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MEPIAHWH

H doBeoTog cival éva TTpoidv pe TTapa TTOAAEG Xproelg. O1 KupidTepeg TTepIAapdvouy Tn xprion
aoféoTou aTn peETaAAoupyia, oThV TTApAywyr XapTIoU, yudAioU, XpwHATWY Kal {axapng, oTov KAG-
00 TWV KATAOKEUWV Kal a€ TTEPIBAAAOVTIKEG EQAPUOYEG. ZTNV €pYACia auTh yiveTal TTEQIYPAQ TwWV
ONMUAvVTIKOTEPWYV XPMNOEWV TNG aCPRECTOU O DIEPYOTIEG OXETIKEG PE TNV TTpOCTACia Tou TTEPIBAAAO-
v1oG. To TepIBaAAov atToTeAEl Tov Topéa dIABeoNG TwV TTPOIGVTWY TG Biounxaviag Tapaywyng a-
OB€0TOU PE TIG TTIO ONUAVTIKEG TTPOOTITIKEG avATITUENG. H eTeepyaaia Tou TTOCIPOU vePOU, N ETTE-
Eepyaoia Twv AOTIKWV AupdTwy, n oudBoAr otnv efoudetépwaon OIvwy atmoppowyv Kai n
atroBeiwon Twv KATTvaEPiwY aTToTEAOUV TIG KUPIOTEPESG TTEPIBAAAOVTIKEG EQAPHOYEG TNG AOBEOTOU.
ExTigdral Twg n oAoéva aufavouevn ¢ATNON TTPOIOVTWY Kal TEXVOAOYIWV QIAIKWYV TTPOG TO TTEPIBAA-
Aov Tnv emrépevn dekaeTia, Ba €xel WG CUVETTEIA TNV alENON TNG TTAPAYWYAGS TNG agéaTou, 1dIaiTEpa
MET& Kal atrd TNV epapuoyn Twv dlIapopwV VOUoBeaiwy yia To TTEpIBAAAOV TOCO C€ €BVIKO, 6GO Kal
o€ TTAyKOo IO €TTiTTESO.

1 EIZArQrH

O 6pog "doBeoTog” atroTeAei CUPPATIKA ovopaaia Twv TTPOIOVTWY ThG TTUPWONG KAl TNG PETETTEI-
TA KATEPYOTIOG avOPaKIKWY TTETPWHATWY OTTWGS acBeaToAIBol, dOAOITEG Kal pdppapa. Xpnaoluo-
TTOIEITAI KUPIWG yIa va TrepIypdyel To o&eidlo Tou acBeoTiou, i dvudpn doBeotog (Ca0), TTou TTpo-
KUTTITEl amd Tn Oepuikn didoTracn oe Bepuokpacies mavw amd Ttoug 900 °C  avBpakiKwv
TTETPWHATWY, UYNANG TTEPIEKTIKOTNTOG O€ avOpakIkd aoBéaTio (ouvABwg TTavw atd 97%). e autd
TO XOPOKTNPIOTIKO aTnpideTal n Blopynyavia Tng AoBeoTou, XpnOIUOTTOIWVTAG Tn dlEpyaaia TTouU YevI-
K4 gival yvwoTt wg «aoBectotroinon». KabBopiopévn xnuikd pe poplakd Bapn n avridpacn aofe-
aTOTT0INONG, VIO AVOPAKIKA TTETPWUATA UWPNANG TTEPIEKTIKOTNTAG G€ avOpakikd aoBEaTio diveTal TTa-
POKATW:

CaCOs (100) + BepudTnTa —> Cal (56) + CO, (44) T (1)

H doBeotog avtidpd paydaia pe 10 vepod, amreAeuBepwvovtag BepudtnTa Kai divel udpdofBeoTo,
[Ca(OH)2]. H evuddTwon Tng acfBéoTou gival pio au@idpoun avtidpacon TTou TTEPIYPAPETAl ATTO TV
akéAoubn xnuIkA eicwon:

Ca0 + Hy0 < Ca (OH) 2 + 0gppdtnTa T (2)

Ymépxouv waoTOo0 Kal Ol JOPPEG TNG ACRECTOU TTOU TTPOKUTITOUV aTTd TNV KATEPYATia OOAOUITI-
KWv aoBeatoAiBwyv. Autég trepihapBdvouv Tn doAouimiky doBeoTto (CaOeMgO), Tnv SOAOMITIKN U-
opdoBeato TUtToU N [Ca(OH)2eMgO] kai S [Ca(OH)2eMg(OH)2] (Boynton, 1980). £1nv TTapouca ep-
yaoia yivetal avag@opd oTiG TTEPIBAAAOVTIKEG XPAOEIG TNG aoBECTOU TTOU TTPOKUTITEI OTTO TNV
KaTepyaoia aoBeoTOMBIKWYV KUPIWG TTETPWUATWY, HIAG Kal AuTdg 0 TUTTOG XPNOIUOTIOIEITAI OE JEYO-
AUTepn KAipaka (Miller 2002).

O1 aTTaITACEIG yIa TNV TTOIOTNTA Tou acBeaToAIBou TTou TTpoopideTal yia TNV TTapaywyn dvudpng
aoBéaTou, €apTwvTal aTTO TNV TTPORAETTOUEVN XPAON KAl GUVOEOVTAI JE TN XNMIKA oUoTaon, Thv €-
vepyoTNTA KAl TNV KOKKOWETPIa TNG TeAeuTaiag. Autoi ol Trapdyovteg auvdéovtal pe (Christidis et al.
2001, Kavtnpavng 2001):

a) TN XNMIKA Kal OpUKTOAOYIKA cUCTACT KAl TIG QUOIKEG I10TNTEG TNG TTPWTNG UANG,

B) 1O PéyeBOG Kal TN PopPr TWV KOKKWY TNG TTPWTNG UANG,
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y) To €idog Tou KAIBGvou oToV OTToi0 WAVETAI O aoBeCTOAIBOG Kal

d) TO €idOG KaI TRV TTOOOTNTA TOU KAUGIUOU.

H mipwon acBecToAIBIKWY TTETPWUATWY TTOAU UWPNAAG KaBapdTNTaG (ME TTEPIEKTIKOTNTA OE QV-
Bpakiké aoBéoTio TTavw atmd 98.5%), €xel wg atmmoTéAeopa Tnv TTapaywyn uwnAou-Ca acBéoTou.
AlGkpion yiveral €TTiong kal éTav TO TTPOIOV TTPOEPXETAI aTTd TNV TTUPWAON TNG AcBECTOAIBIKAG TTPW-
TNG UANG 0€ UWNAEG 1) XOUNAEG BepUOKPATiEG. TNV TTPWTN TTEPITITWON (€Wnon o€ uwnAég Beppo-
Kpagiag) n mapayouevn AoRECTOG XApaKTNPIZETAl aTTO UWNAR TTUKVOTNTA Kal XapnAfl dpaoTikéTnTa,
evw 0T deUTEPN aTTd UWNAG TTOPWAES Kal uwnAr dpacTikdTnTa (Triantafyllou et al. 2003, Kavtnpd-
vng 2001).

Tooo n GoPeatog 600 Kal N UdPACTREDTOG €XOUV TTOAU GNUAVTIKEG XPNOEIG KAl EUPEID KaTAVA-
Awaon. XpnoigotrolouvTal eupUTaTa OTIG KATAOKEUEG — OIKOOOUIKN (Koviduara, TTAiveol, Kupodéua-
Ta), TNV 0doTrolia, oTn PETaAAoupyia, TN XNUIKA Biounxavia, otn Tapaywyr ¢axapng, XapTioU Kai
yuaAioU kai otnv emmegepyaoia Tpo@ipwy. Etmiong otn Biognxavia eAACTIKWY Kal XpwHATWY, OTn
TTOPACKEUN TTOAQPWYV YEWTPHOEWV KAl 0¢ TTANB0G EQpapUoywyY TToU £Xouv axéon Je To TrepIBGAAov,
01 KupI6TEPOI aTTd TOUG OTTOIOUG AvATITUCCOVTAI TTIO AVAAUTIKA OTN CUVEXEIQ.

O1 H.IM.A padi pe Tnv Kiva kai katd deutepo Adyo Tn Pwaia ammoTeAolv TIG XWPEG PE TN JEYOAU-
TEPN TTAPAYwWYr], aAAd Kal KaTavaAWaon Twv TTPOIOVTWY TNG Blounxaviag aogBEéCTou TTAYKOOHIWG.
Tnv TeAeuTaia TTEVTOETIO N TTAYKOOHIA TTapaywyr 600 agopd To o&eidlo Tou acBeoTiou, TNV udpPdA-
oBeoTo Kal TN SOAOMITIKI) GoBECTO KUpaiveTal oTOUG 116 eKATOPPUPIO PETPIKOUG TOVOUG, HE TO OEEi-
810 Tou aoBeoTiou va kaTaAapBdvel To HeyaAUTEPO TTOCOCTO. Tnyv idia TTepiodo 0 pEdog 6pog TNG TI-
MAG TWV TTOPOTTAVW TTPOIOVTWY dlayop@wbnke ota 62,30 JoAdpia avd peTpikd  TOVO,
KATAaTdooovTag Ta TTPOIOVTA QUTA OTN KATNYOPIa QUTWY JE anPavTikr TpoaTiBévn agia (Amey & Hil-
liard 2002).

MNa 10 2002 1O yevik@ OTATIOTIKA OTOIXEIO ATTOPPOPNONG TNG TTapaywyng frav: 35% yia Xproeig
oTtn petaAdoupyia kar o €18IKG oTnv TTapaywyr XaAuBa, 28% yia epIBalAovTIKEG XpoElS, 24%
WG XNMIKN ouaia o€ BIOPNXOVIKEG eQAPUOYEG, 12% yIa KATOOKEUAOTIKOUG OKOTTOUG Kal HONIG 1%
oTn Brounxavia Tupigaxwyv uAikwyv (Miller 2002).

EidikéTepa aTig H.M.A Tn TTponyouuevn OEKAETIA Ol TOUEIG TWV KATAOKEUWY Kal Tou TTEPIBAAAO-
VTOG TTapougiacav Tn JeyaAUTePn aufnon KatavaAwong TTPoidvTiwy acBECTou, YE Tov JeUTEPO OE
000076 27.5%. To peyaAUTEPO KOPMATI TOU Topéa TTEPIBAAAOVTOG KaTaAauBdvel n xpron aoRé-
OTOU OTnV aTToBeiwon TWV Katvaegpiwy, 61Tou n avénon nTav peyaAutepn (74.4% yia 10 idI0 d1G-
otnua), (Harris 2000).

2 TEPIBAAAONTIKEX XPHZEIZ THZ AZBEXTOY

2.1 EmeEepyaoia vepou (ATrookAfpuvon — MikpoRIakog KaBaplopdg)

H 1To1étnTa TOou vePOU TTOU TTPoOopICeTal yia UOPEUCT £TTNPEACETAI KUPIWG aTTd dUO TTAPAYOVTEG.
Tnv okAnpOTNTA KaI TNV TTapoucia TTaBoyévwy pikpoopyaviopwy. H okAnpdéTtnTta diokpiveTal o€ TTa-
PodIKA Kal poviun. H mapodikr) okAnpdTnTa o@eideTal ota G&iva avBpakikad dAata Tou aoBeoTiou
[Ca(HCO3),] kan Tou payvnoiou [Mg(HCOs)2]. H diadikacia Tng amopdkpuvong TG okAnpoTnTag
atrd 10 vepd ovoudadeTal atTTooKARPUVan Tou vepoU. H okAnpdTnTa ekppddeTal ue BAan TNV avrioTol-
Xia og avBpakikd aoBECTIO, TWV TTEPIEXONEVWVY aAdTWY acfeaTiou Kal payvnoiou. ToUTo onuaivel
OTI apxIk& BPIOKETAI N TIEPIEKTIKOTNTA TOU vEPOU Of 16vTa acBeaTiou (Ca’) kal payvnaiou (Mg®) ka
KaTOTTIV utroAoyileTal, TTola TTo06TNTA avOpaKkikoU aoBeoTiou avTIOTOIXEI OTIG TTOOOTNTEG TTOU UTTO-
AoyioTnkav (Montgomery 1985).

>TnV aTTOOKARpUVON Tou vePoU N AsiToupyia TNG adoBECTOU £yKeEITal OTNV ATTONAKPUVON TNG TTa-
podIKAG akAnpdTtnTag. Otav ugicTatal pévo TTapodik okANEATNTA, TOTE N ACRECTOG XPNOIMOTIOIEI-
Tal ammd yovn 1nG. QoTdo0, cuVABWG eival TTapolaa Kal N HOVIPN OKANPATNTA KAl O€ QUTEG TIG TTEPI-
TITWOEeIG evdeikvuTal n d1adIKagoia aTToOGKARPUVONG HWE TN XPAON acBECTou Kal avBpakIkou vaTpiou.
To avBpaKIKO VATPIO XPNOIMOTIOIEITAI YIQ TV ATTOJAKPUVON TNG JOVIUNG OKANPoTNTaG. AiCel va on-
HEIWBET OTI o€ TTOANEG eyKATAOTAOEIG TO avBpaKIKO vATplo avTikabioTartal ammd (e6AiBo, agoul To aka-
TEPYAOTO UAIKO TTOU XPNOIPOTTOIEITaI Yia TNV avayévvnon Tou {edAiBou (TTou gival To aAdT), ival TTo-
AU 110 oIkovopuiké. H diadikacia authy ouvavtdral otn BiBAloypagia pe Tov 6po «split ime — zeolite
treatment» (Boynton 1980).
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O1 xnuikég avmidpdoelg Tou Aaufdvouv xwpa OTav TTPooTiBeTal AORECTOG O€ VEPG TTOU Xapa-
KTnpiCovTtal «okAnpd», gival ol €ENG:

Ca(HCO3), + Ca(OH)2 — 2CaCOs + 2H20 (3)

Mg(HCO3)2 + Ca(OH), —» MgCO3 + CaCOs3 + 2H20 4)

Ao TNV emmeCepyaaia Tou vepoU e AORECTO, TTAPAYETAI O€ PEYAAES TTOGATNTES éva adIGAuTO Kabi-
{nua TTou gival ETTIOEKTIKO OTO QIATPAPIOUA, TO avOpaKIKO aoBECTIO. ZTIG EYAAEG EYKATAOTACEIG €-
Tegepyaaiag vepoU o Gykog Tou adIGAUTOU YECOU gival TETOIOG TTOU OPKETEG POPEG TTapouaiddovTal
TpofAnuata &1dBeor|g Tou. ETreidr) auth n oucia cival TTAoUCIO G€ AOPRECTIO, XPNOIMOTIOIEITAI TTOA-
NG @opég aTmd aypOTEG Yia UTTAOUTIONS TwV KAAAIEPYNOINWY €0apuwv. Biounxavikég povadeg Kal
Hovadeg emme€epyaaiag AUPATWY, XPNOIUOTTOIOUV ETTIONG TO AVWTEPW TTAPAYOUEVO avOPOKIKO aoBé-
oTIO OTIG JIadIKACieg OUdETEPOTTOINONG TwV ATTORANTWY TOoug (Bergman 1995).

H 1ToodétnTa TTpo0oBrkng acBéoTou oTo vepd yia Tn dladikaoia TG ATTOCKARPUVONG KupaiveTal
peTagl 150 — 450 mgl/l, TatrevwvovTag €101 TNV OAIKH) OKANPAOTNTA O€ €TTITTEDdA TTOU KUpAivovTal OTA
50 — 100 mg/l, ekmreppaocpévn oe ouykévipwon CaCOs. MNpoobéTovtag Trepicoeia aoBéoTou o€ Oe-
Eapevég KaTakpdaTnong yia Xpovikd didotnua ammd 24 éwg 48 wpeg, eival moavo, oe ouvOuaoud e
TNV EAGTTWON TNG OKANPOTNTAG, VA ETTITUXOUME Kal TOV KaBapIoud Tou vepou atrd didpopa TTaboyo-
va BakTApia kal evwaelg. ‘Exel amodeixbei 611 n uwnAn iy Tou pH, TTepitou 11+, TTou TTapdyeTai
atré TNV TTPooBrkn acBEoTou BavaTwvel TOUG TTEPICOOTEPOUG TUTTOUG BAKTNPIWV.

2nNUAvTIKOG apIBUOG EpyaCIWV ava@Eépel TN OUPPBOAN TnG aoBEaTou oTnv e§AAEIYn Twv TTaBoyo-
VWV HIKpoopyaviouwv. H TpooBrkn acBécTou peiwvel To TTaBoyovo PIKpoBiakd @opTio TO00 WE TIG
uYnAég TIPS Tou pH TTou PTTopOoUV va eTTiITEUXB0UV, 0G0 Kal Je TNV algnon TnG BepUoKPaCiag TTou
uTTOopEl va @Tdoel péxpl kai Toug 80 °C, amd tn oféon Tng avudpng acBéatou (Viero et al. 2002). Z¢
TTEPIOXEG TOU TPITOU KOOHOU gival ouvhOng n TTpooBrkn acBEoTou OTO vePS GE TTEPITITWOEIG JOAU-
oMaTIKAG vooou nratitidag, Ye atéyo Tnv ammouyr| eEdmAwong g emdnuiag. Metd Tnv Tapakpd-
TNON AUTWV TWV OPYAVIOUWY, TO veEPO evavOpakwveTal pe CO, KATI TTOU £XEI 0AV ATTOTEAECUA TNV
KaBi¢non Tepiooeiag acBéoTou Kal TRV eAATTWON TNG TIUAG Tou pH petagu 8 kai 9 (Khawaiji et al.
2002).

2.2 Eme€epyaoia Aupdtwy

Ta vepd emnpedlovTal ammd pUTTOUG TTOU KATAAYOUV OE QUTA UTTO HOP®r aTTOPPIUUATWY A Au-
HATWY, KABWG Kal atrd Toug aTUooPaIpIKoUg pUTTOUG TTOU @TAVOUV APECA 1 EUUECa O auTd. Méxpl
ofuepa éxouv doKINaoBei pe BIAPOPETIKO Babud emiTuxiag SIAPOPES TEXVIKEG, UE TIG OTTOIEG AVTIME-
TWTTICETAI 0 KABAPITUSOS TwV AUATWY. O1 TEXVIKEG QUTEG GTOXEUOUV OTNV ATTONAKPUVON TWV £TTIRA-
PUVTIKWV Kal €TRAABWY aToixeiwy, Ta omroia diakpivovtal aTIS €EAG KUPIEG OUADES: AlWPOUNEVA
OTEPEQ, OPYAVIKEG OUCTIEG, PLOPOPIKEG EVWITEIG, EVWOEIG TOU alwTou, TTaBoyovol PIKPOOPYAVIGHOI,
GAata kal Bapéa pETaAAa. Or TTapdueTpol, TTou emiBapuvouv Kal utrofabpidouv Tnv TToIGTATA TOU
vepoU TWV AOTIKWV AUPATWY, dlaxwpifovTal o€ QUOIKEG (0OUEG, BOAGTNTA K.A.TT.), XNUIKES (alwToU-
XEG MEYAAOUOPIOKEG EVWOEIG TTOU EUKOAD BIAOTTWVTAI O€ apIvogEa, AITTapd Kal apwpatikd ogéa, HaS
Kal evWoelg Bgiou Kal Qua@dpou) Kal PIKPORIOAOYIKES (TT.X. gaAuovéAa, dovakio TnNG XoAépag, dida-
@opoI 10i OTTWG NTTaTITION, KABWG Kal evTePIKA TTapdaiTta), (Tsimas et al. 1998).

MoAU mrpiv TNV €EEAIEN Twv PeBSOWV BioAoyikNG eTTeepyaaiag AugdTwy, N AoBECTOG XPNOIKO-
TTOIEITO OTNV €§OUBETEPWON TNG BUCOOHIOG TwV AUPATWY. [Na HOKPU XPOVIKO SIGoTNUa N XNMIKA €-
Tegepyaoia AUpdTwy pe doBeoTo £QapUOCONKe WG pia agloToTn evOAAAKTIKA AUon Tou BloAoyikou
KaBapiopoU. H guTTEIpIKr AQVTIETWTTION TTapouolag pUOEWS TTPOBANUATWY YE AOREDTO £XEI ONPEPT
TEKMNPIWOET e TTOANEG OnNUOCIEUCEIS KAl avakolvwoelg o€ di1ebvr auvédpia (Rossouw 1985). H
Xpron TnG acBéaTou €ite e TN Hop@Pr Tou o&eldiou, eiTe Tou UdPOEEIdiou Tou acBeaTiou, ETIPEPEI OE
OAa Ta oTddIa £vog BloAoyIKoU KaBapiopou, TOOO TIPIV T CUUTTUKVWON TwV UYPWV AUPGTWY 600
Kol oThV TTapayouevn AAOTIn, EVTUTTWOIAKA atroTeAéopara. TouTo BacifeTal oTn XNUIKA ThG CUPTTE-
PIPOPA KAl TTIO CUYKEKPIPEVA aTO OTI auTr) (Boyd 1982):

e JuvteAel oTNV KaTaKPAUVION TTOAWVY pUTTWYV (OTTWG GWOPOPIKA AAaTa Kal Bapéa YETAAAQ), ol
OTTOi0I CUPTTOPAGUPOVTAI JE TOV TPATTO auTO 0T AACTTN.

o Apa wG éva TTOAU KOAG KPOKIOWTIKO GUVTEAWVTAG PE TOV TPOTTO QUTO OTOV eYKAWRIONS alw-
poUuevVWY PUTTWV TTPOG Taxéwg KaBifavovTa oTePEd, TwWV OTToIWY N ATTOPdKPUVON €ival Euxe-
png.
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o [lapéxer Tn duvardtnta pubuicswg Tou pH.
o EfoudeTepwvel TNV 0EUTNTA TWV AUPATWV.
e AmroteAei kaBopioTikd TTapdyovTa yia T JEIWON TNG OOUAG KAl TWV TTaBoYOVWY OpyavIoUWY.

O1 Schmid & McKinney (1985), e€Ayayav 10 cuutépacua ot pe TV poaBrkn 150 mg CaO
ava Aitpo avemegépyaoTwy Aupdtwy, emtuyyaveral amopdkpuvon 80% tou ewogedpou, 60% Tou
BOD kai 90% Twv aiwpoUpevwy oTepewv. O KUPIOGTEPOG AVTIKEIMEVIKOG OKOTIOG TNG XNMIKAG ETTE-
Eepyaaoiag Twv Aupdtwy gival n avaykn Tng atmaAAayng atmod TIG pWOPOPIKEG EVWTEIG, WOTE VA ATTO-
@euyBei 0 euTpo@IopoG. H avtidpaaon, Tou deixvel Tn OXETIKA dpdon TNG AoBECTOU OTA AKATEPYOOTA
AOuara, givar n €€1¢:

5Ca®* + 3HPO4 + 70H — CasOH(PO4)s + 6H,0 (5)

Katd tov Trpwroyevh Kabapioud Kal pe Tpoodrkn acBECToU OTa TTPpocayOueva AUPATA IO ETTi-
Teuén pH ico pe 10 Ta BOD kai COD &uvavral va peiwbouv katd 60% olpewva pe Tov Bernhoff
(1974), ot oxéon pe 10 30-35% TTOU pEIWVOVTAL, GTAV XPNOIMOTTOINBOUV GAAEG TEXVIKEG. EEGANOU, N
TTPOCONKN 0ORE0TOU ATTOKAEIOTIKA i 0 OUVOUACOPO PE XAwploUxo aidnpo kabioTtd duvarr Tnv apu-
0ATWAON TWV TTUKVOPPEUCSTWY IAUWY Kal uttofonBeital ye Tov TpOTTO auTtd n dINBnon NG AGaTINg,
TTOU TTPOKUTITEI aTTd TNV €TTeCEPyaTia Twv AUPATWY, evw TTapdAAnAa TrapdyeTtal £va TTPoidV JE €-
TTAPKWG UYNAN TTEPIEKTIKOTNTA OE OTEPEA, WOTE va gival dUVATA N JETAPOPA TOUG OE OXETIKA PEYA-
Aeg atrooTdoelg yia 1Ak d1dBgon.

‘Ooo agopd Toug TTaBoydvoug PIKPOOPYavIGHOUG TTou TTEPIEXEI N AAOTIN, N €TTi®pacn Tng Xprong
aoBéoTou eivarl BeTIkA. H augnon Tng Bepuokpaciag Tavw atmd 70 °C A/kal n TTapdAAnAn augnon
Tou pH >12 1ToU guvetdyeTal n XprRon acBéoTou, gival duvatdv va TTPOKAAECEI ONUAVTIKH KATa-
aTpo®n TTapacitwy. EidikéTepa, ol Malone & May (1987) avagépouv 611 o pH =12,5 xpnoipoTroiw-
VTOG WG HMETO 0TaBePOTTOINONG TNG AGCTING AoBECTO, DIATTIOTWOAV KATAGTPO®A TOU AVOEKTIKOU OTO
TEPIBAANOV KOTTPAVWBOUG TTPOEAEUOEWS OTPETTTOKOKKOU. 2TNV idIa epyacia yivetal 181aitepn Pveia
yla Ta TTAEOVEKTAUATA TNG XPAong aoféoctou oTn AAOTIN, n OToid MTTOPEi €v Ouvexeia va
XpNnoipoTroIiNBei wg edaPOREATIWTIKO TTPOCBOETO.

O1 Tsimas et al. (1998), peAétnoav Tnv cuuBoAAR TNG aoB£CTOU OTIG POVADES eTTECEPYATIag Au-
paTwyv oto Kévrpo eAéyxou tTng WutdAAeiag. Me deiypara mmou TrpoépxovTav ammo 1o Kévipo Aupd-
TWV, TTPAYHATOTTOINONKE TTPOCcORKnN agfBéaTou Kal udpacBéoTou oTa TTpocaydueva AUuara, oTa U-
daTa TTou aTToppitTovTal oTh BAAacoa PET Tov KaBapioud TTou ugioTavtal, KaBwg Kal aTn AAoTn
TTou TTPOKUTITEL. O1 €Agyyol dev TrepiEAGUBavav Yovo XnUIKoUg pUTToug, aAAd €TTEKTABNKAV O€ pIa
oe1pd UIKPORIOAOYIKWY TTPOCOIOPICUWY. 2€ ONEG TIG TTEPITITWOEIG, N TTPOCBNKN aoBEoTou SEIKVUEI
BeapaTikA peiwon 1600 TWV XNUIKWY pUTTWY 600 Kal TwV TTaBoyovwy PIKpoopyaviouwy. EidikéTepa
yia TN AGOTIN, TTOU TTPOKUTITEI HETA TNV £QaApUoyr otToiacdnTToTe peBodoAoyiag yia Tnv emmegepyaaia
TWV AUPATWY, atrodeikvueTtal 0TI N TPooBrkn CaO eixe BeTIKOTEPA atToTEAéTUATA: ) AOYyW TwV Bep-
HOKPOOIWV TTou avatrTiooovTtal Katd Tn of3éon Tou o&eidiou Tou acBeoTiou Kal CUVTEIVOUV OTNV TTE-
PAITEPW HEIWON TWV TTABOYOVWY OpYyavIoUWY Kal B) Adyw TnG KOKKWOOUG YOPPKG TTOU TTaipVvel TO
UAIKO, TO OTT0i0 YTTOPED TTAEOV VA XpNOIUOTTOINOEI WG £SAPOREATIWTIKOS.

2.3 Efoudetépwon oféwv

H peTaAAeuTIKr, N PETAAAOUPYIKN Kal YEVIKA N Blounxavikh 6pactnpidtnTa emMBapUvouv Gnua-
vTIK& 1O TTEPIBGAAOV. Mia atrd TIG TTI0 ONUAVTIKEG ETTITITWOEIG TWV dPACTNPIOTHTWY AUTWV €ival N
dnuioupyia 6EIVwV atroBANTWY TA OTTOIX PUTTAIVOUV HEYAAEG EKTAOEIG £6APUV KAl ETTIPAVEIOKE /
uTTOYEIO UBATIKA cuaThpaTta. H 6&ivn atroppor| xapaktnpidetal atréd eEaIpeTIKA XapnAég TIUEG pH kai
UYNAEG OUYKEVTPWOEIG 1I0VTWY BapEéwV Kal TOEIKWY PETAAAWY, OTTWG €TTioNg Kal Beiikwv 10viwy. To
QAIVOUEVO TNG OEIVNG aTTOPPONG €Xel AGREI TTOAU PEYAAEG BIAOTACEIG KAl OTTOTEAEI TO KUPIOTEPO iICWG
TEPIBAANOVTIKO TTPOBANUA, TTou TTNYAdel atrd TNV eKUETAANEUON PETAAAEIWY PIKTWYV BeIoUXwWYV, av-
Bpakwpuxeiwv Kal AiyvITwpuxeiwv, KaBWG eTiong atrod Tnv YeTaANOUPYIKY eTTeEEpyacia yeTAAAEUUA-
TWV, TTOU aTTOTEAOUV TNV KUPIOTEPN TTNYH TTapaywyAg HETAAAWY OTTWG 0 HOAURDOG Kal 0 Weuddpyu-
pog (Kopvitoag & =evidng 2001, diAirmriong 2002).

H e€oudeTépwan, A oudeTepoTroinan TNG 6&IvNG aTTOPPONS £XEl WG TTPWTAPXIKO GTOXO TNV auén-
on Tou pH, xpnoigoTroiwvTag pia aAKaAikh ouaia. H avBpakikl c6da, To udpogeidio Tou payvnaiou,
N KauoTIK 06da Kal N AoRECTOS €ival Ta KUPIOTEPA PEGA TTOU XPNOCIKMOTTOIOUVTal YIA TRV AVTIUETW-
Mon TnG 6¢Ivng atroppong. H AoBeaTog XpnoIPoTIoIEiTal OTNV OUBETEPOTTOINGN TOU BEIKOU 0EEO0G Kal
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OTNV. KATAKPRAKVION TwV OAdTWV TOu O18fpou atmd Ta amopAnTa Tng METAAAOUpPYIag Kal TG XOAu-
Boupyiag. ZTIG eyKATAOTACEIG ETTIUETOANWOEWY, KOTAVOAWVETAI YIA TNV £EOUBETEPWOTN KAl KATAKPN-
HVION TwV TOEIKWY KUAVIOUXWYV aAGTWY, TWV 0EEWV TOU XPWHIOU Kal ToUu XOAKOU a1ré Ta attéBANTa.

ZTIG TIEPICOOTEPES ATTO TIG TIPOAVAPEPDEITEG XPATEIG KAl KUPIWG OTnV €megepyaaia NG 6&ivng
aTropPOonG BeloUxwv PETOAAEUPATWY, XpnolyoTroisiTal €iTe daBeaTtog (dvudpn f udpdoBeoTog) uywn-
MG kKaBapdTnTag, ite doAopITIKY) doBeoTog 1) avOpakikd aoBECTIO Pe TO TEAEUTAIO va TTOPOUCIALE!
QPKETA XAUNAGTEPN IKAVOTNTA ECOUDETEPWONG. Z€ APKETEG TTEPITITWOEIG EXEI AvVAPEPBET n xprion Kai
AAWV péowyv eCoudeTépwong. Ta onuavTiKoTEpa atrd autd gival n kauoTik (NaOH) kai n avBpaki-
KA} 06da (Na2CO3). O TpoadiopiGudG TOU MO ATTOTEAECUATIKOU, GAAG KAl OIKOVOUIKOU OTTO TA TTO-
paTTavw Péaa eival pia diadikaoia TTou eEapTaTal Kupiwg atrd Tapdyovteg 6TTwg (National Lime As-
sociation 1995):

e To KO6OTOG TOU PéoOU, avé TOVO Tou TTPOG E0UBETEPWON UAIKOU.

e To atraiToupevo TTOO0OTO 0 AAKAAIQ, avd TOVO TOU TTPOG £E0UDETEPWON UAIKOU.
e Tnv ikavoTnTa avTidpaong Tou HECOU Kal TO XPOVO AUTAG.

e Tov 6yko Kal TNV TeAIKRA 1a6eon Twv atmoRAATWV.

H olykpion TG acBéoTou pe Ta UTTOAOITTA AVTIOPACTAPIA TV KATATACTEl WG TO TTIO OIKOVOMIKO
UAIKG Kal auTd TToU €EUTTNPETEl KaAUTEPA TIG aTTAITOCEIG O aAKAAIQ. ETTiong TTOAU onuavTiki Tapd-
METPOG gival TOGO N YIKPH TIMA TOU GUVOAOU TWV BIAAUPEVWY OTEPEWY, OO0 Kal O PIKPOG OYKOG TWV
TTOPAYOUEVWY HETA TNV S1adIKACIa OUBETEPOTTOINONG TTPOIGVTWY, TTOU TTPOKUTITOUV aTTé TN XPron
aoféoTou. H doBeoTtog uoTepei OVO WG TTPOG TO XPOVO TG avTidpaong Pe Ta didgopa ogéa, OTTou
€Kel uTTEPIoYUEI N KAUGTIKA G6d0.

2.4  AmoBtiwon Twv KaTvagpiwv

O otmoudaiéTepog poAog TG acBEaTou 0TV TTpooTacia Tou TTEPIBAANOVTOG Kal TTIo €16IKA OTnV
€EAATTWON TNG ATHOOPAIPIKAG pUTTAVONG, Eival N duvatodTnTa aTToBEiWwoNG AEPIWBWY EKTTOUTTWV TTOU
TIPOEPYOVTal atTd TNV KaUon yalavlpdkwy, aAAd Kal TTPOIGVTWY ToU TTETPEAAiOU e UWNAR TTEPIEKTI-
KOTNTO O€¢ B¢gio. H oupPoAn Tng aoBéoTou £yKeiTal aTn SUVATOTNTA ATTOUNAKPUVONG Twv ETTIRAABWY
yia 1o TePIBGAAoV OEivv agpiwv Tou SO,, aAAdG kai deutepeudvTwg Tou HCI atrd Ta aépia Twv Ka-
TIVAYWYWV.

To KoppdAT autd TNG ayopds TTPOoIOVTWY acBECTOU yia Tnv TTpooTacia Tou TrePIBAAAOVTOG gival
101aiTepa averrTuypévo oTig H.ILA, Adyw Kal TG vouoBeaiag yia Thv TTPooTagia ThG aTUOOQaAIPAG
atro TIG ekTTOTTEG pUTTWYV (Clean Air Act) TTou oTIg apx€g TnG dekaeTiag Tou 1990 ekTdéeuoe oTa Uyn
TNV KaTavaAwaon acBEécTou Pe TNV avdaTITuén TNG TEXVIKAG TNG ATTOBEIWONG TWV KATTVAEPiWY. ZTNV
EupwTn n texvikn dev ival 7000 eupéwg diadedouévn, alAd ekTipdral TTwg péxp! To 2010 n Katava-
Awon acBéoTou Ba Trpooeyyicel emiTTEda AVTIOTOIXA PE AQUTA TNG APEPIKAVIKNG ayopds (Johnson
2003).

210 TTpWTA OTAdIO EQAPUOYAG TNG HEBOBOU Xpnaipotroiidnke AclotpiBnuévog acBeoTtohiBog. H
dofeoTog gival woTdo0 XNUIKE TTI0 evepyr aTrd Tov acBeoTOAMBO Kal atraiTel HIKPOTEPO £EOTTAIOUO.
H amoteAeoparikdtnTa TNG ammoudkpuvang SO, XpNCIUOTIOIWVTAG Yia Tov KaBapioud doBeoTo, Ku-
paiverar yetagl 95 €wg 99%, vy TO TTOOOOTO ATTOPAKPUVONG TWV PUTTWY XPNOIUOTIOIWVTAG O0Be-
aToAIBo gival onuavTikéd pikpoTepo (Willis 2002).

Ymdpyouv duo kUpieg péBodol yia Tnv armobeiwon Twv Katrvagpiwv. H dvudpn kai n €vudpn. H
£€vudpn pEBOBOG KaBapiopou eival TTayKOoUiwg TTio d1adedopévn. € oUVoAo 678 cuoTnudTWY aTTO-
Beiwong KaTTvaEPiwv o€ OAo Tov KOO0, TO 79% QUTWYV XPNOIYOTToIoUV ThV évudpn PEBOdO KaBapl-
opou pe aoBeato. To 18% Twv povadwv Asitoupyouv pe T avudpn (§ner) uEBodo kabapiouou, Kai
TO UTTOAOITTO HIKPO TTO00GCTO XpnoiuoTrolei AAAeg dladikaaieg atroppoenong Twv aegpiwv (IEA Coal
Research 1988). Ztnv évudpn TeEXVIKN N a1roBgiwaon €mITUYXAVETAl UE TNV ETTAVAAQUBAVOUEVN KU-
KAogopia evog udapoug diahupartog acBéoTou ) aoBeoToMBou i kKal Twv dUo padi, o €va TTUpyo
(®oxeio — O1AG) atroppOPNONG, KATI TTOU £XEI WG OTTOTEAECUA TNV KOAUTEPN ETTAQA PE TA KATTVAEPIA.
Ta 1pog kKaBapioud aépla eloxwpouv oThn Bdon Tou TTUPYoU Kal Kivouvtal avodikd Slapécou Twv
aTayovidiwv Tou udapoUg SIOAUNATOG TTOU WeKALeTal éoa aTov TTUPYO (ZX. 1). To SO, amoppopd-
Tal a1ré TO SIGAUMA KAl OTN CUVEXEID KaTaKpnUVideTal wg uypd CaS0Os, evw) TO KaBapICPEVO aépio
eCEPXETAI OTTO TNV KOPUQN Tou TTUpyou. To dAag autd ptropei va petatpatrei o€ yowo (CaSO4), n
oTToia PTTopEi wg TTapaTTpoidv Tng diadikaciag, va xpnaolgotroindei oTn ToipevToBlounyavia r o€ -
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YPOTIKEG KOAAIEPYEIEG oav BEATIWTIKO TOU EBAPOUG. ZTN TEXVIKA AQUTH TTOU XPNOIMOTTOIEITAI KOTA KU-
p1o AOYyo OTNnV aTroBgiwon KAUOidwyY UWNANG TTEPIEKTIKOTNTAG OE BEio, N AoBE0TOG EVIOXUETAI O€ £V
mo000T0 3 £wg 5% kai amd doAopimkn dofeato (MgO). Me Tov TpOTTO QUTO, AugAveTal N OAKOAIKO-
NTa, dpa Kai n IKkavétnTa amopdkpuvong Tou SOs.

Ymépxel pia diapdyxn wg TTPog TNV €MAOYA TNG XProng acBecToAIBou A aoBE0TOU OTNV TEXVIKN
Tou évudpou KaBapiopou Twv Katrvagpiwv. H xaunAdTepn agia Tou acBeoTtoAiBou évavti TNG acfé-
oTou arroteAei €va Kpitrplo. QOT6C0, 0 KUPIOTEPOG AGYOG yia Tn Xpnolyotroinon acfecToAIBou wg
péoo kaBapiopou gival GAAOG. ZTa CUCTAUATA QUTA N €I00ywyr aépa oTo diIGAupa PTTopEi va odn-
ynoel og ogeidwon oe ToooaTd péxpl kar 100% tou CaSO3 e CaSOs. Me Tov TpdTTO QUTO ATTOPEU-
YETAI 0€ PEYAAO TTOGOCTO N dnuIoupyia ETTIKABNCTEwY aAdTWY OTA CUCTAUATA KABapIouoU Kal Tau-
TOXPOVa TTapdayeTal éva opoloyevéG OldAupa TTou agudatwveral o €UkoAa (Nolan 2000). H
péBodog auth atravraral otn BiBAIoypagia pe Tov épo LSFO (Limestone Forced Oxidation).

ATTO TNV AAAN TTAEUPA OPWG N XPron TNG aoRE0TOU TTAPOUCIAlel HeyOAUTEPO TTAEOVEKTAATA. Ta
OuUCTAPOTA auTd, €I0IKA PE TN XPron Kal TTooooTou doAouiTikAg aoBéaTtou, (Magnesium Enhanced
Lime, systems), emTuyxavouv oTmobeiwon Twv KaTvagpiwv o€ ToooaTo PéXpl Kal 98%, akdua Kai
o€ yaiavBpakeg TTou TrepiExouv 3 £wg 4% B¢gio. Me Tn xprion acBeatdAiBou To TTO000TO aTroBeiw-
ong 6 Eemrepva 10 95%. Emiong, 1600 10 PéyeBog Tou e§otTAiIcpoU (TrUpyor kaBapiopold — ZX. 2)
600 Kal TNG TTO0OTNTAG TOU TTPOCTIBEUEVOU SIaAUPATOG, €ival OTnV TTEPITITWON TNG aoBE0TOU TTOAU
MIKPOTEPO. TUTTIKA, ava@épeTal TTwG Yia éva KuBikd PETPO aepiou KaTavaAwveTal TToooTnTa 3 Ye 5
AiTpwv dlaAupaTog acBéaTtou Kal 15 Aitpwv dioAlparog pe aocBeotéAiBo avrioToixa. H ouykpion ei-
val TTPOQPAVNG Kal avTiIoTaluiel o€ peydAo ToooaTd TN dIaQopd TIUAG METASU Twv dUO TTPOIOGVTWV.
Etriong, n katavadAwaon evépyelag eival TTOAU PIKPOTEPN OTNV TTEPITITWON TNG acBéoTou, agou Ta
ouoTApaTa aoB€0Tou KaTtavaAwvouv TTocooTd 0.8 — 1.3% atrd Tnv TTapayouevn EVEPYEID TwV NAE-
KTPIKWYV OTaBuWY, evw n xprion aoBeoTtoAiBou arraitei katavadAwaon tmou @Ttavel kal 2.5%. Akdun Kai
N YUWog TTou TTapAyeTal ammo TIG JOVASESG TTou XpnoigoTrolouv dofeoTo, ival 1o kabapr| (o€ TTooo-
016 97 — 99%) atd ekeivn TTOU TTPOKUTITEI ATTO TN XPHon aoBeoTOAIBou. IMveTal AoITov avTIANTITO,
TTWG TO TTAEOVEKTAMATA AQUTAG TNG HEBOSOU €ival TTIo TTOAAG, agoU e€ac@aliel peyaAuTtepn atrédoon
dpa Kai Mo Kabapr atuéc@aipa oe TEPIOYES TTou gival ON BeBapnuéved.
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ZxAua 1. Exnuatiki amédoon didtagng Tou Tepl-  ZxAPa 2. AIooTAoEIG Twv TTUPYywv Kabapiopou TTou
AapBdvel Ta Bacika eEapTApaTa OTTd TA OTToIa OTTAP-  XPNOIYOTToIoUV ACRECTO Kal aoBE0TOAIBO O€ HIa po-
TieTan évag TTUpyog amoBeiwong katrvaepiwy. MNnyn:  vada mapaywyng evépyeiag. Mnyn: (Nolan, 2000).
(Nolan, 2000).
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3  ZYZHTHZH - SYMMEPAIMATA

Ta 1poiévTta TnNG Blopnxaviag acBEaTou Bpiokouv TTOAAEG EQAPUOYEG OTNV TTPOCTACIA TOU TTEPI-
BaAAovTog. O1 xproeIg oTnNV €TTECEPYATIA TOU TTOCIKOU VEPOU, TWV GOTIKWV AUPATWY, OTNV £0ude-
TEPWON TNG 0&UTNTAG Kal TN PEIWON TNG ATHOOQAIPIKAG PUTTAVONG PE TNV aTTOBEIWaN TWV KATTVOE-
piwv avadeikviouv TO UAIKO auTd ot éva €CQIPETIKA ATTOTEAECUATIKO PEGO OTNV QVTIPMETWTTION TNG
putravong Tou TrepIBdAAovToG. Ta TTpoiévTa TG Blopnxaviag apaywyng acBEOTou TTou TTPoopifo-
vTal yia TEPIBANNOVTIKEG EQAPUOYEG XapakTnpifovTal atrd TRV uwnAn dpacTikdTNTA Kal KaBapoTnTd
TouG. To yeyovog autd CUVETTAYETAI OXI HOVO ThV avAyKn yia €TTIAOYA TwV KATAAANAWY TTPWTWV U-
Awv, aAA@ Kal TOV TTIPOTEKTIKO GXEOIAOUO TOU CUCTAMATOG TTAPAYWYAGS HE TAUTOXPOVO EAeyX0 OAwV
TWV TTApAyOVTWVY TTOU TO €TTNPEACOUV.

H doBeoTtog cival éva 1Tpoidv TTou aTov €AANVIKO XWPO gival ouvdedeuévo Pe UAIKA XOUNAARG
TpooTIBEevng agiag. Auto éxel TTpokUWEl atTd TTOAAOUG TTAPAYOVTEG. Z€ UIO XWPA PE EUPEWG Bla-
0edopéva avBpaKIKA TTETPWHATA, N KAAUWN TwV TTApadoCIoKWV avayKwy, KUpiwg TNG OIKOOOMIKAG
dpaoTNPIOTNTAG, BEV 0B YyNOE OTNV TTAPAYWYI AUTOU TOU TTPOIOVTOG ATTO JEYAAEG BIOUNXAVIKEG PO-
vadeg, o1 otroieg Ba gixav TNV duvaToTNTA TTPOCHOETIKA VA JIAPOPOTTOINCOUV TA APXIKA TTPOIOVTA Kl
va dnuioupyAoouv véa, uwnAdtepng TpooTiBéuevng agiag. Omwg oguvABwg €xel yivel Kal Ye Tnv
TIAEIOVOTNTA TWV QUCIKWY TTOPWYV, Ol AVAYKES TIG AyOPdg SIaNOPPWVOUV OXI HOVO TIG TIHEG, OAAG Kal
TNV avaykaiotnTa UTTapéng VEWV TTPOIOVTWV.

2116 EAANVideg Opooeipég ival TTOAEG Sekddeg o1 BEaelg 66puUENG avBPAKIKWVY TTETPWHATWV.
Eival etriong akéun mepioodTepeg o1 BEoelg UTTapEng avlpakIKWY TTETPWHATWY, TTou Ogv evOEiKVU-
VTaI VIO éVaV GUYKEKPIPEVO TUTTO eKPETAAAEUONG (TT. X. AaTopEgio). AuTd BéBala Oev atToKAEigl TNV du-
vatoTNTa agloTroinang Toug otav TTANPouUv OAeg ekeives TIG TTPOUTTOBEDEIG TTOU Ba To KaBioToUCAV
«koitTagpay. Eivar yvwatd 611 éxouv ndn dpouoAoynBei kai uAoTrolouvTal OeaueUOEIG TTOU aPOPOUV
TO TEPIBAANOV O€ TTAYKOOUIO, EUPWTTAIKG Kal €BvIKS eTTiTedo. e auTd Ta TTAdiola, o TTEPIOPICUOG
ATHOOQAIPIKWY PUTTWV KATEXEI TNV TTPWTN B€on. OTTWwG TTEPIYPAPNKE, N doBeaTog eival Eva TTpoidv
TOU OTToiou N TTPOCTIBEUEVN agia aufdvel cuVaPTATE TNG EVEPYOTNTAG TNG, TTOU KAI QUTH UE TNV O€l-
pPAa TNG €€apPTATAlI AUECA KUPIWG atrd TNV KaBapdTnTa Tou apXIkoU UAIKOU Tpogodoaiag. Evw n ava-
ZATNoN PapPdpwy oxeOOV HOVOTTWAEL TNV €pEuva OTNV TTEPIOXA TWV AVOPAKIKWY, O TouEéag eE6puU-
&ng avBpaKkikwv yia BIOPNXavIKh TTapaywyr aoBEoTou uWnAng KabBapdTntag, yia XPAon Tou o€
TTEPIBAANOVTIKEG EQAPUOYEG, UTTOPET VA ATTOTEAEDEI TOV HEAAOVTIKG OUVAUIKO QVTAYWVIOTH TOU XW-
pou.
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ABSTRACT

THE USE OF LIME IN THE TREATMENT OF ENVIRNOMENTAL
PROBLEMS

Triantafyllou G and Manutsoglu E.
Laboratory of Petrology and Economic Geology, Dpt. Of Mineral Resources Engineering,
Technical University of Crete, 731 33, Chania, gtriant@mred.tuc.gr, emanout@mred.tuc.gr

Lime is a product with several uses. The most important are in metallurgy, in the manufacture of
paper, glass, paints and sugar, for construction and environmental uses. At the present study the
contribution of lime in the protection of environment is described. The lime industry product consti-
tutes a significant segment of the environment industry with future prospects of growth. The treat-
ment of municipal potable water, the treatment of urban sewages, the contribution in the neutralisa-
tion of acid industrial discharges and the flue gas desulfurization, constitute the main environmental
applications of the lime industry products. It is appreciated that the continuously increasing de-
mand of products and technologies friendly to the environment over the next decade will have as a
consequence the increase of lime production, particularly after the increasing application of stricter
environmental legislation in national, as well as in global level.
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