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Introducticn
1. Thie paper on "Testing and Evalucticn »f Brick Cloye™ lins becn proporced

for the Internstional Suminnr on the Development of Cloy-Puilding Meoteriols

Industries in Dcveloping Countrices.

2. Clay has been used for the producti-n »f brick far o very long time., o=
day's architecturc is sccking for light constructing moterinl ~nd o rationcl woy
of building,. Thc brick industry is mnking every cffort to fulfill the demnnds
sf this development, ty producing large bricks, of nccurnte dimensione, ~nd
bricks with hnllow spaces. Therefore the raw materinl hos to be of high quolity.
On the other hrnd tho development in cernmic technology hos le~d to ecnomicnlly
possiblc mcthods of benefication of pour quality cloys, By means of thesc the

range for using nvrilcble cloys has beon widely enlarged.,

3. Relevent for the cstimrtion of clays rre the minimum requireﬁcnts of the
deeired products. These nre stipulnted in the stand-rds. is regards the pro-
duction of bricks the menufccturing depende on loceal conditinns. Becruse of
the need for cconomy, expensive additives are unrenscnable. An intensive test-
ing of tho cley heos to nnawer the qucstion, whether » clay ns such, ~r n clay
procossed by certrin technologic mothods will fulfill the required strndards,
Thus = correct estimntion of the cley is not anly of importance i~ determine

whother o productinn is possible, but also t> sct up the process nnd equipment.

4. ¥ith regrrd t~ the conditi~ns prevniling in various countries, the mnin
emphasis wos 1rid on tho technological tests, which con he corried out by mecns
of simplec laboratory ecuipmont. At the same time the more complicnted tests
wore not neglected, n~s8 o furthcr step of development, in order to stimulate a

rise in technicrnl stondard of the tests and evnluction.,

5. s cloys nrc employed not only in the ceramic incdustry but nlso in the
chemical industry, in the food industry, in the phormoceuticnl industry, in the
pepcr industry, in metallurgy, in the building industry, in drilling techniqucs
etc. and are importent for agriculturc, detciled resenrch on clnys is corried
out &ll over the world, mrking use of physico-chemicrl tests, such as X-roy
antlysis, thormogrrphy, clectron and necutron diffrrction, nuclerr magneilc reso-
nance, cloctron ond high temperature microscopy etc. in order t: clear up their
structure cnd texturc and to explain their behoviour -nd propertics under certain
conditions. The broad ranging uscs of clay brickse indicntes why information from
other branches can contribute to o better understonding of clrys, employed in the

ceramic industry,
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1, GITRAL DISCUSSION OF TH™ I'ROMMRTINE OF CLAYS
6. the corrmic rew matorinls cuplyyod in the menufrcture of varisus coromic

products, cepccirlly the structurcl clry products, rro of minorel origin ond
rre composcd of eiliecn, rluminn, lino, megnesir, iron oxide, alkrlis cad »f
compounds mrde of these oxidos., The first plnce omong tho ceromic row materials
is ocoupicd by vrrious cleys, lowwn long o¢o to bo copoble of baing sheped into

difforcont vosscls or products, cmploycd for usc or building,

Te The definition of clay is not eimple. Tor oxnmple, the conception of
cley is differont for o coerrmiet thon it is for en cgriculturcl ohemist.

8. Aocording to the lmericon Ceremic Socicty the definition of clay ias
"L finc-grained rook, which when suitebly crushed and pulveriged, becomos
plestic; whon wot, leather-herd; when dried and on firing is converted to o
permanent rock-like mcss,."

9. To this definition it is possible to add that in ceramics the term "cloy"
means not only the netursl moterial but clso the scme metorisl, after it hes
beon benoficated, purified or treated in some other way., If various nccompany-
ing minerals ere removed ond the substence of cley is formed by cloy minerals
only, thut substaonce is somotimes referred to nos "true cloy* or "cloy substance".

10. As the differonce in chomicel, mineralogical and dispersion composition
of cloys influonces their technological propertias cnd their fitness for o
pwrticulor sort of ceramic product, the cloys are often differentinted in their
epplication, Some of the clays are crlled briok cleys, othors refractory olays,
pottery clays, sintering cloys etc, The cloys for building mtericls,
ospocially the brick cleys orc, o8 & rule, not purc cloys but mixtures with
other non-cley minercls, so thnt the quantity of the clay suhstance is somewhere
botween 30 and 40 w/o.

11, The term "brick clny"” is more industrirl than geologiocl and is applied to
oll cloys, loams ond enrths thot con be used for the menufnoture of brioks.
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12, Teking into nccount the jo:l . icnl ricin, cloye are divided inte two

groupst }
¢) Prim~ry or residunl cl'ys th-t remcincd AL 8itu. Thesv ~re
chorncterised by large greine ~nd by the grent number f
primrry minercls thit were not wenthered enoughy

b) Secondnry Br sodinment~ry clrys, the noture of which is
detormined by the kind »f transport ~nd depoeitin,

We distinsuish:

i) The fluvial ~nd alluvirl cleys, origintted by sodimentrtion
in rivers:

ii) The glecicl clays, origin-ted in tronsportotion of preat
mnsses of ;l-ciors:

iii) The doltric clays, sodimented in mouths »f rivers-

iv) The lacustrine cloys, originnted by sedimontotion in
freshwator lrkes:

v) The morine clcys, originntod by deporsition in secs ond
ocenns:

vi) The zeolien clays, thet vere wind-blown in origin,
1

13. 411 these eorts of clays cen be employed, sometimes directly, vometimes
after somo sort of beneficotion, for the menufreture of brick products, Some
cloys, oeven of the some origin, have their specific ferturcs. Fop examples

o) lierl (or melm) ie o cloy, conteining finely dispersed canlcium
corbonate;

b) Red-burning clays are clrys whose colour, after being fired,
is red;

o) Strong cloye are very plastic and relctively pure clays;

d) iild cleys ore mild plestic cleys, werkly consolidated,
conteining send;

¢) loams are cleys containing grovel snd sand;

f) Loess ore wind-blown, silty cleys;

g) Rock clrys are the consolid~ted cleys, known as sholes, slates,

ond firoe-cloys.,

14. The brick cloys can contein non-clay minerecls. Yhon necesscry ond noccording
to the properties of the cley, these minerels con be added in nrder to optimize
the technologicel properties ' f the mixture. For such cdditions we con employs
sand, crushed rocks, waste from burned bricks, limestone, fly ash, coal slog,
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clhinker etc.) the additives oan be of natural or artificial origin. The result
of auch sdditions is a mizture that has suiteble properties for manufaoture, when
the raw material, as found in the deposit, was not msuitable for this purpose.

Radic propertiss of claxs

1% Clays in general, and the briok clays as well, oconsist of ¢ great number of
various sineral particles that are of colloidal to maorosoopical sise.

16, Te terw 'earths™ is applied to a product of natural rook decomposition only
if 1t contains more than 50 "/o of particles smaller than 2 ma. Ceremic technology
dividea them according to the oontents of the sire frestions as follows:
a) Clay suiletancet particles of a diameter under 2 microms;
t) 3ilt:s particles of a diameter between 2 and 50 microns;
c) Sand: particles of a diameter above 50 microns (to 2 mm).
According to the amount of these fractions it is possible to distinguish various
sorts of clays.

17. The ceramic clays contain more than 50 “/o of fine-sise frections; the
brick clays can have contents of small-sise particles up to 20 '/a. The "earths”
containing less than 20 '/o of fine-size frections are prectically non-plastioc
earths that can be used in ceramics only as grog (Pig.]l below).

Timure ).
Slasailieatior of sedimants
‘>iom e
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18, The aversge composition of the clny errths is usuclly in these rrngest

L3

s
8“)2 5% -« 70
f’.1203 10 - )9
PO 2- 8
Cal 0,5~ 15
503 0,0 0,5
loss on ignition Y- ud

19. The partiocular slements nre, of oourse, not presented in the fore of
oxides, with the possible exceptions of silice (8i0,), hemctite (h203),
rutile (‘ﬂﬂz), but are bonded in the f rm of silicetes, nluminosilicntes or
other compounds.

20, On the besis of the nmount of oxide, we cen judge the probeble techmologi-
crl properties e.i., vith respect to prooessing, drying nnd firing.

2l. As a function »f the disintegroted rocks cnd of the conditions of werther-
ing and sedimentation, the compoeitions of cleys and carth is very different.
It is not possible to find two clays which are equal. Table I gives n survey of
almost cll minerals met with clays. This table is nleo used for the nomen-
clature of the clays cnd corths, The minercls ooourring in brick clays are
undersoored,

22, The clay minerals are essenticrlly the hydreted alunminneilicates. They
are orystelline (with the exception of .morphous nlophan) and heve ¢ layer or
ochein struocturs.

2}, The most importcat of cley simh ere kaolinite, montmorillonite, i1lite
and chlorite,
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lable |
Ninerels in claxs

Kaoli- -group {(kandites) Aluaiaun oxides ynd hydroxides

Nakrite Gibbeite, hydrurgillite
Dickite Diuspore
Keviinite Boehmite
Hello ~ite 840, - mineryls
. » Qhulcedone=

_ntmorine- ui (8 %ﬁ?fif“. |
Fonteorjllonite Cristubulite |
o re » opal

jeidellite

Volkonskoite Lsldapar-groyp
z=fonite 0rt) luse

Yectorite
Saueonjte

Stevensite tﬂlﬂ!ﬂ

Ficuceous mincrals £l£!ﬂlll!l
Hy ivomuscovite %‘%glff
%%%%i%te Ankerite
Brammalite m
: Brunnerite
Fuccovite, !ericisg
Furagunite he gCcEpin in nary
Fiotite - '
M) gorite LiBgonite
repidolite g":&%L!'
g?ntwalqite ﬁa‘Tz—libar‘
Giaug nite 23419
Celadonite Ilmenite
o Rutile
Cy . . ) Anatuse
Cther silicatic cluy minersls 7ireon
Allojhung Tourasline
Pyrepghvllite fiarnet
Tulcurm apatite
attupnul;rate Phosphorite
Jorrencite
Hedpobiovtite syluble.
Cor
Hecturite Rock salt
Vermiculite .
Lippup
hlorites Alunite

Serntinite
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Fimre 2
Structure of kaolinite

Fi&re }
ﬁ&ctuge of montmorillonite

Ay b
SYCHANGCEABLE Corrons

-EI l e

v) ‘ 00'080#"
|
L | 'Y Thad
[




ID/WG.16/2
Page 12

Figare 4
Structure of illite

1l « clay minerals
2 - sand
P - pores
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4. Keolinite (Tig, 2) is o doublc-loyer mirer~l. The chemical compositions

correspond to the formulc A1203.2 5i0,.2 K0,

25.  Hontmorillonite (Fig. 3) hes the chemicnl compoeition approximetely

A1203.4 SiOz.H20. The montmorillonites causc the high plrsticity.

26, Illite (Sericite), (Fig 4) in its structure resembles the monimorillo-

nite. Illite, compared with the montmorillonite, hcs no inner ewelling,

27. The group of the chlorites includes Feo-ig-il-silicrtes with wrter of
congtitution,

28, Some of the properties of the cleys ore exceptionsl., These propertios
cre based on the crystelline structure and on the morphology of the cloy
porticles. The plasticity is conditioned by the form ond the sigze of the
perticles, The ionic exchange on the surfrcs of the porticles is ccused by
negetive charge baccuse of the substitution of Si by il in the crystrl lotices.
The deflocculation ond the ewelling ie ~ result o»f exchangecble cetions in the
hydretic layere in the clay perticles cr among them.

M'roaconicit,umd woter~-bonding,

29. The particles form = very compliccted system of larger to very fine capil-
laries that can very intensively suclk: the water. The rrising cepillary forces
ére proportionate tc the inner surface of the cley and to the surface tension

of weter, cnd cen reach very conciderablo values (t> 100 lqj/crn2 ).

30.  The clay, placed in moist medium, bonds cortain nmounts of weter. A
capillary phenomenon tekes place, called cbsorption, thet in this cese appesrs
&6 a concentration of the liqui. pul-23 on tae furface of the particlos, vhere
they form thin or monomoleculcr leyers of the liquid.

Swzlling

31. On contact of clay mineral snd woter, the ions OH from water concentrrted

on the surfoce of the clay, ¢ive to it e negnrtive character. The water dipoles
beoome oriented and form o water film mund the particle or lynsphere. The
particle is hydreted, which mesns that it hes not only the free weter, which is
moveble between the particle, but rls> the bonded water.




ID/WG.16/2

Page 14

32. The relatively great dimensions of the lyosphere as compared with the
particles of the clay have the effect that the ecrth on contect with water
becomes voluminous or swells. The hydrated prrticles of the clay develop
sometimes ¢ considercble pressure »n the surroundings, the so-called swelling
pressure, and chance the physico-chemicnl properties of the dispersed system,
The scheme of swelling ic shown inFig. 5.

3). Vith monmorillonite the water can enter into the lattice and expand it,
Therefore the swelling ability of monmorillonite is merkedly higher thon that of
other clay minerals.

J4. Lccording to the decree of swelling, brick clays cen be divided into
mildly swelling (under 20 "/o), medium swelling (20-30 “/o) rnd strongly
swelling (above 30 “/o).

35. The swelling has no upper limit; o matericl can pass from c suspension to
& solution. In the case of clays this cppecrs as o disintegration of coarser
oggregnted particles and cs o destruction of the texture and the outer structure
of clay. This process is called the slaking of the earthe and its mechonisa
can be explcined as a smurfrce dispersion. The sleking depends not only on the
neture of clay but clso on its donsity, moisture, particle sise otc, The
consolidrted and strongly plostic earths slake with difficulty, whilo the sandy
ones slcke very easily.

l.bgnt;gg cepaci ty o{ c}gc

36. If the clry particle is placed in water, it absorbs on the surface the
ions of the same cherge only, while the ions of opposite charge remain in the
sclution,

37. The absorption of cations on clays depends on velency, ionic radius end
hydration of the cation. Very hydrcted cations are accomponied by releotively
bulky water leyer ond so the clkelis (Na“, '*) are more loosoly bonded. Less
hydrated ond therefore more stroncly bonded are Coo', 162", Sro and Be'. The

cotions Hl+ tre most strongly bonded cnd ere 10t hydrated.,

38. This ion exchonge is expressed in milliequivalente for 100 ¢ of the earth
end is ceclled "eorption cepacity' , which is ir direct relation to plastic
properties of clays,
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39. The sorption capocity of some cley minerels is os follows:

Keolinite under 15 meqv./100 ¢
Illite 20 - 40 meqv./100 ¢
Yontmorillonite 60 - 150 meqv./100 ¢

Flocculotion and di gpersion

40, If we c©.’d to the clay suspension on eloctrolyte, this can cruse ¢ risc
in the neiitive charge of the micelles. The mutual repellency of micelles

increcses ond so = decrecse in viscosity occurs,

41, The decrecse in viscosity we call liquefying or deflocculation. The most
comwon of the electrolytes, employe? for the liquefying of the slurries, nre

soda, weter-gless, protective colloids ond condenscd phcsphates.,

42, If this eddition of electrolytes exceeds certcin limitse, the potentizl

of the double-loyer decreases, c.c the thickness of double-~loyer decreases

under the influence of greet number of the cotions presonted. This can lead

to the charge compensation on the surfoce of the Couble-layer so thot the
repulsive forces cease to act. On the contrary, under the action of the mole-
cular forces, the mutucl ~ttraction tokes place end formetinn of cluster ocours;
in other words the flocculation tckes ploce.

43, Clectrolytes suitchle for fl:cculoation, nre the divelent and trivealent
cetione or ccids. In technicel practice e.g. calcium hycrete is employed, 4An
organic recgent, dimethylemine, is also used for these purposes,

44. ILn opposite offect is produced by alkaline compounds capable of precipito~
ting or screening the polyvclent cetions, especially Caﬁ, in the clays. These
szlts could be noutrel clso. Some alkeline snlts of orgenic acids (e.c.

sodium omlc.te), NéF ond perticularly the condensed phosphotes (e.r. sodium
hexemetephosphate) are good deflocculants,

I‘;anticitx ond viscosig

45. If the ceromic paste, which is & mixture of clay end water, ie acted upon
by & certain degree of force (pressura), this prste can be seen to be reshaping
and gaining various shapee, without ocny foilure in the microstructure, This
property we call plasticity.
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/6. The plesticity of the roste is influonced by meny faclors, especiclly by
those which ~re connected in some wey with the noture of clay minerals. They
ore:

2) the perticle size

b) The shope of prrticles

¢) The number »f loyers of the liquid enveloping the prrticles;

d) The thickners of the liquid layers:

¢) The m~gnituce of bond=forces:

f) The cbecrption of inns on the clry prrticlee:

g-) The presence of foreirn notter.

A7. 1t is possible tn distinguish botwecen the kinctic or latent plasticity
and the actucl plesticity. The first one is an inner property of the cley end
represents the meximum plasticity. The actucl plosticity, which cen be better
cclled tho workebility, choracterizes the plastic propertice in the given cone
ditions. It crn bo influenced by the addition or removel of water, the addi-
tion of gro¢ (inert substonce), grinding (that ie roising the proportion of

small-size porticles), etc.

A8. i8 to thc causes of the plrsticity of cley minercls there are many theo-
ries, e.(. the morpholocic theory, coning from the slitpe rmnd sige of the
particles; the colloid-chemicnl theory, expleining lhese properties on the
ground of colleid-chemicrl reactions; and the physical thecory, according to

which the most significant ore the properties of the liquids.

49. The plasticity is o function uf the binding power of thc water films.
Thie is determinod by thc spocifie surfecc, by ione in the weter, and by the
nature of the clry mineral, These veolues are decisive for the swelling and
for the sbsorption caprcity also. Therefore it is poesible to estimate the
plasticity from the montioned properties.

50. The content of the clay minerals in the earth oanc its nature decide the
plasticity. The illitic cloys nre more plrstic than the keolinitic ones, but

less plastic then the montmorillonites (bentonites).

51. The explanntion »f the pl:reticity is very complicated onc its objective
determinrtion is difficult. [ rny methocds h-ve been worked out, but the velues
obtrined cnn often be compared only with difficulty. Tor the production of

bricks the plasticity con be estinated t- & certein cxtent by means of simple

empiric tests.
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Thixotro pY

52,  Thixotropy is a phenomenon, which can be found with some (especially
very plastic) earths. .ifter mixing vith water, they give suspensione, which
when left at rest become so0lid and gain shecr strength, the choracteristic of
a solid substance. It con be explained that the flcke-sheped lyospheres form
tocether o sort of inner structure, like to & house of cards, in the suspension
and it sppears o8 o gel, Dy nrixing or by shoking, this sitructure is disturbed
end the suspension becomes liquic ogain. If we stop these mechenical actions
the suspension becomes sclid again. The thixotropic behoviour of the earth
depenc.s on:

a) Size and shepe of the particles:

b) The porportion of the partjcle surfoce to their volume:

¢) The concentration of the slectrolytes;

d) The polarization of the liquid:

e) ‘The temperacture.

53, Deflocculeted cley suspensions show often thixotropy. It can oocur at
brick clay olso, especially in silts,

Pariicle size and specific surfcce

54 In brick cloys the dispersion size distribution can very within these
limits:

Particle size obove 1,0 0,2 0,09 0,06 0,02 0,002 under

in mm: . 2 mm 2,0 1,0 0,2 (¢,09 0,06 0,02 0,002

L 0=2 0-3 0-20 8-2% 10-30 15-45 20-65 15-50
As the particle size very much influeaces the properties of the dispersed

system, espociclly colloid systeme, there are relations between the particles
size of a clay end its physic-chemicrl ond technological properties. From the
particle sige it is possible to estimete the specific surfece of the systen,

Tochnolog cal properties

55« From the employment point of view the most importent properties of the
brick clays c~re the technologicc~l properties, which influence mostly the manu-
fecture process ond the treatment of the enrth, anc con be taken as © mani-

festation of physical and chemiczl properties of the earth.
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Forming water

56, The contenis of water in the mixture, necessary for obtaining the workable

paste, is one of very important technological properties of raw material.
According to the amount of this water the forming process differs.
We distinguish:
a) Soft-mud yrocess, where the content of water is about 25 Y/os
b) Stiff-mud process, where the amount of water is about 12 “/o = 15 ¥/o;
¢) Dry-press process, where the content of water is 5 - 7 ¥/o.

Brying

57. Drying we call the process during which the pieces, shaped from the
plastic paste, are rclieved of water in order to get a body with only minimum
amount of water {w <& 2%). During drying various changes in the formed piece
(or in the paste) takes place (Fig.6).

Xigure 6
Mechanisa of drying




ID/¥G.16/2
Page 19

58, In thé first plece the removal of woter enveloping the particles and
which is here also preéent a8 ﬁofe water, shrinkege takes place. It originates
stresscs whick ccn hove various velues, and cherncter on the surfoce and inside
of the piece. lccording to the conditions of the drying this tension con rise
end it con lead to the crecks ond deformetion of the piece. Of great importence
is the fact thet cccording to he plesticity the removal of water can be quick

or slow cnd the wvolume chenges can be smoll or very hig.

Eiring

59. The chemicnl and minernlogic cemposition of the cleys is decisive for their
behaviour on firing. At higher tenpercturee, beginnring 300°C, the cleys lose
their water of constitution cnd become cmorphous. The carbonctes decompose ot
higher temperctures (800-90000). Since these effocts o together with o
remerkable shrinkege of the mnatericl theso temperaturc renges ~re critical,

The enalogoue is true of the trensformetion of quartz ot 57300, particularly

on cooling of the burned bricks. Thus it is obvious, that ~ thorouch investi-

gation of the firing behaviour is of grect importence if o firing schedule is
to be established.

60. The smorphous ond dehydroted metericle form new compounds by solid stote
recctions, Hrolinite forms mullite rnd cristobolite -t hirher temperatures,
after going through o spinelic phese ot medium temperctures. Illite forms ¢
glass, CeO from 08003 and SiO2 from querte combined to form wollestonite at
higher temperatures. Tinally ¢ glessy phrse is formed, vhich effects sintering
end leads to mechenicel strength after cooling.

o

Bleeting {expandi

By T

61. 'ith risin¢ tempersture the cmount of the glussy phase increeses, while
the moterizl becomes viscous ond finally melts. If the moterinl evnlves goses
(either by thermcl decomposition or by chemical reections) in o certain range
of viscosity (106 - 108 poise) bloating or expanding occurs. Brick cloys
frequently show this effect, which is not desirsble for the production of
bricks., Bcsed on this very effect, howaver, light expended clay aggregates
cen be produced, where the expension is enhanced by sudden heating. These
sphericr.lly shaped aggregrtaos cre checp cnd cre excellently suited as insula-
ting construction meterials.,
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IT. MF.HODS O BXALINATION ARD Iy

ey eneral disgusgion

62. What has been said so fur about clays already clearly shows how diffioult
and complex their properties aie. A complete desoription of a clay is only
possible in a very well equipped leboratory, where chemioal, physioo-chemioal and
technological methods of investigation can be oombined. It is interesting to
note that there is & marked shift from ohemical to physioo-chemiocal methods.

For the practical purposes of production, teohnological tests will be preferred.

63. The examinatione for the evaluation of briok clay are not so extensive us is
neoessary for other oeramic clayss  The laboratory tests have mainly two objeoist
a) To determine the nature and/or the properties of the raw material or
of the raw material mixture,
b) To determine the churaoter and/or the effect of the equipment or of
the process.
In the appendix an example of o complete examination and evaluation of a brick
clay is given. This test-report is made by a faotory for extrusion maohines.
The oosts of thic anulysis are considerable, but are refunded if a maohine i
bought. Own examinations and tests should be carried out aocoording to the
standards, Those are not only explioit, but enable us to compare our results
with other analyses. At present not all of the tests for the brick olays are
otandardized. If possible, oorresponding standards for oeramio materials are
to be detailed for these oases,

Phys 1

Kigrossopic examination

64. Mioroscopioal examination of the clays or of these fractions after dry or
wet sieving is a simple method for the determination of the minerals and of the
inclusions in the olays. The binooular microsoope with medium magnifioations is
very practical, In the polarization microsoope the quartz can be casily

jdentified. The high temperature microroope is useful for studying the firing
behaviour of the olays, espeoially the bloating. Iurther details on this method
are given in paras, 73~75.
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{21A) Differential thermal analygio

65, This method is used more and more frequently in the ceramic industry. It
not only enables the dctermination of the minerals occurring in the clay but
renders information on the processes taking plece during the heating and firing
of clays.,

66. The principle of the thermal analysis is the simultaneous measuring of
temperatures in the sample and in an inert standard (mostly calcined alumina)
during heuting or cooling. In Fig, 7 an apparatus is schematically siven, The
rise of temperature is controlled, and is usually 10°C/min. If at certain
temperatures physico.-chemical reactions take place, a temperaturc difference
appears, recording an exothermic or endothermic effect. This difference of
temperature is plotted against the temperature of the system and we obtain the
thermogram which is typical for clay and for single clay min¢rals (Fig, 8 and
Fige 9 of the test~-record),

h avimetric analysis

67. The thermal gravimetric analysis is similar to the DPA. In this oase we
determine the loss of weight of the sample in relation to the temperature, This
can either be done periodically or continually. The loss of weight is expressed
ae w/o and plotted in a diagram in relation to the temperature. The heating is
carried out at temperatures of 200, 300, 400°C etc., or in steps of 50°C for

30 min., Characteristic curves are given in Fig. 9.

Dilatometry

68, Dilatometry is used for the determination of reversible and irreversible
changes of the sample. Reactions which occur at firing or cooling are reflected
in the d:latometric ourve. The sample in the form of a rod is heated up in an
eleotrical furnacc and we measure the rod length at different temperatures., The
recording of the changes in the length and the temperature can be effected by
various methods, automatioally or by hand, In most cases the difference of the
dilatation between the sample and the rods of the dilatometer is recorded.

Fig. 10 shows a cheap apparatus, which can be celf-made. Plotting these length
changes against the temperaturc we obtain the typical curve, On this curve

we also notice the regions of sintering accompanied by shrinkage. From this it
is possible to estimate the temperature at which the material should be fired and
the schedule of burning and cooling.
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Chemicsl analysis
69. The chemical analysis is of great importance for the complete characteriza-
tion of the clay. If it is desired, the analysis chould be carried out
acoording to the ASTM standard C 323-56, "Chemical analysis of ceramic whiteware
clays".

70. In general the determination of the content of carbonates (01003) suffioces,
This can be carried out by meane of the calcimeter (Pig. 11)s The lower vessel
contains HC1 (D = 1,17). The weighed sample is put in the boat, the apparatus
is closed and the surplus of a saturated solution of NaCl is captured in a
craduated cylinder. This volume is reduced to 0°C and 760 mm Hg (a) and used

for the caloulation of CO, content in u/fo according:

2

co, » SAQMPAIL-AILR (/o)

The amount of carbonates in the sample is w/o CO, ¢2.27. The dolomite or
magnesite is calculated as Ca&r

Baticnal analxsis

71. The rational analysis is carried out only in exceptional cases with brick
clay. It discloses the mineralogic constitution of the clay. There are

several methods, which are all based on the fact that if clay is heated to
600-700°C it becomos amorphous by dehydration and thus becomes soluble in strcng
mineral acids. Thus it is possible to separate the clay minerals from the quarts
and feldspar, which are insoluble in mineral acids. The separation of feldspar
from quartz is achieved by the determination of the alkaline oxides, or 11203.
which only occur in feldspar. The calcite is determined in the monner as was

mentioned above,

72. Ye should like to point out that the mineralogic composition ocsn be
calculated approximately irom the complete chemical analysis.

Ninsralegioal sxaninaticn of claxs (acocrding o Po ds KesliRg)

73, Simple tests and techniques have been used to investigate the minerel
constitution, The coarse constituents are amenable to low=power microscope
examination, but it is first necessary to separate them from the fine material
and this is done by standard methods of dispersion and sedimentation., The
procedure is designed tc remove all material smaller than 20 ju equivalent
spherical diameter. The residue is split into two sige fractions (coarse and
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8 - campley P - glass frit; T - container for the sample;
N - mioropipette} D « three-way cook.
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medium) by wet sieving throuszh a 200 mesh (76 u) BS sieve. The two fractions
are weighed and their convined weight is subtracted from the dry weight of the
sample. The weightc of the three fractions are expressed as percentages of
the dry weight and, in the order fine, medium, coarse, give a grading figure
that, to some extent, is characteristic of the formation from which the sample

was derived,

74, The coarse and medium fractions are examined by means of a binocular micro=
scope with a magnification of X 20, Apart from clay aggregates that occur in
the more consolidated clays, the coarse fractions usually contain one or more of
the following minerals: quartz, calcite, colomite, siderite, pyrites, marcasite,
gypsum, mica, carbonaceous material, iron oxides and glauconite. Carbonates
can be identified by treating with some drops of HCl, The medium fractions
generally contain a much larger proportion of quartz crainse. llinerals that
occur in nodular form in the coarse fractions are not usually well represented.
In consequence the medium fractions jenerally contain a smaller variety of
common minerals, Apart from quartz, the following materials commonly oocurs
caloite, dolomite, mica, carbonaceous material and iror oxides,

75. Information about the clay minerals is obtained from standard ignition loss
and moisture adsorption tests. To obtain the igmition loss of the clay
minerals, it is necessary to determine or estimate the ignition loss due to
non-clay minerals and deduct this from the total ignition loss. The value
obtained is dependent on the nature and proportion of the clay mineral, The
moisture adsorption values appear to depend solely on the nature and proportion
of the clay mineral, For any particular clay, the ratio of clay mineral
ignition loss to moisture adsorption (IL/MA) gives a figure that is characteristi
of the clay mineral,

Physioa) tegts
Sampling

16, Sampling is an important part of testing aud evaluation, The tesis have
to comprise a representative average of the mineral, The sampling is to be
carried out according to ASTH standard C 322-56, "Sampling ceramic whiteware
clays".

OGN e At RN B i K o g w T e e e e et e e e e e
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A ance of the earth

77« This gives important clues for the experienced mine  According to the
appearance of the earth it is possible to estimate some of its technological
properties, e.g. the presence of coarse impurities rules out the use of such

earth for the manufacture of thin-walled products.

78, The colour of the earth varies and mainly depends on the conternts of organic
matters and on some compounds, especially on iron, calcium and magxeaiun;. The
colour shade depends on the moisture, !Men dried, the earths have a brighter
colour, Some of the brick earths arc of typical colour, e.g5. yellow granites,
grey clays, green shales, etc, --

79. The facture of the surface of the earth was tested by breaking greater
fregments. It varied according to the nature of the earth and its mineralogical
composition, and was mostly earthy to granular. The cut of the earth is
determined by means of a sharp instrument, the best being a knife. The cut can
be smooth and bright, which gives evidence of a finely-grained composition and
of the purity of the raw material, In the opposite case, the presence of sand
and other impurities will become evident. It is possible, too, to dribble
water on the cut and to obsorve the rate of absorption, The more finely grained
the sarth is the slower the rate of absorption will be,

80, Calcite can be identified by a simple test. The wet earth is treated with
dilute hydrochloric acide An efferveascence indicates carbonates.

81. The homogeneity of the earth can be estimated arcording to the appearance of
the sample, Thus we distinguish between different or identical fragments or
grains or perhaps of different layers. The heterogeneous earth needs mucii more
thorough ireatment,

gg“j_\go og_gtont

82. Moisture content is determined according to the ASTM standard C 324-56,
"Free moisture in ceramic whiteware clays".

83, Apart from the standard method, there exists a quick method for raw
matorial and batches. The moisture content is determined by measuring the
volume or pressure of acetylene evolved by the reaction between Ca02 and water,
The necessary equipment, consisting of a pressure pot and a manometer, is on the
market. Values obtained in this way are comewhat lower than values obtained by

drying.
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Absorptive capacity (water absorption

84. The determination of the absorptive capacity expressed as the so=-called
"Mnslin-value' is indicative for the plasticity of the clays and for their
mineralogical composition, The apparatus is simple (see Fige 12), and is

based on a glass frit in ccnnexion with a micro-pipettes This micro-pipetie
records the amount of water absorbed by the weighed sample (0.5=1 g of pulverize
and dried clay) on the bottom of the glass frit crucible,

85. The Enslin-value expresses the w/o of water absorption and is calculated
according to the equations‘
oV = water abgg;gt;m i 100
weight of sample
The EVe ares for quartz powder 40
for kaolinite or illite 80=100
for bentonite up to 800,

Rlastiedsy (PL) snd Voricability (IOR)

86, Plasticity is the property of mass to be shaped without any failure in its
cohesion. As regards plasticity, we already mentioned in paras. 45-51 that it
constitutes a rather complex quaniitye. Therefore, a great number of different
tests is known by means of which it should be determined. For our purposes it
is useful to apply the simple method of Rieke-Atterberg.

87, We determine the number of plasticity according to the formula equation
PL = we=a
vhere PL = plasticity number.
w = amount of water in w/o in the plastic paste in that moment when a
notch, cut into the paste by a knife, does not disappear (flow limit)
a = amownt of water in w/o of the pastc at the cohesion limit, at which
the grains cease to stick to one another,
The oohesion limit is determined as follows:
Rods having a diameter of 3 mm are rolled out, If this rod remains plastic

and is coherent, we repeat the rolling until the pieces cease to stick to one
another., The water content of this paste is determined by drying and given
in vwhole w/o (a). The results are given in vhole w/o of dry earth,
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88, According to the plasticity number we distinguish:

Plasticity number (PL) clay
to 5 low plasticity
5 = 3 - middle plasticity
8«10 " . pood plasticity
10 = 12 high plasticity
above 12 very high plasticity

89, The workability is directly connected with the plasticity, that is, the
ability of the clay to be easily shaped during the technological process, For
brick clays workability tests are not standardized. An analogous test for
refractory masses is given in the ASTH standard C 181 - 47, A formula for
vorkability is given in para. 110,

90, The size of mineral particles aid their oomtents in the earth sometimes
directly determine or at least influenoce the decisive properties of the earth
such as, for example, plasticity, slaking, shrinkage, green strength, etc,
Aocording to the particle size, it is possible to determine the suitability of
the raw material for the manufacture of a particular product, for example by
means of Winkler's triangle (see chapter III), The particle size determination
can be effected in several wayst |

a) Sieve analysis:

i) Vet
ii)  Dry
b) Sedimentation methods (for the determination of the particles.under
0,063 mm):
i) Static
ii) Ploating
R aleve analvsip

91, This method can be used for dry earth. Especially the cocarse impurities in
the clays are separated and determined by dry sieving. For the application,
see ASTM standard No, C 92-46, "Sieve analysis and water content of refractory

materials”,
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slaking
92, This test indicates the ease with which the pieces of earth break when
placed in water, According to the velocity of breaking, we distinguish:
easily slaking = 0=10 minutes
well slaking « 10=30 minutes
poor sleking = 30«60 minutes
very poor slaking = more than 60 minutes

Het gieve analyeis

93, This analysis is important for the particles the size of whioh is above
0,06 mm (230 mesh), The wet sieve analysis should be carried out according to
the ASTM standard C 325=56, "Wet sieve enalysis of ceramic whiteware olays".

1] an g

94, The finest particles below 10 u whioh are very important for the properties
of brick olays oan be determined using the sedimentation method, The sedimen~
tation analysis is based on Otoke's Law, which describes the relationship between
the velocity of the particle sinking in a liquid and the diameter of the particle
For partioles below 10 u (up to l,n), the method of the fixed position pipette
(acoording to Andreassen) is useful, By this method the sum of those finer
particles is recorded the falling time of whioh is longer than the applied time
and whioh therefore are suspended in water, This metliod is fully described in
the British Standard 3406: Part 2¢ 1963, For this analysis an automatic

soale is also available,

95, For particles of 10-60 n the falling time is short, so that errors during
the pipetting easily oocur, Therefore the method of separation of the fraotion
by sedimentation should be applied for these particle sizes, According to the
Atterberg method, the fraotions in the sediment are weighed after a calculated
falling time (aooording to Stoke's equation) and after whioh the finer fraotions
in the suapension are poured out (see Fig. 13). This operation is repeated
until the water above the sediment remains clear after the caloulated falling
time, The sediment is dried and weighed. It gives the sum of the larger

particles,
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Regresentatio-x_ of the r;_s_gf._ﬁz

96, The results of the particle size determinetion should be represented
graphically., Two variants are possible {(Pig, 14). 1In the upper diagram we
find the integral (svmmaiion) curve, in the lower diagram there is the disiri-
butioa ocurve, The rirst curve is used for coarser powders, the second curve is
vary suitable Te. clays ¢ cacvllse s .xanmpie for the cc.parison of rea.

distribution curves with the optimum curve ir given in the test-report,
Technological tests

Preparation of nlrs'ic nlsiy

97. The plastic pactc is a mixturs of a clay and water (wa = 20=30%), which can
bs shaped, For itc preparation "¢ al. tater o 2 clay, pre-treated according t
pare. 75, wntil a poote ol optimum cea-istensy in formied, As a paste of optimu
coneictency we cake the wamto whicia, vhile kntaded, dece not stick to the hand

and at the same time io workable witiout forming «ay sort of oracks.

98, After being forned, the poste (abont 3-5 kg) is wrapped in a wet cloth or &
polythene hag in crder %o prevent an;” wrier being lost, put into a moisture
chambgr ard left there to mature. After onc day of maturing the paste is

kneaded «rl ho .omsnized ard used for the rreprratvion of test specimens,

99, Frem the 1laastic past2 prepercd ae given above " 'a “rm* nnccirons are
prepared either bty hand ~r by = mochine, Fronm the hand preparation we use sma]
clze woulds, e eizes of uvhich are:

70 = 55 = 12 mn

A 20
or some other riz~ an the nzed may 1.7e Delora starting to press the paste, th
walls of tLc mould wre wotted snd a wetted paper of the seame size is placed at
the bottom to provent sticking of the pastes TLa plastic paste is pressed int
the mould by hard (Fiz. 15), This pressing in is done in paris, and care must
be taken that tle elzes c.3 corners of the monili are olso filled, After the
mould is filled, the excess pasiz is cut oif by mcans of a steel wire and the

surface is e~cothed with a suitable scraper. Then the test specimen is remove

from the mould by pushing the bottom upwards.
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Figure 1l¢
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Higure 15
Brass mould (2)
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100. For machine preparation we use a suitable auger, from which the paste is
extruded in the form of a ribbon 30=50 x 15 mm, This ribbon is cut into strips
of 100 to 120 mm length,

101, For the determination of forming water according to ASTM standard C 324=56,
all of the test specimens mist be weighed immediately after being prepared. The
test specimens are then placed on a perforated wooden or steel plate and dried at
room temperature,

Drxing tests

102. The water migrates through the capiilaries to the surface and evaporates
there. The way in which the particles come closer is schematically shown in
Pig. 6, and tho consequences to vwhich this mechanism leads are given in
Bourry's diagram in Pig. 17. Durinz the drying proceas the particles of the
paste can approach more closely to ome another, since the forming vater isa
gradually regoved. |

103. The drying shrinkage is finished before all the water which is presemt in
the paste is lest. Ve distinguishs .
a) ° Colloidal water (wo). llater which is removed from the beginning
of the drying to that moment vhen the shrinkage is finished,
b) Pore or critical water (w ), vhich is being removed without any
shrinkage taking place., This water is located in the pores between
the particles,

104, During the drying some shrinkage takes place. Aocording to the rate of
removal of the water, stresses in the bodies develop and can cause cracks or
deformations, The tendency of the clay to deform and to crack is called the
sensitivity of drying. Very often this is estimated by means of Bigot's curve
in the form of the coefficient of seasitivity at drying.

Rrxing shrankage (RS)

105, The drying shrinkage shows the percentage of linear shrinkage of the test
specimens after drying., For the measurement we apply the ASTM standard
C 326=56,
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106. From the value of the drying shrinkage we can estimate the sensitivity of
the clay at drying. If the drying shrinkage is 6-8 per cent or more the
earth is considered to be sensitive at drying. This is the case with clays
or earth with high amounts of fine particles.

Determination of Bigot ourve

107. Bigot's curve gives the relationship between the contents of water (w‘) and
the drying shrinkage. The value for Bigot's curve is obtained in the following
way: the test specimens are weighed and on the surface two marks are made at &
distance of 80 mm. Test specimens are then allowed to dry at reom temperature,
care being taken that this drying takes place with the same rate on all
surfaces. During this process the samples are to be measured and weighed
repeatedly (e.g. daily).

108, After reaching the critical moisture, we dry out the test specimens in the
oven at 110°C, and after cooling in the desicoator the final values of weight
and length are determined, From these values the Bigot curve is constructed
(Pig. 18), ‘e determine the critical point., The parallel with axis through
the oritical point will divide the area of the Biget curve into two regions,

The first region in which the shrinkage occurred is called the danger ares; the
second region is the security area, The larger this ares, the higher is the
amount of critical water and the less sensitive is the earth at drying,

Smeitivity s drving (B0)

109. The drying sensitivity can be expressed as the so=called coeffioient of
drying sensitivity, which can be caloulated from the values obtained by Bigot's
ourve according to the formulas qH ¥

D3, =

Hhere H‘ = apount of the water present in plastic paste.

“k e amount of the water present as critical water, Teom et
Aooording to the value of this ocoefficient we distinguishs

DSe 1 not sensitive at drying.

DSe = 1-2 sensitive at drying.

DSe 2 very sensitive at drying,
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Figure 18
Bigot's curve
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110. From the mentioned values Bigot has established an equation for the
workability index:
e X ¢, drying chrinkage

Y
a

Horkability =

Oreen strength

111, The green strength is a function of the finest particles. Por the
determination of green strength we use test specimens 120 x 20 x 20 mm, prepared
from the plastic paste usually by extending. After being dried in the usual way
they are tested in the apparatus for bending strength acoording to ASTX standard
¢ 671-57, parae. 7 and 8.

Firing of the test pieces

112, For this test we use the test specimens of the ssme sise as those used for
the determination of green strength.

Eiring gurves (schedule)
113, To examine the relationship between the temperature and the properties the
test specimens are fired in an electric furnace at several temperatures. Por
brick products we choose, for examples

800°, 900°, 1000°, 1100°C or

850°, 950°, 1050°C.
The test pieces, dried at 110°% , mast be placed in the furnace in such a way to
enable the firing to be applied to all sides of the test specimen, The rate of
firing is usually between 100 and 300°C per hour, When the require temperature
is reached, it is maintained for two hours., The test specimens are left to oool
in the furnace overnight.

sintering

114, By this we mean all physico-chemical reactions ocourring during firing in
the bodies and resulting in the strengthening and sintering of the body, This
compacting of the vody can result in total sintering or even in vitrification.
The body reaches the minimum of iis water absorption, The sintared bodies have
AY i, the vitrified bodies have Al = O,
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115. The sintering properties depend on the chemical and mineralogical composi-
tione Very important is the amount of the so-called fluxing oxides, thit is,
the sum of the oxides Fe, Ca, lg, K, Na, which cause the formation of easily-
melting eutectic mixtures,

116. The amount of the melt depends not only on the amount of theee oxides but
also on the temperature, The increasing amount of melt during the firing
results in filling up of pores and in compacting difficult melting grainc, so that
the sintered body is of negligidble porosity and of a great strength. Ve can
estimate the sintering properties of the body according to the ratio betwecn the
melting oxides and the amount of cilica/alumina (see diagram, Fig. 20).

117. Prom the water absorption ve can estimate:
The compacting temperatures This is the temperature at which the water
absorption reachse AU = &l.
The sintering temperature: This is the temperature at which the water
absorption reaches Al = 2%,
Sometimes the degree of compacting is the ratio between ithe bulk density (Vi!) and
the specific gravity (50):

L] . .
Spec. gravity

The nearer this value is to 1, the more sintered the body is.

degree of compacting =

Blosting

118. The tendenoy of clays to expand at higher temperatures ocan limit the
maximum burning temperature and therefore debase the quality of bricks, The
bloating can be estimated by progresaive firing at higher temperatures and by
controlling the corresponding shrinkage., Very useful for these studies is the
high temperature microscope. ror the fabrication of light expanded aggregates,
the clays are tegted by forming small cylinders, drying them and inserting thes
in an already heated furnace for a few minutes,

Re )

119, The refractorinass is a property of earth to resist high temperatures
without deformations and melting, It is a function of the chemical composition
of the clays. This test is unusual for brick clays,
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Sound (rinz) test

120, For the determination of the degree of firing we can use a simple empiric
test by which we estimate the sound of the fired sample. 'le strike the sample
with a hammer and find out the sort of sound (like a metallic “clink"), The
more the sample is sintered the more strident the sound will be, !Then the
gound is heavy or duller, this may be due to fine cracks or to a low firing
temperature,

Appearancs of the test pjeces after firing

121, When describing the fired test specimens we particularly notice the colour
of the bodies. This colour is to be described precisely, e.gs very bright red,
bright red, dark red, etc. After firing at higher temperatures the colours
become darker, The colour of the body depends on the furnace atmosphere.

Ulith a reducing atmosphere the shade of colour becomes darker, Besides the
information about the colour, we describe the formation of cracks, deformations,
efflorescence, etc, (see ASTM standard C 62-58 also).

FAring shiinkage

122, Firing shrinkage is a linear contractiom, expressed as a percentage of
length of the original, non=fired test specimen. The firing shrinkage can be
detormined accordinz to the ASTM standard C 326=56.

123, Cubic shrinkage can be determined directly according to the volume of the
test specimen before and after firing, If the test specimen is regular, its
volume can be calculated.

124, Cubic shrinkage can be caloulated from the linear shrinkage also. The
equation is given in the ASTI standard C 326=563 Fig. 19 shows a conversion

nomogram for this purpose.

W b, 1)

125, Yater absorption gives us the amount of water absorbed by the test piece
when completely saturated, It is determined according to the ASTM standard
C 6166, "Sampling and testing brick", parase 17-19.
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Suction

126, The initial rate of the water absorption, i.e. the velocity of absorption,
is determined by the suction test according to ASTH standard C 67-66, paras, 25=28,

Saturation coeffioient

127, This coefficient can give us wcone information for the evaluation of the
frost resistance of the body. A good frost resistance is expected at a
saturation coefficient € 0,85, It is estimated from the diff'erence between
the absorption after boiling and absorption at ordinary temperature (gcee
ASTM standard C 67-66, para. 20).

;':.:f}%inﬁ“?rﬁ theving
123, The frost resistance is determined by the freezing and thawing test, This
test is duscribed in the ASTM standard C 67-66, paras, 2124,

Apperent gnd true porosjities

129 In ceramioa we distinguish the spparent or open porosity and the true or
total porosity. The apparent porosity (AP) is the proportion of the open pores
of ths body to its volume, expressed as a percentage., It can be determinc’ from
the water absorption and bulk density, Apparent porogsity = Pulk density x

water absorption (v/o).

130. True or total porosity TP is the proportion of all pores (open and closed)
ol the body to its volume, the volume of the pores included, The total
rcrosity cen be calculated from the bulk density and specific gravity ae
{ullowss

- 2PS0: £Xavity = bulk density
Total porosity epec. gTavity « 100
Ll domsity
131, The bulk density is the proportion of weight of the body to its volume,
including the pures. For the determination see ASTH standard C 20-46,
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Specific gravity

132, The specific gravity gives the proportion between the weight and the
volume of the mass without the pores. (According to the ASTH standard
o 20-46).

Mechanical strength

133. Strength of the fired test specimen can be determined in several wayse.
le can determine the compression strength, modulus of rupture or the tensile
strength - usually the first two, lodulus of rupture (flexure strength) and
compressive (orushing) strength should be determined according to A3TM
standard C 67-66, paras, 6=12,

Modulus of elasticity

134, The elasticity modulus or Young's modulus (E) is (in the limits of
reversible deformations) the relation between the tensile load and the
relative elongation of the test speoimen, This test is applied only very
occasionally to bricks. The elasticity modulus varies between 1 and 2,5 X
10° k‘g/cm2 and is in direct relation to the strength. An acoustical

determination of E is also possible.

nf{loregoence and 8 in

135, On drying soluble salts, especially Na,S0,, K;30,, H;80, and CasS0,, in the |
fired bricks can promote efflorescenoe by migration with water. These salts
can already be found in the raw materials, but they can also be formed on
firing in an SOz-containing atmosphere. The soluble salis in the raw clays
oan be transformed into insoluble compounds by adding certain chemicale or by
suitable oonditions at firing (either reducing atmosphere and/or a higher
temperature).

136. The tendency to efflorescence should be tested according to the ASTH
standard C 67-66, paras. 29=33, The analysis of the soluble salts is
desoribed in the BS 3921: 1965, "Bricks and blocks of fired brick earth, olay
or shale", para. 45.
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137. Scum is a fire indurated insoluble coating, usually white, developed during
the process of manufacture on the surface of the bricks from salts within the
bodies. The sources of scum are calcium sulfate directly and pyrite indirectly.
The calcium sulfate has a high disscciation temperature and remains unreacted
after firing. Pyrite is inscluble but at higher temperature, when water is
present, forms sulfuric acid which reacts with lime, forming gypsum. For
preventing scumming, similar steps as in para. 135 should be taken. For the
determination of scumming tendency, an analysis of the soluble salts in the clay
should be made. (BS 3921: 1965, para. 45.)

Lime blowing

138. If the raw materials contain limestone nodules (concretions of calcium
carbonate), it is necessary to find out their influence on the products after
firing.

139. The samples fired at various temperatures are saturated with water,  After
four hours we observe to what extent the samples are damaged. If there are no
apparent cracks or some other deterioration we take the limestone nodules as not
dangerous, Even if the limestone nodules are not dangerous they can cause an
efflorescence.

B beneficat 0 ]

Ereezing through

140. A sample of 500 g clay from the mine is treated at -SOC for eight hours,

The mass is thawed at room temperature. After adding two litres of water it is
ellowed to stand for two hours and then the mass is worked through with the hands
and sieved out with a sieve nf 170 mesh, The residue is washed w;th 500 ml of
waten dried and weighed. The mristure content of the original sample is also
determined. The residue of the frozen sample is compared with the residue of
the equally treated reference sample which has not been frozen.

tment of earth '

141, The clay frcm the mine is preliminarily crushed and spread out tec dry. The
dry clay is disintegrated to pass through a sieve ¢f 5 mm. Thereafter 500 g of
the sample is wet sieved and compared with the reference sample.
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Hot_water or steam

142. 500 g of clay smaller than 5 mm is heated in a dish on the water bath up to
70°C, mixed with two litres of water of 60—70° and treated on the water bath for
4wo hours, After the wet sieving acoording to No. 140, the residue is compared

with the reference sample.

Yaouup

143, 500 g of clay which is dry and smaller than 5 mm is cherged in a vacuum
desiccator and treated with steam until the clay is saturated with condensed
water. The clay iz then evacuated up ic a vaouum of 80 per cent. Thereafter
the sample is treated as under No. 140,

d maturin

144. This test is to be carried out mainly for shale clays. These clays are
ground up to a size of 3 mm, 3everal samples of 500 g each are mixed with

two litres of water and stored for one, ten and 100 days. The respective
residues according to No. 140 are compared with the reference sample. The same
test series can also be performed by adding deflocculants.

Leaning

145. The leaning of the too plastic clays for regulation of the drying and
firing properties is primarily a technological and an economical problem. Sho
tests for leaning are not developeds The mixtures should be examined like the
pure clays.

N tion

146. The test is simple. A thick paste is prepared. A part of the paste is
separated and approximately 0.} w/o of sodium metaphosphate (dry) is added and
mixed thoroughly. After ten minutes this part of the paste should be markedl)
gsofter. If this test is positive, systematical experiments with sodium

carbonate oan be carried out to determine the optimal amount of the addition,
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Fl tion

147. Thies effect can be achieved with caustic lime or calcium hydroxide. For
testing five samples with 2-3 kg containing 0, 0,1, 0.2, 0,3 and C.5 w/o Ca0 are
prepared by mixing dry clays with lime and then with water until a strong pacte
is obtained. After fifteen minutes' storage, truncated ccnes with 10 cm height,
6 om upper diameter and 10 om lower diameter are formed, The cones are
subjected to 100 strokes on a jarring table to determine the stiffest sample,
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111. EVALUATION OF BRICK CLAYS

148, On the ground of testing and evaluation of brick clays we can determine
their cuitability or, if we make the evaluation in the course of manufacture,

the stability of properties for which it was decided to use them.

Qgt imisation of progert ies

149, Table 2 summarizes the propertiea, which are required from the bricks,

corresponding to the avcrage of various countries.

Various types of brick clﬂs

150, The most important types of brick clays, their properties and the suitab

procensing methods are summarized in Table 3.

Figgre 20
Avgustinik diagram
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1 - stoneware; 2 - terracota and pottery;
3} - roofing tiles; 4 - bricks.
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ompoziticn and technological

151, ¢ find silies (3102) ir o1l clayo. S1i10 10 present oo W Pt Laond -
~rog) or c& a comnon~nt of the silicote.. Cithohnh conmtente of Cav ) cn oortio
are sandy, more coarseegroirnod and therefors loor rlantic, Thece cortie easily

slake in water, oro less sonsitive t- dryinge »nd firinge but the body 1 r~ore

porous and has » lover mechanicnl ctrensti,

i52. Alumina ("‘1203) is part of ¢liy material: and 1~ also pregent in other
aluminosilicates like feldspar, mica ctc, digher contents of alumina lead to o
troader interval betieen tho temperature of egintering ~n! of fusion wnd therefore

the bodies are lighter and of greater strength,

193. Iron oxide (F‘e203) iz found in earth as 2 part of vorious oinerals havinge
valenciecs of tvo nd *hroe, The irsr corrounis ~on beoa advntoee e I eldv e
tage according to their umount and to tho type of dispersion in the carth, The
greater the amount of the iron oxide in the =arth, the lower the fusion tempera=
ture. If the iron minerals are present in form of large crystals (pyrite,
magnetite, biotite) they may cause defects in the product. Pyrite can yield

SCys leading to scumming and efflorescence as well. The iron oxide gives red

colour of bricks.

154. Lime (Ca0) it usually present az in limestone, dolomite, sypsum etc. '™hen
a greater amount of finely dispersed limestonc is present in the earth we call
them limestone earths. At temperatures above l.lOOOC, Cal acts as = flux. At
lower temperatures ard when present z5 a carbonate it increaces the porocity

of the product. The presence of Ca0 also diminishes the interval between the
fusing and sintering temperature and changes the colour of the body into a lirht
yellow,

155. Magnesia (Mg0) is present in the earth as dolomite, mosmesite, or silicate.
It causes the ccmpaoting of the product, end does not decrcase the interval

between the temperature of fusion and sintearing to such an extent as CaO does.

156. Oxides of notassium and of sodium (!\20, Naao) are nredominantly in feldspar
and micas. They can yield soluble saltc after firingz., The alkaliz cause the
peptisetion of the colloids. On firing they act as very effective fluxes.

157. Ignition loss (I.L.) represents that amount of components uhich is driven

off during firing. It consists of water end of carbon dioxide. Ipmition loas

is greater with the carbonate earths and with eartha rich in organic matters.
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The organic matter® can be huils, vitumen ard carbon. Ilumus acts as a protective

colloid and imnroves tae nlasticity of the earth.

158, In some cases We determin: the arount of the soluble calts in the earth,
that ulich lead to efflorescence and rsoretimes to the destruction of the products.

They are usually gulphntes of sodium, mzgmesiur and caleium.

149, Apart from tihe above mentioned oxides, TiOz, P2C5. i.nC and V205 can be found

in traces. They are of no freat technolorical importance. v cen cause yellov

G
279
efflorescence.

160. 1f the cum of 1112(;3 and 8102 iz plotted against the sum of the other oxides
in a diapgram, we can astimate the anplicability of the clays for various products.

Figurc 2u shous tae Jioeror cotabliched for these purnoses by Aveustinik.

orical composition an technolofical properties

161. The determination of the mineralogical composition, especially the quanti=
totive determination, i much more useful for the determination of the technolo-
gical propertico than the chemical composition. According to the amount of the

present minerals we can then estimate the technological properties.

162. The clay minerals are the carries of plasticity. The greater the amount of
these minerals in tie mixture, the more plastic the mixture will be and the
better will be its workability. The amount of clay minerals is, however, subjec—
ted to a limit, because of their behaviour during drying and firing. If the
1imi1t is exceeded, the dr&ing shrinkage increases and great stresses in the body
develop, which can cause cracks and deformation of the products. Similarly the

firing shrinkage increases.

163. The less plactic kaolinite can be present in greater amount than the plastic
illite, without causing any deformation. Kaolinite increases the temperature of
fusion while the temperature of sintering remains constant, thus enlarging the

firing range.

164. Montmorillonite increases markedly the flow limit and thus the plasticity

and the drying shrinkage. The deformation temperature is lowvered while the
melting temperature remains constant and consequently the firing range is en=-
larged. Clays with montmorillonite tend to bloat. The water absorption of

fired bricks is lowerecl.




oteTer

165. Mica, if present in creater arounto, 15 inclincd to curport the texture
during the aextrusion. If 11 10 vary fincerrained and in tao for- of =1~ clay
rinerals (hydromicaa), it acts favourably on the atrangth of tho boly and cn
the plasticity of the mixture. I11lite influcnces the firinz oropertics like

montmorillonite.
166. Chloritec have 2 small influence on the firing properties of brick claya.

167. Quertz is usually present in the brict clays in creat amounts. Its non=
plastic proverties and its fire resistance influence the technological procens.
jth increasing amounts of quartz the plasticity, cspecially the flow limit and
the drying and firing shrinkage, decreases. On the other Land a great amount
of quartz acts against tie strength of the dried and fired products, \uartz
increases the sintering and melting temperatures. Undecirable are large grains
of quertz vhich, because of volume changes during firing, couse sracks and
deformation in the body. If CuGO3 ig present in concretions it mey cause a
destruction of the fired body oving to the hydration of the calciun oxide,

originated during firing.

168. Calcite influences the properties of brick clay more than quartz. Calcite
acts on the plasticity through the Ca ions, lovering it. The flow limit in
markedly reduced. Calcite decreasec the ocintering temperature, but the firing

renge is narroved. The water absorption is considerably increased.

159, Carbonates, preseni as magnesite and dolomite, usually present in sn;all
amounts, influence the fusion temperature and other properties during the firing,
like shriniage, porosity, strength etc. |

170. Iron minerals act unfavourably, provided that they are not finely dispersed
or that they are present in certain forms e.g. as pyrite. Tine dispersed
l'e(OH)3 has small effect on the technological proverties, with the exception of

the colour.

171. Feldspars, if present in greater amounts, influence the fusion during firing
bty their contents of alkalis.

172. Pine=grained silica is not harmful compared to coarse grained silica. The
same is true of calcium carbonate, mica or iron compounds. Obviously not only
the type of mineral but also its dispersion is important.
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Particle size distribution and technological ~roperties

173. In 16-17 and in Figure 1 the size distribution in the clays was discussed.
It was stated that the finest fraction consisted mainly of clay minerals and

gome fineat quartz, the middle fraction consisted mainly of quartz and of lime,
and the coarse fraction comsisted of undesired inclusion like coarse quartz,
coleite, gypoum, [yrite ctc. o Yuotilulge of the size distribution obvioualy
enables us to drew conclusions about the mineralogicel constitution of the clays

and to pradict their technological properties.

Uipkler's triangle

174. To make th. uechnological teats in full is time consuming. Thers were many
suggestionc for zinplifying tuese tngts. The most useful method of them is a
method by ‘linkler.

175. 3tudies of more than 50 Luropean clays have shown a distinct dependence of
the technological properties on the —=ria size classification. There were some
exceptions, which however were caused by the unusual mineralogical composition.
It would be interesting to cxamine whether other clays, formed under different

climatic conditions, would also fit into “inkler's triangle.

176. This method is hased on the resulis of only one test, namely, the size
determination. According to ‘linkler, the decisive factor is the content of the
fractions under 0.002 mr, 0.C20 to 0,002 mm and above 0.020 mm. The value of
this fraction plotted in a diagram gives Winkler‘s triangle (Figure 21), which
can be used not only for the estimation of the suitability of the clay for a
certain product (region I .. full bricks, region 1I - parforated bricks, region
III - tiles, region IV — hoiiow blocks) but aleo for the solution (graphic) of
the composition of mixtures from geveral raw materials or for the determination
of the amount of grog.

177. The rolationship between the contents of a single freotion of earth and the
suitability is provcr. From the Winkler's diagrem following minimal amounts of
grain fractions for various structural clay products can be derived:
largo-a:zed bricks
-.!152—-91E-!‘lll-

2 /uminimal 20 24 28 25 30 25 35 45

Fraction golid bricks roofing tiles

20 /uma.ximal 50 55 60 45 50 35 32 25
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173, The prain size distribution can also be used to preduct some other important
technological properties. Thus the behaviour during drying is a function of the
grain size distribution. The higher the portion of finest particles the higher
the sencitivity at drying.

179. The frost rescistance does not depend on the S value as was assumed up until
now, but is a function of the grain size distribution. A high portion of the
fractions between 10 and 40 /u at least is decisive for the frost resistance.
There is a relatively high amount of quartz in the mentioned fraction. Thus a
higher amount of pores having a dianeter of 0.8 /u is formed after burning and
in addition the texture is dirinished on extrusion.

180. The green strength is also a function of the specific surface and thus
dependent on the grain size distribution. The plasticity is also partly influe
enced by the prain size distribution,

b ) 0 clays

161. The favourable properties of brick clays can be summarized as follows:

The brick clays or their mi:-tures must possess such properties that after foming,
drying and firing, they zive the brick body of prescribed properties regular
shape, strength and weather resistance,

182, The favourable properties are such, which lead to:

good slaking with water,

sufficient plosticity neceseary for forming,

good workability,

lou thixotropy

small drying ohrinkage not over 35 and a low sensitivity of drying,

optimal course of sintering process,

small volume changes,

the required physico-mechanical properties of the body, like absorption, poro=
sity, mechanical strength, colour, appearance, bulk density, weather resist-
ance, and other specific properties.

Unfavourable properties of brick clays

183. These propertics are opposite to the properties mentioned above. Undesirable
are all minerals which influence the properties during the processing unfavourably.
This influence depends on the dispersity and on the amownt of the unfavourable

minerals,




134. Unfavourable pronerties are toc small or too great plaaticity, toe preat
sensitivity at drying, low strength after drying and firing, bloating limestone
nodules and soluble zalts,

Posgibilities of benefication of brick clays
185, If the quality of bdbrick clays is not gjood enough for :ome sorts of products,

it is possible to improve its properties by bemefication. The pussibilities of
clay benefication are various, and it is necessary to consider the character of
the raw material, the technical and econonic conditions. Table 3, page <,

gives some information concerning this subject,

136. Before molding, the clays are crushed and g;ound. Thus the coarser compo=
nents are disintegrated and dispersed. The grains of the noneplastic materialc
are covered with a coat of clay minerals. By these steps a suftficiently homoe

genous, plastic and technologically suitable mixture is obtained.

187. The benefication of brick clays in otlier than mechanical ways, io also
possible. Usually, however, considering the expenses, these other ways are but
limited.

188, If the raw material contains too much plastic material, and its plasticity
is therefore too high (with all other consequences) it is possible to modify its
properties by an addition of low plastic clays, of finely grained sand or of
grog. If the earth is not plastic enough, its plasticity can be improved by
means of grinding, by addition of plastic clay or by removing the coarse grains,
e.g. by sieving or by floating.

189. The air bubbles in the clay paste act as a leaning agent. By removing the
air from the clay by vacuum, the plasticity and the workability are improved.
Vacuum extrusion machines are used for high quality ceramic products.

190, In some cases the earth slakes with difficulty. In thie case it is advisable
to let the wezather act on them. The grain aggregates formed by clay minerals
will be dispersed. It is possible to mix the clay with water and leave it to
mature.

191. Introducing steam into the extrusion machine the slaking of the clay is
accelerated and thus the plasticity ies improved. The drying of the already warm
bodies is effected much more easily, and the quality of the dried products is
improved.
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192, An addition of chemicals can improve the workability algso. In the case of
thixotropic silts loams ”/o of CaC (powder of caustic lime) correct the plasticity.
On the cther hand if 2 deflocculation of the clay is possible, the quality of the
bricks can be improved at lower costs! The plasticity is increased, the amount
of tempering weler is reduced, the power consumption and the wear of the auger
machine are reduced, the running column ic smoother, the green strength is ine

creased, and the fired bricko are denser and of a deeper red colour.

Zﬁglo;tat;gn regg;rements

193, Desides the technologicel requirements we must take into account some
further requirements waich gometimes are not directly connected with the proper=

ties of the clay.. Tt 10 necessary that the nature of the deposit ghould corres=

pond to the economic conditions and as regards the capacity of the factory, that

it chould guarantee sufficient exploitation., It -is necessary that the mining

of the clay should be independent of the weather conditions, as far as possible.

194. T™he raw material should be deposited in the mine in guch a way that the mine
may be exploited easily, and at low costs (by hand or by machine). The exploi-
tation must be carried out in such a woy that the clays of different layers are

always mixed according to the technological evaluation and come into the produc=
tion as homogeneous mixture., It must be possible to beneficate the clay and to
remove the undesired admixtures.
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Ssneral stategent

195. Purpose and the function of the laboratory ie not only to examine and to
control the raw material (clays or earths) and the fired produsts, but also to
find out and to eliminate the Jaults which can ocour from time to time. Therefore
the laboratory equipment should have the minimum requiresents.

Javeratory roogs

196. The inboratory should consist »f two rooms; one )} x 4 m for the preparation
of samples ond test specimens s0 that the other equipment of the laboratory
should not be oontaminated. In the same room there is a.cupboard for the depoeit
cf the samples. The othrr room is the actual laboratory (4 x 6 m) in which all
other operations are performed. A third separated room (or a booth) for the
analytical scale or of other corrodible instrumentr is very useful. This weigh=
ing room should be free of external disturbances. It would be advantageous to
Rave a shed in the yard to keep bigwer samples or for their preparation.

197. Supply of water, electricity and probably gas should ba installed in the
laboratory.

198. To the simple equipment bolomg: laboratory tables 2 x 1 aud 1 x 1.5 n;

writing desk; a conorete slab 100 x 30 om, on support, for preparation of pastes
or for orushing of samples by hand; cupboard for apparatusj cupboard for chemicals}
stand for scalesj supports for furnaces.

129. Por the physical, chemizal and technolorical teets suitable equipment and
apparatus are needed. The price and coaplexity of apparatus rise according to
the nature of tests. The most ~omplicated is the apparatus for the physico-
chemiocal analysis of the clay. The technological tests, especially some of them,
need only simple apparatus and tools.

Jiat_of most iapertant cquimment

20. Hortar and pestla
Vessels for mixing and boiling (1-5 1)
Equipment for hcating of water
Drying ovou (controllabdle)
Purnace for 1100°C
Soale with an ascuracy of 0.1 g2
Analytical balance
Box of weights 0.1-100 g
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4 Thermometor (150 3) .

8lide ruges (20C mm)
Sioves: 0.063: 0,09; 0.2; 1.0; 2.0; 6.0 mm
5 Andreassen pipette
Sedimontotion zpperetus (Attarbers)
: Fewoclain avaporating dishos, beaksrs, bottles
Rould for test specimens
Calcimoter
glin apraratus
iR Apparatus for detemination of otrengths
" ? Spatula, knife, forceps, crucible tongs
Test tubes
Test tudbes rack

hlatLsc A complaie coramic laberatony

201. Mieroscope (bimocular)
Pllatometer
Apperatus for differential thermal anaiysis
Ladoratory crusher
Laboratory mill
Laboratory auger
" Desincator (vacuum)

i

R R0l S B S i 1

Utensiles for a complete chemical analysis: platinum dish; platinum orueidle;
beakers} wash bottle; flasks; clook glassi graduated flasks; pipettes; burettesg
glass rods; filter funnels; orucidles; stands; bosser reagents; filters;
indicators; burmer sand bath eto.
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V. CONCLUSION AND RECOGENDATION

202. This paper was prepared in order to give a summary of the testing and
evaluation of brick clays. It is clear that it was not possible to treat all
methods of testing in detail and therefore it was neccasary to restrict oup-
selves to simpler tosts. If continually testinz the earth of the same deposit,
the worker will gain not only the necegsary laboratory skill but great experience,
80 that according to the appearance and several tcsts ho can at once evaluate

the clay. This can be made even more casily if he prepares samples from different
Places of the deposit in advance. These samplas cen be attachud to a board and
desoridbed so that a kind of stendard is propared, and the test specimens can

be compared with those standards.

203. PMnally, we should like to point out that it is advisable to send the
olays or products periodically to special laboratories or regearch institutes for
s detailed exmmiration to make sure of the correctness of the results.
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fi Produktion — Production )
' 26 Weiche Erzeugnisse wurden bis What orticles have been produced
jetzt hergestel!t? 1Skizze mit so far? (Supply dimensioned
Muflen und Abbildungen) sketch ond silus’ i o).
26 x In welchem Umfarg der Gesamt. ty which percertaga of the totnl
produktion st Handformerei production do you intend to use
vorgesehen? hand forming?
— - - -1
77 Weldhe Erzeugnisse snllen What ortcles are fo be produced?
hergestellt werden?
Y SR e S " .
27 x Welche { " von Rohren wollen What d.ameters of pipes will you ¢
Sie hersteilen und waliche Stick- make and how mnny pieces
zchlen von jedem (™ § of each diometer?
27 xx Wie lang scilen die Wished length of the
ferhigen Rohre sein? ready pipes?
78 Wevie! der einzelren Sorten What ore the quontities 1o be
sollen taghch hergestellt werde: - produced of each orticle daily?
e T D ]
9 Wievie! Stunden werden taghch How mnny hours is the piant
geurbetet? operated doily?
e e I T S, o
30 Soll in zwe Schichter georbeitet Is the plant to he operated in
werden? two shifts?
Bt o i e e s e e Y S o —
31, Wie ist his jetzt die Qualital How has the quahity of each
der einzelnen Erzeugnisse? wiicle been in the past?
l‘a‘ B C e S et v im maovrrme 4
'\ 32 Zewger sk Strukturen, S-Risse, Are S cracks, Inmination,
g
H Absprengungen, Ausblihungen cracking off gnd scum encounter-
und wann? ed, ond when?
e e e U S e ) - [ 4
32.xtst eins zusatzhiche Do you intend to instoll an
\,; horizo tale Presse zur Her- additional horizontal Press for
} stellung von Rohrhogen mnking pipe-bows?
vorgesehen?d
| Transport — Transpert Are ihe cluy goods coming from
3. Sollen die Prefilinne von der the press or extrusion maching 1o |
Prasse durch Handk arren, be conveyed 1o the dryer on |
Etugenwagen, Elevatoren und hand tronster stillages, eleva-
Abhsetzwagen oder Ringtrans. tors und finger cars or on @
porteur in die Trockenrdume monerail conveyor?
befordert werden?
34 Wie liegt die Trocknerer zum Where is the dryer located rela-
Pressenraum? (Skizze mit Entfer- tive 1o the machine shop?
nungen und Hohenunterschieden) {Supply sketch showing distances
and differerces in haight).
" et e}
35 Wie %e‘cmgeu die Rohlinge zum How are the dried
Ofen conveyed 1o the kiln?
hi Betriehshrott — Power What power is 1o be used or is
36 Walche Betriebskroft ist vorge- availoble? (steom - with or with-
sehen oder vorhanden? (Dampf ou! utilization of exhoust steom;
mit oder ohne Abdampfverwer- diasel engine; water power).
tung, Dieselmotor, Wasserkraft).
37. Ist elektr Gruppen- oder Einzel- Are the machines o have group
antrieb der Moschinen vor- or single electric drive?
gesehan? Eigenstromerzeugung Is the eleciric power to be
oder Fremdstrom? protiuced in the plunt i1self or
purchased?
S e . ]
38 Welche Stromart, Betriebsspan- State kind of current, main
nung und bei Drehstrommotoren voltage and (if three-phase
welche Periodenzuh! st vorhanden: motors ore used) cycle.
39 ist genugend Wasser vorh~nden Is o sufficient quantity of water
und woher komm! es? availuble, and where does it
come from#
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i} Aufsteliung sinssiner Musshinen
instaliation of individual Unite
40. Wie st der Bnbav der neven
Maschine vorgesshen?

41 Welche Kioft in PS steht gur
Verfugung ¥

tung der Transmission? (Skizae!

3. Wie tief Liegt der normale
Grundwasserspiege(?

42 Wie st die Tourenzahi v, Drehrich-

How is the new mething to be
nstotied?

What is the horse pewer
available?

Wrot ore the and
direction of retation of the
transmission sholt

(Supply skatch).

What depth is the nermel
grovnd woter levelt

- Bomerks
4. Wisviel Meter i. d. Meer liegt
der Plaiz?

45, Wie sind die klimatischen
Verhditnisse?

How many metres sheve
seclevel ist the place sivated?

How ore the climatic conditiens?

mmarm
for undor om 28. are
oapeciaily impestant!
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K eromidmocihinen " Tronspertoniagen e
Untersuchungsbericht Nr.101/67 - 5393 Test-Report
(Verkurzter Untersuchungsbericht ist mit x bezeichnet) {9hort Test Report x)

Firma/Firm . L]
Matenaleingong / Sample receved AU .2 & 1.. 1%7 20 4g  Ausgeterngt am/Date December 12,1967
Unierushungsaulgabe / Test order: Ganeral teat of saderial f"’"" } hete :
et , DG
1| Moteriaisorte: Class of cloy: 1 2
ol R . . white-burning red-burning
3 MmmmewtmwMu Mixture retie: Iﬂll nla.l nl!h different materials
‘.‘;‘ AU;;; Ke: muochtn B OW*M"KI‘M*. 101/1 i101/2 :L.
| At uni Zusammen- Kind emd compesition k.o[in glu aluminiferous
¥ | setzung des Materiels: |ef clay: poor in loam with
1kali slight
(refreactory [impurities by
lay) lime
(face briok
—_ - and clinker elay) ===
5| Loge und Tiefe der Lecotion and dupth of
xiainzeiner Schichten: the single layers:
6 Mo'c;iﬁff'urbo: Colowr of cloy: :1mt grey 11mt brown
7[Beschattanheit s |Matws ot cloy:  Prepared matenial mixes
. Moterials: 1 ___more lcan_ more fat ‘l‘pla;tic)
8Zustand des Materiels |Condition of clay ~dry matenial mixes, as!well as
* |nech Eingang: uponro«»pt llf*'dl" bri ()-holo brigic)
9 Wusufuohol{i;; %_ o Weuv emomm; Ni ) T .
[rmsar T fmERSEST A1 e12 0 B5. 9
10. Wonweufn.hmd;;ogh” Ability 1o absorls N mm!‘ n)ll water-soluble ‘
. ; o "°"'(lolub1ut_g) ; S
1 | QueltiGhigkeit: Swetling ability. o“ good
L Enshn Wcrt o !nslm-vdoo o 1_ o “;f“ N
12{stac M- in Jomm, ) Lume site in mm t known with these materisl samples;
i iren. ond sreeent s grinding -dock 4<5 mm in/diameter
1 Einschivsse auter Kot [impurities (net incioding FATWA sOTAp rmd serap
. w‘:mmw Gréfe | lime) in &, o~ f white 'ot red
- i s ond shope, terial terial
8 groge- or bﬂiok-dust dog*qasing
sand
ther cd-utu s originat.ing in the clay
terials being used, can hardly be
raced or notiped
|J.oHMax. Hirte nach Mehs: | Mox. hardress es per
Moha: _ L
X ngungen Contonts of
4 m?M&u. :'o:- Piving si .nm poradic
(famsisertails mickt ey el m »-nm 1:: n:gqru
Gewerred a
| [ in% YR in % - D,5 - 1% o
18, |'G“" n % ;C.ﬂ'ﬂ“h%l )
. . 0,011 (total gulfur) . _ _
Art und GraGe: Kind and size: tes bcaidu v’anadium
ovibiohiahig ja/asin: | Efflerescent yos/ne: g amy ]
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The determination of the soivble sty in the burwt grodixte is done ‘e the Percoloter methed The

cordert of 3O, 1 determined gravenetrwelly. The clhelis and shale serth K, Co ond Myl wve lourd

by hydrogen flame phetemeter

mm,dmmum dotermingd by linivigtion of sompies n daniled woater »

Icmm mmawduﬁnvﬂﬁm- e hind of eccwring oMorpscomes

n daterminad by the hydrogen fame ghotemeler.

The meost wivie effieresconces erise in mdwddﬁﬁﬂnnﬂmm*&
{Glovber's Mmm:*mmm-dmmmm
ences of (Mordes end nitvates ot of walle) cannet be contpined n The freshly burnt brick, as they

e dusiroyed during burning.

Venadic and molybdc acid saits, which cavee yollow-greon

sorme opplies te wen siphote, which coveos mere runt-rod oMiersstonsss.
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The light s WRite-burning asterial from was forwirded to we

as a read) prepared material mix, asm-ontruded, and also as a dry
three-nole brick. Ve have carried out an entrusion test with this
prepared materisl sample followed Wy & series of fired samples. The
samples nasked 101/1V (V « extruded under vacuun) were produced in
these tests. It is understecd that thls light-bArning mass comprises
03 of a refrastory clay taken from d¢iffereat quarries wud A0X of a
more cream-burning plaastie elay depoett. To this ¢lay mix .pprox,

12€ of grog and 5 of s white-durning sand are still 1dded so0 that
the mass is made up of apprex. 8% elag portions and approx. 164 pure
degreasing portiona. This eamposition of masn 1s liekin: t>o much of
fluxes to manulacture l!‘t-hﬂ‘d’; fase dricks, so that ibnorrally
high full-fire temperatures of 1 e 13009 will be essentl.l in
order to eliminate the yellowish-greea ium efflorescences, whien
were atlili noticed at a temperature of 11509 (aec lixiviition samples
"A" fired at 1150°C). As 1s well knewn vanadium aslts oc-ur very
frequently with materisls whieh are rieh of kaolinite, and the most
secure method to subdur sush ugly effloressences ia the brickwork is
to fire the material a: a very high tesperature or to ovtaln a
premature compression of the body resp. sintering. Sometimcs a snall
amount of fluorspar powder ia added fer meutralization too. The
essential high firing temperature weed at the moment s very much
equivalent to that uaed for refres brieks, for wh.ch tieze xaolin
clays, which are poor in alkall, ecan used bet.or and rore ecoromlieal
in the first instanse. If it 18 desired to manmulacture white -burnirg
fyce dricks from this material teo, wo would recowmend to use a lighte
burning flux in the form of (iasly ground feldspar or pepratite in
place of a higher addition of sand, 80 that the firing temperature
could be brought down by 50 - 100°C inereasing the compressi x of the
body at the sams time.

In view of the ssall Laboratery Eatruder which we use for our tests,
we were able to extrude the mass at s moisture conteat of . +.5§
related to dry weight, wherely w sshieved a molsture content in the
brick of 24% after removal of the water éue to the fullwcuum.

“4e do, however, aslse samufasture larger and reinforced Extruders reap.
Combi ned Do-urla’ Extrusion Machimes, whieh are quite capable of
extruding material with a selsture eentont of only approx. 22f and

even lower. For the ag henogenisation and alxing of the muﬂn]
we reccmmend -s_sﬁiumgmwmm devies
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which will glve a ruch better mizning effect in opposition t» the
stozle-snift Mixer, To inerease homogenization even more, we would
propiLe a Locond Double«Shaft Mizer with shredder-knife arrancement
tn deil with sueh stiff material mix, inatead of a Clay-_hredder,
becau.e the flnal molstening and mixzxing of the material can be
accomplished in such Double<3haft Mizer more easily and in a more
aceurite manner. In other respects this white-burning material mix
can be extruded eastly under full vacwum and there are no difficulties
whatsoever ln drying and burning. Only for firing face bricks, the
firiny temperature 13 much too high with a lacking compreéssion of
the bady due to the misaing portiom of feldspar.

The lignt brown red-burning material from was also despatehed|
to us Iln an waprepired itate, namely a now-extruded sample and a green
three<hole brick. On cheeki the msoisture ¢ontent of this brick we
found that the humidity was 17, related to dry weight, which 13
equiviient to 18,7£ related to wet weight. Therefore the roisture

e «i'ont mentioned by you is presumably related to the wet welpht and
n the dry welght as stated in your eorrespondence. After additional
molstenlng we have also accomplished an extrusion test wlith this
prepared material sample, followed by series of fired samples. These
samples bear the number 101/2V (V = ezxtruded under vacuun)., we have
been advised by you that this red-burning mass consists of a red-
burning 1lluvial elay deriving from the Misslssippl River Delta, and
of i mor= buff burning ¢lay, both material being deuzreased by reans
of groy, (sround fired brick waste). We understand that the mlixture
ratio 1s 507 of alluvial elay, 358 of buff burning clay ind 15% of
briek dust (grog). Here again we 4o not know in detall tae properties
of the individual material samples, same as witn the wnlte-burning
materlal mix. +hen drying up the alr-tight packed brick ilready,

for the purpose of determining the moizture content In the extruded
brick, we noticed a sensitivity in drying with this red-burning
material, in opposition to the white-burning mass. Therefore the
red-burning mix does not have a larger ahrinkage only, but 1t also
shows; a tendency towards the formatioa of eracks. As mentloned above
we determined the molsture content 1a extrusion to be 17,37 related
ts dey weight, 1.e. 14,78 related to wet weight, Consejuently there
1. ' have been an error at your end when stating 1 moisture content
of 14,75= to be related to dry welght. ¥We could not check anymore

1f 3 similir mixeup Rappened with the white-burning material mix too,
since trie brick made from this sass reached us in an already dried
condition. As the ease may be, we tried to extrude bothi material
mizes at the sams stiffness in extrusion. In doing thls we found
that the plasticity and workability was very such the same with both
materiais, wnilast there were bigger éifferences 1ln e witer content
in the two material samples. The soisture eontent in extruding material
No. 1 (yellow-bDurning) on our Laberatery Extruder was 28,51 related te
dry weignt, whilat it was caly 19,88 related to dry welit with
material No, 2 {red-burning). Mowewver, in spite of (ts lower moisture
content material ko. 2 turns out to be more Mnsitive and alao has

a lirser anrinkage. It 13, of eourse, quite possible wil: the red-
burning material Bee 2 to reduse the moiature coatent in extrusion
even more by using strongsr Extruders, to snable the bric«as to Dde

set stralght on tuanel kila esars. But still this red-burning msaterial
mix remains sore sensitive, decsuse the Bigot Drying Curves on sheet
Pt 101 show a delay 1a the delivery of water with a longer secondary
shrinkage whieh 1 demonstrated hy the larger surve radius betweea
dzlivery of water and shrinkags. On top of that there ias the greater
shrinking ablility in spite of the leower seisture eontent. The
sensitivity im drying that results frem thls, evea when esploying
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stiffer extrusion, is not only defined by the modified structure of
grains, but also by the entirely different mineraloglical structure

of the mass, It 1is assumed that this drying sensitivity could be
overcome more easily or at least diminished by the intense heating up
of the mass during stiff extrusion, resp. by steam-heating the
material, but this feature must still be taken into conslderation
whilst it 1s not in existence with material No. 1.

The series of burnt samples produced from this material No. 2 reveal
that this material mix can be used for the manufacture of brick-fed
face- and common bricks and even for clinkers (eiigineering bricks)
and split tiles Af fired carefully. The firing temperature is between
1750 and 1150°C. In view of the varying burning ecolour and denstity

of the body within this small firing range, 1t L5 advisable to delay
the final temperature of 1080 - 1100°C for a few more hours. In doing
this, endemical (local) differences in temperature or evei over-
heatings could be balanced more easily, all the more 50 as deformation
and melting must be taken into account from a te:perature of 11509¢
onwards already. In our sereen analysis we have found single

goarse grained remains of lime, amongst others, and these will not
cause chippings only but also start to flow out from a temperature
of 1150°C on. We consider the grinding of the materials with a final
grain size of 8 < 5 mm in diameter - according to our soreern analysis
item 35 - to be too e¢oarse, empecially 1f detrimental 1ime portions
are in existence as it 1s the case with material No. 2. We would
thesfore recommend a secondary inding by using a large size

Pine Roller M1l (Smooth Roller), as it will certainiy be difficult
to pasa the material through an even finer screen to obtain a grain l
8ize down to 2 mm 1in dlameter in view of the high resfdual molsture.Po
Bixing and homogenization of the materials, also 1if mananese is
added to get a breen colour, we would recommend the same protedure
as suggested for material No. 1, namely be installing an additional
Double~3haft Mixer.

1 amall box with fired samples 14 being ferwarded to you under
separate cover.

December 12, 1967
Lad/Fe/
BVEx/08/Le. 2011
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Dear 8irs,

T™he knowledge of the rev saterials te do handled is always
of basic importanee for eliminating any existimg difficulties in
production or whea it is centemplated to esonvert the produetion
to other now produsts, eor for planning s new Ceramic VWorks.

ur miuam cover the type and composition of the ssterials
and their nature, the adility to absord water as well as the

; swelling ability, wo determine if the saterials inelude detrimental
; sdmixtures sueh &3 lime, sfflorescent salts 0te., w find out the
best aixture retic and determine the shrinkage im drying snd
burning, the seasidbility in drying, the full-fire temperature,
sintering- and melting wmeint, colour after firimg, porosity (water
sorption of the bumt preduet - with roofing tiles we determine

the S-value and the water peremadility), strueture of grein sises,
we suggest possibilities how to improve the quality of the preduets
£ By using admixtures amnd My procesaing the materials aceordingly,

it we state how the material should be prepared best and which

% sachinery and oquipaent is required for this purpose, how the

! saterial should b msulded with the appropriate machines, &if it

is sdvantageous to use de-airing, furthersore we furnish infermatien
on how the produets are dried and burnt dest, what kind of predusts
§ ean de nade and what Quality can de expected for the final predust.

O] at leas .) of every type of me - 1R sa8®
where saterials for degreasing or other additives (eo.g. sand) are
processed, we require apprex. 15 kg (33 1be.) of these teo, oo thet
we eanh also test their mature and prepare different nixturee. T™he
saterial samples have te be forwarded to our address statiea
NEhlacker, postage paid, and every type of material should be
packed in an extre Bag or tin and mariked separately. Aa extre label
should furthermere Y previded inside the pasking shewing the name
of the consigner and @oeignating the materials.

e ¢ A-benie Womeg  Hoseg  Soudmet Nr LefEat G weniteg ven P - 12 Ve p.t.0.
S
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!! 'iii ¥le111tacc our examinations, if we can issue exa:t

instructions to our laboratory department in which respect the
faterial samples should be tested, and if we have sufficient
information on the size of deposit of the individual samples,
the sixture ratio applied unttil now, the existing machinery for
:nnring and moulding, the dryers, the burning temperature ete.
ny existing difficulties in production, or if it is desired to
eonvert the production to any other products should slso be
reported to us. It is therefore requested to complete and return
to us the attached Questionnaire [ copy) when giving us an order
to carry out laborstory tests. Furthermore 3 dried and 3 burnt
bricks should be forwarded to us from the present production.

i: we accompi1£§ OUF tests with every thoroughness, we require

in average a period of approx. } montns from the date of arrival
of the materis] samples.

i!mo the chy-tnta are mainly carried out in connection with the

purchase of new machinery, we invcice Lo our ciients s share in
eosts of DM 600,-- only for one type of material and an extra of
DM 200,-- for every additional type of material. Tnere is no extrs
charge for additives such as sand, brick dust e%c. (The costs for
such extensive tests if made in laboratory institutes are about

5 times above these figures).

After receipt of the material we confirm the order for the
clay-test as we usuclly do with any other order, and the share
in costs are mentioned in the order confirmation. The Test-Report
will be submitted after receipt of the amount which has been
inveiced.

Any costs charged to us by shipping companiea for the handling
of the sample consignment, particularly in the event of clay
samples expedited from overseas countries, will have "o be fully
invoiced as an extra.

The examinatiors of clay materials which we have carried out
have shown that our findings are reliable and that costly full-scale
tests and experiments can be saved if our results are obaerved.
Therefore the above mentioned -harge in costs cannot be compared
with the advantage:s that every Works can take from these test
results.

Our findings are not of a theoretical nature; they are based
o practise for practice. Therefore chemical and rational analyses
&re only prepared on special request, for which DM %0,-- will be
charged for every type of material,

We should be pleased to assist you too by accomplishing suech
& clay-test and o advise you further based on the findings of
our laboratory tests.

Yours fgiithfully,
un? ¥ & sOmex
i

&éﬁmln (in 2 copies) M{{‘tt\
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i Ay S, T M, Standard.:

APROVED AS
Y THE “FA.Iuggag ;uwulo
HICAN STANDARDS ASSOCIA
ASA WO AL v s Tos
(AL " YRS SRR

Standard Mothods af Test Sfor

APPARENT POROSITY, WATER ABSORPTION, APPARFENT
SPECIFIC GRAVITY, AND BULK DENSITY
OF BURNED RLEFKACIORY BRICK!

ASTM Designation. C20 46
Apor ., 194); Ruvisgp, 19669
. Reapproved in 15°% Withaut Change.
This Standard of the American Socety {1 ie-ting Materials is issued andes

the fuxrd designation € 20; the final unter i Bratey the veur of original
adoptinn as standard or, in the o cfreve . o e L oar of Last revision.

Scope along 3 plane parallel to the 9 by
Lin. fuce and along a pline o
allel to the 4§ by 2} in face. Four !
the surlices of the resultant quarte:
Lrick specimen inclide part of the orig
i molded faces. hese surfaces -
il of one end, half of «.ne suleant
ourcter of each of the tvo 9 by 4§
fres. When testing large shapes,
sample shodl consist of  soveral spear
meas cut or hroken froin each sl
Uceparation of Sample from both the center an outer pet
tians,

(8) Fach snecimen shall be freed !
all loosely a hering particles.

{¢) Visibly defective specimens st
nit e sed,

1. These methods of test cover pro-
cedures for dctermining the following
properties of burned refiactory brick:

Apparent porosity,

Water absarption,

Apparent sjccific gravity, and
Bulk density,

NoiE. - These methets re not applicatile to
tofractonics attacked by water.

2. (a) The s'\mp!c shadl consist of at
loast five 9-in. etraisht brick or similar
units, from each of i h a cinule test
specimen, having a volime of L pproa-
mately 23 or 26 cu. in. sha®! be cut or
Lrolon, When testing 9in. -t icht  Dry Weight, D
Lrick, the specimen shail be a quarter- 3. (a) The tést specimens shall !¢
brick obtained by halving the brick 'Irt‘;,‘:{) constant v "t by hewl 1t
o P I EO (105 0 110 C)

<t e the etandardiratioeg procedureof ' 0 7 cery,
trodgare nder the jurmiition of tie ¢ 5 T M 1. 1 . -
Co vee C-8 on Kelracturies. AR D, ar aeterrs
Tt to their present adoption a8 eranty !, e vb iy g.
met” ods wera pablished a9 teatative frum 1918 1o 1.0, ) A
They were atapted in 1940, pubiished an standard frrn ‘5; t' - l!rvmg proy P‘,\HQ mdv
192049 1959, being revised in 193 0ad 1915, but withdegag . e .
and republished as t-atative lrom 1939 te 1941 anitte.l oy when the tesy specini
B
I" ".
&
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Posostry, Asecernion, Denstty o8 Rarnacroay Baics (C 20 - 46)

we Lmown to be dry, as may be the case
sith samples taken directly from kilng.
() The dryirg of the specimms to
wastant weight and the determination
1 their dry weights may be dooe either
lore ur after the boiling eperation
Section 4).  Usually the dry weight io
‘eterminel Lefore boiling; i, however,
S specimens are friable o evidemce
~dicates that particles have broken jooss
‘uring the boiling operatien, the speci-
wens shall be diied and weighed after
e suspended weight, S, and the satu-
~sted weight, IV, have been determined
o described in Sections $ and 6. This

xond Jdry weight shall be wsed in all
rpropeiate calculationa,

Y iling

4 (s) fhe tevt specimens shall Le
‘wel iy water and boiled for 2 hr.
Cring the Loiting period, they shall be
toentincly covered with water, and
1ot Lo in contact with the heated
toa of the ontainet,
3) Alies the 1 ing period, the test
cinens Bl Le cooled to rovm tem-
ature while still «ompletely covered
thoLet L i cooling may be ac-
reted by roaniig cold water inte the
stamer,

$. peaded Weight, §

$ (o) The weight, S, of each test
,ieren alter boiling sand while wo
‘ed in water shall be determined in
15 to the ncarest 0. g
) Uy v ting i wsually accom-
"ed Ly su g ending the specimen in 8
P ot hilter { 22 gage copper wise
strcoa oo Cvof thebalance, The
Cowe Yt b previensly  counter-
“ineed vith t1. vire T2 place sad im-
- raed im water to the same depth as is
"I when the refractoiy | ¢ g re

[
3

378

Seturated Weight, W

6 Aler det .. ining the suspended
weight, each specimen shall be bletted
lightly with a moistened smooth lines
ot cottoa cloth to ramove sl dreps of
water from the surface and the satursted
weight, W, determined in grams by weigh-
ing ia air te the nearest 0.1 g The
bletting operation shall be performed by
rolling the specimen lightly on the wet
cloth, which has previously bees mte-
rated with water and then pressed
snough to remove such water as
drip from the cloth. Fxcessive blot
ting will introduce error by withdrawiag
water from the pores of the specimen.

Eaterier Volume, V

1. The volume, V. in cubic cont)
meters of the test specimens may be
obtained Ly subtracting the suspended
weight from the saturated weight, beth
In grams, as follows.

YVaWw -3

Nore. - This assumes that | cu. con, of wates
weighs 1 g This is true within sbowt Deee
parts in 1000 for water at reom lemperatens.

Volumes of Open Pores snd Impervions
Portiens

8. The volume of open pores and the
volume of the impervious portions of
the specimen may te calculated oo
follows:

Volslopanpersimtu. . « W ~ B
Vol. of lopervicus portion it ca. cm. » D = §

Apparcit Porosity, P

9. The apparent porosity expresess a8
1 pooeentage the rel tionship of the
voli e of the open pres of the
men to its exterior voluine andd b
calculated as follows:
w-p

-~ X 1

r- v
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3:6 Powcuiry, Anscarnion, DewsiTy 07 Rrrzacroay Baicx (C 20 46)

Waeter Absorplien, A

0. The water absorption, 4, expresses
88 & percentage the relationship of the
weight of water absorbed to the weight

ol the dry specimen and shall be cal-
culated as follows:
w-p
l-*—.——Xiﬂ
Appacent Specile Gravity, T

11. The apparent specific gravity, T,
of that portin of the test specimen
which is lmpervious te boiling water
shall be calkculated as follows:

fep-3
Dol Dencity, B

12. (6) The bulk density, B, in grams
per cubic centimeter of a specimen is the
quotient of its dry weight divided by the
eaterior volume, including poresand shall
be calculated as fotlows:

4
l-'

(9) This method of determining bulk
density is useful for checking bulk
density values obtained by the direct
measurement method® (Note). While it
Is more accurate than the direct measure-
ment mcthod, and generally gives higher
values (by atout 0.02 to 0.04), the direct
measurement method is Letter suited for

¥ Mathods af Tert b Ricr and Bulk Pensity
Phesignat s :

ol Velractosy Mok (ASTA
C 13, we p. 0.

plant and field testing, since it ig ,
less involved technique. The presen
method is preferable for specimeny
which are branded deeply or irregulay
in contour.

Notre.—TLe values for bulk density deter.
mined according to Section 12 will be expressed
in metric units, for example, grame per cubi
centimeter.  The Lulk density, bowever, deter.
mined by the direct measurement method will te
erpressed in English units. The conversiva
from metric to Faglish unita may be calculated
s follows:

Buik density im g. pet cu.cm. X 62.43 =
Bulk density in T per cu. ft.

Report

13. (@) For each property, the average
of the valucs obtained with at least five
specimens, and preferably also the in-
dividual values, shall be reported.¢

(8) Apparent porosity and water ab-
sorption results shall be reported to one
decimal place, and apparent specific
gravity and bulk density results to twe
decimal places.

Note.—Whes values are reposted for wates
absorption but not for porosity, it is suggested
that the report shall also give the results for
bull density. This makes it possible 1 caleu:

iate the corresponding apparent purosity values
8 fellows:

PoAXD

*Wihen thrre are pronounced iffepr s
among the individual values, anothep snpde of
five rpecimens shall Le tested. Thoe shull co8
si-t of the quarter brick diagonally oppeo-c
frun the original - vcimmens. The average of #
ten Jeterginations shull be reported,

o

16/2
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APPROVED AB
AMERICAN STANDARD
BY 118 AMKRICAN STANDARDS ASSOCUTION
ASA NO.: A7S.})-1988
UDC e a.mmy

Standard Specifications Jor
CONCRETE BUILDING BRICK!

ASTM Designation: C 53 - 38
AporrEp, 1934; Revisep, 1937, 1952, 19840
This Standasd of the American Society for Testing Materials is Issued undes

the fized designation C 35; the final number indicates the year of original
adoption as standard or, in the case of revision, the year of last revision.

icope

1. (a) These specifications cover con-
vte.e building brick manrufactured from
4 wixture of portland cement and suit-
Ye aggregates such as sand, gravel,
vrushed stone, bituminous or anthracite
irlers, buined clay or shale, pumice,
velaanic scoria, air-cooled or expanded
Llast-furnace slag and other slag, and
iztended for use in brick masonry. Two
gredes of brick are covered:

Grade A.—Brick intended for use
where exposcd to temperature below
freceing in the presence of moisture.

Grads B.—Brick intended for use
as back-up or intcrior masonry.,

Note.—As an example, Lrick in exposed
watenry protected by a facing of 3 in. or more
of suitalle masonry.

() When brick are required having
Crengths greater tham prescribed by
13 t ¢ specifications, the purchaser should

'EFreder the standardization procedmae of the
Ty, these specifications are under the jorise
; brnol the ARTM Committes C-18 un Manu-

;‘:-‘M Masonry Unita,

Prive ta mlaption ns standard, these speris
. hng were published ue tentative from 192
* 1934, Leing rovised in 1928 and 1933,

specify the desired minimium compressive
strength,

(¢} If brick having a particular color,
texture, finish, or uniformity are de-
sired, these features should Le specified
scparatcly by the purchaser,

Physical Properties

2. (a) The brick shall conform to the
physical rcquirements for the grade
specified, as prescribed in Table L.

TABLE L-~PIIYSICAL REQUIREMENTS,

Minimum
Cramire M
e
(brick Batwise), h"{:;,‘; cm
. N Y, AVeErs, )
De-ignation r‘ro:, oo "“:"i ;::';m'
e v m“?. tolal ad
Avens® ladi-
Brick | Yidusl
Grade A.. ... 2500 | 2000 ] 18 «©
Grade B.... | 1500 | 1280 | .. "

e . ———

(8) Unless otherwise specified by the
purchaser, brick of grade A shall be ac-
cepted in lieu of grade B.

Permissible Variations in Dimensions

3. No over-all dimension  (width,

dglat and length) shall differ more




» m'tmmmlumhufcu-w
than | in. from the specified standard
Jimensions.

Novx.—Standard dimencions of waits o the
manubactueern’ desiganiod dimencions.

Visua! Inepection

pvhnlinlbcmbyum
persen appeinted by the purchaser, 1t
place or places of selection 10 be desis.
nhlwhea&opnhmudahphcﬂ
The manufacturer or the seller 4b,;, -

furnish specimens for tests withou,

4. Brick shall pass a visual inepection charge.

for freedom from cracks and lrragularity.

Rampliag s0d Testiag
S, (3) Por purposs of beick that
are representative of l:“mid

()) The brick shall be sampled ang
tested la Mﬁ. with the Methoys
of Sampling and Testing Concrete M,
sonty Units (ASTM Designation: C 146+

tive p. 118
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Aversge  comprensive

TABLE | -MYBICAL REQUIREMENTS.

P
b vich
i, groun esug

1
TE e g | i

Tngth s greater than SOD pui w 1he
svirage wale? sbofplive is levs than
N g cemt after 24-br submemirn 1
edi waier, the revgmivement bor witusa
tom comflo iont shall be waiven.

(¢) Poorsing amd Thawieg. Ve s
GNP rent, wpevitied in Farvgraph (4)
et o : byl o g }
rturithbm carfl i a1 tve
e bl o s e of by, b T
ol eibwy YT R ‘""".""' Ty
iutbrwing re.prisrments wieen setbapee be ot

4 I8 ryeirs of the tovering amt oh, vy
L
¢ of 2l WS e bevnbangt  and et

#reutve tlram § W por cent
oo b oobey woaght o f gy
oo e by |

L -

*Apprace . thy. A L e

from the particwiar lot has an
amel individua! miniswem strength not
less than & eviously graded sample,
amrd hus average and ilividual s
MR waler abseoption o steratvm
coefewnt not geater than thase of the
previoasly tested samphe grded acyond

Wb tt Ay thewi e e 4

LY B e t ’, ami o, ae
o o P:-;-:i?ﬂﬂ st H beck
v anbesmbed fer g L T o
wintr the woathiorin ey 4. wey that
MO (e Fig 1 oanmd b vidarateny Note (
ul the cond of theo W ot ), waless
wherwre  cpuvited  1h THCHEEE s
grven in Patagrajh (B) bou w 1.7 4L P

bomd (5 bbb a0 d be oy Hum oo
el shall e won. g, DI ey
EVETAe Vi il g, - R

4!33 a';,uy

I/wc.
lnnex
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L SrrcircaTions som Cray Buionve Bawex (C 62)

(g) Swongth. - When brick are re-
quired having strengthe greater than
poencribad ia Table I, the purchaser
thould specily minimum streagth ac-
conding to the clamsifcation given in
Tabie 11,

(8) Rate of Absorption. - See Lxplana-

Netem.

TABLE 11.—LANSIFICATION BY
STRENOTN.

OCoMPREIVE .
g
[o=q So g leye g
Putgnetten e st i
TRE” | tetivitan
mes........... nn e
k... ... oon o
amn . ... [ "

"
]
:
5,
£t
]

1

Hi
. gl
igi"

£l

i
P

;

N

” -
ke
!

E

i
;
1

4
i
il
i

I

i
}
:
r
J
T

th
I
!

TLH

cmt of the grom cromesctional srea
measurcd in the same plane. No part of
aay hole shall be less than § in. trem sy
edge of the brick.

(c) Progging. —Unless otherwise spech
fied in the invitation for bids, cae bearing
face of each brick may have & recems or
panel (frog) not encesding 3¢ in. in depth,
except that in brick containing desp froge
any cross-section through the frage pasl-
lel 1o the hearing surface shall conderm to
the requirements of (). Ne
part of the recess shall be Joss than § in.
trom any edge of the brick.

Visual Inspesticn
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If the results of the tests show that
brick do conform to the sequirements
dhwﬂh
M &N B
enlensive rcaeanch
ummﬂwd
to the ¢

hﬁuﬂiﬂl
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Noly to ane proriurt
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% Serarications por Ciay Bromse Beuk (U 62)

prevhaced noa ditforent faw paleriale of by
Afeernt nannlactunng procears, smd conee
apentiy they e Ganmt L el as neasres
ot duratabte s pooneral etk atthoms A thiol
prperty kroae as Uatufation  coefcient,”
whem wed o conpition with Conpeesive
srength and fotad et ln S e Lumlieng,
Bas frem fomnd 1o ravide 4 means of peedicting
the resstance of akmt tvpes of bre & o Deczing
ok thawing 11 1« with geeator accarmy than
moy etber miothond devebged 1o date

The satututum corhoient in the ratw of (he
slmaption |y 24 b <ubniersion in cold wairr to
e abwerption aiter 5 e submersion in beiling
watrr sl s ddefined generally s the satio of
easily flled 10 total filslie pore space. The theary
of the satwration coeffiinnt is that if enly o part
ad the total pare space 1s oceupiad by water there
is room for expansion on freesing inte the re
Paining pore space without disraption of the
materisl. The data indiate that ¥ the emsily
Wiible pore space, that s, the masimum weter
that might be ahanrbed by & Lrick in a wall suh-
Jacted to excemive moisture, does net exceed M)
ot cent of the tatal pore space, the remaining
space will relieve the pressure due Lo expansion
on freeging.

While this theery seema to he applicable to
masy types of Leick, it has Leen fammd that it
dwes not appdy te certain types of de-edved prod
wrts. Strength and absomption are, thereiore,
wned 89 msasures o durat-tlity for theus peodhucts,
and thelr acoptanes houl! be hased upon Sec
S 1 () of these specifications

The eelatimship abo (hwes not appear to held
for same hrick of very high abwomption (enceed-
Ing the mazimum permittod o ihetm apecilics
thonsl, and the sccoptance of these preaducts
should he in sccardence with the Sertine 1 (o)
which proviies for specisl ineasires Tased spon
arteal freezing and thawing te<ts of the partice

product ,
in elnamdlying beick acenr-ling te their rosiet
anee to the ircesing and thawing test, they felt
Inta thoes general groups o3 inli-ated in Toble |

of thove Spacibentions
Conde SW, which nre wot aflocted by the temr,
ond whene aprreasance and stractuse romain

Thibe orun’ Lo nt feevpmenth wechede o sngll
oot tane whinh, on eopmuer te
woriherng, witl kire Vhew surfaees by pondoving,
el 1o, of Yraibig, ami thus pranges a8 on
wight b agwaiarm e of the enpnmnsd masenry sor
fae Dratominale that Lrck cannot be cloasified
shte interardimte  durabelity, »‘f’* ”
MW i buien & nutture of dershie gnd nan-
duralide bk B heuhil be emphasised, bow
ever, that dmntegration m st necossaelly 8
characterntic of beikh in ks grade. Cortaln
plamts roun npply trick ander the gradding, off
of which renain wihanged in ajpearanre oven
wiler severe cmibitions of comaure. The pue-
chaser in advised to esaiming the Geld bobaviny
o brick i districts where prodection cpesifies
them as grasle MW, sued reach s own

sate whether the yapearan: e snd comdition of
masoney sl the age ot 10 or X yene is satifoe.
tory

Gonde NIV, whih inchudes endeshmrnnd holed
that wel disintegrate whon subjuctad 0
treezing and thawing Such brich should ot
i+t wned in stractures thet will b subjorend o
wvere weathermg.

In waing ihese sparifications (he paschase B
urget to consider Lath the . uirements of the
steus toare and the §hvsio sl properties of the helal
avadialde To s degree at lonst, brich ooe & amt-

focagnises that the specifications e net pevisst
nd that, due te the wide veviation in e
]

teriah and methods of masulectess,
shie that sore brick which do amt

ts the regquirements of grads W
selstnctory durshility. ¥t mey *lso he

faciary resstance to westhering For this segpe,
sad hersuse of the lnch of dote on some pupey-

ties that mey have an imypevient bearing Wpes
the periorma-ce of masoney, the

kot hecaves of e of soeme mising olier to o
-8
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Provipitation b ame teoth 0 4 il of
e, dut, ond hoif Nai 1 8 pestum
d o wwath ® prrested
e il ater peom . o o o th A et of
ot B She b ik k vawmy r e G e,
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Stenderd Mathods of
SAMPLING AND TESTING BRICK' |

ABTM Designation: C® - 0
Assren, 190¢; Lasv Ruvesun, 0es

ander the fand duignation C 67; the Smal oumber indisstes the o ol
um-.m-.uu«-amun-f:'-u.

Seape bis sutherissd supressntative. Sparis ..

1. These motheds cowr procedurse  SNOH e ervssantative of the whale b1 .

waly fut the sampling snd tosting of brick ::"""“*M--hadm

e moduie «f reptem (fexeve test), ‘mwwh-;-n:n:;
TS sheerplion, wiv of the beich in the .

e i
nie ion (owe
:}.Lm,mdur. Nomber of Spostmens '
ond messuroment of warpage 4. For the mudules of ruptuse, con
presmsive ond foves
Oufinftions of Torme and ot b
Detinitions of Reloti ten shall he selortand fram ench o
blr“ ol 1'.,.: of 30,000 brick w lactinn theoved. F'e
(ABTM Desigetion: E6F sholl he ™13 o muwe thae SOAD heick, fve
o0 applying 10 the tevmn waed  Wmlivistual beick shall be eslocted fove
in thom mrthok each MBAD brick wr fonction Showe!
contained in the ha. In ne cone shall 'ne
Seurcon oh-.ml-::hmmun,
mews amy be taben ot the

o B APV Cmnmates ¢ 18 @ Moyt ard ;
M&Hdn-b:.m,hg.*. L “"‘"-'Mthi




¥

st

(o'W 167

Arnew |
Page 14

- Mercne 00 Sawrine ane Tesvwne: Bans (( 6))

Mosesus or Rorrves (Prezvas Taer)

Tont Spoumens
6. Five diey (Note) full-gloe brich shalt
he tested.

Nern, Relwonn dondd b wads 0o S
thus 15 (6) b the drimition of ¢ dvy qporhemn.

Procodure

1. (6) The tent syacimen shell be sup-
poried flaiwine an & d?h..d
loadod at midepen. I the specimene

have recesses (panch or deprassians) they
Mhpbadntm-amu

on the compremsion side. The lead chell
hsnnliul te the uwppor ourfnse of ike
sprcimen through & seoel plate
} m. in thiknew and 1) in. In and
duhmhahnqdnhm

(D) The supparts fer the test spocimen
shall be free to retate in the

men snd shall be adjusted oo thet they
will exert ne lorcs I thens disections.

() Sposd of Testing—The mie of

8. (o) Calculate the medulus of ruptuse
of sach specimen 20 fullows:

Mimﬂ-g
where.
W = magzimum lead indicated by the
testing machine, in pounds,

4 = average over sl depth, fase 0
fa2, of the spocimen, in inchon.
(§) Report the sverag of the medube
of ruptere Jeterminations of s the spach
mrun tented 2 1he mavinies «f ruptese of
the bt of boie k

Comrncisive Srar nute

Test Specimens

9. The test specimens shall conuint of
piures of brick with the length oguet 4o
the wiskh & 1 in. A speciown may be ob
hﬁudhyuymhdlhtﬂm
withnut shattering, & specimen with ap-

m’-udy plane and paraliel onds.
specimens shall he tested.
Capping Tent Spreimens

0 (o) H the fatwine {aces of the temt
specimnen are recensed or pansled, the de-
prevsions shall be illed with & nent pars.
land cement pasic, whichk shall then be
aged ot Jeast 24 be bhefore the apecimen
is capped. The test specimens shall thea
be capped by ans of the twe precodures
inalhdilhu'qh{b)“(t)

(D) Gypoum Copping.—Cont th= twe
qag-hc&uhlnncl-(b
with sheflac and sllow to dry thasuughly.
Bed one of the dry shellached faces of the
specimen in & thin coat of & neat puste of
calcined gypoum (plaster of Parin) thet
hes been spread on an siled nencheerbam
plate such 2¢ glass or mochined metal.
Repuat this precedure with the other dry
shellached face. Tabe case that the eppe-
site bearing surfaces so formed will b
sppresimately parallel snd the thichnem
of the capn will be apyrenimately the
samme. Age the cops at least 16 he bolare
torting the specimens.

() Sulfer-Fille Copping. -Use & min-
tuse containing 40 to 6D pe: cont sullue
Oy weight), the remainder being ground
fise clay er other switshie inert moterial
possing s Ne. 100 (149-5) sieve, with or
without plasticisss. The costing surface

L g




Mrines or Sawriow. ane ‘1nsvmc Bans (COY)

Ao the cope to conl for 2 mintaem of
2 1e befare testing the apre imens.

Py ssodure

5. (6) AN sprcimens shall be tostenl
3 twine (11,8t m, the luad shall be
n 1he direction of the thickaser of the
Lo &) anel the prcimens shall be con-
t-cd wnder the sphevinal upper bouring
witiin g m. ,

b} The testing maching thall confarm
t the recruirements of the Methads of
Ve dication «f Testing Mechines (ASTM
Devignativn: E 4).¢

) The wpper boaring shall be o
wievically sonterd, hardrned metal bk
beraly attacherl ot the contet of the upprr
b ad of the machine. The conter of the
8w shall lie at the conter of the cur.
oo of the Linck in romtart with the
spocimen. The bk shall e (. ly
hid in s aphevical seat, bt B be
free b0 turn in oy diecstiom, and s
terimeter shall have at least | in. rlvar-

faces shall nut depart from plaie surfages
by move than 11801 in. When the hearing
ares of the spherical braring black is not
sullicient to cover the ares of the speci
men, 8 steel plate with surfacvs mac bing |
to tree planes within 2001 in, and
with 8 thickness equal 10 at least eme
third of the distance from the edge of the
wpherical bearing to the mert distart
corner shall be placed between 1 he wpheri
el bearing block wnd the ca gl spec

men.

() Sposd of Tesiing. The load, up 13
- of the exjucted marimum g 1,
may be applied ot any comvennnt rat-,
olter which the contruls of the machin-
shall ke adjuntod vo thet the remaining
Inast is applied 2t 2 wnifurm rute in mo
e than | ner more than 2 min.

Calvulations sad Repant

12. (0) Calruinte the « mprensiv-
strength of ench spevimen sa follow s

rw ﬂfﬁ‘ﬁ ppi - ;

whew:
W = masinum lonl iodisred by the
tosting machior, i jnniteln, st
4 = avernge ol (he grmn ireas of the
WPy asel b r b wrtfaces
of the sprcimen < ire nhen
“’ m the venage ompwessive
sirength of all the spwvir v teti ] 40
the rompeemine wwneil o e e of
behdh.
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6l Marwoss of Sanrsawe axs Tassm Baxs (C 67)

im0
R I e et

P < v

have a capacity of net less thaa 2000 g
and shall be sensitive t0 0.5 g,

24-bv Submevsion Tent
Test Specimens

14. The test specimens shall esmaist
of balf brick confurming 1o the sequise-
monts of Section 9. Five spechmens shell
be tesied.

Precedusre

15. (o) Lry the tant
veatilited oven 8t 230 1o
11575 b not lese than |
twe s esuve welghd
2 by show in increment of
than 02 per camt of the
deterined weight of the

Newn | -Storage of Deiek,
saparsis pleemant,
perind o A 'w. with
slectric fan
st 2 b, will ronl

mately roem WEPeratuee,

3
!l
al

L

i
l
s
;

l
H
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!
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!

|
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|
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whese

l'.-'bynfﬁulthmul

W = mtersied weight of the specimen
ofter 2-b¢ submemion in cold

i
i
i
RBcask

i
:
l
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';-hn@ldthm
» © siumisd weight of the epecimen
’ 3-he submonion bn cold

When cool, weigh u;e SPeimens on
o scale er balence 10 the neares: 0s g
(e) swbmerge the tent
specimens, withewt preliminery partisl
immorsion, in the water of the thawing
tand for 4 he befose the start of the frees.
tont

() Staml the text g imers o edge
i the trays « that a spuce of af beast }
. wparates the sprcismens. Powr
it water imte the traves s thad eh
wrvimen stank in ! in. ehepth o water,
atmd them exgume the 1ran < aned their vom
tents to b temmrature of the breesing
+ hambuy e W) he.

tr) Memmove the 111 Foeom the e
shamdwr alier DV e ol bomt oMy -
theme, with their somtemt i the Wby
of b thawiong tomk o § Boe

(/) Vovere the 1ot sywvimmss b the
prncidue perserilad in () sl than

e

IT W#i..0/ .
Annos C
Pog 17
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ERE -

G i v

P

wl Mormne oF Swmrrine. e Tovtow, Ranu (Co))

the i b 0 jreem veibury jer. riimel in ‘f),
e tinne bodlowing the 4-he thawing
aftei dhn unh freesing, store the spwot-
mens i 4 by on the Aosr of the drying
remare, Fhev shall meot b stanhen] or pild,
amd there Judl b o yuace of at leant 1 in.
butween any two specimens. Fellowing
the, geninl of airdrying, inepect the
e imers, submerge them in the water
of the thawing tank for 4 be, and agein
subject them (o § cycles of fruesing aml
thawing in accordance with (4) and (o).
(¢) Continug the slternations of drying
sl submersion in water for 4 e,
foflowed 'y § cyries of frcesing and thaw-
ing, wntn 2 total of 30 cycien of fonsning
and thawing hes boen completed, walems
the test spocimen has beohen or sppears
te have 1wt more than 3 por cont of Ite

original weight 28 Judged by visusl bn-

spection.

(#) Alter completion of 30 cyclm, or
when the specimen has bose withdrewn
from test as a result of evident dinlntegse-
tion, dry the spocimen in o8 oven o
prescrived in Section 15 (o).

Caleulations and Repart

24. Calculete the lom in weight » &
parcentage of the eriginel weight of the
deisd specimen, or roport the sumbes of
cycim causing beesbage or withdnwal of
the specimen.

ummiar Rate or Ansseenen (Sucrion)

Appasates

15. (¢) Traye o Contoinevs. —Wetes-
tight trays or containem, having on in-
side depuh of nnt less then § I, end of
such length and width that on ssen of net
lesn than 0 o in. of water suslace b
provided. 1he bottem of the tray shall
provide & jlaic, horisonisl upper sus-
face, when suilably sepparted, 8o that
sn area nxi Jew than B in. in length by
6 in. i width «ill be level when tested
by & apieit level.

'3) Swpports for Boich.—-Twe nem
comrnlible metsl sepperts consinting of

lusts between S aml 6w, in agth b o
trinnguier, hall rewid, o Pvtiangeleg
coomp-arctions swch 1.t e thuk. (@
(height) will be apperivauly § da.
The thichnens of the (v o b .rs shal s cove
within 0001 . and, ¥ ' he Taire e rec-
tanguinr in cram-gection, thet wxitn
shall nat exceed 4, in..

(s) Mrans for Maintiiring Cmsiont
Weiw Levd. -Sultable . ua kat ¢ -
trolling the water level ahrve the wjyne
surface ol the supports for e bink
within 2000 in. (Netc 1), 'y g
means for adding water 10 th trav at 3
rate corvenponding to the rnie wi nn.
by the brick wndergning 1o (Nete ™).

the added water, & mefererce trik o
m‘ whose ¢ i9-
placement in | in. of water corrsgcrihs
te the brick ar half brick (o be tesind
withia 215 per cent. The referrrce

i
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) wntknw | 0o ane of sigid
mpperts mewiblc b oWl e the Wt

Weris 2 A ruly » - m o @
* o Parny fe 1! RE W Ly s Spong
i il pravide . %.0s e o onmnl comted T
o1 called Cehick 1 el devines 9o B b s
senabivity and b vt qporete ohth the v
el enge= 1, wa‘e level memnatt' ¥ &t
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stituie fm L1 in the formula given in
Pasagraph (5). Neport the carvected gain
n weight as the initinl mte of sbosrptisn

Errionzscrmes

Apparatus

. («) Trays ond Contoiners.—Water-
tight shallow pane or trays made of metal
a olher materinl that will ot
sobvbie salts when in contact dis-

& ronstant level
() Dvying Resm.—A drylng seem
m:"nﬂlinq to the requirements of Sec-

vie i (.
con-

Tost Specimens

1 () Ten dry full-siss heich shall be
vasind,

{7 The ten specimens shall be soreed
i:4n five paive, 29 that heth sprcimens of
eah nale will have the same appensance,

Prepa wilen of Spedimens

31 The specimens shall be tested as
re cived, except thet say adhering dint
that might be mistaken for efiosusconce
shall be removed by brushing,

Procodure

32 :4) Set ene specimen from ench of
the five pairs en end, partiolly immersed
t. diwliod water to & depth of appoenl-
rute's 1 in, for 7 dage in the drylng
it When sevesal spechuens ase tested

specimens shall be separated by & epace

‘of o4 lomst 2 im.

News 1. -Testing specimens rom dilovont
meh.—-?h
8ot weommended, hocouss spacimens s
shisrahie contont of saluble salte mog contamd
aste the sk fous

Nova 2.—The pane ot trays shauid e emp
tied and cloanesd oftev cach tems.

(3) Sture the secom! specimen frem
each of the five pain in the drying rovm
withawt contact with water.

(c) At the end of 7 days inspect the
fest set of spacimens and then dry beth
sets in the deying oven for 3 dayn,

hl.-%hh.r-ﬂduhh-l
dent for the purpess of an efiusssconce test.
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M!lllw.tlunbub‘nlhu
¢ required weight of the acteal test
'0!*. M

ontent s to be determined shall he
iwied in & water-tight containey.

¥eter Contome

(o) Wet Type Av-Setting Refroctery
Yuiers. -The material shall be ssmpled
nedintely after spening the origingl
Wamer and after carefully mizing the
vients.  The test samples shall weigh
inotimately 50 ¢ Te facilitate hea-
g the test sample, it is recommnended
"ﬂihp&dnnhﬂpﬁud
W pager ar tared shiminem
Tdsh.  The exact weight of the test
2%‘&“&&“%&.!&“
‘:"mthkhnwldm*yhgluﬂ
A0 020 F. (105 10C.). T

Loy FOR S ANty WA s Contint o Resworominnig 92 T U
M R SR e smple shall weigh appross
AT M Boves wmately 250 g The eaact weight of the
oy Loy "'f'-un-t-s""" o3t sample shall be determined 1o the
:::: :' henrest 01 g Loth before and after dry-

Ne s . ing for 3 he_ at 210 210 F (108 1o 110

Ne :‘ " C). The percentage of water shali be

::,. " tlk-llldoa!knnrﬁmibu’-hlh

Ne 29 : nearest 0.1 per cent. The dried test

Se B Mnyhmin«iﬁnlwtktm

g -4 (new Section $ (o) and (3) and Section §

Ne. 20 o and (§).

-k - (a) and ()

;,‘:2 2 Wet Sieve Analysis
IS sty shted v the b Tt g, (0) Dvy Matersals. It the material
somphe ' received in the dey condition, the test

#Ml)ﬂnlm&uﬂk*ﬁd

wet ¢ bigh ¢ rature i
m”:u.) shaﬂtk:';uul ” Wm
Twe test samples shall be 11krn immedi-
stely upoa opening the original con-
hi-n.ndiatheandmnan«
areflully mizing the contents. One
ssmple shall be used for obis; the
water content in accordance -k:::tbo
4 (o) or (), depending wpon the type of
materinl to be tested. The other sample
(Nete 1) shall be used for the sieve

sis and shall weigh Approtimately 250 ¢,
thwiﬂedhthmrmﬂ.lg.
and-then transferred 10 the ! liter con-
tainer (see Paragraph (¢)). ‘The stensily
wed during weighing (to which 2 sumll
part of the sample may adhere) shad be
washed by means of 2 small jet of water
hal‘h.mhmh:mmuh
inowse & ¢ antitative tramler of the

sample te the comtainer.

G) Procodure.— The tes sample shall
be placed in 2 container of abowt 1-liser
apacity, to which sufficient wates shall
be ardded 00 form & slerry. Shiing shal)
b¢ allowed o proceed for | b, afier
which & further addition of waler may be

1D .10
Annex
Page "}
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2 Testseondove M wseWane Conorneor Reon v sonies (C 9,

be translerred without lose to the Buest
tieve te be vsed in the analysis, sad shal
then be washed by ineans of 5 sanall jot of
watler from & §-in. rubber bose uatil the
waler passing through the sieve containe
oaly traces of the sample. Care shall be
esercised in the washing operation

peevent loss by splashing. 1t may

mecessary to break uwp lempy ma
rebbing between the
rubbing or
The washed

%ﬁ:,

)
:g!
2%
1
ir
£

2
-4
s

it
ve

1reriid
1HTE
it
SH
H

i

3

¥

3

¢

i
Tred

o
oont of the material retained on
sieve (Not: 2).  The percentage
the finest sieve shall be ¢
diflerence between 100 per

sum of the percentages
warious sicves.

Dry Sisve Analysis
6 (8) Mackine Sieving.—When the
sieving is to be done by maching, the

sleves shall be arranged in the order of
sise with the coarsest sieve at the top of

:

i

sieving by hand, as descridbed in Py,
graph (). The machine

sieves shall then be carefully separy,:
sad the amount of materinl retained .
oach sieve shall be determined by weig:
ing to the nearest 0.1 g.

() Hond Sieving.—The sample .
sisving (Note 1) shall consist of the dvip
oad weighed material prepared in 4
cordaace with Section 4(B). ‘l'haim.‘
operation shall be carried owt waing o-.
sicve at a time beginning with the coary -
sieve and from then on using successive’.

less than 0.1 g. of the muterial passes
each sieve in | min. of contin.

ous sieving. The amount of materl
retained on each sieve shall be dete:
mised by o the pearest 0.1¢
(6) Celcnlation ond Report.—The dn:
sieve analysis shall be calculated for tl e
test sample on the dry weight, and ti¢
results reported (o the nesrest 0.1 pe:
coent of the material retained on eac’
sieve (Note 2). Dust loss shall be
::d ss meteria! passing the fine:

e

Exrianarony Norss

Nors 1.—The siee of the tost sample mey ¢
changed by rensen of the sotury of the meteria’
Fes csample, some clays, whes ground v

cahe on the sieves, In which caoe s 00 ¢. sam; 1
mey be weed. 1a the case of plastic selsactones
ot conreely ground mises, the sise of the sar; ¢
might well be incressed to 300 5. in weight.

Novs 2.—As aa skersative, the cesults ¢
sieve analysie may be reperied an the con wiative
basie, sither as the tatsl prrcentage setained <
or passing each sieve.

1
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Standard Method of
SAMPLING CERAMIC WHITEWARF. CLAYS

ASTM Desigaativn: € 322 - 3¢
Asor i) p, 1936.9
Thin Standasd of the Amevican Satiety for Testing Matceials in inswrdd undey
hmmcm;mmmmn«mmdwa
m-w-.bmmqmmmdum

< Quartered or rifled to previde s 10
- labora .

‘pling shipments of cevamic white- sheedded or coarely ground clay, sam-
e clays, pling shall be done at 20 puiats for a-
S 30-ton unit; the samples may be taken
"MM with & shovel, or with a grain sampler,
.z.;m-umm-nmmamchymnm
number of pieces shal samples so taken shall then be mized
* icked different the , and quartered or rified to
S that tieiutnnphwﬁu:; form a 101 (or proportionately larger)

n average of all parts of the hbora '
from top to bettom. For & 30.10a (6) For bagged lots of ground or ale-
~mnmnmdw umber
'y 10 B each shall be taker e clay, the n "

i
£
3
£
i
]
4
¢
L

rent parts of whe car. This may wnits in a shipment. A grain-mmpler or
_ 1y digging holes at equally spaced similar sampling instrument shall be
- --.hmghclnuhdmr,.otbytcml wsed to take samples which then shall
3 kading or wnlwding, at spaced be combined, mised, and quertered or
) n:'r:mm tl;eahhm tiffled to obtain a 10-M laboratory sam-
-y ple. Where a shipment consists of 100
o !ﬁm,udthmuguku,lbmmbudh am-
.3 7% $hall e made into a componite pled at random shall be not less thes $
.+ ¥ tumning with & shovel on a clean and preferably 10. When the
__The composite shall then he bags is greater than 100 but
e e ) 500, the number of bags sampled shall
e et b W ot b umber o For lots of from 300
‘ ‘\H-mhc-aqu"M~ to 1000 ba s, R)hag:shaﬂhe'-\mpu.
T by et slond, this methed Fnﬁipmcmsdlﬂlncmt»p,
-~m:.""..'.'.'..?.."s.. 15300 1968, bags shail be sampled at randos.

it

2
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Standurd Methods Jor
CHEMICAL ANALYSIS OF CERAMIC WHITEWARE CLAYS

ASTM Designation: C 323 - S0
\oer i, 19509

This Stambord of the Vmwrican Somicty for T~ting Materioh is inurd aaler
lkMM(f”l;lhﬁdmmﬁrﬂn&hmﬂm
abgrinn 3 standard or, in the case of revisiom, the vesr of last revining.

Scepe

1. (6) There methods cover pro-
cedures for the chemical amalysis of
clays employed in the manwlacture of
ceramic whitewares,

(0) The analytinal pumevlures appear
in the following order:

Soction
Moisture . B |
Lons em Ignition , , [
Silics .9
Bom, Aluminum, and Titaniom Osides 18
fron Oride . . . 1"
Tianis , A ; |
Ahiming R ¥ |
Lime s 1]
Ma:nesia T |
Alkalies 16

Notr. -These methods have leen compited
as stanbard proweduces for wee in referce anal-
sores. Theee methads, however, wheg the e
termination of iron oxide as Fey is involved,
are not imterwled 1o preciude the use of other pre-
cedures that give results within the permissible
variations. Fur the sake of uniformity the cles-
sical Zimmeoman: Reinhardt procedure is spec-

! Uneder the :tandardization preredurs of the ‘Eabcg
theie methods are under the juri-lition of the AST
Comnittes C-21 om Ceramic Whitewsre

Frueqd fng cevtsin meadific ativgs ia Seviicms §, 5, and o,
the-e onthods see whentivil in cubntanre oith Sectians |
o W of the NMan-lard Virthods of Chrmical n ol
.d.:n bty Materiah (ASEN Dreignation. C 1), see

)

¥ Priue 16 adu.tion s standand, the-e methal wers
puldishrd 2« tentative lrum 1950 1¢ t0lg

M

ihed for the determination of iven eside. |-
recognioed that numerons athey precedures

opslly accwrate and ofien mereconveniom. |
other pracedures commenly in uoe inchede re.:
tion of an enilised sodution with sine or o
metal, and titration with standasd KMufy,
KA s, a8 well as titration with a st
wiution of 1itanons chloride in an ou
wiutinn. These pracedures shall te conict

scceptable, provided the snalyst has oli.
results by his speciel procedure that cherk »
the  Zimmeeman Reinhardt procedwe v '
the limits specified in Secting 6. 14 is spre
that the National Buresn of Standerds’ war

samplrs be ueed for chocking the accurac,

It will be wndersiond that the making *:
tomplete analysis of 3 ceramic whiteware
is a difficult procedure requiring 8 wide §
eidge of the cheniistry involved ir: (he apers
aml a2 thorough tesining in carrying owt the
A skitted snalyst of good irsining is it
required 1o do the work. The descriptions
given cover the vital points of proceture.
frequent selerence in 1cpaid to the dets :
the vasious manipulations sheuld be n”
“Applicd Tnorgamic Analysis™ by il
and Lundell® and 10 similas publications |
ticularly in the determination of alumina, i
ence should he made 1o Scientific Paper Vv -
ol the National Buresu of Standerds.!

-«': F Uilkberad snd G £ 7 Luak® %

:xgiuk Analysie,” Wiley and Sow, Kew Y. ¢
*W. Biem, “Dricrmisativg of Alumine o0 /™.

Natinas! Burrnw of Standards Sciontifs Papr

8o
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Reagente
2. Unless otherwise indicated, it is in-
--wjed that all reagents shall conform to
. ¢ specifications of the Committee on
A\ alytical Reagents of the American
« "emical Society, where such specifica-
. ns are available.® Other grades may
« wed, provided it is first ascertained
1t the reagent is of sufficiently high
1ily to permit its use without lessening
* ¢ accuracy of the determination. Un-
- otherwise indicated, references to
et shall be understond to mean dis-
‘of water.
Faragraphs () to () include those
-5¢nls common to two or more of the
iiytical  procedures. Other reagents
-1 be found listed with the particular
+thod in which they are prescribed.
1) Concentratod Acids end Ammo-

~ ! ammonium hydroxide of approsi-
~cly the following specific gravities or
“entrations will be required:

" oxhlorie acid, HQY. .. . 1.18p g
’ :racid?llNO...,..,...........I.“q.
noacid, H)SOy. ... 1. Mpg
viluoric acid, HFP. -40 per cem

" -Hlorie acid HCIOy 60 1o 70 per cemt, cps
s acd . ¢ cent solution®
' onium Bydronide, mwﬁ'.'. .. 0.9 ge

‘.L 't‘t:. p_wity vitieties may contain slumisum onide,
LAY by reagesmt menvisctusers,
') Dilnted Acids and Ammoninm Hy-
* te.~-The diluted acids and ammo-
"1 hyroxide referred to are of varying
" ‘atages by volume. They shall be
'* up by mising proportional volumes
" concentrated resgent and water,
- diluted sulfuric acid mixtures shall
" TMe up by slowly stirring the acid
K i’l‘_ water. These diluted acids and
~ Beagens Chemicals, American Chemi ol
A -"peei&-ubn,“ Am. Chem. Soc., Wl'“:h
“. D C. Por wggestions om the testing of
", 1ot listed by the American Chemical
. "'“fO"lumChnienhmiﬂlaM”
. " Rosia, D. Vaa Nostrand Co,, Ine,
Yok, NUY and the “Usited States
wopneia,

ammonium hydroside are designated in
the methods as (1:4), (1:9), etc, except
very diluted solutions which are referred
to by the percentage of reagent added.
The designation in parentheses indicates
the ratio of the volume of the concen-
trated reagent to the volume of water,;
for example, 1,50, (1:9) containg 10
pet cent by volume of 11,50, (sp gr
1.84). ‘The following will be required:

Percentage by Volume

Hydroc horic acid {3

]
Sulfuric acd. .. = ) l:
Ammonium hydronide ) ”,

(c) Ammonium Chloride (2 per comi),
~-Dissolve 2 g of NH,C1 in 100 m] of
water,

(d) Ammonium ODxalate Solution (satn-
reied).—Dissolve 4 g of (NH),C 04
in 100 ml of water.

(¢) Standard Potassism Permanganets
Solution (0.1 N). Dissolve 3.2§ g of
KMnO, in 1000 ml of water. Allow to
stand for a week, filter through an
asbestos mat, porous glass, o procelain
flter, and keep in a dark place. Stand-
ardize against the National Bureau of
Standards standard sample No. 40c¢ of
sodium oxalate.

() Standard Potassium Permange-
nale (0.04 N). - Dissolve 2.5 g of KMnO,
in water and make up 1o 2 liters. Allow
to stand lor a week, filter through an
asbestos mat, potous glass, o porcelain
filter, and kecp in a dark place. Stand-
ardize against the National Bureau of
Standards standard sample No. 40¢ of
sodium oxalate.

(¢) Standurd Titania Solution. Weigh
out 008 g of calcined TiO;. Fuse with
10 g of K:S/Oy in a clean platinum
crucible, keeping the temperature as
low as possible to maintain fluidity.

L2
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42 Cwmancar Awarysss o Wirrewang Cravs (C 323 - $6)

Cool, and dissolve in about 300 mi of
HySO, (1:5). Cool, transfer 10 & 500-mi
volumetric flask, dilute to the mark
with water, and mix thoroughly. To
standardize the solution, take two 50-mi
portions in J00-mi beakers, dilute, boil,
and precipitate with NHOH. Filter,
and wash with hot water. Place the
papers in the original beakers, add 1§
ml of HC, stir to macerate the paper,
dilute, and precipitate again with
NHOH. Filter, and wash with hot
water until free of alkali salts. Ignite
carefully, blast, and weigh. From the
weight determined, calculate the strength
of the solution.

(A) Standerd Sedium Arsewite Selw-
ltion.—Dissclve 0908 g of areniows
onide, As/0,, in a imell amount of het
Na,COy solution, cosl, fiter, and dilute
te 1 liter. Standardise against a sted of
known manganese centent.

(i) Stennous Chioride Selntion.—Die-
solve 50 g of SnCly in 100 mi of HO
and dilute to 1000 ml. Keep a few
pieces of metallic tin in the bettle.

(j) Meacwic Chiwide Selubion (ate-
rated).—Prepare a saturated solution
ol HgCl,.

(}) Mengencse Suifese Seintion.—Die-
solve 70 g of crystalline MnSO, in 300
ml of water. Add 140 ml of
acid, 1L,IO,, (sp gr 1.7) and 130 mi of
H,;SO, (sp gr 1.84). Dilute to 1 liter.

() Hydrogen Pevexide (X0 por conl).

(m) Diammoninm Phosphete Selukion.
-~Dissolve 10 g of (NH):HPO, in 100
mi of water.

() CHoroplatinic Acid Selution (10
per cenl),

(o) Ethyl Alcohdl (80 por comt).—
Prepare & solution containing 30 per cent
by volume of ethy! alcohol in water.

(9) Ethyl Alcoksl (ebsolute).—Cer-
tain commercial brands of denatured
absolute alcohol are satisfactory as well
as being considerably less expensive than
the reagest grade abwolute alcohol,

Sampliag

3. (o) Selection of Semple. - The un.
ple shall be obtained in accordance wit,.
the Method of Sampling Ceramic Whise.
ware Clays (ASTM Designation: C 322,¢

» The sample shall be crushed in -
small jaw or roll-type cresher wi;:
hardened tool-steel faces 1o pass a No. &
(2380-micron) sieve.* The sampie sha.
then be crushed 1o pass a No. 20 (84
micron) sieve,® mized, and quartered i,
about S0 g. This 30-g sample shall the-
be ground w0 that it will all pass a \o
100 (149-micron) sieve® unless other.
wise speciied, mised thoroughly, and
placed in & container that will ineun
fresdom {rom contamination. Fine grind-
ing shall be done in & suitable mertys
(agate, mullite, alumina, or bor:
carbide) to prevent the introduction of
impurities. Precautions shall be takes
to prevent contamination of the semple
by steel particles from the samphin;
equipment during crushing or grinding

Siatement of Analysie

4. Moisture shall be determined on th¢
sample in its ordinary airdried ove
dition. All other percentage compositir.¢
shall be determined on moisture-fice
samples and reported, accordingly, en »
moisture-free basis. The drying ter
perature recommended for all moistu:’
determinations is 105 to 110 C. Whe -
ever a samph. is weighed out for any ¢+
termination other than moisture, it sh. .
be molsture-free. If preferred, the wr-
ple may be dried in & weighlhg bett'¢
from which the required samples shall l¢
weiched out.

Blaak Detorminations

5. Blank determinations on the
agents shall be made for each comst::

.-0.'-.. : '
a7

Devignation: § 11), soe p. 1962,
e
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ot m the whiteware clay and this
ok dedacted in each case For the
cemination of 1he sibca blank, ap-
vmately 025 g of ALO, showki be
Il as aluminum chlonde.

segroducibility of Results

u In ab cases, check determinations
it be made, and the results shall he
‘eicrmimed o satinfactory cherka are
htained Recyles hall be consnlered
dactory of the differences between
A determinations do not exceed the
"o g biomits

tuern (‘h«'i hhl.:

“",M"ﬂ
Pr wlics er other constituent
siaunting to D pav cont* o
ey N
~'m o other constituent
tmnting te 0 0 W per
P amy  other  comstituemt
- anting 10 uader 10 per
reng® e e e,

0.3

-

'fﬁf-vhmmmhmﬂﬁ whels ssmply
-y

' istuse

i Weigh 1.00 g of the sample and
110 constant weight at » temperature
* wnder 105 nor over 110 C. Record
- hue in weight as moisture.

+ on Ignitien
* Weigh 1.000 g of the moisture-[ree

w110 Q) sample and heat 10-con-
" weight over & blast kmp, or in an

.

' mullle furnace, at 900 to 1000 C.
~-tdllahuian'ghu0n ignition

:‘t.

* Weigh 0.5000 g of the muisture-
" 105 10 110 C) sample into a plati-
* trecible containing abowt $ g

powdered anhydrous Na Oy and mia
well with a platinum wire Cover the
mixtute with a litile more Naglooy,
Heat gradually 1o the full heat of & goud
butner (1000 1 1100 ) mamtained for
about 1 he until complete solution " ob-
tained. Place the crucible (over om o8
triangle, aie when the melt has parti

covled, pour it on the Ind {Note). When
oo, place the crucible and Iul in a 150
ml beaker, placing the button on A
watdh ;;L\w thove the beaker, Add 0
ml ol HCL (1:1). When solution i
complete wash off the crucible and Id
with 11C1 (1:4), taking care to remove
all Si0y. Place the button in the sody-
tion. Transfer the contents of the beaker
0 an evaporating dish and evaporate to
dryness on a steam bath. Bake for 1 he
at 110C. Add 20 10 30 mi of () (1:9)
And S0 m! of hot water. When alf sty
Mave been dissolved, allow to seitle fug
several minutes and then filter through a
No. 40 Whatman paper, ot equivalent.
Wash the SiO, three times by decanta-
tion using 20 to 30-mi portions of first
hot water, then 11Q1 (1:1), then Aot
water again. Transfer the precipitate o
the flier papet, removing all So), from
the dish with a policeman. Wash the
paper and precipitate vith hot water
until free from salt. To recover the small
amount of Si), remaining in the fltrate,
evaporale to dryness, using the same
procedure for baking and filtering as
before. Combine the two precipitates,
place in a platinum crucible, and bura
off the paper carefully to prevent any
loss of Siy . Ignite the sample to con-
stant weight at 1100 10 1200 C (15 1o
20 min. is vsually sufficient), cool in a
desiccator, amd weigh. Moisten the
residue with several milliliters of water,
add !0mlol“§'aud3m4dmmd
11,S0,. Evaporate the solution to dry-
nesa, ignite carefully to prevent decrepita-

tion, and blast for several minutes at .

1100 C. Cool the crucible in 3 desiceator,
-3}
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weigh, and repeat blasting to constant
weight. The lows in weight from the
original silica residue represents the
S0y content, escept for that part of
the 50y which is later recovered from
slumina, etc.

Note. Ancther xheme ta aid m whesquent
sotution of 1he f:0ed melt i to retste the crucibile
24 it camby, spreacking the mase up the skh walle.

bren, Aluminum, sad Titssiom Osides

10, Fuse the re idue with 1 g of fused
KsSsOy or Na,Siy, dissolve in a small
amount of water, and add te the iltrate
from the silica determination (Section
’).Addi;dh’lmmdldnpld
methyl red solution (0.1 per cent).
Heat the solution almost to builing, snd
add slowly NHOH (1:1) until the in-
dicator has changed to a yellew color.
Boil for <everal minutes to remove the
excess ammonia. Allow te settlefor 30
min and decant through a No. 41 What-
man filter paper of equivalent, trans-
ferring the precipitate to the paper and
washing the beaker and paper several
times with a warm NH,Cl solution (2
per cent). Reserve the fltrate, A, for
the determination of Ca0Q and MgO
(Section 14). Return the precipitate and
paper to the original beaker, add 50 mi
ol hot water and 10 ml of H(} (sp gr
1.19). Stir until the precipitate is dis-
solved and the paper is well macerated,
Dilute to about 200 ml with hot water,
precipitate and filter as before. Com-
bine this filirate B with filtrate 4. Wash
the paper and precipitate with a warm
NI solution (2 per cent). Place the
precipitate in a weighed platinem cru-
cible and ignite. Cuntinue the ignition
8t 1200 C to constant weight (1S 1o 20
min is usually suficient). Cool in a
desiccator, and weigh with the crucible
covered with the Iid. The Ry con-
simnhbeAhO.,’l‘iO.,mdFeA).m
ent in the sample. In addition there may

Cuzmicat Axsivsis of Wairtwanz Ciavs (€323 34

be small amounts of P, 20y, vy,
and CrdDy .

lrea Onide

11. (&) Mothod A: Fe,0, Determun,:
o RO, Sempls. Hert the R, pre
cipitate (Note 1) obtained n the dese-
mination of iren, aluminum, and (79
nium osides (Section 10) with fuse.
KsS4 or Na Sy uatil solution i cor-
plete. Dissolve the fusion in O m.:
.50, (1:9) and evaporate to fume
Cool, dilute with water, and filter of ;' :
S5i0y, washing with hot water. Reser-,
the Bltrate for the determination .-
Fe/Or and TiOy. Ignite the SiO, in .
Platinum crucible and weigh. Treat '
precipitate with 5 nd of HF and 2 -
3 drops of HSOy. Fvaporate te ey
new, ignite, snd weigh. The loss .
weight represents extra Si0y whi
should be added (o that determined pre
viously and also deducted from o
weight of the R0, precipitate. Fvaj.
rate the filtrate obtained in corredt: .
the R4Oy precipitate for Si0y te abr. -
13 ml. Cool, and dilute to 100 mi in .
volumetric flask. Reserve 28 ml | -
the determination of TiO, (Section 1’
To the remainder, add 25 m! of I -
(1:1) and Meat 1o boiling. Redhuce : -
iron by adding SaCly solution drop *
drop from a pipet with constant sw -
ing of the beaker until the solution
colorless. Then add one drop in ev
Cool quickly in running water, then .
at one stroke 15 .nl of saturated 1.0 -
solution. Allow to stand for 3 -
then transfer with washing to a Ham
beaker containing 300 ml of cokl i
lilled water and 25 m) of MnSOs « _
tion. Titrate with standard 004 °
KMnOy, added very slowly while +
ring constantly, until a permanent | *
end point is obtained.

Nots 1.—-Instesd of fusing diescily it
platinum crucible in whick the RO, was it
e
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430 Curmicat ANaLysis or Wuiraware Cravs (C 323 - 5n)

v i A T AL AR - T T

equivalent), taking care to retain the
precipitate in the heaker, wash several
times with warm water hyelecantation,
and ther wash the paper until free from
soluble salts. Reserve the filtrate for
the Mg determination (Section 18).
Return the paper tu the beaker contain-
ing the precipitate, add 100 ml of
HS0¢ solution (5 per cent), warm, and
titrate 10 a faint pink end point with
stanelard 001 .V KMnrO, solution. A
blank <hould be previously determined
fur the (Tect ol ale paper.

Nove, FPor gealer accuray, o double
precapitation shoull be made, in which case,
alter pre pitating the calkium osalate as de-
scrited above, decant the Hquid and wash the
beaker and paper ceveral times with warm water.
Dissolve the precipilate om the paper with warm
O (1 4), allowing W t0 run inte the beaker
coniaining the niajor poction of the calcium
onalate. Wash the paper wilh hot water. Te
the salution (about 73 te 100 ml in velume)
add several mithiliters of saturated (NHIWCO,
sojution and NHOMH in slight eacess. Heat for 2
hr, filter, wash, and ltrate as described ahove.

Magnesia

15. Evaporate the filtrate from the
CaQ) determination (Section 14) to about
150 to 200 ml and add 2 to 3 g of d&i-
amniontum - phosphate  ((NH)HPOY),
stir until dissolved, and then add NHOH
until alkaline and then 20 m| in excess,
Allow the solution to stand overnight.
Filter and wash with NHOH (§ per
cent). Dissolve the precipitate on the
paper with hot HCT (1:4), allowing it te
wn into the healer containing the pre-
cipitate Wash the paper with hot water.
To the solution, which sheuld be not
more than 100 i in volume, add 0.1 te
02 g of (NH, HPO,. Make smme-
niacal, and then add a slight escess while
stirring constautly until the precipitate
is well formed. Then add 10 ml more
of NHLOH and allow to stand overnight
or at least for 4 he. Filter through a
No. 40 Whatman paper or equivalent.
‘Transfer the [ re. ipitate to the paper and

wash well with NHOH (5 per cer:
Place the paper in a weighed platin, -
or porcelain crucible, burn off the pa;.-
at a.low temperature (below 90 (
and ignite to constant weight at 1050 ;
1100 C (1S to 30 min is sufficient).

Alkalies’

16. (a) Weigh 1.00 g of the moisty:,
free (105 to 110 C) sample (ground te .
impalpable powder) and 1.0 g of Ny
into an agate mortar and mix well. A’
7 1o 8 g of CaCO; (Note) and again v .
intimately. Place a }-in. layer of CaCi,
in the bottom of a platinum crucible, a-
then add the above misture, tapping t' -
crucible occasionally to obtain & de -
mass. Place a }-in. layer of CaCO, .
the top. Heat the crucible over a } «
flame until ammonia fumes are ne lurge:
given off, then increase the heat so th
the bottom half of the crucible is a du
red and maintain this temperature { -
about 1 hr. Cool, &1l the crucible thre
fourths full of water, and heat untid v
contents can be taken out and crushe!:
an agate mortar. Transfer te a plv’
num or porcelain dish by means of 2 «
of water. Evaporate to & low volur
decant through a No. 40 Whatman fil'c
paper, or equivalent, and wash the
terial in the dish several times by -
cantation with warm water. Trans'"
to the paper and wash several times ».
hot water. Acidify with several m.
liters of HCl and evaporate to a volu ¢
of 150 to 200 ml. Add several mihiic”
of NHOH and sufficient (NH).Cin®
precipitate the lime, keeping the !
covered with a watch glass. Warm w!
the precipitate settls out. Filter &
wash with warm water. Fvapotate !’
solution o a low volume, then aki
small lump of (NHMWCOy to deters.
whether practically all cakcium bas Le
precipitated. 1f mo precipitate hur="

* This for the detovminatios of she °
he 1 Lowrooss Saist moehed e
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Stendard Meuhed of Tess Jor
WET SIEVE ANALYSIS OF CERAMIC WHITEWARE CLAYS'

bon:E 11y Ceramic Whiteware Clays (AST) In-
and shall inclode the No. 100 (149. gnation: C 322)?
micron), No. 110 (MS-micran), No. 200 () The sample as received shail Le
£n‘mgm) anl No. 328 (44-mirun) Dieced in & drying oven at 100 to 119¢
(Note). The wire cloth for these for 8 period of not less than § he prior 11
skeves shall be woven (not twilled) and  lesting.
Mhemmdhchuhmfum
Procodure
'l'-htb-&Mmﬂ-ndh

Barirty. thin northod is ouder the jurindiction of 4. (0) Transfer duplicate portions, of
opmmnrmmc-nucmm Mm‘d!hdriﬁl cay

? Frine to adwption s standderd, this metheed to the nearest 0.1 ¢, v
-:Muguuz.bu 1968 to 1908, cnntainers of at beast 2-liter capacity. \Wet
Mo B AT ey (b clay with 1 Hier of water and alln
front of hesk. W slake for 2 be. If & free-Bowing slurty

i

s
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Standard Method for
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Sheinkege Measurement m‘a:’uuwutum
3. Menswre the distaccs botwen 00 ‘*'“"""| Il':'-'nu

Calevlations z-zmﬁh‘ﬁrhnx.
4. () Caleulate the linoar drying h:“mhﬁ.,“"":_“
thrinkags 00 & percentage of &y lngh, (1) When denired, vebeme shrinkag

&-!’-:—‘!xn "M

: b Velume sheinhagn, por et =
where: 3
84 = asar drying sheinbagn, In por [-(-%

omd,
ly= length of tant spacimen, snd
Le = dry longth of test specimen, § = lnear sheinkagd, in por comt,

nE
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Seandard Method of Tert for
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Tastr rou Semcine Caaviry o0 Wutrswaas (C 329 - 56)

~.~m .m_.
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TABLE L—-ABSULNTS BENNITY OF WATER.

Abagbate Dunsiey, ¢ 9% o0 40
]
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TALE 15.-ABSOLUTE DENSITY OF ORY AR AT 10 MM +REURS.

| 1 {HEE 4

3 udm e
%“Mrm.ﬁ

:

S. (o) Calculate the specific gravity
41908 Bock of ASTM Standards, Port §.

Abosinte Dumlty, § pov o0 G0
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4 Trsr rou Sercirx Caaviiy or Wistswans (C 319 - %)
with rpoct to water at 4 C, as follows: ¢ w-)

.w"ﬁ“(’i-ﬁ
Specile parity »
bl - Abeslute density = Gl - @) 4 ¢
C.IMIHILW, ~ 9) = &I, ~ whess:

# = weight of the stoppered pycaem- logs were made.

eter (Section 4(D)), Pegors
'-Mll:l?:yk $(), .S The mport shall incude the &+
" -maﬂm water 4 (D) Duignation of the material tesse’

is
4(d) shall also be shown,

() The absolute density of the sample () Specific gravity (or abeoluete dr-
may be determined by following the ° ). -
ﬁ;:am in Section 4, but imabing ;hmﬁllhmudtothmw-.
uﬂs: that all % “1.“ *.; 001,

identical 1t wes a

stmosphere. If this precaution is taken, Reproducibifity of Rosuits

the absolute demsity may be calclaiod 7. Duplicate determinations shov'’
8 follows: not diller by more than 0.008.
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SPECIFICATION FOR

BRICKS AND BLOCKS
‘OF FIRED BRICKEARTH,
CLAY OR SHALE

N 15 ant

BRITISH STANDARD? INSTITUTION

THCORPORATED BY AiLTas CHARTER

nmmmumnmn..mm
TELSORAMS: STAMBARES LOMDON Wi TRUNE! YNG9
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for the purposss of Clausss 10 and 20. A methed of tant by 34-hour esld im-
mersion (C) is aleo specified for wee a9 works contrel tent enly. The seeulls by
this swthod ore alnuys lowsr than, and are net propersionsl te, thees by the
standard methods.

ah*ﬁu”ﬂuﬂy-—hd“w
or blocks, but representative

dﬂﬁkumuyh“*
uwmpuﬁ-h-oad.- hm

b. Accuracy of weighings. Spccimens shall be weighed 9 v senwsery of
0 1 pee cent of the weight of the specimen, wing » switable balanc 1.

c. Preparation of spesimens. The (et spocissens shall be drisd %o constant
weight in & ventilaied oven at 110-115°C 230-19°F). Wi eouh, cash spesinse
shall be weighed®.

d. Procedure for $-bour belling tout. (B). The spacimens shall bs plased inte
a tank of water immediately shter weighing 50 thet water ean cisewiate Srasly on
all sides of them. The tank shall bs provided with & grid %o ensure s cissulation
of water between bricks and the bottom of the The water shall b hented
to boiling in appronimately ons howr, beiled continususly for $ houns, and
then allowed to cool to room by nutural jues of host for aot b
than 16 or more than 19 hours. The specimens shall s semoved, the swrfase
water wiped off with & damp cloth, and the specimens weighed. When
perforated bricks, water thet might etherwise be sft in the pacforations
displaced by shaking,

Weighing of sny ons specimen shall bs compicted whthin 2 minutes after
its removal from the water.

¢ & can be assumed that hasting for ot least 48 Reurs ot 100°C will assuse constont
Sut it shouid be notwd thet several houss may be requised before the spesimens e

i they e wet when put into the ovan. The €8 hours sholl be reshonsd Ao the thas e
speciment reach | 10°C. Searage of brishe, sastached, with spacss botauss tham, in & ventiised
mh-wdtmﬂ.“dat—amhmmm
contieuously for ot least 2 hours, will eoel the specinuns 1o appranimutely Jesu Iampamntns.
' b |




B8 3921 : 1988
-

'muqumua--qun&-qnm
immersien teut ¥ dwived, provided st L]
Grivd and weighnd in avcevdonce with Subsiossm b and ¢.

HINL
i
i
11
I
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th
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i

n 63 cemer prassibed for
;n——hmuh—*uummnm
dry spuimem, whish dhall be el
withowt imsanien, s watw o o e waree
M I I
2

y mprann wiped and waighos
h"md“‘*“m pa sosults shall bs epovied
toran ssems by weight ean gosinons snd shall be
“ﬁuh-uﬂpz. “
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B8 3921 : 1965

() Fragwents representative of the interior and exterior of the bricks
amounting to at least one-tenth of each brick or block are crushed in hardensd
steel equipment to produce sbowt 3000 g of material pussing a sicve with an
apertere not greater then BE. Ne. 3°. This s mined and thea reduced by
coning and quartering or other equivalent method to about 300 g which is thea
ol pound to pass ¢ siews with an apertere act greater than Ne. 22. This finer
sample is reduced % about 29 g by coning and uarterig or other equivalent
methed and all is ground to pams & Ne. 100 B8 siewe®.

A magret is wed o emove any iron that may have contaminated the
sumple during crushing. The sample shall then be dried ot 110°C.
ﬁ)ﬂ-bh:smhlounuﬂnmyﬂﬂ
than ¥ in diometer. The holes are appronimately spaced
::uumduuaammdhu
carviod 1o 8 approsimately equal to half the depth of the brick or hal¥
e thickness of the web of the block. The aumber of holes is such 23 t0 give
s sumple of apprenimnidly 25 g of powder paming & 100 mash BS. sieve.

A*hdbmqmﬂqmmih
sampls during drifling. The sample shall be dried a8 106°C.

Mhawdmdmﬁlmnwﬂuhpd
the besker imtroduce 130 mi of hydrochioric acid (1 : 9) «od heat to boiling,
add hall 2 Whatenan ashiss tablet o equivelent and boil for 10 minvies, sticring

wash theroughly five or sia times with hot distilled water. Aﬂmamw
of methyl ved indicater and ammeonia (1 : 1) dropwiss 3 just newtral then

MBMW.& g 119 3#‘
broming water (satursted). Heat ﬂbl“lﬂ.“
boiling, slowly aid from s l.d Sarium chiorids solution (10

cent). Continue beiling for 2 minuine, transfer 10 & stenn buth for 1 hour
and sllow o cool. Stand and e 8 No. 42 Wiatman paper

precipitate and paper 10 & weighed platinum crucible, heat gendy to dry e
residut and char the pager, and finally ignits to 1600°C for 30 minutes, coel

od weigh,
Weight of B0, % 04113 ~ weight of 80,

NOTE. The * “m may be suumed 1o covesgond fairly closrly 1o the total
mdm b“hhhﬁmﬁuh“

* B8 00, ° Tout sieves *,
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B.S. 392! : 1963

J.Exlueﬁ-dwm*ﬁtﬂl:ﬂudnh&ahﬁaﬂu
carried out at room temperature, 10 & 0903 g the sample shall be weighed
and transferred 10 & 150 mi polythene bottle, 100 mi of cold distilled water
shaﬂbtadshd,llnbﬁtbdmdw%amv«pubtmwpand!khmh
shaken for 60 minutes. (A rotary shaker revahing at about 30 revolutions per
mhwtciswiubkouhemahdyhmmdlhhuhmyhﬂimdh
wminumbylmgmlicmm.mm%m),m
mpcndcdumphshallh%e‘mdlhmm&lcha&ym.
mrcskiumlhﬁk«Mmhtﬂ&MﬁyamMmyh
used. Tk filtering mcans esnployed shall be used dry. The alternatives are cither:
(i) Sintered glass buchner funnet®, porosity grade 4, with suction.

(i) Centrifuge.

(i) Filter candle with suction,

(iv) Ocdinary filier with, e.g., a No. 42 Whatmen oc equivalent fiker paper.

Itis cssential that the filtratc shall be clear.

e MHMWM*wMMﬁah
used to determine the following radicles:

Calcium (Ca'+), Magnesium (Mg* )
Sodium (Na'), Potassium (K+)

The following analytical procedurs has been found convenient and is
recommcnded though it is not mandatory. The results shall be reportcd to the
nearest 0-01 por cent by weight.

Calcium. Pipctic a 10ml aliquot of the soluble skt extract into 500 mi
conical flask. Add 20 drops of hydrachloric acid (sp. gr. 1-18), followed by 10 mi
of potassium hydronide solution (approximately 4x), and dilute t. about
200 ml with water. Add about 0015 g of cakvin indicatort. Titrate with stan-
dard E.D.T.A. solution from a 10 nd semi-miero burette, the colour change
buing from fluorescent green to pink.

Mugncsium. Pipctie a 10 mi aliquot of the soluble sak extract into 3 300 mi
conical flask. Add 20 drops of hydrochloric acid (sp. gr. 118), followed by a
10mi of ammonia solution (sp. §r- 0-880) and dilute wit™ water to about
200 ml. Add about 0-04 g of methy] thymol blue complexo.ie indicator. Titrate
with the standard E.D.T.A. solution from & 10 ml semi-micro bureite, the
colour ch.nge bring from blue to colourkess.

The volume of E D.T.A. used for the titration of cakium is subtracted from
the \clime of E.D.T.A. used for this titration. The remainder represents the
volunie of E.D.T.A. required for the tiration of the magnesivm.

Scium amd potassinm. Compare & portion of the soluble sak extract with
standard solutions containing S p.p.m. of sodium, snd 10p.p.m. of potassium
* RS 1752, * Laboratory sintered of fritted filters *,

t Servened Murevide of z-mm«muzm-a-ml-miw scid
are sho untable indicaton.

M
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B.S. 121 : 1963

in & suitabls flame photometer. Calculate the sodium and potassium contents
by reference to previowsly prepared calibration graphs.

Svonderd selstions. Calcium solution (10 mg CaOjmi): Dissolve 178 ¢ of
ﬁﬂ(lmMMhaMmdeﬂ
ummwaﬁmmmwmnmmmm
fask.
Magnesiom sobtion (10 mg MgO/mi): Disolve 06032¢ of
mﬁhadiﬂmd“wﬂﬂ&nbmlﬂh
a calibrated flask. Before weighing, etch the metal ribbon or foll in dilwte hydre-
chioric acid and then dry it with alcohol followed by cther. Adjant the weight
with scissors.

Stendord E.D.T.A. sohstion (03 pet con): Di  ive 3 g of diamincethans
setra-acetic acid (di-sodium salt dhydrate) in warm water, filler if necessary,
mi.mmmmm.mmmmmwu
standard caicium and magnesium solutions, calosin and methyl thymol blus
complenone, respectively, being used as indicaters.

Indicators. Colcein indicator: Mix by grinding together 01 of calosln

with 10 g of potassium chioride.
WWNW“:WUMWO:;
ummmmmmdwm
EPPLORESCENCE TRST
CMWM&MI-:“M“.MMM
been used for the soluble salis analysis (Clauss 37) may be found & conveniont
WMMmm“nMMmM~h“
E from faces other than thet which will appear as the exposnd fase
nwmmuwnmm-&-wm
famdpmm#uuﬂmmwm
wwaMh.mﬂv“mA“
mmammmuumuumpuh“
with the exposed face of the specimen (a0 Fig. 4. A ity of distilied weter
capable of saturating the specimen shall bs weed (sse Note). the distilled water
scmummum-mmdamwﬂ
be vscd. After a few days, when the weter has been absorbed and the
qu«y..mmydw-wﬂhuua
mm;«ummmuuuwn
efflorescencs.
mﬁaﬁmyuommumu'ﬂ'.'-lp'.'m'.
'hnvy'.or‘mion'.inmduuvkhhmm:
Nil. No perceptible deposit of effiorciuonss.
ﬂgh.ﬂmmmwpuaudhmdbkm*oﬁ
deposit of saks.
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CErIAN X
€. Bricks and bhack« shall be deomed 00 wiih the of this
standard when soraphs tohem be acvw Janve Clanses 37 and 38 and o s0d
in scoordence with the clowes for soengih, dimennions, < dubly

8. R smy unt sbways b : eomvevient, or ewen for bath smlacturey
2l wsey (@ Do prevent ot the tione of g and W in owch 8 case &
tesi result s altained which durs nat confin sy t0 W of thin stan-

atwwimdm-u-lmmn.bﬁnﬂyﬁh
soquir comemts of this standasd. The sesuls ¢ tiis snond tect, sarvied oul te 1
*mm.“hmnwwp;ﬂnm“ |
0 Rot the comipament com pling with this 1+ n.lord 1

IRt 00 3G

@, Wheee ¢ i'sakuwhw»¢m-ﬂ&w&
s Bvitinh: 'Mmd.hu.dsmi-;mhhuwdqmw
mentthel'  Jurne by the puse’ 1. I & diuputs arh ., the cost of the sevend
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INTRODUCTION

Terminsiogy. Por the purpose of this standard the tormm and defnisions f
LS. 2935° apply with the addision of the following termm :

hb-ury-r.‘lhmdh sample which is delivered
the lsbevatery m-‘pﬂ::um *

d@wﬂq&.hpﬂndh“#“h“h
@ sise snalysis sppasatun.

MMW“uunﬂmdk
7ate of seriling of the powder partiches dapanad in & fuid.

Timy moy be chassifiod se incoamontel ov cumuintive. In the former methed
the concamisation of purticin is mussured ot ¢ plane ssvtion amens the i
entation vessl and ot & knows dupth bulow the susfiass lovet of the
hummhm“d“mt“
over the wholy distanss frem e sustaes il of the ssapumsion 09 & baven
mmnmnmuwwn.mm
# meavored. The weights of puastisis entrastal (am the sodimentetion dhdumn
qw“m-‘hmwnunm
directly the prupustion by weight e ansbysis sample that eucaiss of particien
heving o diumaer los then thet eompunding o the velosity of fall 2t the
tme of sumpling. The tetel sadiment o duwminsd by e cumulntive

¢ such 2 the Mothads 53 and $4, ase ot »n
the incromewtel susthads, snd the woights whish sonsint of
Mving dismstors loss thes thewe 05 he velusitins of Al o8 S
tuncs of samgling must by dnsmingd by o method, which may b
ﬁqhuiui asithomation) oo dmusibed in Sngemamits to Mothod
snd S4 ‘Principle of cumintive muthed.’

The calvuistion of siow is depondunt on Susber’s Low, which mey
comenently bs i ®o feflouing foom he sise sashuh by Nguid
o onsend

TEYRY

‘- -0

x 0 (4 1]

where 4 is imeepreted & e Sichss Gameter® of B 8 misvom,
is. domue of o ohish hus the s demily 008 o same fus Galling
velocily in & givus fuid 20 o pustishs atthin the sunge of Sisher bow.

* B8 %, ‘Qlunuwy of wvms sloting &0 poudaw.

7




ID/WG.16/2
Annex }
Page 10

B.S. 3406 : Part 2: 1963

5 = sbsolute viscosity of medium (poises).

» = demity of medium (g'om*).
caqpmaﬂydmum

A ~ @ist:nce (em) through which particle falls in time 7 (s).
& ™ %, -ation dus 10 gravity, (cmA").

Equation (1) 1s valid only in the of viscous flow, which 5008 a0 upper
Nenit o the size of particle which can be tested by this means in & given Nquid.
The Simit is determined by the magaitude of the Reynclds sumber, 8 dimensics-
less quantity defined by

vdp‘n_.

L
where v = b's, the froe falling velosity.t ,
The Reynokis sumber should net excesd 03 if the arrer in wing Siokes'’s
lsw is not 09 encoed 3 por cewt.

For practical purposes the lower siss limit i detcrmined by the temperature
control over ihe poviod. As a guide, the methods ore

ol
pasticies v velocitios in water corvmponding 10 thos feor
Ses of dameter 3 microm, and of demeity 2 g'ow’. The lower sise

is reduced for particies of grester domeity.

Sw pemninn and Shpervion. The liquid mediam must possess suitable
characterintics. Thess are deaeriind in A, which sho gives a list of
Tiquids and dinpersing agents, and suitable teste.

For the purpose of siss-analysis, it is important thet the dispersion of the
powder in the medium should be waless incomplets dispersion ie
computibls with the conditions of wage, and thet ne floccuiation should eeces
during & Wi, sisving of the mintues, together with the addition of 8
wistion of quomities of & witsbls suaponding agemi, sve pometally

10 bring sbout this condition befove starting 8 serioe of messuraments.
The choice of 2 suitable madinm and snpending can be mode 3
A rapid avesyment of the of ¥he snuiting sion is wechul in duciding
thiz choics which should, , Shnays b confirmed by the more relisble -
methods drscribed in Appendia A befors bring adupted. K (s imporiant %
note that the sermm ‘wetling wﬁlmq-‘mum
synonymews. Many inorganic swlts can act 88 smpeading ageats, but
have hinske effect on interfacial temsion. h is ahe o choek that the

wmmumumdas in the nnpending

n the majecity of coses the mont madium is dinilied wiow
with the sddision of 3 suiable nnpending agent, npd:n-ﬁ-nh

ST ST Tl
'

&
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employed for materials, such as metal powdcrs, which are not casily wetted by
aqueous solutions, or for substances which dissolve in water or react with i,
In aqueous media, the effect of pH should not be overlooked, since it can be a
deciding factor in determining the degree and stability of dispersion,

Preparation for a sedimentation anslysis. The analysis sample is prepared as
follows:

Dry the sample.

Sieve on a 75 micron B.S. test sieve® by the dry or wet methodt. Record
the percentage weight remaining on the sieve.

Subdivide the portion which has passed through the sieve as necessary
to provide the analysis sample, using the mcthods of Part 14,

" Sclect a suspending liquid. Advice on this matter is given in Appendix A,

If not already known, determine the viscosity of the suspending liquid
at the temperature of the bath by any of the methods described in B.S. 188§
appropriate to the particular suspending liquid. The viscosity of the
liquid shall be such that the Reynelds number characterizing the flow round
the largest particics of the powder is not greater than 0-2,

If not alrcady known, determine the density of the suspending liquid at
the tcmperature of the bath by the method described in B.S. 733 or other
method giving similar accuracy. Determine the density of the particles by
the method described in B.S. 1377 or B.S. 3483, If the difference between
the density of the particles and that of the suspending liquid is less than

103 glem’ special care must be taken 10 avoid convection currents.

Add the dispersing solutions or liquid slowly to the analysis sample®*®
working the paste to a liquid suspension with a suitable implement taking
care 10 avoid grinding of the sample. Then make up the volume to abat
120 ml with the suspending liquid, subsequently diluting 1o the requirements
of the method. Stir the suspension for at least 15 minutes by a mechanical
stirrer, then de-acrate under reduced pressure using an ordinary water pump,
Apparatus, sample and suspending medium shall be at the same temperature,

which <hull not vary during the determination by more than J;degC. Closer
vontrel will improve the accuracy for small particle sizes.

The upparatus should be located in a draught-free position in the laboratory
and all hguids used as suspension media stored in the immediate vicimty so
that the particular ambient tlemperature is attained,

RS 319, Teu vieves ",

$ B3 1k Methods for the use of British Standard fine mesh test sieves "

H :';:-’:f:""n 3'2&;' ‘z‘zzgmmﬂon of particle size of powders’. Part I, ‘Subdivision of oross
Y3

A8, Method fos : N s o,
¥y 'n:;'.:n ! fm*lhh.‘dtwlmmation of the viscosity of liquids in ¢.g.5. units’.

* RS 13770 Mahiods of tess soily i ineers . o\
For seutmg [ oinnts for pots S O 10t civil enginerting purposes °, B.S. 3483, * M:thods

**H the supondimg M;‘m etling ¢
hould b i ‘mm”'Wmmmndm«tudawmmg et

L]
e
B
)

?
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2.1 Apparsten

Sedimentation vessel. A glass sedimentation vesesl sbout 56 cm imternal
dinsnater having a graduated scale 0 10 20 cm marked on the sids of the vessel,
The 20r0 gradustion should not be Jess tham 25 cm from the iaside base of the

vessel, and the capacity of the vessel when filled 10 the 20 can mark should be
about $50 to 620 ml.

. A ftsed with and side tube. The
capacey of th e 1o the rmumion sk £ et 1o
doms is fused 10 the pipetis with & groundglam joint 1o & the seck of the

mmmmmu»a-mmhm«q&q
glass tube with & bore 2ot less than | ;s nor move then 1-3 mm. The tbe
above the bulb should bs 4 map 8o 4-5 mm bore.

Ancillery apparetss. As Method 81,
2.2 Prepasation

Calibration of pipette. Cloan and dry the pipstts. Past 8 the sedimentation
vessel with distilled water. Set the hhnﬂg‘rﬂ-ﬂn——u
of a rubber tube suck water into the 10 the lovel of the gradustion mark,

'
i

Temperature. Maintain the requiresents stated in e introduction.
Analysis sample. Maks up the analysis sampls s dsscribed in the introduction
t0 give a concentration of about | per cent by velums.
Withdrawal time celcwiation. Calculate the withdrowel time for the et
mmmm@mhnam
523 Sedimentation
Proceduwre. Procecd as Method S1 minlng
Over the vent bk he dme whe knring e sedimehon e
Withdraw and -
oy discharge fractions ot time imtervals as exploinsd n
The tims to Sl the pipetic should be sbout 20 ssconds. The fracties is
discharged into a tared weighing bottls as dencribed in Methed $1. When e
&%nu.mumuw.mmm

n

I E—..
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pipstte bulb has drained, remove the rubber suction tube and run 5 1o ; mi .
pure suspending liquid from a normal 10 mi pipctte into the bulb «f 1+
sedimentation pipetis to wash into the weighing bottle any particles a.heriy;
10 the surface. The stem of the pipetic remains filled with suspension.

The depth of immersion of the pipette decreases as each fraction is wiidrawn,

Determine the exact decrease in depth by experiment, and allow for it in the

calculations. Supposs that the decrease is 0-4 cm for esch fraction
withdrawn, and that initially the depth of immersion of the pipette wa: -0 cm.
then the depth after the first fraction has becn withdrawn will be 196 cm, 2:-d
the mean depth used for calculstion of the initial diameter will be 198 cm.
The mean depth for the second fraction will be 19-4 cm, and so on.

In the original design by Andreasen the volume of the pipetie stem to *
20 cm mark is S ml. Hence, if the sedimentation vessc! is filled 10 the 20 wi1;
level without the stem immersod, then the iquid level will rise 10 202 cm whea
the stem is inserted. By this method of operation the mean depth of immicrsion
for the first sample will be 20 cm, for the second sample 196 cm, and o on.

Assay of fractions ]

Colculation of results | As Method S|,

Repeat tests

Report. As Mothod 81, but report the method used as S2.

)

g




Assay of fractions. F&hfrwmnwhww;ihﬁyqa‘ ‘
wcighing mmhgpmdmcshaﬂbm:

Emw&fmhhnwmbm man (ven
mam&duawmnhmwsﬁh
and cool in a desiccator. Weigh the weighing bottle and contents 1 the
acarest 01 mg and determine the weight W, of solid meaterial in each of
thefncﬁom(-ﬁt.l....).Alo\umﬂuﬂhmﬁhﬁn*uiﬁad

mmammwmhmmqh
centrifuging the fractions coliccied in centrifuge tubes and Secantiag 1hs
supernatant liquid from the firmly compacted selid meterial. Thrn proved
as above.

Fractions may be «ssayed by other methode, ¢.q lemic;
o ] Sppropriste

S1.5 Calculation of results
(Mdh"tiq“ﬂ%"&l#ﬂﬂﬂ%‘h‘thﬂ
cther than thoss specified in S1.4 calculste the hmating Stokes diameters ¢,
cortesponding o each of the time inervels 1, (s < 1, 2,3, . . ).
L TR
“=(«om
Calculation of cummintive peveentege imdersize. Calculate the o.1.mlative

perconiages 7, by weight of particles umaller than each of the imiing Stokes
mghmhht\dl.hnﬁﬁ’u W, of the fractions:
w,

X 10 microms  (3)

51.7 Repart
the ’ M“MWM.".““A“&. was o e







1

1.

9.

10,
11,

12,
13.

14.

150
16.

17.

18,

V. Lach a k

F. Lipinsgki

V. Lach

A.B. 8earle,
R.W. CGrimshaw

W.D. Kingery
A.Bc Searle

F. Singer,
8.8. Sin@r
V. Bodin

C.d. Jouenne

T. Haase
To Plaul

P.P. Budnikov
1.1. Koros

W. Wilson
Aaou,
Anon,

H. Mﬁtt'
W.0. Howley &

R.P. Zardley

Soren Berg

F. Scholl
H. Belduin

K. Jasmund
C.W. Correns

-e

H

-

H

.o

(DG, 167D
Annex .

Auwex 4

Lite;at ure

Razbory sarovin pro silik&tovy} prumysl.
(Testinz of raw matericls in silicate industry).
SNTL. Prague 1950,

Das kerar "sche Loberatorium. Bd. I and IL. (1955),
Halle/Saale.

Kerarioks prirucka (Ceramic handbook), SilTL. Prague 1958,

The chenistiry and physics of clays and other ceramic
matorialc. Benn. London 1950.

Introduction to ceramics. J. Willey, New York 1962.
Modern cleyworking. 3Benn. London 1956.
Industrial ceranmics. Chapman 'lall. London 1963.

Technologic de produits de terre cuito. Gauthier-Villars,
Paris 1960,

Céramique générala. Notions de physico-chimie,
Gauthier-Villars. Paris 1960.

Keramik. Bergnkademie. Freiverg 1961,

Technologic der Grobkenmik, Verlas fU© Bauwesen.
Berlin 1964,

Technologijn keramiki i omeuporov. Gosstrizdat,
Moscqw 1962,

Technologia astrojitelnoj keramiki. Gosstrojizdat.
Kijov 1961,

Clay technology 1963.
The tastinz of clays. Ceramics 3 (30), 303, August (1951).

Colour “- 45 for claye, Chom. Ago 44 (1945),
136, 20 Joauary (1951).

Rapid analysie of some eilicate mrterials. Trans. Brit.
Ceram. Soc. 57 (1), 1 Januery (1958).

The divers method for dctermination of particle size
distribution. Trans. of the Intor. Cer. Coagress,
dolland 1943, p. 152.

Yethoden der Korngrdssenanalyse, Ziogelindustrie 16, (18),
628 (1963).

Zur Konnzeichnung der Trockenempfindlichkeit keramischer
Fornlinge. Ziegelinduatrie 16, 18, 602 (1963).

Die silicatischen Tonminerale (1951), Weinhcim.

Die Mincrzle der Ziegeltone. Sixth Int. Cer. Congress,
Wiesbaden 1958,




ID/WG.
Annex
Page 2

3.

16/2
4

P.8. Kealing

C.R. Harman &
C.¥W. Parmeloe

A+ Heath

J. Jakod

He Lebaann &

R. Heusann

N.A, Bigot
K. Miller

Tho mineralogical oxamination of clays. Sixth Iat. Cer.
Congross, Wiosbadon 1958.

Fundamontal proporties of raw clays influencing their use.
J. Am. Cer. Soc. 28, 4, 110, (1945).

A handbook of ceramic ccloulations. Webderlaey.
Stoko-on-Trent 1937.

Chemische Analysc dor Gestoine und silikatischen
Mineralion. Vorlag Birkhausur. Basel 1952.

Uber dio Untersuchung feinkSrniger keremischer Rohstoffe
und ihre technologische Dodoutung. Ber. Deut. Ker.
Qe'o 34’ (195?), no. 9. 297"”20

mnn-lhrt und das Trockenverhalten von Tonom.
QcIoZo"Zbl 18_. (1954) 335-336'

Untersuchungen mit dem Inslin-Gorfit. Ber. Deut. Ker.
G.!o H' .(1%2)' no. 4. 227« .

Der linfluss der Kornfranktion 2, ff suf die Plastisitit
der Tono und ihre Bogi sum Dnblin-tert. Der. Dews.
Kor. Ges. 34, (1957), no. 8, 274-281.

Comptos rondus. 112, (1921) 755-758.

Beitrag sur Bestimmung dor Trookenempfindlichkeit
grobkeramischer Rohstoffe. Silikat-technik.
A2, (1961) no. 2, T2-77.

B.0.F. Winkler: Mtutung dor chrhummouuic fur die Herstellung

a“w L] md m ‘".
fnm) no. 10, 337-343. .;:emmm $ (1955),&7..311.




V¥, 16/2

Annex 2

Page M

Standard Mehed of Test for
FREE MOISTURE IN CERAMIC WHITEWARK CLAYY
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