designed as double-wall tubes. The hot solids introduced into
the cooler move from the inlet to the outlet by means of the rotation and a slight slope of

the cooler.
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Figure 30: Batch laboratory cooler for determining the properties of bulk materials and
heat transfer of real solids
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To reliably design the processes, two laboratory test systems were built during the
development period. Using these systems, it was possible to determine product-specific

bulk material data and the heat transfer coefficients of real solids (Figure 30 and 31).

Figure 31: Test plant for continuous solids cooling

In cooperation with an external engineering office, DEM simulations were performed for
a solids cooler using the bulk material and heat transfer properties of the real product
determined during calibration tests. Calibration was done at a small rotating cylinder of
180 mm diameter and a solid filling of 2.5 kg metal oxide with bulk density of 2300
kg/m3. The front end and back side of the cylinder was made of transparent plastic
material that the movement of the solid could be observed. The cylinder was driven at a
rotational speed of 4.08 min™ (0,068 s™) as an example. An angle of response of 33° was
measured. By various DEM simulation procedures of this test equipment, corresponding
parameters of the bulk characteristics have been examined to a particle-particle-friction
coefficient of ff=0.4 and a rolling-friction coefficient of fr=0.2. Figure 32 show the
profile of real product on the left side versus the result of the simulation on the right side

with the use of the above mentioned friction coefficients for DEM simulation.

33



Figure 32: Results of calibration tests to determine bulk characteristics (Example: Zinc

calcine, rotational speed 4.08 min™, angle of response 33°)

In the same way the parameters characterizing the thermal conductivity of the particles
thCoP and the thermal conductivity of stainless steel thCoW were determined from the
batch cooling experiments described above.

Finally with the elaborated calibration parameters, which show the characteristic of the
real solid, full scale plant was simulated. Figure 33 shows the resulting solid temperature
profile along the cooler length for a cooler of 10 m length, solid capacity of 40 tph Zink

calcine with 700 °C solid feed temperature.

Temperature (K)
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Figure 33: Results of a DEM-simulation of the rotary cooler (Zink calcine, 40 tph, 700
°C inlet solid temperature)

By comparing the simulation results with thermal balances and heat transfer numbers to a
traditional evaluation of Technical Center tests, it was possible to confirm the
reproducibility of the results. Heat transfer coefficients between 124 to 237 W/m2K for
zinc calcine, 120 to 208 W/m2K for silica sand and 81 to 126 W/m2K for iron oxide were
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examined. These results correspond with data from literature [16] exemplarily shown in

figure 34.
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Figure 34: Heat transfer coefficients from a wall to mixed bulk materials,
Data by Wunschmann [16]

In future as a result of the investigation, both continuous tests in the Allgaier Technical
Center and the method of DEM simulation based on calibration tests for the properties of
bulk materials and heat transfer of real products can be used to design a full scale cooler

system.

Summarization and perspective

As shown by the various examples, rotary drums for processing bulk material in general
and for drying and cooling in special still become steadily improved. Experimental
investigations about the value of the specific water evaporation capacity are described by
the article in detail. New applications for the use of rotary drums are presented such as
different methods for combined drying and cooling, drying of extremely abrasive solids
like glass cullet, combined drying and label removing, dry lime stone cleaning or indirect

cooling of very hot solids with water by a new planetary rotary cooler. Results from
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experimental investigations at various full scale customer plants are presented, which
show the praxis effects and give recommendations for end users. Finally an example for
the use of modern simulation methods in the period of a development process is
described by the example of a new indirect planetary rotary cooler.

However, the efficiency of rotary processes can always be improved. It is always a matter
of long lasting experience and the use of modern calculation and design methods to find

the right solution in the advantage of a client.

Nomenclature

ff Particle-particle-friction coefficient for DEM simulation
fr Rolling-friction coefficient for DEM simulation
N1+x [J] Enthalpy of humid air

hpr [J] Enthalpy of the solids

;. [ka/s] Total air mass flow rate

My [ka/s] Leakage air mass flow rate

p,. [ka/s] Solid mass flow rate

Ps [W] Burner power

Q. [W] Losses by thermal radiation

tamb [K] Ambient air temperature

ta,mix [K] Resulting exhaust air temperature
tareal [K] Cooled drying air temperature

te [K] Hot inlet gas temperature

thCoP [W/(m K)]  Thermal conductivity of the particles
thCoW [W/(m K)]  Thermal conductivity of stainless steel
tpr [K] Solid feed temperature

tpir [K] Solids product temperature

Va mix [m/s] Air flow velocity

Xpr ¢ [-] Solid inlet moisture

XPp.tr [-] Residual solid moisture

® [kg/(s m3)]  Specific water evaporation capacity
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Abbreviations

DEM Discrete Element Method

RK-W Indirect planetary rotary cooler

RTT Combined drying and cleaning drum dryer
TK Trocknen / Kihlen = Drying / Cooling
TRH Dry cleaning of limestone

Indices

amb ambient

a,mix air, mixed

a,real real outlet

B Burner

e inlet

f wet

L Air

LL Leakage air

Pr Product

r radiation

t dry
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