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ZUR BODENBILDUNG AUF ULTRABASISCHEN GESTEINEN DER INSEL
ANDROS (GRIECHENLAND)

S.SCHAHABI

Institut fir Chemie und Landwirtschaft “N. Kanellopoulos,, Drapetsona.— Piraeus,
Griecheland.

(Erhalten am 26 Januar, 1976)

Zusammenfassung

Die profilmorphologische Beschaffenheit von zwei Boden aus ultrabasischen

Gesteinen auf der Insel Andros wurde beschrieben und die Ergebnisse der chemischen,
" physikalischen und tonmineralogischen Untersuchungen dieser Boden wurden in Bezug auf

ihre Genese diskutiert. Dabei stellte sich das Gestein als massgeblicher Faktor fiir die
Entstehung dieser Béden heraus.

Charakteritisch fiir diese B6éden sind: Tonreichtum, plastische Konsistenz, hoher
Gehalt an austauschbarem Mg. Nur Mg wurde in starker Masse ausgewaschen. Dabei
wurden die sonstigen Elemente im Boden angereichert. Aus der Verwitterungslosung
bildeten sich im Boden aufweitbare Fe-reiche 2:1-Tonminerale.

Stichworte: Bodenbildung, ultrabasische Gesteine, Silikatverwitterung, Stoffneubildung,
pedogene Oxide, aufweitbare 2:1-Tonminerale.

Abkurzungen und Symbole: Fe4 Dithionitlésliches Fe, FCOOxalatloshchesFe C;org. Gesamt-C,
AK Austauschkapazitit, pF Saugspannung (log cm Wassersaule) n.b. nicht bestimmt.

Einleitung

Auf ultrabasischen Gesteinen der Insel Andros kommen Boden vor, die sich
in ihrer Morphologie und ihren Eigenschaften von den benachbarten, aus anderen
Gesteinen entstandenen Boden® erheblich unterscheiden. Im Gegensatz zu den in
anderen Teilen Griechenlands gefundenen Bdden auf derartigen Gesteinen, die
rote Farbe besitzen** und die zu den relikten Boden gerechnet werden®, weisen
diese Boden eine braune bis gelblich-braune Farbe auf. Durch ihre Farbe und durch
ihre sonstigen Eigenschaften wird ihre Zugehorigkeit zu den rezenten Bodden
deutlich. Unter dem heute herrschenden Klima werden hier normalerweise relativ
leicht verwitterte Boden (Tongehilte meist unter 15%) gebildet. 156 Diese Béden
weisen jedoch Tongehilte auf, die im Unterboden iiber 40 und sogar 60% liegen.
Ueber tonreiche Béden, mit &hnlichen morphologischen Merkmalen, auf Serpentin
wurde von Novak und Pelisek’ aus Rumdnien, von Bogatirev® aus Albanien, von
Ceric? aus Jugoslawien und von Koroxenidis u.a.'® aus Nordgriechenland berichtet.

.Es existieren jedoch wenig analytische Angaben iiber diese Boden.

In der folgenden Arbeit soll versucht werden, an Hand umfangreicherer
Untersuchungen, zur Erweiterung der Kenntnisse iiber Boden solcher Art
beizutragen.

Klima, Vegetation und Gestein:
Das Klima von Andros (in Aegaeischen Meer) ist gekennzeichnet durch
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einen trocken-warmen Sommer und feucht-milden Winter. Die mittleren
Nlederschlage und Temperaturen auf dieser Insel betragen: Im Jahr 558mm und
18°C, in Januar 128mm und 10°C und in Juli Tmm und 26 °C."

Die natiirliche Vegetation der hier zu besprechenden Bdden besteht
hauptséchlich aus Erica verticillata. Dort wo sie von den Einheimischen nicht
abgebrannt wird, bildet sie einen relativ dichten Pflanzenbestand.

Das Gestein (Pritertidr'®) aus dern die hier zu besprechenden Boden
entstanden sind, wurde von Philippson® als Serpentln und von Marinos™ als
Peridotit bezeichnet. Es tritt an einzelnen Stellen mit geringer Fldchenausdehnung
im nordlichen Teil der Insel inmitten des Schiefers zutage. Es variiert in der Farbe
von Blau-griin und Dunkel-griin und unterscheidet sich somit auch in seiner
chemischen Zusammensetzung (s. Tab. IT) und durch sein Verhalten gegeniiber
Verwitterung. Das blau-griine Gestein (s. Nr. 288) ist gegeniiber dem
dunkel-griinen Gestein (s. Nr. 293) etwas reicher an Si und Mg dagegen drmer an
Al und Fe. Durch die Verwitterung bekommt es eine oxidierte Randzone (Analyse
s. Tab. II, Nr. 288) von hellbraune Farbe (10YR 7/4). Innerhalb des Gesteins
erkennt man, mit dem Auge feine Poren und Risse, deren Oberflichen durch
Fe-bzw. Mn-Oxid rot-bzw. schwarz-geférbt sind. Das dunkel-griine Gestein ist
weicher als das bereits besprochene Gestein und wird bei der Verwitterung schallig
und z.T.faserig.

In beiden Gesteinen kommt in ziemlich gleicher Hohe (kem quantitativer
Nachweis) Magnetit vor.

Die Béden ‘

Die Boden sind in einer hiigeligen Landschaft an einzelnen Stellen mit
geringer Flichenausdehnung verbreitet. Sie sind offensichtlich sehr denudation-
sanfillig, da sie an relativ steileren Héngen bis zur Entblossung des Gesteins
abgetragen worden sind. Eine exakte Verfolgung der reliefbedingten Bodenbil-
dung ist hier wegen der geringen Fldchenausdehnung dieser Boden nicht moglich.
Die folgende zwei Profile sollen die Morphologie und Eigenschaften dieser Boden
reprasentieren. Die Abweichung des einen Bodens vom anderen sind hauptséichlich
in Gesteinsunterschieden zu sehen.

Die Boéden sind fast iiberall mit einem Steinpflaster bedeckt. Auch in den
Boéden selbst kommen diese Gesteine vor.

Profilbeschreibung:

Profil 288: Auf leicht geneigtem Hang (Neigung 2-3%), in einer Hohe von 250m
i.dem Meer, auf blau-griinem Gestein (s. Gesteinsbeschreibung), ohne Nutzung,
unter Erica verticillata.

A;; 0-10 em Sandiger Lehm dunkel-rétlich-braun (5YR 3/2), sehr gut
durchwurzelt, Kriimelgefiige, leicht aufbrechbar, lelcht klebrlg,
leicht plastisch, skelettreich. -

Aq, 10-16 cm  Weniger durchwurzelt, skelettreicher, sonst wie oben.

B; 16-23 cm  Sandig-toniger Lehm dunkel-braun (10YR 4/3), "missig
durchwurzelt, korniges Gefiige, schwer aufbrechbar, klebend,
plastisch, skeletthaltig.

B,; 23-40 ecm  Toniger Lehm, gelblich-braun (10YR 5/4), schwach durchwurzelt
polyedrisches Gefiige, stark klebend, stark plastisch, nicht
aufbrechbar, viele Steinchen (5-10 mm) einzelne Tonhiutchen,
einzelne Mn-Konkretionen.

B,, Tonreicher, plastischer, sonst wie oben, ziemlich nass.
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Profil 293: Auf Hang (Neigung 4- 5%) in felsiger Landschaft, in einer Hohe von
100m . dem Meer, auf dunkel-griinem Gestein (s. Gestemsbeschrelbung) ohne
Nutzung, unter Erica verticillata und Poterium spinosum. -

A O 20 cm Sandig-toniger Lehm, dunkelbraun (10YR 3/3), méssig dur-
chwurzelt, kriimeliges Gefiige, plastisch, klebrlg, schwer aufbrech-

: bar, einzelne Steine.

B,; 20-35 cm Sandiger Ton, gelblich-braun (10YR 5/4), wenig druchwurzelt,
stark plastlsch stark klebend, sehr schwer aufbrechbar, einzelne
Steine.

B,, 35-80 cm Ton, hell-oliv-braum (2,5Y 5/4), nicht durchwurzelt, Kohérent-
gefiige, sehr stark plastisch, sehr stark klebend, nicht aufbrechbar,
frei von Steinen, nass. ’

Methoden:

PH-Messung wurde in 0,0lM CaCl,-Losung (Boden: Losung 1:2,5) mit
Glaselektrode durchgefiihrt. Die . Bestimmung von C, erfolgte durch nasse
Verbrennung. N, wurde nach Kjeldahlaufschluss ermittelt. Austauschkapazititund
Basensittigung wurden nach Mehlich bestimmt. Korngréssenzusammensetzung
wurde mittels Schlimmanalyse in dem vorher mit H,O, behandelten und mit
Na-Pyrophosphat dispergierten B&den bestimmt. Totalanalyse erfolgte nach
Jackson. Tonminerale wurden rontgenographisch an gereinigten, orientierten
. Préparaten (Mg-Belegt, Mg-Belegt - Glyzerin, K-Belegt) identifiziert (fiir alle. S.
Schlichting und Blume'?). Fe, bzw. Fe wurden extrahiert nach Mehra und Jackson'®
bzw. nach Schwertimann.'”” Die Bestimmung erfolgte mittels eines Atomabsorp-
tion-Spektrometers (Perkin Elmer 305). PF-Bestimmung wurde nach Hartge'®
durchgefiihrt. Die Bodenfarbe wurde in feuchtem Zustand nach Farbentafel von
Munsell bestimmt. “

Ergebnisse und Diskussion:

Der C- und N-Gehalt (s. Tab. I) liegen im Oberboden bei etwa 2 bzw. 0,15%
und nehmen mit der Tiefe im Profil ab. Da der Kohlenstoff mit der Tiefe im Profil
stirker abnimmt als der Stickstoff, ergibt sich eine Verengung des C/N- Verhaltms
(im Oberboden 15-18) mit zunehmender Tiefe.

i TAB. I: Chemische Eigenschaften der Béden

Sattigungsgrad AK

Prof. Hor. Tiefe  pH N Ny in % d. AK mval/
Nr. |, ~ (cm) % % " Ca Mg K Na 100g
288 Aqq 0-10 6,2 2,58 0,162 344 37,0 1,8 1,8 224
Az 10-16 6,3 1,76 = 0,107 26,0 447 21 21 19,2
B, 16-23 6,4 0,78 0,064 179 62,1 1,9 19 20,6
B, - 2340 64 041 0,032 153 71,6 22 22 229
B, 40-70 6,4 044 0,025 141. 73,0 2,8 2,0- 248
293 A 020 6,6 2,24 0,120 22,7 64,0 .08 32 247
B ©20-35- 6,9 .05 0,043 114 89,0 1,1 22 359,
By, 35-80 6,7 028 0,027 6,5 98,2 2,7 52,2
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Hier unterscheiden sich diese Boden also von den aus anderen Gesteinen
(Schiefer) unter gleicher Vegetation entstandenen Boden' nicht wesentlich. Der
A-Horizont ist jedoch belebter (Vorhandensein von Regenwiirmer und
Kotaggregaten) und weist im Gegensatz zu dem der anderen Béden, der
hauptséchlich in Einzelkornstruktur vorliegt, eine relativ gut ausgeprigte
Kriimelstruktur auf. Die Kriimelbildung héngt hoéchstwahrscheinlich davon ab,
dass diese Boden, kornung- und tonmineral-bedingt, mehr Wasser speichern
konnen (s. spiter). Die bessere Bodendurchfeuchtung fordert dann die Aktivitét
der Bodenorganismen und so die Bildung von Kriimelgefiige.

Der Kationenbelag ist zwischen 40-60% im Oberboden bzw. zwischen 70 und
98% im Unterboden durch Mg vertreten. Dies ist durch hohen Mg-Gehalt des
Gesteins bedingt. Das Verhéltnis des austauschbaren Anteils an Caund Mgliegt im
Oberboden zwischen 0,3 und 0,06. Durch biologische Akkumulation des Ca wird
das Verhiltnis im Oberboden erweitert. Zu dhnlichen Zahlen kommt man auch,
wenn man dieses Verhiltnis aus den Ergebnissen, die anderen Autoren®'*? inden
. Boden aus Serpentigesteinen -ermittelt haben, berechnet. Das ermittelte
Ca/Mg-Verhéltnis aus dem austauschbaren Anteil dieser Kationen, der von
Liatsikas® fiir die roten Boden aus Serpentin aus Epirus (Niederschlige 1200mm)
angegeben wurde, liegt jedoch um das 10-fache hoher als das Verhaltnis des
austauschbaren Ca zu Mg, das in den von uns untersuchten Béden vorliegt. Daraus
ist zu schliessen, dass mit Fortschreiten der Bodenentwicklung das Verhéltnis des
austauschbaren Ca und Mg zugunsten des Ca verschoben wird. Andererseits spricht
Krause* von einem niedrigem Ca/Mg-Verhiltnis der rubifizierten Braunlehme aus
Serpentin. Diese Bdden (pH iiber 6) weisen, im Vergleich zu den von Liatsikas®
untersuchten roten Bdden (Basensittigung 56-54%) eine hohere Basenséttigung
auf und sind daher leichter der Auswaschung ausgesetzt. Auch eine sekundire
Anreicherung der Kationen (bei diesen Bdden speziel Mg), die oft bei den dlteren
Boden der trockeneren Regionen Griechenlands anzutreffen ist>** kann fiir das
_niedrige Ca/Mg-Verhiltnis verantwortlich sein.

Aus dem Vergleich der chemischen Zusammensetzung des Gesteins mit der
des Gesamtbodens (s. Tab..II) ist zu entnehmen, dass die Stoffauswaschung
lediglich auf Mg beschranktist. Alle anderen Bodenbestandteile wurden mehr oder
weniger auf Kosten von Mg in Boden angereichert. Die Anreicherung kommt
insbesondere dem Al und dann dem Fe zugute. In dieser Hinsicht unterscheiden
sich diese Boden von den von Liatsikas® untersuchten roten Béden aus Serpentin
nicht. Sie sind wie diese Boden mit etwa gleichem Prozentsatz der im Gestein.
. vorhandenen Elemente an Mg verarmt und an sonstigen Elementen angereichert.

Ein dhnlicher Entwicklungsvorgang wurde auch von Wildman u.a.' in Béden
aus Serpentingesteine, die unter dhnlichen Klimabedingungen entstanden sind,
festgestellt. Sie machen den CO,-Druck des Grundwassers fiir die starke
Mg-Auswaschung bei den von ihnen untersuchten Béden verantwortlich.: Von
einer extrem hohen Mg-Auswaschung- bei Serpentin-Verwitterung unter
tropischem Regenwald auf Borneo wurde von Schelmann® berichtet.

Vergleicht man die chemische Zusammensetzung der oxidierten Randzone
des Gesteins mit der des frischen Gestein (s. 288 in Tab. IT) erkennt man, dass in der
ersten Phase der Gesteinsverwitterung neben Mg auch Si aus dem Gestein
ausgewaschen wird. In dieser Phase kommt die Stoffanreicherung, im Gegensatz zu
dem spiteren Stadium, nicht dem Al sondern im wesentlichen dem Fe zugute. Nach
Krauskopf? steigt die 16slichkeit von Si bei pH-Werte iiber 9 stark an. Dieser
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'

TAB. II: Chemische Zusammensetzung des Bodens, des Gesteins und der Tonfraktion

Prof. Hor. Si0; AlpO3 FeyO3 Mn3O4 TiOp CaO MgO KO NapO HpO  Total  SiOp  SiOp
Nr. %o . (=) AlyO3 Fey O3
288  Agqq 452 9,1 13,5 0,5 0,9 29 124 07 2,2 14,1 101,5 molar

Aqp 45,2 ‘9,2 13,7 04 0,5 19 144 1,0 1,5 122 101,0

By 48,5 10,7 13,0 04 1.2 2,1 11,5 1,1 22 11,3 1023

By 49,1 11,3 12,6 03 13 23 10,7 13 25 114 1028

. By 48,9 11,8 12,7 0,2 12 2,5 96 1,5 23 112 1019
Gestein:  a 35,7 1,5 12,1 0,2 0,1 03 350 01 1,3 12,0 98,3
b 39,5 1,0 6,8 0,1 0,5 02 385 02 1,2 12,0 100,0

293 Ay 41,6 2,0 11,0 0,2 0,6 1,2 269 02 02 156 99,6
By 43,9 34 12,3 0,2 0,6 12 224 02 01 153 994
Byy 46,7 4.4 15,6 0,1 07 27 124 01 01 17,0 99,8

Gestein: b 37,4 2,3 9,5 0,1 0,6 03 345 01 1,1 138

Gereinigte Tonfraktion (<2u)
288 44,0 17,9 10,0 0,1 1,105 7,5 21 06 150 998 4,17 3,08
43,7 173 10,8 0,1 1,1 03 76 20 09 154 992 429 3,07
453 19,2 10,2 0,1 1,1 05 60 23 07 150 1004 4,01 299
449 19,0 10,3 0,1 1,0 04 57 23 07 154 998 4,02 298
44,0 19,8 10,3 0,1 09" 05 65 1,9 06 150 996 3,78 2,84

293 42,8 7,1 11,2 Spr. 0,2 1,6 206 04 03 154 99,6 10,25 5,10
44,9 6,3 12,9 » 0,2 1,8 164 03 04 164 99,6 12,11 525
46,3 82 15,5 » 0,2 2,7 97 02 02 16,6 99,6 9,59 435

*

a) oxidierte Randzone des Gesteins, b) frisches Gestein

pH-Bereich kann bei der ersten Phase der Verwitterung dieser Gesteine ohne
weiteren in der Verwitterungslosung vorherrschen, zumal das frische Gesteinsmehl
-von vorneheran einen pH-Wert von 9,45 aufweist. Bei weiterer Verwitterung von
Gestein zu Boden, die von der Kationenauswaschung und daher von pH-Abfall
begleitet wird, wird Si im Boden stabilisiert und angereichert.

Die Silikatverwitterung und Stoffneubildung ist in diesen Bodden im
Gegensatz zu anderen unter den hier herrschenden Klima entstandenen Béden,!
hoch. Dafiir zeugt ihr hoher Ton-bzw. Fes- und Fe,-Gehalt (s. Tab. III). Die
Ursache hierfiir ist vorallem das Gestein, das leicht von der Verwitterung
angegriffen wird. Hinzu kommt noch, dass diese Gesteine im allgemeinen bei ihrer
Umwandlung (z.B. Peridotit zu Serpentin) Strukturdnderungen erfahren, wobei
das Gestein faserig bzw. rissig wird (s. Franz,*® Ceric’). Das Wasser kann in den
Rissen und Spalten tief ins Gestein eindringen und die Verwitterung beschleunigen.

Nach Maksimovic** wird bei hydrothermaler Metamorphose des Serpentins
das Gestein bereits vor der Zersetzung mit tonigem Material angereichert. Damit
begriindet Ceric’ den hohen Tongehalt der relativ jungen Boden (Ranker) aus
Serpentin.

- Diese Feststellung steht im Gegensatz zu der Vorstellung von Franz.”> Er
bezeichnet Serpentin als ein Gestein auf dem tonfreie Béden gebildet werden. Von
tonarmen Boden auf ultrabasischen Gesteinen wurde von Ragg und Ball?® aus der
Insel Ruhm (Kiihl-feuchte oceanische Klima) berichtet. Hier haben jedoch starke
Wasser- und Winderosion einerseits und intensive Stoffauswaschung andererseits
der Tonbildung entgegengewirkt. Wo der Boden weniger von Erosion gefdhrdet ist
bzw. hohere Basensittigung aufweist, ist er tonreicher.
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TAB. III: Korngréssenzusamthenseizung und der Gehalt an Fey und Fe, der Boden

Prof. Hor. Kornung () in % Feq Fe, Fey/Feq
2 2-20 20-2000 % %

288 . Ay 19,4 22,4 582 3,66 1,00 0,27
Aqp 22,3 21,9 55,8 3,92 0,94 0,24
B, 31,5 24,2 443 3,42 0,51 0,15
By 38,9 26,7 34,2 3,18 10,45 0,14
By, 423 29,1 28,9 3,02 0,40 0,13

293 Aq 24,2 12,8 63,2 0,90 0,41 0,46
By 49,0 14,4 36,6 1,50 0,51 0,34
By - 1 69,2 18,3 13,4 1,24 0,38 0,31

TAB. 1V: Feldfeuchte und der Wassergehalt bei pF 2,5 und 4,2

Prof. Hor. Wassergehalt (vol %) bei

PF pF Feldfeuchte
25 4,2 :

288 A 30,9 18,9 15,3

- Ap n.b. n.b. n.b.

By nb. - nb. n.b.

B, 28,8 21,3 21,0

By, 39,6 38,0 28,5

Fiir die hoher Verwitterung der von uns untersuchten Boden kénnte auch die
hier herrschende hohe Temperaturen der feuchtere Jahreszeit massgeblich sein.
Ausserdem ist zu bedenken, dass diese Boden eine hohe Wassermenge speichern
konnen (s. Tab. IV). Die Feuchtigkeit bleibt im Boden linger enthalten, weil die
gespeicheter Wassermenge zum grossten Teil in einer fiir die Pflanzen nicht
verfiigbaren Form vorliegt. Etwa am Anfang der trockenen Periode (Ende Mai)
wiesen diese Boden eine Feldfeuchte (s. Tab. IV), die etwa 2-3 mal hoher als die der
sonstigen Boden dieser Insel war. Aus dem selben Grund miisste - die
verwitterungshemmende Wirkung der hier herrschende 3 trockenen Sommermo-
nate bei diesen Boden schwicher zur Geltung kommen.

Der Tongehalt nimmt im Profil mit der Tiefe zu. Diese ist mit der besseren
Durchfeuchtung und daher intensiveren- Verwitterung im Unterbodén zu
begriinden. Im Profil 288 wurden auch einzelne Tonhdutchen beobachtet (s.
Profilbeschreibung). Es koénnte daher auch' Tonverlagerung eine zusétzliche
Ursache fiir den hoheren Tongehalt im Unterboden sein. Tongehaltszunahme mit
der Profiltiefe wurde auch in anderen von uns untersuchten Béden?® festgestellt und
ebenfalls mit hohere Verwitterungsintensitit im Unterboden begriindet. In
anderen Boden nimmt mit dem Tongehalt auch der Gehalt an pedogenen
" Fe-Oxiden mit der Tiefe im Profil zu. In diesen Boden dagegen nimmt der Fe,- und
z.T.Fe,~Gehalt mit Profiltiefe sogar leicht ab. Ursache hierfiir konnte der Einbau
von Fe in die Kristallstruktur der Tonminerale (s. spiter) sein.

. Orientierende Rontgenaufrniahme 'der Tonfraktion dieser Bdden zeigt als
Hauptbestand ein .relativ schlecht kristallisiertes (breite assym. Interfrenz)



ZUR BODENBILDUNG AUF ULTRABASISCHEN GESTEINEN DER INSEL ANDROS 403

14 A-Mineral, das bei Glyzerin-Sittigung sich auf 18 A aufweitet. Die Intensitit des
Reflexes bei diesem Mineral ist in Boden 293 wesentlich héher als im Boden 288
und nimmt in beiden Béden zur Tiefe im Profil zu. In Uebereinstimmung mit dem
* ronrgenographischen Befund stehen die Austauschkapazitit und die Wasserbm—
dung dieser Boden.

Die chemische Zusammensetzung der Tonfraktion (s. Tab. II) stimmt mit
deren Tonmineralbestand bei Boden 288 etwa iiberein. Die Tonfraktion des
Bodens 293 weist dagegen ein hohes Si/Al-Verhiltnis auf. Si-Ueberschuss wurde
auch von Wildmann u.a." in der Tonfraktion der Boden aus Serpentin festgestellt.
Dieser Ueberschuss wird mit dem Vorhantlensein von amorphem Silizium-oxid in
der Tonfraktion begriindet. Diese Begriindung konnte auch fiir den hohen
Si-Gehalt der Tonfraktion des Bodens 293 gelten.

Die Tonfraktion beider von uns untersuchten Béden ist durch hohen Fe- und
- Mg-Gehalt gekennzeichnet. Diese besagt, dass diese Elemente in starkem Mass am
- Strukturaufbau -des Tonminerals beteﬂlgt sind. .

Das aufweitbare 2:1-Mineral ist in diesen Boden hochstwahrscheinlich aus
der Verwitterungslosung neugebildet (schlechte Kristallisierung).

" Nach Rukavisnikova®’ wird die Tonmineralsynthese in Béden aus Serpentin
in der Anfangsphase der Gesteinsverwitterung bereits im Gestein vollzogen. Dabei
entstehen Magnesium-Nickel-Silikate, die dann in Nontronit iibergehen. Fe-reiche
Montmorillonite in Béden aus Serpentin stellten auch Wildman u.a.' fest. Ueber
die Entstehung von Saponit, begleitet von quellbarem Chlrorit aus Lizardit*® bzw.
aufweitbaren u.a. Beidelit-dhnlichen Minerale aus Serpentin,” wurde aus Italien
und aus Japan berichtet. Auch bei lateritischer Verwitterung unter tropischem
Regenwald auf Borneo bildete sich in der Anfangsphase der Serpentinverwitterung
Montmorillonit.*

Aus der vorliegenden Ergebnissen und aus den Angaben der genannten
Autoren geht hervor, dass die Bildung von aufweitbaren 2:1-Mineralen in Béden
aus ultrabasischen Gesteinen ein von dem Gestein untrennbare Vorgang ist. Nach
Jackson®**' wird die Bildung von aufweitbaren Tonmineralen in Boden dort im
Vordergrund stehen wo sowohl Si als. auch die sonstigen an ihrem Aufbau
beteiligten zwei-bzw. dreiwertigen Kationen in bevorzugtem Ausmass in der
Bodenldsung vorhanden sind. Dies ist nach Wildman u.a.’ bei der Hydrolyse der
ultrabasischen Gesteinen gegeben.

Abstract

Soil formation on the Ultra-Basic rocks in the island of Andros (Greece)
Profile characteristics of two soils derived from ultrabasic rocks were
described and the results of chemical and physical properties, and clay mineral
composition of these soils in relation to their genesis were discussed. It appears that
the formation of these soils resulted primarily from the parent rocks. - '
Characteristics for these soils are: hlgh clay content, plasticity, and high
content of exchangeable Mg.

' Leaching of a large part of Mg have taken place. All other elements (S1, A,
Fe, Mn, Ti, Ca, K, and Na) were increased in the soil. Iron rich expansible 2:1 clay
minerals were formed from the soil solution.

Key words: Soil  formation, ultrabasic rocks, silicate weathering
newformation, pedogenous oxides, expansible clay mineral.



404 S. SCHAHABI

Tepinyic

Zynuartiouds Edapdv éni Vmepfaoindv metowudtwy Thg vijoov "Avdgou.

Enti tov Omepfoaoix®dy metompdtov Ths vijoov “Avdgou Eupaviovtal
£ddpr), T dolar SLoPEQOUV. ONUOVTIRADG MG TTEOG TNV UOQPOAOYLAV %Al TOG -
dLomTée Twv dmd o yertovevovro kol &€ dAAmY meTowudTwy TEoeRxdueva
£04pn. “Eyouv vyiver dvoxowvdoels &mi tiig UmdeEsws €0apdv, pe duolo
YOQOXTNOLOTLKG £l Sepmevtive, eig Booelov ‘EALGOa, ig émiong xal eig uegixdg
8Mog Bakxavinde yoeag: Yrdeyovy Spwg driya dvorvtnd dedopéva dud o
8ddpn avtd. Eig tv éoyooiav ovtiv édoxudoapey, &nl Tf) Pdost Exteviv
€0EVVQV (’L'Be mivaxeg I, II, TI xol douwtoroyiny dvdivoy xAdoupoatog
GoYiAov) va oup.B(xMu)uev eig v dLevQUVOLY TGV Yvwoewy £l ToLovToU £ldoug
€dapdv.

“Ta egsvvnﬁsvra £ddupr evplorovol etg wioy Kocpoofm J'I:SQLOX’Y]V HOAUITTO-
uévnv Yo Erica verticillata. "Eugpovilovrar elg ueounds d€oeis puxods éxtdoeng.
Td 28dipn noAtmTovTan oyedov Tavtol éx oteouatos Adwv, dvevpiorovion O&
o0TO. Guroun ®ai €lg TO EowTEQLHOY TOU #0dpoug.

To éédcpn ot xa@amngi?;ovrat uogcpo)»oym(bg V7o Evog oxsund)g ua)»d)g
oxnuauouevov A — 6piCovtog #al 1 dowr| TV gig TAG TEQLOOOTEQOS negmm)—
oELG p,srot:rcmret Sl,g wankmtnv ‘H wtxakmm doun dpeireton mdovotato eig 1O
St T sf)acpn a0Td, nsgwxovra u)g i T whetoTov aQyLMov &n ptovrpLOQLMow—
TOU, nagausvovv Vyed %oTd TO usya)wrsgov xgovmov 6LOL(5’I7’Y]U.OL toU- ETOUG.

“Bvexa T00T0U 0f wxgoogyoviopol 1ol £ddpoug, ol dmotol givar cofagdTatog
magdywv did mv 6T|p.L0'UQyL0w Pryohwtiic dourig, evptoxouv uaMLrsgag ouvin-
HOG ?;u)ng glg to €dden avTd.

”AMNO Y OQOXTYQLOTLROV TV 86acpuw otV Elvon 1 mpn)m TV ne@temmo-
TG €lg EVAAAOHTIROV Mg ‘H OWOL)»O’YLOL ToU Mg (ug thog A A0 HOTLOVTO ELVOL
netolv 40-60% eig T Emupoverand xai 70-98% sig 10 vnédagog (BAéme Iivaxa
I). Totto dpetheton eig TV VYmMMv tegrextindnta elg Mg tév etomudtav (BA.
ITiv. II).

‘H oyfoig tav gvorlhantin@v Ca mpog Mg settan €lg T0 VTEdUPOS UETAEY
0,06-0,3 »al avEdveL glg TO Empavelondv Edapog Aoy Broloyuriis cucowoedos-
w¢ o 0,3-0,9.

Ex Tijg ouyrQioems TG yNuxig ouotdosws TV TETQOUATOV ®al ToD
8ddpoug (PA. TIiv. II) &Edystan &t ndvo 1O Mg Eyxer éxmhudi eig peydinv
mooHmTa.

“Oha. 70 8AMQ - oToLKEla. eguoodtepov 1) dhvymtegov, €5 altiog Tiig
éxn?ﬂ')oewg woU Mg, 'éunkom@ovrm eig 0 %acpog

‘H anooaﬁgmmg TUQLTIRGDV gviboewv B¢ nal & ox'r]ptomop.og véwv UMDV
glvan el ot T séacpn mpnkog, év &vtidtoel meog dAhoL séoccpn 70 drwota Exouv
oXNUOTLoVET ®dTw Gd O 1oL %Mp.a Anors)»sop.a TOUTOU ELVOL T) p.eyot)cutsga

TV negmemmomg el agthov Mg kol €ig Fed xol Fe, (BA. ITiv. IIT). Adtoc etvon
6 Moyog Ed TovTOg St TOV HITOTOV TO TETOMUATE. RATACTREPOVTAL EDXROAMG VIO
tiig dmoocodpocns. "Emmpooditms moémel va elmmuev 6Tl T TETQOUATO QBT
vevir@s €€ aitiog Tic netonogpmoens twv (egudotitng meds Jepmevtivny)
vivovion tvadn rol @uAh®ddn. TO Udwe duvdauevov v eloéhdn elg Tdg oxLonog
%ol poyudg &mometder ™y drooddowouv. ‘H vygacio tdv &dagdv divatar (BA.
ITiv. IV) va tagomeivn &mt poxpdtegov yedvov €ig tv duddeoty Tig drocoded-
oewg, AT Eva ueydho mooooTodv TG Uyguotog ovyrgoteltal Yo tol 0dgpoug
ué¢ uiay mieow peyohuvtéoav tév 15 at. (pF 4, 2) (BA. ITiv. IV). “Evexa Tiig
ueyohvtégag tol xdtw éddgoug vygaoiog xal thg €5 avtiig éviovou drocadow-



ZUR BODENBILDUNG AUF ULTRABASISCHEN GESTEINEN DER INSEL ANDROS 405

oewg, avEdveton Emiong 7 meprentindtng eig doythhov uetd 100 Badoug Tiic
HATOTOUNC.

T dpuntd thig dEYlAhoU TAYV £d0pdY avtdv Gmotehotviol rudimg &md
OQuntd THG Ouddog éxtaxtiic doufic 2:1. Avtd mbavdtata meodoyovrar dud
ouviéoewv dmo tO €8apndv ddiupa.

EE Shov Sowv Exouev elmel EGyeton &t 1O méTQpa mailel TOV Pactndy
6hov dLd TOV oynuaTopndV TV Edagdv atrt®dv. Evdstntinol AMEeic: Symuott-
opnog ééacpdjv ﬁnsgﬁaom(‘x TETQDOUOTA, (’mooéu‘)@(uoug TUQLTLRAV  EVADOEWY,
oxnuauouog véwv TADV, nséoyevn oEa&a opag éntomtiic doufic 2:1 Thv
OQURTOV GQYLAOU.

Literatur

1 Schahabi, S.: - Die Béden der Insel Andros, Institute Kanellopoulos, Piraeus-Drapetsona, Greece
(1976). ’
2 Liatsikas, N.: Bodenkundliche Forschungen IV, 4/5, 245 (1935).
3 Zvorykin, I.A.: - Soil map of the island of Euboea, Institute Kanellopoulos, Piracus-Drapetsona,
Greece (1936).
4 Krause, W.:Z. Pflanzenernihr. und Bodenkunde 99, 97 (1962)
5 Schahabi, S.: “Die Genese und okologische Situation der Boden der Insel Tinos”. Institute
Kanellopoulos, Piracus-Drapetsona, Greece (1974).
6 Schahabi, S.: Chimica Chronica, New Series 3, 29 (1974).
7 Novak, V., and Pelisek, J.: In M. Ceric, Z. Pflanzenernihr. und Bodenkunde 96, 115 (1962).
8 Bogatirev, K.P.: In M. Ceric, Z. Pflanzenernihr. und Bodenkunde 96; 115 (1962).
9 Ceric, M.: Z. Pflanzenernihr, und Bodenkunde 96, 115 (1962).
10 Koroxenidis, N., Polyzopoulos,NA and Simonis A.: Scientific Bull. Agric. Sta. Thessaloniki, 2,21
(1961).
11 Mariolopoulos, H.: “Climatic data of greek network, Meteorolog. Institute Athens (1960). .
12 Geologic map of Greece: Institute for geology and subsurface research, Athens (1954).
13 Philippson, A.: " Die griechische Landschaften Bd. IV, Vittorio Klostermann Frankfurt a.M.
(1959).
14 Marinos, G.: ' Geology and mineral deposits of Andros island, Institute for geology and subsurface
research, Athens (1954).
15 Schlichting, E. und Blume, H.P.: Bodenkundl. Praktikum. Paul Parey Hamiburg und Berlin (1966).
16 Mehra, O.P. and Jackson, M.L.: Clay and Clay Mineral 7, 317 (1960).
17 Schwertmann, U.: Z. Pflanzenernihr. und Bodenkunde, 105 194 (1964).
18 Hartge, K.H.: Z. Kulturtechnik 6, Jg. 193 (1965).
19 Wildman, W.E.: Jackson, M.L., and Whltng, L.D.: Soil Sci. Soc. Amer. Proc 32, 787 (1968).
20 Kubiena, W.L.: ‘Potassium Symposmm Intern. Potash Institute, Berne (Swntzerland) (1962).
21 Schellmann, W.: Geol. Jahrb. 81, 645 (1964)
22 Krauskopf, K.B.: Geochim. et Cosmochim. Acta 10, 1 (1956).
23 Franz, H.: Feldbodenkunde. Verl. Georg Frome und Co. Wien (1960).
24 Maksimovic, Z.: In M. Ceric; Z. Pflanzenernidhr. und Bodenkunde 96, 115 (1962).
25 Ragg, JM. and Ball, D.F.: J. Soil Sci. 15, 124 (1964).
26 Schahabi, S.: Z. Pflanzenernihr. Bodenkd, 6, 657 (1976).
27 Rukavisnikova, U.A.: In M. Ceric: Z. Pflanzenernihr. und Bodenkunde 96, 115 (1962).
28 Venaile, F and Van der Marel, HW.: Beut. Mineral. Petrog. 9, 194 (1963)
29 Kanno, L., Onikura, Y., and Tokudode, S: Soil Sci. and Plant nut. 11, 225 (1965).
30 Jackson, M.L.: Chem. Soc. Monog. 160. Reinhold, New York (1964)
31 Jackson, M.L.: Soil Sci. 99, 15 (1965).



Cbimika. Chronika, New Series, 6, 407-432 (1977)

EPTAXTHPIAKH IIOIOTIKH AEIOAOrHZIX 14 EAAHNIKON
AZBEXZTOAIOOQN AIA THN XPHEIMOIIOIHZIN AYTON EIX THN
EAAHNIKHN BIOMHXANIAN XAKXAPEQX

KQNEZTANTINOZ M. EIHHTANOZ xai AHMHTPIOZ =. MHTKAZ

"Eéga Tevixfic xai *Avopydvov Xnuuxijc Texvoloyiag tov ’Agiototedeiov IT avsmammov Bsooaho-
viung, Oeo/viny, EAAGG

CEMpdn v 31 *Ampihiov 1976)

Hepinyig

Eic ™\v mapotoav ggyaciav yivetow mowotx dEohdynoig 14 devyudrov dofeoto-
ABov pt wdorov oxomdy Thv yonopomoinow vmd thc EAAnviniis Blounyaviag Sonydoe-
¢ TS ®atoAAnhov ngd)‘mg TAng S v nagaywyf]v &oﬁéorov.

Ta detyparo tod ao[ﬁsotoMﬁov EMednoav &rnod 6 6Lacpogetmag mEQLOYAS TS
Bogetov EM(xﬁog, gx TV Omoiwv ngop.nﬁsvovrat aoﬁsoroku‘)ov T EQyootaom
Sanybdeews, t¢ 8¢ yonowpwomolnFEvia nQL'mQLa dEwohoyrioemg noov xveiwg 1 raxvmg
wazoxadicewe, 10 dvadéowpov CaO xal 1 6omp.n AvTLdQaoTIROTNTOG THS TaQAYOREVNS
Vo éLacpogovg ovvifrag ﬂsgumng uatsgyaomg doPéotov.

Ex tdy anots}»souatwv aile nagovong p.s}»emg évvatat v& 8Eay 9] 16 ovpégaoua
311 motoTnde Hégregot doPeotohidoL elvar suswm v O’ Goud. 7, 12 nal 2 derypdTowv.

‘Opoloyia: AcBeotog, rounxavia Zaxxdeeng, "EQyaomoLoxh mototixd) 4EoAéynois "Aofe-
otoMBwy.

Eicaywyr)

Eic mv Btounxowiow Saxydecwg yenowwomooBvtor pueydhar moodTnTeg
aoﬁaorokn‘)ov o v évt(‘)g 70U égyoowciov nagayww‘]v dopéorov. ‘H dofe-
otog abTy, VIO uogcpnv yaka%rog, (ug xal 10 wapayopevov droEetdiov Tov
owﬁgaxog XONOLUOTIOLOTVTAL, G YVOOTOV, £ig TV Stadunaciov xadaguopod Tov
¥upoD.

"Ext0¢ Tiig mtooavopeQopnévng xkaoomﬁg x@nomonow']oawg e doﬁéorov
gig mv Blopnyaviav Eomxagswg, attn yxonowomoleitar éxiong xal dd mv
nagahaﬁnv g, oomxagswg €x mg uekaoong (uédodog Steffen) !

Eic mv xwgow nog uSXQL onusgov ) uéhaooa dev xoaxyaQotToL. “Onwng
gvdéyetan eig 1O uéAhov va yivy éxooxydowols Thg pehdoons, éav Quotkd ol
ngoﬁnoﬁéoatg g0voficouv TolTo.

uéﬁoéog Steffen éxoaxxago’ooewg T uehdoong omgl',CsmL gmi T
uerargom]g 0V xakauooaxxagov avtiic eic &didAvtov oomxagmov aoﬁeouov
T Xgnotuonomou xdveme doféotov, draymwotonod avtot did dindfoews xal
ROTOTLY DLACTTACEDMS TOV.

‘H mwoudtne Tiic yonowomorovpévng &doPéotov eivar xpiowog magdywv
gmtuyovc épaouoviic Tijg uedodov.



408 K.M. SIIIHTANOZ, A.Z. MHTKAZX

~ “Evexo tév wpoovagpegopévav Mywv, eig tv mapoboav éoyaoiav nota-
Béihetor mpoomddeia morotxrils dElohoynhoews doPeotoriBwv drapdoov mpoe-
AeV0EWE, UE AVTIRELUEVIHOV GROTTOV TNV cupBorTv eig Tv EmthoynVv Tiig noToln-
rotépac modng VANg Sud MV ToQOywYNV HROAVTEQAS, HOTO TO duvatdy,
moldTTo¢ doPéotou.
Extoc g Bopnyaviag Zoauyxdoems, td cvpmeQdopnato ThHg moovong
goyaoiag da ﬁéﬁvavro ’L'ou)g va, x@nmp,on:omﬁoﬁv ol sig GANovg Brounyovinovg
#xhadovg, dedopévov &tu 7 Bofeotog Exer mhelotag doag Epappoydac.’

OzwpnuKOV uépoq

Ol Boaourmtegot nagayovteg ol omotol Emidoodv &l Tijg mOLGTTOG Tig
Brounyavinidg nagayouevng aoﬁem:ov elva 1) ou:e)mg 6Laonactg 10U doPeoToh-
Bov (dvdmnoig) xai f naQarswusvn ﬁsgp_owotg avTod eig VYyMAag deguonpaoi-
0g (dredmnoic). Eig ocucporsgag TO¢ mEQUTTOOELS T Aopfavopévy BoPeatog
VOl TOLOTIADG RATWTEQCL.

Eivouw duvatov €€ doBeotoliBov dyYmiiic moldttog v mporhyy &oBeotog
youniiic mowdtntog, Gtav 1N mdpwolg elg Tog *atorinhovg Fegpuongaciog
wagoatodf 1 Gtov muowdi eig f)wn)»dg Feopongaoiog &mi pangdv XQOovIrov
didotnuo.

‘H ﬂ;a@aymyn xaun)mg nomtntog doféotov €€ mpn)mg modtTog dofecto-
MOwv dpeiletal gl TV ®oTOOTEOPNY THC doufic 10D oreAeTOD TAHV HEVOTAMA WY
g ngdmlg ﬁ)»ng, YeYovog 1o dmotov gxeL o¢ dnoré)»souot oV OXnuauop.(‘w
oUITayolg xal oxeTikdds ddiomepdoTov aoﬁsorov év ouynploel pu¢ dopfeotov
idovinot mophdovg.?

H mdovémg vatooteentndv dnoteleopdtov €€ Vymidv Jepporgacidv
og %ol Gondmov wOoQOtTdoews TiC dLoQKElOS TUEMOEMS TOV Tepayimv Tol
doPeotohitov, tic Thv meQimTwoLY THV HATOX0QVPWY KAPEVLY, 00EAVEL ®od’
doov 1 Jepuongocia &vidg avtav vregPaiver tovg 898°C. Mohovdt 1) eguo-
anOLa TV 898°C eivou x@imuog S TV 6L@0:ta0w 00 CaCO3, Jt@c‘)g énﬁ:sv%w
raxstag HOL anvonomnxng 6L8L06vosoog rng JeoudTnTog svrog OV TEpoyimv
00 aoﬁeo*co)wﬁov N Jeguonpacia &viog 100 xhfdvou meémel va eival TOAD
vynrotéoa adTHG.

Kotd tov R. Boynton &V &xaotov doPeotdhdov vmdoyer nio Pertiom
ﬁsguon@aoﬁa 1Ol taxﬂmg ﬁagudvosmg, Vo rdg odmoiog happdvetal 1‘] HOAVTEQOL
nowunwg dofeotog, ®ai ai émotal dvvavtal va ngooétoetoﬁovv UOVOV TTELQOL-
HOTIR@C.

"Ex tév dvartéom moonvmtel &tL elvar dmapaitTos i YVOoLS Tig CupumeQL-
popls €ig mv FeouLunv xarsgyocotow TV étacpogov mpoehevoemg aoﬁsoroh—
Vv, d10TL givor TQANTIRDG AvEQPLUHTOG 1) Qv{’rmotg g ﬁsguougamag ®OTO rnv
xaﬁoéwmv 6La6@ounv toU -doPeotohiPov €viog tov xMBavov o nal f TayxvTng
®a3600v 0HTOD eLg Td em{‘rvpmta émimedo.

Ex @V dvotéQw ovvaysmL ST aoﬁsorohﬁm DYMAIG naﬁagomtog ahla
srm@sa@ousvm ueyGhmg éx tdv ouvimrdv Tig ﬁsgumng natseyaomg glval
nowrmwg natdtegol GAhwv €€ foov xaﬁang TTATV € ouoog oMywtsgov Vmonewé-
vov elg dvopeverg &ndpdoelg TV TowWeVTOV oVVINH®Y, o drdPeng Tapayo-
uévng aopéotov.

Eig v magotoov €oyaoiav pehetdtol 1 CupmeQLpoQd eig v Depuixnv
noteyaociov devypdtwv dofeotolitov diapbdoov mposhevoews (Ex meQLoydV TG
Bogetov nwpimg ‘EALGD0G). Ta dmoteléopota EAéyyovtar dud rotarlfiov,
dedvidg mapadedeypévary, Tpoadioplop®dy &rl Tig magoyouévng doféotov.



MIOIOTIKH AEIOAOTHEIE AXBEZTOAIOQN : 409

Ieipapatikov Mépoc

Xonowomoindévra vAixd:

Agiyuata dofeororidov. Ta 6e£yua1:a TavTa, 1410V dordudy, EMginoay
£ SLopoowY negtoxwv ths Bopelov, nvotws, EAGdog, yapaxtnoifovion (‘)8
AeTTONEQMS ELg Tov wivara 1.

‘Qg xorrAgLov dud TV xotdTaEy avtdv eig ouddog EMedn 6 Tomog
TEOEAEVOENS TOV.

DPOTLOTIROV TETOEAQLOV. Totro gxonowwomodn ag uéoov S oV Jquoét—
oplopov tov eldLnot ﬁa@ovg TV aoﬁeorokm‘}wv

"Avtidpaotiota Sud TV ynuurdly dvalvow tdv derypudtwv.’

Kahauoodxyapov 8o 1OV mpoodiogiopdv Tig dadeoipov moodmroc?
CaO.

MINAE 1. Témog ﬁgo&laﬁagmg uedemndéviov dofeotor{fwv xai rnardrakis avrdv xa’ duddag

‘Oudg o/a Témog mooehevoewg ’Ovopatenmvopov Idoxthtov
deiynorog Aatopetov*
1 1 " ’Ogeotidg - N. Mdxon Mnrdons A.
2 ’Ogeotiog - N. Mdxpn Nohpwdving Z.
3 HEdavin Homofaoiheiov (A)
2 4 Edvin Homrafaoctheiov (B) |
5 Edvin Mouddtoog - Wdhing
6 Edvin Aahapmérag
3 7 Koafdra - ITovioriBado  Bovyiouxhiig - Nuxohaidng
4 8 Beooorovinn Tagaoctdng
9 Zéppan Xoatniiddng
5 10 Zéppon ) Taiong I.
11 Séooa : Bcsopavidng
12 Zéooa Aovpevtidng
13 Adgroa - Todyelu 'Ka}»agout&%og T. - Tookog A.
6 14 Adowoa Mmnapeg A. - Harwoagvduuiov

* Té otouyeta 1ol wivanog L, el 8,1 dpopd Tovg idloxtitas tdv Aatoueiwv, dvapigovra glg
10 &rog g derypwoatoryiog, dnh. o 1974,

THooxarepyaoia deryudtwv dofeororitov
Ta Mngdévia Beiyp.ara éﬁgaéoﬁnoow* ral ®otdmY HoreTuImoay ™ *
’Ex TtV tomvmv ngoxatsgyamow VITOOTAVTOV 6swuam)v 6L£X(Dgtoﬁn
31 noonvioeme 1O %omcoueerov %kaoua -4+2 mm, g€ adtol &¢ £)mcp1‘}n0av
dvumeoowmevTind deiyuatat dud TOV mEoodLogLopdv ToT £idvoT Bdoovug, ThG
INULHAS ovoTdoeme, ®addg xal dud v Jeouunnv rategyaoioy.

ITgoodiogtouoi ént t@v dofeororidav
duoixol nQooéaOQw;wL

ngua To yodua Exdotov 6ewua1:og nQooéthLm‘}n SV amhi mapaTnon-
oewg, T& 0& Angiévia dmotehéopnata magéyoviar eig Tov mivana II.

* A0 {ENOLHOTOVACEWG OPNVOG Kol opLELO
** Tf Bondeia ovayovoedotc Fpavotipos (Denver Jaw Crusher type “H™)
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TIINAE II. °AnoreAéouata mooodiogiouot eidixod Bdoovs xai yoduaros

o/a Xo®dua Eidwxov a/a Xodpa Eiduxov
delypatog Béeog deiyparog Bboog

1 Kogpe tepodygouv 2,69 8 Kape &vointov 2,69

2 Tepodypouv 2,70 9 Agunov 2,70

3 Agunodv 2,69 10 Aguxdv hapmeQov 2,68

4 AgunOv hopsteQov 2,70 11 Agundv 02,70

S Kapt 1epdyeovv 2,70 12 Tepodygouv 2,71

6 Agvrdv tepedyoovy 2,70 13 SroTEWOV TEPEOYQOVV 2,70

7 AgunOv AopmeQov 2,68 14 Snotervov Te@ebygouv 2,69

EiSunov Bdoog. ‘O moodlogiopdg 00Tog 2yEVeTo’ CUUPAVME TEOS TV
uédodov tiic A.S.T.M., 10 8¢ Angiévta dmoreréopoto TOQEXOVIUL €I TOV
wivoxo L.

Ex 1@v dmoteheopdrov 100 mivaxog Toutov cuvdyetar &t al tipol 1o
etdwmotl fdoovg Shwv TV deryudtov 100 dofeotoritov ebpionovial §viog Tdv
doilwv, 1@V moagexouévov Hmd T PLfrioyoapiag® 81 dopeotorioug frounyavi-
i xefoems.

Pwroypdenos. H gpotoypdenolg £yéveto €mi AemT@V TOUDV €% TOV
devyudrov, 1 Ppondeig molwtnod mwrgooromiov, Vo pueyéduvorv-1x133 pe
OHOTTOV TOV OUYHQUILXOV TTROOOLOQLOUOV ToD ueyédoug 1dv ouvIoTOVTIOV TOVG-
dofeotoritovg snovotdhhwv.

Al Mngdeioor potoygopior mapéyoviar gig 1og Elxn. 13-26.

Ex tiig p.e)\érng BV POTOYEAPLDY o0tV cuvayetol 6t ol peyolitegol
unpYotorrol, ol 6motoL ouvavidvToL evrog TV xgnomonomﬂsvmw aoﬁsoroh-
Jov dev vnsgﬁawovv T 2 mm, yeyovog 10 dmolov eivau peyiotng onpaosiog eig
8,71 Aol TV ouprtepLpoEay TV dofeotoritwy gic 1O oTAdL0V TTig TROoTeQUav-
oswg6 (oxboig nal dmooddomolg avTdv).

Xnurrol TEoodiogLopoi

Xnusnr) oﬁom(ng ‘O teoodLogLopos 10T Ca nol Mg €yEéveto oupmhonopue-
TGS (E.D.T. A) TV 3¢ houmdv orou‘}p.mu)g Td Aneévra dmoteléopata
mapéyovtal eig tov mivaxa III. )

Ex TV TWMdv 100 mivorog to0Tov ouvdyetor &t Sha o peremdévia
deiynota dopeotorifov gvpionovtal, dmd ddpewe yMuiriic ovoTdoews, Eviog
v EmdvunTdv dptwv dud Thv xonowwomoinaly Twv eig T™v Zaxyaeoflopnya-
viav.®
Oeomnt) ®aTEQYOTIQL :

“Brootov & tév devyndtov 1ol doPeotoriBov vmePindn el deomnnv
rnategyaoiov, ué AVIHEPEVIXOV OHOTOV TOV TEOCOLOQLOUOV TOU %#QLotuov
xodvov draomdoemc* xai ™V magaywynv &dopéotov.

Kolowog xo6vog Siaomdoews. ‘O mpoodloglopnds 00Tog YEVETO Pg AVTLXELUEVL-
ndv onomov v elpeoty T@v feltioTwv cuvinxdv xpog mogaywyhv doféotov,
67])»(16’?1 (’xoﬁéotov &nn)»)»a'yuévng, #atd 1O duvatdv, dvomtov doPeotoridov xal
DLEQomTOV ngomvrog, o miong kol TV GrOQUYNY GOROTOV XaTOVAADOENS
deouuntlc évegyeiac.

* Qg w.gwl,ptog xgovog (5LOL(maaa<ng Ond dodeioav Feguoxpaaiav Opiletar 4 xgovmn
Siépnero TVEMOENS, TEQOV THg dmolag ovdeuia aEu.okoyog andrero fdoovs Aopfdvel xHoov.
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MINAE 1. ‘AroteAéouata ynuixdv avalioewv

*Amodhero Ol

o/ TUEDOEWS Fe,03
delynotog + SiO, + CaO MgO SO;
wyoaoia Al,O5
1 43,89 0,32 0,47 55,12 0,65 —
2 43,97 0,17 0,23 55,13 0,53 —
3 43,99 0,24 0,18 55,25 0,72 —
4 44,12 0,08 0,22 55,27 0,71 —
5 44,16 0,23 0,48 55,90 0,30 —
6 44,02 0,23 0,68 55,16 0,47 —
7 44,08 0,31 0,20 55,70 0,15 —
8 43,85 0,14 0,48 55,32 0,18 —
9 44,08 0,21 0,09 55,21 0,33 —
10 43,94 0,21 0,36 55,02 0,79 —
11 44,24 0,19 0,21 55,69 0,16 —
12 44,17 0,11 0,15 54,40 1,10 —
13 43,71 0,16 0,31 54,96 0,23 ixvm
14 43,92 0,31 0,47 54,98 0,84 ixvn

IIp6g totUTO éushsn’]ﬁn ] didomaolg TV doﬁsomMﬁoov Vo owﬁsgdv
Jeopoxrpaoiov, ovvagmost i 6LansLag nvgmosmg ‘Qg ﬁsguoxgamm VM-
080G sﬂ:sksynoow ol 1®v 1000°C »ai 1100°C dudm odTow givon od ﬁsguoxgaotm
ol émxpartotoon eig Tdg LOvag TuEdoews TOV xoTaxoQUewv dopeotoxauivov’
(Belyrxo® Tdmov), ai 6moial yonowpomototviol eig 1 "Egyootdoia tiic ‘EAMvi-
xfig Bropnyoviag Saxydoews.

‘H perém 1iig dwaomdosws, eig Shog Tag meQurutdoels, &yéveto &mi
delypatog dofiectoridov Pdoouvs 30 gr xal mepLoyiic pueyédoug xduxwv -4+2
mm.

“Enxoaoctov delypo Etiveto éviog ywvevtmotov* xol £romodereito éviodg
nAextouxdds Uepuarvouévoy xMpdvov** émbuuntiic Geppoxpaocios, 1 Omoio
NAéyyeto dud depuonhentownod Levyouvg***.

‘H mogsia T droondoens mognrorovdeito duuéows, dnhodn dud Tiig
anwhelag Pdoovs cuvogtiosl Tig drapxreiag muomoswg &mi xkeExwELOuévav
AVTLQOCMTEVTIXGDV detyudtwv éx 1MV dofeotohitwv.

To )cncpﬁé'vta drotehéopoTo TaEéXovIoL dLaYQOUUOTINDG RATO TEQ(MT®-

ow eig v Eix. 1.

’Ex t@v 6Lowgaptpta-coov TOVTOV JIZQO’MUJIZ'C& St dud tag ﬁsguoxgamag TV
1000°C noi 1100°C d¢v dplotatal diagpoed g TOV ®olowov xebvov daomdosng
uetagv tdv drogpdowv derypdtwv dofectoridov, ol 8¢ xpiowpol xobévor dLaomé-
ogwg elvar 25 min xol 15 min &vriotoixmg, yeyovog ilyeyovoc 10 Omoiov
evplonetal &v ovppovig pe 1o Y70 10U Furnas'® mageydueva dedopéva.

Hagaywyn dopéorov. ‘H ndoworg 100 dofeotohidou aywsto Vo dLops-
Qovg éxdortote ovvf}nuag ﬁaguougamag nol 6La9xetag Jwgoooawg ne owuuama—
VikOV onomoOv TV ueétv Thg émdodoews avTdvV Emi TV L6L0‘IZ’I’]‘IZ(,0V il
na@ayousvng doPéotou.

* T Xgnotuo:rtomﬁevra YWVEVTHOLL noow Tinov 79 MG/6a tod olxov Haldenwanger.
** ‘O wAifavog fro Timov KR-260 100 oixov HERAEUS.
*** PiRh-Pt
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ELg 8,71 Gpood TV Yepuoxpaciov Tuomosws ol ecpa@uo?;ouevat ouvifroL
Exovv g Gxrorovdwe:

Tomotétmolg 100 OGS mipwowv deiypatog dur’ evdeias eig xAPavov
Jepuonpoaoiag nvgwosmg

TomodémoiLg 10T mEOG mJQooow delyparog Sl,g uM[Sowov ﬁsguoxgaotag
meolpdAhovtog nal &v ovvexeig mpoodevTiniic Avuydoemg adThc &ig TV
ﬁsguoxgamow m)@u)osoog
a. Zvvﬁnxm amr gvﬁ&ag ronof}smoemg T0D éswuarog eig xhﬁavov ﬁsguoxga—
olog mupwoewe. Elg v meplntwowy tadmv al ouviijnon :rwgoo@amg noav oi
androvdoi:

O¢gpponpooio 1000°C, didorero Tvpdoews 25 min.

Oepuoxpooia 1000°C, didoxrero mvpmoewg 3 hr.

Bepuonpaocio 1100°C, diGoxnera mvomdoewg 15 min.

O¢eppoxrgaoio 1100°C, dudprero mvpmoewg 3 hr.

B. Zvviinon mooodevtixiic dvuydoemg g Feppoxgaoiag ot delypatos. Katd
Tavtog N aviywols Tiig depporpacias éxn 1@v 20°C eig tovg 900°C éyiveto eig
¥eovirdv drdotnua 85 min, éx &8¢ 1@v 900°C péxor 1100°C &ig 115 min, &vd 1) &v
ovveyelg YUEg péyerg 900°C eig 65 min. Kotd ovvémewav 10 delypato
roéuevoy glig TV Loy muehoews ovvolu®s énl 3 hr (Eix. 2).

Metd 10 méQag Tijg Veouinig %atagyaoéag T 6s£yuara g doféotou
&Efyovro éx 100 %)»Lﬁowov sronof}eroﬁwo ngog wﬁEW &vtog vahivou Enoav-
THEOg ®ai &V ouveyely eywowo &’ attdv ol dmogaitnTtol ngooétogtoum

Al L6Lornrsg tiig oltw Tagayopévng 0(0[3801:01) exgnmuonomﬁnoow Exd-
0T0TE OG ®OLTNELOV TTOLoTLxTS GELohoyNoews ToU Gofeotohitou éx 10U dmotov

adtn moanyom.

Ipogbiopiouol éni TAHC moQayousvns aa/a’earov
duownol TEOGdLoELoNOL

Xodua ydraxtos doféorov. ‘H magayopévn dopeotos éx tdv O doid. S
wol 6 deryudtwv Gofeotohitov Edwoe yaha yobdpatog ragpeptdoov. Todto
mdavov va dpeiletan gig THY NOENUEVNY TTEQLEXTIHOTITO? TOV B¢ v derypdrov
doPeotoridov eic Fe,0;. Al mopoyduevar doPeotor €€ Shwv tdv GV
deryubtwv dofeotorifov Edwoav yGAo yoduatog Aeurod.

Kam%o’zﬂung. ‘H doxriun) g »atonadiocews™ éyévsro O1d Thig nedo6dov g
dnorovdoupévng Hrd Tov Numans-K. Douwes Dekker,'! ué pévnyv 6Lacpogow ﬂ]v
x@nomonomﬁswow EOG opsow gl dopéotou nooornra Bdarog. At &xvpal-
veto amd 10 wg 20 ml, fto 8¢, dg 6Lsmomn‘}7], ovvagmotg TV oVvvINR®V
Feomniic xatepyaoias tot dofeotohitov éx ToT 6moiov meotnv ey 1 dofeoto.

‘H magaxorotdmoig thg noatonadioswe éyéveto »ald dolouéva yoovind
dwooriuato T 8¢ Angdévio dmoteléopata, Exmepoacuéva gig Oyrovg &v
alwEfoer 0teQeol OUVOQTHOEL TOT XOOVOU, TOQEXOVTOL OLOYQOUUATIRGDG HATH
neptntwow eig tag Ein. 3-7.

Ev mooxeuéve o péoov ovyxQioems Tiic xoatoxatioews tiig doféotov,
¢ mopoyouévng &x TV Btoccpégmv deryndrwv doﬁs’orokfr&ov nol Vo dagd-
oovg ovvirinag Yeguurilc xateoyaoiag, happévetar f) Tiun Ah (2 hr)11 i Ah (24
hr) (Hw VI) dnh. 6 8ynog eig ml tdHv &v alwofoel otepe®v eig xobévov 2 hr 4 24
hr."?

Ex t@v TLn@®v Thg Ah (2 hr) ovvayetar 8t €€ Gmdvrov 1@V pehetniivioy

* 0 yenowomomdels wEdg ToTT0 dynopetLxds xUAVdog fito T@v 100 ml pé Ecwteourny
dudpetoov 2,4 cm.
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aofeotohiVwv, oweEagmm)g TV ovvﬂnumv Feouinig xon:e@yacnag, TRy O
aoBeotog sgatgetmng gmg mowonomumlg movdtnroctt dud v ZoxyaeoPiopn-
xowww (Hw

EE dMov mogoatneettor adEnolg tédv tpudv Tt notaroadiosws ot
yGhoxtos tiic doféotou Tijg magayouévng eic depuornpaciov 1100°C év ovynpi-
ogL ué v magoyouévny eig deguoxgaciov 1000°C éx tot idiov dofeotolidou
%ol OO TV avThv . dLdoxElov TUEADOENS, YEYOVOS TO Omolov dUvatol va
dmododi} eig TOV oynuaTioudv %ol VITEQOTTOV TEOIHVTOG. .

*Avéroyog ovumegLpopd 3o dndpems ratoxadiosms tagetontn xal ig
10 yéha thic doPéotov 1) dmoia magriydn Vo Fepuonpaciov Tvohoems otodegdv
nai tonv ué 1100°C xol o dudpreray Spws muewoens 3 hr, &v ovyrploel pug Ty
t6yv 15 min. Eig T)v mepintwory Spmg adEfoewg tiig diaoxelag muodoemg éx T@dv
25 min ei¢ tag 3 hr, Ym0 depuonpaociav 1000°C, dev magetnehdn &Ewdhoyog
afitnoig Tiig rotaxradioewe. "EEaigeotv év mpoxewuévey dmetéhecav to v doud.
1 noi 3 deiynata, td Omoto évepdvicav atEnowv thg xataxadioews. Télog 1
moowoig dud wpoodsvtiniig dvupdosws tig Sepuonpaciog paivetal St Hiepéyel
amd dmdyPems moLdTNTOg TaEAYOUEVNS AOPEoTOV, YEYOVOS TO 6TT0ToV dUvoTon va
dmwodody) eig TOV OYNUOTIOUOV MxEOTEQAGS TOGOTHTOG VIEQOTTOV TEOIGVTOG £V
ovyrploel pue Ty &’ evdeiag mVomaolv xol 1l TV oV dLdEHrELAY TOQAUOVTS
Tév deryudrov glg v Thvny muedoews. Tovto ebpionetal év ovppvig xal ue
T0¢ QmOPelg Tot Muray.™?

’EE Shov TtdV dwmtégu) xadioToTon oacpég 8t dhov ol us)\amﬁévtsg
aoﬁsorokm‘}on dlvovtol v uawrayovv smg ™y 4nv uon:’r]yogtow HOTH Boynton
n)\nv TV aoBsoroMﬁwv O dod. 1 xai 3. OvroL SVvavton v raTaToyovv eig
v 3nv xatnyopiav.

Xnuxol mpoadlogionol

Avadéopov CaO. ‘0 ngooétogtouog ovrog aEsrs)»eoﬁn ovucpuwwg n@og
™y uédodov thg A.S.T.M.,"” gyéveto 8¢ mEodg elpeowv To¥ 1OCOOTOD TOU
ghevdéoouv CaO eig v nagaxﬁeioow dofeortov.

T MWedévia ix 101 1eoadLogLopot TouTtov dmmoteléouata TaEéyovTal eig

-~ ov Iiv. IV.

Ex 16V TL@v 100 mivarog toitov ovvdyetor 6t dmavtes ol pehetniévreg
doBeotohidol, Vprotduevor votegyaoiay depuundg Vo tag 710 dvagpegteioag
ouvifrog, mapéyovv dopeotov VYNIg mepLexTindTOS £ig dradéawov CaO. Al
uua‘t 0T 6Lou‘)somov CaO 8hwv t@V deryudtov g (’xoﬁéorov gbpioxoval
vnsgowu) TOD owwrsgov 6ptov TV TLUDV ww soofhemouévav VId TV TEOdLA-
yoap®dv dud v Btowr]xawav Sonybeews. M

"AvTidoaotixdtng. Avd TOV TR00dL0oLoudV Tottov firorovdfin 1) uédodog
i A.S.T.M.,"® ué tivag teomomowoels, éyéveto dt modg eligeow Tijg ixavdtntog
10G Gvtidooorv ped’ Hdoatog ol dradeaipov Ca0. TTpog tovTo EYonomomotriin
Seiyuo dopéotov 15 gr, 16-6moiov ¢oBéodn d1d 75 ml H,O éviog doyelov petd
v toyoudtov (Dewar), ¥povg 17 cm, éowteouig drouétoov 4 cm xai
gEwTeQLrflg 6 cm.

* Al oyeunal ngoétowgacpal, i1t natoxddiow eig 2 hr Exouv dg e&ng Bynog &v alwehoet
otepedv 100-95 ml, mowdng e&atgeum] (E). ”Oyuog 95-90 ml, woidtng uakn (K). "Oyxog
90-60 ml, woudtrg ixavomowtuxd] (1), Oyxog uaw)regog t@v 60 ml, woldtrg HmodeeoTéQa

(Y).
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MINAE IV. Twai Siadecipov CaO eis v mapayouévny -dofeatov, ovvapmioer t@v ouvinxrav
Jeouiriic xategyaoias :

TTlooétng dvadeoipov’ CaO %

Suvirol Feouuxiic xategyooiog

o/a An’ evdeiag ‘Hopavorg TIgoodevtixn Géguavorg
delypatog
1000°C 1000°C 1100°C 1100°C Zdvn TUemoEng
900 —1100°C
25 min 3 hr 15 min 3 hr . Xobvog magapoviic 3hr
1 95,97 95,40 96,10 94,35 96,37
2 96,29 96,15 96,20 95,03 96,00
3 96,31 96,17 96,00 94,80 95,92
4 96,20 96,12 96,32 95,12 96,73
5 97,00 96,41 96,96 95,95 97,40
6 96,18 96,02 96,14 95,45 96,40
7 96,95 97,01 96,81 96,05 97,00
8 96,23 96,05 96,70 95,60 96,54
9 96,20 96,17 96,18 95,32 96,39
10 96,03 96,00 96,05 95,18 96,08
11 96,35 96,28 96,12 96,00 96,48
12 95,02 95,00 95,07 - 94,94 95,13
13 96,01 96,00 95,87 94,70 95,28
14 96,17 96,01 96,10 95,10 96,00
T T T T T T T T T T T T T T T
. |
1000 l 4
l
L | ]
s | | | 1
Z | I I
A 1 I 1 ]
2 | | - |
g | | I } ]
x
: | | |
a 500 | o
N | | l
L | _
| | |
L Lovn | Tavn | Twvy | 4
mpoBeppavoewg | TUPpWTEWG } yigewg :
L I J
| | |
i | | 1 ]
| | |
L 1 1 1 ' 1 ] 1 I 1 ‘ 1 1 1 l A z 1
o 100 200 300

Xpovog (min)

EII?QN 2: Toaguun mapdotaows s uetaforfis ijs deouoxoacias tot xMfdvov ovvagmioer toT
xo6vou.



TIINAZ V. Howbtne Goféorov mapayouévns €& dofeotorldov Umd Siapdpovs ovviixas Seouinijc nateoyaoias, ué xoimjoia v xataxddiow xai
avnidpaonxdtnta

*Avudgaotxding Katoaxdtolg
AT gvdelag FEouavolg ) ITpoodevtinn Féouavolg AT evdeiag Féouavolg TTpoodevtinn Féouavolg
o/a 1000°C  1000°C  1100°C  1100°C Zavn Tuehoewg 1000°C  1000°C  1100°C  1100°C -+ Zdvn TueMoeEwg
deiyuatog 900 — 1100°C 900 — 1100°C
25 min 3 hr 15 min 3 hr Xpévog magapovis 3hr 25 min 3 hr 15 min 3 hr Xopbévog mapanovig 3hr

1 Y* Mtt M X*t* Y Ktt I**ﬁ I Ytt** I\‘

2 Y Y Y X X E* E E K L.

3 Y X X X Y K K K I E

4 Y Y- Y X Y E E K K E

5 Y Y Y X Y E E K 1 E

6 Y Y Y X Y E E K 1 E

7 Y . Y Y X Y E E K K E

8 Y Y Y X Y E E I I E

9 Y Y Y X Y E E I I E

10 Y Y Y X Y E E K K E

11 Y Y Y X Y E E I I E

12 Y Y Y X Y E E K K E

13 Y Y Y X Y E E K I E

14 Y Y M X Y E E I I E

* Y= dynin *E = gEowpeTint
**M = uéon ** K = %ol
X = yaunin *** 1 = (xovomoLnTixy
Y = 9modeeoTéQ

91y

IVIALHNW X'V ‘TONVIHLIZ ‘W
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Ta Anedévia dmotehéopota, éxmepooopuéva eig diogpopdv Yeguongaociog
ovvoQThoel Thg dlopxeiag dvildodocwe, TOQEXOVTOL SLOYQOUUATIXAG XKOTO
aepintwowy eig tog Eix. 8-12.

Ev mpoxetnévy 0g péoov ovynploemws tiig avidoaotindtrog thg dofé-
OTOV, METAEY T@V Oopdowv doPeotorilwv xai vmd diapdoouvs ocuvvinxag
Jeopintic nateoyaoiog, Aaufdavetor 1 tium

ATmax

A tmin

dnhadn 6 Aoyog peyiotng avEnoews g Yeguoxgaciag AT, dud ToD &vTioTolyov
yodvov t émitedEewg Thg Yepponpaciag tave.

Exn 1@V TWwdv Tiig dvridoaotixdtntog (Iiv. VI) éEdyetol 1O ovpmégaono
8tL attn pewoltal ovvaptioer Thg Jepuongaoiog nodmds xai Tiig diapxeiog
TVQAMOEWG, YEYOVOS EDQLOROUEVOY £V CUUPWVIQ UETA TTiC oxeTuxtic fLpAioyoapi-
ac.'® “H towowt upelwowg magatnesitar xveiwg eig tiv deguongaciav tdv
1100°C. Eig v deguongaciav t@v 1000°C oddepio dELOLoyos petafoly) tiig
AvTLdQaoTIRdTNTOG TV SELYUATWVY TaEETNENOM, TNV TS TEQUITTMOEWS TAV VT’
o1, 1 »al 3, eig ta Gmola guelddn onuovTixde.

EE &hhov 1) mpoodeutint) Féopovors Emded eduevds &ml Tijg magoyouévng
dopéotov, dudm olitwg AmogevyeTol ) peydAn nelwoig tig vtdgaotindtntog o’
avEfoewg Thg drapxreiog TVEMoswe.”

"EE Shav 1@V dvartéow rodlotatal oageg 611 dmd dndypems dvidoootind-
™TO¢ THig doPéotov ol &oPeotOhidor duvavtal V& RaTATAYOUV GITAVTES EIC TNV
4nv notnyogloy® mMyv t@v dofeotoridwv Y’ doud. 1 wal 3, ol omoiol
xratotdooovtar € v 3nv xamnyopiav. TO yeyovdg tolto gvgloxretor v
ouupvig xal ug to &motedéopota Tiig rotaradiosws (CI0¢ oegh. 414).

Su(noig anoteAeopdtwy - Tvpnepdopata

Ex t@v pelemnéviov doBeotoridwv, ol dvirovieg eig thv idiov ouddo
d¢v évepdvnoay onuoviirds dLagodg eig 6, dpoed T ldwdv Bdoog (ITiv. I1),
mv Xnmm‘]v ovotaoly (Iiv. III) %ol TOV xgiomov xgévov 6La(mdoeoog (Eix 1).
"Entiong 1) €€ adtdv na@ayousvn doPeotog megLelye THY otV TTEQlmov moodTHTA
6Laﬁ80mov OEELESLOU TOD aoﬁsomov (ITiv. IV).

‘H mowotxt) dEwoddynowg 1dv dopeotohidwv gotneiydn xvolwg &mi g
avTLdQaoTirdTTOg Hal THG *oTaradioews* Thg magayouévng €€ avtdv &ofé-
oTOoV.

IMpdg digvrdhuvory eig v GEoAdYHoL TV doPeotoriBwv oBtol, Mg 7jon
avepéoln, natetdynoov eig 6 opddoc (Iliv. 1), &x 1@V Omoiwv &miéyetan O
TOLOTLRAG DITEQTEQOG.

‘Qc galveton & OV TLpdV THg ratoaxadioemg dua tag 2 hr (Iliv. V), 1
magayouévy Yo ovvinrag an’ edteiag mupdoewg dopestog dviwv TOV
detyudtov 1ot doPeotoritov edgloneTon petafl tiig EEowpetixils ®ol TG
ixavomounTixtg moLdtntog MV Tiig dopéotov Tov v’ doud. 1 deiyuatog, fitig
o ovvidrrag 1100°C éni 3 hr éucpowi@smt VIWOdEECTEQQL.

*'H 6omm| g oﬁeoemg (Slakability test) Y ouunsgtsm]qll‘h] utruﬁv TV uQL‘mQva ot
elvau &nimovog, Gmoutel swoAdv xgovov dux v éxtéheciv g, &g Emiong nat pueydhny
nooornta delypatog. Extdg tovtov, abtn 6omuaofret0a gl v magoToav perétnv O&v
nagetxsv snowa)nqmpma amoteréopara. A TOV Aoyov Tottov étntidnoav 6tsvu9wnosmg
naga 700 ovyy@acpswg Tfig uedédov P. D. Dekker 6 dmoiog dvtamexgidn xal TouToxedvmg
uag s\{vmgtosv St ovtog dgnouole avt am’ng v donwunyv Tiig ratoxadicews (Settling
test)
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Yro ovvdnuog meoodevtiniig dvuypdoems tig Yepuoxpaoctiag uéxol tdv
1100°C xol év ouvexeig YoEewg, pé didoxewav magopoviic eig v Lhvny
nvgwoemg éni 3 hr, 2E Shwv t(I)v doPeotorVmv nagnxﬁn aoﬁsotog eEmgemﬁg
TOLOTNTOG us gEaipeoy O VT GQLﬁ 1 6ewua 10U Omoiov n nagayouevn
aoﬁeorog m:o omkoog ®aAfic mowdtnrog. ‘Ex toU ITiv. VI elg 10v dmoiov
magéyovror ol Tpal thg dviideaoTindtnTog

AT,

Atmin
®nal thg watoxadioswg Ah(24hr) cvvdyovion 1d dndrovda:

Eig 8,1 oo v 1nv 6pdda, 1| tagoayouévn dofeotog éx tot v doLl. 2
delypatog aofeotoridov, Vo olacdfmote ouvifrog Jeouuniic rateQyaoiag,
VeQTEQEL TOLOTHADG ThiS agoyopévng éx tol v doud. 1 (Eix. 3 xol 8).

" Eig v 2av 6uada, 1 mapayouévy dofeotog tot Ut doird. 4 delypatog
Deptepel Tiic doPéotov TdV Ahwv deryndtmy, Emovion 8¢ xotd oELRAY Ol TV
v’ dord. 5, 6 wal 3 (Eix. 4 xai 9).

Ot dofeotéhdol Tiig 3ng ®ai 4ng 6uGdog xpivovtal dg Alav ixavormonTi-
xfig mowdtntog Sl Thg dvayrag Tiig Saxyapofiopnyavias (Eix. 5 xal 10).

Eig ™v 5nv 6udda 7 dofeotog tob U’ dpurd. 12 delyuatog dvvaton va
Fewond) 6t UregTepel Tiig doféotov ToT U doud. 11 delyporos, duoT Degéyel
WG TEOS TOG TMOS THG ®oTaxodioems xal éugavilel v wxgotégay ELdTTooLy
elg v AvidoaoTndTnTo CuvaeThoEL Thig Jeouorpacios xai Tiig dvooxeiag
mvowoews. Tiv 2av éowv eig v Opddo tavmv xatéyxer 6 Ox’ doud. 11
dopeotérhdog, dxorovdoiv d¢ oi O dord. 10 xal 9 (Eix. 6 »ai 11).

Téhog, éx 1@V dvo doPectohidwv Tiig 6Mg Ouddog 6 vm’ dord. 13 Va
Novvato va yooaxtnelodij mototirds tméptepog Tot Ui dud. 14. (Eix. 7 xal
12).

Ex 1@v Tipndv 1o Iiv. VI cuvdyeton émiong 6t 0o ovviirog Geouuxiic
noTeQyooiog 810 mpoodevtixiis dvupmoews Thg Yepuorgaoiag Kauﬁo’wsmt, éE
Shav oxeéov TV 68Wuamw aoﬁeo-co)wﬁov aoﬁeorog xa)»vtégag J'EOI,O‘ET]‘ISOg o’
Ot gig v nsgmtmow g G’ evdeiog mupdoewg. T yeyovog tolT0 EUQL(S%.S‘I:OLL
év ovucpmvm UE TG OYETLRA BLBMona(pma 6860M8VOL elvar ¢ usywmg
’ OT"J.OLO'L(Ig, 316ty ol ovviiixar ovton Yepuixdis uon:egyamag ngooouom?;ovv ue
1706 E€lg rr]v Bto;mxowww gpaouolopévag O v mogaywyhv doféotov eig
xawxogvcpovg xauwovg

EE dAlov, €% 1dv TLu@v 1ot Iiv. V ouvdyeton 10 ovumépoouno &t GmovTeg
ol dc[isoréhﬁm avixouv gig ™v 4nv xatyopiav xatd Boynton®. "EEaipeowv
drotehotv 10 U7 Goud. 1 %ai 3 delypota, Td dmwolo vatatdocovial gig TV 3nv
RATNYOQIOV.

AELoonusm)tov etvar &t ol aoﬁaotohﬁm TS 4ng ®oTNYOQOLOS ﬁemgovwat
seoTudTEQOL, dedouévou Bt O dAhayiic T@V ouvinudv Ueguixiis xatepyaciog
duvavtar va moedyouv dtagoous mwoldtntag daféotov AvorOYmS T@V dvoyx®dv
eig 105 €papuoydc.

’EE Shwv 1@V dvotépn ovvayatm St ToL0TIN(DG Oréptegol doPeotordol
TV ouaémvl 2,3,4,5 %ol 6 elvon own(nouxu)g oi v’ o1t 2,4,7,8 12 xail 13.

Ex tév dvotéom Extedéviov eig 6,mu acpogg OV TToLoTIRMG Vréptegov €E
Shav TdV sEstaoﬁsw(m/ aoBsm:oMﬁ(m/ ovlmagawsrat 1L 1y Emdoyn duvotan var
swomm‘}r] ueTall T@v V1T dpud. 7, 12 xal 2, ol 6moiol swpawf;owat TOLOTLRAG
vréptegor Bhav. Ovtol TAEOVERTOTV emong ®ral @g QoG 0 péyedog TAV
u@vom)&»wv TOV (umgoxgvma)»)»mm) év ovyxQioeL ug 1ov dopeotoiBov ToU
070 doud. 4 6ewuowog, 6 6moiog sp,cpowLCstaL u)g OYETLR®DG ueya)»oxgvotammog,
gvera 8¢ TolTov elvar mpaxTindg dvépuxtog 1 medfBreYis gig 6,T1 acpoga ™mv
ovuneQLpoedy Tov eig Propmyavirdg ovvinxag deouixiic xategyaotag.

f



TIINAE V1. *Anoteréouara avridpaotindtntog nal xaraxadioews dopéorov wagayouévns € dofeotoridwy i dragpdowv cuvinxdv deouixiic xaregyaoiag

*AvtideaoTixdtng Katoxddiolg
ATmax
eig °C/min Ah (24 hr) eig ml
a/o Atmin
delyparog :
dofeotoritov ‘
*An’ evdelog Féopavorg ITooodevtixh Fouavolg An’ evdeiag Héopovolg ITpoodevtiny) Héopovolg
1000°C  1000°C  1100°C 1100°C Zdhvn TueMoews 1000°C  1000°C  1100°C 1100°C Zivn Tuehosms
: 900 —-1100°C 900 —1100°C
25 min 3 hr 15 min 3 hr Aibonero mapap. 3hr 25 min 3 hr 15 min 3 hr AiGprera mogonoviis 3hr

1 26 2 4 0,6 8 72 53 55 45 70

2 42 8 9 0,6 29 95 95 90 73 80

3 38 2 2 0,3 29 87 70 70 37 89

4 76 47 13 0,9 47 92 92 80 72 93

5 82 24 6 0,7 46 80 67 73 57 86

6 83 9 5 0,6 48 91 91 72 48 83

7 78 25 9 0,6 28 98 98 83 83 . 90

8 76 9 10 0,4 13 97 97 72 60 82

9 79 13 13 0,4 16 97 97 70 40 91
10 84 6 6 0,6 15 98 95 81 75 95
11 79 32 13 0,4 12 95 95 78 71 94
12 80 24 9 1,2 46 98 98 85 80 94
13 43 6 24 0,5 29 93 89 81 67 91
14 43 6 2 0,6 22 91 - 87 78 50 93

V HMILOIOL

=

NGOIVOLXHIIV ITHIOVOL

(Y47
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Télog, Bewoeitar oxdmpov v dvapeodf] &v Teoretuéve &t T CLUITEQG-
opato THE maovong oyaoias, eig 8,11 Gpopd THV ToLoTLXNV AELOAGYNOWV THV
pehetndéviov dofeotolitwv, EEfyinoav éx nelpapdtwy égyaoctnolaniic xhipna-
xog, nail ovvends émifidideton 1) émPefaimoig avtdv dud mELQAUGTOV €V TH
Bropnyoviq. '

Py

!

EIKQN 13: AoBeotéhdog v doudu. 1

EIKON 15: *Aofeotéhbog on” Goud. 3 EIKQN 18: Aofeotoridog o aordu. 6
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EIKQN 22: *AoBeotéhdog v’ dovdu. 10 EIKQN 26: *AcfeotéMbog v doudu. 14
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Evxapiotial

Ol ovyypaeic éxpodlovv Tag Fepuag evyagrotias twv ig v EXAnviunv
BLounxaviow Eauxdgemg oL Tag 6Levuo7u’woetg eig r’f]v OUAOYT|V KOl UETO-
QoQav THV 6ewuamw 100 dofeotoriBov, g nai eig Tovg %.x. A. Xatlnoviwvi-
ov, Awgvduviyv tol Egyooraouou Eanxagemg IThatéog xal I1. ngtoéov)\ov
Hgowtauevov Ha@ay(nyng 100 o0TOU EQyom;amou duLd Taig xgnomovg ovinth-
oelg &mi To0 dvtielnévov TG mapovong éoyaciag.

Abstract

Laboratory qualitative classification of 14 Greek origin limestones for their uses in
the Hellenic Sugar Industry.

In the present work the qualitative classification of 14 limestone samples is
made with the main purpose the Hellenic Sugar Industry to use the proper raw
material for lime production.

The limestone samples were taken from 6 different regions of Northern
Greece, from which the Sugar factories are supplied with limestones, and the
criteria used were mainly settling rate, available CaO and the reactivity test of
lime produced by various thermal treatments.

From the results of this study it can be drawn the conclusion that
qualitatively superior limestones are those of No 7, 12 and 2 samples,

Key Words: Limestone, Sugar Industry, Laboratory qualitative classification of Limestones
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THE APPLICATION OF DIMENSIONAL ANALYSIS TO THE
DERIVATION OF THE NERNST AND THE TAFEL EQUATIONS.

AM. SHAMS EL DIN, F.AM. RIZK and JM. ABD EL KADER
Laboratory of Electrochemistry and Corrosion. National Research Centre. Dokki - Cairo - Egypt.
(Received August 25, 1976)

Summary

Dimensional analysis is applied to derive the Nernst and the Tafel equations in terms
of the two quantities (OE/8C)y (Y) and (@n/0i)r (Z), respectively. In both cases one
dimensionless group was found necessary and sufficient to describe the solution. The
obtained relations, upon integration, yield the beseached equations. The present treatment
reveals the fundamentality of the two equations, since no assumptions are made concerning
the nature of the physical processes involved. Other parameters may be included in the
matrix, and if these do not influence the quantity of interest, they do not appear in the final
relation. This is demonstrated by considering the effect of concentration and viscosity of the
solution, and of the diffusion coefficient of the electroactive species on 7.

Key words: Nernst equation, Tafel equation, dimensional analysis, basic units.

Abbreviations and Terminology: E= potential (M.L.*T>.Q"). C= concentration (Mo. L.
T= temperature (®). F= [Faraday of electricity (Q. Mo™). R= gas constant (M.L”. 7*. Mo™ ©™).
i= current density (Q. T*'.L /éc = diffusion coefficient (L*. T*'). @ = solution viscosity (M.L.". ).
1 = overpotential. Y = (QB/OC),. Z = (On/3i),. M = Mass. L = length. T= time. Q = charge. Mo =
mole. @ = temperature degrees.

Introduction

The Nernst equation, relating the potential of an electrode, E, to the
concentration of its ions in solution:

E =E°+ RT/nF InC (1)

can be derived in a variety of ways. The original treatment’ is based on the idea of
equating the ‘“‘solution pressure” of the metal with the osmotic pressure of the
solution. The latter was assumed to obey perfect gas laws. The same expression can
be reached at from a consideration of the van’t Hoff reaction isotherm?, or of the
chemical potentials involved.’ The application of the theory of rate processes to the
problem of electrode kinetics* offers another route for derivingeq. (1). This is done
by assuming that, at equilibrium, the rate of dissolution is equal to the rate of
discharge. When the conditions are such that one of the two rates is vanishingly
small as to be neglected, the solution of the exponential equation yields the familiar
Tafel equation:

n=(E-E°) =azxblni )
which relates the overpotentlal m, of an activation controlled process to the

polarizing current density.’
Dimensional analysis has been successfully applied to a number of
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electrochemical problems,’ and it is the object of the present paper to demonstrate
the applicability of the same method to the derivation of the Nernst and the Tafel
equations. The obvious advantage of this method is that, so long the variables are
related by dimensionally correct equations, no assumptions are needed in their
derivation. All what the method of dimensional analysis requires is an apriori
knowledge of the various parameters affecting the factor of interest, as well as their
correct dimensions. This knowledge is gained either from experiment or from
intuition.

A — The Nernst Equation ,

From experiment it is known that the potential, E, of a pure metal electrode
immersed in a dilute solution of its own ions varies with the concentration, C, and
the temperature, T, of the solution. Charge transfer to- and from the electrode will
proceed until equilibrium is attained. This suggests that the Faraday of electricity, F,
is one of the parameters affecting E. Further, since dilute solutions, for which the
perfect gas laws apply, are concerned, it is reasonable to expect that E will depend
also on the gas constant, R. It is needed to establish how the electrode potential
would change when the metal ion concentration in solution is varied; all other
experimental conditions being kept constant. We define the quantity (Y) as equal to
(GE/8C)r. In Table (I) are grouped the various parameters concerned, together
with their basic dimentions. The matrix of the problem is given in Table (II).

TABLE I: Parameters and Dimensions necessary for solving the Nernst equation

parameter symbol basic dimension
(8E/3C)1 Y M L%, 7%.Q" . Mo™
concentration C Mo. L~

temperature T (S L

Faraday F Q. 1\510' ) . L
gas constant R M.L°. T . Mo~ .©®

TABLE II: Dimensional matrix for deriving the Nernst equation

parameter

unit . Y C R T F
M 1 0 1 0 0
L 5 -3 2 0 0
T -2 0 -2 0 0
Q -1 0 0 0 1
Mo -1 1 -1 0 -1
© 0 0 -1 1 0

It can be readily seen that the above matrix is of rank 4. According to the
w-theorem,’ one dimensionless group is necessary and sufficient to describe the
solution. Let the exponents ky, k,, ks, k, and ks correspond to the variables Y, _C, R,
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- TandF, successively. The system of equations relating the exponents is given by:

k + 1k =0

5k1‘3k2+2k3 =O (3)
-k1+k5=0 .

—k3 + k4 =0

It is evident that: k, = ky, k; = -k;, k, = -k; and ks = k;. Thus the relationship
between the quantities can be written in the form of the function:’
W[Y.C.R'".T'.F] =0

where the argument of the function is dimensionless. The parameters are thus
related as:

Y.CR™.T'F = const 4)
where the constant of the RHS of the equation is also dimensionless.
From eq. (4) it appears that:

Y = (8E/8C); = const . RT/F.1/C (5)
Upon integration one obtains:
E=aRT/FInC+b (6)

The constant of integration b is determined for the condition: at C = 1, E = E°,
from which eq. (6) reduces to

E=E°+aRT/FInC (7N

which is the familiar Nernst equation, in which the constant a stands for 1/n, where
n is the valency of the concerned ion.

B - The Tafel Equation

The overpotential (potential), 1, of the working electrode varies with the
polarizing current density, i, temperature, T, the Faraday of electricity, F, and the
gas constant, R. The rate of change of overpotential with current density, (8v/3i)is
the function beseached, and is here given the symbol Z. The dimensional matrix of
the problem is given in Table (III).

The rank of the matrix is also 4, and one dimensionless group describes the solution.
Proceeding in the same manner given above, it can be shown that:

WZiR'.T'.F] =0

or
© Z = (0/8i); = const.RT/F. 1/i (8)
Integration of (8) gives: :
11 =a'RT/F 1ni +b’ ©)
With the initial condition:
= 0ati=i,;givingb’ = - In li,, and
hence
n =a’' RT/F Ini/i, (10)
or

i =1i,exp [7F/a'RT] (11)
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Equations (10) and (11) are the usual forms in which the Tafel relation are
gcnerally expressed. a’ is here defined as 1/a, where a is the transference
coefficient.

TABLE IIX: Dimensional matrix for solving the Tafel equation

parameter

unit Z i R T F
M 1 0 1 0 0
L - 4 -2 2 0 0
T -1 -1 -2 0 0
Q -2 1 0 0 1
Mo 0 0 -1 0 -1
(€] 0 0 -1 1 0

Dimensional analysis is commonly applied to physicochemical problems for
which the fundamental differential equations are known, but their solution presents
considerable difficulties, e.g., in hydrodynamics, heat and mass transfer. The
method yields in a reliable way a general form of the solution without having to
perform any integration of the complicated equations. This is not particularly the
case with the Nernst relationship, where the fundamental thermodynamical
equations present no difficulty in their solution. The case is, however, different for
the Tafel equation, for which the basic equations are less solid than those of
thermodynamics. Here, dimensional analysis shows that the relationship betweenm
and i must be of the Tafel type, if the electrochemical reaction is kinetically
controlled. The fact that both the Nernst and the Tafel equations can be derived on
the basis of dimensional analysis reveals their fundamentality since no assumptions
are made concerning the nature of the physico-chemical processes involved.

It is true that in the construction of the matrices of the two relations one was
guided by the parameters appearing in the original equations. This does not deprive
the treatment of its value. Other parameters may be included in the matrix, and if
these do not influence the quantity of interest, they will not appear in the final
relation. To illustrate this idea, let us assume that the concentration, C, and the
diffusion coefficient, D, of the electroactive species might affect the overpotential in
an activation controlled process. The matrix in Table (ITI) is expanded to include
the two new parameters with the dimensions Mo. L™ for C, and L?. T for D. The
rank of the matrix becomes 5, and two dimensionless groups describe the solution.
Solving for the exponents of the various parameters concerned, and applying the
m-theorem, one obtains the relation:

W[Z . F>.D".C% . R'.T'?);
(i.R%2.T°2.F1.D™#./C")] =0 (12)

orZ = (RT)"?/F*.D'"*.C*%. f[i. (RT)**/F.D'*. C"¥] (13)
Since it is experimentally established that Z is proportional to T, it is immediately
realized that the function f must be of the form:

f[i. (RT)*?/F.D"*. C*#] = const [F.D"*. C*%/i. (RT)*?] (14)
which, when substituted in (13), results in the familiar Tafel equation. Accordingly,
Z (n) is independent of C and D.
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Similarly, the inclusion of the solution viscosity, ¢, (M. L' . T"") and the
concentration, C, in the matrix of Table (IIT) will raise its rank from 4 to 5. The two
dimensionless groups expressing the solution are given as:

Y(Z.R.T.F.¢7.C);1.¢ .R*. T*.F'.C?)] =0 (15)
or

Z=9 /R . TP.FP.C.fi.¢/R*.T".F.C
which again indicates that, since Z is proportional to T, it must be independent of
both the concentration and the viscosity of the solution.

Finally, in dimensional analysis the parameters are always taken as the
variables. In the present treatment we regard the derivatives (3E/3C), and (01/91)
as the relevant variables. We consider this treatment as novel addition to the subject
of dimensional analysis, which as far as we are aware, has not been tried before. For
the first time, through dimensional analysis, relations could be obtained which upon
integration would yield logarithmic functions.

IepidAnyic

Egoguoyn tis Stootanxils dvalioews gic v mapaywynv tav Ewodoewy
Nernst »ai Tafel

Eig mv Jewonmnnv adtnv éoyaoiav épapndletol 1 diaotatint dvdivolg
(dimensional analysis) eig ™V magoywyny 1OV Jepelmddv Hhextooymundv
¢Elomoewv NERNST nai TAFEL pé v fondeiay tdv §00 peoin®dv maporymymy
(BE/3C); nai (31/81); — i petoforNS ToT duvamunos Petd THS CUYREVTQOOEWS
V1o otadegav Jepuoxpaciav ol ThHG peTaPorfic Thg VTEQTAoEWS UETO THig
TURVOTNTOG TOU QEVUATOS Kol TTAALY VITO oTardepdy JepuonQaciov — ai 6motaL
ovpPoriCoviat did TV yoapudtov Y woi Z dvtiotoiywe. Al éxdotny Elowoly
naTotiCovial stivaxneg (matrices) fdoel Tdv Vmeioepyouévav eig otV pueyeddv
noil otodep®dv tocoTitv nal ol TV dviiotolywv diaotdoewy adtdv. Bdosl
TOV Tvdrwv attdv xal 100 rnahovpévou T — Tewpruatog evpioxeTol €ig
GOtV TEQITTOOoLY AdLA0TUTOS 001G, AITAQA{TNTOC KAl THavT) VA& TTEQLYQaYm
v Mo Tiig magaympévng EElodosms. AL ArANG OAORANQWDOEWS THOV OYECEWV
aOTOV gig Tag dVo mepuTTdoes Aaufavovtar teMxdg ai EElodoerg NERNST xal
TAFEL.

A 10U Guthol avtol Témov mapaywyhs dmodeiwvieton 85 dAlov
mpwtoEroTnTa 1OV EElodoewv NERNST »ail TAFEL, 81611 dud 1OV o%omov
adtov ovdepla ylvetar moagadoyn oxemxf ue v @low 1dv Ttehovpévav
puowmoynuxr®dv dpdoewv. Eilg v mepimtwowv &miong thg mopaywyhis Tig
gElonoewg TAFEL dua tiig dg &vo Gvahvoewmg dmodeinvietar 3t 1 EEdQTnolg
g VmegTdoews (M) &x Tiijg murvOTNTOS TOU pevpatog (i), meémel vo dxnolovd
oyéowv Tiic nopyic Tijs ¢Ewodoewg TAFEL.

_ *Amodewnvieton Téhog Ot glg TV meplmtwoly, natd ™y dmoiov fidehov

eI eic TOV xoTapTILéuevoy sivara nal Gihow petafintal | mapduetoot,
ANV TV Vrewoepyouévav TeEMu®S elg ™v éElomowv NERNST #f TAFEL, ol
dmotan 0vdepiay Eridpactv Exouv &mi Tod Yewonuévou peyédoug Y xai Z, adrol
dgv éuopavifovron eig v tehunv EElowoy.

IMpdrypatt Edv Ymotedf) Goyinds 6T gig TV TEQITTOOLY TT.X. THG EELOMOEWS
TAFEL, émi thg Umegtdoemg &mdel 1 ovyxévipwolg xol 10 (EDdeg TOD
drohdpaTog g rat & cuvieheot|c drayloewe Tiig AerTEodpaoTIRTiC ovalag nal
ouumeQIAN@YOUV T& peyédn avtd xol al dLaoTdoels Toug eig TOV vatapTLLduevov
sivoxa, petd v dud g dtaotanxig dvoriosme podnuatixv émeEepyactay o
ueyédn avta d&v vmewoépyovron mAéov elg TV mogaywuévny EElowory TAFEL.
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Summary

The polarographic behavior and the kinetics of acetalisation of terephthalaldehyde
and phthalaldehyde in methanol is studied. The polarographic reduction of both aldehydes
takes place in two steps. In the case of terephthalaldehyde the first wave corresponds to the
full reduction of one carbonyl group of the whole'amount of the depolariser, reaching the
electrode surface, and the second wave to the reduction of the other. In the double
polarographic wave obtained, the limiting currents are diffusion controlled. In the case,
however, of phthalaldehyde the first wave corresponds to the reduction of one carbonyl
group of a part of the amount of the depolariser reaching the electrode surface. The current
of the first wave is a kinetic one, controlled by the rate of the conversion of the
monohemiacetal to the free aldehydic form, which precedes the electrode process proper.

The addition of small amounts of methanolic HCI acid into methanolic solutions of
these aldehydes has as result the acetalisation, which, in the case of terephthalaldehyde, takes
place with an indermediate formation of the monoacetal and which obeys the equations of
the consecutive first-order reactions, while, in the case of phthalaldehyde, the acetalisation
takes place simultaneously in both the carbonyl groups and obeys the simple equation of the
first-order reactions.

Key words: Weak and strong proton donors, Diffusion current, Kinetic current, Rate constant,
First-order reactions, Consecutive first-order reactions.

Introduction

The study of the polarographic behavior of benzaldehyde and its
p-substituted derivatives was the subject of our previous works.”” In all cases,
except that of 4-dimethylaminobenzaldehyde, the reduction of aldehyde group
takes place in two steps, each one corresponding to one electron uptake. The
limiting current has been found to be diffusion controlled, though in methanol exists
an equilibrium between hemiacetal and free aldehydic form.* This equilibrium, as
Bell® and co-workers have shown, is shifted so much towards the hemiacetal, as the
electronegative character of the substituent gets stronger. Hemiacetal is not
reduced at the dropping mercury electrode, as the same happens to the
corresponding hydrated form of aldehydes.® Only the aldehydic form is therefore
reduced at the electrode. Thus, the equilibrium at the electrode surface between
hemiacetal and aldehydic form is disturbed, and additional aldehyde is formed from
the hemiacetal. Because the rate of this conversion is rapid, the limiting current is
diffusion controlled and the wave height is proportional to the concentration of
aldehyde and hemiacetal in the solution.
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The addition of weak acids (i.e. benzoic acid), as proton donors, has as result a
shift towards more positive potentials, of the first wave only. The reduction of
aldehyde-group, which in the absence of proton donors proceeds according to the
sequence ¢,H*, e,H", in presence of weak proton donors, takes place according to
the sequence H*, e, e, H*. ?

The addition, however, of small amounts of methanolic solution of HCl has as
result the kinetic conversion of the aldehyde to its dimethylacetal, the rate of which
for the same HCl-concentration depends on the nature of the p-position
substituent. This conversion is found to follow the equation of the first-order
reactions. ;

A study on terephthalaldehyde has shown, that in this case a double
polarographic wave is also obtained, the height of each individual wave
corresponding to the uptake of two electrons. It is not clear, however, whether the
first of these two waves corresponds to the full reduction of one carbonyl group, or
to the reduction by one electron of both carbonyl groups to the correspondmg
biradical.

The elucidation of the reduction mechanism of terephthalaldehyde would
permit us to study the kinetics of the acetalisation of this aldehyde in presence of
small HCl-concentrations. From the polarograms obtained in different time
intervals it has been shown, that this acetalisation follows the equations of the
concecutive first-order reactions. Taking also into account the 1d10morph1c .
behavior of the aromatic dicarbonyl compounds in aqueous buffer solutions,”
have decided to study systematically the polarographic behavior of terephthalal-
dehyde and phthalaldehyde in methanol.

Experimental

Polarographic curves as well as the ‘values of diffusion current during the
kinetic studies have been taken with a Radiometer polarograph ‘‘Polariter PO4”.
The reduction potential values were taken in reference to the aqueous saturated
calomel electrode (S.C.E.). The polarographic cell used and other experimental
details have been described elswhere.'® The cell and solutions have been kept in
waterbath of constant temperature 25%0,1°C except otherwise stated. As
supporting electrolyte has been used LiCl 0,1 M in the final solution. An initial
solution of HCI in methanol has been prepared by passing dry hydrogen chloride
through methanol according to the method of Smith and Jakson.!

Cyclic voltametric i-E curves were recorded using a hanging mercury drop
electrode in conjuction with the PAR.

The substances used were terephthalaldehyde purum and phthalaldehyde
puriss from Fluka, lithium chloride R.P. from Carlo-Erba and methanol ““zur
analyse” from Merck.

Results and discussion

Polarographic behavior: In fig. 1 the polarographic curves of terephthalaldehyde
and phthalaldehyde are given and in fig. 2 the corresponding cyclic
current-potential diagrams.

From these figures we observe, that in both cases a double polarographic
wave appeares. The heights of the two waves in case of terephthalaldehyde are
almost equal and each of them corresponds to the uptake of two electrons. In the
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FIG. 1. Polarographic curves of terephthalaldehyde (curve 1) and phthalaldehyde (curve 2) in methanol:

Aldehyde 10 M. Supporting electrolyte LiCl 0,1 M.
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FIG. 2. Cyclic currént-potential diagrams of terephthalaldehyde (diag. 1) and pbthalﬁldehyde (diag. 2)

in methanol: Aldehyde 10™ M. Supporting electrolyte LiCl 0,1M. Scan rate 200 mV/sec.
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case, however, of phthalaldehyde the heights of the waves are different and the
whole height of the polarogram does not justify a four electron reduction of the total
amount of the depolarizer, which is diffused towards the electrode surface. On the
other hand, the fact that there is no anodic current in the cyclic current-potential
diagrams, shows the-irreversibility of the two reduction steps of both aldehydes in
pure methanolic solutions.

This behavior of terephthalaldehyde resembles that of the same aldehyde and
also that of other aromatic dicarbonyl compounds in aqueous alkaline buffer
solutions,”® and is quite different from that in aqueous acidic buffer solutions,
where the appearance of an anodic wave by the commutator method during the
reduction of terephthalaldehyde indicates the formation of a biradical by taking one
electron from each carbonyl group.

This biradical could be possibly formed in methanol as well during the first
step of the reduction, but the rate of its conversion to p-hydroxy-
methylbenzaldehyde is rapid, so that an anodic current corresponding to the
oxidation of the biradical does not appear in the cyclic current-potential diagrams.
An increase of the conversion rate of the biradical of p-diacetylbenzene to
p-(1-hydroxymethyl)-acetophenone is also observed in acidic water- ethanol
solutions with increasing ethanol concentration,” which has as result the decrease ol
the heigth of the anodic wave, obtained by the commutator method.

The appearance of the first reduction wave of terephthalaldehyde in potential
-1,02 Volt is attributed to the strong mesomeric interaction between the two
carbonyl groups via the benzene ring, so that the contribution due to the resonance
structure (IT) with a positive sign on one carbonyl group and negative sign on the
other, ought to be significant. In the following scheme the probable mechanism of
the reduction of terephthalaldehyde in methanol is given.

)

H. 4 2H* H\ °
(-)04(7’@‘0\ o " r-)o/CQC\Om H (5 @ C:OH
@)
—fast HC-.-C ———— HOCHZ—.—CRpH

The uptake of the first two electrons occurs on the carbonyl group bearing the
negative sign. The biradical formed after taking two protons converses rapidly to
the p-hydroxymethyl-benzaldehyde, which under the influence of the -CH,OH
group in p-position is further reduced to the corresponding terephthalylalcohole, by
taking two electrons and two protons from the solvent molecules. The position of
the second wave almost coincides with that of the polarographic reduction wave of
benzaldehyde as result of the fact that the o, value of the -CH,OH group is equal to
zero.!

Controlled-potential electrolysis with a mercury pool cathode at potentials of
the limiting currents of the first and the second wave, indicates that the number of
the electrons of the first wave is two, and the number of the electrons of both waves
is four.
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The question, however, why the height of the first polarographic wave of
terephthalaldehyde is a little smaller than that of the second, continues to exist. This
is probably due to the fact that terephthalaldehyde in methanolic solutions exists
partly in the form of hemiacetal, or even in the form of dihemiacetal. The current of
the first wave is partly a kinetic current, but is controlled by diffusion conditions,
because the conversion of hemiacetal to the free aldehydic form is a rapid reaction.
This almost occurs under the polarographic conditions. The limiting current of the
first wave is directly proportional to the analytical concentration of the depolarizer
in the solution, and directly proportional to the square-root of the height of the
- mercury head. In the case, however, of the cychc voltametry diagrams slight
deviations from the lincar dependence ‘of the i i, on v* are observed with great rates
of change of the potential.

The different behavior of phthalaldehyde in comparison with that of
terephthalaldehyde should be attributed to this equilibrium between hemiacetal
and aldehydic form. The current of the first wave of the polarographic reduction of
phthalaldehyde is a kinetic one and its height is approximately one-fifth of the
theoretical diffusion current, that is expected for the full reduction of the one
carbonyl group of the depolarizer reaching the electrode surface. The limiting
current of the first wave is not really directly proportional to the concentration of
phthalaldehyde in solution, and is also independent of the height of the mercury
head.

The fact that the current is a kinetic one is also indicated from the
independence of the i, on the rate of change of the potential, v, in the cyclic
current-potential diagrams.

40}

30}

id/uA B

FIG. 3. Dependence of iy of the first wave of phthalaldehyde on its concentratwn in methanol.
Supportmg electrolyte LiCl 0, 1 M.
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Considering the above data, we must accept, that in methanolic solutions
phthalaldehyde exists mainly in the form of hemiacetal, which is in equilibrium with
the free aldehydic form.

OCH,

Qo = Q. non

CHO

At the potential, where the first wave appears, the free aldehydic form is
reduced. The decrease of its concentration at the electrode surface has as result the
disturbance ~of -the equilibrium, so that an additional amount of the aldehyde is
formed from the hemiacetal. Thus, the flowing current is controlled by the rate of
this conversion, which precedes the electrode process proper.

Similar kinetic currents due to an analogous conversion of the hydrated form
to the aldehydic form were observed in aqueous buffer solutions in the cases of the
aliphatic aldehydes,'*!* pyridinealdehydes”® and also in the case of
phthalaldehyde.'®

Increase of temperature has as result a greater increase of the height of the
first polarographic wave of phthalaldehyde, compared to what would be expected
from the increase of the diffusion coefficient. This increase is caused by the decrease
of the viscosity .of the solvent medium.

The polarographic curves of phthalaldehyde at different temperatures are
shown in fig. 5. From this figure we observe, that at relatively higher temperatures
the height of the first wave tends to become equal to the height of the second wave
and the whole polarogram assumes therefore the form of the polarogram of
terephthataldehyde. This is mainly attributed to the incredse of the conversion rate
of hemiacetal to the aldehydic form. At higher temperatures the current of the first
wave remains a kinetic one, but it is now controlled from the diffusion conditions.
‘The polarographic reduction .of phthalaldehyde is proposed in the following
scheme.

-OCH
CHO
~men
CHO CHO
2e +2HY 2e+2H*
@ CHO  cms0 CH <8€'1H3
CH3OH,
CH,0H CH,OH

At the beginning the aldehydic form is reduced to a potential equal to-1,12
Volt. When the potential reaches the reduction potential of the monohemiacetal -
this form is reduced and its reduction is followed immediately by the reduction of
the 2-hydroxymethyl-benzaldehyde, which is already formed. Thus, we can also
justify the break occuring to the second wave of the polarogram. The reduction
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20 pA

-08 Volt

FIG. 4. Polarograms of phtha]a]dehyde “:100 M, ) in methanol. Height of the mercury head: 1) 25 cm, 2)
35 cm, 3) 45 cm, 4) 55 cm. Supporting electrolyte- LiCl 0,1 M.
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FIG. 5. Polarographic curves of phthalaldehyde (1 0°M ') in methanol at different temperatures: 1) 20,9
°C, 2) 25,0 °C, 3) 28,5 °C, 4) 35,0 °C, 5) 39,5 °C. Supporting electrolyte LiCl 0,1 M.



446 D. JANNAKOUDAKIS, G. KOKKINIDIS

potentials of the monohemiacetal and 2-hvdroxvmethyl-benzaldehyde are nearly
the same, OCH, _
because the substituents -CH,OH and CH< " have about the same
inductive effect.

Kinetic behavior: The addition of HCl in small concentrations into methanolic
solutions of terephthalaldehyde has as result the decrease of the height of both
waves of the corresponding polarogram. In fig. 6 we give as an example the
polarographic curves of terephthalaldehyde in methanol in the presence of HCI
4.10° M at different time intervals.

.- . I
-0,8 -1,2 . -1,6 . -2,0
E/VvsSCE —»>

FIG. 6. Po[amgraphlc curves of 1erephthala1deh yde of initial concentration 1 07 M in methanol in the
presence of HCI 4. 107 > M at different time intervals: 1) 0 min (without HCl), 2) 10 min, 3) 21 min, 4) 32
min, 5) 56 min, 6) 100 min, 7) 125 min. Supporting electrolyte LiCl 0,1 M.

From this figure we observe that the decrease of the height of the first wave, at
a given time, is greater than that of the second wave. This is attributed to the fact
that by the addition of HCI, terephthalaldehyde is first converted to the
monoacetal, which is further converted to the final productthe diacetalaccording to
the following scheme:
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HyCO,

HC -CgH, -CHO HC-C CHO
p- 0O o 6 420 o H,007 6Ha™
Tapi J[ HA0! ropid J[CH:,OH
H005 00 HaCO. OCHs HCO\ OCH;3
30 Hc CeH,-CH _CH3OH _ “HC-CgH,-CH. CH30H. G- -CH:OCH
SOH  -H0  HCO~” . OH " -BO  mc0’ Gty 5
A ky B ko c

The reduction potential of the monoacetal is almost the same with the
potential of the second wave of the polarographic reduction of the free aldehydic
form of terephthalaldehyde. The second wave, after the addition of HCI, is
therefore due to the second step of the reduction of terephthalaldehyde (initial
product), as well as to the reduction of the monoacetal (indermediate product). The
difference of the limiting currents between the second and the first wave (ig, - ig,),
after a time t, from the moment of the addition of HCI, is the measure of
monoacetal, which is found in the solution at this time. The limiting current i, of the
first wave, after a time t, constitutes the measure of the concentration of
terephthalaldehyde, while the difference between the limiting currents of the first
wave at time t=0 and the second wave at time t,[(ig,), - ig,],1s the measure of the
concentration of the final product in the solution. The dependences of iy, (ig-i4,)
and [(ig)o-is,] on time for HCl-concentration 6. 10° M and 25°C temperature are
given in fig. 7. -

ida = id1

40 - 80 120
t/min —_

FIG. 7. Dependence gf ig,, (zd,-zd, ), and [(ig,), - ig,], on time of terephthalaldehyde (1 0’m ) in the
presence of HCI 6.10 M ‘Supporting electrolyte LiCl 0,1 M.

The concentration of the intermediate product increases, until it reaches a
maximum value and then it decreases regularly. The form of the curves obtained is
characteristic for the consecutive reactions. On the othér hand, the acetalisation of
aldehydes is a pseudomonomolecular reaction, which is catalysed by CH;OH,* and
which obeys the equation of the first-order reactions. In this case, therefore, the



448 D. JANNAKQUDAKIS, G. KOKKINIDIS

equations cortesponding to the above mentioned consecutive first-order reactions
would be valid.

[A] = [Ale™ | (1)
-kit —kzt] N (2) |

-€

| (koe™ - kye™)] 3)

kl'k2

For the calculation of k; equation ( 1)‘is used, which, under the experimental
conditions, takes the form. .

2,303 (ia)e
kl = lOg
t R (idl)t

The value of k; is calculated from the slope of the log(iy,), - t diagram.

The difference (is-i5), as mentioned above, is the measure of the
concentration of the indermediate product in the solution. However at the position,
where the concentration of the indermediate takes its maximum value, the
following condition is valid.

“4)

d [B]
=0 «€5)
dt
and consequently
kle-kﬂ: —_ kze-kzt (6)

At the time, where the concentration of the indermediate product takes its
maximum value, the following relationship will be valid.

[Blnx = [A]lo €™ : (7
which, under the polarographic conditions, takes the form.

2,303 [log(ia)o - 10g(ia 1, Jmax]
k, = t))

tmax

In the diagrams obtained the time t,, is fixed at such a value, that the
difference (iz;-i,,) becomes a maximum and the value of the rate constant k; of the
conversion of terephthalaldehyde monoacetal to its dimethylacetal, is calculated
using relation (8). The calculated values of the two rate constants for different
HCl-concentrations at 25°C are given below:

[HC k; [min™] : k, [min“l
4.10° 3,48.1072 - 3,02.10
6.10° 6,40.1072 5,17.1072
8.10° 8,34.107 - 7,00.107
10.10° 11,08 .10 9,04 .107

From the calculated values we deduce, that both the rate constants k; and k,
are linearly dependent on the HCl-concentration. This means, that in this case the
acctalisation is also a reaction catalysed by CH;OH,".

The addition of small amounts of methanolic HCI solution into a methanolic
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solution of phthalaldehyde results again to a decrease of the whole polarographic
wave, due to the conversion of this aldehyde to the corresponding acetal. The
dependence of the limiting current i; on time for phthalaldehyde at 25°C and for two
concentrations of HCI is given in fig. 8.

1 ]
40 80 120 160
t / min —> :

FIG. 8 Dependence of iy of phthalaldehyde €10 *M ) on time in the presence of HCI: 1) 10” *M HCL, 2)
2.10* M HCL Supporting electrolyte LiCl 0,1 M.

From the limiting currents obtained at different time intervals is concluded
that in this case the acetalisation obeys the simple equation of the first-order
reactions and that this acetalisation takes place simultaneouslyin both the carbonyl
groups. The values of the rate constant, k, at 25°C for HCl-coneentrations 10™* and
2.10* M are found to be 1,40.10 and 3,10.” min.
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DETERMINATION OF TARTARIC ACID IN FRUITS, FRUIT JUICES
AND RAISINS

SOFIA G. MINIADIS-MEIMAROGLOU and DIMITRIS S. GALANOS
Laboratory of Food Chemistry, University of Athens, Athens, Greece.
(Received November 3, 1975)

A Spectrophotometrlc method for the accurate determination of the tartaric ac1d
content in fruits, fruit juices and raisins jis described.

The procedure, being an appropriate modification of methods applied for tartaric
acid determinations in wine, is based on the measurement of the optical density at 530nm
of the colour developed by the addition of 2% ammonium vanadate and sulfuric acid, in
juice or extract, after previous decolorisation with activated charcoal.

Several methods have been devised in the past, for the quantitative
determination of tartaric acid in various natural products. (For instance the
determination of tartaric acid in wine is effected by mostly simple and fast
colorimetric"*** or Volumetr1c5’6’7’8’9’1° methods, as well as by instrumental
methods, based on polarographic” or potensiometric measurements). On the
contrary, most of the methods devised for the determination of tartaric acid in
fruits, fruit juices and raisins'*>'%” are time-consuming and laborious.

In this work a method for the assay of tartrates in fruits, fruit juices and
raisins is described, which is based on the reduction of vanadate to colored
vanadium as a consequence of the degradative oxidation of tartrates to water,
carbon monoxide, carbon dioxide and glycolaldeyde. ,

Reagents: All reagents used were of p.a.grade, as received (without any
farther purification). A 2% ammonium vanadate (w/v) solution is prepared by
dissolving 10g of ammonium vanadate in' 150ml 1IN sodium hydroxide, mixing it
with 200ml of 27% sodium acetate (w/v) and diluting to 500ml with distilled
water.

A standard solution of tartaric acid contammg 6,000 y/ml is also prepared

Procedure: A quantity of product under examination (fruits, fruit juices,
raisins etc) is pupled and 20g of this pupled sample are extracted by thorough
mixing at 80-90° C with 80ml of distilled water, vacuum filtration and rinsing of
the filter with 10-12 ml of water. The extract is transfered inta a 100ml volumetric
flask, and filled to the mark with water.

Twenty ml of this extract are decolorized by stiring with 2g of activated
carbon for 2 minutes, followed by vacuum filtration. Ten ml of the decolorized
and filtered extract are transfered into a conical flask containing 45ml of distilled
water, Sml of 2% ammonium vanadate and 2ml of 2N sulfuric acid, and mixed.
together. Exactly 1.5 min later, its absorption at 530nm is measured against a
blank sample. (The measurements must be done exactly after 1.5 min,since within
10-15 min a change in the colour can lead to erroneous measurements).
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The quantity of tartaric acid contained in the sample is next deduced by
using a calibration curve traced as follows: .

Quantities of 40, 30, 20, 10 and 5ml of the aforementioned Standard
solution are transfered into 50 ml volumetric flasks and filled with distilled water
upto the mark. The resulting solutions contain 6,000, 4,800, 3,600, 3,000, 2,400,
1,200, and 600 ml. Five ml from each of the above solutions are added into a
series of 100 ml conical flasks, containing 50ml of distilled water; Five ml of 2%
ammonium vanadate and 2 ml of 2N sulfuric acid are added to.each flask and the
mixtures are allowed to react for 1.5 min exactly. Then, the optical densities of the
~standards are measured at 530nm in 1-cm cuvettes, against a reagents blank.

Results and Discussion:As depicted in Table 1, by statistical treatment of the
experimental measurements taken for tracing the calibration curve as described
above, it was shown that the intercept (a=0.042) of the theoretical curve with the
A-axis (Fig. 1, dotted line) is not statistically significant. Namely the t-test shows
that the calculated value of t,=0.33 is smaller than the critical value of t, given in
tables for a confidence level of 99.9% and (N-2)=5 degrees of freedom.
Therefore, the working calibration curve should pass through the origin of axes,
with a corrected slope B=1.8-10" (Fig. 1, full line).

The modified procedure, as described above, was then tested on various
natural products, i.e. it was applied for determining the tartaric acid content of: a)
four different lots of apples of species “firikia” and “banana-apples” of Volos,
“banana-apples” of Tripolis, cooking-apples (rene-type), and apples golden-
delicious type, b) three different lots of Avocado, c) on four lots of Korinthos’
raisins, d) samples of bitter orange juices, as well as preserved lemon and orange
juices.
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FIG. 1: Calibration curve for Tartaric acid determination:Dotted line — Statistically derived curve by
the least-squares’ method. Full line= Corrected curve, passing through the origin .of axes.
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TABLE I: Experimental. Results of Measurements for tracing the Calibration Curve, and their
statistical treatment

No Concentration  Absorbance
y/ml
(xq) (Ay)

1 6,000 ’ 1.14

2 4,800 0.92

3 3,600 0.67

4 3,000 0.57

5 2,400 0.45

6 1,200 0.21

7 600 0.08

Statistical Treatment*

Sx;A;-NXA
b= ———— =174" 1074,
Sx;%-Nx*
a=A-bx=0,042
SAZNELD? (5x2-Nz2)
S= =0.167
: N-1

=0.127

NEx;2-(2x)*

a
= =033 < Yeritical
Sa

Corrected slope b’ = ExiAi/in2=1.8'lO'4

Sx’=88.85-10° SA2=3.169  ZxA;=16,398

%%=9.52-10° A%=0.3364

*Regression analysis by the least-squares’ method’®, Symbols: S= for standard deviation;
a= intercept on A-axis; b= slope; S,= standard deviation of a; b’= corrected slope of curve
passing through origin; te;cq = critical value of t for confidence limits 99.9% and (N-2) = 5
degress of freedom.

As depicted in Table II, the experimental results of these applications of the
present procedure indicate that it is convenient for the quantitative determination
of tartaric acid in natural products of tartaric acid content as low as 0.01%. The
contents found for apple, avocado and raisins’ samples are in agreement with
those reported in the literature. In addition, the results of Table II show that
orange and lemon juices do not contain determinable amounts of tartaric acid.

The method is not time consuming, simple and can be easely applied for the
quantitative determination of tartaric acid in a variety of natural products. Critical
parameter for the method, is the time between the addition of the reagents and the
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measurement of the sample. Namely, the measurements must be done as soon as
possible, after the 1.5 min waiting time required for the development of the
colour, since after this time a slow change of the colour occurs.

TABLE II: Tartaric Acid Content of various Natural Products determined by the procedure described
in this paper.

Samples . Tartaric acid %

Apples (spec. firikia) of Volos ’ 0.014-0.019
Banana-apples of Volos 0.010-0.015
Banana-apples of Tripolis 0.012-0.016
Cooking-apples (rene-type) 0.019-0.020
Golden-delicious type 0.011-0.018
Avocado ) - 0.015-0.020
Corinthos’ raisins - . 0.31-0.45
Bitter-orange juices ’ Nil
Preserved lemon juices Nil
Preserved orange juices Nil
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