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TEI A8HNAI 

IXOAH TEXNOAOrIKON E~APMOrON 

TMHMA ~YIIKHI-XHMEIAI KAI TEXNOAOrIAI YAIKON 

EPr. AIKHIH 7: IKAHPOTHTA NEPOY 

EnllJEAEIO: X. MHNAQAKHL 

1. E1aavwyn 

LO:V aKAnpo vEp6 bP{ZE~O:I EKE(VO nou nEplExEI 

nAO:~O: KUp(W~ Ca KO: I Mg. AvnAoyo: IJE ~nv ~uan ~WV O:An~wv o:U~WV, 

n aKAnp6~n~0: ~IO:Kp(VE~O:I aE napo~IKD Kal 1J6vllJn. 

Ka~n KUPIO ~6yo a~nv 

napouaia IVWV o:vspaKIKWV aAa~wv ~ou Ca KO:! Mg, Ca(HCOZ >2 

KO: I Mg(HCO Z )2. 

napO~IKn aKAnp6~n~o: IJnopE( vo: o:naAEI~sE( AOYW ~n~ av~{opaan~ 

nou AO:IJSnVEI xwpa 

n.x., O~E(AE~al Ka~n KUPIO AOYO a~nv napanavw av~(opaan onou 

a~nV no:poua{o: EU~laAu~wv 

O:Aa~wv ~OU Ca KO:! Mg (KUp(W~ SEIYK~V aAa~wv aAAa Kal aE 

IJIKpO~EPO SaslJo XAWPIOUXWV, VI~PIKWV K.A.n.) nou OEV IJnopOUV 

va o:nOlJaKpUVSOUV IJE SpaalJ6. 

To aspolalJa ~n~ napool~n~ KO:I ~n~ 1J0vllJn~ aKAnpO~n~a~ 

OVOlJaZE~al OAIKD aKAnpo~n~o: ~ou VEpOU. 

Mlo: aAAn en{n~wan ~n~ aKAnpo~n~a~ ~ou VEPOU E(VO:i n 

IJElwan ~n~ o:noppunav~IKD~ IKavo~n~a~ ~ou ao:nouvlou nou .. 
EKonAWVE~al IJE ~nv ouaKoAlo: V'O: axnlJa~lcrlJo a~pou. Au~o O~Er

AE~O:I a~o O~I ~a OIO:AUIJEVO: aAO:~O: ~ou Ca Ko:t Mg aV~lopouv IJE 

~o: opaa~IKa aua~a~IKa ~ou cranouvlou axnlJa~lzov~a~ lJaz( ~ou~ 

IZDlJa~a nou a~Epouv~al anoppunav~IKD~ IKavo~n~a~. 
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H O'KAnp61:n1:o 

A\JEPIKOVIKOU<;, IOAAIKOU<; K.A.n. 

QIESVOU<; ~uO'1:n\J01:0<; <S.l.). 

O'uvnsw<; O'E IEp\JOV I KOU<;, 

1 IOAAIK6<; Sos\Jo<;, lOT = 1 mg CaC03 / 100 ml VEPOU, 

H O'KAnp01:n-Co 0'1:0 QIESVE<; ~uO'1:n\Jo EK~POZE1:01 aE mmol OAKOAI

KWV YOIWV 11 VEpOU. 

Eow npEnEI vcr an\JElwsE( 01:1 01 

E~OO'OV onw<; EXEI AExsei 0'1:0 VEPO unopxEI 
, 

CaSO ... , MgC1 2 

K.A.n. 

~1:0V niVOKO 1 

Imo ill lItl!q/l rEpj.i. ra.v'. ppm 
loVnlY ,OvtIiiV Sa:aj.iof SaBj.iol CaCO:s 
aAr.·Yllllilv c:h'IC:I~v od of 

1 lIuliolll 1.00 2,00 5,60 10,00 100,0 
,OVTiIlV 

c:AL l(!l61V 

1 leq/l 
IQI'TIiiV 0,50 1,00 2,80 5,00 50,0 
IrAL la:l~v 

1 c.d 0,18 0,357 1,00 1,78 17,8 

1 "'f 0,1 o 'i , .. 0,560 1,00 10,0 

1 pp. 
CaCG:s 0,01 0,020 0,056 0,100 1,00 
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o XapaK~npIO~O£ ~n£ nOlo~n~a£ ~OU VEPOU E~nElpIKO ~nopEf 

va ylvEI ~E aOon ~nv napaKO~W KAI~aKa ~I~WV OKAnpo~n~a£ OE 

rEp~aVIKOU£ aae~OU£ 

0-4 ()d nOAu ~aAaKo 

4-8 cd ~aAaKo 

8-18 od j..1E:~pla oKAnpo 

18-30 od oKAnpo 

)30 od nOAu aKAnpo 

L~O nEipa~a au~o n o~ooa onouoao~wv ea npooolopfoEI ~nv 

OA I Kn Ka I 

UOpEuon£. 

~nV ~ovl~n OKAnp6~n~a ~ou VEPOU ~ou OIK~UOU 

2.1. Opyava,uAIKo,av~lopao~np,a 

L~a~w npoxoloa£ j..1E OcpIK~npa, npoxo'i'oa, KWVIKE:£ CPIOAE£ 250 ml, 

o I qJw V I 50 ml, O'(KO~E~pIKO( KUAIVOPOI 100 ml 10 ml. 

CIOAUHa EDTA 0,01 M . =npalvE~al nooo~n~a Na 2 H2 Y.2H2 0 o~ou£ 

80°C. ME~O ~nv ~u~n zu'(lzov~al 3,8 9 + 1 mg, olaAuov~al OE 

VEPO Kal apalwvov~al ~E:XPI 1 1. 

ano~EAOU~EVO ana 15 ml 

aleavoAn~. To oloAu~a au~o ~ou oEIK~n ola~npE( ~I~ 

~ou '(la nEpfnou OUO EaOO~OOE~. 

CIOAuHa Mg-EDTA 0,1 M. Zuylzov~al 

no~npl ZE:OEW£ Kal npoo~leEv~al 500 ml npOo~(eE~al 

.. 

OE 
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au~o laoouva~n noao~n~a MgS04 .7H2 0 (24,65 g). Elaa¥ov~al 

~IVE~ a~ayovE~ ~alvo~o~sa~ETvn~ Kal a~nv auv~xEla apKE~o 

ola~u~a NaOH wa~E ~o ola~u~a va V(VEI aasEvw~ poz. ApalwvE

~al aE 1 1. O~av ~o ola~u~a ~XEI E~ol~aa~E( Ka~a~~n~a, 

EnESEpyaala ~~pou~ ~ou ola~u~a~o~ ~E pus~la~IKo ola~u~a pH 10 

Ka! ~EPIK~~ a~avovE~ oE(K~n EST olvEI so~o !WOE~ xpw~a. 

nEpal~~p~ ~Ia ~ovo a~a¥ova o!a~u~a~o~ EDTA O,01 M np~nEI va 

npoKa~Ef ~E~aSo~n xpw~a~o~ a~o ~n~E, EVW lan noao~n~a 

ola~u~a~o~ MgS04 0,01 M npEnEI va npoKa~EI a~~a¥n a~o 

KOKKIVO. H aua~aan ~ou ola~u~a~o~ np~nEI vo pus~la~E/ ~E 

npoasnKn ola~u~cr~o~ MgS04 0,01 M n EDTA 0,01 M ~~~ o~ou 

n~npouv~al ~o Kpl~nplO ou~a. 

M. 

VEPO KOI opalwvov~al aE 11. 

O~cr ~cr noponav~ olcr~u~a~a unapxouv E~ol~a a~nv Ep¥aa~nploKn 

s~an. 

rla ~ov npoaolopla~o ou~o xpnal~onolouv~al ~pla~Evcr 

cr~lvono~uKapSosu~IKa oSEcr n a~cr~a au~wv. Eupu~cr~n xpnan 

SplaKEI ~o alsu~Evoola~lvo~E~pcrosIKo osu n ~o a~a~ au~ou ~E 

va~plo, nou au~So~lzE~al aav Na2H2Y (EDTA). 

To EDTA axn~a~{zEI ~E no~~a ~~~a~~a, au~n~oKa Euola~u~a 

KOt no~u a~osEpa. 0 ¥EVIKO~ ~pOno~ oEa~suan~ aE nEpISa~~ov ~E 

pH 8-10 Elval 
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[MYJ2- + H+ (1) 

ASIZE! va on~ElweEi o~o On~E{O au~o O~! ~O EDTA OU~n~EKE~al 

aVEs~p~n~a anD ~o ~E~a~~o ~E ava~o¥la 1:1. On~ab~ 1 mol EDTA 

OEO~EUEI 1 mol IOV~OC; ~E~~A~OU. 

L~o aAKaAIKo au~o pH n xn~IK~ loopponla (1) Ef va I 

~E~a~On!O~EVn npoc; ~a OESI~, on~ao~ n nooo~n~a ~ou ~E~~~~OU 

ou~n~EKE~a! nooo~IK~ anD ~o EDTA. 

rla ~nv avayvwplon ~ou looouva~ou on~Eiou xpnal~onoIEi~al 

EIOIK~ Ka~n¥opia OEIK~WV nou ovo~~zov~al ~E~a~~IKo(. Evac; 

~E~OIOC; oE(K~nc; nou SplOKEI ~E¥~~n E~ap~o¥~ Elval ~o 

EyiochYom Slack T (EST). 0 oE(K~nc; au~oc; oiVEt ~E !ov~a Ca2 '" 

~ Mg2+ EUOI~~u~a ou~n~oKa KOKKIVOU xpw~a~oc;. LE UOa~!K~ 

olaAu~a~a ~OU oE(K~n anoKae(o~a~al n looppon(a (2) . 

H02- + H .... (2 ) 

(KOK K I VO) Crn>-.t!';', 

L~Ic; ouve~KEC; o~wC; ~ou nElp~~a~oc; (pH 10) unEploxuEI n ~op~~ 

H02- ~E ~n~E xpw~a. H ~op~~ au~~ ~ou oE(K~n ~nopEf va 

ou~n~EKE~a! ~E lov~a ~E~~AAWV ou~~wva ~E ~nv av~(opaon (3) 

(3 ) 

nou KI au~~ E(val ~E~a~onlo~EVn npoc; O~E~OC; ~nc; ~op~~C; MO-. 

LE YEVIKEC; ypa~~EC; Eno~Evwc; ~nopE( va ElnweE( O~I n apx~ 

AEI~oup¥(ac; ~nc; OYKo~E~pnonc; slval n ES~C; : os ol~~u~a oEfK~n 

EST, E~OOOV unapxouv lov~a Ca 2 + Kal Mg2+, ~a ~E~Eu~a(a 

ou~n~EKov~al ~E ~ov EST olvov~ac; ,KOKKIVO xpw~a o~o o!a~u~a. 

L~o looouva~o on~Elo o~wC; 6nou n OUVOAIK~ nooo~n~a ~wv IOV~WV 

au~wv EXOUV oEo~EueEr anD ~o EDTA E~~avlzE~al ~o xpw~a ~ou~ 

E~sueEpou oEIK~n (~n~E). Eno~Evwc; n xpw~a~IK~ ~E~aSoA~ E(val 

ano KOKKIVO OE ~nAE. 

rla ~nv Ka~u~Epn Ka~av6nan ~wv olspyacrlwv nou cru~Sa(vouv 
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Ka~a ~nV a¥Ka~E~pncrn ~E EDTA npEnEI va An~eE( uno~n n crXE~IKn 

crEIPC cr~aeEpo~n~aS ~WV cru~nAoKWV nau E(Val 

Ca-EBT < Mg-EBT < Mg-EDTA < Ca-EDTA. 

OnAa8n E~C¥E~al O~I a) ~a cr8~nAaKa ~E EDTA Eival nlo cr~aeEpc 

ana au~c ~E ~av 8E(K~n EBT Kal S) ~a cr8~nAaKa Mg-EBT Eival 

nlo cr~aeEpo ana au~o ~au Ca-EBT. 

Luva~izav~a~, ~a cr~cdla Ka~a ~nv a¥Ka~E~pncrn E(val ~a 

~av dEiK~n cr8~~wva ~E ~nv av~i8pacrn (3). 

(¥ I a~ i ; ) 

cr8~~wva ~E ~nv av~idpacrn (1). L~a Icra88va~a crn~E(a,n ~EAEU

~aia nacro~n~a IOV~WV Ca2 + n Mg2+ nOu SplcrKE~al 8Ecr~Eu~Evn ~E 

8EiK~n, aV~18pc ~E EDTA (Kal ~cAlcr~a npw~a ~a CaO- Kal EnEI~a 

~a MgO-

CaO- + HY~- ~ CaY2- + H02- (4) ...--
CkOKk 1v §) (t-'r"\/€·') 

llaPEia Epyacr(ac; 

LE KWVIKn ~laAn ~wv 250 ml ~Epav~al 100 ml 

vEpa8 ~E a¥Ka~E~pIKO K8Alv8pa, ~E~pn~Eva ~E ocra ~a 8uva~ov 

KaA8~Epn aKplSEla. (llaA8 ~E¥aA8~Epn aKplSEla Enl~u¥xavE~al av 

xpncrl~analneEi crl~WVI ~wv 50 ml Kal 88a 80crEIS ~wv 50 ml). 

llpacr~leEv~al ~E a¥Ka~E~pIKO K8Alv8pa ~wv 10 ml, 2 ml 

TI~Aa8a~Ei~al ~E npo~una dlaAu~a EDTA 0,01 M. 

~E~aSaAn E(val ana KOKKlva ~au Kpacrlo8 OE Kaeapo ~nAE. Ta 

 ΤΕ
Ι Α
θή
να
ς 

  Σ
  Α

  Ε
  Τ



-86-
100 ml ve:pau 

SpicrKe:~al an6 ~av ~una 

napa~nprlcre:IC;. 

1. Eav n xpw~a~IKrl ~e:~aSaArl OEV e:lval an6~a~n au~6 crn~aivEI 

anoucrla 16v~wv Mg2+. npa¥~a~f 6~av unapxouv cr~a ve:p6 ~6va 

16v~a Ca 2 + n ~e:~aSoAn OEV e:ival IKavonoln~IKa an6~a~n. r~nv 

nEpin~wcrn aU~rl npEne:1 va npacr~Esouv nplv ~nv O¥Ko~E~pncrn 1-2 

ml np6~unou olaAu~a~oC; Mg-EDTA 0,1 M. Ka~a ~nv npocrSrlKn au~n 

oEcr~e:uE~al nacr6~n~a 16v~wv Ca 2 + aAAa cr~nv eEcrn ~nc; EAe:uee:

pwve:~al Icroouva~n nocr6~n~a 16v~wv Mg2+ 

cru~~wva ~E ~nv av~lopacrn (3). r~o Icraouva~a crn~e:fo ~o EDTA 

aVT.lopa ~E ~nv nocr6~n~a ~ou MgO- o(vov~ac; ~ia an6~o~n 

~e:~aeOArl an6 K6KKlva ~ou Kpacrlou npoc; ~nAe: ¥Ia~( ~o EBT e:ival 

aplcr~oc; oe:(K~nc; ¥Ia ~a 16v~a Mg2+. 

2. 0 npacrolaplcr~6c; ~nc; OAIKrlC; crKAnp6~n~ac; ¥lvE~al cre: pH 10. 

Au~6 EnISaAAe:~al an6 ~a ye:yov6C; 6~1 cre: pH ~IKp6~e:po ~ou 10 n 

xpw~a~IKn ~e:~aeOAn oe:v e:lval an6~o~n e:vw cre: pH ~e:yaAu~e:po ~ou 

10 ~a 16v~a Mg2+ Kaslzavauv crav Mg(OH)2 ~e: ano~EAe:cr~a Elcra

ywyn cr~aA~a~wv Ka~a ~av npacrolaplcr~6. 

Eav wplcr~Evn ve:pou unoSAnee:( crE napa~e:~a~Eva .. 
napoolKnc; crKAnp6~n~aC; 

~a e:uolaAu~a aAa~a Ca Kal Mg ryou oe:v Ka~acr~pE~av~al ~e: ~av 

H ~e:Ae:u~a(a ~nope:( va 
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nopEla EpyaO'iac; 

Z~O'EWS ~wv 400 ml ~~pov~al 250 ml VEPOU 

~E~pn~~va ~E O¥KO~E~PIK6 KUAIVOpO. !~nv O'uv~xEla ~o no~npl 

Z~O'EWS ~E kO vEp6 ~onosE~Ei~a! aE sEp~av~IKn nAaKa Ka! Z~E~al 

nnla En( 20-30 min. A~nvE~al ~o vEp6 va ~UXSE( Kal OlnsEI~al 

anEUSElas aE OYKO~EkpIKn ~laAn ~wv 250 ml. 

6YKOs ~~XPI knV xapayn ~E anlovIO'~~VO vEp6. 

o 

OYKO~E~pouvkal 100 ml an6 kO O~OYEVEs o!nsn~a ~E ~nv (010' 

nopE(a 6nw~ Yla ~nv OAIKn O'KAnp6~nka. YnoAoylzE~a! 

O'KAnp6~n~a O'E YEp~avlKous Bas~ou~. 

H napOO!Kn aKAnp6knka BplaKE~al ~E a~a(pEO'n kns ~6vl~ns 

aKAnp6knkaS an6 knV oAIKn. 

3. EKsEan Epyaa(a~ 

!~nv ~KSEO'n Ep¥aala~ sa npEnEI 

aAAWV Kal ~a E~ns 

8EQPHTIKO MEPO! 

80' np~nEI va avan~uO'aov~a! 

va avacpEpovka I 

napOOIKn O'KAnp6~n~a Kal B) Enlnk~O'Els ~ns aKAnp6~n~as Ka~a 

~nv xpnan VEpOU. 

METPH!EI!-AnOTEAE!MATA 

Avacp~pE~al 

kOU M.O. 

Ba9~ous· 

YnOAOY(ZE~al 

Ka! 
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OKAnp6~n~a. YnOAOY(ZELal an6 LnV ola~opa LWV OUO OKAnpOLn~wv 

n napoolKn OKAnp6~n~a. 

I~nv OUVEXEla ~E ~nv aOnSEla LOU nrvaKa 1 EK~pazE~al n OAIKn 

oKAnp6~n~a OE aas~ou~ cd, eT, ppm CaCO~ Ka! mmol 16v~wv 

aAKaAIKwv yarwv / 1. 

TEAO~ 

E~E~az6~EVOU VEPOU 

napaypa~ou 1. 

.xapaKLnpro~6~ ~n~ 

aaon ~nv E~nElprKn 

nOI6~n~a~ 

KA{~aKa 

LOU 
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