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TECHNOLOGICAL PROPERTIES OF CLAYS FROM THE

STANDPOINT OF COLLOIDAL CHEMISTRY.

Magister Ing. S. Rosenberg
(Abstract)

The presence of small particles, i.e., less than
0.1 micron dia., impart to clays a series of properties
which are specific to the colloidal state. The behaviour
of the clay-water system depends fundamentally on the
surface phaenomena which take place on these small
particles.

The '"double layer' theory is dealt with.

The paper deals with the application of the Bingham -
equation to clay slips as well as with plasticity. The
latter property is related to parameters such as maximum
tensile strength,liquid limit and maximum shearing stress.
The tensile strength depends on the water films attached
to the clay particles. This water is under high pressure,
usually 900 - 3,000 Kg/cmz, which is balanced by the
attraction forces between the clay particles.

Thixotropy is explained by the coexistence of
positive and negative charges on the same particle.

The organic protective colloids are said to be a
very important factor in the deflocculation of clay and
kaolin slips. A combination of an alkaline peptizing
agent with the right protective colloid improves very
much the fluidity of kaolin slips and accelerates there-
fore the precipitation of the kaolin particles during the
beneficiation processes.

It is also possible to control the drying rate of
purified kaolins by the adsorption of selected cations.

The importance of colloidal phaenomena in ceramic
processes, particularly in refractories, is stressed.
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opération un feldspath de bonne qualité.

L'examen microscopique de la fraction légere
inf. 3 2,65 a montré qu'a part le feldspath, il reste une
quantité appréciable de fragments mixtes feldspath
hématite, feldspath-biotite, qui doivent &tre séparées
ensuite magnetiquement. La recupération est de
60% environs en feldspath. Les essais n'ont pt &tre
effectués que sur des fractione de quelques grammes «
seulement et on ne peut en tirer des conclusions défi-
nitives. Il semble toutefois qu'il est plus avantageux
de procéder d'abord au traitement magnétique qui
donne un mélange feldspath-quartz pauvre en fer dont
on peut ensuite extraire le feldspath par densité,
alors que le traitement au TBE laisse des élements
ferrugineux aussi bien dans la fraction légére que dans
la fraction lourde.

Essais effectués par Israel Mining Ind.

Des échantillons des granites BT et TR ont été
traités d'une part par densité dans des mélanges tetra-
bromethane-dibromure d'ethyléne de densité appropriée
et d'autre part au séparateur magnétique '""Carpco
Induced Roll" qui fonctionne dans des conditions compa-
rables & celles utilisées & 1'échelle industrielle (63 .

Les résultats de ces essais concordent entierement avec
les ndtres. La séparation magnétique abaisse la teneur
en FepO3 & une valeur de 0, 33% en moyenne.

CONCLUSION

Les essais préliminaires montrent qu'il est
possible d'extraire par des méthodes relativement peu
coliteuses, des feldspaths utilisable pour la céramique
technique, & partir de roches,granitiques du Negev.
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Un essai effectué sur la roche broyée a -65+200
mesh a montré que le fer se trouve principalement

dans le feldspath.

Inf. & 2,65 : feldspath Fe;O3.: 0,35%
Sup. a 2,65: quartz Fe,03:0,1%

Essai céramique

Un essai de fusion, effectué sur du feldspath
extrait par centrifugation au TBE D : 2,65 apres
traitement magnétique, a donné un bouton commengant
a fondre 3 1180°C., d'une couleur de cuisson gris
clair, riche en bulles,

Afin de juger du comportement du feldspath dans
une masse industrielle, deux échantillons ont été pré-
parés suivant une composition type pour le material
sanitaire, l'un avec du feldspath et du quartz, extraits
du granite aplitique, l'autre avec du feldspath de Nor-
vege et du sable du Negev. Apres cuisson d 1220°C.,
les deux masses présentaient la méme texture &
l'oeil nu. La couleur du produit préparé avec du feld-
spath local était 1égerement plus jaunatre que celle du
produit préparé avec du feldspath norvégien. Dans les
deux masses le retrait au séchage était de 4% et le
retrait 2 la cuisson de 3%. .

La conclusion du Laboratoire du Ceramic
Research Association of Israel est, que le feldspath
et le quartz de provenance granitique conviennent par-
faitement 3 la fabrication de la céramique sanitaire.
En ce qui concerne la céramique fine, la légere teinte
jaundtre peut étre un obstacle.

Séparation au TBE D:2,65.

Les essais ont été effectués par centrifugation au
TBE diluéa D : 2,65, pour essayer d'obtenir en une
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Le passage repété & 1'aimant abaisse la teneur en
fer jusqu'a une limite qui se situe aux abords de 0, 3%
Fep05, comme le montre le tableau suivant:

Table VI

TR - 30 + 200, intensité 3 1.2 A.

Nombre de passages FeZO3

.48
.47
.44
.42
.40
. 30

1

a & o © o ©

(S IS B - N OV I A

(Anal. Labor. Israel Mining Ind.)

Un essai de cuisson a été effectué au Laboratoire
du Ceramic Research Association of Israel sur le pro-
duit feldspath-quartz, passé 5 fois & 1'aimant. Par
comparaison avec une masse céramique preparée dans
les mé&mes proportlons avec un feldspath de Norvege,
le prodult local a donnée une masse légerement plus
beige, mais d'une porosité égale, 1% environs.

Séparation magnétique suivie de séparation au
PEE D 2,65

La séparation par densité du quartz et du feldspath
s'effectue sans difficulté par centrifugation dans le
TBE dilué au bromure d'ethylene (CH2Br;) jusqu'a une
densité de 2, 65.
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Essai de séparation

Séparation magnétique au Séparateur de Frantz

Pentes: F 309, S 20°

Les essais ont été effectuées sur la roche broyée
3 differents degrés de finesse et en variant le nombre
de passages & l'electro'aimant.

La fraction non-magnétique consiste en feldspath,
quartz et fragments mixtes quartz-feldspath.

La fraction magnétique comprend le minerai (mag-
nétite et autres oxydes opaques) ainsi que la biotite.

La séparation magnétique n'exige pas un broyage
tres poussé. Nous n'avons trouvé que de faibles diffé-
rences dans la teneur en fer entre un produit broyé a
-30 + 100 mesh, et un produit compris entre -65 et+200
mesh. En dessous de 200 mesh la plus grande partie du
produit passe dans la fraction magnétique. Il n'est pas
avantageux ni mé&me necessaire de broyer tres fin. Le
rendement en produit non-magnétique, quartz + feldspath,
est de 90% environs.

Table \'

Teneur en Fe203 des fractions non magnétiques

Dimensions Fe203
BT -30 + 100 mesh 0,32%
TR -30 + 100 mesh 0, 33%

(Anal. Labor. Israel Mining Ind.)
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Table IV

Teneurs en K,O et Na,O des échantillons

débarrassés des fractions magnétiques.

Na,O K,O KZO/Na,ZO
BT 3,2% 6, 8% 2,12/1
TR 3, 6% 4,6% 1,28/1

La biotite renferme fréquemment des zircons en=
veloppés d'un halo polychroique. Elle est souvent rem-
placée par de la chlorite. Les dimensions varient de
0,33a.1,5 mm,

Les mineraux opaques comprennent une certaine
proportion de magnétite. Les dimensions varient de
0,030 32 0,7 mm. Le sphéne varie en dimensions de
0,082 0,6 mm.

La séparation au moyen de liqueurs lourdes a
montré la présence occasionnelle d' anatase, de fluorine,

d'épidote, d'apatite et de calcite.

Repartition du fer. Le fer se trouve sous forme:

a) d'élement constituant de la biotite,

b) de magnétite, qui peut étre incluse dans chacun des
mineraux constituants,

c) d'hématite finement dlssemmee dans le feldspath ou
dans les autres minéraux.

Repartition du titane. La teneur en titane est
géneralement faible: BT 3044 : 0, 16% ; BT 3048 : 0,43%
Le titane se trouve sous forme de sphene et d'anatase, et
probablement aussi comme élement constituant dans la
biotite. Le sphene et l'anatase sont faiblement paramag-
nétiques tandis que la blotlte l'est fortement.
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Les échantillons ont été prélevés en deux
points du massif:

1'échantillon BT Coo. 1476/9079 provient de la
petite cdline ou se trouve l'abri de nuit des gardiens du
camp de Timna. Les analyses des échantillons de cette

colline montraient une teneur particulierement élevée
en KO (table III, BT 3044, BT 3048 ref. (8) p 5);

1'échantillon TR. Coo 1467/9094 provient de la
carriere exploitée actuellement par Solel Boneh. Dans
cette région le granite est vacuolaire. Sa teneur en K;O
est plus faible que celle de BT 3044.

La composition minéralogique modale obtenue
par planimétrie est:

Feldspath 70,4 %
Quartz 28,3 %
biotite 0,8 %
Minerai 0,4 %
Sphene 0,03%

Le feldspath consiste presque exclusivement
en microperthite brunatre, contenant parfois un noyau
d'oligoclase tres acide ou d'albite. D'une fagon génerale
les plagioclases individualisés manquent. Le quartz est
géneralement moulé par le feldspath. Feldspath et quartz
sont fréquemment tachés par un pigment hématitique.
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La fraction magné
magnétite, de la biotite
1,2 Amp. une partie du
fraction.

Fer.

Le fer se trouve ¢

1) d'hématite finement e
disseminée dans le f
en minces pellicule
fissures du zircon;

2) de magnétite, en inc!
ou dans les élements
zircon, apatite, biot

3) d'élement constitutif
biotite, de la chlorit
se trouve dans les &l
(notamment dans la
abondante) et de ce f
aussi bien au TBE qu
tique. Les essais ef
fois que la finesse di
opérations de traiter
magnétisme ont une
tiond de fer.

I. Echantillon d'abord c
traité au Séparateur

Dimensions % F

-70 + 150 0
- 150 1
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Minéralogie.

La texture est porphyrique. Plus de 90% de la
roche est constitué par un feldspath perthitique de
couleur rougeatre. Le reste comprend de rares grains
de plagioclase acide, de la hornblende, de la biotite, de
l'apatite, du zircon et de la magnétite.

Apres centrifugation au tetrabromethane (D:2,94)
et traitement magnétique 2 differents amperages au
Séparateur de Frantz, la repartition des mineraux est
la suivante:

Fraction . 1égere inf, % 2,94. Environs 94% en
poids du total.

La fraction non-magnétique comprend des
feldspaths sans inclusions mais parfois tachés
d'hématite et quelques paillettes de chlorite.

La teneur en FepOq était de 1,46% apres
le premier traitement magnétique et de 0,95%
apres le 4e traitement magnétique.

La fraction magnétique comprend des
feldspaths a inclusions de magnétite, de la
chlorite, de la hornblende, ainsi que des
opaques. La présence de hornblende et d'opaques
dans la fraction légere est due % la viscosité du
TBE.

Fraction lourde sup. & 2,94. Environs 6% en
poids du total.

La fraction non magnétique 2 1,2 Amp.
comprend de l'apatite en prismes courts, du
sphene, du zircon et occasionellement de
l'astrophyllite en grains de couleur orange
vif,
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Table III

1 2 3 4
SiO, 70.05 | 72. 64 71.80 - 76.66 | 64.30
Al,O4 16.93 | 15.96 12,30 -.14, 30 1,16, 11
FeZO3 1.00 | 0.28 0.77 - 4.50 2.20
FeO - - - 0:.99
CaO 0928 FCON15 0. 53 =*2.,20 1.36
MgO 0.20| 0.04 0.01 - 0.57 1.18
KZO 7.38 6. 20 4 52 °-1°6.45 5.41
Na,O 2.56 | 4.12 2.86 - 3.90 5.35
TiO, 0.16 0.034 o) )T 1.64
-HZO 1.20 0.25 - 217 0.52

0.43 0.21

1 : BT 3044, granite aplitique de Timna
. Alaskite USSR (7)

. Granites USSR Teneurs limites de 7 analyses, (7)

» W N

: Syénite de Timna (8)

La composition de la syénite de Timna est 2
premitre vue moins favorable que celle du granite apli-
tique, notamment 2 cause des teneurs plus élevées en fer
et en titane. Néanmoins comme cette roche ne contient
que tres peu de quartz et une teneur assez élevée en
KZO + Nap0, il convenait de tenter quelques essais.

A. Syénite.

La syénite affleure dans la partie N. E. du
massif, suivant une bande longue de 2 km et large de
500 m. environs. C'est une roche dure, d'une couleur
rouge sombre et d'une composition homogene. La com-
position chimique est donnée dans la table IIIL



- 26 =

Table II

Specifications concernant les feldspaths
_et les pegamtites utilisées en céramique
et verrerie en USSR{1)

Oxydes | TV-169-54 pour verre GOST 7030-54 pour

céramique
K,0+Na3O| 8%. De préférence 8%. K/Na=2/1. En
Na sup. K accord avec le

consommateur il
est possible de ne
pas normaliser les

proportions.
A1203 15% non limité
CaO non limité 2%
SiO» non limité pas plus de 30% de
quartz libre
Fe,0, 0.15% le. catégorie 0.20% le. catégorie
0.16%-0.25% 2e. 0.30% 2e. catégorie
catégorie 0.50% 3e. catégorie
ESSAIS

Les roches étudiés ont été prélevées dans le massif
granitique de Timna. Les données analytiques et
minéralogiques (8) montrent la présence de certaines
roches assez riches en feldspaths alcalins et assez
pauvres en fer pour qu'on puisse a priori espérer en
extraire un feldspath de qualité commerciale. Des
roches granitiques de composition analogue ont été
traitées, dans le méme but, et avec succes en USSR
(1959). Nous donnons ici la composition de la syénite
et du granite aplitique de Timna, qui ont été utilisés
pour ces essais ainsi que celle de certains granites
russes, utilisés dans le mé&me but et que nous donnons
3 titre de comparaison.
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Table 1

Limites des teneurs admises pour les feldspaths utilisés
dans la céramique fine (d'apres Kyonka et Cook (5) ).

Oxyde % en poids
Na,O 2.0 -9.0
K,O0 0.5 - 13.5
CaO 0.1 -2.5
MgO te. =0.5
Fe,03 0.02-0.4
Al203 15 - 21
Si0, 65 - 75

Il ressort de ces chiffres que le marché est devenu moins
exigeant en ce qui concerne la teneur en K,O et le rapport
K5O et le rapport KZO/NaZO.

En USSR ol le marché n'est pas basé sur la
concurrence,les teneurs peuvent varier dans de larges
limites. Le rapport KZO/NB,ZO et la quantité de silice
libre notamment peuvent varier suivant l'utilisation (1).
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des UBA et celuisde JSSR,

Aux USA une classification déja ancienne se
basait sur la teneur en alcalis et la température de
fusion (1). Un classement plus récent introduit par le
Bureau of Standards (2) est basé sur la finesse du pro-
duit broyé et la composition chimique. Il comprend
trois subdivisions, ayant chacune ses normes:

Le groupe I, '"ceramic bodies', est basé
sur la teneur en SiOp, le rapport des alcalis, et une
teneur en NaO qui doit &tre inférieure 2 4%.

Le groupe II, 'glazing', est basé sur la
teneur en Na2O.

Le groupe III '"glass'' est basé sur la teneur
en SiO,, en Alp03 et en FepO3.

Le détail des normes est donné dans 1'article
cité (2).

Une étude comparative récente des proprié-
tés céramiques de feldspaths tr¥s riches en potasse et
de feldspaths sodicopotassiques (5) a montré, que des
feldspaths contenant de fortes teneurs en Na20, pou-
vaient étre subsitués 4 des feldspaths tres riches en
potasse, dans tous les domaines de la céramique, sans
apporter de changements notables aux processus de
cuisson et a la qualité des produits finis. Ainsi les
marges d'utilisation des feldspaths, dans la céramique
fine, ne sont plus restreintes a de tres hautes teneurs
en K70,
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2) les massifs granitiques sont souvent tres étendus
et peuvent assurer des reserves considérables:

3) 1'exploitation n'exige pas de processus sélectifs;
il n'y a pas de pertes au triage. Le rendement est
souvent de 1'ordre de 50% - 60% en feldspath.

En Israel, dans le Negev meridional, et notam-
ment dans la région de Timna se trouvent d'importants
massifs de roches granitiques. L'étude pétrographique
des roches éruptives de Timna (8) a montré lfexistence
de granites alcalins dont la composition minéralogique
et chimique se rapprochent de celles des alaskites,
utilisées pour l'extraction de feldspaths, notamment en
USSR (4, 7).

Les essais que nous avons effectu®es sur des
échantillons granitiques et syénitiques prélevés dans le
massif de Timna, sont le début d'une étude plus générale
qui est destinée & localiser les roches les plus favorables
3 1'obtention de feldspaths de qualité céramique. Les
résultats déja acquis prouvent que des feldspaths de
qualité commerciale peuvent &tre extraits par des pro-
cédés mécaniques relativement simples.

Remerciements.

La Société '"Israel Mining Ind. Ltd. ' nous a
aidé dans le prélevement des échantillons a2 Timna,
ainsi que dans ses laboratoires de Haifa. Le Labora-
toire du Ceramic Research Association of Israel a
effectué les essais céramiques. Nous leur en sommes
reconnaissants.

Evaluation commerciale des feldspaths.

Il existe différents systemes d'évaluation qui
sont généralement basés sur la composition chimique,
ainsi que sur les propriétés physiques et la finesse du
produit broyé. Nous donnons ci-dessous quelques
chiffres concernant deux marchés tres différents, celui



= 22 =

L'industrie de la céramique en Israel s'est
fortement developpée au cours des derni¥res années et
utilisée de plus en plus des matieres d'origine locale.
Ainsi par exemple les sables & verre et les argiles du
Negev couvrent déja la plus grande partie de ses besoins.
Mais en ce qui concerne la troisieme matitre essen-
tielle & 1'industrie de la céramique, le feldspath, la
situation est fort differente. On doit l'importer en
totalité. '

On trouve bien aux environs d'Elat, dans des
filons de pegmatite, un feldspath d'une qualité utilis-
able en céramique. Mais lafaible dimension des filons,
leur situation topographique défavorable et la reparti-
tion irréguliere du feldspath dans la roche, limitent
considérablement leur valeur pratique. On ne peut
espérer en tirer avec profit plus de quelques centaines
de tonnes.

Les problemes que pose l'extraction du feldspath
a partir de pegmatites ne sont pas spécifiques a Israel.
L'épuisement progressif de nombreux glsements peg-
matitiques en divers pays du monde, a amené a recher-
cher de nouvelles sources de feldspaths, plus homogenes
et plus étendues, que les pegmatites. Les roches sus-
ceptlbles de fournir des feldspaths alcalins en grande
quantité sont les syénites, notamment les syénites a
nepheline, et les granites alcalins. Depuis une vingt-
aine d'années ces roches sont largement exploitées en
Amérique (USA et Canada) aussi bien qu'en Europe, au
Japon et en Australie.

Y

L'extraction de feldspaths a partir de certaines
roches granitiques, plutét que de pegmatites, présente
des avantages notables:

1) la composition minéralogique et structurale des
granites est beaucoup plus homogene, et par con-
séquent la teneur en feldspath est relativement
constante;
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EXTRACTION DE FELDSPATHS
INDUSTRIELS A PARTIR DE ROCHES GRANITIQUES
DU NEGEV

Essais préliminaires
Prof. A. Slatkine

Technion, Israel Institute of Technology
Mineral Engineering Department

Extrait

Des essais effectués sur certains granites du
Negev Meridional montrent, qu'il est possible, par .
3 des procédés mécaniques relativement simples, d'en
extraire des feldspaths industriels.

Abstract

A study of certain granitic rocks from the
Southern Negev has shown that it is possible, by com-
paratively simple mechanical methods, to extract from
these rocks industrial feldspaths.
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whole ceramic industry (not alone refractories) as by
the ISO-meetings are discussed the standardization of
ceramic products and methods for their chemical -
physical - and technical 'in‘vestig‘ations (including ceramic
raw materials). Therefore it can only be recommended
that every country is represented at the meetings in
order to obtain forehand informations for future work

at ceramic plants in the own country.

Ref. Draft ISO Recommendation No.491. Vo cabulary
for the ref. industry.

No. 73.

No. 74.
No. 75.
No. 76.

No, 77.
No. 78.

No. 79.
No. 80.
No. 81.
No. 83.
No. 84.
No. 86.

No. 88.

No.90E.

Draft ISO proposal for the determination
of pyrometric cone equivalent of refrac-
tory products.

Explanatory report to No. 73,

Method of test for refractoriness.
Proposal for the dimensions of rectangu-
lar ref. shapes.

Explanatory report to.No. 76.
Dimensions of Rectangular shapes and
arch bricks.

Proposal for the analysis of high silica
ref. materials.

Explanatory report to No. 79.

Proposals for attack and analysis.
Proposal for the analysis of alumino-
silicate ref. material.

Explanatory report to.No. 83.
Comparison of temperature - Measure-
ment with a thermocouple and with a
pyrometer and ageing of thermocouples.
Method of test for pyrometric cone
equivalent.

Determination of pyrometric cone equiv.
Determination of refractoriness under
load test.
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basic refractories
10°C/min from 900 -
1200°C
4°C/min from 1200°C
(iv) silica refractories
100C/min from 900-
1300°C
40C/min from 1300-
15000C
2°9C/min from 15000C
and more or alterna-
tively 40C/min

1 d. Furnaces - not specified except to meet the above
heating schedules with a minimum length of

100 mm at uniform temperature (less than 20°C
difference between any two points on the test
piece) and with an oxidizing atmosphere free
from flame and combustion products.

e. Measurement of deformation - by an inertia -
free recording device - the temperature pro-
ducing a deformation of 0, 5-1,0-2,0-5,0-
and 10% being reported (or the deformation at a
maximum of 18000C)

£, Temperature measurement - methods under
consideration.

The French and German would wish to suggest
alternative dimensions as 35 mm @ x 50 mm height for
the future study of differential methods of measurement.
Other delegations stated their preference for the 50 mm
test piece. So that any further difference of opinion
could be resolved, the Working Group-2 was asked to
present to ISO/TC-33 a first draft proposal as soon as
practicable.

This short report represents on a little part of
the important international work which is carried out
by ISO Technical Committee 33 - Refractories. It is
evident that the work is of uttermost interest for the
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aluminium - titanium and alkali contents being below
certain limits) both deserved further examination. It
was then agreed that a sample dissolved in sulphuric/
hydrofluoric acid should be used for the determination
of the alkali and alkaline earth oxides. A second
sample dissolved in sulphuric/hydrofluoric acid -
following by fusion of any residue with sodium carbo-
nate/boric acid mixture - should be used for the de-
termination of the oxides of aluminium - iron -
titanium - and manganese. Finally it was agreed that
further work should be carried out with respect to
determinations of silica in the high silica materials
using national standard methods and especially exa-
mination of the effect of a nitric/hydrofluoric acid
mixture on a special high impurity high silica
material.

The Determination of Refractoriness under Load
started by ascertaining that a considerable measure
of agreement had been reached on details of Refracto-
riness under Load test substantially under the follow-
ing six headings:

a. Shape and dimensions of test piece -a cylinder
g 50 mm x 50 mm height-with appropriate
tolerances.

b. Measurement of load - a direct method using
under-support and top loading columns each in
two pieces in contact with either end of the
specimen being an expendable disk 10 mm in
thickness. The material of the columns should
be volume stable up to 1750 °C.

c. Heating schedules - (i) all samples:3OOOC
to 900°C at 10°C/min

(ii) aluminosilicates below
44% Al,03 4°C/min
from 90°C

(iii) aluminosilicates 44%

" Al,03 or over and
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Further it was recommended that lime and mag-
nesia should be determined after treatment of the sample
with sulphuric/hydrofluoric acid if the boric acid mix-
ture was necessary for the silica determination, since
high residues had been found on certain high-lime
alumina-silicates. This effect had been found even
after fusion with the sodium/carbonate/boric acid
mixture.

For the determination of silica it was decided
that after fusion the melt should be dissolved in sul-
phuric / hydrochloric acid - then dehydrated twice and
the residual silica in the final filtrate determined colo-
rimetrically. By using a very fine filter paper one
dehydration may be sufficient according to the U. K.
procedure. By carrying out the determination at
pH 0.5 and controlling the reagent ratio it was stated
that the interference of other constituents was neglig-
ible - except phosphorus - and therefore it was hoped
a modified method based on the measurement of a
molybdenum colour would be developed in order to over-
come the difficulty. In order to find an explanation of
discrepancies in results it was decided that co-operating
laboratories in their further experimental work should
be asked to report on any deviation from the method
described and give precise details of the filter paper
used.

Concerning ""High silica materials' it was
agreed that no recommendation should be put forward
until further experimental work had been undertaken by
reason of the conflict of opinion on the correct method
of determination. It was stated that the silica should
be determined by the method normally adopted in the
country concerned until international agreement was
reached.

According to the results of the present investi-
gation it was felt that using alkali carbonates and the
method using nitric/hydrofluoric acid (subject to the
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The Tolerances on the above mentioned sizes should
be the subject of agreement between the manufacturer and
the purchaser or generally t 2% for standard qualities and
t 1% for special qualities which are in accordance with those
adopted in the majority of countries. The French and German
delegations, however, were of the opinion that tolerances must
depend on the type of refractory being considered and
suggested that arrangements of this nature should be left for
negotiation between the parties concerned. This was agreed
and for the rest, the question should be transferred to a
committee.

The Proposals for Attack and Analysis discussion
opened by ascertaining that in general the methods of
determining the oxides of aluminium, iron, titanium and

manganese appeared to be acceptable and therefore initial
discussions were concentrated on methods of attacking
materials and of determining silica.

On the subject '""Alumina-silicate materials'' different
views were expressed of the French-German - and U. K.
delegates. Generally the opinion favoured fusion with an
alkali carbonate or a carbonate/borate mixture using a min.
number of separate samples. Summarizing the individual
preferences were as follows:

S5i0, -Al-Ti-Fe-Mn CaO-M,O NapO0-Kp0

oxides Bt
France (NaK)COj3 or Naz0; H2SO4 and HF
U. K. (NaK)CO3 or NapCOs3 H7SO4 and HF
Germany (NaK)CO3 H2SO4 and HF H»SO4 and HF
General* (NaK)CO3 and H3BOj3 H7S04 and HF

It was agreed that alternative methods of attack should
be permitted for the determination of silica provided that the
final solution contained all the required elements and was
suitable for subsequent treatment and it was decided that
details should be given for attack by

a. mixed sodium and potassium carbonates

b. sodium peroxide (with caution about impurities)

c. mixed sodium carbonate and boric acid
for samples which were not completely decomposed by other
reagents taking into consideration of the possible effect on
alumina determination if boron was not completely eliminated.

*For material with insoluble residue.
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account of the substantial use of 220 mm and 250 mm
sizes but should express the views that this should
decrease in favour of the basic 230 mm standard
according to following:

Rectangular shapes
230 x 114 x 64 mm End arch taper Side arch taper

230 x 114 x 32 mm 66 x 62 mm 66 x 62 mm
230 x 172 x 64 mm 67 x 61 mm 67 x 61 mm
230 x 230 x 64 mm 69 x 59 mm 69 x 59 mm

The French delegation remarked that as a result
of improved quality, French users were tending to adopt
220 mm instead of 230 mm bricks as standard

The German delegation also agreed to the thickness
of 64 mm while pointing out that thicknesses of 76 mm and
lengths of 250 mm were quite popular in Germany. Further
the delegation stated that the preference in Germany was
for bricks of equivalent volume to the rectangular and
arch bricks since production methods were simplified.
The German delegation felt also that the 67 x 61 mm side
arch was superfluous. In general the French delegation
supported the German views in principle.

The U.K. delegation also agreed in principle, but in-
formed that detailed proposals would need to be studied by
U K May be the proposed standard length of 230 mm and
the proposal to omit bricks 76 mm thick could both be accep-
ted in U.K. but the suggestion that the standard thickness
should increase to 64 mm could not be adopted in the U.K.

The Indian delegation informed that they have 230 mm
as standard or the same as Russia.

The German delegation further suggested that the
dimensions 345 x 114 x 64 respective 76 mm should be
discussed and worked out by the committee.

In general, the views expressed that the suggested
basic sizes should be recommended and the alternative
sizes -based on 250x 124x 64 mm and 220x 110x60 mm
respectively - decreased in favour of the 230 mm standard.
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3.33 ¥ 0.2. Later on, this figure was changed:

It was agreed that the ratio of height to side of
base of cones should be altered to 3.55 - 0.15. Further
it was agreed that either cut or moulded test cones pre-
pared from fabricated products should be permitted on
the understanding that cut cones were preferable. Accord-
ing to the procedure the stand is set in the uniform tempe-
rature zone of the furnace and raised to 200°C below the
probable refractoriness of the material in 1,5 to 2 hrs.
Heating is then at a constant mean rate of 2, 50C/min
(altered from 4°C/min with a tolerance of 1°C/min) in
such a way that at any moment the deviation from the
theoretical temperature rise curve is less than 10°C.
(This rate of 2,5°C/min corresponds to a time interval
of about 8 minutes (altered from 5 minutes) between the
collapse of 2 consecutive pyrometric cones). Heating is
stopped as soon as the tip of one of the test pieces touches
the stand. This was agreed and no further alterations to
the draft Proposal N-73 being forthcoming. Finally the
Working Group-2 was asked to prepare draft recommen-
dations for a series of international standard cones as
quickly as possible,

During the discussion doubt was expressed whether
a reproducibility of t 1 pyrometric cone could be achieved
while others felt that it should be possible in case refe-
rence cones did not vary appreciably. This question is
still open until more information is available on the inter-
comparison of reference cones. It was suggested and
agreed that results should not be quoted in terms of
temperature but in terms of cone number and type.
Finally it was recommended that relative motion of the
furnace and plaque should be possible by reason of the
temperature variation within the furnace.

The Dimensions of Rectangular Shapes was dis-
cussed pretty thoroughly and the views were quite diver-
gent. Finally, after detailed discussions, it was agreed
that the Working Group's recommendations should take




=4

3.33 i 0.2. Later on, this figure was changed:

It was agreed that the ratio of height to side of
base of cones should be altered to 3.55 - 0.15. Further
it was agreed that either cut or moulded test cones pre-
pared from fabricated products should be permitted on
the understanding that cut cones were preferable. Accord-
ing to the procedure the stand is set in the uniform tempe-
rature zone of the furnace and raised to 200°C below the
probable refractoriness of the material in 1,5 to 2 hrs.
Heating is then at a constant mean rate of 2, 50C/min
(altered from 4°C/min with a tolerance of lOC/rnin) in
such a way that at any moment the deviation from the
theoretical temperature rise curve is less than 10°C.
(This rate of 2,5°C/min corresponds to a time interval
of about 8 minutes (altered from 5 minutes) between the
collapse of 2 consecutive pyrometric cones). Heating is
stopped as soon as the tip of one of the test pieces touches
the stand. This was agreed and no further alterations to
the draft Proposal N-73 being forthcoming. Finally the
Working Group-2 was asked to prepare draft recommen-
dations for a series of international standard cones as
quickly as possible.

During the discussion doubt was expressed whether
a reproducibility of t 1 pyrometric cone could be achieved
while others felt that it should be possible in case refe-
rence cones did not vary appreciably. This question is
still open until more information is available on the inter-
comparison of reference cones. It was suggested and
agreed that results should not be quoted in terms of
temperature but in terms of cone number and type.
Finally it was recommended that relative motion of the
furnace and plaque should be possible by reason of the
temperature variation within the furnace.

The Dimensions of Rectangular Shapes was dis-
cussed pretty thoroughly and the views were quite diver-
gent. Finally, after detailed discussions, it was agreed
that the Working Group's recommendations should take




- 135

ISO TECHNICAL COMMITTEE 33 - REFRACTORIES

Herbert Gronroos, Cer. Eng.
United Nations Expert

The refractories committee of International
Organization for Standardization (ISO) has been quite
active during 1962 and many meetings have been held
in order to discuss the different problems in the wide
field of refractories. The work is comprehensive as
the methods and tests used for technical and physical
determinations of refractories are very much varying
in the different countries. Therefore many times it
has been difficult to find a unitary solution suitable for
all. The divergent views in many cases are delaying
the work but as it is necessary to have an internatio-
nal standard in order to draw the right comparisons
between the different refractory qualities many of the
delegations have been constrained to adjust their
views. In such a way the work of the ISO Technical
Committee 33-Refractories is going on but in every
case it has been possible to carry through many im-
portant solutions and suggestions during the year, and
below follow some notes about the work carried out.

The Method of Test for Refractoriness was dis-
cussed and at first attention was drawn to the cone
sizes. Thus the Netherlands are recommending iden-
tical heights of 32 + 4 mm while Austria is favouring
tests cones between 30 and 36 mm with reference
cones of 30 + 3 mm. Germany suggested that both
test-and reference cones should be within the limits
32t 3 mm. Further, England pointed out that work in
both Germany and the U. K. showed that the differences
proposed would not affect the result obtained and sugges-
ted therefore a modification of the proposals that both
test-and reference cones should be between the limits
29 £ 35 mm. Finally, Germany referred to a series of
measurements carried out on various types of reference
cones and according to the results obtained it was

agreed that the ratio of heigh;‘, to side of base should be
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Table VI
_MgO.
Colorimetric Comeplexon
Sample with titan with Gravimetric

yellow eriochrome
Plaster 1. 25 1. 40 -
Negev Clay 0.05 0.07 -
Clay No. 1 - 0.45 0.40
Clay No. 2 - 0.20 0. 30
Ceramic body - 0.45 0. 50
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Table V_
CaO
Sample Co?nl'liatllf e Oxalate e
lichlceine) photometer
Negev Clay 0.90 0.95 -
Plaster 36. 80 37.50 -
Negev Clay 0.40 0.50 -
Feldspar 0.24 0.15 -
Bentonite - 0.10 -
Flint Clay - 0.14 0.14
Flint Clay - 0.20 0.10
Flint Clay - 0.10 0.08
Ceramic body 3.80 3.95 -
Ceramic body 1. 85 2.10 -
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Table IV

DETERMINATION OF TiO2

Fusion| Fusion | direct Fusion
with with with K SZO7
KOH+ K. S O | K, S O a%ter
ZANZa T B2 2]
Na.zo2 after heated
HF to 7000C
Flint Clay 2,35 | 2,49 2,52 2,54
Flint Clay 1.90 - 1, 86 1,89
Flint Clay 2,19 - 2,20 2,20
Flint Clay AR A 3,10 L
\ Negev Clay 1, 8 - 1,90 2,0
(sol not clear)
Negev Clay 1,42 1,55 1, 54 1,58
Flint Clay 3,10 3,14 3,15 3al5
} Flint Clay 2,23 - 2,29
| Flint Clay 2,00 | - 1,93 £
Flint Clay 1,42 3 1,42 -
Flint Clay 2,13 - 2,20 -
Flint Clay 2, 30 - 2,34 -
Flint Clay 2,10 - 2,14 -
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Table III
Bl o ol
by
Sample volumetric |colorimetric |sulfosalicylic
by chr_207 by KCN acid
Flint Clay .08 2.50 2,57
Flint Clay 4.30 4.40 4. 35
Flint Clay 5.85 ” 5.70
Flint Clay . 1.95 = 1.85
Flint Clay 3.0 = 2.8
Flint Clay 1.2 - 1,15
Flint Clay 1.90 - 1.80
Flint Clay 12: 50 - 12.40
Glass Sand = 0.11 0.10
Glass Sand = 0.08 0.07
Glass Sand = 0.11 0. 10¢ %)
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Table II
A1203
Sample versenate | gravi- ] by
(complexone)f metric OXINE |4ifference

Glass Wool 8. 30% 8.25% - -
Flint Clay 43.20% 42.,90%(43.00%

Flint Clay 45.30% | 45.50%|45. 30%

Flint Clay 60.70% - 60.90%

Flint Clay 53.48% 53.53%|53. 60%

Flint Clay 56.30% 56.32%|56.28%

Flint Clay 52.60% 52.20%|52. 30%

Flint Clay - 57.06%|57.05 %

Flint Clay 56. 3% 56. 4% = —
Flint Clay 59.05% - 59.20% =
Flint Clay 54, 40% - 54, 30% -
Flint Clay 61.30% = 61.30% -

| g 38.50% Bl

Clay
Negev Clay 25.9% 25. 8% E -
Negev Clay 30. 7% 30.8% |30.9% =
Negev Clay 32. 5% - - 33.0%
Flint Clay 38.9% - - 38.6%
Flint Clay - 54. 0% - 54.2%
Flint Clay 47.2 A - 47.7%
Flint Clay = 51.5% - 51.9%
Flint Clay - | 47.7% - 46.9%
This sample contains alkali




Table I
DETERMINATION OF SiO;p

Satiiple by silico- N by classical | gelatine
molybdate/differencd method | method
(HF)
Andalusite 47. 3% ' 47. 8% -
Flint Clay 30.6% [30.9% 31.0% -
Sillimanite 47, 3% = 47. 6% -
‘Negev Clay - 52. 8% - 52. 6%
(Negev Clay' - B13% - 51.1%
Flint Clay - - 15.8% | 15.7%
Glass Wool 51. 7% - - 52.3%
Flint Clay 25.0% [24.9% 24.9% =
Flint Clay 34.1% |33.8% - -
Flint Clay 40.0% [40.1% - -
Flint Clay 42.5% [42.5% - -
Flint Clay 42.6% |42.2% - -
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After critically surveying all possibilities, it was
decided that matters could best be speeded up by the
introduction of a combination spectrophotometer-flame-
photometer of a far higher sensitivity than our Bausch
and Lomb spectrophotometer and EEI flame photometer,
and a spectrograph for the analyses of glasses and glazes.

As long as a method was not well established, many
parallel determinations were made. When a method had
been proved reliable when working with standard
solufions, as well as with standard clays, only one
method was used. Only when a certificate was required ,
2 different methods were used.

Tables I-VII - see pages 7-12.
BIBLIOGRAPHY

1. H. Bennet and W. Hawley - Methods of Silicate
Analysis. Br.Cer.Res. Ass., 1958, p. 134-136

2. J. Louvrier - T. Voinovitch: "Sur un dosage volu-
.metrique de la silice' - Ind. Ceram. 510/1959.

3. 1. Voinovitch - '"Analyse de la silice dans les
argiles.' Reprint of lecture - congress XXX -
Athenes 1957 p. 7-8.

4, Goy de Longugnon - Ber.Ker. Ger. 35/1958
p. 155 - 186.

5. H. Bennet and W. Hawley (See 1) p. 7-8

6. Dr. E. Landsberg - '"Quick identification of F. Clay
grades II - Determination of Alumina by the ;D. T A2
Method". Bulletin of Cer. Res. Ass.,No.12 p.5-15.

7. J. Debras - J. Voinovitch: '""Dosage spectrophoto-
colorimetrique du fer dans les silicates' - Bull.
Soc. Franc. de Ceramique 1958/39 P. 55 - 56.

8. Ella L. Richards "Micro determination of Ca' Brit.
Abs., Part II - 1953, p. 481

9. Ref. Lab. de Chimie - Soc. Franc. de Ceramique.

10. Dr. E. Landsberg - Chemical and Physical
Properties of our Flint Clays - Bulletin of Cer.

Res. Assoc. No. l1- pp. 25-34.




- B

TiO2: We are well satisfied with the conventional
method, colorimetric determination with HpO,. For a
quick evaluation of the TiO2, or for the purpose of
checking whether all of the TiO, of a high-alumina flint
clay has gone into solution by the KOH-fusion, it was
found to be quite sufficient to fuse the clay directly with
K;5,07 over the Bunsen burner, dissolve the residue
in dilute HC1, filter off the undissolved matter, and
determine the TiO, in the filtrate. The same applies
to the Fe, but then the Fe-content was sometimes

found to be 0.1 % lower than the Fe-content in the soda-
or KOH-fusion.

CaO: We have very little new to add to the existing
literature. A colorimetric method by means of
molybdate (8) was found to be very complicated and no
improvement on the classical determination with oxalate,
or the complexometric determination. We have lately
introduced calceine as indicator (9), and the method is
very reliable as long as R203 and the ammonium salts
are removed prior to the titration (Table V), though
results were found to be 'slightly lower than those
obtained by other methods. For the determination of
small quantities of Ca our EEl Flame Photometer works
quite well, but did not prove to be too sensitive.

MgO: The colorimetric determination with titan yellow
is reliable and reproducible as long as no ammonium
salts are present. As the removal of these salts is
quite time-consuming, titration with complexone is
preferable. The addition of triethanolamine is advis-
able and for concentrations below 5 mg per 100 ml a
measured amount of standard Mg. solution should be
added for accuracy.

A time-table to show the length of time our
routine analyses are taking has been published before
(10); it still depends so much on the individual skill
and training of the operator, that we rather like to
abstain from giving exact figures.
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removal of the ammonium salts, would still be time~
saving compared to a traditinal analysis and has the
added advantage of giving the quantity of the Si0p at
the same time. By fusion with KOH plus Na202 and
consequent titration of the aluminium with complexone
(4) very accurate results can be obtained within 13
hours which would say nothing about the amount of
SiOp present, while the afore-mentioned quick method
would give the results for SiOp as well within the same
time-limit. (see also Table II).

For all purposes we found that the titration with
complexone was fully reliable and gave the same accu-
rate results as the determination with oxine (5) and
the classical methods. It is not inferior in speed to
the colorimetric methods which need time to develop
the colour, as the number of determinations which can
be carried out within a certain time, say l hour, depend
only on the facilities for heating and cooling the solutions.
That is why we do not consider switching over to colori-
metric determinations of the Al, while we are still con-

sidering to introduce the colorimetric determination of
Si0y .

A quick evaluation of the alumina content of high
alumina flint clays by the differential thermal analysis
has been reported before (6).

Fe 93_ We found the titrimetric determination with
potassium dichromate recommended by Bennett and
Hawley (5) very reliable for concentrations up to 5%
FepO3, 1.€., 7 mg Fep03 per 100 ml, though results
obtained by this method are mostly slightly higher than
those received by the colorimetric methods. While for
some years we had been working according to the rho-
danide method, we prefer now to determine the Fe by
the sulfosalicylic method (7) using a Bausch and Lomb
spectrophotometer. (Table III).
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Fusion: All Israel clays, including the high alumina
flint clays, can be quantitatively brought into solution
by fusion with KOH to which some Na0; is added.
This applies as well to the clays containing 65 or more
% alumina. The addition of Na202 may lead to a
quicker destruction of the Ni-crucibles which are used
for the fusion, but only a sufficient quantity of Na20O2
guarantees the quantitative solution of the Ti-minerals
(see also Table IV).

SiO2 % :

For quick orientative results we have found that the
calculation by difference after the volatilisation of the
SiOp as SiF4 is accurate enough, as long as not much
alkali is present (see Table I). The gravimetric
determination as molybdate as described by Bennett
and Hawley (1), is working well as long as proper
attention is paid to the pyy and the temperature of the
solution prior to the addition of the molybdate. The
titrimetric determination used at the laboratories of the
Soc. Francaise de Céramique(2) works well only for
quantities of at least 10 to 15 mg SiO2 in 100 cc. For
highest accuracy we still prefer the gelatine method3)

Al203: Until the titration of the Al with complexone was
well established, we found that a quick evaluation of the
Al203 by difference was accurate enough for most pur-
poses, i.e., by first volatising SiOp as SiFy4, igniting
and weighing the residue (difference in weight = SiO2),
fusing the residue with K2S207 over a Bunsen burner
dissolving the cake in dilute acid, and determining the
Fe and Ti colorimetrically in this solution. Then the
weight of the residue after removal of the SiO minus
the weights of the FepO3 and TiO2 constitute the weight
of the alumina. It is obvious that this method can

work only when Mg and Ca are present in very small
quantities, but even should they be present in small
amounts, the determination of Ca in the Flame photo-
meter and a semiquantitative determination of the Mg
with titan yellow in the photocolorimeter without prior
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A SURVEY OF THE METHODS OF SILICATE ANALYSIS

USED AT THE LABORATORY OF

THE ISRAEL CERAMIC RESEARCH ASSOCIATION

Dr.E. Landsberg & R. Fisher, M. Sc.

Though the methods for the analyses of silicates
are well established and have been standardized in most
countries, the frequent publication of a critical survey
of existing methods, their improvement as well as the
development of new methods (especially for shortening
the experimental procedure), are a sure sign of a
general interest in this matter. As all silicates vary
strongly in their chemical composition, all methods
have to be adapted to local requirements anyway.

Israel red-burning clays contain considerable amounts

of calcium and water soluble salts, white-burning clays
are generally kaolinitic in structure (so far no highly
plastic ball clays have been discovered) and contain very
little alkali. They may also contain variable amounts of
water soluble salts, and more titanium, generally in the
form of rutile and anatase, than clays from other
countries. Light-burning clays, apart from the flint
clays which may contain up to 65 or more % alumina and
up to 5% titania, may contain from 26 to 35% alumina,

0 - 2% alkali (only one sample was found to contain 3%),
0.2 - 15% CaO, traces to 1% MgO, and 0. 02 to 0.5% SO3.

Feldspar and pegmatite deposits are not yet
commercially exploited in Israel, and the imported
materials, as well as locally mined sands are tested
according to conventional methods.

During the execution of some thousand analyses of
local clays in our Laboratory, we have gained the .-
following experiences:
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THE ISRAEL CERAMIC AND SILICATE INSTITUTE
Dr. Sherman S Weidenhbaum
United Nations Project Manager & Director

With the establishment of the United Nations Special
Fund Project, '""Israel Ceramic and Silicate Institute'',
technical assistance towards the economic and industrial

development of the related Israeli Industries is entering a
new era.

This has been made possible through the efforts of
many groups. First of all are the ceramic industries which
realized that technical know-how is not a laxury but a
necessity, and that if it cannot be afforded on an individual
basis, it must be afforded on a cooperative basis. From
this realization, and with the help of the government of
Israel and, later on, the United States Operations Mission,
came the present Ceramic Research Association laboratories.
These were geared primarily to ceramic testing and chemical
work. Since their establishment, considerable progress has |
been made in these areas. Now the time has come to expand
these laboratories and the scope of their activities. This
expansion will give the ceramic and silicate industries the
manpower and tools with which to make more basic studies
on the materials and processes involved in these industries.
The new equipment will enable a trained group of ceramic
and silicate specialists to probe the nature of high temperature
reactions by such means as X-ray and petrographic methods,
and to study the mineralogical and chemical properties of the
materials involved in these industries. In addition, the
expansion will enable testing and development work in the
glass, enamels and cement industries.

Corning Glass Works has published a little book called
"Sand and Imagination' which shows the almost limitless
industrial possibilities when engineers and scientists with
these two ingredients are given the necessary research and
development tools. In a land where the impact of the Negev
and imagination are everywhere apparent, the Israel Ceramic
and Silicate Institute has a challenge ahead of no small
proportions.
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CERAMIC RESEARCH ASSOCIATION &
THE ISRAEL CERAMIC & SILICATE INSTITUTE

E. Wishinski

According to the Agreement signed between
the Ceramic Research Assosiation and Government
Institutes, the laboratories of the Ceramic Research
Association were transferred to the Ceramic and
Silicate Institute. In consequence thereof, all research
work will be carried out at the laboratories of the
Institute, which will be enlarged and properly equipped.

As a result of this transfer, changes will take
place in the activities of the Association. It will
participate in the management of the Laboratories of
the Institute only indirectly, through representation in
the Institute. The Association will concentrate on
administrative fields in the future, such as:
Organization of talks and speeches, Courses, Meetings,
Exhibitions; '"Ceramic Circles', Publication of the
Bulletin, and other publications.

The Association's main aim at present is to
bring the ceramic Industry closer to the Ceramic and
Silicate Institute.

The pioneers who founded the Ceramic Research
Association 13 years ago see in the formation of the
Institute the fulfillment of their dreams. Their aim is
that the Institute should spread its research work to
include not only the ceramic fields, but also others
close to it, such as glass, cement and enamels.

Dr. Sherman S. Weidenbaum, the Director of
the Institute, who is a U.N. Expert, and who has worked
for 10 years for Corning Glass Works in the U.S. A.,
has included a short note about the Institute. We believe
that cooperation between the Institute and the Association
will contribute tremendously to the growth of the Ceramic

Industry and we wish the Ceramic and Silicate Institute
full success in its work.
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