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ENIAPASH THS MESHE TPAMMIKHE TAXYTHTAS STHN KAGAPSH YAAT IKON
ATAAYMATON OYPIKOY O=EOZ AMO ZTAGEPEX KAl PEYZTAIQPOYMENEZ
KAINEZ ME ENEPIO, ANOPAKA

ATKATEP INH MATAAHVHTPAKH-NASANAHA#
BYPON K. NAQANAHA KAI ENENH TSOYKANH-MANACTOYAOY

Eovaotinio. Iatoos ikaatikie kat Tofikohoylas Iatotkol Tuhuatos A.M.0.
* Nocokouel{o AXENA PecoaAovikns

MNEP I AHWH

>ty epyacia peierdral n enidpoocn tng upéons ypappixkis taxdiniag
(V) cm/min otnv anopdxpuvon (kG0apon) [(X) ml/min/g]l tov oupikod oEéog
and otabepés katL peuvcotalwpolueves kA{veg evepyol AuBpaka. EmiBeBativerat
adbgnon tng k&Bapong pe tnv adinon ng péong ypauutkAg taxdtntag. H e€Eap-
mon auti elvar peydAdtepn 600 n SLGPKELA Kal n péon ypauulkd taxdtnta
elvar pikpdtepn. H napatacn g Spbong npoopbdnons kat n adgnon tng pé-
onsg YPaupikhs taxitntag petlvovv autiv tnv egdptnon.

H epyoocia avth elvat xphowun npokELpévou va Stepeuvnfolv ot BEATLoTES
ouvofAkes pLag Spdong kdPapong aipatog: and Eéveg ouci{es ue mpoopddnon
(hemoperfusion).

NeteLg KherdLa: Oupikd ok, aiponpoopddnon (hemoperfusion), €vepyds - Gu-
Opakag, kaGbapon.

EIZAMQMH

S1n Sadikacia atpokd@aponsg and pra togikA ovcla pe mpoopddnon (hemo-
perfusion), O PUOUOS NG anopdkpuvong emnidLiketat va efval 600 10 Svva-
v PeyaAltepos xwplic va Srtatgpdoocetal n toopponia tou opvauiouoo.o pub-
pués avtds avEduetat pe tnu adinon g oykoueTtplkAg mapoxfs tou aipatog,
nov 6uws, meptopiletat and A€LTOUPY LKES anALTACELS TOU OPYAVLopoD.

EEAAAOU, YLa éva Sebopévo peuotd dnws €lvat 10 alpya, O€ MEPLNTUOELS
UE YVWOTA Tn ouykEévtpwon Ing Io§LKﬁg 0U0[0§>KOL Sebopévn tnv mpoopodnTL-
Kf} LkavdTnta NG otfiAng Mov Xpnotuomotolue, n MAPAUETPOs Tou €nnPEalet
v anopdkpuvon tng T10ELkAg ovclag Sev etvair, 610 peoAoyikd Palvbuevo, n

OYKOMETPLKA mMapoxn,aAAd n péon YpGupLKﬁWTOXOIQIO V (mean linear velocity
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e dractboers- L T_J). Me tov dpo 7, evvoolupe tnu taxbtnta pe tnv omola
&va pevotd kLveitdl péoa and 1a SLEKEV Twy KOKKWY HLaS — mpoopodnTLKAS
oTAANS. J

H petaBoAr] tng oykopetpLkis mopexis yia dedopévn KAivq ennpedleL v
katdotaon Tou oplkol otpipatog (boundary layer) petafld tng vypAs ¢dong
KAl ToU MpoopodnTLKoU. Ztnv vnuatidn pof (luhinar fiow) n KWwnNITLKA g
nooopddnong etaptdtal kuplwg and tn Sidxuon, €vi otnv TtupPwdn pofy (tur-
bular flow) n €E@ptnon auth e€lvar katd moAl pikpdtepn. H didxuon ennped-
Zetalr and 1o Naxos tou invntou upév Lou UYpoO ov nepLBéAAeL'tn otepEn
empuera. Ma éva Sedopévo vypd kat otfiAn, o TOMog tng pPorg (vnuatidng

" fi tupPWONS) kabopiletal and tn péon ypauuilkh taxdtnta tou Peuctol Mou Ki-
veltal péoa and ta Sitdkeva Twv KOKKwy KAl yapaktineiletat and tov aptdud
Reynolds. '

Z116 in vivo €bapuoyés Ing mpoopddnong Omws cuuPBaivel otnv hemoper-
fusiom, 10 pevotd (alpa) avakukAdvetal, pe anotéiecpa éva mAfBog and ma-
payovteg va kabopilouv ta amoteAégpara tng aiponpoopddnons. O tethég
01605 e€ivat mdvia va kaboptotolv oL in vivo MOPAyoOViES KAl va entAeyolv
oL BéAtToteg ouvbiikeg o€ pLa mpdkt ik edappoyr. O pdvog Supwg tP6MOS yia
va entteuxfoiv autd eiual 1a in vitro meELlpduara.

Ma éva peuctd 6nws To aipd pE YwwoTh ouykévipwon tng T.0.* kal &edo-
Lévn mpoopodnT Lk oTAAN, n ¥ pnopel, 6mws mpoavadépdnke, va ennpedlel 1o
puBud amopdkpuvons NS T.0. H enidpaocn NS OYKOUETPLKAG MapoxAs  otnv
npoopodnT Lk LkavdInta SLaddpwy TOE LKWV- ouc LWy Sev ékeL eketaotel ekte-
tapéva. Ot Dunea kat Kolff 1) pé€tpnoav tnv k@apon tng kpeativivng mpo-
keLpévou va kaboprotel n BEATLOTN OYKOpETP LKA Mapoxd. Autol mapartfpnoav
abEnon. tng kabapons pe tnv abinon tng pofis. EEAAAoU duws adEnon tng pofig
anKeri peyarltepn katactpod twv drponetahiwv (2). O Davis (3) mapatd-
pnoe tnv (Sta eEdpinon tns k&Bapons kpeativivng PE TNV OYKOUETIPLKA TAPO- -
xfy oe €ldkf] S1atagn kAlung. O Bobeck kat oL cuvepydteg tou (4) perétn-
oav TN K&Bapon NG mevtoBopBLTAAng KAl Twy YAQUTEDLULSWDY TIOU TPOKAAODV
SLadopes pntives, oe oxéon PE TNV OYKOUETPLKA MAPOXA. =1a TMELPAUAtTd Ttoug
neptAquBavetar n Lod6Oeppog kat n kruniiki ng mpoopddnong. EEGAAoL o
Andrade € Ttoug ocuvepydtes tou (5) kat o 1. MatZiéns (6) napathpnoav

€Edptnon petafd tou oxAuatog NS oTfANG KAL NG ANOTEAECHATLKOTNTAS QUTAS

1.0 = 10§LKA ouoia
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yLa otabepn oyKbuetpLKﬁ napoxfi. Ot epevuniég avtol mpotelvouv SLadopa
YEWRETPLKA XOpakTnploTikd Twv KA LY nou eEaodaA (Touv opoldpopdn  Kat
nAfpn -aglonoinon tng mpoopodnTLkAS LkavdIntag autiv,

Ztnv epyacila auifi peAetolue tnv npoopddnon Staiuvudtwv ouplkol otéog
o€ otabepés katl pevotatwpolueves kAfves. Ta kAlveg pe dedouéva yewpe-
TPLKA XAPAKTINPLOTLKA petaBdiiovtar ot V yia BLAPopeES CUYKEVTPWOELS OupL-
koU 0E€0G, mMPoKe Lpévou va fpokiPouy cuoXeTloeLg petago tng'uéong’VchuL—
kAS taxitntag kat tou pubuol amopdkpuvong tng T.0. Ta ouuﬁepéouoto ou
entdKovtal 8a BondAcouv 610 va emtA&yovtal 1a YEWUETPLKA XapakTnpLotL-
KA TWY MPOooPOdNT LKMY KALVEHY mou Ba Slvouv Tov entbuuntd pubud KkaEBaAoonS

o€ eEwowuatikés dlatatels hemoperfusion.

YATKA KAl MEGOAQI

Za ¢don yLa mpoopbddnon xpnbLuOHOLﬁeqxou uSattkd SlaAluata oupLkol o-
E€og. Ataiubdtav mocdtnta ouptkol oféog- (Carlo Erba 99% (abuold ‘kabapdn -
105) o€ vepd mou mepieixe 0,3 g udpokerdiov tou ALBlov (LiOH) kat 8%
w/v 6L0LeuAeuoyAUK6Ah (Merck) ava Altwpo. To LiOH xpnoluponolABnke yia va
enittevxbel n SivGotaon tou ouptkol oféog o€ Lévto. Zuuenmg(q npoopodole-
vn ¢bGon Bolokdtav Pe 1In u6p¢ﬁ avidvtwy tou oupLkol okéog. Mpoketlpévou va
enttevxfel oxettkd (wg mpog to 05¢p)’Lgm5eg nAdopatog J,é otoug 18 °c
(¢u0LvoYLKd 6pta 1,67-2,35) npooBétoviav n avaykaia nocdHtnta SiatBuAe-
VOYAUKOANS. To pH puBuifovtav OIG’7,4 KdL OLl. CUYKEVTPWOELS TOU OUPLKOD
otéog mpoodtopilovtav mpLv kalL katd 5L6pK€LQ-Tﬂ§ npoopddrons pe In
1180060 Henry (7) ¢dacpatodwtopetpLka.

To mpoopodnTikd Mou XPNoLpomnoLHOnke fAtav €vepyods duepaKdg (Merck No.
9624) pe péyebog kdkkwv 0,5-0,75 mm o€ moodINta 2,12 g.

XpnotuonotABnkav 800 tinot KA Lviv: otabepn (fixed bed) kal pPevcTALW-=

fpoOueun (loose bed). To oxAua Twv KALVGY ftav KUALUSPLKO UE €oWwTEPLKA
Siauetpo (ID) 13 mm kat 16 mm avi{otoixa. To pAkog tng otafepis kAtung
ftau 47 mm €vl Tng peuoroproOusvng 134 mm. To nopwdes (&) tng oxoeepﬁé
kKATung Bpédnke 0,69 [Oykog Slakévwy (4,3 ml)/QALKOU éykou (6,2 m1)] to
8€ € NS pevotalwpoluevns KALung 0,84 [6ykos Stakévwv 22,82 ml/oAtkd Oy-
KO (26,9§‘m1)], QL akpes twy 600 khLviv KaADmTovtav pe vakoBduBaka.

H pofi tou peuctol Sratnpibnke otabepd pe tn Bofl@ela nePLoTaATikig av-
tAlag (tOmou Buchler). H Bepuokpacia npoopdpnons Atav 20 °c. H pevctaLw-
pnon tng kKAlvng emttuyxuovtav Ue ovvexd pnxavikf avadeucn Wo1€ Ta owya-

1{8ta va awwpoivtat cuvexis.katd tnv npoopddnon. Ta Selypata naipvoviat
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o€ oplopéva xpovlkd SLactipata pe oUyXpovo EAEYXO NG OYKOUETIPLKAG mapo-
XA

‘Me Bdon TNV OYKOMETIPLKA mMapoxf, eKTLUAONKE apxtkd n enidavelakn 1a-
xotnta [Superficial velocity] (Vs). H ektipnon 1ng VS(TL_I) pponﬂnteL
and TNV OYKOUETPLKA Mapoxn VQ , KAL tnu enwddvela tng e€ykdpoiag Ttoufig
g o1fAng xwpis 10 Mpoopodntikd; mou Slvetal and tnv oxéon (1)

- _Q
Vv = 5 7 (D

Z1n ouvéxela ekTipAdnke n péon YPauu LKA Taxotnta V. H 7 mpokomntet
and 1 oxéon (2) v _
V=== : (2)

€

Ou 1axitintes auiés ektLpAbnkav yLa kGBe melipaua npoopddnong

ME | PAMAT I KO MEPOZ

MeAethiBnke n enidpaon toldv Stadopetikiv 7 otnv Kdeapcn (clearance)
TOU ouplkoU otéog and otabepég kal PeucTalwpolUEVES KAivég. O 6pos "cle-
arance” xpnoiponoteftatl ocuvABwg yLa va ektipnBel o Pabuds  amoudkpuvong
KGBe T1oELKAS ouolag and .ta uypd TOoU OWMPATOS pE ducLoAoyLKO (DucLkd) Tpd-
no A uE TeEXVLTO (efwowpatikh ouckeuf). O 6pos autds ekdpdlel Tov OYKO
Twv vypdv Tou o@upatog (ouvAbwg tou aluatog) mou kaBapiletal evieAls and
Sedopéveg togixég ouoles oe kGPe Aentd. H kdOapon efaptdtal and 10 Xapa-
KTnEtotLlkd tng kAlung mou B6a xpnotpomolnOel, 1Lg ouvbfAKeES pofg Kat m
dl0on ToOU 5LOAﬂuGTO§; XpnoiporotAbnke n évvola tng kabapong avd g mpoopo-
"~ dnTikol MpokeLpévou va xapaktnplotel n mpoopodntiki tkavdInta Ing OAng
dLatagns.
Ztafepés kAlves: Z10 MPWTO HEPOS, yLa 1N HeAETn mavw o€ ordeepég KAT-
VEG, mpaypatonoifnkav tpia neipdpata oe Ipeig SLadopeTikés V.0 oALkds
&YkoS Tou peuotod (ml) yta k&8apon, n C° (aprKﬁ ouykévTpwon) Tou ouptl-

KoU o€ mmol/L, n V,.,N VS KaL n 7 yla kabe neipapa Sivoviat otov Mivaka 1.

Q
MINAKAY I. Suvdfiuec mipoopdenong yia meilpduata pe otadepég A lveg
et OAwnde bynog €O oupiaod Vb \ v
oo pevotod {ml) oféog (mmol/L) {ml/min) (cm/min) {(cm/min)
1 439 ' 0,76 1,2 0,909 1.317
2 1557 0,81 2,75 2,080 3,020

3 1572 0,71 5,85 4,430 6,420
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YnoAoylotnke n tipf twy x/m (n moodinta o€ mg 10U ouptkol 0E€og TOU
npoopodbnke and Kéee'g avBpakog) oe ouvdptnon pe 1o Xpdvo.To GBpoloua
WY pEPLKIDY TLpmy x/m  otov avtiotolxo xpbvo SilveL v oAlkA moobinta tou
oUpLKOU ogéog“nou npoopodBnke and kGbe  Avbpaka. And TNV TLUA QUTH €K-

_TLpfiBnke o OYKog tou.pevotol mou " kaBaplotnke " and 10 oupLkd OFED

[IINAKAT II. Tuuég mpoopopntinfl tkavdmrag (x/m) xat (X) "x&ﬁdponq", TIoU
avtiototxolv o Sibgopouc xpdvouc mpocpdenone & LoAvpdtov oupLiod o&soq
oe otadepéc wilvee Gvdpara (nelpduota Tou Nivana I).

Ap18ude me Lpduatog

1 2
xpdvog  TpoopognTin  u&dapon | xpdvog TOCPOPNT L) H&dapon
Tipocpdenenc wavotTa X | mpoopdenong travdmTa X
t(min) x/m (mg/g) (ml/min/g).  t(min) x/m(mg/g) ml/min/g)
20.8 0.000 1.2 18.2 0.015 2,15
. 41.6 0.01Y 1.13 - 54,5 0.038 1.82
83.0 0.034" 1.13 90.9 0.051 1.46
124.8 0.046 1.03 127.3 0.062 1.27
166.4 0.057 , 0.95 . 145.4 0.066 1.18
208.0 . 0.067 0.89 236.3 - 0.088 0.97
232.1 0.073 0.87 285.5 0.096 0.88
273.7 0.087 0.88 321.9 0.104 0.84
315.3 0.098 0.87 358.2 0.111 0.81
359.9 0.107 . 0.84 | 394.6 0.117 0.77
3
xpbvog TIPOCPOYNT LK w&dapon
Tipocpdpnong : wavdnTa X

t(min) x/m_ (mg/g) : (ml/min/g)

8.5 0.012 , 4,21

14.1 - 0.021 4,44

25.6 0.027 3.14

34,2 » 0.031 " 2,17

68.3 ' 0.042 1.83

85.4 : - 0.046 : 1.60
119.6 0.053 ' 1.32
153.8 0.067 1.29
196.5 0.079 1.20
217.4 0.087 1.19

268.0 0.108 1.20
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atn povada tou xpdvou kat avd povdda npoopodnTLkol (X),katd tn dibpkeLa
pLag dradikaciag mpoopddnons. Ta peyédn auvtd {La 1A MPONYOUHEVA TNE Lpdua-
ta (Nivakag 1) 6ivovtat otov Mivaka 1 kat to oxAua 1.

And ta Sedopéva tou Htuaka Il kataokevastnkav kaumAeg tou (X) mou
GUVSEOLY TOV OYkOo Ttou pevotod mou kabapifetat otn povdda tou xpdvou (min)
yia kaBe povada Rapovsg (g) npoopo¢anKoOJOe oxéon npog tn péon YPAUU LKA
taxotnta V. OL kaumOAes autés avadépovtal ce cuvedpies SLdpkelas 50,75,
100, 150 kau 200.

Ou kapnOAeg avtés Slvovtal oto oxAua 1.

AnG T1G KAuMOAES Ttou oxAuatog 1 unopel va mpokUbeL o0 ouvwoAikds OYKOS
Tou peucstol (aipatog) mou pnopel va kaBaplotel 6tav efvat Yvwotdj n V kau
n ovvedpia Siapkel and 25-200 min, { avtiBeta va emntieyel n V kat n
SLdpke La ocvvedpiag npokeLpévou va e€factaiictel o emBbupuntds OYKoG peEv-
o100 mou Ba kaBaplotel, 6nAadf n mosdINTa INS 10§ Lkfjs ouclag mou Ba ano-

pakpuvBel and tov opyavicud.

14, e

1.2

»

1.0

»

»

»

KéBapon (x) ml/min/g
>
|

2

1:3,72' 2.02 i 6'e'.4z é
Méon ypauutkh taxbtnta (v) cm/min
SXHMA 1. ‘Oykog pevorod mov kaBapiferat ané To ovptKo o0&y
ctn ucvada Ttou xpbvou Kat ava uovada T(DOUDO(DI’]TIKOU, (X) oe
oxéon ue ™ wéan ypauuikdh taxbrtnta V.
SuvBikes meipbuaros: otabepés kAlves, Stdpketa ouvesplag

25 min. 50 min. 75 min. 100 min. 150 min. 200 min.
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Pevoratwpobueves kAfveg: 210 Seltepo péEPOS TpaypatonoLAbnkay neLpd-
PATA HE PEVUCTALWPODPEVES KATves. MeAetfBnke n enidpacn TPL@Y TLuby V ato
puBpé kGBapong Sraivpdtwy ouptkod oEéog oe tpeig Stadopetikés Guvbfikeg
pevotaLwpolpevwy KA LYY . Ol ouvBAkeg Twy MELPAudtwy au v (5I'.UOUTO\1',‘Q'[O\J‘
Mivaka 111, ‘

MINAKAL III. Suvdfireg moopdenone yio metpduata ye peuotatwpodueveg M lveg

e oou OAude dvioc - C° ouptxod v v, v
Lo pevotod (ml) offoc (mmol/L) (ml%min) (cm?min) (em/fmin)
-1 570 0,75 ) 1.23 0.612 ‘ 0.73
2 1640 0.63 2.73 1.360 : 1.62
3 2025 Q.79 5.80 2.890 3.44

1.8

zo Min
50 »

2

.= 70 »

g

ey

S 100 »

~

x .

N

J: 150 »

8. 200 »>»

S

D

N

N

0.73 1.'62; ;,40 4' s 6|

Méon vpauuixi taxbtnta (v) cm/min
ISXHMA 2. ‘Oykos pevatol mov kaBapl{letat ané 10 ouptkd o0&l orn wovdda Tou

XpOvou avd povdda mpocpodnTikou (X), ce oxéon ue Tn uéon yoauutkd taxl-
nra V. Suvbhkes meipéduaros: Pevotatwpolueves kAlves, Sidpketa ouvesplac

25 min. 50 min. 75 min. 100 min. 155 min. 200 min.
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MIINAKAT, TV. Tipéc mpoopognt ki travdmntag (x/m) o (X) "n&dopong",mov
avtiotorxel oe &idpopoug xpdvoue mpocpdenone Sroiunbtwv oupLrol offog
oe pevotatwpoluevee xAlvee Gvipara (melpbucto tou Mlvare ITI}.

ApL9ude Tie LpduaTog

1 2
xodvog  MPOSPOENT LKA nédopon XOOVGE,  TROCROETT LKA ubB000n
npoopbpnone LxavdTnTa X npocpbynoneg - LravéTnTO v
t{min) x/m (mg/g) (ml/min/g) tliny  x/m Gae/z)  Gnl/min/g)
40.6 0,016 1.11 12,3 Nn.013 2.33
82.3 0,031 1.06 35,7 0,024 2.13
122.6 0.057 - 1.30 54,9 5,027 1.84
218.9 0.095 0.84 81.3 €.042 1.75
319.7 : 0,095 0.383 127.6 0,053 1.61
383.1 0.104 0.76 164.0 £.074 11,47
438,1 ) (0.112 Q.72 2C4,7 Qe 1.3%
467.7 . 0.116 0.70 341.7 0.117 1.11
468.0 0.116 Q.70 378.1 0,124 1.06
414.,5 0,12¢ 1.01
450.8 2,136 0.32
487.2 0.141 n,ca
523.5 G.147 21
560.0 0,154 C.ee
3 596,% 0,159 L 0.87
xopdvoq, 7 TPOCPOPTT LKA réSapon
TipocpdeTione LHOVOTTO ' 7z
t(min) x/m {mg/g) (ml/min/g)
8.62 . 0.015 4,66
17.2 0,026 4,05
25,2 0.033 3.41
34.5 G.040 3.11
51.7 0,048 2.492
638.0 0.056 2.17
86.2 . 0.065 2.02
103.4 0.070 1.81
120.7 0,074 . 1.64
138.0 0,077 , 1.49
155.2 0.07% 1.35
172.4 c.083 1.29
J120.0 Q.087 j.e2
208,9 . - 0.092 1.1°
293.1 0.112 1.02
348.1 0.126 0.9
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YroAoylotnke n Tt x/m o€ cuv@pTnon pE TO XPOYo KAl €KTLUABNKE n
HETABOAR TN (X) évavtl Ttwv 7 yLa cuvedpies pe S1adopes SLApkeLes (min).

Ta peyédn autd divovtal otov Mivaka IV kai 1o oxfina 2.

AMOTEAEZMATA.
Strabepés kAlveg: And To oxfua 1 MPOKIMTEL MWG O OYKOS TOU PEUGTOD
" mou kaBapiletar teAelwsg and tnv 10ELKA ovcla ce kdBe Aemtd kaL kabe ypau-
uépLo mpoopodntLkoD auEdvel pe tn péon ypaupulkA taxbtnta. H €gdptnon au-
1 elval peyaidtepn &oo n SL@pkeLla tng cuvedpiag €lvat pikpf (m.X. 75
min) kat n V éxeL xaunAdtepes tipés (m.x. 2 cm/m). MeyaAGtepn SL8pkeLa
ovvedplag kal ¢nA6tepég TLuéS V pelidvouy TNy €§aptnon auth kat n (X)
telvel va yivel avegdpintn and twn V. And 10 oxﬁua 1 ymopel va ektLpndel
n Twf NS (X) yia kGPe Si1dpkela ouvedplac €dv entAeyel n 7. AvtiBeta

unopel va emntAeyetl n V mpokepévou va entteuxBel n emtdupnth (X).

Pevotatwpovueves kAlveg: Atd 10 oXAua 2 MPOKOMTEL 'nabéuo;a egaptnon
g (X) and 1 V kat SiLdpkela 6uue6p[cg. "ta cvvedpleg SLapkeLas 75 min
napatnpeltal pelwon wv tudv (X) , 660 augdvouv ot, TLuég 7. To dalvdue-
vo autd umnopel va dikaLoAoynbel eGv ylvel Oektd ng‘IO‘OUpLKé 00 ekpoda-
tat and TOUG KOKKOUG ME TLS CUVBAKES QuTéEG TOU netpéuatog.MLé té€toLa Opws

epunveia Ba anattoloe npdcOeTn meLpapatikl epyacia yia va ylvelr anodekTth.

Sivkpion otafepdyv kat pevoratwpolbuevwy kAtvav: And ta oxhupata 1
kaL 2, yia tnu (dta Sidpkera ocvvedpiag kaL tnv avtf) péon ypauplkn taxoin-
Ta oL Tlpés (X) otn pevotalwpolpevn kAlvn elvat Ynrdtepeg and T avti-
OTOLXES Twv gtabepwv. H ditadopd avth elval peyaAttepn dtav n  SidpkeLa

ouvvedplag 6ev elval peyoAdtepn and 75 min.

SYZHTHZH.

And TOAHGLDGUOTLKG autd anoteAéopata mPoOKOMTEL Twg N TLUA iﬁg V ano-
teAel kUpLo mapdyovta nmov xapaktnpllel to publd mMPoopPOdNENS KAl CUVENWG
nid avtinpoownevtiki and tnv VQ.
enadfis tng uyYpPfs KaL ng otepens ¢aong. .

Ta 6pra petafoAns ng taxbiIntag pOAS Yla Eva BLOACYLKD PeucTd mou Ba

ToOto viat{ n V avadépetat oTLS OUUBAKES

kiveltal o€ pra efwowpatikd 6Ldtagn elval neploplopéva. O otdX0S va efnt-
Teuxbel n embupnth kGBapon pnopel va yiver petaBdrrovtag pdvo tn 7.
’Oﬁwg efval yvwotd n 7 pnopei va emnpeactel, ektdg and tnv VQ, and 1a

YEWUETPLKA XApakTNELoTLKA tng oTAANG, TO GXAUA Twv owpat L5iwv Kat. 1o mo-
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pdes auTtig.

Ot peyaAitepol pubuol amopdkpuvong tng To§ikAg ouclag pe SiLatdgelg
PEVGTA LWPOUUEVIWY KALVDY &vavTl ct1ebpiv pe tnu (6ta V, pnopolv va anodo-
Bolv otnv npdobetn kivnon wv cwpatSiwv mou petaBdAiouvv 1a mepatwtikd
otpmpomo'oTnv evboentdpaveLla cTEPEOU-PEVCTOU .«

H €gdptnon tng
vedpias hemoperfusion pnopel va Swoel Tov emitBupntd pubud petadopds pa-

" k&Bapons " and tnv V yia SeSopévng SLAPKELAG ou-

fag @ote va anopebyovial .ta dairvdueva Sitatdpagng g Loopponias Tou op-

Yav LopoU .

Key words: uric acid, hemoperfusion, charcoal, clearance.

SUMMARY

4 STUDY ON THE EFFECT OF MEAN LINEAR VELOCITY ON THE CLEA-
" RANCE OF URIC ACID AQUEOUS SOLUTIONS BY FIXED AND LOOSE BEDS
FILLED WITH ACTIVATED CARBON.

E.Papadimitraki-Nathanael,B.N.Nathanael,H.Tsoukali-Papadopoulou
Lab. of Forensic Medicine and ToxicologysAristotelian University,AHEPA

Hospital, Thessaloniki.

In the present paper the influence of mean linear velocity V cm/min -
on the clearance (X) ml/min/g of the adsorbent of uric acid aqueous so-
lution by fi&ed and loose beds filled with activated carbon has been
studied. -

An increase of clearance with the value of the mean linear velocity
is confirmed. This dependence is higher as the duration and the mean l1i-
near velocity is lower. The extension of the adsorption and the increa-
se of téé mean linear velocity decrease this dependance.

This study may be useful in order to find out the optimum conditions

for hemoperfusion treatment.
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SUMMARY

Millions of tons of fly ash are produced every year as a waste from
power plants. A possible way of utilising them is to consider fly ash as
a resource for minerals and one of the existing trace elements is germa-
nium. A hydrometallurgical route by leaching of fly ash, at different labora-
tory conditions, is examined in this paper as the first step to extract germa-
nium, by dissolving it. This could be followed by ion flotation of germanium
from the solution. Some scale-up experiments concerning this stage are
given and the process is discussed.

Key words: Fly ash, germanium, leaching, ion fiotation, recovery, kinetics.

INTRODUCTION

Vast quantities of pulverised fuel ash (fly ash) are produced each
year from coal burning power plants, According to Public Power Corporation
estimations, this produdtion in 1985 would reach the amount of 7.5 million
of tons in Greece1. Today, fly ash is partly utilised, in our country, in
the cement productionz. ’

But the main quantity is considered as a solid industrial waste. As
an alternative to.-disposal, fly ash can be processed as a resource for mine-
rals and valuable by-proaucts, which could simultaneously solve the environ-
mental problem. The ash is already mined, pulverised and readily available
in substantial quantities of consistent composition. Among the trace metals
that, it contains, is germanium. . ‘

However, only the total (if possible) recovery of all the c'onstituehts
of fly ash is envisioned of economic significance and also a great impact
on the ash dispbsal problem. For instance, recovery of aluminium alone
from fly ash, a procedure extensively investigated, is not antagonistic with
the traditional production of the metal from bauxites.

The use of germanium in fiber optics and infrared lenses increased
dramatically in the late 1970's. These have become the ‘dominant applications
for germanium and so increased the significance of this element.

Total world germanium production was in 1983, 85,000 kg, while total
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world germanium demand was forecast to grow at an average annual rate
of 6.9% for the period 1983—20003. Today most reserves of germanium
occur in sphalerite, but the world reserve base could be expanded, if reco-
very of germanium from coal flue _dust was to be reiqitiated. World re-'
sources of germanium in coal have been estimated at 4,5 million kgS.

The published producer prices in U.S.A. was in 1983 at $1,060 per
kg for germanium metal and $660 per kg for germanium dioxide3.

Today, it is known that germanium is found in many coals4. The verti-
cal distribution in coal varies, but the element generally has the tendency
to concentrate near the edges of coal veins. Apparently, germanium petro-
graphic distribution has little importance, when the possibility of its recovery
is examined. It seems that attention should be paid to methods which tend
to enrich germanium in the flue dusts.

The greater concentration was found in the finer particles of fly ash,
of -20 um. Different types of furnaces were also tested and the material
balance of germanium was calculated4. Certainly, one cannot expect PPC
to change its furnaces, in order to achieve fly' ash enrichment in germanium.
However, an efficient system of dust collection would help. ‘

Germanium rarely forms ores of its own and this further points out
the importance of its recovery from coal fly ash. There are countries that~
cover all their industrial production necessities in germanium using as raw
material the fly ‘ash, where germanium is concentrateds. The occurence
of the metal in coals and fly ash has been recently reviewed4. The possibi-
lities of formation of various germanium ‘compounds during the burning
of coal were also examined from the pioi"nt of view of chemical thermody-
namics. V o

Concerning the extraction methods of germanium, the 'usual practice
is a pyrometallurgical first stage; being followed by a certain separétion
process, such as precipitation, solvent extraction or ion exch‘angee'jo. Sinter-
ihg of fly ash with sodium carbonate and lime showed a recovery more
than 90% of germanium., The product was .removed in é dilu;ce solution
of iron chloride and then processed with chloride4. Ihstead, sintering with
alkalichlorides” and then processing with sulphuric acid was applied, or even
gasification of germanium as volatile sulphides.

After the ‘separation, germanium oxide is usually washed and dried,
and reduced in a furnace so that the element is obtained. For its main
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application in the electronic industry, a final purification is needed, usually
by zone refining.

However, during the last decade we witnessed a real outburst in hydro-
rﬁetallurgy, with the increasing dependence on lower grade ores of the
primary and strategically important metals“. This route offers some serious
advantages over pyrometallurgy. ‘ A

Hydrometallurgy, which  was first industrlally applied for uranium ex-
traction and’ later in copper pr’oduction, is the field where the extraction
_and recovery of metals are accomplished by the use of aqueous solutions
Vin comparatively low temperatures, contrary to pyrometaliurgy. And so,

leaching is the first stage in hydrometallurgical processingiz. Some of the
~ advantages of hydrometallurgy, except the obvious low energy requirements,
are that it is suitable for composite minerals of low grade (as mixed sulphi-
des), . it gives pure products and does not create environmental problems
with dust or gaseous wastes, as sulphur: dioxide.

Flotation, ion or precipitate, is an effective alternative for the sepa-
ration of germanium, with the advantage of being able to remove trace
quantities of dissolved species, with or without previous precipitation and
that is the reason why it has been used in analytical chemistry as a precon-
centration technique. Also, it avoids the use of expensive reagents, spent
usually in large amounts in other separation processes and generally, has
no problém in the final separation of phases.

Scope of this paper is to present some laboratory work ‘carried out
on two aspects of germanium recovery: the first being leaching of fly ash
in order to dissolve the metal and the second involving ‘ion flotation of
germanium from dilute aqueous solutions.' Preliminary results on the latter
has been reported elsewhere13. '

Published work on leaching of the fly ash is rather poor. A maximum
extraction reaching 92% from alkaline fly ashés was succeeded14 by sulphuric
acid dilute solutions of 0.25%, which did not rééct significantly with the
other constituents of fly ash. It is noted that theoreticaily the maximum
possible concentration of germanium in .solution can not overpass the solubi-
lity of germanium dioxide, which is 2-5 g per liter at 293-8 K at a(pH
range of 2-6. '

Also in Soviet Union, leaching with basic solutions was tested effecti-

15

wely " Another ,researcher16, proposed the removal of silicon dioxide initially

by heating after the addition of hydrofluoric acid, as silicon dioxide is
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a major constituent in fly ash and could otherwise act as 'adsorbent in
the leached solution for dissolved trace elements, such as germanium,
Previous work on germanium flotation involves that of tannate énd
gallate complexes, of citrato and tartratogermanium acid and also of tri-
hydroxofiuoronate complexes with rosin amine acetate;”, among others.

MATERIALS AND METHODS

Laboratory leaching experimenfs were conducted in a 300 cc stirred
pressure reactor, purchased from Parr; the material of construction being
Monel 400. The unit had provisions for adding or withdrawir;g reactant (gas
or liquid) and for controlling the factors governing the process, such as
.temperature and pressure. The tests at 70°C were at atmospheric pressure.

Fly ash samples were kindly supplied by PPC from its two major
coal burning power centers in Kardia and Megalopolis. The samples are
designated respectively as K and M, and their corresponding analysis is
given in Table | for the main constituents.

TABLE I

Chemical analysis of flry‘ ash samples (provided by P.P.C.).

Constituent Kardia Megalopolis
(%) Unit 1 Unit 2

Loss on ignition 3.15 3.00 1.87
SiO2 29.28 28.49 49.48
| AlZO3 12.66 12.72» 18.25
Fe203 4.77 4.@5 8.50
TiO2 . 0.26 0.24 0.90
CaO 36.07 35.80 14.98
Mg0 3.98 " 5.15 . 3.15
SO3 5.67 5.46 E 2.21
Na,0+X,0 . 1.01 0.93 1.06




POSSIBILITY OF Ge RECOVERY. FROM FLY ASH ) 89

A study of trace elements of Greek coals from the Institute of Geology‘
and Mineral Exploitation was recently presented18, but did not include infor-
mation on germanium. In USA, the phase relai:ions have also been describ-
ed19
germanium confént with a new wet ashing Fﬁ‘ethod fpllowed by flameless

. In our previous workzo, we have analyse_c_i those samples to find their

A.A.S. The germanium content found was in the range of 150 pg/g fly
ash.

The experiméntal procedure was the following: a portion of 2.0 g

of fly ash was weighed and transferred into the- vessel (or bomb) together
with 200 cc of the appropriate leaching solution, which was either sulphuric
acid or caustic soda. The bomb was then heated to the preselected tempera-
ture, where the system was left for 20 min under a constant. stirring of
70 rpm, which could not be altered. After cooling, the chemical reactor
was opened and the sample collected. Its volume was measured and the
solid residfje was separated by filtration. Some of the samples; before leach-
ing, were previously roasted at about 600°C for more than 48 h, to get
.rid of the contained unburnt carbon, which was thought to be causing pro-
blems because of its adsorptive properties; these samples are designated
with the subscript r.
’ The aqueous phase was then analysed for germanium by atomic absorpt-
ion spectrophotometry using a graphite furnace after solvent extractionzo.
Due to extreme difficulties faced with this analysis (mainly with silicon
and carbon), the leaching experiments chronologically followed the work
on flotation, when the analysis problem was solved.

_ The bench scale dispersed-air flotation system13, where the term
dispersed-air refers to the way gas bubbles were generated, was constructed
at the laboratory. It consisted of a nitrogen cylinder, connected to the -
flotation cell through a gas humidifier, a filter, an open mercury U-tube
manometer, a rotameter ahd a low flow rate controller.

The flotation cell, which was cylindrical with 3.4 ¢m diameter and
14 cm height; was made from a piece of glass tubing blown on to a Schott
D4 fritted funnel (porosity 10-16 pm) and having the same diameter. The
cell volume was approximately 120 cc. Special arrangements were provided
for the collection of foam and sampling of solution. . :

A similar funnel (of 4 cm height). glass blown to a tube, of 4.5 cm
in diameter 'and 46 cm high, was used for the scale-up tests, accepting
a liquid volume up to around 500 cc, excluding the foam layer. These expe-
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riments, for the time being, had to be carried out only to pure solutions.
Flotation conditions were: nitrogen flow rate 200 cc/min, pH of solution
about 7, ambient temperature and initial germanium concentration at the
range of 10 ppm13;:The former variable -was checked in the present;

" In this case, colorimetric chemical analysis was applied for germanium,
following the phenyifluorone method in acidic solutions, which ‘forms with
Ge4+

like gelatin

a red complex, stabilised with the addition of a colloid substance,
21. A preceding separation stage, such as distillation of ‘germa-
nium tetrachloride from 6 N hydrochloric acid solution or extfaction by
carbon tetrachloride from 8-9 N HCI solution, is needed to remove inhibiting

elements.

RESULTS AND DISCUSSION

A" wet ashing anailytical method, which was . earlier repor’_ced.‘by the
authors2o, was used for the determination of germanium in lignitic fly
ashes, by flameless AAS after extraction into dicyclohexyl-18-crown-
-6 methyl-isobutyl ketone'sol,ution. Several solvents was also tested for
the extraction of the metal. The possitive interference of various ions during
the determination was examined by -introducing them into the solution.
The proposed technique was further verified by standard additions of germa-
nium to the samples Lefore incineration.

The laboratory tests on leaching, are given in Table l showing ‘the
determined values of germanium recovered in the solution. Temperatures
of 70, 100 and 200°C were tried 'at various leaching solutions, with or with-
out previous roasting of the sample. The obtained solutions after leaching
had a concentration of germanium generally of the other of 10 ppm.

From these presented results, however, except of the occurence of
germanium in the leached solution and also the range of germaniuml con-
centratioh, no other definite conclusion can be extracted. ) '

Processes of complex formation has been used for concentrating germa-
nium. The reason is that nearly all the germanium present in solution, if
the metal speciation is examined, at low concentrations below 10_2 M and
at pH from 2 up to 7, exists in the form of the very slightly dissociated
metagermanic acid. The latter was floated by application of pyrogallol,
acting as activator, and the addition of a suitable surfactant, as laurylami-

ne13. Various parameters of the process have been investigated. It was
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TABLE I1

Results of leaching éxperiments (laboratory tests).

Sample Leaching Ge
. No »Origin Medium-$% Conditions(oC) g/ton f.a.
1 K1 v HZSO4 0.5v 200 112.0
" T
2 M1 " | 166.0
3 K1r " " 311.5
1 1 .
4 er_ ' 120.0
5 K1 NaOH 0.5 oo 248.5
1 1"
6 Ky, : 253.5
" 1
7 M1 . 128.0
8 er i’ " . 139.0
9 Klr' " 100 140.0
10 er " " 243.5
11 K " 8.0 " 390.0
1r
12 er " " 325.0
13 K " 200 104.0
1r
14 er " " ) 406.5
15 KZr HZSO4 0.5 70 ) 650.5
16 er " " 486.0
17 K, NaOH 0.5 " 199.0
18 M

" " - 134.0

=
2]
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seen that .the complex acid (H2Ge)L3, which dissociates forming (GeL3)2'

anions, can be floated by cationic surfactants.

Further, experiments are presented here; the results are shown ‘in
Figure 1. It was generally observed that nitrogen flow rate was not really
affecting the final constant conditions, as in this case of ion flotation a
stoichiometric mechanism dominates, It was seen that over approximately
150 cc/min the obtained recoveries were satisfactory, for flotation duration
of 300 s. As it is apparent from the figure, above this period the remaining
germani‘um after flotation was of the order of 1 ppm or less, without any
more. significant changes. Also, it was found that initial conditioning did
not have any effect on the process, giving germanium recoveries over 90%

even with no conditioning at all.

t (s)
200 400
T T T T T T
I} 1 | "
L)
-8
80 I
| Ge
Re (ppm)
(%)
—1 4
2
2
i 1
800

Rate (cc/min)

%

Figure 1. Variation (1) in the recovery of germanium at different
gas flow rates and (2) in germanium remaining concentra-

tion in the solution with flotation time.
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The scale-up experiments, at one stage, are presented in Table‘ 1,
covering two flotation periods, that are indeed low (5 and 10 min); noticing
increase in recovery at the longer runs. In all cases germanium ion recove- '
ries in the foam layer were promising, over T74%. The noticed decrease,
with the increased cell height (mainly), are possibly due to two reasohs;
(i) the wall effects and (ii) the internal reflux of floated material towards
the solution; phenomena that have ‘been previously observed and discussed
for similar problems22’ ?3.

TABLE IIT

Results of flotation scale-up experiments (one stage).

‘

Treated volume (cc¢)

Retention time, 5 min 10 min

100 90.0 92.0
250 82.9 86.6
500 ; ] 74.3 . 78.0

The basic concepts and practice of scale-up in flotation was already
examined24, although there is no general agreement on its necessity. Of
course, the principles of scale-up and reactor. design in chemical technology
are generally well established25.

Flotation kinetics are often used in research by examiriing the various
parameters that influence the process rate. Knowing the rate of flotation
of a dissolved material, the différent operational wvariables can be foreseen.
This could lead to improved separation and proper design of the unit.

The method followed in the present was a macroscopic empirical one,
consisting of the investigation of changés in concentration of germanium
in solution as a function of time. It is' rather a fast way to collect infor-
mation with practical significance, as it can be easily épplied to industrial
cases. In this- method of treatment, it was assumed that during the wholev~
period one equation describes the process%.

' What ' is- useful in these studies is the expression of average flotation
rate, calculated .as the ratio of recovery over the time it was obtained,
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vm=R/t (% min'1), and specific coefficient of flotation rate given as
log(1/(1-R)). The latter is applied for the special case of artificial conditions.

Both were calculated and presented in Figure 2.

30 |

— 0,6
v log: !
(% Jmin) TR
10 —0,2

Figure 2. Effect of flotation time on (1) average flotation rate
and (2) specific coefficient of rate.

Conclusions can be derived, in this matter, as for the way flotation
rate was altered during the experiment. For instance, near the end'of batch
fiotation the rate was decreased. The coefficients, although very simple,
do not describe uniquely the changes in the rate of flotation. The magnitudes
of the relationship are affected not only by the rate of flotation at a given
moment but also by the behaviour of the system preceding it.

Certainly, the background of chemical kinetics helped in the analysis
of the resudlts. For the flotation rate, a general equation of the form:

-'r=dC/dt = —knCn is usually adopted. Where the minus sign means that the
concgntration of material in solution is reduced with -time, the kn is- the -
rate constant; that is a complicated function including, among other, the
reagents concentration, cell geometry, froth. removal rate, conditioning,
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size of particles, etc. The kinetic order of-the process is represented by
the number n.

The first-order equationﬂ was found to fit with good agreementzj.
Considering that germanium flotation recovery from dilute solutions was
following the first-order kinetics, the values of the flotation rate constant
were calculated, given as Table IV. As it is observed, the different gas
flow rates that were examined did not have any significant effect on the
rate constant, neither on maximum recovery. » ’

TABLE IV

Flotation rate constants and maximum Ge recoveries for
different gas flow rates.

Flow rate_ (cc¢/min) Kk (sTh o Rpge B
100 0.0078 ‘ 93.8
150 £ 0.0086 ) 96 .4
200 0.0079 93.1
300 0.0080 95.5

Another advantage of ion flotation is that it could recover germanium
from liquid industrial wastes or spent solutions. Laboratory's current research
in the field is orientated towards the study'/of this separation process and .
its selectivily for germanium, in the presence of other metal ions in dilute
aqueous solutions, such as those leached from fly ash. .

CONCLUSIONS

From the |eachring experiments, at low temperaturé and using dilute
solutions of sulphuric acid or caustic soda, it was observed that . the reco-
vered germanium was of the order of 100 g/ton .of fly ash. lon flotation
was shown to be an effective sebaration method for germanium recovery
from dilute aqueous’ solutions, that could.be possibly. applied to the leached
solutions as the second stage of treatment. Aspects of -this process, concern-
ing mainly the design, were investigated b‘ut‘ appl'ied on pure germanium

sofutions,
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However, only the total recovery of all the constituents of fly ash
is considered to be significant from the economic point of view and in
the meantime, an impact on the dis_posal problem of the millions of tons
of fly ash, which are produced every year at the power plants of Public

Power Corporation.

TNEPIAHYH

AYNATOTHTA ANAKTHZHZ FEPMANIOY AMNO THN INTAMENH TE®PA
A.l. ZoupmobAng, L.N. Manadoywdvvng, K.A. Métng V
Tpfipa Xnpelag A.MO.

Exatoppdpia tévor wntpevng Edpag napdyovial kG0e xpdvo ws andRAnto
and tous atuonAektpkolds otabuolds g AEH. Mua mBavfi pébodos ekpetdi-
Aevofis tous €lvat n Belpnon tng t€dPpas ws mnnyff opuktdv, kar &va and
1a txvoototxela mnou ouvvunfpxouv €lvar 1 Yeppdvio.  Ztnv €pyacia auti
egetfletal wg mpdto otddlo eEaywyiis '[O,U yeppavlov pla udPOPETAAAOUPYLKA
086s, ya t SubAvon tou otoixelou. MeAetfiOnkKav Siadopetikd Selypata wtdue-
vwy Tedpdy, mpoepxdueviwy and v Kapdld (Mtoiepalda) kau  MeyaAdnoAn,
kGw and 6ELves (HQSO 4 0,5%) kau aikaAikés (NaOH 0,5% f 8,0%) ouvefikeg
oe 1peLs Oladopetkés Bepuokpacles (70, 100 kat 200°C). KaAltepa anoteAé&-
ouata napatnefibnkav ota dEwa diaAdpata, otn Bepuokpacla twy 70°C.

1o StGAupa mou mpo€pxetal and tnv Ekmiuon elval Suvatd va edappo-
otel n v} enlnievon ywa v anopdkpuvon tou nepLe xopévou yepuaviouv.
Ma twn oepyacla autfi Slvoviar amoteAéopatra oxeuxd pe v enldpaon ng
napoxfic touv aeplov otnv avlkinon tou yepuaviou kat tou xpdvou oto nMocd
" tov yepuaviov nmov napapével petd tnv entnAeuon oto O68Aupa. MapouoiGlovial
enfong anoteAéopata and newpdpata pey€Buvons kat oxoAldletat n Swadikaola.
EgetGletar té€Aog nA KNkl g enlnAevong, un'voytgome xapcKtanothd
_HeYé€on . autis (otaBepd pubpold entnAevons, pPé€cos pubuds entnievons, €dKbS
ouvtereotis pubpol enfmAcuong). - : '
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ZUSAMMENFASSUNG

Es wird das Photopotential von einigen n-leitenden ZnO-Einkristallen

und gesinterten ZnO-Pillen und von einem TiO,-Einkristall in einer 0,1 M

+ Borax-Losung unter galvanostatischen Bedingufigen gemessen.Die Linearitadt
zwischen dem Photopotential(V_, ) und dem Elektrodenpotential(V_) im
Dunkelnl,kann an allen Halbleggerproben beobachtet werden,sowohl an den
Einkristallen,als auch an den gesinterten Tabletten.Durch Extrapolation
der Geraden kann das Flachbandpotential(VFB) des Halbleiters bestimmt
werden.Ein Vergleich der so erhaltenen Vyg mit dem aus der Mott-Schottky-
Geraden zeigt,daB auch Photopotentialmessungen unter galvanostatischen
Bedingungen verwendet werden kénnen,um das Flachbandpotential eines oxi-
dischen Halbleiters zu bestimmen.An einem ZnO-Einkristall wird weiters
die Abh#dngigkeit des Photopotentials und des Flachbandpotentials vom
pH-VWert der Losung gemessen.Fiir die Begriindung der Ergebnisse wird ein
einfaches phenomenologisches Kondensatormodel verwendet.

Key words:Semiconductors,flatbandpotential,photopotential,zincoxide.

EINLEITUNG

Eine sehr wichtige GroBe zur Charakterisieruhg eines Halbleiters,der
sich in Kontakt -mit einem Elektrolyt befindet,ist sein Flachbandpotential
gemessen in Bezug auf einer Referenzelektrode.Es entspricht dem elektro-
nischen Zustand des Halbleiters,bei dem die enefgetische Lage der
Elektronen imbHalbleiter gleichverteilt ist,d.h. an der Grenzfl&dche Halb-
leitéf/Elektrolyt kommt es zu keiner Verbiegung des Leitfahigkeits- und
Valenzbandes,EC und EV(Abb.la).
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ABB.l: Elektronenenergieschema an der Phasengrenze eines n-=
Halbleiters,der sich in Kontakt mit, einem Elektrolyt befindet
E Bandabstand,E_;Fermienergie,E . ;Leitfahigkeitsband, E _;Valenz
band: (al)in der Flachbandsituation, (b)lunter anodischer’Palari=
sation im dunklen und im belichteten Zustand(*).

Ist das Flachbandpotential eines Halbleiters bekannt,so kann die Lage
der Bénder(EC,Ev) relativ zur Bezugselektrode berechnet werdenz.

Theoretisch 14Bt es sich mit Hilfe des Ansatzes von Butler3 fir jede
beliebige Kombination Halbleiter/Elektrolyt bestimmen.Die wichtigste
experimentelle Methode zur Bestimmung des Flachbandpotentials eines Halb-
leiters,der sich in Kontakt"mit einem Flektrolyt befindet,basiert auf der
Messung der differenziellen Grenzschichtkapazitdt(C) unter potentiosta-
tischen Bedingungen-bei Variation des Elektrodenpotentials(Mott-Schottky-
Néherung)A.Mit Hilfe dieser Ndherung 148t sich zusdtzlich die Donator-
(ND) oder Aszptordichte(NA) des Halbleiters bestimmen, je nachdem ob es
sich um ein n- oder p-halbleitendes Material handelt.Schwierigkeiten tre-
ten auf,wenn die Linearit#dt der Mott-Schottky-Gerade durch verschiedene
Faktoren gestort wird(z.B.Oberfléchenzusténde,elektrolytséitige Raum-~
ladungen ezt.).

Weiters 1Bt sich das Flachbandpotential aus Photostrommessungen mit ,
Hilfe der Gértnertheorie5 bestimmen,doch nicht sehr befriedigend.Andere
Methoden werden in der Literatur beschrieben6_9.

In dieser Arbeit wird an Hand von ZnO- und TiOz—Proben eine zusétzli—
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che einfache Methode zur Bestimmuﬁg des Flachbandpotentials eines oxi-
dischen n-Halbleiters beschrieben.Gemessen wird die auftretende Andering
des Potentialabfalls an der Halbleiteroberfldche,wenn der n-Halbleiter/
Elektrolytkontakt unter galvanostatischén Bedingungen anodisch polarisiert
und mit geniigend hoher Lichtintensit#dt belichtet wird.Diese Potential-
anderung wird Photopotentlal(V ) genannt(Abb.1b).Die Grundannahme der
Uberlegungen in dieser Arbeit bas1ert auf der Tatsache daB die Ladung an
der Halbleiteroberfldche unter galvanostatischen Bedingungen vor und nach
dem Belichten gleich bleibt,vorausgesetzt,dal keine Umladungen oder

Reaktionenstattfindenlo.

MESSANORDNUNG .

Die MeBanordnung(Abb.2) bestand aus folgenden Teilen:
1)thermostatisierte photoelektrochemische Zelle :
2)Potentiostat/Galvanostat,R—C—Brﬁcke,Frequenzgenerator,X—Y—t—Schreiber
3)optische Einrichtung

Als Arbeitselektroden wurden n-leitenden mit Zn-dotierten ZnO-Ein-
kristalle,die in Richtung der kristallogfaphiéchen c~-Achse eingebettet
wurden, gesinterte n-leitende ZnO-Tabletten und ein mit Tantal dotierter
T%Oz—EinkrisEall verwendet.Elektrische Kontakte wurden mit Leitsilber und
mit Silberepoxy von der Elektrode zur Cu-Ableitung hergestellt.

Als Referenzelektrode wurde eine HgO/Hg-Elektrode in einer Boraxl&-
sung verwendet,die iiber eine Salzbriicke(gefiillt mit 0,1 M Boraxldsung)
mit der MeBzelle verbunden war.Ihr Potential gegeniiber einer gesdttigten
Kalomelelektrode betrug +144 mV,Als Gegenelektrode kam Platin in Form
einer Winkler Netzelektrode zur Anwendung.

Als Elektrolyt wurde eine 0,1 M Borax(Na2 4 7 .10 HZO)—Lésung mit pH=
9,2 verwendet,da der isoelektrische Punkt des Zn0 bei 9,5 liegt und die
Loslichkeit hier minimal ist.Fiir die pH-Abhdngigkeit des Photopotentials
wurde eine 0,1 M Boraxltsung verwendet,deren pH-Wert tropfenweise mit
konz. H,50,- oder konz. NaOH-Lsung sauer oder bééisch eingestellt wurde.
Der optische Teil bestand aus einem XBO 150/1 Xenonhochdruckbrenner
(Binolux IITA),aus einem Monochromator(Jarell-Ash,1/4),aus Absorptions—
filter fiir die Eliminierung der Effekten 2.0rdnung,aus einer Linse und
einem Al-Umlenkspiegel.Fiir die Experimente mit der ZnO-Elektroden wurde
monochromatisches Licht von 365 nm verwendet,da bei dieser. Wellenldnge
der groBte Photoeffekt beobachtet wurde.Die mit Tantal dotierte'Tioz—

Elektrode,zeigte ein Absorptionsmaximum bei 380 nm.
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ABB.3: dnderung des Elektrodenpotentials unter galvano-
statischen Bedingungen bei Lichteinwirkung.

Mit Hilfe des Galvanostaten wurde ein konstanter anodischer Strom der
Halbleiterelektrode vorgegeben und die Einstellung des stationdren
Elektrodenpotentials(Vo) abgewartet.Die Wartezeit erstreckte sich bis zu
30 min,Nach seinem Erreichen wurde die Elektrode mit monochromatischem
Licht bestranlt und wieder das Einstellen eines stationdren Wertes(V) ab-
gewartet(ABB.3).Die Wartezeit erstreckte sich ebenfalls bis zu 30 min.Da-
nach wurde das Licht abgedreht und wieder der Dunkelwert gemessen,der in
den meisten Fdllen vom urspriinglichen etwas abwich.Dies wurde durch Ande-
rung des anodischen Stroms fiir mehrere V —Werte wiederholt. .

. Durch das Belichten verschiebt sich das Elektrodenpotentlal in die
entgegengésetzte Richtung zu Vo.Dle Differenz zwischen VO und V wird Pho-
topotential Vph=(V~VO) genannt und hat-ein entgegengesetztes Vorzeichen
zu Vo(vgl.ABB.B).Vph stellt die Anderung des Oberflédchenpotentials des
Halbleiters bei Belichtung dar(ABB.lb).

Trégt man das Photopotential der ZnO-Elektroden gegen Vo aﬁf,so erhalt
man einen linearen Zusammenhang mit der Steigung von cavl,sowohl fiir den
‘ZnO—Einkristall(I);alé auch fiir die gesinterten Tabletten(ABR.4a,5a,6a).
Der Schnittpunktkdieser Geraden mit der Abszisse liefert den Potential-
wert,bei dem der Halbleiter keinen Photoeffekt mehr liefert.Das ist der

Fall,wenn sich der Halbleiter in der Flachbandsituation befindet.
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ABB.4: Zn0-Einkristall(T) in 0.1 M Boraxldsung:(a)Anderung des
Photopotentials mit dem Elektrodenpotential unter galvanosta-
tischen Bedingungen, (b)Mott-Schottky-Gerade unter potentio-
statischen Bedingungen.

Zum Vergleich wurde die differenzielle Kapazitit der ZnO-Elektroden
im selben Elektrolyt unter potentiostatischen Bedingungen gemessen und
die Mott-Schottk&—Gerade auf dieselben Diagramme aufgetragen(ABB.4b,5b
und 6b).Wie aus diesen Abbildungen zu sehen ist,haben beide Geraden den-
selben Schnittpunkt mit der Abszisse,der das Flachbandpotential vom ZnO
liefert.

In der ABB.7 wird die analoge Abhangigkeit des Photopotentials vom
Elektrodenpotential fiir den TiOZ—Einkristall in zwei verschiedenen pH—
Werten gezeigt.

Danach wurde an einem anderem ZnO-FEinkristall(IT) die Abhdngigkeit des
Photopotentials vom Elektrodenpotential bei verschiedenen pH-Werten des
Elektrolyten gémessenuDer pH-Wert des Grundelektrolyten wurde tropfenwei-
se mit einer konz.H SO, - oder koﬁz.NaOH—Lﬁsung sauer ode; basisch gemacht.’

2774
Die entsprechenden Geraden werden in ABB.8 dargestellt.Die Anderung des
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ABB.5: ZnO-Tablette(I) in 0.1 M BorazlSsung:(a)inderung des
Photopotentials mit dem Elektrodenpotential unter galvanosta-
tischen Bedingungen, (b)Mott-Schottky-Gerade unter potentﬁo—
statischen Bedingungen.

pl-Wertes der Losung verursacht,sowohl beim ZnO,als auch beim TiO2 eine
parallele Verschiebung der VPA—VO—Geraden mit steigendem pH-Wert zu

kathodischeren Potentialen.

DISKUSSION

Die Linearitdt zwischen dem Phofopofential Vph und dem Elektrodenpo-
tential Vofdie in den Abb.4a,5a,ba und 7 zu sehen ist,fiihrt durch Extra—i
polation der Geraden gegen Vph=0 in' das Flachbandpotential des Halb-
leiters.Phenomenologisch kann es an Hand des ZnO mit Hilfe eines ein-
fachen Modells erklart®werden.

Wird ein n-Halbleiter,der sich in Kontakt mit einem Elektrolyt be-
findet,unter galvanostatischen Bedingungen anodisch polarisiert,so bildet
sich an seiner Oberfldche eine Raumladungszone,deren Ladung eﬁtgegenge—

setzt der Oberfldchenladung der Elektrolytphase ist und allein den ioni-
sierten Donatoren an der Oberfldche des Halbleitérs zugeschrieben wird.
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ABB.6: ZnO-Tablette(II) im 0.1 M Boraxldsung: (a)Anderung des
Photopotentials mit dem Elektrodenpotential unter galvanosta-
tischen Bedingungen, (b)Mott-Schottky-Gerade unter potentio-
statischen Bedingungen.

Fir die Raumladung Q an der ZnO-Oberfldche sind also im Dunkeln nur die
ionisierten Donatoren verantwortlich.Wird die Grenzschichte ZnO/Elektro-
lyt belichtet,so entstehen in der Raumladungszone des Halbleiters
Elektron-Loch-Paare(ABB.1b).Unter galvanostatischen Bedingungen die ge-
nerierten Elektronen reagieren mit den ionisierten Donatoren und die
Locher ersetzen die Ladung,die durch die Neutralization der Donatoren ver
loren gegangen ist,so daB die Raumladung Q an der Oberfl&dche des Halb-
.leiters aufrechterhalten bleibt.Bei geniigend hoher Lichtintensitdt kann
angenommen werden,dall alle ionisierten Donatoren neutralisiert werden.Fir -
die Raumladung des Halbleiters sind dann nur die generierten Lécher ver-
antwdrtlich. ” »

Wird angenommen,dall keine Oberfldchenzustdnde existieren und praktisch
keine Reaktionen an der Grenzschicht stattfinden,kann die Halbleiter/
Elektrolytgrenzschichte als ein planparalleler Kondensator betrachtet

werden.Die Kapazitdt dieses Kondensators besteht praktisch nur aus dem



FLACHBANDPOTENTTAL. AUS PHOTOPOTENTTALMESSUNGEN 107

1

=

=

(=9

-

{

—

<C

: 0,5k

=

=

H

<

o,

o

=~

o

o

[~
0 I ! |
-1 -0,5 ) +0,5 +1

ELEKTRODENPOTENTIAL VO(V) GEGEN HgO/Hg
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potential eines n—TiOZ—EinkristaZZs unter galvanostatischen
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kapazitiven Anteil des Halbleiters,da die Kapazitdt der Helmholzschichte
im Elektrolyt vernachl&ssigt werden kann,weil sie viel groBer und in
Serie zur Kapazit#t der Doppelschicte des Halbleiters liegt.Fiir die Kapa-
zitdt im Dunkeln gilt dann

o= —2— &y
DTV
. D

CD:Doppelschichtkapazitét des Halbleiters im dunklen Zustand

Q :Raumladung der Doppelschicte

. VD:Potentialabfall in der Doppelschichte

Beim Belichten verschiebt sich das Potential auf negativeren Werte und

nach dem Erreichen des Gleichgewichtes gilt dhnlich wie in G1.(1)
C=—2— 2
L v »

CL:Doppelschichtkapazitét des Halbleiters im belichteten Zustand
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 pH= 6,7
g pH= 9,2
® [H=10,45
O pH=12,4

—
o
T

PHOTOPOTENTIAL -V h(V)
w
T

-1 -0,5 0 - +0,5 +0,9
ELEKTRODENPOTENTIAL VO(V) GEGEN HgO/Hg

ABB.8: Anderung des Photopotentials mit dem Elektroden- ]
potential unter galvanostatischen Bedingungen des Zn0-Ein-
kristalls(II) in verschiedenen pH-Werten.

Q :Raumladung der Doppelschichte
VL:Potentialabfall in der Doppelschichte

Fir VDvund VL gilt nach11

VD=VO—VFB—kT/e (3)

und

VL=V—VFB—kT/e (4)

Vo:Gemessenes Elektrodenpotential im dunklen Zustand

V :Gemessenes Elektrodenpotential im belichteten Zustand
VFB:FlachbandpoEential des Halbleiters

Wie friilher erwidhnt,bleibt die Raumladung an der Halbleiteroberfliche
unter galvanostatischen Bedingungen vor und nach dem Belichten gleicHh.

Aus G1.(1) und G1.(2) folgt dann

CD . VD = CL . VL » (5)

Aus GL.(5) erhdlt man,unter Benutzung von GLl.(3) und Gl.(4) und der be-

kannten Beziehung V

ph=V—VO)folgende Form fiir das Photopotential:
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C
D
Vpn=(e_ -~ Do VppkT/e) (6)
Durch eigene Kapazitdtsmessungen unter galvanostatischen Bedingungen
wurde feétgestellt,daﬁ CL>>CD ist,wenn die Elektrode mit geniigend hoher
Intensitdt belichtet wird.In G1.(6) kann der Quotient CD/CL als eine
sehr kleine Zahl vernachldssigt werden.

Daraus fogt fiir das Photopotential

A —-(vo-v B-kT/e) (7

ph™ F
d.h. das Photopotential ist gleich groB und entgegengesetzt dem Ober-
flachenpotential des Halbleiters im unbelichteten Zustand.Dieser theore-
tischer Zusammenhang in G1.(7) zwischen dem Photopotential(Vph) und dem
Elektrodenpotential(vo) stellt eine lineare Funktion der allgemeinen

Form Y=A+BX dar.Wobei Y=Vph,X=VO,B=—1 und A=—(VFB+kT/e) ist.Aus dem
Schnittpunkt dieser Gerade mit der x-axis kann das Flachbandpotential des
Hélbleiters bestimmt werden.Dieser Punkt entspricht den Fall,wo Vph=0 ist.
Mit Hilfe der Theorie der kleinstren Quadraten konnte festgestellt werden

daB tatsichlich die experimentellen Funktionen V =f(VO) der verschie-

ph

denen Elektroden linear sind und die Steigung.von ca.l haben(Tabelle I).
Zusdtzlich wurde das Flachbandpotential.aus Kapazitdtsmessungen unter

potentiostatischen Bedingungen in Dunkeln mit Hilfe der Mott-Schottky-

Néherung4 bestimmt (ABB.4b,5b und 6b).Fiir sie gilt

1 2 .
7= e en. (Vo VppkI/e) - : k(8)
.C o D

C :differentielle Kapazitdt der Raumladuﬁgsschichte des Halbleiters

€ :Dielektrizititskonstante des Halbleiters

EO:Dielektrizitétskonstante des Vakuums

e :elektrische Elementarladung

ND:Donatordichte des Halbleiters

G1.(8) kann,auf analoger Weise wie Gl.(7),als eine lineare Funktion be-
trachtet werden,deren Schnittpunkt mit der x-axis das Flachbandpotential
des Halbleiters ;iefert.Die errechneten VFB-Werten aus den zwel Methoden
werden in TabelleIl gegeben.Ein Vergleich zeigt,dafl es eine gute Uberein-
stimmung der hier beschriebenen Methode mit der Mott-Schottky-Ndherung.
existiert.

Die parallele Verschiebung der Vph/Vo—Geraden mit dem pH-Wert fiir den
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TABELLE I:Fehlerrechnung der Flachbandpotentialwerten einiger ZnO-

Elektroden aus Photopotentialmessungen.

Elektrode A B 6A* &B R2 ) VFB(V)
Einkristall(I) - 0.687 1.02 0.008 0.012 0.99 -0.713+0.008
Tablette(I) 0.627 0.99 0.013 0.012 0.99 -0.65340.013
Tablette(II) 0.587 0.96 0.005 0.003 1.00 -0.613+0.005
¥ 0A = 6VFB

TABELLE II:Flachbandpotentiale einiger ZnO-

Elektroden aus Kapazitédts- und Photopotenial-

messungen bei pH=9.3 gegen HgO/Hg.

SR
. ph
Einkristall(I) 70.70210.012 -0.713+0.008
Einkristall(II) —0.60010.014. -0.590+0.,010
Tablette(I) -0.658+0.017 -0.653+0.013
Tablette(II) -0.614+0.031 -0.613+0.005
Tablette(III) —0.61610.007' -0.586+0.014
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ABB.9: pH- Abhangzgkezt des FLaﬂhbandpotentzaZs des ZnO-Ein-
kristalls(II).

TiO2—Einkrista11 und den ZnO-Einkristall(II)(ABB.7 und 8) ist analog der
Verschiebung ‘der Mott-Schottky-Geraden eines ZnO-Einkristalls wie von
Gerischer12 beschrieben.Diese pH-Abh#dngigkeit wird dem sauren oder
basischen Charakter der Oxidoberflidche zugeschrieben,die mit H 0 reagiert
und HY- oder OH -Ionen bindet.

Die Abhéngigkeit des Flachbandpotentials vom pH-Wert der Losung lie-
fert nach Lohmannl.3 eine Gerade mit der Steigung von ca. 0.059 V/pH,da
dieses unter gegebenen Bedingungen nur vom Potentialsprung in der Helm-
holzschichte des Elektrolyts abhingt.Die Auftragung der erhaltenen Flach-
bandpotentialwerten aus der Geraden der ABB.8 gegen den pH-Wert der
Losung(ABB.9) gibt hingegen Gerade mit der Steigung von ca. 0.045 V/pH.
Diese Abweichung konnte darauf zuriickgefiihrt werden,dafl die verwendeten
Losungen nicht gepuffert waren. )

Der Versuch das Flachbandpotential eines nicht oxidischen Halbleiters
ndhmlich eines Zn31n286 -Einkristalls,mit der selben Methode zu bestimmen,

verlief erfolgreich.Detaillierte Ergebnisse werden in einer weiteren

Publikation veroffentllcht14

Abschlieflend ist festzuhalten,dafl die hier beschriebene Methode ver-—
wendet werden kann,um auf einfache Weise das Flachbandpotential eines

oxidischen Halbleiters zu bestimmen und zwar ohne die relativ aufwendige

Messung von Kapazitsten. -
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SUMMARY

Determination of the flatband potential of oxide semi-
conductors from photopotential measurements.

I.POULIOS,O.FRUHWIRTH

The photopotential of some wide band gap semiconductors(ZnO and TiO,),
under galvanostatic conditions in contact with 0.1 M borate solution,was
investigated.A linear dependence of the photopotential with the external
electrode potential has been found.From extrapolation to zero photopo-
tential the flatband potential was obtained,which is in a good agreement
with those obtained from Mott-Schottky plots.The slope of the linear re-
lation is 1 and it is explained phenomenologically by a simple condensor
model.The pH dependence of the flatband potential is analogical to that
observed on the basis of capacitance measurements.

ITEPTAHYH

Tlpoodiop1oudg Tou éuvaulKou g an1n56ng tatviag aymyluornrag(flatband
potential) nuiaywylkdv o&e1diwv and uetphoeig Tou dwtoduvan1kol.

I.T0YAIOZ,0.FRUHWIRTH

METDﬁGnKE 10 ¢wto6uvau1Ké oplouévwv nulanle&v 05816iwv e ueydio evep-
ye1aKo xaoua(ZnO TiO ) Karw amd YuABavootaTlKeg ouvBAkeg oe S1diuua 0.1M

B O Jlopatnentnke<dTt Kétw amd Tig OUYKEKQIUEVEQ OUVBAKES TO ¢mro§uva—
uléo Wy niektpodiwv authv egaptdtal ypauuilkd amd to Sduvauikd moiioews.
Me ﬂpOEKTuOn mng 50951ag(¢wT060vau1Ko—60vau1Ko Tooews ) Tpoodiopiotnke
T0 6uvau1Ko g emimedng Tulvlag aywyluOTnTag(flatband potentlal) TOU N-
ulaywyou H obykpron twv Tiudv quthv ue S Tiuég mou AcuBdvovtal amd Tnv
gubeia Mott— Schottky(MtTpncalg xwpnTlKornrag omnv 61€n1¢av51a nuiaywydg/
' nAEKtpoAUTng) 665155 OTl Uﬂapx&l Hie cuu¢wv1a TWV Tluwv Tou Suvaulkod Tng
emimedne tarviag aywyluornTag amd T1gc 800 Sradopetikég uedddoug.Emimréov
S1epevvifnke n g&GpoTnon tou dwtoduvanikod kal Tou duvauikod tng emimedng
tawviag aywyludmtag amd To pH Tou Sraiduatog.Tia TNV e€Aynon Twv ¢a1vo-—
.uEvwy xpnotuomotAtnke éva amAd HovTéAdo TUKVWTA.
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SUMMARY

The catalylic behaviour of porous anodic alumina films, prepared in
HpS04 15% w.p.v. solution at 303 K constant bath temperature and at
various current densities, was investigated during the HCOOM dehydration
reaction. At all current densities employed, the activation energy,
frequency. factor, total and specific activity at a constant reaction
temperature displayed a maximum at a definite anodisation time, different
for each current density. Maximum values of activation energy varied
slightly, those of catalystis specific activity significantly decreased
with increasing current density while, those of total activity exhibited
a broadened maximum between 3.5 and 5.5 A/dna. The observed catalytic
behaviour was -due to structurai rather than to mass, thickness and
porosity changes of the anodic alumina, occurring with anodisation
current density variation,

Key words: Catalysis, anodic alumina, formic acid decomposition.

INTRODUCT |ON

By anodic oxidation -of aluminium two Kinds of oxides are formed by
means of a fiim on the aluminium surface!s2: in electrolytes which do not
attack Alp03 (e.g. boric acid, borate salits, citric acid e.t.c,) the
oxide thus formed is nonporous and of cellular structure, its thickness
is approximately analogous 1o the imposed volitage and can extend up to 1
um. Although it was reported to be in the form of y-Alp03 or ¥-Alp03
(the latter being an intermediate stage between crystalline ¥-Alp03 and
amorphous Alp03) or oxyhydroxide (boehmite, y-AlOOH), or hydroxides!, it
is rather amorphous and anhydrousZ. In electrolytes which dissolve Al 0z
(sulphuric, oxalic, phosphoric acid e.t.c.) the oxide thus produced is
porous and also of cellular structure, but its thickness can reach many

tens of um. A pore is situated at the center of each cell being of
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roughly cylindrical shape, ‘extending hetween the oxide surface and the
Al/A1p03  interface, where it is sealed by a thin oxide layer. The cell
diameter is a function of the applied voltage. The concentration of cells
~and hence that of pores is of the order of 1010 celis/cm?, while pore
diameter ranges between a few A up to a few hundreds A. This oxide was
reported to be crystalline y-AipO3z and/or anqrphou53»3 depending on the
Aconditions of electrolysis and is mainiy unhydrous®.

Despite the fact that a tot of work has been done on the structure
and properties of anodic aluminium oxides in other fields, very.little
research has been carried out investigating the cataiytic propertieé of
these oxides?.

Ruckenstein and his coworkers studied nonporous5-7 and porous®:?
electrolytic oxides o? aluminium as model catalysts® 2 and as substrate
models for platinum® ® and pailladium catalysts’.

Porous anodic oxide catalysts, empioyed by Honickel0:11 exhibited a
30-fold higher specific activity as compared tb that of bulk Y¥-AlpO03 in
the dehydration of 2-propanol and higher aiso in the isomerisafion
reaction of n-butene. )

Glassl, Kramer and Hayek!2-14 studied the behaviour of platinum
sintering on nonporous- anodic AlpO3z where  hydrogenolysis of
methylicyclopentane on these catalysts was also studied, In another work
py Glassl and Hayek!S the hydrogenolysis of methylcyclopentane was
studied on island stage ultrathin piatinum films of defined orientation
mounted on anodicaily prepared amorphous alumina,

Skoul iKidis and Sarropoulos’® studied the catalytic behaviour of
porous anodic atuminium oxide prepared in sulphuric acid, in the
decomposition of formic acid. It was found that the oxide was an
exclusively dehydrative catalyst and its effiéiency was even higher (by a
number of orders of magnitude) than that of the bulk y-Alp03 catalyst. tn
a previous work by the author!? the effect of anodic oxidation time or
the catalytic properties of porous Alp0z, prepared in sulphuric acid, 15%
w.p.v. solution at 303 K and current density 3.5 A/dn?, in formic acid
decqnposition,“ was investigated. It was observed that anodisation time
affected strongly the catalytic activity of the oxide.

ln‘the present work the decomposition of formic acid was aiso uéed
as a reference reaction: Porous anodic aluminium oxides prepafed at

constant bath temperature and variouskcurrent densities, were employed bs
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catalysts. Generally the dehydration reaction of formic acid:
HCCOH —=Ha0 + CO 1)

occurs on alumina and especially so over anodic aluminal®: 17,

EXPER i MENTAL

Anodic oxides of aluminium, prepared at current densities (i1): 1.5,
3.5, 5.5 and 7.5 A/dm?; at different anodisation times (t) in HpS04 157
w.p.v, solution and at 303 K constant bath temperature throughout, were
used for the decomposition of HCOOH.

‘ A commercial aluminiuﬁ sheet, 0.5 mm thick, was empioyed for the
production of anodic oxide catalysts. lts composition as determined by
mass spectroscopy was: A1:99.5%, Fe:0.26%, Si:0.2/% and traces of MR, Mg,
Cu, Zn, Ti. '

The shape, dimensions of specimens, methodology of anodisation for
the oxide catalysts preparation and procedure of HCOOH decomposition
experiments in Schwab reactor used; were given in detail in a previous
work 7, 7

The oxide film mass was determined by dissolution of the oxide in
chromophosphoric acid solution, containing 35 ml H3PO4 (s.g. 1.71) and
20g CrO3 per liter of solution, which dissolves AlpO3 selectively while
leaving Al intact!. The oxide fiim thickness was determined by means of
a metailographic microscope, while the oxide speciffc real surface was
measured by B.E.T. method. -

The HpSO4 solution obtained after anodisation, was examined by means
of an atomic absorption spectrophotometer, in order to determine the
amount of Fe dissolved during anodisation and hence derive the amount of
FepO3 present in the AlpO3 anodic layer. Despite the fact that the
percentage of Fe iﬁ aluminium was smail, the presence of FepO3 might
influence the resuits, because Fep03 is both a dehydrogenative- and
dehydrative catalyst!8, o

Since decomposition of HCOOH on such catalysts at temperatures up to
628 K is 1007 dehydration, experiments were carried out at lower
temperatures!?. The reaction order was zero under the experimental
conditions chosen, which resuited in a rate of HCOOH decomposition being
identical to the reaction rate constant (K).

The reaction rate constants at various temperatures were measured

for-each caté!yst‘used.‘By emptoying the Arrhenius equation:
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K = Koexp(-E/RT) )
1000 ;

E
or log K = qu KO-'E7§7 T (2
where Kq; frequency factor, E:activation energy in Keal.mol =1, R:universal
gas constant (1.9872 cal.K~t.mo1~1) and T:temperature in K, the activa-

tion energy and frequency factor were calculated by regression analysis.

-

RESULTS

The mass, thickness and specific real surface of the oxide
films employed are given in Table 1.

TABLE 1:Mass (M), thickness (y) ahd specific real surface (s) of oxide
film catalysts at different current densities (i) and anodisation times

(t) or charge densities (q), where q = |.t.
= 1.5 A/ome
t (min) . 24,6 41,7 43,0 44.4 48,2 52.5 63.0
q (Cb/amd) 2214 3753 3870 3996 4338 4725 5670
M (mg) 50,0 70.0 71.5 72.5 74,0 77.5 77.5
y (um) 4.0 17.0 17.5 18.0 18.5 19.0 19.0
s (m2/g) 14.4 19.9 20.3 20.7 2f.2 21.6 21.6
1= 3.5 A/ame
t (min) 9.0 18.0 22.5 27.0 35.0 48.0 65.0 90.0
g (Cb/dm?) 1890 3780 4725 5670. 7350 410080 13650 18900
M (mg) 49.0 89.0 106,0 119.0 135.0 139,0 139,0 139.0
Y (um) - . 10,0 19.5 23.5 27.0 31.0 33.0 33.0 33.0
s (m2/g) 11.6 13.2 15.0 16.6 18.5 19.5 19.5 19.5
f= 5.5 A/dm2 = 7.5 A/am?
t (min) 17.2 .39.4 53.2 t2.6 - 32.5 47,7 -
q (Ch/dm?) 5676 13002 17556 5670 14400 21465
M (mg) 122.5 149.0 149.0 122.5 151.0 151.0
y (um) 30.0 34.0 . 34,0 31.0 35,0 35.0
s (m2/9) 13,0 18.7 18.7 14.6 18.5 18,5

As it can be seen from the table the mass, thickness and specific
real surface of the oxide catalysts initially increase with anodisation
time, attaining subsequently a constant value at each current density
employed, This feature is due to the mechanism of porous fiim formation,
which anticipates a constant numbeh of pores per unit surfaée‘pf
specimen, fbr given conditions of anodisation, distributed roughly in a
hexagonal arrangement!:Z2, Pore diameter at the innermost part of the pore
remains constant, white that of its outermost part enlarges, because its
inner surfaée is attacked by HpS04. This pore enlargement progresses'with
anodisation time,vbwing possibly to the longer time specimens remain in
solution and pores acquire a conical or *trompet* shapes, opeming up
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towards the exterior layer of the oxide film. When the mean diameter of
the pore exterior becomes equal to the distance between the pores, then
the thickness, mass and specific real surface attain a iimiting value3,
as observed in Table |. Appearance of limiting values for M, s and y
takes place at longer anodisation times, but at lower values of passing
charge on reduction-of current density. The limiting values for M and y
are larger for higher current densities as expected from the mechanism of
oxide' formation and from the fact that with increasing current density
and hence anodisation.potential, a smailer number of pores is produceda,
while pore distance increases. On the contrary, specific real oxide
surface increases with decreasing current density, which is due to the
“larger number of pores forned, the differences nevertheless not being
substantial ones. when on the other hand the current density increases,
then specific real surface tends towards a constant value, as it can be
observed from its values at 5.5 and 7.5 A/dmE, which are very close.

Analysing the contents of the anodisation bath by atomic absorption
it was found that Fe, especially at low current densities, dissolves in
the bath to an extend comparable to its concentration in Al, hence in the
AipO3 film only traces of FepO3 can exist. Therefore Fe present in Al
does not in any way affect the catatytic behaviour of Alp03 during HCOOH
decomposition,

Figure 1 depicts the Arrhenious diagrams for Al203 catalysts,
prepared "at I=1.5 A/dma and at four different anodisation times, in the
HOOOH dehydration reaction. ’

From figure 1 it is observed that the Arrhenious lines shift to the
right up to the time interval where maximum values for M and s appear,
With concomitant increase of the gradient and’intersection value, in
other words an increase in the activation energy and frequency factdr‘.
Beyohd this time interval, the Arrhenious lines shift towards the left
followed by a decrease in the values of the  activation energy and
frequency factor. The same phenomenon was observed and for the other
current densities utilised. : )

Figures 2, 3 -and 4 show the variation of the activation energy, of
the logarithm of the frequency factor and of the rate constant at 623 K
respectively vs anodisation time at the current densities utilised. '

It is obvious from figures 2, 3 and 4 that at all current densities
employed, a maximum in the values of E, 10g Ky and K(623 K) appears at
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FIG. 1:Arrhenious diagrams for HCOOOH decomposition ‘on  anodic Al 203
catalysts. prepared at [=1.5 A/dne anad at - four different anodisation
times. ‘

'time intervals corresponding to constant mass aitainment. In order
to verify whether mass and real surface S (where S=M.s) ~ are affecting
the profiie of parameters log Ko and k(623 K), figures 5, 6, 7 and 8 are
cited, where 'the dependence of 1og(K0/M), 1og (Kp/S), K (623 K) /M and
K (623 K} /S vs anodisation time at the current densities employed is
given.

From figures 5-8 it is evident that the parameters log(Ke/M),
log(Ko/S), K(B23 K}/M and K(623 K)/S change in a manner similar to that
corresponding to the non-reduced parahéters vs anodisation time at aill
current densities empioyed and exhibiting maxima at the same time

“intervals to those of the non-reduced parameters.

Obviously in order to obtain a complete picture of the change of

.catalytic parameters with respect to current dens?ﬁy, one must compare
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the oxide catalyst parameters maximum values appearing at different

current densities. Figures 9 and 10 show the variation of the maximum

values of these parameters, i.e. E, log Kg, 10g(Kg/M), 10g(Ky/S) and’
40 : 0:1.5 A-dm—2
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A:55 7
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FlG.2:Activation energy of HCOOH decomposition reaction on anodic
alumina vs anodisation time at various current densities.
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K (623 K), K(B823 K)/M, K(623 K)/S respectively with current density.
. fFrom figure 9 it is clear that all parameters change with a uniform
“profile, the fluctuations not being particuiarity large as those observed
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FiG.4:Rate constant of HCOOH demmpowt;on reaction at 623 K on anod/c
alumina vs anodisation time at various current densities,
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FI1G.5:Logarithm of frequency factor reduced per gram of . oxide
catalyst vs anodisation time at various current densities,
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for anodisation time variation at each current density. Iin figure jJ0 a
maximum is observed for K({623 K) between 3.5 and 5.5 A/oma, while
parameters k_(623 KY/M and K(623 K)/S show a decrease with increasing

current density.
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FI1G.6: Logar thm of frequency factor reduced per mE  real surface Aof
oxide catalyst vs anodisation time at various current densities.
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FIG.7: Rate constant at 623 K reduced per gran of oxm’e catalyst vs
anodisation time at.various current densitiess
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" FIG.8:Rate constant at 623 K reduced per mE real oxide surface vs
anodisation time at various current densities.
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FI1G.10: Maximum values of K(623 K), K(623 K)/M and k(623 K} /S obtained
at different current densities vs current .density.

DISCUSSION

As it has been previousty noted!®:17, the predominant dehydrative
action of anodic AlpO3z is due to the specific manner of its preparation.
Under the experimental conditions chosen the reaction was of =zero order
and Hs0 produced did not inhibit it17, hence the activation energy is
the tru€ one and adsorption enthalpy (AHyq) has an appreciable value. The
activation energy variation is similar to that of adsorption enthaiphy.
An increase in the intensity and number of Lewis acidic active centers
brings about an increase in AHag, E, Ko . and K (623 K) in a simitar
fashion. Appearance of a maximum in their values at a specific anodic
oxidation time was interpreted by the interpiay of two antagonistic
factors; (a) deviation from stoichiometric ratio due to oxygen surplus
(semiconductivity), decreasing wifh increasing oxide ﬁass and thickness
and (b) degree of oxide crystallinity, increasing with anodic oxidation
time at constant current density!7.

The mechanism of HCOOH decomposition on alumina has been reported to
take plaée through HCOOH adsorption on Lewis acidic centers!? or befween
" gaseous HCOOH and surface H* i.e. Brdnsted acidic centérs, supplied to

the alumina surface via dissociative adsorption of HCOOHZO  at
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temperatures ~190°C, significantly lower nevertheless than those employed
in the present work. According to the latter mechanism, formic anion

does not behave as a reaction intermediate; however at  higher
temperatures the reaction is possible to take place on Lewis acidic
centers via dissociation of a formic intermediate, demanding nevertheless
a higher activation energy as compared to that effected on Bronsted
acidic centers20, Experimental findings as reported in a previous work 17
fit into the mechanism whereby decomposition of HCOOH takes pilace on
“Lewis acidic centeré via a formic intermediate. '

In the present work, it has been shown that not only the parameters
E, Tog kg and K(623 K) (see figures 2, 3 and 4) but aiso the reduced
parameters k(623 K) and Ky either per gram of oxide catalyst or per me of
real surface (see figures 5, 6, 7 and 8) vary With anodisation time, at
all current densities, in a uniform way, showing a maximum at a specific
anodisation time which is different for different. current densities. This
fact leads to the conclusion that anodic oxidation time, for all cqrrent
densities used, is a determining factor, more so than mass and specific
oxide real “surface. .

Because ail catalytic parameters vary with anodic oxidation time, a
meaningful comparison between oxides would be one in which only the
oxides vyielding maximum values to those parameters are considered. The
vafiation of E, 109 Ko, 10g(Kg/M) and log(Kq/S), as cén be seen from
figure 9, is uniform. yielding stightly higher values at 1.5 and 5.5
A/amZ while exhibiting a tendency to decrease at especially high current
densities, >5.95 A/dma. Hence these parameters vary in a similar fashion
not on!y with anodic oxidation time, but also with current density as
described above.This fact underlines the infiuence of current density
also on the stkuctural properties, such as c¢rystailinity and deviation.
from stoichiometric ratio. Because E and log Kk, do not change
appreciably with current density, this proves that the mechanism of HCOOH
decomposition is uniform for all oxides, prepared at different current
densities.

The change in specific activity, K{(623 K)/M and K(623 K) /S, figure
10, shows very explicitly the superiority of oxide éatalysts prepared at
low current densities. Specific activity is drastically reduced with
incﬁeasing current density from 1.5 up to 3.5 A/dm®; very little between
3.5 and 5.5 A/dm? and abruptly between 5.5 and 7.5 A/dma. At Jow current
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densities deviation from stoichiometric ratio is small, owing primarily
to the mildr conditions of oxide production; hence the oxide surface
exhibits a.larger number of Lewis active centres!?. Their intensity
nevertheless is not appreciably higher than that obtained at other
current densities used, because the degree of crystallinity also
inéreases with decreasing current densitly. This assertion explains the
higher specific activity at-iower current densities and aiso that the
maximum activation energy is almost the same for all current densities
employed,

The resui;ing limiting mass and total real oxide surface for any
current density is owed to the mechanism of oxide and pore formation’»a,
leading for lower current densifies 1o substantially lower limiting mass
and total real surface. Thus the total activity is smaller for 1.5 than
for 3.5 and 5.5 A/dm2. The almost identical values for total and specific
activity, in the region between 3.5 and 5.5 A/amZ, indicate that the
infiuence of deviation from stoichiometric ratio and degree of
crystallinity changes, on catalytic activitly, are balancing each other
out in this range of current densities. By further increasing the current
density, deviation from stoichiometric ratio becomes the dominant factor,
This results in a reduction of all parawetier values at current densities
higher than 5.5 A/dma. The lowér values of parameiers at 7.5 A/dﬂa~
compared to those at 5.5 A/dm2 are thus explained; although mass,
thickness, .spedific and total real sufface are almost the same for both
oxides at these iwo current densities.

The above under]ihe the importance of structural characteristics of
oxides, i.e. deviation from stoichiometric ratio and crystallinity, which
are influenced by anodisation time, current>density and, as anticipated,
by bath temperature and thermal or reactive treatment of anodic aluminas.

CONCLUS 1ONS

The catalytic properties of anodic atuminas are altered not only .
with anodisation time but also with  current density variation, All
catalytic parameters in the HCOOH decomposition such as activation
energy, fregquency factor, total and specific activity displayed a naximdm
at ,a specific anodisation time for each current density embloyed. By
comparison of these maxima obtained at different current densities it was
found %hat‘the,activation energy, frequency factor and reduced freguency
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factor per unit mass or real surface did not exhibit large fluctuations.
This proved that the mechanism of HCOOH decomposition on the oxide
catalysts, prepared at different current densities, (1.5, 3.5, 5.5 and
7.5 A/dm?  and at 303 K), was the same. Catalyst specific activity on the
other hand was higher. ai low current densities but total activily
acguired a broadened maximum at current densities between 3.5 and 5.5
A/dﬂa. This catalytic behaviour was mainly due to the influence of
current density variation on the oxide semiconductivitly and crystallinity

rather than on the mass, thickness and oxide porosity.

AEP I AH%H

KATAAYTIKEZ 1AIQOTHTEZ TOY HAEKTPOAYTIKOY y-Alz03
11 ENTAPAZH THZ NYKNOTHTAZ PEYMATOZ  ANOAIKHZ OE [ AQTHE ITIZ
KATAAYTIKES TOY {AIOTHTEE.

ZTINV  EPYACTA QUTN  HEXETWVTA! - OF  KATAAUTIKES 1810TNTES UEBPAVWY
NOPWSWY VoS 1 KWy 03 1Siwy TOU QPYIAiOU, TIOU TNOPOCKEURIOVIXI O &1CQOpeES
TUKVATNTES PEVUATOS, OE MOUTPY HoSO04 1574 (K.0.) OTGBEPAS BEPUCKPAT{AS
303 K, oTtnv -qpuddtwon TOU HUPUNKIKOU 03€0S. H pdda, 10 TAXOS KXt n
E1SIKN  TPAYUXTIKA  ETIQAVE IR TwV  OEI1SiwyV  KATCAUTWY  auidvovial UEXPI
OPICUEVO XPOVOo avodikng o03eidwons, Tou €eiaptdial Qno TNy TuKvatnia
PEUPATOS, PETH CMO  TOV ONOIi0-OMOKTOUV OTABEPES TINES. O OPIOKES QUTES
TIUES TNS PASAS KAL TOU TIAXOUS TOU O3€I1SiOU HEIWVOVIQ, €VW ' Tns €151KNS
MPAYUXT I KNS €TIOAVEI1AS QUIAVOVTA! WE TNV YETWON TNS TIUKVOTNTAS PEUVUATOS.
Ml id10 maxos N id1a udda 03€idiou, TOU TIXPACKEURZETUI OCOE &1APOPES
MUKVOTNTES PEVUATOS, N E€1SIKA  TIPAYUATIKA  EMIPAVE A QUIGVETXI WE TNV
HE{woN TNS TIWKVOINTAS PEUVPALOS, Z7OXES -TIS TUKVATNTES PEQUHATOS TIOU
XPNOLUOTIOINONKAY, N EVEPYEIQ EVEPYONOINONS, O TNULAYOVIAS GUXVOTNTAS KO N
€1SIKN SPACTIKOTNTIA TWV KATAAUTWY, 7 OPICUEVN  OBEPUOKPUC | avtidpaons,
ESWONV PEYICTO OTOV 1910 AEPITIOU XPOVO AVOSiWCNS OTOV ONOIO €T TUYXAVETH!
OTUBEPN TiUn TOU MAXOUS, TNS UGZAS KX TNS €181 KNS TMPAYHAT I KNS ETIQAVE 1OS
WY  03€1SiWV  KATOAUTWY., QI  UEYICTES TIUES TNS EVEPYEINS EVEPYOTNOINONS
OT1s SIGQPOPES MUKVOTNTES PEUVUHATOS UETABCANOVIO! OXXE OX! ONUAVTIKE, QUTES
NS EISI1KNS  JPACTIKOTNTAS Twy  KATOAUTWY  HE TWVOVTAL  ONUAVTIKA UE TNV
aUIngn  TNS  TUKVOTLNTAS PEOUATOS KX QUTES TNs oXlikids  Spootikotnias
EUPAVITOUV  EVA TXATU LEYIOTO QVANEsH ot 3.5 kai 5.5 A/dm2. ‘E101, EVW O
UNXQV 1OUOS TNS aPUSKTWONS Tou HCOOH Mopapeve! (3108, N SpAoTiKOTNTY  TWv
KOTOAUTIV  HETUBCANETA  ONUGVTIKE HE TNV  TMUKVOTNTA  PEUUOTOS Gvod KNS
03€idWONS. AUTN N KATOAUTIKA CUUTIER I GOPA WHE I AETXL OX1 TOOO OTn  HETABON
NS  PAias, TOU MNAXOUS KAl TOU TOPWSOUS Twy OEISiwy  OANA KUPiws otn
UHETCBOAN TNS SOUNS  TOUS. H EKTPOTN ONO TN CTOIXE IOHETPI KN . AVONOY i Q)
(N 1aywy 1 HOTNTX) KX 0 BaBuos KPUCTAAXI KOTNTAS Twv 0iei1diwy, TIOU
HETABGANOVTAL OX1 UOVO PE TO XPOVO CAXX ETICNS KOl UE TNV TUKVOTNTX
PEVRATOS aVOSIKNS 0!€idWONS, €UBUVOVIQ)! KUPiws y1Q tnv petaBoin tns Souns
KO TNY TMIURATNPOUHEVN KATAAUT I KN GUUTIEP | OPC.
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THE CONDUCTANCE BEHAVIOUR OF NaBPh 4 IN ACETONITRILE AND ISO-
BUTANOL AT 10, 15, 20, 25 AND 30° ¢

N.Papadopou1os’G.R1tzou11s

‘Lab. of  Physical Chemistry,Departement of Chemistry,
Aristotelian University of Thessaloniki,Greece
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SUMMARY

Molar conductivities at 1imit concentration zero have
been evaluated for NaBPhs in acetonitrile and isobutanol at
10, 15, 20, 25 and 30° C. The experimental data have been
analysed by means of the Lee-Wheaton conductance equation.
The thermodynamic parameters of the non—-coulombic
interaction have been evaluated.

Key ‘Words: Conductance, Association constant, Thermodynamic
para~- meters,Acetonitrile, Isobutanol, Sodium tetrapheny]l
boride

Introduction

The problem of electrolyte solutijons centers around the
interactions of ions with solvent molecules and with one
another. A complete theory of the phenomena of solution
chemistry will. become a reality only when solute solvent and
solvent-solvent interactions are completely eluci-
dated.Studies of electrolytic conductance have always been
an 1mportant. source of information concerning don in
solution. The 1limiting value of the molar conductance is a
function only of solute solvent interaction. By contrast its
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variation with concentration depends essencially on ion-ion
interaction. Much information on the structure cf
electrolyte solutions -and equilibria can therefore be
derived from conductance measurements.

Clearly the molar conductance would not ' change at all
with concentration if the ions did not interact with each
other. Coulombic interaction tends to produce order with a
-given cation repeling other cations and attracting anions.
Counteracting this phenomenon is thermal motion which tends
to randomize the positions of the various species 1in the
liquid. The result 1is a compromise. The Debye-Hiickel
atmosphere(1).When an e1e§tric fieid' is applied , the
central 1ion and 1its 1ionhic “atmosphere move 1in opposite
directions towards the electrodes.

We may write for the molar conductance of an electrolyte
the equation

A=(ho -he). (1-22 )

where Ao is the 1imiting conductance at infinitisimal %onic
strength , where the ions are 1infinitely apart, Ae the
electrophoretic effect which reduces the molar conductance
of the central ion by an amount Ae and AX/X the contribution
of the assymetry effect which is commonly symbolised as a
relaxation field AX acting 1in opposite direction to the -
applied field. This equation forms the basis of the Debye
-Hiicke1-Onsager conductance equation. It is derived from
the so called "“primitive model of rigid unpolarizable
spheres” in a dielectric continuum whose properties are
those of bulk so1vent(2).

The degree of 1ion association in a electrolyte in a
solvent is mainly 1influenced by the radii of dions , the
dielectric constant of the solvent and specific solvent
effects. The electrostatic forces between jons cause ions of
unlike charges to attract each other and for any pair of
ions the mutual potential energy 1is given as a function of
of distance by coulomb’s law. However besides electrostatic
forces solvation forces also exist which are completely
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system specific and can not be predicted . from the
electrostatic theéory. Study of the jonic equilibria over a
temperature range permits us to determine the heats and the
entropies of the respective ion pairs . In this work the
conductances of NaBPh4 in acetonitrile and isobutanol are
reported at 10,15,20,25 and 30° C.

Experimental

Sodium_  tetrapheny]l boride (Merck puriss p.a.) was
recrystallized from-acetone and dried under vacuum

Acetonitrile (Merck puriss p.a.) was passed through
molecular sieves . and distilled in a collumn. The middle
fraction was collected. The physical constants of
acetonitrile and isobutanol have been taken from the
1ﬁterature.3’4

A1l solutions were maintained in a Leeds and Northrup oil
bath thermostat.Resistance measurements were carried out on
a Johnes and Joseph type alternate current bridge and t%the
“ba]ancing point was determined by a digital voltmeter. The
Erlenmeyer type cé]]s uéed were similar to those pfoposed by
Dagget Bair and Kraus? A given quantity of solvent was first
placed 1inh the conductjvity cell and 1its conductahce was
measured. Successive additions’ were then made of a
concentrated stock solution by using a weight burette.
_Details of the experimental procedure have been reported

previous1y§’7

Results and Discussion

Conductance data for a given s}stem can provide three
‘parameters . The value of equivalent conductance Ao,the
value of association constant Ka and the value of the
closest approach distance of ijons R. The measured molar
conductances are given 1in table I. The measured molar

~conductances decreaces quite gently with concentration for
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is
4
slightly associated. By contrast the molar conductances in

the case of'NaBPh4 in acetonitrile indicating that NaBPh

isobutanol fall rapidly with rising concentration indicating
stronger association in this solvent. In this work the
experimental déta have been analysed by means of the

8’9. This equation is based

Lee-Wheaton conductance equation.
on a more realistic model than the primitive’model. Lee and
Wheaton envigage three region around the ion itself ,which
is treated as a rigid conducting sphere. In region 1, all
the solvent molecules are aligned by the ion’s field and
there is dielectric saturation. .In region 2 the solvent’sv
structure is still modified by the ion’s field though to a
lesser extent, and in region 3 the solvent retains its buik
properties. The resulting equation is complicated in the
generél case of a single, associated symmetrical
electrolyte. Details for the analyvsis of the experimental
‘ (7)

results have been given previously. The measured molar

conductivities at various concentrations are given in table

TABLE T:EQUIVALENT CONDUCTANCES OF NaBPhi4 «

(cimol.lit™ '~ ,A:mho.cmz.mol_l)

ISOBUTANOL
(e219.2, n=.057p) (e=18.3, n=.0484p)
6=10°C 6=15°C

C x 104 A C * 104 A
13.9166 . 14.355 13.8433 17.501
19.6889 13.946 19.5851 17.018
25.5840 13.340 25.4492 16.624
39.8256 13.064 32.1710 16,248
46.3828 12.853 39.6154 © 15.899
52,7248 12.670 46.138 15.633
62.963 12.412 52.4466 15.405

62.6308 15.081
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TABLE I: EQU;VALENT CONDUCTAN?ES OF NaBPhg4

(c:mol.11it ,A:mho.cm™.mol
ISOBUTANOL

(e=17.4, n=.0421p) o (e=16.56, n=.0365p)

6=20°C 8=25°C .
c x 10" A c x 10 A
13.7700 21.043 13.6965 25.099
19.4813 20.441 19.3775 24 .346
25.3142 19.948 25.1793 23.730
32.0003 19.479 ' 31.8300 23.1489
39.4056 19.043 39.1956 22.602
45,8836 18.711 45.6491 22.196
52.1688 . 18.376 51.8908 21.846 -

62.2990 18.027 61.9670 ’ 21.353

(e=15.6, nz. 0316p)

9=10°C

c x 10° A .

13.6231. 29.6554

19.2737 28°.725

25.0446 27.954

31.6592 27.237

38.9856 26.562

45,4045 26.058

51.6128 25.625

61.6350 25.023

ACETONITRILE
(£=38.36,1=.00413p) (e=37.56, 1=.00388p)
9=10°C ) 9=15°C

c x 10° A ¢ x 10* A
4.7786 108.036 4.7484 114.379
8.0829 106.388 _ 8.0319 112.638
13.2608 104.653 13.1772 110.806
18.7944 103.181 18.6760 109.291
26.8833 101.405 26.7138 . 107.389
33.0699 100. 344 32.8615 106.269
40.1369 99.211 39.8839 105.064

50.9649 97.739 50.6436 103.522
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TABLE I:EQU VALENT'CON%UCTAN?ES OF NaBPhy
)

(c:mol.1it” ,A:mho.cm®.mo1”
ACETONITRILE
(£=36.72, N=.00364p) (e=35.94, 1=.00341)
6=20°C . 0=25°C

¢ x 10° A c x 10° A
4.7116 120.916 4.6832 127.554
7.9771 119.047 7.9216 125.606
13.0873 117.114 12.9962 123.574
18.5485 . 115.520 v 18.4194 121.892
26.5315 113.505 26,3468 119.765
32.6375 112.324 32.4100 118.528
39.6117 111.001 39.3359 117.199

50.2980 109.404 49.9478 115,499

(e=35.18, n=.00331p)

6=30°C
c x 104 . A
4.6498 134.355
) 7.8650 132.285
12.9034 130.071 .
18.2879 128.372
26.1587 126.156
32,1786 124,838
39.0551 . 123.452

49.5913 121.658

The values of onand KA calculated from the experimental
results are given in table II and III. In all cases a sharp
minimum was obéerved in the 0%-R plot(fig.I) at 12+ 1 R in
both,so1vehts._The center to center distance of NaBPh4 is
about 6 R.The value of 12+1 & suggests that the ions that
are formed in this solvent mixture are solvent—-separated ion
pairs. ’

The conductance of solutions of NaBPhs in acetonitrile at
(11)

[¢]

25 who
obtained Ao=134.1 and KA=O.These results were obtained with
older conductance equations.Their conductance data were

C have also been measured by Kay and al.

reanalysed in this work with the Lee and Wheaton conductance
eguation and the values of Ao=134.4 * and KA:8.3 were
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4
obtained. These results are 1in good agreement with the
values found in our work. Generally the values of Ao

calculated from the Lee-Wheaton conductance equation are

generally higher12’13

. The fit of experimental data to the
Lee—Wheaton conductance equation is better.

In solvent media of medium and 1low dielectric constant
the attractive electrostatic forces between the jons become
Targe and ion pairs will tend to form and will be reasonably
stable. There exists a number of equations that can be used
in order to predict the values of Ka when only coulombic and
thermal forces are taken into account.(14’15)
the "Fuoss75” (18)

of the nonelectrostatic free energy in the form:

In this work

equation has been used for the evaluation

K,=(4nn/1000) exp (—AG°/RT)I r2exp(ﬁ/r)dr

- a
where f=e/DkT and a= the center to center distance of an ion

pair

The non-Coulombic forces are taken into account 1in this
equation by the factor - exp(-AG°/RT) where AG’ is the non
electrostatic free energy of association.The AG° values at
25° ¢ calculated has been found: to be 0.42kJ. for NaBPh, in
acetonitrile and .66kJ 1in isobutanol. The AH® vaLue was
found to be equal to about zero for all the compositions of
the solvent system. Thus the AG® is due solely to entropic
effegts. It can be concluded, that the ion pairs that dare
formed, organise the solvent -molecules 1in their vicinjty
better than the ions with the result to lower the entropy of
the system.

TABLE II :CONDUCTANCE PARAMETERS FOR NaBPh4 IN ISOBUTANOL

6° ¢ to Ka R(R) o )%
10 16.440 97.36 1.1 .025
15 20.649 . 99.06 11.0 .020
20 24.928 . 109.48 12.4 892
25 30.018 126.47 12.2 .017

30 35.304 158.86 12.6 S.011
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TABLE III :CONDUCTANCE PARAMETERS FOR NaBPh4 IN ACETONITRILE

8° c Ao KA R(R) 0%
10 113.707 8.80 . 11.62 .030
15 120.369 9.32 12.55 .035
20 127.288 9,41 11.99.046

25 134,299 9.11 12.75 .038
30 141.401 8.22 11.19 .029
MEPIAHWH ‘

AYwY LLOLETOLUN ouunspuwopd TOL NaBPh4 OTO HELUTO GLQAUTLyé oOoTNUO
OUETOVLTPLALOL - LooBouTtavdAng otoug 10,15,20,25 ual 30°C

Itnv gpyacia auTn eEeTd¢eTAL n AYWY LHOUETPLKN
CUUTIEP L popaA Tou NaBPha o€ AKETOVLTPLALKA Kat ce
LOOBOUTAVOALKA SdLarvpata.Ta TMELPAPUATL KA anmoTeA€ouaTa
avaivovtal ude Bdon TNV €E{0won TOU MPOTABNKE amd Toug Lee-
Wheaton aAAd oOTnv  ANMAOUCTEUPEVT  TNS HOPON nou gival
KATAAANAT YlId TOUC 1:1 MAEKTPOAUTEQ.

- Ye OAEC TLCQ MEPLTMTWOELG TO SLdypappa oa% Sidel erdxLoTo
yiLa Tipgég (oeg mpog 12+1 A. H TLpN authn pag avaykager va
dexBolue OTL Ta LoVLIKA TeUyn mou oxnuatiZovtat o’autolq Toug
SLaAUTeg TEPLEXOUV HOpLlad OSLAAUTOU HETAEY TV £TepOVUURV
LOVTWV. . ;

YTOAOY {0OMKE M TLUNM TNG ouvdpTnong AG oToug 25° C  Kal
8pedNKe OTL eivalL mepinmou undév. Autod onuaivet OTL 7M. TLUY
TOU AG o@ei{AeTal pOVO OTNV HETABOAT TNC evIponiag nmpdypa
MouU oNuaivel OTL O OXNUATLOUOG TWV LOVLIKWV ZEUYWV TaKTomoLE |
Ta Y€LTOVLKd popLa Tou SLAAUTOU KAAA(Tepa am’oTL Ta, LOvVTIa
TOU TIPOKAAOUV EAATTWOYN TNC EVIPOMIAC TOU CUCTNUATOR.
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ELECTROCHEMICAL DOUBLE PULSE OXiDATION OF CARBON FIBRES
PRODUCED BY POLYACRYLONITRILE GRAPHITIZATION
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SUMMARY

The electrooxidation of carbon. fibres based on polyacrylonitrile (PAN) by
application of anodic and cathodic pulses between two limiting values of
potential (potentiostatic double pulses) or current (galvanostatic double pulses)
is investigated. The modification is performed in solutions of sulfate salts
where the intercalation compound C,THSO,~ that is intermediately formed is
subsequently hydrolysed to the graphite oxide.

The modifiéd fibres bear a large number of acidic functional groups while
they still retain their mechanical stability and electronic conductivity.  The
effective electrode area of these fibres is four-fold .compared with that of the
pristine fibres due to the 'increase of the surface roughness after the
electrooxidation procedure. The modified graphitized fibres behave as excellent
ion-exchangers and provide an advantageous electrode substrate for the
attachment of species with electrocatalytic properties.

Key  words: PAN-based carbon fibres, double pulse oxidation,
ion-exchangers.
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INTRODUCTION

In recent years there is much interest focused on carbon fibres produced
by graphitization of polyacryldnitrile (PAN based carbon fibres) since they
were proved to be an advantageous material for the construction of parts of
cars, boats, air-crafts, space-crafts e.t.c.

Several studies carried out in our laboratory, showed that these fibres are
also suitable electrodes for the study of the reduction and/or oxidation of -
many inorganic or orgaric species in various solvents [1-4]. These -electrodes
can be employed at an extended potential range of about 3.5 V, for all the
supporting electrolytes commonly used in the electrochemical technology.

Furthermore, it was found that this graphitic material can be oxidized by
several methods which result in the formation of oxygen containing functional
groups, situated on the surface of the fibres (surface oxides), as well as in the
internal of them, between the graphitic layers (bulk oxides).

Surface oxides are formed by thermal [5], photochemical [6] or by
electrochemical oxidation of the fibres in dilute aqueous alkaline or neutral
solutions [7]. ‘

Bulk oxides are formed either by .chemical oxidation of the fibres in
concentrated acidic solutions in the presence of strong oxidants such as KMnO,
or K,Cr,0; [8] or by electrochemical oxidation in concentrated acidic solutions
[9,10]. '

The oxidized carbon fibres can be used as a suitable electrode material
bean’ng a large number of oxygen containing functional groups, provided that
the oxidation prbcedure does not affect their mechanical stability and electronic |
conductivity. After series of experiments, it was found that under these
requirements the most appropriate treatment ~for the fibres was the
electrochemical oxidation. .

The formation of effective: oxygen containing groups on the carbon fibres,
enables the attachment of species with selected properties on their surface and
also their use as an excellent jon-exchanging material. '

The anodic oxidation of graphitized carbon in concentrated H,S804 or
HCIO4 is achieved by the  formation of an intermediate intercalation
compound, C,THSO4 or C,*ClO4 respectively, which is subsequently
hydrolysed to the corresponding graphite oxide (GO), according to the overall
reaction: ' '

C,tHSO, + H,0 —=  C;-OH + H;S04
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Partial cathodic reduction of the electrochemically formed GO, provides a
material bearing a large number of acidic phenolic type groups with strong
ion-exchanging properties. The electronic conductivity of the «partially reduced
GO» (GO) is equal or even larger than that of the pristine carbon fibres [11].

The number of the jon-exchanging groups is substantially increased when
the graphitized fibres undergo repetitive electrochemical oxidation and
rereduction, ie. when they are submitted to modification by application of
alternative anodic and cathodic pulses. This kind of electrochemical modification
is widely examined at the present study.

EXPERIMENTAL PART AND RESULTS

The PAN-based carbon fibres used in this study were from Celanese
Corp. USA. , type GY 70 , with an average diameter of 7 pm and - density
2 g-cm-3, They are characterized by high orientation along the fibre axis, good
mechanical stability (Young “~modulus 5.15-10'11 N'm2) and electronic
conductivity  (specific resistance 7-104 Q-<cm1[9]) . 1 mg of carbon fibres
~ has effective electrode area 1.7 cm? This value was estimated by
comparison of the reduction peak currents of the reversible reaction
[Fe(CN)¢]3-+e"— [Fe(CN)g]*~ carried out on a carbon fibre electrode and on
a Pt wire of known effective area.

The electrooxidation of the fibres was performed in aqueous solutions of
IN Na,SO, by application of oxidative and reductive pulses between two
limiting potential values (potentiostatic double pulses) or current values
(galvanostatic double pulses). The application of the pulses was achieved by a
Double Pulse Control Generator Wenking Model DPC 72 from Bank
Elektronik. :

After series of experiments it was concluded that when the oxidation
procedure prevails over the reductive, the carbon. fibres obtained, show
advanced properties as electrode material and ion-exchangers.

Fig. la presents, as an example, the dependence of the potential on time
-for two periods- during the application of the potentiostatic double pulses and
‘Fig. 1b presents the corresponding dependence of the current on time, as this
was recorded by the Biomation Waveform Recorder Model 805 connected with
the oscilloscope DM 64 from Telequipment.

As it is clearly shown-in Fig. 1b, the application of the oxidative pulse
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causes a shafp increase of the current, which is then normally decreased up to
a limiting valuve. '

Fig. 2a presents the dependence of the current on time -for two periods-
during the application of the galvanostatic double pulses and Fig. 2b presents
the corresponding dependence of the potential on time recorded in the same
way as in the former case.

The extent of the modification of the fibres is evaluated by determination
of the amount of Ag* ions which can be exéhanged with the HY ions of the
acidic functional groups of the electrooxidized fibres.

The experimental results suggest that the electrooxidized fibres . exhibit the
same jon-exchanging capacity when they undergo oxidation by application either
of potentiostatic double pulses for 6 min or of galvanostatic double pulses for
48 min. :

T : T a
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FIG 1: Dependence of potential on time (2) a_nd current on time (b), during the
electrooxidation of carbon fibres by application of potentiostatic pulses for two
periods (T=80 ms).
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Fig.2: Dependence of current on time (a) and potential on time (b) , during

the electrooxidation of carbon fibres by application of galvanostatic pulses for

two periods (T=80 ms). : .

The amount of the ion-exchanged Ag* was estimated by elemental
analysis, which was performed after the cathodic reduction of Ag*' ions to
metallic Ag, and it was found to have in both cases an average value of 8% (8
mg Ag per 100 mg fibres). This value corresponds to an  ion-exchange
capacity of 0.74 milliequivalents of Ag* per g fibres.

These results verify that the electrooxidized fibres have a pronounced
ion-exchange capacity and imply that the oxidation process is not restricted
only on the surface but is also extended in the internal of the fibres, between
the graphitic layers. During the oxidation procedure, the intercalation compound
C,*HSO4 , that is intermediately formed, is hydrolysed to the graphite
oxide.

Evidence for the formation of the intercalation compound even in solutions
of neutral sulfate salts, was provided by cyclic voltammetry performed on
pristine carbon fibres in 1IN Na,SO, .As it is shown in the cyclic
voltammograms of fig.3, the intercalation compound is not formed
immediately during the first' scan of the recorded potential range (curve 1),
but after successive potential scans ( wave a in curve 2 ).
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Curve 2 in fig. 3 is similar in shape with the corresponding curves which
are obtained at the first scan of the cyclic voltammograms carried out in
NaHSO, or H,SOy, under the same experimental conditions.

This fact indicates that the HSO," ions, which are created on the electrode”
surface during the electrblysis in Na,SO,, react with graphite to produce the
intermediate intercalation compound.

Similar results, referring to the formation of the functional groups, are
obtained when the electrooxidation of the fibres is carried out in NaHSOy,
whereas in H,SO, , which has strong oxidative properties, serious deffects on
the structure and the mechanical stability of the fibres are caused.

The electrooxidized fibres which are produced by application of
potentiostatic pulses for 6 min or galvanostatic pulses for 48 min , have
almost the same electronic conductivity as the pristine fibres. This may be
explained by considering that during the electrooxidation procedure the
continuity of the aromatic graphitic rings is not interrupted.

-10 -1.5
E/v
FIG.3 :CYCHc voltammograms (v=100 mV-s'1) of carbon fibres in  aqueous IN

Na,SO,. 1) 15t cycle 2) 10 * cycle of potential — scanning.
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.On the contrary, chemically oxidized fibres do not show any electronic
conductivity. This is attributed to the interruption of the contmulty of the
aromatic Tings. '

) The above mentioned behaviour of the electrooxidized and the chenucally
oxidized fibres is illustrated in the following scheme: -

%’(—b Pristine carbon fibres

( Conductor )
_OH

& =0 z =0 %7 .
0= Chemically prepared
: O \\o graphite oxide
. ( Isolator )
O H O o
—OH
&\ &\ Q:? Elecrtochemically prepared
// OH graphite oxide
\ ( Conductor )
OH

Comparison of the two methods of electrooxidation of the PAN-based
carbon fibres -in terms of duration- favours the application of potentiostatic
pulses, because this process is accomplished in a short time. On the other
hand, oxidation by galvanostatic pulses produces graphite oxides situated on a
substrate of high mechanical stability, since the application of these pulses does
not cause sharp increases of the current which result in a slight loosening of
the fibres. - E )

The effective electrode area of the electrooxidized fibres is four-fold
compared with that of the pristine fibres. This correlation was obtained after
comparison of the peak currents of reversible redox reactions carried out on
pristine and on electrooxidized fibres. In Figs. 4a and 4b the cyclic
voltammograms of Ky[Fe(CN)¢] and O=<:>:O respectively, are presented on
pristine and on electrooxidized carbon fibre electrodes.

The fourfold increase of the effective electrode area of the
electrooxidized fibres is attributed to the increase of the «roughness» of the
electrode surface, due to the electroxidation process by double pulse
application. Further evidence for the increase of the surface roughness is
provided by scanning electron microscopy. Typical SEM micrographs of pristine
and electrooxidized carbon fibres are presented in Fig. 5 .
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1
0.5 0 - 0.5 ~-10 o -05
E/V

FIG4: Cyclic voltammograms (v=100 mV-s-l, pH=4) of K [Fe(CN)gl,
c=2103 M (a) and O:@-——‘O, c=10 3 M (), on pristine (1) and on
electrooxidized carbon fibres (2).

:

FIG.5: SEM micrographs of pristine (a) and electrooxidized carbon fibres (D).
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It is therefore concluded that the electrooxidized fibres are an
advantageous substrate for the attachment of species with electrocatalytic
properties in several oxidations and/or reductions, due to the presence of a
large number of effective functional groups on a four-fold compared with that
of the pristine fibres electrode area.

Furthermore, such modified carbon fibres can be employed' as excellent
ion-exchangers for noble and heavy metal cations. The recovery of the
corresponding metals, that can be easily achieved by chemical or
electrochemical methods, - is a prospect of great interest in the anti-pollution
technology of manufacturing and industrial waste waters.

TEPIAHVH

HAEKTPOXHMIKH ME ALOIAOYZ ITAAMOYZ OZEIAQZH
INGN I'PAPITOIIOIHMENOY [HOAYAKPYAONITPIAIOY

2. ANTONIAAOY , A.A. TTANNAKOYAAKHZ , TI.A. TTANNAKOYAAKHZS
2ot E. @ECAQPIAOY

Zmv  egyooio auti peletdtol M MAexTQOOEeldwom wdv  dvBgaxa mov
Aapfdvoviar  pe  ypoguiomoinon | mohuvaxguhovitpihlov. H - naTegyacic
poggomolfigews Twv vdv yivetal e egagpoyn evalhaooduevov OEELOTIR®V
ROL  AVOYOYWMGY  TOAMGV  peToED 800 © otafegdv  TLudV  Suvamxov
(wotevolootatixol  moApol), M WeTOEV S0  oTofeQiv  TLRV  QEVRATOG
(yohBavootatikol moiuol), péoo oe Suodvpato Getixcdv  oddtwv. Kord 1
diepyaoio Tng oEeddoewg oynuatiletar evdiouéomg ahatoewdég aUlevyuo TOU
Timov C, HSO,~ - T0 omolo oTn ouvéxela USQONIETAL TQOG YOAPLTLXG OEEldLO.

Ou popgomownuéves iveg gégouv peydho aoubpud OEvav dpaotindv ouddwv
®OU JAQAAMMAL SLoTnQody v pnyoviki Tovg otaBegdtnra xou TV NAEXTOLRT|
ayoyldTnta Tovg. H mAEXTQOXMULKG EVEQYN ERMUPAVELR TV o&etémuéwbv Y
elvol TETQOAAOLO. OUTAS TWV  aQYLHdV, AOYR TG ONUAVTIXNIG  OVENCEWS NG
TEUXUTNTOS TNG NAEXTQOSLAXYG ETLPAVELOS HATE TNV ®ategyacia pe tn uébodo
TV TOAR®V. Ol LOQQOTOUEVES YQOPLILXES (VES CUUITEQLEEQOVTOL GOV GQLOTOL
LOVOVTOAAGXTES %Ol OTOTEAOUV XOTAAANAO MAEXTQOOLOKO ULOCTEWHRO YLd TN
déouevon ovoLdV pe MAEXTQOKATOAUTIXES LOLOTNTES.
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EMAPAZH THZ AOMHZ KAI THZ MAPAZKEYAZTIKHZ AIAAIKAZIAZ STIINEAAL-
KQN  PEPPITQN 3ZTH AIAMOPPQEH TGN PYZIKOXHMIKSN TOYZ IAIOTHTSN.
|. AOMH KAl NAPAZKEYAZTIKH AIAAIKAZIA SMINEAAIKQN PEPPITEN,

2. A0T20%, N, ZNYPEAAHZ & N, SAKEAAAPAHE

T Spgsnetr Hpyoiixwe,  Fopsop &
A’;,;m.r/‘:r; f&fmmf Hereafiow Hoadersyvsio, o
Lt .

{EAf¢9n orig 10 HMapTiou 1987)

it £ R fnmrg;mif{, &wmrgpm Fevin s
;

LTSRS LT Shydpad,
X 13 £

NEP | AHYH

0 arrustimal peppirsg eivan akTd ofeidia gidfpou kal kdnoiou
diflou petddfou (M), Ta onoia eivai Buvatd va nepigpagolv and To ¥evi-
Ké TOMo!

2+ 2+)Fe 340, 2-
(Nx Fe,_x )Fez 04

énou o dzikTyg x naipver Tipég petold 0 ko 1. Ba pnopodos, enopévug,
va JewpyBei oT1 npoépyouTtan and Tov xaywpr/ry {eniteTaprofeibio Tou

oi18ipou: Feg0, | avoAuTikétepa Fe?*Fe®*0,27),av npagpatonoindei pepi-
ki unokaTdoTaoy petadfokaTidutwy Fe?* ané M2, Zrqu Tiph x = 1 avti-

gToIXE( W oTOIXEIOpRETPIKY ¥npikh évwan: MFa,0,.
01 omveddikoi ¢eppiteg kpuoTaduvovtal ato kuPBikdé oloTypa Kai
g18ikétepa akofoudodv TN T Sopg omresAfioe (Gnfady Sopi avardoyn p'

auTiy  Tou opukTold amrusifior + HgRig0,). Zto oniveAiiké niégpa Ta
etafokatidvta katadopPavovy, oe oxéon pe To OKEAeTO Twy auiduTwy o-
%u buou, eite rerpasdpads Ssocre (8dmsrg R) eite oxrosdpiass Sdocsg
&g B). Avdioga pe To noid petaddokatidvra TonodeToluTal aTIg ﬁ
kat otig B 9éoe1g Tou oniveddikod nléypatog, o1 ¢eppiTeg SrakpivouTal
of Sedsie | Kewvowrxods o purigTpdpous kol ge prarocg. Ty, ot
nepinTwon Twu ¢eppiTUy  vikediov o1 J€oeig A kartadopPdvovtar and Ta

piod Twe petaddokartidutwy Fed*, =vi o1 94ceig B katoAopBévovTar -ond
Ta unéfAoina petoAfokaTiduta Fe®* kar ond To ouvodo Twy §io9eviv pe-

taffokatidutuy  (Ni2* f/kar Fe?*): &nAadf npokeiTar nepi auTioTpdguu
$EppiTHY, '

01 oniveddikoi ¢eppiteg eivar Suvatd va napaokevacSolv eiTe pe
v pédobo g Sppds adud eite ge v pédodo TG ey eded. 20pguva
K€ TRV npétn ano Tig napandvw Giadikagieg, ofzifia Tou oibfpou Kai
Tou entflexdévtog petdidou und Tig katdddAndeg avadoyieg, agol unooToly
npongoupéveg appovTikf efdTTuoy Tou peyedoug Twy KoKKwy Toug Kadi
kal Téfleia kata To duvarév audpify, nupwvoutar yia pegédo xpoviko
Siaotype o oxeTikd upniég Jeppokpacieg. Katd Ttnu pédodo Tng uypdc
odol, -01 npog nUpwan NPWTEG UAEC NUPAOKEUAZOVTAI PE TNV TERVIKA TNG
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auykarafidrope Twy 16uTwY Tou giffpou kat Tou vikefiou and koivd Sié-
Aupe afdTey Twy 800 outwy petdddwy pe Ty BoRdeia SirafupdTey Paoewy.

Aéfeig kieid16: Peppiteg, onivéddior, ofeidia vikediou-gidqpou, Tpe-
Bopitng.

EIZAMQrH

0 bdpog pepp/7sr ¥pNOIRONOIEITAL ¥10 va XOPOKTNPioE! pra gsipd pi-
KTiy pogunTikey ofe1diwv Tou gi1bfpou, avefdpTyTa and To kpuoTaddiké
gloTnpa, To onoio ckoAouSoly!. BewpeiTar 671 éxouv npokbye: ané To
tprofeidio Tou @idfpou (Feyly), nou sivar yuwatd kat wg aswariTyg,
kai éva | neprogdtepa petadfofeidia pe gevikd tono: My0,, énou o dei- -
KTNG n  pnopei va nafpver Tipég and 1 ewg 6, avdfoyo pe Tov apipd
ofeibwong Tou petdddou M. Av o ¢eppitng é€xer npoklyer oand Tyu euTi-
&pagn orpatiTy Ko euég:péuo petafdofeibiou, yopukTapiCeTar wg iy
kat eivar Suvatd va ToU anododei o yevikdg TOnmog:  xMy0.:yFey0y O
- geppiteg efvar oupora areped 1ovTikfig kataokeufg' €Tar, eivar ufhiké
e08pavaTa, kokkwdn ko pe uyndd onpeia THENG.

Mia 1G1aiTepe aqpavTIKY KaTngopia ¢eppiTWY gival o1 pepp/rey do-
fe @rresiiioe | onfld @srredFFies, o1 onoior kpuoTaddwvouTtal aTo KuBi-
k6 oUoTnpa Katd Tpéno audflogo NPog To OPUKTE @rsudRfiac (MgRl,04).
SToug ¢eppiTeg auThg TRG KaTRyopiag Ta 1duTa Twy petdfdwu M (ouviSug
S109evi)) yapoktnpiovrtat and aktiveg (#) pikpdrepeg and 1 A {oTig ne-
progdTepeg nepinTwoeig perafy 0,6 kar 0,9 A).

A0MH ZNINEAAIKQN 9EPPITQN

Fewnd, :
01 ¢eppiteg Sopig oniveddiou éxouv To yeviké TUmo: IR*Fe,3*0,2",
To M* apyikd pnopei va eivar éva ané Ta petodfokaTiduta:  Fe?t,
Co?*, Ni2*, Mn2*, Cu®*, 2n2*, MNg2* «kar Cd?*. IMnopei axépq va
auTigToixei Kai g€ nepiroddTepa and éva and Ta nopandvw peTaddokatidu-
Td, ONOTE 01 auTigToiyol QeppiTEC €ival OTNY npaypaTikdTNTe OTEpEd
Srodtpata &0o 1§ kor nepioooTépwy anfdv QEPPITEY Kat NPOKEITHI ¥IG
G roey  ¢eppiTeg, oénwg givar n.y. o1 ¢eppiteg vikediou-ypeudapyipou
(Ni-2n) § Ni,_y2n,Fes0,, 6nou 0 2 x 2 1,

itoug oniveddikolg ¢eppiTeg undgouTar ko quToi PE yevikd Tono:
NFesOg % 1,0'5Fey0y § avadutikétepa: (M*Fed*),0,, odnwg efver n.y. o
¢eppitTyg Ai19iou: (LiFe)Fey0,. Eivai gavepd 6T1I oTnu nepinTwon auti
to petadfokaTidv pe api9pd ofeiduang +2 éyer avTikataoradei and éua
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ouvduagpd S0 didwy pe apiSpoldc ofeidwong +1 kel +3, -

Ei5ikf nepintwon oniveAAikol ¢eppiTn anoTelei n éuwon g - Fey05,
guwoTh ka1 wg wayasu/rpe. Auth, nopeokeuvdleter? pe ofeibuon uné ka-
TéAANAec ouvlikeg Tou eniteTaprofeiSiou Tou oibfpou § maywgriry
(geppitn oiSfipou, pe ynpiké Tono: FegO, f Fe2*Fe®*0,2°). 'Eror, oTo
& - Fey0; onobiderar o ynuikdg Tonmog: Dy.sFeg;al4 1 uuuﬁunnétepd!
(D, jaF e, 5)Fey0,, 6nou pe To oOpPodo D Syddvoutar o1 kevég niegpatikég

9éoe1g petofdokaTiduTwy. Enopévwg, oto y - Feyly Ta 1évta Fe?* Tou
» PagunTiTh €youv auTikaTaoTadei and £va ouvbuoopd kevwy nisgpartikiy
9¢oewy (D) ka1 16vTwy Tpiodevoig oidfpou (Fe®*) oe avadogio 1 + 21,

Ty kaThgopida, Tédog, Twv omivedfiwy undgovtoi Kai ¢eppiTeg:

a. 'Eva pépog Tuy petoddoxaTiévtwy  Fe** Tyv onoiwv (= 0,64 f)
£youv unokataotadei ond petafiokatidvra noponddoiag 1ovTikig akTivaeg
p' autd Kar pe Tov iSio opi9pé ofeibwong, 6nug eivar n.y. To RIS
{(r=0,5 R), To Cr¥* (»=0,63 ), 10 Ga® (r=0,62 A) k.4. 4 Kot
ne pegoAdTepo apiSpé ofeibwong, énug sivai n.y. To Ti** (» = 0,68 A)
K.G, uné Tov dpo 611 9o ouvdudlovtar pe 1oodUvapo opidpd 16uTwY Fe*,

B. Zveped Biailpata evég anfol erpiﬂi dopic oniveddiov ki evdg
1§} on1veAR 1koo ¢eppi™ (n.x. omveddiou: ZnFe,0, kot opSopoppikol:
CaFeéll;) unéd Tnv npoonédeom 6711 n avafoyia Tou TeAeutaiou oTo OTEPED
S1ddupe bev Sa givar 1600 pexddn, woTe autd niéov va pyv pnopei va a-
kofoudfoer Tq oniveddiky Sopd.

g. 'Eva pépog Twy avidutwy 02~ Twv onofwv éyouv unokatagTaSei and
GAfa aviduTta, nug eivar n.x. To F-, To $%° k.4,

Aepigpopy rov  arorysiidovy Kerrdpou iy onresTiRes pspp i ri,

To otoiysiwbeg KOTTEPO TOU OPUKTOU earvsrdifiow Kai, €NOpEvug, Kol
TWY $eppiTav pe Ty iSio Sop, e€ivair évag kiPog okpic & nepinou 8 A,
o onoiog nepiéyer okTH gopéc To gUvodo Twv OTOPWY, nou AuTIOTOIYoUV
- oTo ynpikd Toug TUno (MFe,0,) katd T SidTafn Tou Zxfpatog 12, To
nifSog Twy avidutwy 027, Twy onciwy To péxeSog eival oxeTikG pegdio
(r = 1,32 ), eivar foo npog 32 ygio xkéde oTO1yE1UdEG KI:I;TGIPO
anivediiov. Ta avidvta ayqpatifouv €va edpokevTpupévo KuBikd nﬁégpq.
‘Evor, kd9e pikpdg kOBog Tou ZyipaTtog | nepifopPdver oand pra gopd Tu
dropa, mou auTigTeiXolu OTO XnWikG TUMo Tou oniveAliou, Snfady 4 02,

Ito Ixfpa 22, gaivarar n SidtaEn Twv 16uTwy ge 00 yE1TOVIKOUG
pikpolic KOPoug Tou Eydpatog 1, oToug onoioug, £vi To aviduta (B §i-
ardooovTet Ol kaTd Tov {Sio Tpdno, undpyer Singopd doov agopd omy
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O : avbdvta 02
o T oueTaAdonatidvra MM
® opeTeAdoxatLdvra MAn

ZRHNA 2: Zddo dydor rov orosysridous xurrdpou rov anrvsiiiou,

S1atoEn Twy petoifokatidutwy, ‘Etor, Ta Tefeutaio SiokpivouTar og Suo
koTngopieg, avéfloga pe Tn Jéomn, nou koTéyouy o owéon pE TO OKENETE
WU auibuTey 027

a. e rerposdpsad, 6oa Bnfadh nepiBdAfovtar and 4 avidute 027,
xatodopfavovTa Tig Kopupég TeTpofdpou, Kal

B. Ze oxrosdpsrd, boo Gyflady nspuBéﬁﬂnurdi ané 6 aviduta 027,
vatofapBlvovuTa Tig Kkopupéc okTaédpou,

01 Béoeic, nou unopody vo mwﬂn@ﬁoﬁb and TeTpaedpikd Y okTaedbpi-
kG petofifokaTiduTa, ovopdfovTar autigTorya rerposdpiady § Sfecic B
ke oxrasdpinde | GEemery B2, Ito Iyjpo 3, dnou noproTéuouTel To
3/8 Tou oToiysirwdous xuTTdpou, $aivouTal KoTd Tpdno NEpiCoBTEPD Napo-
oratikd o1 3éosic A kar B,
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Ze ka9e ovoiyeiwdeg kOTTApo undpyouv 64 guvodikd 9éoeig A ke 32
ouvoiikd Séoeig B. 01 ouvodikd: 64 + 32 = 96 9éoeig avd oToiyewdeg
kOTTapo  Sev xafUnTouTni, wotéoo, d6Reg ond peTaffokoTiduto, And Tig
64 J€oeig A koddnTovtar péuov o1 B (nAnpbéTnTa 1:8), evi oand Tig 32
8¢oeic B koAvnToutar o1 16 {nfinpéTyTa 1+2), doTe va undpyouv guvodikd
24 pevoifokaTidvTa avd oroiyerwdeg kuTTapo oniveddiou (bdoa  okpiPug
kadopiZovTai @nd Tov ynuikd Tino Tou oniveAdiou). ETo Iyfpa 44 nopi-
oTdveTal katd Tpéno ovdgdugo ofiékAnpo To oToixeiwdeg kGTTOPO Tou oni-
vediikol niégpatog. .

'Etor, o xé8e groiyerddeg kitrope oniveddiou To TeTpoedpikd pe-
toddokaTidvuta oynpatifouv 800 edpoxkevTpuwpéva KuBikd niéypata  okpic
@, PETaTONIOMEVE To €va ot oxéon pe To &Afo katd  (1/4)V3 o «katd
pikog prag Sragwviou Tou KOPou, svd Ta okToedpikd pevoiiokoTiduTa
oxnpotidouy Téoospa ebpoksuTpwpéva RuPikd mlégpaTto okpic eniong &
peTaToniopéva To €va ge oxéon pe To GAAo katd (1/4)V2' e KoTd pi-
kog Twy Siagwuiwy Twy dpuv Tou KUBoud. ' '

Ito oyipa 55 gaiveTal o vpdnog, olpguud pe Tov onoio kéde auidu
02" nEp|Béﬁﬁ57u{ and TalgﬁlTOUIKé tou peTaddokaTidvura. dranigTdveTal
6Tt xdSe avidv 0% nepiPaAdetar ané éva teTpasbpiké (R) kai and Tpia
okTaedpikd (B) pertofiokatidvta. To ougkpdTnpe autd Twy Teoodpuv 1dv-
Twy Sewpeital wg 1 Paoiki povdda Tou oniveARikod nAégpatog. H Bied-
Suvon OA oupninter pe pra Sragevio Tou kOPou, evd v Si1ed8uvany OB pe
pta and Tig akpég Tou.

Karvvopy rev gsralfoxerideree arie rerposdprass Kor Oric oRTsopiRey
FEESI U TFQIYS IS RUTTENN Tawe BTIeSTTRE o s rer,

Ru eniyeipndei n xoaTavop Twv petadfokatidutwy Fedt xai M2* grig 8
and Tig TeTpaedpikég Séosig (A) xer oTig 16 and Tig okTasdpikéc 9é-
oeig (B) Tou groiyeiwdoug KuTTdpou Tou oniveddiou, SianioToveTal 6T
undpyoud kat' apxiv o1 akéAoudeg Elo axpaieg ﬁuuaféTnTeg‘:

a. Ze xdde ougkpdétnpa . MFeyl,, dnov autioToiyodu wia 8éon A xai
Sio 94oz1g B, To petaffokamiov Wt va kotodapPéver T Séon A, eva To
8Uo petadfoxatiduta Fed* Tig Sido 8éog1g B. It nepinTwon outi o gep-
pitTng yopokTnpiletar wg Sefeds | rowarsads, ‘

B. e xd%e ougkpéTnua MFey0, éva ané Ta SO0 peroffokaTibuta Fet
va katafopPaver T 8¢on A, eve o1 BUo Séosig B va katadopPdvovtai o-
né to Seutepo Fe®* xkai and To M*. Irqu nepinTwan cuti o geppiTyg ya-
POKTNPICETAl WG riorpagor N oaferpopor.
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0o,

IRHMA 3:  Tpde dydow rou grosyerdidous surrdpou rou oo,

IRHNA 4: Frosyerddse xdrrope orrvedidion,
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Fevikg, o6dor o1 oniveddikoi ¢eppiTeg eivar Buvatd va neprypagodv
and Tov akdfoudo yewikd Tone!

[ (FE1_X3+HX2+) (FEI +x3+n1_x2+) ]04

fi B
6nou  0<x<12.8,7  Enopéuug: ,
a. Av x=1, o ¢eppiTng eival =iy ka1 nepigpdgeTal and TOU ¥NRiKE
Tono:

[{M2*){Fe3*Fe3*) 10,

A B

B. Av x=0, o ¢eppityg eivan FUT/arpagar Kol neplgpageTal ané Tov
Xqpikd TonO:

[(Fe™*)(Fe3*i2*) 10,

f ‘B

¥. Av IKx<1, o geppiTyg yopakTypileTal wg wsa7ds kol pnopei va
nepigpagei and Tou naponduw ¥EVIKG TONO Twy QEPPITHY,
8. Av x=1/3, o ¢=ppiTng akofoudei Tou TUNO!

[(Fep3 My 5%* ) (Fey o™y ,57) 10,

A B

gug undpxel idia ovedogia peToffokatiduTuy 1B+ ka1 Fe3* orig 8Uo ko-
Tyopieg 9¢oewv. O ¢eppiTyg autod Tou TONOU yapokThpileTal wg @TET/-
FTIRG ORI TTOD,

gtov Nivaka | gafvourar ot kpuoTadfikég napépeTpor Twy anfiy gep-
ptTuv Sopiig omiveAfiou xadig kar § xaTavopd Twy petoffokatiduTwy Toug
oric A kot B 3éosig Tou oniveddikol nilégpatog.

Appyowrss, not KoSapifotw T koo Tee fETmRlonaTouTwe Th 991~
vl rasi poppirive arie f xor B SSwsre roe spearodifmod migyporag,

0 kaSopiopdg auTev Twu napogduTwy €xer onoTedécel auTikEipeEvo
exreviy pedetiv2:8:90,10 0 anuoutikéTepor an' auTobg eivar o1 efig!
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NINAKAS | .

$eppiT ) x  (Katavops Metod- ~ dF8
pRiTAS (lg) flokaTiGuTwY) ¥ (g/ch?)
) >
NiFe,0,12 8,325 0,381 0 Fe*[Ni*Fe™] 234,4 5,38
$-Fe,0,9 8,330 - 0 Fe[OFe*] 159,86 -
{c=3a) ’

(LiFe), Fe, 03 8,330 0,382 0 Fe™[(Li'Fe™) Fe™]  207,1 4,75
NgFe,08:%13,13 8,360 0,382 o1 Mg, >Fe >[Ng, 2Fe ] 200,0 4,52

Cofe,0,1¢  §,380 - 0 Fe®[Co™Fe®] 234,6 5,29

F530415 8,394 0,379 0 Fe*[Fe*Fe*] : 231,6 5,24

ZnFea[L“ 8,440 0,385 1 2n®[Fe®Fe™] 241,1 5,33

MnFe,0818 6,507 0,385 0,8 fin, 2Fe, %[lin 2Fe, 51 230,6 5,00

CdFe,0,4 8,690 -1 C[Fe™Fe™] ; -

CuFeaflA‘g-" 8,220' - 0 Fe*[Cu®Fe*] 239,2 5,35
{c=8,71)

* 10 ¥-Fey0y Napoustdlel pa eAappd TETPUYWVIKT NEPAUOPEWON TNG BOUTC GRLVEA-

Alout®: €101, KAIe "TETPARWVIKG” GTOXEWHEC KUTTOPO CNOTEAEiTAl and Tplo KUBLKG
CTOWXEWBN KUTTapa oniveAdiou, TonoSeTnuéva 1o €va Navw 6to &AAo
' 0 eeppling XuAKol PeOVITelL €nioNg TETPAYWYIKN NOPapdpeWon 6 JeppoKpasiee
uwpdtepeg andé 760 °C. .
¥ Méoa oTlg aykuAec elval tonoJeTnuéva To PETHAAOKQTIOVTN, NOU KATOAXUBGYOuUY
ug B Jéoelg, evu €Gw an' qutég elval TonOIeTNUEVA 1o PETOAAOKATIOVIL, T O-
note kotoAguBavouy T A Jéoag.

MopLakd Bdpog. ’

NukvoTnta aktiviey X, N onolo ¥ TOUC GEPPITtEC Bopric omveAaiou unoAoyile-
TaL pe paon T oxéont: °

d, = 8M/N @  (g/em®)

onou N elvau n otddepd Avogadro-Loschmidt, (on npog 6,023 10% dqropa/mol.

a: K rourikf oxrior auth naier keSopioTikd péAo oty KaTavouh
Twy peToiiokaTrovTwy ¥dpy oTo yegovdg 6T! o1 TeTpuedpikég Héoeig ef-
var pikpdrepou pegéSoug ond Tig okTaedpikég Séoeig. 'Evor, Ta pixps-
Tspoﬁ peyéSoug pevofiokaridute €youy Ty Tdon va ketafopfdvouy npuTo
Tig TeTpoebpikég Séoeig. Ene1df 9Tig nepioodTepeg nepinTwosig ouppai-
ver To 1éuta FeP* va éxouv pikpéTepec toutTikéc oxTiveg, Adgw Tou pe-
goddTepou niekTpikod ¢opriou Toug, and To Sio9evi peTaAfokaTiduta,
Teivouy va xataddBouv npuéta Tic S1adéoipeg Séoeic A, yeyoudg nou odn-
¥Ei OF OYNROTIONS OVTIOTPOSWY PEPPITEY,
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SKHNA 5t Bawixy ponido orrvsiimad nidgporag, -

£ # ;y:?ﬂ'rpmlmv,iiﬁynj rees gErodiocoriderey’ o nopdgwy outdc Enm-
pealer Ty katovopi Twy peTaddokeTiéutwy oTig 9éosig A ket B ToU
oniveAfikod nAégpatog, yioti Tolg npoodiopier Tov apidpé gdvtafng.
M.y, perofAokaridvTa, dnwg eivar o 2n?* ([Ar]3s '0) kar 7o CP* ([Kr]
4410}, yapoktnpiZovtar and apiSpé obutaEng 4, npdypo nou oypoiver 6-
TI npoTipoly va nepiPdAdoutar ~oné 4 aviduta B ([Hel2s 220 6 1§
[Hel). MNpéypate, To 16uTa autd Teivouy va oyxnpaTigouy deopolc opoio-
nofikol YopakThpa TOnNou A-s7 3 pe :Ta nAekTpévia Twy avidutwy 027, o
onofor kaTeud0uouTar npog Tig xopugés TeTpoéBpor?. 'Evor, koToAupPé-
vouv B¢oeig A oto kpuoTadfiké niégpa Tou oniveffiiou; yegovdg nou odn-
gel oTo oynpoTIopd xovovikoU ¢eppiTy. AutideTa, petoffokaTidvTa, 6-
nwg eivar To Hi%* ([Ar]378) ka1 1o Cr3* ([Ar]343) yopaktypiZovtar o-
nd api19pd odvuteEne 6, eneidf o1 Tpeig evepyeiokég oTASpEG, 01 KOTEXO-
pevec andé Ta aolleukTa 3 niekTpdyvid Toug, £youv plkpéTepn EVEPRE A~
k6 nepieyopevo an' autd, nou avTigToixei oTo Lelgog niexTpoviwv, ‘E-
TO1, npoTipody TV okTaedpiki SidTaEn Twy 6 ovidutuy ofuyduou Tuy BE-
oewy B pe anotéfeope Ty Téon oxnpaTiopol auTioTpduy npep;’:n'rt{w.

& K suwriny svepyery rou spuarodimod sfdsporer’ auth oupPéffe
eniong otov kaSopiopd eudeiag | auTioTpogng kaTavophc oTo kpuoTeddiké
niégpa evdg ¢eppiTn, eneidf akpifuwg dev eivar noté n idia ka1 Hio
Tig O00 ouTég katovopég. [lpoxeipévou, Aoindv, vy oynpaTiodei To Kpu-
orafifliké nAégpa, To oboTnpo eivar euvwdnTo 611 Tefver va enifiéber T
katavopf] pe TN yopnddTepn evépgeia. 'Exer anodeiy9ei 611 autd efopTd-
Ta) and T mapdrsrpe Sfopr Twy avibutwy ofugbvou (& ), 6nwg auTh o-
pigerlcu oTo Iyqpa 3, ka1 ougkekpipéva, av & > 0,379, euvoeiTar n gu- -
9eia kotavopd, ev, av (3/8=)0,375<w <0,379, euvoeitar 1 avTioTpogy
KUTAUOPN .



160 2. ADI20Z, N. ZNVPEAAHZ, N. SAKEAAAP|AHE

NAPAZKEYAZTIKH &1AAIKAZIA $EPPITAN

SUIKd mERS g ouridpoms pepp s rono/ pang

01 onivedfikei ¢eppiTeg eivar Suvaté va nopaokesvaoSodv pe aneu-
Seiog ouTidpoon Twy enipépoug anduwv ofe1diuv, and Ta onoia anoTefodu-
TR '

MO + Fely - IFe,d,
H nopanduw autidpoaoy npugpdrononeirul‘ue Kanola uynii OYETIKG nepioyy
Seppokpogiwv kot g oreped Qdon Kol YopokTnpileTar wg gy romn/y-
o ' '

H Seppokpoogiaki neproyf, onou npagpoTonoi&iTal v peppiTonoinay, -
Ssv eivgl onwadinote n_ idia yia ka9e geppitn. ‘'Dpuwg, okdpy kai yia
Tou iBi0 ¢eppiTn Ta Jeppokpaciokd Gpia autig Tng nepioxic (SnAadq y
Seppoxkpacia &vaping Tng avtidpaong ¢eppiTonoinang kat n Jeppokpacia,
atnu onota éye1 ofokAnpudei o oynpatiopés Tou geppiTn) Bev eiver oo-
¢uc kaJdopiopéva. flpdgpati, outd efopTevTarl oe peydde Padpd and T
popgofiogia Twy nmpétwy ufwu (n.y. anfév ofeiSiwv), nou ypnoiponoif9n-
kav, To €idog Tng aTHéogaipag, péca oTW onoia npagpaTonoiEiTAl |
avtidpaoy {av eivat n.¥. aépog, kodapd ofugdvo W\ kénoio abpavég oé-
pio, énwg &Zwto 1§ opyd) k.d. Axdpy, o axpiPig npeadiopiopds Toug ano-
Tedei guudpTyon kot TN peddédou, nou epappdleTar yia To okond quTd.
0 Nivakag 119 naopoumiéZer autd axpifug To yegoudg: Ta Seppokpagioké
dpia, pégo oTa onoia npagpaTonoieiTal Y auTidpuon napaokeufg Tou
seppiTy vikediou {NiFey0,), o0 onoiog eivar gvwatdg et wg Fesfap/-
™g! ' -

Ni0 + Feplly » NiFeply ‘
dnwg npoodiopifeTal pe Ty Bofdzia Twyw ouviSwu TERVIKIY, TWY ¥pnoipo-
notoupévwu o' autég Tig nepinteoeig. 'Evor, oand ta SiaSégipo dedopé-
va, €ivar duvatd n.x. va unotedei 6T1 n psppiTonoinon Twv oferdiwv
Tou cidfpou kat Tou vikefdfou apxifer va npagpatonoisital yipw gToug
700°C ka1 va ofokdAnpuwvetar ogroug 1100 pe 1200°C.

01 ¢eppiteg gevika, onwg éxer npoovagepdei, eival oupata oTeped,
1OVUTIKAG KaTaokeuig, Twu onofwvy Ta pETuﬂﬂonurléuru xapaktnpifovral
ouviiBug and pegdfa nlexkTpikd gopTia kar pikpég okTiveg. 'Evol, dnug
dfflwete auapévetar eivar owpata 18iaitepe SoTnkTa (Tikoutal of Jep-
pokpagieg, mou ouxvé unepfaivouv katd nofld Toug 1600°C). Rortdoo, dTav
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MINRKARZ 11

MéSodog Hétpyang Topxicy €76 qqmm.xj °cy
BeppooTadp ik AvdAuay  (TGR) 690 900
8ragopiky Beppiky Avéduay (DTRA) 730 965
Nérpnon HAekTpixkig AguyipéTnTag 690* . -
Mévpnon Meguytikis EnidekTixdTyrag 750° 1130%
NepiShaoy AkTivuy X a0~ 1100

* fns difloug epeuunTég éxe npeodiopiodei foq npog 700°C20,

' Ané_dAfguc epeuunTéc éyel n oobiopigdei ion npog 700°C20 § jon npo

maauWNmunn C EpeuvyTeg &y P P N npog N 1on npog
And éAfdoug epeuuntég éyer npoodiopiodei foy n og 1200°C21,

=~ RAné affoug epeuvnTég mmm_ :Woam.on_ammq oy :woa 750°020

Seppaivovtal os nodld uynAég 9eppokpacieg, o ¢eppiTeg, nodd npiv  wva
npagpatonoindei n THEY Toug, €xouv Tyv Tdon va Siaondvtal pe anefeu-
8¢puon ofugdvou. 'Etar, n.y. o1 onivéARiol SiaonduTal olpguva pe TR
avtidpaon:

—._—.um QA |b :.r—nmv_”_ + _”_.N<
Aq_.:cw»w.onv (RBougtitng) (oBuxdvo)

H napandve autibpaan, épuwg Sev npagpaTtonosiTal aKapigia of KAnoiq
Seppokpagia. ITHY npagpaTikéTHTA, and kdnoia Seppokpaoia kal petd, 1
onoia efoprdTar and T gUoy Tou $eppiTy Kal and THu pepiki nigon Tou
ofuydévou oo yupo, dnou SrefégeTar n nopuoy, npogpatonoieiTar pepiki
avagugh Tou TpioSevolg oidipou (Fe™) ge Sio%evii (Fe?*), gegouég nou
guvodeletar and ékfluon O, kot oe Badpd, nou oAoéva aulduertar, doo au-
Edvetar n Seppokpacia. ‘Etor, ané kdnoro 9eppokpacia ket névw, Kapn-
fiétepy, ndutwg, ané To onpeio THENG Tou peppiTy, npagpaTonoisiTal
oradiaky pevatpony Tng oniveddikig ¢domg oty ¢doy Tou Howvariry (gvég
orepeol Siaibpatog ofziSiwy &§109eviv perafwy: N0 kor Fel) pe tauté-
xpovn éxfluan O,. To gorvdpevo auté pnopei va eival Katé kdnoio Bal3pé
auTioTpentd, Gndadf kaTd Tnu YOEN Tou geppiTn, audAoga pe To pudpé
nTeong Tng Seppokpaciag Kar TRV nepiekTIRGTYTA Of ofugdvo Tou yupou,
péoa gTov onoio auTy npagpatonoieiTar, eivai mccnq: N €Kk véou ofeidu-
an Tou Sro8evolg aibipou ge Tpiodevq pe TauTégpouy anoppégnon ofugd-
~vou, Mdutwg, v oloTaoy Tou QeppiTy, n onoio anokTiéTal K€ ndpuwoi] Tou
oe kénola upnily deppokpacia, efvar Suvaté va SraTnpnSei oxedév avad-
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; , e 00y . P (in.p. ik
neproxn I: TNYHQ nepLoxn 1V: Fe3Oy
" I1: rr’]'yuct+li‘e30_l, " V: Tr'wua+Fe203
" III: FeO+Fej30, - " VI: Fe3z0y+Fe, 0,

IRHNA 61 7o orrpse Fed,

AofwTn, 6nug avagépeTal and pexddo apiIpé epeuunTuv3:24.25, ye ans-
Topn wOEN Tou eeppiTn oty ouvidn Jeppokpacic, Siadikacia nou oty fle-
Taffloupgia €ivar yuuwoTh we Fogs.

Z1o Zyfipa 6 aneikovilerar vy pépog Tou Suadikol ouaTipaTog O1&i-
pou-ofugdvou (Fe-0), dénwg autd Siopopywdnke wné Toug Darken kar Gur-
ry28,27 «ai unéotn nepaitépw enefepgooio ané GARoug epeuunTéc2d 28,
H nio evdiapépouca and Tig neproyég Tou eivar n neproy V. ZTig ouu-
9ikeg, nou auTigToiyoly o' QUTAV TNV nepioyf, €ival RUpAKTRPIOTIKG ToO
gegovde 6T upioTatur pévo W onivedA ik ghdon: Fer*Fe,3*0, (Fey0,). Iro
OTOIYEIONETPIKO HagunTiTH auTigToigel pia K.P. nepiekTikdTNTY 0 ofu-
Z6vo fon npoc 27,64%. 'Opwc, o oyeTikd upnfiéc Jeppokpuoieg kol ayd-
floga pe Tau nepiexTikéTTa 0 Oy TG aTpbéopaipug, péou Ty onoia
npagpaTonoieiTal | nipwon, £ivas Suvatii 1 anoppégnon and To onivéddio
eninfiéov nogdTnTag ofugbvcu pe TouTdypovn ofeidwoy Siofevey 16uTWY
o1dfpou npoc Tprodevi, xwpic ouTH vo OuveEndyeTol pEXPIC evdg opiou
ufday) Tou kpuataddikod cuoTHpaTog Tou grepeod. H ofeifwon outh npoy-
poTonoieiTar odppwva pe THY auTiSpaon2?:

BFesl, + 20, . O0,,Fegs0,
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&nflaby 3 eninféov TG oToixelopeTpikig avaioyiag noodTyTa ofuyduou é-
KE! ug'anoréﬂeapu ™ Snpioupyia kevwy nilegpaTikwy Séogwy petaiiokaTi-
duTwy OTO KpuaTuﬁﬁské niégpe Tou onitveddiou, 'Onwg npokonTel Kot and
To Zxfipa 6, n pégrory noobétyta ofugdvou eninféov TN OTOIYEIONETPI-
Kﬁg, nou £ivar Suvatd va anoppogioer o onivéddiog, xupig va peTapfin-
8ezi n kpuotadfikg Tou Sopij, eivar ouvdptnon Tng Beppokpaciag Kai THG
nepiekTikéTyTag og O, TNG oTpdogaipag, péoe oThv onofu mpuxpaTonolEi-
Tar W nopwon. 'Etoi, and éva onpeio kai peTd v ofeidwon Tou Si09evolg
oidipov oe Tpiodevi; yivetar olpguwva pe Ty auTidpaoy:
| C Fesl, + X0, 5 3Feyl,

ondéTe ouvtedeiTal poydaic efapdvion TN ¢bong Tou oniveAfiou ka1 av-
TikaTéoTaoh TG and T ¢don Tou Tprgwvikod aipatiTy (o - Fey05).

‘Av npogpatonoindei nipwon aipatiTy oTov oépa, GNWC NPOKUNTE! KA
ané To Zyipe 6, auEovopéung Tng Seppoxpaciog, AapPhver yupa &idonaoi
Tou npog poguntiTy (Feg0,) wkat ofugéuo, n onoia npoywpei pe Tayd
puSpé kot ofokAnpwvetas mepinou otoug 1400°C, ondte ofldkAypn n nood-
TNTO TOU QIpaTiTy EYE! pérunéa&s oty omvedfikg ¢don Tou pagunTiTy.

'Opwg, N katdoTaoy eppovileTai KoTh kénoio Padpd SiagopeTikd, o-
TOU 1 nUpWwon Tou QIpaTiTH npaypoTonoi£iTal napougia kdnoiou &fAfou
oniveiiou., ZTnv nepinTwon outh % Seppokpaoic, oTyv onoin ofokfAnpive-
Ta1 0 nifipyg S1donton Tou nepieyopévou oTo piXpG aipaTiTy, eivar oo-
¢ug pikpoTepn Kot pédioTa eivar Téoo pikpdTepy, Ho0 peyoduTepn eivon
N nepiekTikdTNTA Tou onivedfiiou oTo pigpa. AuTd opeifeTar oTo yexovdc
015 o arpatityg “drafideTor” péon oty omyveddiky ¢don pe TouTéypour a-
vagwgh Twu peteffokatiovtuy Fe3* npog Fe?* kai anloupgia'xeuwu niey-
potikiy Séoewvt, N.y., énug ¢aiversr kai oTo Syfpo 7, kard TRV ndpuon
oTov afpa gigpdTev aipatiTy kei onsveddikod gEppiTy (Hi,Zn)Fe204J ol
Seppokpacieg, oTig onoieg oflokAnpwverar v nifpng &idonaoy Tou aipaTi-
TN, ONOTE NpOKUNTE! OTOIXEIONETPIKOG onivédfiog pe avodoyia perodfo-
KOT10uTwWY npog aviduta fon pe 3:4, eivar codic pikpéTepeg and exeivy
Tou kadupod aipatitn. 'Evor, gra v nAfpn Sidonaoy pikpUv nogoThTuY
aipatiTy, nou nepiéyeTar o $eppiTn vikediou-yeudapylipou, 1 anaiTol-
pevn Seppokpacia, onwg npoklnTer and To Zydpa 7, eivar katd 500°C pi-
kpbTepn ané exeivy Tou kaSapod aipariTy3®, Tnu {810 oupnepigopd na-
pouoiddesr o aipoTiTHg ko1 napoudio anflod geppiTy wikefiou, dnug
¢aivetar eniong oro Syfua 731,32,



164 2. ADT20%, N. EMYPEAAHZ, N. IAKEAARPIAHEZ

3

o(°c) [ /
1400 ° -4

1100

1000 [

mole (F) ko O

— : plype  a-Fe,0; & (Ni,Zn)Fe,04
e toulyus  a-Fe,0, & Nilke,Uy

SHHUR T Foidpowe rpc nopouaioy saruesildinee gspps ree ory drogmeey roc

g - Fasll.
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H ¢eppitonoinoy €ivar pra ynpikd autidpaoy, npogpaTonorolpevn of
‘greped ¢doy, ool SUo orTepeéc Xnuikég evwgeig auTidpoly peTofl Toug,
g10 va oxguatigouv TpiTy €vwon eniang ateped, dnuwg eivar n.y. q auTi-
dpaon ovépeon ara ofeidia Nil xar o - Fey0; npog ¢eppity vikediou
(rpePopity). ,

H auridpaon avapeosa oro lgld kai To Rl0;, n onofa odngei ovo oxn-
patiopd tou xodeautol mrusdfios, uniple pra and Tig npuTeg ovtidpd-
gg1g, nou enifégTykav, npokeirpévou va pedetndei o pnyoviopds ynpikwy
auTi1dpdoewy, npogpatonoloupdvwy ge aTeped katdgraon. AnodeiyxTnke,
floinévd3, &1y q omveARikg ¢dom: M2 ,2*0, oynpatieter oty Sienipé-
veta Twy ofeidivv NO kar M',05. H autidpaoy npagpatonoigitar pe apoi-
Baia Sidyuoy Twyu peraffokatidutwy M2t kot M3t Sropéoou Tou npakTikd
opeTakivnToy nAégpatog Twy avidutwy 027, énwg npokdnTer ené Ta Syfpa-
ta 8al ka1 92, O pnyoviopég Tig Sidguong eiver Suvatd vo anokafupSei
pe TonodéTnon oty Sienipdusia Tww ofzidivy N0 kon M',0; keTdARRAwY a-
Gpavev SzikTdv |

Mo tqu Tono9étnon Tuv adpaviy Seiktdv (morkers) oty Sienigdveia,
guagépoutal  didgopeg texvikég, efopTupevec xupiwg and Ty ¢uan Twy
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MgO § Al, Oy Mg O
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IRHNA 8:  Mgyovrguos aiv8saps onrveddse,
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ZXHMA 9: Mpyovrauds Srdyvage *1+3%

ofeidiwy, 6nwg TonoSéTyon AenTwy peTaARikdy unpdTey, n.¥. ané podu-
Poaivio, Snproupgia népwv, av n.x. undpye: nepfnTwon S1dyuong Tou pe-
TéAfou oty paa Twv ofeibiuv4, anéSeon o' auTiv oTpUpaTOG Hikpo-
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oronikgy ogo1p1Biwv (Siapétpou Tng TéEng Tou 1 pm), anotedoupéuwy and
g181k6 kpdpo 1p181o0you Asukoyplooud’, ‘

He Tnu napanduw Texviki SrantoTévetor 671 o onivéddiog axnpu}iﬂe-
Tar kot npog Tig &0o ndeupég Tng Oiemigdverag xei pdiioTe, dnwg ¢ai-
veral kai oto Exfpe Ba, o ovodogia 1+3 (1o «I» ovapépeTar npog Ty
nievpa Tou MO kot To «3» npog Ty nAzupd Tou N',05), agol n gToiyeio-
peTpia Tou napagopévou onivedfiiou eniBdAdsr apoiBuia Srdyxuon Tpiwy
petaffokatidutuy ¥ kar 800 peraddokatiéutwy M1'3*. H npagpatonoinon
™5 avTidpaong pe Bdon Tovu napanduw pnxaviopé dev guvendgetar Oidyuom
Ty auidutey 027, 'ETgr, To nAgypa Twy auiduTWY NOpapével auénago pe
onoTéReopa va pnu npagpatonoieiTal onoradfnoTe peToxfunay Twy SEikTEY
and Tnv apyikf Toug Jéay. '

0 pnyoviopdg tou Hagner, nou nepiypd@Tnke nopondvw, okofdouSeiTal
pe ancfluty akpifeta yia omvediioug, énug eivar o NgRl,04, oToug o-
noioug Ta nepiexdpeva petaddikd aroiyeia yopakTnpifovtar and éva pdvo
ap19pd ofeibuwong {n.x. Té00 To Hg, doo kot To Al pnopodv va undpEouv
evupéua povo wg g2t kar AIS*. dev oupPaiver, dpug, To iBio npéypa
Kot pe Toug aniveddikolg ¢eppiTeg, aToug onoioug o nepieydpevog aidn-
pog pnopei elkofla va petaninter ané Tq SedTepn oty TpiTn ofe1duTikyg
BaOuida ka1 avrioTpoga:

Fe2* » Fed* + &

‘Etor, sva Bpédnke®t ot n.y. ygio Tou MgRl,04 0 oniveRd ki ¢don oxn-
patigetal xai npog Tig d0o nisupég Tng Sienigdveiog Twy Mgl ket Rly04
oe avaflogia 1+3 akpifug, yro Tou NgFe0, n avrtioToixy avaflogio Ppédn-
ke 871 eivar fog npog 12,7, 'Onwg eivar gevikg nopadekTsd 48,
¢eppiTonoinony Twy oniveddiwv npogwpei pe TauToypovn peTaBody Tng o-
Eeibutikig Padpibag tou aidfpou {and +3 ge +2), gegovdg ouvenaydpevo
Tﬁu anefeia ofuydvou. Zugkekpipéva, N $&ppiTonoinay npoxuwpei wg eEig!
Katé to apyikd orédia, n avridpaon cuviorarai oto oxnparzuﬁﬁ ™G
koiviig Sienigdverag avépeon oToug Kokkoug Twy ofeibiwv MO kai Fey0y
kot TN Snpioupgio TWY nputwy KpuoTdRAwy Tig oniveAAikig ¢dong3®. Kai
ot 800 autég OGpdoerc npagpotonotodutar pe Tn Pofdsia Twy Suvdpewy
ouvoyig, ot onoieg dvanTUOOOUTA! OTd ﬁadxeuq,_ra,u¢lurﬁpeuu ovipeco
ge 800 kdkkoug § O' éva kOKKO Kai pia eninedny enigdvera, 0 pulpée
oxnpatiopod Tng dienigdverag akodoudei kdnoio vopo THg popig!

x¥3 = f(¢) (1)
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o onoiog 10¥0E!l K10 To OpO¥EVY OuoTHpaTa, 6nou x eival N oKTiva Tng
Orenigbveiag kar £ o ypovog, nov peTpdTay and Ty évaptn Tng nlpwong
ot guykekpipévn Seppokpacia. H kpuordiifiwon Tou omiveAfliiou ouvolele-
Tal koI and opiopEveg nAAOTIKEG nopapopuosIc Ty KpuoT&ARWY Tou, 0!
onoieg OnpioupgolyuTal avandgeukta, agod autdg kxpuoTaddwvetas og Sia-
$opeT kO kpuoTaddiké oloTnpa and exkeive Twy auTidpwvtwy ofeibiwy, pe
anoTéfeopa o1 Oykot, o1 auTioToiyolvTeg oTo mol Tou kadevdg an' auTd
va givar SragopeTikoi, 'Ofa autd, dpwg, roylouv péypr va oxnpoTioSei
n oanal TeOpevn noodTyTe omiveddiow, rou Sa eniTpépsr TV npagpaTonoiv-
an Tvg apciBaiac Srdyuong Twu petaiflokeTiduTwy, W onoiu oty ouvéyera
nailei Tov kupiapyo pdflo oTo pnyaviopd TNg peppiTonoinong, Evis o1 Su-
vape1g guvoyic nafouv niéov Seutepedovta pédo o' autdy,

Katd To otddio g apoiPaiag Sidyuong Twy petaidokaTidvtuy § Sid-
flugn Tou aipaTiTy péoa oty oniveddikg #don npugpaTonoiEiTAl pE TouTo-
ypoun avaywygh Twy Fed* of Fe?*, yeyovdg ouvenaydpeve onifeia agpiou
0y. 'Onug goiveTar kal atolixﬁuu 8B, Ta pevodfdokaTidvuTa, nou &)ayéov-
tar apoiPaia, €ivar Tupa Ta MZ* kai Fe?*. 'Evor, dnwg SianioTiveTal
kot nddi pe ypion kortaddqdwy odpovew deikTey, o onmivéAdiog oxnpari-
ZeTar Ki auT TN gopd ka1 npog Tig 500 nieupég Tng Sienigdveiag ofid
o€ avafdogia 1+2 (1o «1» avagépetor npog Tnv nAeupd Tou MO koi To «2»
npog Tnv nfeupd Tou aipatiTn), ogos N 10GTHT Twy qﬂexrplkéu popTivy
Ty 800 petoffokatidutey {Fe?* kar IR*) emiBaAfer Ty opoifaia Sidyu-
off Toug oe avadoyia 1+1, 'Opwg, o oidnpog oto omivéldio PpiokeTon
otqv Tpitn ofsibuTikh Padpida, gegovwdg nou ouvendyeTal anoppognon o-
Eugdvov and Tnv aTpdoaipo, pe Tnv onoig eivai o enagh To oloTRpa,
kai pdthioTa o noodtnTa, nou Sa eivar Tedikd fon p' auTiv nou TeRIKA
anoPdf8nke. Mapd vo yeyoudg 6T1 oUTE ket o' outh TRV nepinTuon Sev
napatnpeiTar aroSyTh &1dyuon avidutuy 02° Siapéoou Tng apxixﬁg Gieni-
pdverag, wotdoo, n peTakivnon Tou O, péow qu‘aéplag ¢dong ond TN pio
pepid Tig Sienigdueiac oTny GAAN ouvendyeTal peETATéNIoN Tou OTPWRATOS
Twv oSpaviy SeikTév, 6nug gaivetar ota Zxfuata BF kar 1037 npog THu
nieupd Tou @ - Fe,0s, )

SOpgwua pe Tou napanduw anodexTd pnxaviopd, O6TaU oxnpaTigeTar |
mol oniveddiou npog Ty nieupd Tou M0, TauTdypova oynpatiCouTar Kal 2
mel omiveddiou npog Tqu nideupd Tou arpatiTy. Auto onpaiver ot Srayé-
ovtal 2 mcl [ npog Tyv nieupd Tou aipatiTy ket 2 me! Fe npog fhu
nficupd Tou MO, 'Opwg, o oidnpog Biagéetar wg Fe?*. 'Apa, n Sidyuon 2
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TRHNA 10: Mpyovropdc Srdyeogre 1280,

sol Fe guvendygetor kot anefeudépuwon 1/2 mole 0,, nou anoppogdrtar and
v niteupd Tou M0, 'ETUI; gia xé8e 1 mol MFeyl,, nou aoynpotiderar ond
v nAsupd Tou arpatiTy, onoPddffetar 1/4 mol an' auThv kai pzpuder a-
-nd T afdn nAcupd Tng Sirenigdveiag, gegovdg nou 1ocoduvapei pe peTa-
Toniol TG katd To 1/4 Tng andorvaong, KaTd Ty onoia oxnpaTicdnke o
onivéfiog oty nieupd Tou M0 (Iyfpata 8f xar 10).

H petaxivnom autq tou ofugdvou péow Tng aéprag ¢domg and TN pia
nieud TG Siemigdverag npog Thv GAdy, anotefei To g Kirken-
Z#/f, To onoio eivar onogacioTikig onpogiag Fia TRV npagpaTonoingy
TN avTidpaong $eppiTonoinong, apol niov givetar Qavepd oT1 o pudpodg
Tﬁg,au efaptéTar and Tqv (pepixfi) nieaq Tou unepxsipeuou-aepfbu 0.
‘Evgi, €ivar gavepd 0Ti 600 o1 enikpaToloeg ouvIiKeG oty aépia Paon
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eival nepioodTepo ovaywyikég (Onfadl, 6oo pikpdTepy eivenr o' auTiv g
pepiki nieon tou 0,), Téoo neprogbéTepo Ju euvoeiTar katd To oTddio
™G gepprTonoinong n "Gi1dduon” Tou arpatiTy oty omiveAthikg pdon,
- To ¢mvdpevo Kirkendall, énwg éyer Siromotudei koi nerpopoTiké,
Siéner koTd Tpono xkaJdopioTiKG TOV pPNKAVIONG TNG NUPUOKEUNG Twy oOni-
vefikwu ¢eppiTiv. N.y. gio Toug ¢eppiTeg pagunaiou éyer Ppedeit? o1
n onivedfiky gdon oynpatileTar kay npog Ti¢ 800 nieupég TG apyikig
Sieniglveiag ko1 oe ovofoyia Kupaivpeun petofld 1+2 kay 1:3, avéfdoya
pe v eniPodidpevn pepiki nicon vou O, kar T Seppokpocia Tng nipu-
ong. 0 iSroc pnyaviopds G1éner kay Tn oludeon Twy PEppITUY vikedi-
ou%2: Katd To apyikd otéia Thg ¢eppiTonoinong N "S1éAuon” Tou aipo-
TiTy ouvodeleTar ond onedeudépuwon 0, 01 autigToixer onivédfior no-
pougsaCouy Edfeippa ofugbvou, Onfadq pnopodu va nepigpagolu and €va
Tono Tng popgict NiFey0, 5, 6mou To & eivar nepinou igo npog 51072,
Au n eppokpaoia avupwSei axdpn nepioodTepo | SroTnpndei oTadeph oe
uynAdTepa enineda, oflokAnpéveTar To gaivépevo (anoppégnon Oy), BnAady
ebogavigeTas 1o £Adsippo ofugdvou,

Ma va npagpatonoindei n auTibpaon TNG ¢eppITonoinong KaTd Tou
" naponduw - 185aviké Tpéno, Sa npéner wa éxer nponyndei Tng nlpwong eni-
pefnpévn gudpiEn Twy auTiSpiutwy ofeidivv, woTe va anoTedégouv opoio-
gevée pigpa. Au n avdpiEy Sev eivar efapyic kafd, Sev o eivar Suvatd
kat N Snproupyia opoyevolc oniveddikic ¢dong, pe anotédeopo To udiké
autd va yhuer guveyuc Bdpog okdpn Kol RETG and napaTeTapéun nipuon.
Av To npoidy autd yuydei, aufdueTar To Pépog Tou, To onoio kar néfs
S0 edoTTedei, av Tuydy egappoolei véa ndpwon. ZTnv npdEy, yio va ne-
propioSei oto €AdyioTo To eubeydpevo va oupPei kATI TéToro, N nlpuan
npogpaTonoieiTal oe S0o 9doeig: Tny mro-nupacummdTiTy (presinter-
ing) ka1 Ty mupecuammidTeey (sintering), avépeoa aTig onoieg yiveta
Kovionoinon kol véa avdpiEn Tou udikod,

biebodikdTepn épeuvva, nou npagpaTonoifSnke pe okond Ty niipn &i-
ofiedkauon Tou pnyxaviopod Tou oynpaTiopod Twy onivedfikiy geppr Ty
vikediouwd®, offignos ota akéfouSa oupnepdopata: 'Otay SupioupgnSoly o
npuTtol kploTaddor Tng omiveddikig $dowg, undpyouv oty ougia B0o Sie-
nigdvereg: n Srenigbvera omuveddiou-Ni0 kas n Srentpdvera oniveddiou-
arpatiTy. Avdpeon o' auTég Tig Srenigdvereg ouvTeAeiTar Padpiaia pe-
TaodY, Tng ougkéuTpwong Tou vikeAiou, n onofo yivetar eAdyioTy oTnY
neptoyy Tou oniveddiou oe enogi pe Tov aipativy., Me Tono3éTnom adpa-
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vwv SEikTWY Erlg 5o ouTég enipépoug Sientddueieg, Oramiorudykoy To
ok6Aouda: Etnu npetn Siemigdveio {oniveAfiou-NiD) Sev nopatnpeiral
‘ai1o9NTH peTaTénion Tou oTpupaTog Tww SeikTEy, SnAadf Sev npaypaTonol-
giTar peragopd ofugduou péon an' autiu. Mo Adgoug Siathpnong TG -
AekTpouBeTepéTnTag ouvteReiTal apoifaie S1dyuon peTadfokatiduTey NiZt
kai Fe?* ka1 péArota oz ioeg nepinou avafoyizg {oe ovofogia Fe:Ni=
0,93, olpguwve pz Tig peTphoeig Twy Poulus & Eveno®3). Auti9zta, otnu
Gienigduera oniveAdiou-aipaTiTy, ageviég pey npakTiké Sev aviyuelovTo:
peTaffokatiéuta NiZ*, Sioyedpevo npog Tn ¢éon Tou aipaTiTy, KAl opE-
Tépou SianioTeveTal aroINT peTaTonion Twy OeikTey. Aképn, 1 omived-
Ak, pdon oty oprakf TNg auTh nepioyi nepréyer eAdyioTo vikéfio {u-
nofogigeTal o' autiv n avaflogio Fe:Ni=9,5). 'Etor, efégeTar To oupné-
paopa 671 oty Sienigdvera oniveddiou-aipoTiTy AopPduer yupa 1 ouTi-
bpaon;:
Fe,0y > 2Fegl, *+ %0,

n onoia odngei oty dnpioupyia Twy petaffokatiéuTey Fe2*, Ta onoia §i-
axéoutal opoiPaie pe To petoffokatiduta NiZt. Mpégpati, o‘pqxaurupég
oautdg guvendygeTal, olppwva pe Toug .unofoyiopolg Twy Paulus & Eveno
opiopéun peiway Tou dykou (&4 /&) fog npog -3,38, evid n ¢eppiTonain-
an oupgwva pe Tov pnyoviopd Tou Negner ouvendyeTdi bﬂgqun Tou dgkou
kaTd +3,3%. 01, ndpor, nou SnpioupygoluTar kotd Tnv anedeudépuen Tou
ofugdvou and Ty Oienigdveis oniveddiou-aipaTtiTy, KoTGUEpOUTGl KOTE
Tpdno opoidpopgo péga oty omiveddikyg ¢pdoy, kadug ouveyiletar 3 auri-
Spaon Tyg ¢epprTonoinong kai petaronideTar outi n Siremigdueia, Auvdio-
g0 pe To xpovo didpkerag TG Jeppikig KaTepgaciag Tou udikod, o1 nd-
pot autoi enipyklvovtar Kat svtonifovtai gTo &y rpdre Tag oniveddi-
kic ¢dang and Tqv nieupd Thg T nAnoiéaTepn npog T ¢Aoy Tou GIpATi-
™. H petagopd ofugdvou, nou Tedikd npagpatonoigiTar npog TRV nEpioxy
™™g Sremigdveiag oniveAfiou-Nil, yivetrar Siopéoou Tyg oépiag phong pe
Sianibuon and Tnv enigdusia | péow Twy KOKKWY Kol ouvbuddeTar pe Ty
Sidyguon Twy petafdokaTidutwy, étou wote vo efaopedifeTal nduToTe n 9-
flextpouvdeTepéTnTa. AronmioteveTar, Tédog, OT1I Ta HETGﬁHOKuTléura Fe?t
SrayéouTar TaxUtepa npog T ¢dan Tou NiQ oe abykpron pe Ta NiZ* npog
™ ¢don Tou aipatiTy. '

‘Onwg givetar gavepd and Ta npongolpeva, agol n avTidpaoy TNG
¢cppiTonoinong npagpaTonolEiTar péow gvog pnyaviopol apoifaiog Sidyu-
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ZRHNA 112 Efdprpmy rou owsrsdcor)f .zfurj/zrm;; rins perenliionorsdvriy Fe®
arnd ryv afeoy rov 0, ‘

oyg Twy peTodfokatidutey M2 koi Fe?*, o puSpéc tig 90 efoprdtai ond
To pudpd Sidguang Tou petafifokatidutog, nou Siayéetar BpaddTepa.
'‘Onwg éxet onobeiy9ei20.29,43, 44,45 o 5iayuon Twv 16UTWY euvoeiTal
ge pegdfio Polpd ond Tnu UnopEn atofidv. 'Onwg goifveTar oto  Iydpa
1148, o guurefeotiig Sidyuang £ Tuv petaffokatidutuy Fe?* oty pdon Tou
goyupriry {onvedliov) kat oty Seppokpagio Twy 1115°C. {¢' autiv nou
npagpatonoifinke To neipapa) auEdvetai exSeTikd pe v adfnon Tg pe-
pixfic nieoyg Tou 0,. Rurd onpaiver onoppdenon neproobtepou ofugdvou
and Tou paguyTiTn OF oUykpion PE TR OTOIXEIOPETPIKR Tou avodoyia,
&niady Snpioupyio kevev niegporikev Séoewy petaffokatiduTuy,

'Onwg eival yevikd nopodexTé®d45.47 o guyredeorig Sidyuong (7)
evdg petaifiokaridutog f§ avidutog (n.y. 0%7) oe oreped ¢aoy, aubdvetal
pe Ty Seppoxkpacia pe Baoy Ty oxéon:

O = %.E:&U!.&‘r {2)

énou 7eivat n andfuty Seppokpacia, £ otaSepd avefdpTnTn and Ty Sep-
porpaoia (myndyer ouywdrproy ) ke Ay swdaysro susayomaipope yio
™V npagpatencinan Tng didxuong, n onofa anotedeiTar and Ta axéfloula
en1pépoug TRHpaTO!

88 = A o+ Bf : (3)»

fTo1 T swepyery svspyone s gia T Sproupyly (BE) ke gia Ty
peronfugmy (b)) prog onpeioxic otafiag oTo nAggpa Ty KaTiduTwy
Twy avidutey (SnAadf kevdv nAegpatikev § SionAegpartikiv 9¢0euu). ITou



172 2. ADI20%, N. EZNYPEAAHZ, 1. SAKEAARP|AHE

MINAKAZ |1

STeped Saan Brayeope- & Ry 77 950°C
vo fdv (cm/s) {(kcal/mol} (cn?/s)

2n) ¥ 2n® 1,3 73,7 8,810
ZnFe, 0, 48 2n® 880 86,0 3,8'107%
Feg 4 Fe> 0,12 29,7 5,9'10°7
Fe,0, 48 ’ Fe 5,2° 55,0 7,7010%
Fe,0,4¢ Fe 0,66 52,8 2,44107%
Fe,0, 48 Fe* 4,4°10°  112,0 4,110
ZnFe,0, 48 Fe* 850 82,0 1,910
2nFe,0, 40 Fe2 1100 83,1 1,610
NiFe,0, 4¢ Fe® 40 70,9 8,610
NiFe,0,* s Ni® 9,18 82,0 2,010
(Ni,Fe)Fe,0X" 25 ni® 0,55 60,0 1,00 107t
(Ni,Fe)Fe, 0¥ ® 0% 5107 61,0 6,2:107

0\ OVTIGTOLXEC TWHEC €XO0UY NPOKUYWEL PE BAGN TNV NPOEKTHON TNG Kaunuang, neu
£xouy yapoEel ot Paulus kal Eveno®®.
' Fe.s Ni =35
¥ Fe+Ni =34 . :
" Tu 6ebopeva twy O Bryan K D1 Marceno‘5 AVOGEPOYTAL OF uOVOKDUGIGHHLKa
Beiypota. 3¢ HOdUKpUGIGnﬂxKOUQ @sppttag ot cuvieAeotée Biayuong elval peyaAv-
TepoL, O (BLOL €peuvnTEg avagEpoUY GTL oTny deppokpasic twy 1200 °C npocﬁlo-
pLodyY GTL oL CUYTEAESTEG Budxuong () Twy NoAUKPUOTUAAIKWY GEPPLTWY €{val KO-
Td 40 neplnou GopEc HeEYUAUTEPOL EKEIVWY TWY POVOKPUOTOARIKWY GEPPLIWY.

Nivaka 111 napéyoutar or napdyouteg ouyudTnTag (), o1 evépyeieg gu-
epgonoinang (A& ) ka1 o1 ouvtefeorég Brdyuong (7 ) pepikiy 16uTwy of
opiopévoug nofukpuoTefifikods ¢eppiteg 1§ anid ofeidia, dnwc npoodiopi-
couTal pe T Pofdera Tng Teyvikig Twy 1xundeTiv. 'Etor, SianioTdveTan
6171 npdypaTy yra TV idi1o Jeppoxkpacia To 16uTa Fe? SrayéovTar Tayl-
Tepa péoa oty oniveAd ik ¢don oné Ta réuta NiZ*, EidikéTepa, Ta 16uTe
Ni2* Sioyéoutar ToyUTeps oTn onitveAA ik gdon, doo auTh €ivar nAousid-
Tepn o€ gidnpo, ondte Kai KopokTNpifeTai and peyofliTepn ougkévTpuan
Keviy nilegpatikwy Jéoswy petafiokatiduTwy. AvTioToiya peidveTar Kot n
evépyera evepgonoinong. 'Ooov agopd, TéAog, oTo ofugduo, SianioTive-
Tar 671 To evdeydpevo TNg Bidyuong avidutuy 027 oty omiveddikg géoy
fev givar Suvatd va anokieiodei, 6hwg unoTédnke xdpiv andAdTyTag ot
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nopanduw ovdfuon Tou pyyaviopol Tyg ¢eppiTonoinong. ‘Opwg, dnwg mpo-
kOnTel and Ta oyeTikd nerpapatikg Sedopéud®S, nopd To gegoudg 6T1 q
gvépgeia gvepygonoinong gia T Sidyuon Twy avidutwy 08 eivar nepinou
g i61ag TAENg peyéSoug pe exeiveg nou yopokTypifouv TN Sidyuon Twy
peToffokaTiduTey, n Sirdyuon Tuy aviduTey 02" npogpaTonolgiTal pe nofd
pikpoTEpo pUdpS. Zopgwua pe Toug unodoyiopols Twv 0’ Bryan & Di Mar-
cello 1oy0er gia Tig fBreg ouvdikeg Sidxuong katd npooéyyion n oxéon:

Fet/Bg2- = 500 (4)

Auté eivar Aogiké, av AngSei undyn 6T1 To nAégpa Twv avidutey 02 a-
koflouSei, onug é€yer Wy ovapepdei, Gidtaby péyroTng nukubTnTeg KOt G-
Ti Ta id1a Ta auiduTa pE TV okTiva Twy 1,32 A efvar nodd pegoidTepa
and Ta auTigToiye peToiilokaTidvTa,

Z0pgwue pe To nerpopatikd Sedopéva Tww 0° Bryan & Di Harcello,
SronioTUveTar 6Tt o ouvteAgoTig Si1dxuong Twy oviduTwy 027 oToug oni-
vedidioug vikediov auEdveTar, 600 aufdveTar To nepieydpevd Toug of o- -
Eugovo, 'Etor, To yegovdg OT1 eivor pikpdrEpog oToug ¢EppiTEC pE
édfeippa ofugdvou ka1, enopévwg, pe kevég nieypaTikéc 9éosic avidu-
Twy, odngei oTo oupnépacpa OT1 o pnyaviopss  Sidyuong Twy aviduTwy
02~ ey eiver Suvaté va anoBoSei oe peTakiunon keviy nAgpaTikGy Sé-
oswy avidutwy 027, AgeTépou, TO gEgoudg OTI To niégpe Twy aVIGUTWY
eivar pegioTng nukvéTnTag kai eniTpénel SianfleypaTikég Séosig pe a-
kTiveg Tng TéEng Twy 0,5 ﬁ, pavepwvel 611 ¥ia va Snpioupgndolv ket va
petokiundoov onperokéc atofieg, nou Sa ouvioToutar of auiduta 027,
TonoSeTnpéva oe BiondegpaTikég Séoeig audpeon o auiduta pegédoug
1,32 ﬁ, 90 anaiTeiTo evépyein gvepgonoinong nodd pegaddTepy and Tig
61 kcal/mol, nou npoodiopileTar neipopaTikd. Enopéuwg, anokdeieTon
KAt évag TéTolog pnyaviopés. To yegoude 6Ti 01 evépyeiec gvepgonoin-
ong Ty aviduTwy 027 kar Twy petoffokaTiéuTwy £ival nopandfoieg, ano-
deikvier 671 1600 T auidvuTa 600 kar Ta peToddokaTiduTa GiayfcuTal
péow Twy idiwy onuerokdy atefidu: Twy Kevav niggpaTikey Séogwv Twy
petaffokaTidvTuy, fpdypeti, Sewpeitar 671 n napouaid prog kevig niey-
patikic 9éong oto kpuotaddikd niégpe efaodeviler Toug ynpikolg Se-
opolg Twy gEITOVIKGY o' auTé avidutwy 027, 'Etor, kadug n kevh outh
9éon pevakiveiTai npog kdnoito Gifo ogpeio Tou xpuoTaAdikod nAégpatog,
kénoio onbé Ta geiTovikd Tou avidvra 07 onwdeiTar oné Tnu TokTIkA Tou
9€on pe anotédeopa vo undpyer mi9avdéTnTa va avtadddEsl Ty 9éon Tou pe
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Kénoto GAAo yeiToviké Tou auidy 077, BéBmim, N OUXVOTNTO TWY PETOKI-
vijgewy Twy auiduTwu (27 givar nofU pikpTepn exeivng Twy petoffokaTi-
ouTHY,

Feyvoioy /v mapaaksuwiy Ty gSpps T, :

H diodikagia, n onoia ouviSwg akodoudeivtar yia Tnv napagwyi ¢ep-
PITIKGY npoiduTwy, nou npoopifovtar va ¥pnoiponoindodv oe Sidgopeg
teyvoflogikég =pappoyég (n.x. atnv HAektpoviki), neprfopPduer Ta akd-
flouda Tpia emipépoug oTélial:

& Jo arddie rpc mopoorsiic rou gsppsTe autd neptAopBéver Ty
avtidpaan Tng ¢peppiTonoinong. MNia Tnu nopookeud Tou ¢EPPITIKOU UKL
gival Suvatd va ypnoiponoindolv or pelodor Tng Sppde aded kar g -
Jpde odod. R npdty ouvioTatat otnv ansuleicg ndpuon katd To Suvard
nAfpug opoyevonoiqpévou pigpatog ofe1divv 1 GAAWY evioewy Twv peTdA-
flwy, nou nepiéyovtat oTo Peppitn, Onwg £ivai n.x. To oudpakikd, TH o-
Eofikd, To KiTPIKA K.G.GAaTE Toug, Ta onoia, SeppaivdpEva, peTaTPE-
novtal oe ofeidia, H pédodog outh euppdleTor kupiug gia T Propnyo-
ViK] nopoxuyd gEppiTHV pE ﬁpoxuSoplcpéueg pogunTikég Kol MASKTpIKES
1S16TTeg. Mo Tnu napagkeud, Opug, Kupiwg ge epyuoThpioki KAipoka,
geppiTRY, pe Pdon nofd ouoTypég npodiagpadég noidTNTOG, XPNCIpONOIEi~
Tar oflofva koi o pegadltepy éxktaoy, n péSodog Tyg uypdg odol. AuTH
guvigTaTal oty ougkatafudion Twv petafdekatidvTwy, and Ta onofa ano-
Tefleitar o geppitTng, pe Ty popey udpofeidiwv Toug 1§ 4idwy SuadidduTuwy
oTo vepd efdTuy Toug, dOnwg eivar n.y. opiopéva ofoidikd dfota. Engko-
foudei Eipavon kar nipwon Tou tfpatog, TO enoio eivar sfapyig opoge-
vonoinpévo katd To pégioto Suvatd Padpd. H pédodoc auth of opiopéveg
nepinTgeic anotedei Tou povadiké Tpéno NEpUOKEURG ¢epplrau; nou Sa
ninpolv Tig auEnpéveg anaiTigeig o kaSapdTyTa, péyedoc KOKKWY KAN.

£ To arddro rpg poppemaipepe row afedt ' KaT' quTé npaypatonor-
gitar oupnieon Tou ¢eppiTy, nou petd TRV napookeuf Tou €xer TN popdh
akéung, péoa ge katdifinda kodolnia, woTe va onokTios: kAT npooégyioy
To gxfpe, nou npénet va €xer To TEMIkG npoidu,

& To grddro rpc oupmdvosangs rou wfired ' kot

auTd entdrukeTal N
andkTyon and To uAikd Tou OyxfpaTOG KAl TG NUKVATNTEG, MoU anaiTolu-
TOl ono Ty Xpion, yta Tnv onoia npoopiletar. H oupnikvwon auth nepi-
flapPdver ev Jeppd ouoowpdTwon Tou uidikod, N onoia, Onug éyel ﬁﬁﬂ a-
vagepdei, eival guwaTi RO1 WG Apanmanmd ey,

Ta Tpia napandvw otddia ougud oifydenikafdinTovTar otqv npdfy kard
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kinpwveTai, oOTav o1 nputeg Oieg nupvouTal péxpt oplopévy  eppokpa-
giga, onoia OTi¢ nepioodTepeg nepinToeig eivar nepinou 900°C. Av
OTIC NpWTeg Ofec undpys! nepiacéla o1fipou pe TN popei & - Feyly (ai-
patity), auth efvai Buvatd va €ioaydei oro oniveddikd niéypa pe nopu-
o Tou ufikol oOf ukéun'uwnﬁéTspeg Seppokpacieg, fogw auagwghg Tou
Tpiodevolg oidfpou npog Sio3evf. ZTnu nepinTwon auTh npokdnTOUY
ooudeTor oniveAdikol g¢eppiteg Tou TOmou: (M,Fe)?*Fe0,, o1 onoio
péiiaTa pnopoldy va nopackeudlovTas pe kdnora efdogpd nepioosia ofuyd-
vou, yegovdg nou ocuvendyeTas T Snpioupyia atafrdy (Kevwv nilegpaTikiy
9éoewy perofidokatiéuTwy) oto kpuotadiiké nAégua Toug.

Bz. H autibpoon geppiTonoingng npagpatonoicital og oTeped ¢don,
gkofloudwuTag kdnoto pyxaviopd apoiPaiag Siaxuong Twy peTodfdokaTiduTwy
péoa and To niégpa TV au16uTuUY pe anoTéfeopa Ty npoodeuTiki dypi-
oupyin Tou omiveddiou. H Srdyuon autTh Twy rduTwy euvoeiTal oe peydio
Badpé ané Ty OnopEy aTofiuv oro kpuoTafiiiké niégpa Tou udikol.

B3. Ztnv npdEw, o1 omveddikoi ¢eppiteg nopookeudCoutal pe koTdA-
finfAn Siaikooia ndpwong Twy npWTwy udiy, o1 onoieg €xouv npoédder ei-
TE and avdpiEn oTepzey ofeibivy f Gfdwy evioswy Tuy peTdAfwy, Twv ne-
preyopéuwy gro ¢eppiTy (pé8oSog Tng Enpdc ool § pe Tv pédobo Tyg
ougkoTaBi9iong (péfodog Tng ugpdc obod). Metd Tnv ndpwon akodouSolv
ouviiBug o1 Biadikaogieg TNG popponoinong xai TG &v deppd oupnNUKVWONG
Tou uflikod (nupoovoowpdTuon), WoTE va GuTanokpiveETal NPog TIg AndiTH-

og1g TG ¥pfiong gta Tyv onoia npoopieTal.

SUMHARY

Effect of the Stracture and the Freparatfon Frocedure of Spinel Fer-
rites on Fheir Chemical ond Fbgwmf Frapertfes. 1. Freporation Fro-
cadure and Structure of Spipel Ferrites, ‘

Z. Loizos, N. Spyreliis & P. Sakellaridis

" The spinel ferrites are mixed oxides of iron oxide and a metal
(M) oxide und may be described by the general formuin:

(M 2*Fe,  2*)Fe,2*0,2"

where the value of x may range between 0 and 1. Thus, one could con-
3|der that the spinel ferrites are obtained from sogmat/te (Fe304

Fe +Fe *0,27> if a partial substitution of metal cations Fe2+ M2+
occurs Nhen the value of x is 1, the chemical formula corresponds to
the stoichiometric compound MFe,0,

The spinel ferrites: cr?stul%lze in the cubic system and specifi-
cally they have the so called spiee/ structurs (/.8 a structure ana-
logous to that of mineral sp/me/, NMgRiy0,). In the spinel lattice the
metal cations may be situated with respect to the oxygen anion
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™V nopogugh Twv peppiTikgy viikey, MNofdoi napagwygoi peppiTwv Eeki-
voiy n.x. anevdeiog and To OelTepo otddio Tng popgonoinong: Ynopad-
flovy oe oupnieoy pigpa nputwy uiwy, o1 onofeg Sev €youv unoPfindei oe
nopwoy, WoTe va ovTidpioouv, Kai oTn guvéyeia 76 unofdidouv kateuSei-
gy 0f nupoouoowpdTwon, katd Tn Oidpkela THG onoiag npaypoTonololvTal
Tautdypova ¢epp'+onoiqaq KOl 1 OUOOWPGTWON TWY KOKKWY TOU ¢EpPiTY.
‘Afdor, nddr, npagpoTonoroly TouTéypova TR popdonoinon Kal THY nupo-
gugoupdTwoy Tou uiikold, 8ydadq unoBdidouv T okbun Tou ¢eppiTH TOUTO-
. ¥pove oe oupnieon kol of Seppiky kovepyuoiv, Siadikaoia nou &iven
¥uwoT oTnu Texvoogio Twy Kepopikiy ulikby wg Sof-pressing TV ne-
pintwon outf Sa npéner, nGUng, va €yel oflokdnpwIdei To nputo oTddio
TG NUpaokeUig Tou ¢eppiTy.

ANAKE®AARTQ2H

oy. 01 arres@imes  psppirsg eivar piktd ofeibio Tow o1djpou pe
geviké TOno: M2*Fe,3*0,, 6nou oto Il autigToiyodv éva 1§ nepioodTepa and
to pévafda: Li, Mg, Mn, Fe, Co, Ni, Cu, Zn kai Cq,ATu onoia yopa-
kTHpifovuTal and 1ovTikég akTiveg pikpoTepeg and 1 A. Ta orteped autd
uiikd kpuoTedfuvouta! ato kuBikd oloTnpa KaTé Tpdno avdfogo npog To
opukTd @rredifrar (MgRin0,). '

@z. 210 oToixerwbeg KOTTopo Tou onivedflikod nAégpatog T aviduTa
02 giva KaTavepppéva kaTd TéTorov Tpdno, woTe va npoodiopifouv Glo
€idn kpuortaffogpapikev 3éoewv, oTig onoieg eivar SuvaTtd va TonodeTy-
So0u petoffokaTiéuTal Tig rerpasdpady Sfmeig | Séesre R kol TiIg o-
arosdpinss Sfmsre | Sfovse B, Ie rG3e oroiyeiwdeg kUTTOPO TOU OnI-
velfliov undpyouv 64 ouvofikd 9éoeig A kai 32 3éoeig B, and Tig onoi-
g¢ gupnfinpwvovtar pe petoidokatidvta o1 & and Tig A Séosig ka1 o1 16
and Tig B 9éoeig.

a3. fAvadogo pe Tyv katavopd Twy petaddokaTidvtwy  otig A kol B
8¢oeig Tou onivefddikod niégpatog, o1 peppiteg Sopig oniveddiou Sio-
KpivouTal O Safs/e | Nowowrnauty, O quriarpopous | ovdarpapoug, 08
feKrote KO O ararsarind ewovduraraeg. U1 nopondvw katavopég efap-
TWuTal ané napdgovTeg, onug eival q okTiva Tou peTadfokatidutog, Y n-
fzkTpoviki Sopf) Toug kat 1 evwTikf evépyeEia Tou SnpioupyOUpEVOU Kpu-
oradfikod nAégpatog.

By. H dyproupgio Twv omveddivv eival anotéfeopa Tng ¥npikic av-
Tibpaong petofl Twy ofeidiwv  Twv auTigToiywy petdidwy, 1 onoia ofo-
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lattice on two kinds of .lattice sites: tetrahedral sites R and octa-
hedral sites B. Rccording to the distribution of the metal cotions on
sites A or B, the ferrites are characterized as sorew/, /sterse and
aiyed spinels, For example, in the case of nickel spinel ferrites,
where sites A are occupied by ha!f of the metal catjons Fe®* and
sites B are occupied by the remgining metal cations Fe®* and by the
whole of the divalent cations (Ni?* and/or Fe?*}, the ferrites are
characterized as inverse.

For the preparation of spinel ferrites a "dry - or wof - chesical
techn/gusd moy be emploged. The first technique involves grain redu-
ction and ontimum «ixing of the pure iron oxide and of the metal oxi-
de chosen, followed by firing over a.long period of time at elevated
temperatures. In the wet-chemical technique the sterting materials a-
re obtained by the method of coprecipitation of the iron and metal i-
ons using a common salt solution of those materials with the aid of
base solutions.

Key words: Ferrites, spinels, nickel-iron oxides, trevorite.
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INTRODUCTION

Recently we have r'e;;orted1 the synthesis of some pyrazole- and pyra-
z0line-1,2-dioxides by lead tetraacetate (LTA) oxidation of 1,3-dioximes
_dialkylated in the active methylene group. )
The growing fnterest2 in the utilisation of such molecules for biolo-:
\gica1 purposes prompted’us to extend our investigétion in this field.
Accordingly, we studied the oxidation of some 1,3-dioximes with the
=NOH moieties attached to the cyclohexane ring.

RESULTS AND DISCUSSION

The 1,3-dioximes (1) employed in this work were prepared by treatment
of the corresponding 1;3-diketone with two equivalents of hydroxylamine
in ethanol solution and subsequently treated with LTA. However, the main
products isolated were the nitrosoacetates (2) and (3) - the valence bond
isomers of the desired pyrazoline-1,2-dioxides - as unstable deep green
compoundé. These may be kept at -5%¢C for about two months and at room
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temperature for 24hr. On the other hand it is known1 that analogues oximes
such as 2-acetylcyclohexanone-dioxime (4), dimedone-dioxime (5) and 1,2,3-
cyclohexanetrione-1,3-dioxime (6) undergo oxidative cyclisation with LTA )
at room temperature to yield pyrazole- and pyrazoline-1,2-dioxides (7),
(8) and (9) respectively (Scheme 1).
Therefore, we attempt to eplain the different reaction subsequence of

licyclic 1,3-dioximes (1) and of the above mentioned earlier repbrted1
with LTA. On the basis of the unstability of nitrosocompounds it is not
unreasonable to assume that in the case of the dioximes (4)-(6) the -corre-
sponding gem-nitrosoacetates intermediates might have been initially for-
med and being unstable were not isolated. Experiments were carried out to
test the above assumption.

Thus, the oxidation of (4)-(6) by LTA at temperature ranging from -5
to 0°C has examined. In the case of (4) the products obtained in reason-
able yield were substituted pyrazoline-1,2-dioxide (7) along with azgem—
nitroso-acetoxy compound whose structure could be (10) or (11). Further-
more, although in the oxidation of (5) and (6) at -5 - 0% a green colou-
ration of the reaction mixture was initially observed, no nitroso compound
was finally isolated. The only products of importance (8) and (9), obtai-
ned after column chromatography, are the pyrazole- and pyrazoline-1,2-di-
oxides that were previously 1's,ol‘=.1ted1 at room temperature.

The presence of resinous products, phenomenon known in LTA oxfdations3
was also observed in all cases. \

The formation of gem-nitrosoacetates (2), (3) and (10) and of pyrazo-
line-1,2-dioxides (7)-(9) is presumably influenced by the conformational
effects of the cyclohexane ring.

Furthermore, in the oxidation of (4) the isolated products (7) and
(10) were obviously the result of the possibility of free rotation about
the exocyclic C-C bond.

Besides, in the case of dioximes (5)-(6) the valence-bond isomeric
gem-nitrosoacetates of (8) and (9) might have been also initially formed
as intermediates and being unstable either polymerized or undergo cycliza-
tion to the corresponding heterocycles (8) and (9). The deep green colou-
ration of the latter reaction mixtures may be thought as an indication for
the correctness of the above assumption.

A plausible mechanistic pathway to explain the formation of gem-nitro-
soacetates by oxidation of alicyclic 1,3-dioximes with LTA is‘given in
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NOH
ON Ac ™
1 LTA 1 1
R, + Ro
N BC NO NO
OAc Ac
(1) (2) (3)
B: R1=R2=H- a: R1=R2=H a: R1=R2=H
v Ry, Ry=CH, B ORH, RysCHy  B: RysH, Ry=Oy
Oy + (7)
Ac
0 0

SCHEME 1 -
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Scheme 2. The N-metallated species (15), derived from electrophilic attack
of LTA on the dioximes is thought of as the key intermediate of (2), (3)

and (10),

LTA
| ' . ‘ H3
HO NOH ) @Mc
] N_;b(o;\c)
(8) 0 2
' AcO/ ‘
L (12) —
~AcOH
\\\
\\
~
A
or
>N X
Ac 0Ac
oN N 0 N
(10) (11)

SCHEME- 2
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Treatment of the (2), (3) and (10) with hydrogen peroxide yielded the
corresponding nitro compounds (Table I and II). whereas with dilute hydro-
chloric acid the parent4},3—diketones were regenerated. The nitrosoaceta-:
tes with aniline gave compiex mixtures. Azo- and azoxybenzene were the
main products that were isolated, evidently derived from the oxidation of

ani]ine4'6

. In contrast, aliphatic gem-nitrosoacetates, under similar con-
ditions, have been known to lead to the formation of their azo—ana]ogues7.
Besides, we have found recently that commercially available sodium

hypochlorite is a vastly superior reaéeht for the oxidative cyclisation

of aliphatic 1,3-dioximes. However, attempts to oxidize the alicyclic di-
oximes (1) and {4)-{6) with sodium hypochlorite were not successful. The
use of this oxidant proved disadvantageous in that it hydrolyzes the di-
oximes. Thus, the parent diketones'as well as intractable oils were obtai-

ned.

EXPERIMENTAL

M.p.s. were obtained on a Kofler hot-stage apparatus and are uncorrec=
ted. Ir spectra were'recorded on a Perkin-Elmer 297 spectrophotometer,
1N.m.r. sprectra were taken on a Varian Associates A-60A instrument with
tetramethy]sijane as an internal standard. Mass spectra were obtained on
a Hitachi-Perkin-Elmer RMU-6L spectrometer and elemental analyses on a
Perkin-Elmer B Analyser.

Preparation of the alicyclic 1,3-dioximes (1) and (4).

" Dioximes of 1,3-al cyclic diketones were prepared acéording to a
known procedureg. 1,3-Cyclohexanedione-dioxime had m.p. 156-157°¢C (from
EtOH)ga. 2-Methyl1-1,3-cyclohexanedione-djoxime had m.p. 219-é20°c (from
EtOH)sb. Finally, 2-acetylcyclohexanone-dioxime had m.p. 177-179°C ( from
£toH)8C,

Oxidation of the dioximes (1) and (4)

To.a suspension of the corresponding dioxime (0.01 mol) in methylene
‘chloride (30 ml), a solution of LTA (0.015 mol) in methylene chloride
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bis-nitro-analogues.

TABLE I : Analytical data of the compounds (2), (3), (10) and their

Found (%)
(oo ) Yield (5). mp° ¢ (Required)
(2a) 8 041 47.7 6.2 13.9
'(c8H12N204) (48.0) (6.0) (14.0)
(2b) 50.2 6.5 12.9
17 88-89 )
(CgH,4N,0,) (5075) (6.6) (13.1)
(32) 19 011 46.7 5.6 10.9
(CygH14Mp0g) (46.5) (5.5) (10.8)
(3p) 48.7 5.8 10.2
21 101-102
(CqqH gNo0g) (48.5) (5.9)  (10.3)
(10) 53.0 6.5 12.2
10 011

1014274
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TABLE I is continued

Corresponding nitro compounds
Yield (%) e
(Formuia) 1€ Ol M.P? C (Required)
: C H N
41.2 5.0 12.1
(C8H12N205) 47 0i1-solid
(41.4) (5.2) (12.1)
, . . 44.04 5.9 11.40
(C9H14N206) 43 0i1-s0lid
(43.90) (5.7) © o (11.38)
‘ 41.6) 4.8 §.85
. (C10H14N208) 54 117-119 |
(41.4) (4.9) (9.6)
: 43.1 55 9.1
(C11H16N203) 49 133-135
(43.4) (5.3) (9.2)
) 46.3 5.4 10.9
(ClOHNNZOB) 34 122-123 (46.5) (5.5) (10.8)
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TABLE II : Spectral data of the compounds (2), (3), (10) and their nitro-
analogues.

Comp ir Y e (CDCI3)

Viax (Nujol)cm—1 &y (60MHz; CDCi3 solvent; m/z
’ standard Me45i)

3350 (0i) ‘ . 170(#N0,27)
2a 1740 (0Ac) 1.66-2.60 (m)? 169( MNOH ,2%)
1650 {C =N) 8.8 (s, o) 191(0nc, b)
1565 (N =0) 110( 170-AcOH ,5%)
43(Ac, 100%)
3320 (oM) 184(M:NO, 3%)
" 1755 (0Ac)- 1.63-2.68 (m) 183(MENOH, 22)
1650 (C=N) 8.9 (s, OH) 155(M20nc, b)
1565 (N=0) 124( 184-AcOH ,4%)
43(Ac, 100%)
1750( 0Ac) 1.86-2.53(m)? 228(MN0,5%)
. 1565(N = 0) 199(MoAc, b)
) 168(228-AcOH, 18%)
43(Ac,. 100%)
1755(0Ac) 242(82N0,5%)
» 1565(N = 0) 1.70-2.83(m) 2130 0Ac, b) ‘
’ 132( 242-AcOH ,5%.)
43(Ac, 100%)
1740(0Ac) 196 (MINO,4%)
10 jea0(c=c) 2.00-2.53(m)® 167(M-0nc . 32)
1565(N = 0) 152( 167-Me ,4% )
137(167-CH,0,29%)

136(196-AcOH, 7%)
122{152-40, 7%)
43(Ac, 100%)

a: CC14 as solvent; b: fragments only in traces.
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TABLE II is continued

Corresponding nitro

compounds

ir

W Nor (coct )

Vinax (Nujol)cm—léH (60Miz; €DCI5 solvent;

standard Measi)

m/ z

1750(0Ac)

1570(N02)
1370(N02)

1760(0Ac)
1575(NO,)
1375(NO,,)

1765(0Ac)
1570(N0,}
1370(n0,)

" 1770{0Ac)
1575(N0,,)
1375(N0,)

1755(0Ac)
1645(€=C)
1570(N0,) !
1370{N0,)

1.95-2.80(m)

2.00-2.73(m)

1.90-2.55(m)

1.95-2.90(m)

2.15-2.60

186(M1N07. b)
173(10nc, b)
140(186-N02,3%)
126( 186-AcOH , 13)
96( 126-H0 , 15%.)
43(Ac, 100%)

200(ttonc, b)
107(M1N02, b)
154(200-N0,,3%)
140(200-AcOH,, 1% )
110( 140-%0,2%)
43(Ac, 100%)

244(M°R0,,, b)
231(1%0¢, b)
198(244-N0,,, 17%)
184(244-AcOH, 33)
154( 184-H0, 14%)
94(154-AcOH, 42)
43(ac, 100%)

258(an02, b)
2a5(11tonc, b)

212(258-N0,, 5%)

e

193(258-AcOlt, 1%)

168( 198-N0, 28%)
108( 168-AcOH, 5%)
43(Ac, 100%)

212(11N0,, 1)
199(M20AC, b)
166(212-10,, 3%)
152(2 12-AcCit, 4%)
122(152-N0, 10%)
43(Ac, 100%)

187
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(30 m1) was added ; the mixture was then stirred at room temperature for

3 hours. The methylene chloride solution was treated with water and filte~
red. The organic layer was washed with sodium carbonatg solution and water
and then'driedi Removal of the solvent left an 0il, which was column chro-
matographed on silica gel (1ight petroleum-ethylacetate 5:1). The analyti-
cal data of the 2,2-dialky1-1,3-dinitroso-1,3-diacetoxy-cyclohexane (2),
2,2-dialky1-3-nitroso-3-acetoxy-cyclohexanone oxime (3) and 1-nitroso-2-
(1-nitroso-ethylidene-)cyclohexyl acetate (10) are given in Tables I and
II. From Table' I it is seen that the product yield ranges from 8-21 %.

The unchanged dioxime as well as the parent diketone was recovered by co-
Tumn chromatography. The presence of resinous products was also observed.

Ozxidation of the gem-nitrosoacetates (2), (3) and (10) -

The compounds (2), (3) and (10) were oxidized with hydrogen hyperoxide
in acetic acid by analogy to a known procedureg, The mixture of the reac-
tion was subjected to:column chromatography on silica gel (1ight petrole-
um;ethyl acetate 5:1), The analytical data of the corresponding bis-nitro-
compounds are given in Tables T and II,

Reaction of the gem-nitroscacetates (2), (3) and (10) with hydrochloric
actd

The compodnds (2), (3) and (10) were treated with hydrochloric acid

10

2N by analogy to a method described in literature™. The parent diketones‘

were regenarated,
Reaction of (2), (3) and (10) with aniline

The compounds (2), (3) and (10) were treated with aniline by analogy
to a qescribed procedureg. The main products isolated in all cases were

azobenzene and azoxybenzene in yields ranging from 20-35 %.

SUMMARY

The dioximes of some alicyclic 1,3-diketones are oxidised by lead .
tetraacetate into the gem-nitrosoacetates (2), (3) and (10). No oxidative
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cyclisation products are obtained from these oxidations. The reaction me-
chanism as well as some reactions of the gem-nitroso-acetoxy compounds
(2), (3) and (10) are discussed.

Key words : Lead tetraacetate oxidation, alicyclic 1,3-dioximes, gem-
“nitrosoacetate.

NEPIAHYH

0%e(Bwon TV aAELKUKALKQY 1,3-0L0ELudv ue teTpaofLkd péAuBdo

2Tnv epyacla auth mapouolLAZeTal pEAETN TNC eMLdpaoNC Tou TETPOAOELKOU
uoAUBBouU o€ aAeLkukALkég 1,3-8LoEluec, Ta KUpra mpoidvta mou omopovadnkav
elval gem-vLTpwdo-0oKETOEU-EVWOELC Kal OXL TpoldvTa o&eLdwrikiAg KukAomoln-
onc. Npotelvetal emtang mLBavd pnxavioTlko axhua mou €Znyel tnv mopela
e avridpaong. Emlong mapouoldovTal QaoUaTOOKOMLKEG KAl XNULKEC LOLOTN-
TEC Twv TpoldvIwy,

—
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INTRODUCTION

Despite the numerous reports7 on the reaction of Tead tetraacetate
(LTA)} with various nitrogen-containing derivatives of dicarbonyl compounds,
its action on bis-Schiff bases has received no attention. However, there -
have been a few papers dealing with the oxidation of Schiff bases with
LTal-8.

In the course of our interest in the lead tetraacetate oxidations and
in order to increase the understanding of the reactivity of Schiff bases
‘towards the reagent we have studied the reaction of bis-Schiff bases of a=
diketones with LTA.

RESULTS AND DISCUSSION

~ - The Schiff bases employed in this work are shovn in Scheme 1.Reaction
with LTA in benzene, at room temperature, gave complicated mixtures of

products from whjch the major components, isolated by column chromatogra-
phy, were a substituted acetanilide 4 and an azo-derivative 5 (Scheme 1).
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R R R R
T e —— T
0 0 N N
\
Ar Ar
1 2 3
a:. R=Me a: Ar=Ph a: R=Me, Ar=Ph
b: R=Ph b: Ar=4-Me-C6H5 b: R=Me, Ar=4-Me-C6H5
c: Ar=4—C1—C6H5 c: R=Me, Ar=4-C1-C6H5
" d: R=Ph, Ar=Ph
e: R=Ph, Ar‘=4—Me—C6H5
f: R=Ph, Ar=4-C]-C6H5
LTA -
ANHCOCH, + ArN=NAr * 1+2
4 5
a: Ar=Ph a: Ar=Ph
b: Ar=4-Me-C6H5Jb: Ar=4-MeﬁC6H5
c: Ar=4—C1-C6H5 c:\Ar=4-C1-C6H5
SCHEME 1

In all cases the parent diketone 1 and the corresponding amine 2 were for-
med, in considerable and minor yields respectively, along with intractable
material. Table I summarises the yields obtained.

Plausible reaction pathways that could account for the observed reacti-
vity of bis-Schiff bases 3 towards LTA are delineated in Scheme 2.

The organolead 6, derived from electrophilic attack of LTA on the
Schiff base, might rearrange further to 7, which represents either an
intermediate or a transition state. The species 7 . that is thought of ds

_the key intermediate in the formation of 4 and 5, suffers cleavage of
the Pb-N bonds to either 8 (path I) or 14 (path II}.

8 could be converted into 9 by an oxygen-to-nitrogen migration of

acetyl group. Analogous acyl rearrangements9 involving migration of an
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Acetanilidé  Azo-derivative Parent [iiketone Parent Amine
Schiff base Comp. Yield Comp. Yield Comp. Yield Comp. Yield

% % % %
3a12’14a 4a 39 5a 13 la 27 2a 9
. w2 56 21 la 25 2b 7
3¢ | 4c 35 5¢ 15 la 20 2c 10
3d13’14b 4a 47 5a 23 1b 17 2a 8
312 g sb 22 b 14 % 5
3f1’5' 4c 38 5c 20 1b 13 2¢c 8 .
R PR 5a. 11 b 10 2a 5
5b 13 2b 8
15 10

‘acyl or an acyloxy group from one heteroatom to another have been reported
-from the late 1970 s. Finally, further hydrolysis of 9 yielded 4. However,
it is quite Tikely that 9 could be cleaved gradually via homolytic path
yielding the acetanilide 4. The presence of acetoxyl radicals as well as
their corresponding ions in LTA reactions is well knownl.

Furthermore, the final azo-compound 5 can be rationalized from inter-
mediate 7 as shown in Scheme 2, path II.

Alternatively, the initially-formed product 4 could also effect the
formation of 5. The intermediate 10 could be cleaved giving rise to the
arylnitrenoid species 11 as intermediate which is known10 to yield azo-
derivatives (5), amino radicals (12) and anilines (2) which are oxidized
also to the azobenzene11 (6). Furthermore, the radical 12 that is dimeri-
zed to hydfazobeniene 13- could afford 5 by subsequent oxidation with LTAll.
According]&, a control experiment was carried out to test the above assump-
tion. Thus, acetanilide 4a was treated with LTA in benzene sq1utioh. In
this case azobenzene 5a was mainly isolated, along with the parent amine
23 and resinous products.

Finally, a further crossover experiment was performed on the Schiff
base 15 (Scheme 3) in order to have one more proof for the homolytic for-
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ArN=NAr

5
A \ [
R R
AL AcO ‘:;..;ql 0Ac
e N
Ar Ar
14
Pb(OAc)3
path I1 | - Pb{0Ac),
R R

\W____Té:_.OAc R R
! ACO? _<0Ac
Ar—N N—Ar -

r..__N N —Ar

6 7
path I { - Pb(0Ac),

H.0 R— C— N — Ar R-—-C N-——Ar R

: . )
ArNHCOCH — ' ‘\
3 0 ¢ CH3 0 ¢ _cn
. AcO" I TR
0
0
\ LTA 9 8
ArNCOCH; . acor

N _AC0” . ArN: ———= ArhH-

Pb(0AC) 5 11 ‘\\\ 1

10 : ‘ '
/ Ar'Nh2 l

ArN~NAr e———— ArNHNHAr
- LTA :
5 13
SCHEME 2
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mation of the azobenzenes 5. The yields of the products obtained from this

reéaction are shown in Table I. The isolation of all the three bossib]e

azobenzenes 5a, 5b and 16 seems to favour the proposed homolytic format1on
(path 1).

EXPERIMENTAL

Preparation of Schiff bases 3 and 18,
Following to the 1iterature12'15, the corresponding aniline 2 (0.2mo1)
-was added to a solution of a-diketone 1 (0.1 mol) in ethanol. After reflux
for 5 h, the mixture was cooled to room temperature and the known ‘com=

- pounds 3 (except 3c) were percipitated, filtered and recrystallized from

( ethanol. The known compound 15 was also prepared by literature method]'4b 16
Equimolecular mixture of the diketone 1b and the aniline 2a was heated at
150 °C for 2 h and the product obtained (benzil monoani]le) was subsequet-.
1y refluxed with equimolecular quantity of the aniline 2b in ethanol, for
3 h. The pixture was then cooled to room temperature and the compound 15

P h

LTA

PhNHCOCH3 + PhN==NPh + z'-'le—@— N;‘N‘@‘ME

4 5a 5b

Me——<::>~—N==NPh + 1b + 2a + 2b

6 - SCHEME 3
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was percipitated, filtered and recrystallized from ethanol. A1T the known
' compounds 3 (except 3c) and 15 were identified by comparison of their
spectroscopic data with those of the 11terature12'16.
Compound 3c m.p. 129 OC, yield 92 %. Elem. anal., found % (calcd. for
C16H14N2C12) C, 63.0 (62:7) ; H, 4.6 (4.8) ; N,.9.8,(9.1). I NMR (CDC1
2.17 (6H, s), 6.80-7.40 (8H, m). MS m/z : 304, 152, 111, 105, 77. IR

(nujol) : 1640 cm L.

3

Reaction of 3 and 15 with LTA.

To a solution of bis-Schiff.base 3 and 15 (0.01 mol) in benzene (20 ml)
a suspension of LTA (0.01 mol) in benzene (20 m1) was added. The mixture
was stirred for 1 h at room temperature, diluted with water, extracted with
chloroform. The chloroform extract was washed with 20 % sodium carbonate
and dried with sodium sulfate. The oil obtained after evaporation of the
solvent, was subjected to column chromatography (silica gel 70~230 mesh
ASTM), and eluted with a mixture of petroleum ether /ethylacetate 10:1.
The isolated products are shown in Tabie I. Their identification was based
"in comparison of their spectral data with guthentic samples. .

Reaction of 4a with LTA.

To a solution of acetanilide 4a (0.01 mol) in benzene (20 ml) a sus-
pension of LTA (0.01 mol) in benzene (20 ml) was added. The mixture was
treated as described above in the reaction of 3 and 15 with LTA. The pro-
ducts isolated were azobenzene 5a (75 % yield) and aniline 2a (8 % yield).

SUMMARY

The action of LTA on bis-Schiff bases of a-diketones was investigated. .
The main products isolated were substituted acetanilides and azobenzenes.
Possible reaction pathways are discussed.

Key words : Bis-Schiff bases of a-diketones, lead tetraacetate.

MEPIAHYH
‘MeAétn TN avILdpacTLKETNTAC TWV B&oewv Schiff Twv a-3LKETOVWY

pe tetpaofLkd poAuBdo

sty epyacla auth mapousLdletal peAétn tng enldpaong tou tatpaogLKoU
HOAUBSOU oe BdosLc Schiff a-5iLketoviv, Ta kipra mpoldvta TOU amouovebnKav
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glvar umokateatnuéva aketaviAldia xat alwBevZéAra. MNMpotelvetal emlong mL-
Bavd unxaviotikd oxhua mou €Enyel tnv mopeta tng avtidpaong.
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