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Introduction 

1. This paper on ''Teatine and Evaluation  if Brick ClvyB" Una been  propr.rori 

for  the Intern-tignai Seminar on  the Development  of Clay-Building Ma.toria.ls 

Industries in Doveloping Countries, 

2. Clay has been used for the production  if brick for  o very long time.     '••>- 

day'e architecture is seeking for  light constructing material ,-ud a ration; 1 way 

of building.    The brick induatry  is making every  effort to fulfill the demands 

of this development, by producing  large bricks, of accurate dimensiona,  and 

bricks with hollow spaces.    Therefore the raw matorial has to be of high quality. 

On the other hand the development  in ceramic technology has lead to economically 

possible methods of benofication of poor quality clays.    By moans of those the 

range for usine available clays has been widely enlarged. 

3. Relevant for the estimation of clays are the minimum requirements of the 

desired products.    Those are stipulated in the standards.    As regards the pro- 

duction of bricks the manufacturing dopende on local conditions.    Because of 

the need for economy,'expensive additives are unreasonable.    An intensive test- 

ing of tho clcy has to 'answer the question, whether a clay as such, or a clay 

procosaed by certain technologic methods will fulfill  tho required standards. 

Thua P. correct estimation of tho 'clay is not only of importance to detormino 

vrhothur a production is possible, but also t? set up tho procese and equipment. 

4. With regard to the conditions prevailing in various countries, the main 

emphasis was laid on the tochnological testa, which can be carried ou+. by moana 

of simple laboratory emiipmont.    At tho same time tho more complicated tests 

wore not neglected, as a further step of development, in order to Btiraulate a 

riso in technical standard of tho tests and evaluation« 

5. As clays are employed not only in the ceramic industry but also in tho 

chemical industry, in the food induatry, in the pharmaceutical industry, in the 

paper indus'try, in metallurgy, in the building industry,  in drilling techniques 

etc.  and are important for agriculture, detailed research on    clays is carried 

out all over tho world, making use of physico-chemical tests, such as X-ray 

analysis, thermography, electron and neutron diffraction, nucloar raagm,ï'c reso- 

nance, eloctron and high temperature microscopy etc.  in ordor to clear up their 

structure and texture and to explain their behaviour and properties under certain 

conditions.    Tho broad ranging uses of clay bricks indicates why information from 

other branches can contribute to a bettor understanding of clays, employed in the 

ceraaic industry. 
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I.    (EKCm DISCUSSION OF TIT ÎWTXKSÊ OF CUTS 

6. i ho corrale rr,w motori ria or/ipliyod in tho mrnufrxturo of various cor runic 

products, ospocirlly thu structurrl dry producta, f-ro of rainorrl ori¿in and 

aro oraposod of silicn, alumina, lino, marnosia, iron oxido, alkalis and >t 

compounde mr.do of thoBo oxidoB«   Tho first pinco amoné tho ceramic raw materials 

íB ocoupiod by various clays, known lonf   a¿o to bo capable of bain£ shaped into 

difforont VOSBOIS or products, omployod for use or building. 

7. The dofinition of clny is not simple.   Por example, the conception of 

olny íB different for a coroni st than it is for an aferi cultural chemist. 

8. Aocordint to tho American Ceramic Socioty tho definition of clay ist 

"A fine-grained rook, which when auitably cruBhod and pulverised, beoo no s 

plastic; whon wot, leather-hard; when dried and on firing is converted to a 

permanent rock-like mues.'' 

9. To this definition it is poBBiblo to odd that in ceramics the tero "clay" 

means not only the natural material but also the same material, after it hae 

beon benoficatod, purified or treated in some other way.    If various acoompany- 

in&" minerals are removed and the substance of clay is formed by clay minerals 

only, that substanco is somotimee referred to as "true cloy" or "cloy substance". 

10. As tho differonoe in chemical, mineralogical and dispersion composition 

of clays influences their technological properties and their fitness for a 

particular sort of ceramic product, the clcys are often differentiated in their 

application.    Some of tho clays are callod brick cloys, othors refractory cloys, 

pottery clays, sintering clays etc.    The clays for building materials, 

especially the brick clays arc, as a rule, not pure clays but mixtures with 

other non-clpy minorais, so thrt the quantity of tho clay substance is somewhere 
botween 30 and 40 w/o. 

11. The term "brick clay" is mare industrial than geological and is applied to 

all clays, loams and earths that con bo used for the manufacture of bricks. 
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Yarlgtlo« of aim 

12.      Taking into aeoount the fo 1 , icnl  ->ri{ in, clay« arc ilmu'i' inte two 

fiTOUptt 

r.) Priffl"Ty or residual clyt th/.t renrinod ¿n, litu.    Theso .^o 
charrxjtorised by lar^e Emine    nd by the (Teat nuotar   >f 
primary minórele th t wore net vxathorod enough) 

b) Seoondary or sodiiaontary cl»\ys, the nr.ture of which in 
determined by the kind of t~nnsport rnd deposition. 

We dlBtintmeh: 

i) The fluvinl rnd alluvial clnye, oricinrtod by sodiuentrtion 
in riversj 

ii) The Étlûoial clays, originated in transportation of freat 
masses of ¿laciers; 

iii) The cleltr.ic clays, sadimented in mouths of river«: 

iv) The lacustrine clays, ori£inated l^y sedimentati on in 
freshwater lakes; 

v) The marine clays, oritinrtod by deposition in seas and 
oceans; 

vi) The aeolian clays, that wero wind-blown in origin. 

13. All these sorts of clays can be employed, sometimes directly, sometimes 

after tomo sort of benefication, for the manufacture of brick products. Some 

clays, oven of the same origin, have their specific features.    For example: 

a) ¡"tari (or malm) i e a clay, containing finely dispersed calcium 
ccrbonate; 

b) Red-burninf, clays are clr.ys whose colour, after being fired. 
iB red; ' 

e) Strong clays aro very plastic and relatively pure clays? 

d) wild clays are mild plastic clays, weakly consolidated, 
containing sand; 

e) Loams are clays containing gravel and sand; 

f) Loess are wind-blown, silty clays; 

g) Rock clays are the consolidated clays, known as shales, slates, 
and firo-clriys. * 

14.      Tho brick clays oan contain non-clay minerals.   When necessary and aocordinf 

to the properties of the clay, these minerals can be added in order to optimize 

the technological properties   f the mixture.    For such additions we can employj 

sand, crushed rooks, wasto from burned bricks, limestone, fly ash, coal sla^, 
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« ¡IMK.T *»to.| the additiva» orna be of natural or artificial or if in.  fhs result 

f ,ianh addition« i« • lUtuN that tea suitable propartiaa for manufacture, whan 

th« raw »«tartel, as fauna In tha deposit, was not au 1 tabla for thla purpoaa. 

»•§49 sfffiflltll tí titf f 
i1,. ('t^Yi; m ganeral, and tha brio* o lay» aa wall, oonalat of t great number of 

van um ; ain«r«l part tela» that ara of colloidal to maorosoopioal alia. 

lb. fit« lam '«artha" ia applied to a product of natural rook decomposition only 

tf it coutaine sore than 50 /o of part i o laa amai lar than 2 sa. Carasio tsemnoloay 

divides the« »coordina to tha oontsnts of tha «ifa fractions a« follassi 

a) Cla^ Mietanosi partiólas of a diamotar undar ? aioronai 

i ) Silts particlaa of a dissetar between 2 ani 50 aioronat 

c) Sand i partiólas of a diamo tar above 50 aiorona (to 2 mm). 

according to tha amount of tassa fraction» it ia poaaibla to distinguish rarioua 

«ort» of clays. 

17.  The carasio o lay» oontain mors than 50 */o of fine-siie frmotiona) tha 

brick cl^yn oan have oontants of omall-siia partióla» up to 20 */o.    Tha "amrtms" 

containing las» than 20 */* of fine-site fractions ars psmctioellj non-plaatio 

earth» that «an ba usas in carasio« only aa fro« (Fif.l balov). 

ÍsMIifillUíT Tf 

•,•» 
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18,     Tfct âvtref« oo»pot*tí^n of tht clnj «rftht it usually in ih«it rm,«tt 

SiO„ 50 - ?Ö 

A120^ 10 - )3 

TiOg 0,1 -   2 

Pt«0. 2 «•    8 

0«0 0,5 - 15 

UfO 0,2 -   5 

10. 0,0 -0,5 

Alkr.lii 0,5 -   4 

LOM on ignition ì - ¿k' 

if.     Tht pATtioulnr ti «tenti art, of tourte, not pretexted In tht f^m of 

ostati, vitti tht potiibl« txrtptiottt of tilica (SiOj, htmrtit« (FteJL), 

roti It (TiO?)f but art feondtd in tfct t^rm of tiliortoi, r.l«tUnotiltor.t«t or 

otfctr coapoundt. 

20«     On tfct battit of the oaotnt of oiidt, wt era judc« th« prohibit ttchoo logi- 

er 1 proptrtitt «.#,,, with rttptct to prootetinc, df-yin*- and firing, 

fi*     at a functi n ^f th« ditintofrrttJ rocke cw* of the conditi ont of wectfctr* 

inc and ttdiaentation, tht competitive of ol«yt nnd earth it vtrjr different. 

It it not poeeiblt to find two ci&yt which AT« equal.   Tabi« I {i<vtt A mrvtjr of 

ftlBott all Binerait att with clnyt.    Thit tabi« it nlte und for tht nomen- 

clature of tht elajrt and crxtht.   Tht «inert» It aoourrlnc in bri ok clojrt art 

under toored. 

22. Tht tiny aintrali art eeeentidly tht hydrft«d olirai notili catti.   They 

tit cryttp.Uint (with the exception of  jurphout alopfctji) and have r layar or 

efcrin etruoturt. 

23. Tht »o«t itportmt of ©lay tintrrlt «rt ktolinitt, »ontaorillonit«, i Hit« 

and ohlorit«. 
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Structure of kaolinite 

Structure of montmorillonite 
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?4.      Koolinite (Fig. ¿) ie a double-lr.yer ainer.-l.   The chemical compositions 

correspond to the formula A1„0 .2 SiO?.¿> HpO. 

25. Hcntmorillonite (Fi^.  3) hr.s the cheaicr.l compouition r.pproxiioately 
A12°3*^ Si^»^0»    Th« montmorillonites cause the hi£,h plasticity. 

26. Illite (Sericite), (Pi£   4) in it^ structure resembles the raontmorillo- 

nite.    Illite, compared with the mon too ri 1 ioni te, has   no inner swelling. 

27. The feroup of the chlorites includes Fe-i£-Ai-si li cates with wr.tor of 
constitution. 

28. Some of the properties of the cloys pro exception.-1.   These properties 

ore based on the crystalline structure and on the raorpholocy of the dry 

particles.   The plasticity is conditioned by the form and the sise of the 

particles.   The ionic exchange on the surf MO of the particles is caused by 

negative charge because of the substitution of Si  by Al in the crystal latice«. 

The deflocculation end the swelling  is r. result of exchangeable cations in the 

hydrr.tic layers in the clay particles cr among them. 

Hyfio scopi city and water-bonding 

29. The particles form a very compiicated system of larger to very fine capil- 

laries that can very intensively ,uck the water.    The orisinfc capillary forcss 

are proportionate to the inner surface of the clay and to the surface tension 

of water, and can reach very conci derablo values (to 100 kc/cm2). 

30. The clay, placed in moïst medium, bonds certain amounts of water.    A 

capillari- phenomenon takes place, called absorption, that in tris cas« appears 

as a concentration of the liqui. p-_3 oti tht t^f^ of thb pQrticlo.i ¥hwm 

they form thin or monomolecular layers of the liquid. 

31.      On contact of clay mineral and water, the ions OH from water concsntrrtsd 

on the surface of the clay, five to it a negative ohoracter.   The water dipoles 

become oriented and form a water film round the particle or lyosphero.    The 

particle iB hydrated, which means that it ht* not only the free water, which is 

movable between the particle, but riso the bonded water. 
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32. The relatively great dimensions of the lyosphere as compared with the 

particles of the clay have the effect that the earth on contact with water 

becomes voluminous or swells.    The hydrated prrticles of the clay develop 

•onetimes a considerable pressure on the surroundings, the so-called swelling 

pressure, and chance the physico-chemical properties of the dispersed system. 

The scheme of swelling is shown inFig. 5. 

33. V'ith monmorillonite the water can enter into the lattice and expand it. 

Therefore the swelling ability of monmorillonite is markedly hither then that of 

other clay minerals. 

34. According *o **»• decree of swelling, brick clays can be divided into 

mildly swelling (under 20 w/o)i a»diuo swelling (20-30 w/°) e»* strongly 
Hing (above 30 ¥/o). 

35*     The swelling has no upper limit; a material can pass from a suspension to 

n solution.   In the case of cloys this appears as a disintegration of coarser 

aggregated particles and as a destruction of the texture and the outer structure 

of clay.    This process is called the slakine of the earths and its mechanism 

can be explained as a rnrfoce dispersion.    The slaking depends not only on the 

nature of clay but also on its density, moisture, particle sise ote.    The 

consolidated and strongly plastic earths slake with difficulty, while the sandy 
one« slake very easily. 

Absorption capacity of clave 

36. If the clay particle is placed in water, it absorbs on the surface the 

ions of the some charge only, while the ions of opposite charge remain in the 
solution. 

37. The absorption of cations on clays depends on valency, ionic radius end 

hydration of the cation.   Very hydrated cations are accompanied by relatively 

bulky water layer and so the alkalis (Na    , K1+) are more loosely bonded.    Less 

hydrated and therefore more strongly bonded are Ca *, i-é,2*, Sr2+ end Ba2*.    The 

cations H     are most strongly bonded and are not hydrated. 

36.      This ion exchange is expressed in milliequivalente for 100 {, of the earth 

and is called "sorption capacity' , which is ir direct relation to plastic 
properties of clays. 
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39. The sorption capacity of some clay minerals is r.s follows: 

Koolinite under 15 meqv./lOO f 

Illite 20   -   40 meqv./lOO f 

Lontmorillonite 60   - I50 meqv./lOO p 

Flocculation and dispersion 

40. If we c-v'd to the cloy suspension on electrolyte, this can cause r. rise 

in the negative chart* of the micelles.    The mutual repellency of micelles 

increases and BO a decrer.se in viscosity occurs. 

41. The decrea»« in viscosity we coll liquefying or deflocculr.tion.   The most 

common of the electrolytes, employed for the liquefying of the slurries, rre 

•oda, water-^lass, protective colloids and condensed phcsphr.tes. 

42. If this addition of electrolytes exceeds certain limits, the potential 

of the double-layer decreases, as the thickness of double-layer deoreeses 

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

to the charge compensation on the surface of the double-layer so that the 

repulsive forces oease to act.    On the contrary, under the action of the mole- 

cular forces, the mutual attraction takes place and formation of cluster occurs; 

in other word« the flocculation trices place. 

43. Electrolytes suitable for flocculation, are the divalent and trivalent 

cations or acids,    in technical practice e.g. calcium hydrate is employed.    An 

organic reagent, diraethylamine, is also used for these purposes. 

44. An opposite effect is produced by alkaline compounds capable of precipita- 

ting or screening the polyvalent cations, especially Ca**, in the clays.    These 

salts could be noutral aleo.    Cone alkaline salts of organic acids (e.£. 

sodium oxalate), NaF and particularly the condensed phosphates (e.f. sodium 

hsxametaphoephate) ore good deflocculants. 

Plasticity and viscosity 

45. If the cerooic paste, which is a mixture of clay and water, is acted upon 

by a oertain decree of force (pressure), this paste can be seen to be reshapinc 

and gaining various shapes, without any failure in the mi ero structure.   This 

property ww call plasticity. 
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46. The plr.Bticity of tUo n;,ste ia influenced by many factors, especially by 

those which ore connected in some way with the nature of clay minerals.    They 

are: 

a) The particle size 

b) The shape of prrticleE 

c) The nuraber of layers uf the liquid enveloping  the particles; 

d) The thickners of the liquid layers: 

e) The magnitude of bond-forces; 

f ) The r.becrption nf i^ns on the dry particles* 

{ ) The presence of forei.n matter. 

47. It is possible to distinguish between the kinetic or latent plasticity 

and the actual plasticity.    The first one is an inner property of the cley end 

represents the maximum plasticity.    The actur.l plasticity, which can be better 

called tho workability, chaxacterizes the plastic properties in the fei ven con- 

ditions.    It con bo influenced by the addition or renoval oí  water, the addi- 

tion of grop (inert substance), ¿rinding, (that is raising the proportion of 

small-sizo particles), etc. 

48. AS to the causes of the plasticity of clay minerals there are many theo- 

ries, ©.< . the morphologic theory, comint f*o• the shape and siso of the 

particles; the colloid-chemical theory, explaining -¡.hese properties on tho 

ground of colloid-chemical reactions; and the physical theory, according to 

which the most sicnificant are the properties of the liquids. 

49«      The plasticity is a function of the bindint power of tho water filas. 

This is determined by the  specific surface, by ions in the water» and by the 

nature of the clay mineral.    These valuer, are decisive for the swelling and 

for the absorption capacity also.    Therefore it is possible to estimate tho 

plasticity from the mentioned properties. 

50. The content of tho clay minerals in the earth and its nature decide the 

plasticity. The illitic clays are more pl-etic than the kaolinitic ones, but 

less plastic than the raontmonllonites (bent.-nites). 

51. The explanation of the pi: tticity is very complicated and its objective 

determination is difficult.    I rx\y methods h-^ve been worked out, but the values 

obtained cm often be conpared only with difficulty.    For the production of 

bricks the plasticity con be estimated t-> a certain extent by means of simple 

empiric tests. 
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Thixotropy 

52. Thixotropy is a phenomenon, which can be found with some (especially 

very plastic) earths.    After mixinp vith water, they give suspensions, which 

when left at rest become solid and gain shear strength, the characteristic of 

a solid substance.    It can bo explained that the flake-shaped lyospheres form 

tof,ether a sort of inner structure, like to a house of cards, in the suspension 

and it appeal's r.s a gol.    By n.ixin¿ or by shakine, this structure is disturbed 

and the suspension becomes liquid again.    If vre stop those mechanical actione 

the suspension becomes solid cßain.    The thixotropic behaviour of the oorth 
depends on: 

a) Size and shape of the particles; 

b) The porportion of the particlo surface to their volume? 

c) The concentration of the electrolyte«; 

d) The polarisation of the liquid; 

e)«The temperature. 

53. Deflocculated clay suspensions show often thixotropy.    It con occur at 

briok clay also, eepeoially in silts. 

Particle size and specific aurfc.ee 

54«      In brick days the dispersion Biee distribution can very within these 
limitas 

Particle sise     above      1,0   0,2   0,09    Ot06     0,02      0,002   under 

in am: , 2 mm       2,0   1,0   0,2      C ,09     0,06      0,02     0,002 

i' 0-2 0-3   0-20 8-25    10-30    15-45    20-65    I5-5O 

As the particle ti se very auch influences the properties of the dispersed 

system, especially colloid Systems, there are relations between the particle* 

sice of a clay and its physic-chemical and techno logical properties.   Pro» the 

particle sise it is possible to estimate the specific surface of the system. 

Technological properties 

55.     Prom the employment point of view the most important properties of the 

brick clays are the technological properties, which influence mostly the manu- 

facture process and the treatment of the earth, and can bo tricen as v, mani- 

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

56, The contents of water j.n the aixture, 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. 

Ne distinguish: 

a) Soft-mud process, where the content of water is about 25 /o{ 

b) Stiff-mud process, where the aaount of water is about 12 /o - 15 /o| 

c) Dry-press process, where the content of water is 5 - 7 /<>• 

Itafing 

57. Drying we call the process during which th« pieces, shaped from the 

plastic paste, are relieved of water in order to get a body with only minim« 

amount of water (w < 2$). Burin« drying various chances in the formed piece 

(or in the paste) takes place (Fig*6). 

Mechanism of drying 

a) 
*) 
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58.  In the first plp,ce the removal of water enveloping the particlee and 

which is here also present as pore water, shrinkage takes place, It originates 

stresses which can have various values, and character on the surface and inside 

of the piece. According to the conditions of the drying this tension can rise 

and it can load to the cracks and deformation of the piece. Of great importance 

is the fact that according to the plasticity the removal of water can be quick 

or «low and the volume changes can be small or very "big. 

Firing 

59»     The chemical and mineralogie composition of the clays is decisive for their 

behaviour on firing.    At higher temperatures, beginning 300°C, the clays lose 

their water of constitution and become amorphous.    The carbonates decompose at 

hither temperatures (8OO-9O0°C).    Since these effects go together with a 

remarkable shrinkage of the material these temperature ranges are critical. 

The analogous is true of the transformation of quartz at 573°C, particularly 

on cooling of the burned bricks.    Thus it is obvious, that a thorough investi- 

gation of the firing behaviour ia of great importance if a firing echedule is 
to be established. 

60. The amorphous and dehydrated materials form new compounds by DO lid state 

reactions.    ICoolinite forms nullité and cristobalito ?t hifher temperatures, 

after going through a spinelic phase at medium temperatures.    Illite forms a 

glass, CaO from CaCO, and EiO^ from quarts combined to form wollastonite at 

higher temperatures.    Finally a glassy phase is formed, which effects sinterinc 

and leads to mechanical strength after cooling. 

Bloating (expanding;) 

61. With rising temperature the amount of the glassy phase increases, while 

the material becomes viscous and finally melts.    If the material evolves gases 

(either by thermal decomposition or by chemical reactions) in a certain range 

of viscosity (10   - 10   poise) bloating or expanding occurs.    Brick clays 

fre<iuently show this effect, which is not desirable for the production of 

bricks.    Based on this very effect, however, light expanded clay aggregate« 

can be produced, where the expansion is enhanced Ly sudden heating.    These 

spherically shaped aggregates are cheap and are excellently suited as insula- 

ting construction materials. 
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II.      KE'iHODS Or KXALIMTION MP TESTS 

Survey and general discussion 

62. What has been said so far about clays already clearly shows how difficult 

and complex their properties are.      A complete description of a clay is only 

possible in a very well e-iuipped laboratory, where chemical, physioo-ohemioal and 

technological methods of investigation can be combined.      It is interesting to 

note that there is a marked shift from ohemioal to physioo-ohemioal methodu. 

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

63. The examinations for the evaluation of briok clay are not so extensivo ae is 

neoessary for other oeramic clays.      The laboratory tests have mainly two objeotst 

a) To determine the nature and/or the properties of the raw material or 

of the raw material mixture, 
b) To determine the oharaoter and/or the effect of the shipment or of 

the process. 
In the appendix an example of a complete examination and evaluation of a briok 

olay is given. This test-report is made by a factory for extrusion machines. 

The oosts of this analysis are considerable, but are refunded if a machine in 

bought. Own examinations and tests should be oarried out aooording to the 

standards. Those are not only explicit, but enable U3 to oompare our results 

with other analyses. At present not all of the tests for the briok olays are 

standardized. If possible, corresponding standards for oeramio materials are 

to be detailed for these oases. 

Physioo-ohemioal methods 

monoscopio examination 

64.    Miorosoopioal examination of the olays or of these fraotions after dry or 

wet sieving is a simple method for the determination of the minerals and of the 

inclusions in the olays.     The binocular microsoope with medium magnifications is 

very practical.      In the polarization miorosoope the quarte can be easily 

identified.      The high temperature mioropcope is useful for studying the firing 

behaviour of the olays, especially the bloating.      Further details on this method 

are given in paras. 73-75« 
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(PTA) Differential thar^ m\n¡» 

65, This method is used more and more frequently in the ceramic industry.  It 

not only enableB the determination of the minerals occurring in tho clay but 

renders information on the processes taking place during the heating and firing 

of clays. 

66. The principle of the thermal analysis io the simultaneous measuring of 

temperatures in the sample and in an inert standard (mostly calcined alumina) 

during hcuting or cooling.  In Pig. 7 an apparatus is  schematically ¿riven.  The 

rise of temperature is controlled, and is usually 10°C/min.  If at certain 

températures physico-chemical reactions take place, a temperature 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 mine rais (Fig. 8 and 

Pig. 9 of the test-record). 

Thermograviroetrio analysis 

67# The thermal gravimetric analysis is similar to the DTA,  In this case ite 

determine the loss of weight of the aample in relation to the temperature.  This 

can either be done periodically or continually.  The loss of weight is expressed 

as 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 Pig, 9, 

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 ài^atometric ourve.  The sample in the form of a rod is heated up in an 

eleotrical furnace and we measure the rod length at different temperatures.  The 

reoording of the changes in the length and the temperature can be effected by 

various methods, automatically or by hand.  In most cases the difference of the 

dilatation between the sample and the rods of the dilatometer is recorded. 

Pig. 10 shows a cheap apparatus, which can be oelf-made.  Plotting these length 

ohanges against the temperature we obtain the typical curve.  On this ourve 

we al so notice the regions of sintering accompanied by shrinkage.  Prom 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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69. The chemical analysis is of great importance for the complete character! 

tion of the clay.  If it is desired, the analysis should be carried out 

aeoordine to the ASTE standard C 323-56, "Chemical analysis of ceramic whiteware 

clays". 

70. In general the determination of the content of carbonates (CaCOJ suffices. 

This can be carried out by meane of the caloimeter (Pig. 11).  The lower vessel 

contains HCl (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 capturad in a 

graduated cylinder.  This volume is reduced to 0°C and 76O mm Hff (a) and u»ad 

for the calculation of C0? oontent in u/o according! 

The amount of carbonates in the sample is w/o (X>2 .2.27»  *»• d«l«Bita or 

maßnesite is calculated as CaOO*. 

MJÙMÈàdlÈÉÀXSàa 

71. The rational analysis is carried out only in exceptional cases with brick 

clay.  It discloses the mineralogie constitution of the clay.  There are 

•avérai methods, which are all based on the fact that if clay is heated to 

60O-700°C it becomes amorphous by dehydration and thus becomes soluble in strong 

mineral aoids.  Thus it ia possible to separate the clay minerals from the quarts 

and feldspar, which are insoluble in mineral acida.  The separation of feldspar 

from quartz in achieved by the determination of the alkaline oxides, or kl^Qy 

which only occur in feldspar.  The calcite is determined in the meaner as was 

mentioned above. 

72. He should like to point out that the mineralogie composition can ht 

calculated approximately £*roa the complete chemical analysis. 

Minaraloirioai ^«»i^i-t «f nl«ra (according to P. 5. keeling) 

73. Simple tests and techniques have been used to investigate ths minarmi 

constitution.  The coarse constituents are amenable to low-powar 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 

prooedure is designed to remove all material smaller than 20 p equivalent 

spherical diameter.  The residue is split into two siee fraotions (coarse and 
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medium) by wet sieving through a 200 mesh (76 p) BS sieve.      The two fractions 

are weighed and their combined weight is subtracted from the dry weight of the 

sample.      The weights 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, dolomite, siderite, pyrites, marcasite, 

gypsum, mica, carbonaceous material, iron oxides and glauconite.     Carbonates 

oan be identified by treating with some drops of HCl.     The medium fractions 

generally contain a much larger proportion of quarta grains.      Hiñerais that 

occur in nodular form in the coarse fractions are not usually well represented« 

In consequence the medium fractions generally contain a smaller variety of 

common minerals.     Apart from quartz, the following materials commonly ooouri 

calcite, dolomite, mica, carbonaceous material and iron oxides. 

75. Information about the clay minerals is obtained from standard ignition loss 

and moisture adsorption tests.     To obtain the ignition loss of the clay 

minerals, it is necessary to determine or estimât« 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.      Por any particular clay, the ratio of clay mineral 

ignition loss to moisture adsorption (IL/KA) gives a figure that is characterise! 

of the clay mineral. 

Physioal tests 

Sampling 

76. Sampling is an important part of testing avid evaluation.     The tests have 

to comprise a representative average of the mineral.     The sampling is to be 

carried out according to A3TC1 standard C 322-56, "Stapling ceramic whiteware 

clays". 
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Appearance of the earth 

77. This gives important clues for the experienced nun.      According to the 

appearance of the earth it ia 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 contents of organic 

matters and on some compounds, especially on iron, calcium and. magnesium.      The 

colour shade depends on the moisture.     !fhon dried, the earths have a brighter 

colour.      Some of the brick earths are of typical colour, e.G. yellow granites, 

grey clays, green shales, etc.    

79. The facture of the surface of the earth was tested by breaking greater 

fragments.      It varied according to the nature of the earth and its mineraloeical 

composition, and was mostly earthy to granular.      The out of the earth is 

determined by means of a sharp instrument, the best being a knife.     The out can 

be smooth and bright, which gives evidence of a finely->ßrained composition and 

of the purity of the raw material.     In the opposite case, the presence of sand 

and other impurities will become evident.      It ia possible, too, to dribble 

water on the cut and to obsorve the rate of absorption.      The more finely grained 

the earth is the slower the rate of absorption will be. 

80. Caloite can be identified by a simple test.     The wet earth is treated with 

dilute hydrochloric acid.      An effervescence indicates carbonates, 

81. The homogeneity of the earth can be estimated ar coi ding 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 much more 

thorough treatment. 

Moisture ooatent 

82. Moisture oontsnt is determined according to the ASTM standard C 324-56t 

"Free moisture in ceramic whiteware clays". 

83. Apart from the standard method, there exists a quick mothod for raw 

»storiai and batches.     The moisture oontent is determined by measuring the 

volume or pressure of acetylene evolved by the reaction between CaC2 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 

"Enslin-valuc" is indicative for the plasticity of the clays and for their 

mineralogical composition.      The apparatus is simple (see Fifr. 12), and is 

based on a glass frit in connexion with a micro-pipette.     This micro-pipette 

records the amount of water absorbed by the weighed sample (0.5-1 g of pulverise« 

and dried clay) on the bottom of the ¿lass frit crucible, 

85. The Enslin-value expresses the w/o of water absorption and is calculated 

according to the equations 
m m water absorption x ^,00 

weight of sample 

The EVs are»   for quartz powder 40 

for kaolinite or illite 80-100 

for bentonite up to 800. 

fhiHag.Hr (ft) m "ffW*#ttar frff> 
86. Plasticity is the property of rnaos to be shaped without any failure in ita 

cohesion. As regards plasticity, we already mentioned in paras. 45-51 *»&* i* 

oonatitutes a rather complex quantity. Therefore, a great number of different 

tests is known by means of which it shoulc? be determined. Por our purpoaea it 

la uaeful to apply the simple method of Rieke-Atterberg. 

87. We determine the number of plasticity according to the formula equation 

PL - w - a 

where PL • plasticity number. 

w   • amount of water in w/o in the plastic paste in that morasnt when a 

notch, cut into the paste by a knife, does not disappear (flow limit) 

a   - amount of water in w/o of the paste at the cohesion limit, at which 

the grains cease to stick to one another. 

The cohesion limit is determined as follows: 

Sods having a diameter of 3 mm are rolled out.      If this rod remaina plastic 

and ia coherent, we repeat the rolling- until the pieces cease to stick to one 

another.     The water oontent of this paste is determined by drying and given 

in whole w/o (a).     The results are given in whole w/o of dry earth. 

«BMH 
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88. According to the plasticity number v;e distinguish: 

Plasticity number (PL) clay 

to 5 low plasticity 

5-3 middle plasticity 

8 - 10 good plasticity 

10 - 12 high plastioity 

above 12 very high plastioity 

89. The workability is directly connected with the plasticity, that is, the 

ability of the clay to be easily shaped during the technological' process.     Por 

briok clays workability tests are not standardised.      An analogous test for 

refractory masses is given in the ASTCl standard C 181 - 4?.     A formala for 

workability is given in para. 110. 

Particle size determination        ................ 

90. The size of mineral partióles and their oontents in the earth sometimes 

directly determine or at least influenoe the decisive properties of the earth 

suoh as, for example, plastioity, slaking, shrinkage, green strength, etc. 

Aooording to the particle sise, it is possible to determine the suitability of 

the raw material for the manufacture of a particular produot, for example by 

means of Winkler's triangle (see ohapter III).     The particle size determination 

can be effected in several wayst 

a) Sieve analysis: 

i)     Wet 

ii)     Dry 
b) Sedimentation methods (for the determination of the partióles under 

0.063 mn)t 

i)  Static 

ii)  Floating 

JttJsaiyfi iRihrist 
91. This method can be usad for dry earth«  Especially the coarse 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 

plaoed in water.  According to the velocity of breaking, we distinguish: 

easily slaking - 0-10 minutes 

well slaking - 10-30 minutes 

poor slaking - 30-60 minutes 

very poor slaking — more than 60 minutes 

Wet sieve analysis 

93. This analysis is important for the particles the size of which is above 

O.O6 mm (230 mesh).  The wet sieve analysis should be carried out acoording to 

the ASTM standard C 325-56, "Wet sieve analysis of ceramic whiteware days". 

alimentation analysis   

94. The finest particles below 10 ;u which are very important for the properties 

of brick olays can be determined using the sedimentation method.  The sedimen- 

tation analysis is based on 3toke»s Law, which describes the relationship between 

the velocity of the particle sinking in a liquid and the diameter of the particle 

Por particles below 10 jx  (up to 1>), the method of the fixed position pipette 

(according to Andreassen) is useful.  By this method the sum of those finer 

particles is recorded the falling time of which is longer than the applied time 

and whioh therefore are suspended in water.  This method is fully described in 

the British Standard 3406: Part 2t I963.  Por this analysis an automatic 

soale is also available. 

95. Por particles of 10-60/i the falling time is short, so that errors during 

the pipetting easily occur.  Therefore the method of separation of the fraotioni 

by sedimentation should be applied for these particle sizes.  Aooording to th« 

Atterberg method, the fractions in the sediment are weighed after a calculated 

falling time (aooording to Stoke«s equation) and after which the finer fraotions 

in the suspension are poured out (see Pig. 13).  This operation is repeated 

until the water above the sediment remains clear after the oaloulated falling 

time.  The sediment is dried and weighed.  It gives the sum of the larger 

partióles. 
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Representation of the result" 

96. The results of the particle size determination should be represented 

graphically.     Two variants are possible (Pig. 14).      In the upper diagram we 

find the integral  (summation) curve,  in the lower diagram there is the distri- 

bution curve.     The first curve is used for coarser powders, the second curve is 

\ery suitable fo.   clay J c- u*.-vh.j.      Ai. --xanpie for the comparison of real 

distribution curves with the optimum curve ir given in the test-report. 

Technological teetn 

Préparation of. nV g-^.o, v¿¿±-. 

97. The plastic pacte is a mixture oi a clay a^l vat er (WQ - 20-30$), which can 

bo shaped.     For its preparation ve a¿ + t.ater to a clay, pre-treated aocording t 

para. 75, until a paste or opt\mun coa.i3ter.0y in forr/.ed.     As a paste of optintu 

conbiotency wo cake the ^anto which, rhilo kn-aded, decs not stick to the hand 

and at the samo time la workable without fornii:»? <_ny sort of ©racks. 

98. After beine fornrd, the paste (about 3-5 kg) is wrapped in a wet cloth or a 

polythene bac in order to prevent an;* wrtrr Hing lost, put into a moisture 

chambgr and left there to matare.      After one day of maturing the paste is 

kneaded rxd hoi.o-^izad ar.d ua»d for the rrep^ration of test specimens. 

99. Prcm the r.laatio pasto prepared as given above J'-n '—* n?toirons are 

prepared either by hand cr by % cachine.     From the hand preparation we use ma] 

cize Moulds, tl?o e i so 3 of uhi-h are; 

'/0 :: ù5 "- 12 mn 

or somo other ei.v* an the nood nay \n*     Be'or? et-vrt<ng to press the paarte, ti* 

walls of the mould t.ro wetted and a \*etted paper of the same sise is placed at 

the bottom to prevent sticking of the paste.  TLa plastic paste is pressed in* 

the mould by hand (Fis. 15).  T!iis pressing in is done in parts, and oare «ist 

be takon that the el^es <-.:.i comers of the moulu, are olso filled.  Aftar the 

mould is filled, the excess pasto is cut olT by means of a steel wire and the 

surface is t-.cothed with a suitable scraper.  Then the test specimen is 

from the mould by pushing the bottom upwards. 
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100. Por 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 ram length. 

101. Por the determination of forming water accordine to ASTM standard C 324-56i 

all of the test specimens must be weighed immediately after being prepared.      The 

test specimens are then placed on a perforated wooden or steel plate and dried at 

room temperature. 

102. The water migrates through the capiilariee to the surface and evaporates 

there.     The way in which the particles oosie closer is schematically shown in 

Fig« 6, and the consequences to which this mechanism leads are given in 

Dowry's diagram in Pig. 17.      During the drying process the particles of the 

paste can approach more closely to one another, 3ince the forming water is 

gradually removed. 

103. Th« drying shrinkage is finished before all the water whioh is present in 

the p«ste is lost.   We distinguish! . 
a) •  Colloidal water (w ).     Uater which is removed from the beginning 

of the drying te that moment when the shrinkage is finished* 

»)     Pore or critical water (w^, which is being removed without any 

shrinkage taking place.     This water is located in the pores between 

the particles. 

104« tttriaff the drying some shrinkage takes place.     According 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 orack is called the 

sensitivity of drying.     Very often this is estimated by means of Bigot*s curve 

in the form of the coefficient of sensitivity at drying. 

•TTlnff Thrlnlwr fF^ 
105. The drying shrinkage shows the percentage of linear shrinkage of the test 

specimens after drying.     Por the measurement we apply the ASTM standard 

C 326-56. 
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106. Prora 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 mors 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 curve 

IO?. 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 

wayi   the test specimens are weighed and on the surface two marks are made at a 

distance of 80 mm.     Test specimens are then allowed to dry at room teaperature, 

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). 

10Ö. After reaching the critical moisture, we dry out the test specimens In the 

oven at 110°C, and after oooling in the desiooator the final valu«« of weight 

and length are determined.     Pro« these values the Bigot curve is constructed 

(Pig. 18).     He determine the critical point.     The parallel with axis through 

the critioal point will divide the area of the Bigot curve Into two regioni. 

The first region in which the shrinkage occurred is oalied the danger area}   the 

second region is the security area.     The larger this area, the higher la the 

amount of critical water and the less sensitive is the earth at drying. 

mmimir - *****rpsi 

IO?. The drying sensitivity can be expressed as the so-oalled coefficient of 

drying sensitivity, which oan be calculated from the values obtained by Bigot1« 

curve according to the formulas ,j   _ y 

D3 e 
ak 

X 
tfhere tf   • amount of the water present in plastic paste. 

iL   m aaount of the water present as critical water. 

According to the value of this coefficient we distinguish! 

DSe      1     not sensitive at drying. 

DSe • 1-2 sensitive at drying. 

DSe      2     very sensitive at drying. 



Figure 18 

Bigot's curve 
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Figure 19 

Curve for the conversion of volume to linear shrinkage based 
on initial dimensions 
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110. Prora the mentioned values Bigot has established an equation for the 

workability index: 
'.I.   x cp drying shrinkage 

Uorkability - ,,f 
a 

Oreen strength 

111. The green strength is a funotion of the finest particles.      Por the 

determination of green strength we use test specimens 120 x 20 x 20 sa, prepared 

from the plastic paste usually by extending.     After bain« dried in the usual way 

they are tested in the apparatus for bending strength aooording to AST* standard 

C 67-57, paras. 7 and 8» 

Firing of the test pieoes 

112. Por this test we use the test specimens of the awe sise as these used for 

the determination of green strength. 

Firing curves (sohsdule) 

113. To examine the relationship between ÜM temperature and the properties the 

test specimens are fired in an electric furnace at several temperatures.    Per 

brick products we choose, for example! 

800° ( 900°, 1000®, 1100°C or 
850°, 950°, 1050°C. 

The test pieces, dried at 110°C, must be placed in the furnace in suoh a way to 

enable the firing to be applied to all sides of the test speoisten.    The rate of 

firing is usually between 100 and 300°C per hour.    When the required temperature 

is reached, it is maintained for two hour».     The test specimens are left to oool 

in the furnace overnight. 

114. By this we mean all physioo-ohemioel reactions occurring during firing in 

the bodie* and resultine, in the strengthening and sintering of the body.    Thio 

compacting; of the 'oody can result in total sintering or even i» vitrification. 

The body reaches the minimum of its water absorption.     The sintered bodies Bswe 

AH 2£, the vitrified bodies have A'f - 0. 
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115. The sintering properties depend on the chemical and mineralogical composi- 

tion.      Very important is the amount of the so-called fluxing oxides, that ist 

the sum of the oxides Fe, Ca, Mg, K, Ha, which cause the formation of easily- 

melting euteotic mixtures. 

116. The amount of the melt depends not only on the amount of these 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 grains, so that 

the sintered body is of negligible porosity and of a great strength.     We can 

estimate the sintering properties of the body according to the ratio between the 

melting oxides and the amount of silica/alumina (see diagram, Fig. 20). 

117* From the water absorption we can estimate: 

The compacting temperature!   This it* the temperature at whioh the water 

absorption reach38 AW - 6$. 

The sintering tempérât urei     This is the temperature at whioh the water 

absorption reaches ATI • 2$. 

Sometimes the degree of compacting is the ratio between the bulk density (VJ) and 

the specific gravity (SO)i 

degree of compacting - 3^. ^Sviir " 

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

Bloating 

118. The tendency of clays to expand at higher températures oan limit the 

maximum burning temperature and therefore debase the quality of bricks*     The 

bloating oan be estimated by progressive firing at higher temperatures and by 

controlling the corresponding shrinkage«      ^9ry useful for these studies is the 

high temperature microscope,     *'or the fabrication of light expanded aggregates, 

the clays are tested by forming small cylinders, drying them and inserting them 

in an already heated furnace for a few minutes. 

Refract orinéis 

119. The refraotorinoss is a property of earth to resist high temperatures 

without deformations and melting.     It is a function of the chemical composition 

of the days.     This test is unusual for brick clays. 
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Sound (rxnr:)  test 

120. Por the determination of the decree of firing vre can use a simple empiric 

test by which we estimate the sound of the fired sample.  T.ie 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.  When the 

sound is heavy or duller, this nay he due to fine cracks or to a low firing 

temperature. 

Abearance of the test pieces after flrfrg 

121. When describing the fired test specimens we particularly notice the colour 

of the bodies.  This colour is to be described precisely, e.g. very bright red, 

bright red, dark red, etc.  After firinC at hi£her temperatures the oolours 

become darker.  The colour of the body dependa on the furnace atmosphere, 

tilth a reducing atmosphere the shade of colour beoomes darker *  Besides the 

information about the colour, we describe the formation of cracks, deformation*f 

efflorescence, etc. (see A3TM standard C 62-58 also). 

fsfiflfi «MftKW 
122. Firing shrinkage is a linear contraction, expressed as a percentage of 

length of the original, non-fired test specimen.  The firing shrinkage can be 

determined according 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 calculated from the linear shrinkage aleo, the 

equation is given in the A9BI standard C 326-56| Pig. 19 «Ho»« a conversion 

nomogram for this purpose. 

Water absorption 

125. Hater absorption gives us the amount of water absorbed by the test pieoe 

when completely saturated.  It is determined aooording to the A3TM standard 

C 67-66, "Sampling and testing brick", paras. 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 ASTI! standard C 67-66, paras, 25-28, 

Saturation coefficient 

127. This coefficient can give us beote 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 difference between 

the absorption after boiling and absorption at ordinary temperature (see 
ASTM standard C 67-66, para.  20). 

Prosing ?nd thawing 

i?3. The frost resistance is determined by the freezing and thawing test.    This 

test is described in the ASTM standard C 67-66, paras. 21-24. 

APMZgnljm^irae porosities 

129. In ceramics we distinguish the apparent or open porosity and the true or 

total porosity.     The apparent porosity (AP) is the proportion of the open pores 

of tha body to its volume, expressed as a percentage•     It can be dettrminr ' from 

the water absorption and bulk density.     Apparent porosity - Bulk density x 

v.iter absorption (v/o). 

130. True or total porosity TP is the proportion of all pores (open and closed) 

of the body to its volume, the volume of the pores inoluded.      The total 

çrrosity cui be calculated from the bulk density and speoifio gravity as 

1 allowss 

Total porosity - IB*0- sWlifr - *ff Hfftfr . X00 
spec, gravity 

^JSJegsit^ 

131« The bulk density is the proportion of weight of the body to its volume, 

including the peres-     For the determination see ASTM standard C 20-46. 
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Speoific gravity 

132. The specific gravity given the proportion between the weight and the 

volume of the mass without the pores.     (According to the A3TM standard 

3 20-46). 

Hecfaanioal strength 

133. Strength of the fired test specimen can be determined in several ways. 

We can determine the compression strength, modulus of rupture or the tensile 

strength - usually the first two.     Modulus 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 

IO5 kg/cm2 and is in direct relation to the strength.     .In acoustical 

determination of E is also possible. 

Effloresoence and aouraming 

135. On drying soluble salts, especially Na^, K^, MßSOj and CaSO^ in the 

fired bricks can promote effloresoenoe by migration with water.     These salts 

can already be found in the raw materials, but they can also be formed on 

firing in an 302-containing atmosphere.     The soluble salts in the raw days 

can be transformed into insoluble compounds by adding certain chemical« or toy 

sui table conditions at firing (either reducing atmosphere and/or a higher 

temperature). 

136. The tendency to efflorescence should be tested aooording to the ASTM 

standard C 67-66, paras. 29-33.     The analysis of the soluble salt» is 

desoribed in the BS 392Xt    1965, "Brioks and blocks of fired brick earth, olay 

or shale", para. 45* 
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137« Soum Ì8 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 scura are calcium sulfate directly and pyrite indirectly. 

The calcium sulfate has a high dissociation temperature and remains unreacted 

after firing.      Pyrite is insoluble but at higher temperature, when water is 

present, forms sulfuric acid which reacts with lime, forming gypsum.     Por 

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 influenoe 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 oracks 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. 

Teats on benefication of clava 

fT«fStiff ^hf°*¥ft 

140. A sample of 500 g clay from the mine is treated at -5°C for eight hours. 

The mass is thawed at room temperature.  After adding two litres of water it is 

allowed to stand for two hours and then the mass is worked through with the hands 

and sieved out with a sieve of 170 mesh.  The residue is washed with 5OO ml of 

wate»; dried and weighed.  The moisture 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. 

Treatment of dry earth 

141* The clay from the mine is preliminarily crushed and spread nut to dry«  The 

dry clay is disintegrated to pass through a sieve cf 5 mm.  Thereafter 500 g of 

the sample ìB wet sieved and compared with the reference sample. 



ID/WO.16/2 
Page 44 

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 

two hours. After the wet sieving acoording to No. 140, the residue is compared 

with the reference sample. 

Vacuum 

143. 500 g of clay which is dry and smaller than 5 • i« charged in a vacuum 

desiccator and treated with steam until the clay is saturated with condensed 

water.     The clay is then evacuated up to a vacuum of 80 per cent.      Thereafter 

the sample is treated as under No. 140. 

Grinding and maturing 

144. This test is to be carried out mainly for shale clays.     These claye are 

ground up to a sise of 3 mm.     Several 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 eami 

test series can also be performed by adding deflocoulants. 

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 developed.     The mixtures should be examined like the 

pure clays. 

n«,f?.oooulation 

146. The test is simple.     A thick paste is prepared.     A part of the paste is 

separated and approximately 0.3 w/o of sodium metaphosphate (dry) is added and 

mixed thoroughly.     After ten minutes this part of the paste should be markedly 

softer.     If this test is positive, systematical experiments with sodium 

carbonate can be carried out to determine the optimal amount of the addition. 



ID/WO.16/2 
Page 45 

Plocoulation 

147» This effect can be achieved with caustic lime or calcium hydroxide.  For 

to   testing five samples with 2-3 kg containing 0, 0.1, 0.2, 0.3 and 0.5 w/o CaO aro 

or   prepared by mixing dry clays with Hire and then with water until a strong pacte 

ed   is obtained.  After fifteen minutes* storage, truncated cenes with 10 cm height, 

6 cm 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« 

ir 
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III. EVALUATION OF bHICK CLAYS 

148. On the ground of testing and evaluation of brick clays we can determine 

their suitability or, if we make the evaluation in the course of manufacture, 

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

Optimisation of properties 

14'i. Table 2  summarizes the properties, which are required fro« the bricks, 

corresponding to the average of various countries. 

Various types of brick clays 

Vp»  Tho mont important typen of brick clays, their properties and the ou i tab 

processing methods are suiwsarized in Table 3» 

¿Mil 

Avgustinik. diagram 
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T 
:heaical composi tien and technological properties 

lr;l.  "0   find oilier. (3iC)   ir.   11  clayr.     aiiri  x.-  prient    .-•  :   o,u. rt.    ^.i.ui.i - 

or r;:  a corpon-^nt  : f the  .ulicv.tf. .    "it'.:  ru,;!, cor.tor.t.-  of .'i>  ,  r'i.    'Virth.- 

are  candy,  more coarre—fraineù and  therefor*-  le-v  plar.tie.    "h-ve  ••.,r1'.u'  easily 

slake  in water,  err* leso  non.ntivo t->  .lryir.£- :-r\J   firing Vut  tn<   body  î •  -or<* 

porous and has •> lover mechanical ctr^nft;-, 

152. Alumina (A1.C-)   i^  part   of clay material.'   and  i"  al no present   ir,  other 

aluminosilicate3 like  feldspar, mica etc.    Higher contents of alumina  load  to  a 

broader interval between tho temperature of sintering .an«! of l'union and therefor» 

the bodies are lighter and of /rreater strength. 

153. Iron oxide (Fe G.)  is  found in earth an a oart of va ri our. ..inorala hnvin/* 

valencies  of tuo   -rul  -*hT'"~,  ?:;•"   ir^y.   -c-Toun-i."   -r.n  >'•"•   ii:   •'iv-jt''"'1  "r   ' toadv n- 

taga according to their amount and to tho type of di.3porr.ion in tho <\irth.    The 

greater the amount of the iron oxide in the earth, the lower the fumon tomprr-j^ 

ture.    If the iron minerals are pre cent in form of large crystals (pyrite, 

magnetite, biotite) they may causo defects in the product.    Pyrite can yield 

SC_,  leading to ricurnrain£ and efflorescence as well.    The iron oxide nivea rod 

colour of bricks. 

154. Lime (CaO) is usually present as in limestone, dolomite, nypsum etc.    '"hen 

a greater amount of finely dispersed limestone i3 present in the earth we call 

them limestone earths.    At temperatures above 1.100 C, CaO acts as a flux.    At 

lower temperatures ar.d when present as a carbonate it increases the porocity 

of the product.    The presence of CaO also diminishes the interval between the 

fusing and sintering temperature and changes the colour of the body into a li/7ht 

yellovr. 

155. Magnesia (MßO) is present in the earth as dolomite, magnesite, or silicato. 

It causes the compacting of the product, and doeo not decrease the interval 

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

156. Oxides of potassium and of sodium (kgO, Na20) are predominantly in feldspar 

and micas.    They can yield soluble salte after firing.    The alkalis cause tho 

peptisr.tion of the colloids.    On firing they act as very effective fluxes. 

157. Ignition loss (I.L. ) represents that amount of componente, which is driven 

off during firing. It consists of water and of carbon dioxide. I^ition lose 

is greater with the carbonate earths and with earth3 rich in organic matters. 
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Th. orc^ «tte« co. U h««,  bit«, and carbon.    3«. acts « a protective 

colloid and improves ti» plasticity   »f the earth. 

l5í. I» ooW. «»..-.= « d*«•» thr count of the soiuble salts »n the earth, 

that „Uich I.,.'  to efHor^ncc  ^ .^1« »» «» *»««""» °f th' *•***'• 
They are dually sulphates of sodiun,  nocnesiur and calciur.. 

ISO. „art fro, the ahov, „ntiW. oxiden, TiOj, P^, i nO and ^ can be found 

i, traces.    They arc of no (j-reat technological importance.    V^ .« cause yollov 

efflorescence. 

ISO. If the o- of Al2c, and »0, 1. plotted against the su» of the other exid.. 

in a „,««., « can estimate the applicability of the days for vario«, producto. 

Figure Pu sh.,w.;   t:... •'¿•-..T^ —t.'-bli.-.-^--- for these purpo.es by Av,-ustinik. 

n1tffî.l„,rtcal composition an? t.chnolorical properties 

161. The determination of the mineralogical composition, especially the cuanti- 

tative determination, is nuch .ore useful for the detection of the t.ohnolo- 

gioal properties than the chemical composition.    According to the amount of 

present minerals wo can then estimate the technological properties 

162. The day minerals are the carries of plasticity.   The greater the amount of 

these minerals in the fixture, the more plastic the mixture will be and the 

Vetter «ill be its lability.    «- —* of clay minerals is, however   subjec- 

ted to a limit, because of their behaviour during drying and firing.    "J* 

limit is exceded, the drying shrink increases and great stresses   » t     **r 

develop, which can cause cracks and déformation of the products.    Similarly 

firing shrinkage increases. 

163. T»e !ess plastic Caolinite can be present in greater anount «h. th. plastic 

iHite. without causine any defecation.   Kaolinite increases the **•***«• 

fusion while the temperature of sintering remains constat, thus .margins the 

firing ranse. 

164. «ontmoriUonite increases marked* the flow limit »d thus th. plastici* 

a»d the drying shrinkage.   The deformation temperature is lowered whil. th. 

melting tarature remains constant and consequently the firing rang, is -- 

larged.   Clays with montmorillonite tend to bloat.   The water absorption of 

fired bricks is lowered. 



165. ïlica,   if present  in creator wrour.U-.,   is  inclined  to    u; ¿>ort  the  tox'uro 

during the extrusion.    If it   ir- v*ry fine-grained :ma in t:ie  for- of ~.v- •. .-lay 

riñerais  (hydroñicas),  it  acte favourably on th<   .-.trongth -f tV body   uU on 

the plasticity of the r.izturc.    Illite influencer, the   firm,- properties lxko 

nontnorillonite. 

166. Chloritec have a amali  influence on the  firing; property of brick claya. 

167. Quertz is usually present in the bricV clays in .Treat amount«.    Itn non- 

plaatic properties and its fire resistance influence the technological procesa. 

'lith increasing amounts of quart, the plasticity, especially the flow limit and 

the drying and firing shrinkage, decreases.    On the other hand a great amount 

of quartz acts against the strength of the dried and fired products.    Quarts 

increases the sintering and melting temperatures.    Undesirable are large grains 

of cpaartz which, because of volume changes during firing,  cr.unc crack:, :im\ 

deformation in the body.    If CaGOj is present in concretions it may cause a 

destruction of the fired body owing to the hydration of the calcium oxide, 

originated during firing. 

158. Caci te influences the properties of brick clay more than cpaartz.    Calcito 

acta on the plasticity through the Ca ions,  lowering it.    The flow limit  in 

markedly reduced.    Calcite decreases the sintering temperature, but the firing 

range is narrowed.    The water absorption is considerably increased. 

169. Carbonates, present as magnesite and dolomite, usually present in small 

amounts, influence the fusion temperature and other properties during the firing, 

like shrinkage, 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.    Pine dispersed 

Pe(OH). has small effect on the technological properties, with the exception of 

the colour. 

171. Feldspars, if present in greater amounts, influence the fusion during firing 

by their contentò 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 

th» type of mineral but also its dispersion is important. 
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Particle size distribution and technological nroperties 

173. In    16-17 and in Figure 1  the size distribution in the clays was discussed. 

It vrac otated that the finest fraction conflicted mainly of clay minerals ?nd 

nome finest quartz,  the middle fraction consisted mainly of quartz and of lime, 

and the coarse fraction consisted of undeairod inclusion like coarse quarts, 

calcite, cypsum, .yrxte oto.    i'... k^wl^e of the sise distribution obvioualy 

snablos uc to dm»   conclusions about the mineralogicel constitution of the clays 

and to predict their technological properties. 

"jfikj.or's triangle 

174. To make tho -echnological tests in full is time consuming.    There were many 

suggestions for au.plifyin* t.iese t^tn.    The mont useful method of them is a 

method by linkler. 

175. Studies of more than 50 European clays have shown a distinct dependence of 

the technological properties on the  -.-.¿.i Biae classification.    There were some 

exceptions, which however were caused by the unusual mineralogica! composition. 

It would be interesting to examine whether other clays, formed under different 

climatic conditions, would also fit into Winkler's triangle. 

176. This method is baaed on the results of only one test, namely, the size 

determination.    According to 'finkler, the decisive factor is the content of the 

fractions under 0.002 ran, 0.C20 to 0.002 mm and above 0.020 mm. The Value of 

this fraction plotted in a diagram gives Winkler ' s trianfle (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 II - perforated bricks, region 

III - tiles,   region IV - hoiiow blocks; but aleo for the solution (graphic) of 

the composition of mixtures from several raw materials or for the determination 

of the amount of grog. 

177. The relationship between the contents of a single fraotion of earth and the 

suitability is provcr.    From the Winkler's diagram following minimal amounts of 

grain fractions for various structural clay products can be derived» 
large-sized bricks 

solid bricks roofing tiles «ith thin walla Fraction 

2 /u minimal 

20 AX maximal 

20 

50 

24 

55 

28 

60 

25 30 

45 50 

25 

35 

35 

32 

,r 45 '/ 

25 ',* 



Winklop'i-  triangle 

. 
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17Ö. The- ^rain size distribution can also be U3ed 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 sensitivity at drying. 

179. The front resistance does not depend on the S value as waa assumed up until 

now, but io u  function of the grain size distribution. A high portion of the 

fractions between 10 and 40 AX 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 diameter of 0.6 AX is formed after burning and 

in addition the texture is diminished on extrusion. 

180. The green strength is also a function of the specific surface and thus 

dependent on the» grain sise distribution. The plasticity is also partly influ- 

enced by the grain size distribution. 

Favourable properties of brick clays 

181. The favourable properties of brick days can be summarised M followst 

The brick clays or their mi;-tures must possess such properties that after forming, 

drying and firing, they give the brick body of prescribed properties regular 

shape, strength and weather resistance. 

182. The favourable properties are such, which lead tot 

good slaking uith water, 
sufficient plasticity necessary for forming, 
good workability, 
lot/ thixotropy 
small drying shrinkage not over fy> 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 properties 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 amount of the unfavourable 

minerals. 

aaaHiaiBai^HllMaH_aHiaHHI 



184. Unfavourable properties aro too  small or too ¿rent  pl.u«tioity,  toe ¿-rent 

sensitivity at drying,  low strength  after drying ruui firing,  bKv.tinf 1 ir.«>stone 

nodules and soluble salts. 

Possibilities of benefication of brick clay3 

185. If the quality of brick clays  is not 6vod enough for   -owe nortu of products, 

it is possible to improve its properties by benefication.    The possibilities of 

clay benefication are various, and it in necessary to consider the character of 

the raw material,  the technical and oeunor.uc conditions.    Tab if   3,  p;\g»'  4<s, 

gives some information concernine this subject. 

136. Before molding, the clays are crushed and ground.    Thus the coarser compo- 

nents are disintegrated and dispersed.    The forains of the non-plastic materials 

are covered with a coat of clay minerals.    By these atepu a sufficiently homo- 

genous, plastic and technologically suitable mixture is obtained. 

187. The benefication of brick clays in other than mechanical ways, is 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 removine 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 this case it is advisable 

to let the weather 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 is 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 also.    In the  case of 

thixotropic silts loams "/o of Caû (powder of caustic lime) correct the plasticity. 

On the ether hand if a deflocculation of the clay is possible,  the quality of the 

bricks con be improved at  lower costal    The plasticity is increased, the amount 

of tempting water in reduced, the power consumption and the wear of the auger 

machine are reduced, the ninnine column is smoother, the green strength is in- 

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

exploitation requirements 

193. Desidea the technological requirements we must take into account some 

further requirements, which sometimes are not directly connected with the proper- 

ty of th, clay...    It  is necessary that the nature of the deposit should corres- 

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

it should guarantee sufficient exploitation.    It is necessary that the mining 

of the clay nhould be independent of the gather conditions, as far as possible. 

194. The raw material should be deposited in the mine in such 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 way 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 tmdesired admixtures. 

(. 

m 
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195«  Purpose and the f\mction of the laboratory  ie not only to exaaine and to 

control the raw material (clay« or earth«) and the fired products, but also to 

find out and to éliminât« th« Taulta which can occur froa tia« to tiae.    Therefore 

th« laboratory eqraipaent should have th« ainiaua requirement«. 

Laboratory rooas 

196. Th« laboratory should consist of two roons} on« 3 x 4 a for th« preparation 

of aattple* and test specimen« se that th« other e*raif»eßt of th« laboratory 

should not b« oontaainated.    In the aaae roo« there is a cupboard for the deposit 

cf th« samples.    The othrr roo« is th« actual laboratory (4 1 é 1) in which all 

other operation« are perforsed.    A third separated roo« (or a booth) for the 

analytical soale or of other oorrodible instrvsaentr is very useful.    This weigh- 

ing roo« should be free of external disturbance».    It would be advantageous to 

have a shed in the yard to keep bi££er saapiee or for their preparation, 

197. Supply of water, electricity and probably gm should be installed in the 

laboratory. 

198. To the siapls errai paent bolosjft    laboratory tables 2 1 1 U 1 1 1.5 •» 

writ log desk) a oonorete slab 100 E 30 osi, on support, for preparation of paste« 

or for ormahing of staples by hand| cupboard for apparatus j cupboard for oheaicalsj 

stand for scalo«; supports for furnaces. 

199. For th« physical, oheai^l and technological testa suitable equipaent and 

apparatus are needed.    The price and ooaplealty of apparatua rise accordi«* to 

the nature of tests.    The aost complicated  is   the apparatus for the physteo- 

fcixemioml analysis of the clay.    Th« teofcaoiogieal tests, •apecially seae of tassi, 

need only sia pi« apparatus and tools. 

List  Of aost laoortent amiirant 

200. Mortar and pesti« 
Vessels for sizing and boiling (1-5 1) 
Equipment for heating of watar 
Drying ovoa (controllable) 
Furnace for 1100°C 
Soale with an accuracy of 0.1 g 
Analytical balance 
Box of weights 0.1-100 g 
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Graduata 
Thenaooetor (A 50 <ì) 
Slide ¿nugea  (?0C BSK) 
3 i oves:    0,063; 0.09; 0.2;  1.0} 2.0; 6.0 on 
Andreaaaen pipétte 
Sediaontction apparatus (Attarbsrf) 
F «too lain svaporatila? dishes, beak«re,  bottle« 
Mould for taat specimens 
Calcimater 
Stolin -Apparatuà 
apparatus for doterain&tion of atraagtha 
Spatula, knife,  forceps, oraoible tonga 
Teat tabes 
Teat tubee rack 

Mil in t t<mtit 9f«lf IftlyriUfiT 
soi. (biaoevlar) 

Pilatoaeter 
Apparatus for differential the mal analysis 
Laboratory cruaher 
Laboratory Bill 
Laboratory auger 
Saaiocator (vacui«) 

Stantii« for a complete oneaie&l -unfOysis»    plat im» dish; plattmai oruoiM«; 

baakarai waah bottle; flaakej olook glaaa; ¿praduated flaake; pipette§| buretta«| 

flaae roda| filter funnel«! orooibleaì stands; boa«er reafsnts; filtere» 

laáUatore; burner «and bath «to. 
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*•     C0KCLU3IOÏI ATO RECdBŒKMTia« 

202. Tili« paper ms prepared in order to givo a sunaary of the testing and 

evaluation of brick clay«.    It is clear that it was not possible to treat all 

»ethoda of testing in detail and therefore it waa necoasary to restrict our- 

selves to simpler tosts.    If continually testing the earth of the sane deposit, 

the worker will gain not only the necessary laboratory skill but great experience, 

to that according to the appearance and several tosts ho oan at once evaluate 

the olay.    This oan be nade even more oaaily if he prepares samples from different 

plaoee of the deposit in advance.    These sanplas om be attach*«! to a board and 

described so that a kind of standard   is prepared, and the test apeoimens can 
be compared with those standards. 

203. finally, we should like to point out that it is advisable to send the 

oUgra or products periodically to special laboratories or rosearan instituée« for 

a detailed examination to take sure of the correctness of the resulte. 
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KARL HXNDIE l SONNI nm MUHIACKER 

Fragebogen för grobkorom.Khe totrieb« / Enquiry Form 
! ' u ••'•-  H        '.-.     ^  a  rf*:> ï- -KjebatHPtv.   ^t  Vorbedingung fur dt»r V<w . bi«*»  ¿r   . ~a, i....«.!. ........   ^   . 

oíd So tiinotteíinUig ut - *       t      'mi . .en  bei   St 
Vorbed ngung fur d*r Vors.b'oa  eut   • .,e<_i,.i,tiii,,-. 

4    und  Sci liinottecinl(igen    MM!)!   ricar.lwr 

O  Kl 

."Cd    • Oi'  tr,re*u-   7   'O en(:hl<i   U»   tO   fUO»«    tfl»    mO-it    lui'tlb»    n¡tn"   i 
.•ti   «nth   ,.«"    h,.tf    '.-)   h«   f,  >sw«rad   MMMMM%  by   Stonerei'«    md   r..l' 

m 

*0wfMWeri#H   *—  SCW  MHeYfWMI 
'A   ni    il ft. ',-. '  ml   O* 

'Wfi-K^t     .^:fj 

-.It)- (Í 

Çjt r*i. tv:«»   (1yf 108 Cj 
M«i«r..ii' 

•-)•"   M.ilc (.¡'Sorten  ni 
S«   ;/,'       ni Anyubfe 

!••!  MiHv luftiöten und 

i'ïfir § ncteto" intuii 
' ..¡...-ri. Sortun foi 

de. Motur i. -;   r- ¡ier 
•< Gt      Hiindbetr eb, 

wa xrr.it,v ,, v^ 

.  «:   svurdrtr   fest 

'• hurt- 

AurbereMiiwf — 

A 

»fil»    ' 

1      Au»bo 

* t i líe  güir.ncjt 
£.~   ísrube 

fr ti #  * wifd 
'    fohmattina'en 

1* o      M   v  ot higher otjf 
H j d- g« j.    't '   ye,  mpft oder 

<   I- ' 

i *    i     ( I * _t     iK h  fino 
t | f .U"   l 1 bou«'   ? 

M • i»       áts. t ed  Muter   titen 
tei        t und   i   w<* eh#m 
Vt ho ti.  i 

'Ai  rd«     r.|f.t tiwelche Zusati« 
i     t  ti iuj«jeheii oder jindsi« 

i   i' ' ' y*   Art und Monge? 

vv- t H M» «.i-li ensnd fur die 
Au*hcr«» t nq de> Mater.uis bis 
,n'zt .mhot den? 

'.'    1st rt.e AL*,te  uoy einer Mutile 
2j-  /eg«: ;irut>werwerfung 

*V t* wra dai Mj**riü von der 
t"ube zur A>jfber«>'ung'- H log« 
lfm :icHt2 

tnn   '.ivi   siiuHr LI!   obtained    n 
turd  e*   'i   '-of*   ^>nd'tio   ? 

.^ cirog 'n letittttory breoàa@e 
*<d und i    iwt th prop&rf.on? 

nVi ut .s ttié * umidii»/ m per tent, 
i iiiipiitedeii the baiuof Ì96(>iii 
i.1) ¡ ois I of dry material? 

Ho,V rir«3 t'i» d ffergnf ^O^B$ <|f 
ii utrtr.ol stri-.tided m ttvi pit? 
Sunpy ikotf li iitdicfitmg ttiicti 
it.. - ot indiv d%io! tntiref tats ofi4 
yf!,iot)<;i.i rle-.iqiiatiem 

Hr>w riijh   , tte ihare of bndt 'g 
tili y   it ',. 2 Hci/e you   trariows ttmcls 
of (.my? 

Haw is thi* t .¡y obttin«d in ftie 
int  by H (ly mj cxreivcittng 0f 
b'tis'itiq)? 

Whcit    'fiusi^'iH hii'/e been foynd 
itou»"'., *'.••• kmd, in« one 
tiiiarpv,!' 

Wtnit is tt'e !ump »us rtf the 
cViy i «   t ieu.tjs the pit for 

vVtii« ti fi-.o: jro.n t'le of fh« tingle 
'uw iriritef inis da you require offer 
preptirction* 

Mos '-— (U,v       *hm pa»» been 
wetitt^red m tne open enr, 
surnped or miiturefil? How lort§? 

Is it planned to build a twmp? 

Were different < lays mi «ed, one 
in what pr->pi.  nenj? 

Were any oém¡«tuf«i i 
is their addition pkmrWwT 
Stot« types and quantifiât 

What mcictwi«! of« svoiloW« far 
prepormg tf>« cloy? 

Is o fustier to be instott«d t© 
utnje bro«en bricks? 

How   -, the cluy to be conveyed 
from fh« pit to tH« prepor ng 

-J 
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26   Welche Erzeugnisse wurden bis 

jetzt hergestellt'  ¡Skizze mit 
Mußen und Abbildungen) 

26xln welchem Umfang der Gesamt 
production ¡st Handformerei 
vorgesehen? 

'11    Welche Erzeugnisse  sollen 
hergestellt werden! 

2? » Welche ( " von Rohren wollen 
Sie herstellen und welche Stück- 
zahlen von jedem e1* ? 

27 Xu Wie lanq sollen die 
fertigen Rohre sein? 

28 Wieviel der einzelnen Sorten 
»ollen täglich hergestellt werden» 

29 Wieviij! Stunden werden täglich 
gearbeitet? 

30    Soll m zwei Schichten gearbeitet 
werden? 

31    Wie ist bis |«tit die Qualität 
der einzelnen Erzeugnisse? 

32 Zeigen seh Strukturen, S Rsse, 
Ah Sprengungen, Ausbildungen 
und wann? 

3? » Ist ein j  zusatzlche 
honjo itale Presse zur Her- 
stellung von Rohrbogen 
vorgesehen? 

Transport — Transport 
I. Sollen die Preßlinge von der 

Presse durch Handkarren, 
Etugenwngen, Elevatoren und 
Ahsetzwcjgen oder Ringtrans 
porteur ¡n Hie Trockenräume 
befordert werden? 

34    Wie lieyt die irocknerei zum 
Pressenrauni? iSkizze mit Entfer- 
nungen und Höhenunterschieden) 

35.   Wie gelangen 
Oftnl 

die Rohlinge zum 

hi letrteasfcroft — Paw«* 
36    W»lche Betriebskraft ¡st vorge- 

sehen oder vorhanden? (Dampf 
mit oder ohne Abdampfverwer- 
tung, Dieselmotor, Wasserkraft). 

37.   Ist elektr   Gruppen   oder imzel- 
antneb der Maschinen vor- 
gesehen? Eigenstromerzeugung 
oder Fremdstrom? 

38 Welche Stromart, Betriebsspan- 
nung und bei Drehstrommotoren 
welche Penodenzxih! ist vorhanden 

39   Ist genügend Wasser vorhanden 
und woher kommt es? 

What orticles have been produced 
so far? (Supply dimensioned 
sketch and liius'iin on>j. 

In which percentage of the total 
production do you intend to use 
hand *ortmng? 

What articles are to be produced? 

What d ometers of pipes will you 
make and how many pieces 
of each diameter? 

Wished length of the 
reudy pipes? 

Whtit are the quantities' to be 
produced of each article daily? 

How many hours is the plant 
operated daily? 

lb the plant to be operated in 
two shifts? 

Mow has the quality of each 
oí tule been in the past? 

Are S cracks, lamination, 
cracking off and scum encounter- 
ed, and when? 

Do you intend to install art 
additional horizontal Press for 
making pipe bows? 

Are ;'ie clay goods coming from 
the press or extrusion machine to 
be conveyed to the dryer on 
hand transfer stillages, eleva- 
tors and finger cors or on a 
monorail conveyor? 

Where is the dryer located rela- 
tive to the machine shop? 
(Supply sketch showing distances 
and différer ces in height). 

How are the dried goods 
conveyed to the kiln? 

What power is to be used or is 
available? ¡steam - with or with- 
out utilization o< exhaust »team; 
diesel engine; water power). 

Are the machines to have group 
or single electric drive? 
Is the electric power to be 
produced m the plant itsel'or 
purchased? 

State kind of current, main 
voltage and (if three-phase 
motors are used) cycle 

Is a sufficient quantify of water 
available, and where does it 
come from? 
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46.   Wm is» #»f ImboM é»r 
Matchine vorç«i«f>«n? 

41.   W.Ich« «,a»t in PS s»«M tur 
V«rf iMjunj I 

42   Wi* ist die Tow«mahl u Dr«fcrkrt- 
tuno dar Transmission! (Skill?) 

43.   Wi« ti«f !i«gt d«r normal* 
Grundwasser spitgrl? 

44   VVi«vi»l M«t«r ü. d  M««r h«at 
d«r Wolil 

4S.   Wi« sind di« klimatisch«« 
Verhältnis*«» 

i» ff« 
iratalMf 

Who» it #» her*« 
available! 

Wt-o* art th« 
direction of r«toti«n «4 I 
Iranjmusion thoftinf ! 
(Supply tk**th). 

What dapth it Ik« ntrml 
ground wer«r l»v«lf 

47 

ltt/4 

How mony rrt«ff«# 
s»ol«v«l ill rh« pksc« 

H«w or« th« climotic c«idtfi«ml 
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KARL HANDLE t SOHNE MUHLACKER 

Unttrsudtungstorlcht Nr. 101/67 - 5>939~ 
¡V«ft>irit«r Untrrmchunybencht ut mit • bofOtchntt) 

nit Writ Nut»hl«wli 

Test-Report 
(Short Te») fit-pott 1) 

fjrmo/Ftfm: tn 

Mo».-,0ie.ngang/sw»pi«,»eei,#dAut.2 A 14,1967      20 k«     Auigrtv,»«,. am / Di.tr December 12,1967 

Uni.'..u<huM(,inufsab«/T«tt»r*r:  0*IWr«l    U>t    Of   Material .<•„'•   I        . V.t,   I 

Moler lotsort«: 

MiKhtmgsv«rholtni»: 

Umer Ke.inieichen- 

Art unti ¿wtammen- 
teliung del Materie)«): 

Lag« und Tiefe ear 
•mtdnar Schicht««: 

MaUriolfarb«: 

Cloit of clay: 

AAmtur« ret«: 

Our identification No. 

**lU-btu»nln« 
«an mixes wi 

101/1 
M^(.mp.^   kaolin «lay 
•» «"«i» poor in 

alkali 
(refractory 

Beschaffenheit ¿¿* 
Mottfials: 

Zustand dot Materiati 
noch lim 

IO 

Wassergehalt in % 
'ouf IBOgtiM« Md. 
Inarmai li— 3»%), 

Wosseroufno+imeföhig«. 

location and ooom al 
»ho linfle layer»: 

light grey 

parad nata rial mixes 
-re lean 

Condition of clay 
upon reçois! : 

red-burning 
h different materials 

¡101/2 
alumlniferous 
loam with 
slight 
Impurities by 
lime 
(faee brick 
and clinker clay). 

light brown 

¡flore fat tplantie) 
•dry «ateiial mixes,  as 

air-dry brick (3-hole britjk) 

8.5 - 9,5 

Quellfähigkeit: 
tnslin-Werf 

StückareBo in mm, 
.'J ». «vrckKhnHtt. r 

13 o 

linjchiilJ»« owner Ka* 
in %, in watcher Or«#a 
MM Farm: 

Wate» contentm%, I 

«t IM em *. ti«, r*   "   *« 
im>m<riir ls-M%): 

AT*7 fe* " " g- 
iT'Jw'li^r *°* knowB ***" these materlil samples;  —   *---•«   »aramr   «lavori 

is grinding atock #.5 mm in 

well aa 

diameter 

Mox. Harto noch Meta: 

*OHMfrfMn£%|fftgJffl to ^fc» 
in wekher Greet«, farm 
¡(•inilï.,1.,1.   nick) „^i^. 
ol«  MHI 

ft?». ¡"Id 
IS iflPrGaholf in % 

Art und Gräfte 

* 3 KÎ. «« 
 luliU, 

Mt-BNmVkMt («Vaakii 

mum 

kjpurw« M h»«»«»!» ri rad aorap     jflred «crap 
Atte*«***    ÎÎJÏÎÎÎ &*•* """"    •«tarlai material 

i« groe- or brfiok-duat deg^asing 
wd aand ¡ 
>ther admixture« originating in the clay 
e tarlala baing uaed, can hardly be 

aoed or not! sed 
Mm. nordneu a» par 

Content» ol Mm* in % 
«Mne til« and an« 
,i<e) wi «M> a), w 

jfc«.** 

;» ce.itent» in % : 
"ir—.  

Kind and tit«: 
^3*~ 

Bporadic 
also coarse 
grained 

?£5- 1* 

tfWora»cant yei/r 

Ai  -        ^ MrlMtotal Sulfur) 
ÎÎK^-"U-frfc,s baaides vjanadium sample 1 

¿0 (aee aamplaa "A") i 
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W 9 ¥Mf f ïj^ HOW &*t 4MPT 

Vefcuvm * % 

I'teiiii »öl noch H«H»- 
liofn   tm.»»i 1 m 

toMrwct      WW». 

lro<k Mot*nol m 0 cm' 

Trwfcgmchwinéiinf in % 
Hmnr (mitMlfeWn   Mat *->N 

tr«cti«n««»pfin4fccn I 

G«»»*»» 

¡«V 
Imiti«* 
MM   7 «SI 
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Mulm f#n»: 
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•H»»»» WN 711) 

••we»»«« \Jr.it\*iH n«eh 

qtönt W«twhowt nth 

P»rm««t».trty to i»«t«l 
OC e Or *ng to DM IMt: 

Uom» H>eH afttr 
O*WI0 BÄWG* Ml •CT>f : 
Gte«y ftfcn «f » 

Dr«») fwwwd «f«vr 

C«x*tj*r«t*r»* iti mag 

10A/1      IV      101/2      TV 

W«l Tßn*i «Hill •*•!! »olid brick ea»pT< 
«it* fUI •Wnd*rtf als« you will obtain 

Half «ft thMt valuta« 
1*00    at  1100°C 
1700    at 1150°c 

••* 1300% 

Ud tut «Iner.lè&leal 

•••»y»l»-)0urv. 

s. 
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11   Tfca ria» 
Mar* 

P*T*Jt»""Jr>—^mapy^ "aW   P*PW   ^^^raraT*•l  »*aT^P•*pT/   ^^^WPI^y  •Ärr•i   »^P»»!***   Var 

i »ad 

13 

m-m 
»"• VIVO fÄWJ ^MSMnVJf #Jw  WpMFmflM (HH^i • vyJV WWB  W i 

»•aWN JS 7n# NvOTtM •» Ins MMAwiaaf •• •* ni 

<J     M   «,   HH éaaaat MOttM «follf! JPy^^^y    •*    WIR  »jaaaaj    fW""«   aajpa»*»^ 
«aa—1É  «.        Él i ni _^^|___- ^^^^ •^•"•"•JP   *•*    MFrWVf  aajaaaaaaaa  VJaP*"*9,' 

a*»« - i— »mm>m **f*r 

1 - Mi 
I - atatlar 
S « calti« 

Up la narrina»* J 
Up ta haraW*- 3 
Up la harrina*» S 

4 « 
I- 
*- 

7- w - 

ta« *#»t1 h« 

•jpr-aat      Up N» 
¥       >|^P^»WWPÏB   "m•"Va    •R•^Pt^r#H    W•^^W     fMPn 

anri «* mriUalaf» ai carpami Naia |CaCO¿ 
aciri 

I FW#   Ra*aT¥w*^TW»rJRÄTBRPTl   IP*    TvVäy    "WTRW   WHB^m"    »P^"*"r*a•r*m*    ^K   ^Hv   PV 

• "•#  *^•Wr Wl WfaWHpB IH   VMS   MWlpVRfr HWl   IW   »"*"••   W^w*  (¡IPS^MH»»  •}  ^W^a  ^WV^P^PPaB  WP   "**•  rrp»i»S'l(P•Vj'    *"W"W 
C»9P*T?aWW #T  *^<*i   HI  fpWffWWftBGw ^TfÌ*,4fHVWIf>#Vjf,   r»*a} «aMnMMI   faWV ••••"•tí  ##nP  p^MbV   •**   *-•   fWB •VJff' 4M 

t*y liyfjprf>jpH* fiswtfi pp^#PaWWPiP*. 

""w PwPfWBPlCy iaW FW# £PvMC*v PI» wPTfVP^wawWniEiPla IV SBWBFPÄinBW ly   WBWPHWWW  fJP   »IBWWJWMI   -A   wWaPwWPS TAVVPWBF    IP» 

1 cm *»»t» a# iawnnian avar j panari af M ripa« arri* »Mi rapai air. fai kmri af arcarme iWi»iiai>i 

phq— fCtan»»»'» san). 

if*  •aMtrvyvw 4MPMQ pMpTWn^ 

AH« (I»BIHII>II wWlpf Rtwii «r« !*«•«•••, 4, Nr «••««»<«, • wy  twkhrmm  vricli  t»w4wwi fffM 

BïCIPT   VMrj/   W    •l^^piTpT   CVHHfy     MJ 

»: » "a » CIT*O a» fwa aria^wat »a wa pra*aaa "aajpj»^ ^^ • » ï a» »«a paiv PB»PPB w na r^a»^ai»a'Ä-ajpBjaFa^ra ps^Fa^ 
a*a pHUrKtfy wanNPar a' Paraiaaj sfvrraaM wiPÄ ajp wavpF"4aMapw PPPPP anapf wpai la 

Narwal »»tn»»ian rap»i ai. far talari arieti a prtiiri a# •—é h^^M, «Mr> r»a« aiip M 7 hayem* <n«a ri»- 
owin» N prariacH w«l* halai ara maria, *a praiapra aap» «a la a—M ka/cm*, riifi» iriinaj art ««mpa» «ari 
»ta at fh* ha*a», ratp. ka) la 12 ka/aw' «mil ria IIWìWP, IWaPjra» afcaa» 11 kg/im» m+.H» m «ar« •••** la»a» 
Mfj^ www i» »wtapla amy far »Mjia <lajpi'^i)PrpwaP» pari vpajprpt raaripfeaa Eatraawpj 'nacm*iaa> A# awppiaajM 
praiwr«, It haVtm' can pa tata». 

Tha »pacific praviry af ma aViari raw irpjawiai j>s i« 
ma vaiMat ava aalwaari 2,3 aari 2*a9 ajear 

a» pacnamara? aap 

Tha aVyinf raocrian « lattari. 
1.   aV«Hy of Un fraan brkk in Ina rirywM mrmm wMk mir tacaialiaw. •»* a wmparnrar» mt *r* C. 
7.  bf maer* pf a paralaItafraan, amica iiirii.aaa» in a carva P« ramparat »paratia« af wptar atri Mia a>y- 

Iram 2}: Tita awrmrw raaclian i» laslari: 
1. tV *owtnaj art »»pancian riiriwkaaa cama, amidi « taapa aa a» laa Nahca-riHalamilar, 
2. ay evrMnaj rpwi, amica wn maria ia Ina ataclnc haa pmpj a lajpfiraj ioaari af 19* C aav aaar mtt pa> 

oa», anri m »lap parmri af *Vi »aar» a» lap riiffaraal MI fira lapjaaraajra». TMJ caaürpl af 
Va    »pT^PJ^B   PPT»     r**ÄrW•W^r*pT«TPV"*•* ^P 



i; 'él. it 
Ar.ntrx   I 
F We    ì 

«c 

•>•»»•  *•   tv«n»> l 

y« *iwmw^ 4*1 Ma'»ioti «n# 41 

Trocttnw« *•« tftl»|riin. 

Qwrtitj» ém li 

Vwa**^iapm UMMMIWEIM 

fffrmi*^ î*#   f*-* 

•*   t«mf IN) |»4(h 

AI     Owy >nJwn »*«» ran lw  imi'iiilwH » 

•f   w> w'mam » 

tmmttmé ••'•»»»«nnt •»  «itlmut. 

The light gray, wlU to-burning M Urtai fro« «a» forward«* to IM 
«s a readily prepara* ma tort al ait, nan-extruded,  «ml »Uso as a dry 
tnree-hola èrteli. w« ha»« «arriad «ut a« astnisi on test with  thla 
preparad ««tortai «Mei«  followed by • serles of flrt-d samples. Th« 
sj«Bl«s auak«d 101/1V (V • extruded untar vacuum) wn prodoeed tu 
theee Ulti.  It la underoteod that this llght-btrnln« mass compri««* 
§Oi of a refractory clay to*«« fro« different quarries ind *O* of a 
»or« e re »»-burning plastic «lay deposit.  Ta tuia ci .y mm nppron. 
12-1 of grog «nd 6| of a whito-burniag aand are alili -»ddrd &o that 
tu» mass la «ade up of appro«. Mjf «lay port ton« and appro«.   16* pur« 
decreasing portion«.  Itti« «aapoalttan «f mae»  ts  l>ek!n^ t >o much of 
flu»« to nnriufacture llgttt-burnlag fas« ariete«,   so that   tbnom,»Uy 
high full-ftre tomperatvr«« «f 12*5 • 1300«« «til he fr,na,l ü, 
order  to «Umiliate tna vellowteh-gree« ««««410» «fflorescences,  -Mien 
were »till noticed at « temperature «f uy>*C (eec lixivi .flou &»i»piei 
*A"  fired at  1150*0. As la «all known vanadium aalts œ ur very 
frequently wtth «storiai« wnlch are rlatl of »caolinite,  »ml  the most 
secure method to sued*«   auah ugly «ffloreaeenees  in the ferieiiwortf  Is 
ta ft re the Material a; a v«ry bigi» taf rature  or to obtain a 
premature compression of the body reap,  atntortn«.  3ometl«# a a small 
amount of fluorspar powder la adiad far neutralisation too.  The 
essential high firing tampa rature uaed at th« moment is very much 
equivalent to that ua«d far re fra« tory arlaba,   fof Mti.cn ties« taolte 
clay«, which are poor In alkali, «an fee used betwr má more #c>mornt«al 
in the  first Instan««. If It la «pairad ta nnntêfacture white burning 
f-w« bricks fron thla natortal toa, m would r«rwnd to use a light* 
burning flax In th« for» of finely ground f« Ids par or pentite in 
place of a higher addition of sand, a« tnat Urn firing temperature 
could  b« brought down by 50 - 1O0*C Increasing the compressi m of the 
body at the san« tin«. 
In view of the small Laboratory gatrudar which we use fcr our tests, 
w« were able to extrude tn« meas at a not «tur« content or . Kí>í 
related to dry weight, whereby w» achieved • «volsture content tn th« 
briek of 2k% «fur raneeal of the water du« to the full vacuum, 
w« do,  however, ala« «nnufnetur« largar and reinforced Extraerá re«p. 
Combined De-Airing Ex truel«« «sanine!, which are quite capable »f 
extruding «storisi with a esalatore «antont of only tppnx. ?H and 
•ven lower. Per th« p<»a«dlng Mn«g«ntsaUe« and mixing of the matortsl] 

any pa«xMn«« P«w«j«*g«jnft Minar wit« ehrodslfut device 
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wiiim will «lve i. rueh better Mixing effect In opposition to the 
r,ln¿;lr-.-,mft Mixer. To Inervase homo«» ni si ti on even more,  we would 
prop^t   i sconci Double-Shaft Ml »er with shredder-knife  arrangement 
to df il with such stiff raterial nix.  Instead of a Clay-^hredder, 
bec-m..* tne  final Moistening and nixing of the material  can be 
¿»eeowpilshed In auch Doubl«-Shaft Mixer «ore easily and  in a «ore 
iweunte mwner.   In other respects  this whit«-burning material nix 
em be extruded easily under full vaeuua and there  ire no difficulties 
whatsoever in drying and burning.  Only for firing face  bricks,   the 
flrir.', temperature Is nuch too high with a lacking compression of 
UM» body due to the missing portion nf feldspar. 
Tí.« lljçnt bro*n red-burning, material  fron was also despatch** 
to uy in an »nprepired jtate, namely a noi.-extruded sample and a (rena 
thr»«-hole brieta. On checking the noi sture «entent of tuia brick MS 
found thit the humidity was 17» K ralatnd to dry weight,  which la 
equlvilent to 14.Tí related to wet weight. Therefore th<* r-olature 
e .'.-rnt wntloned by you is presumably related to th# w«?t weirht and 
11      t.t? dry weight as stated In your correspondence. After additional 
moi;}tuning we have also accomplished] an extrusion test with this 
prepared material sample, followed by series of fired samples.  These) 
5unpl»v, be ir thn number 101/2V (V • extruded under vacuum), fee have 
been advised by you that this red-burning nass consists  of a red« 
burnì i H:  »lluvial clay deriving fron the Mississippi River Delta, ani 
of  k mor«; buff burnìn* «lay,   both «Material being de&reaaed by néant 

r grof( (ground  fired brick waste),  we understand  tint   the mixture 
ritio is !?Ol of alluvial clay,  y%% of buff burning clay   u\A Vy% of 
brick dust (grog), nere a$aln we do not know in detail  lue propartida 
of the individu»! Material simples,   sane as witn  the wni te -burning 
material mix.   »hen drying up the air-tight packed brick   a ready, 
for the purpose of de te reining the noi x ture content in Ute extruded 
brick,  we noticed a sensitivity in drying with this red>burnlng 
naterUl,   in opposition to the white-burning mass.  Tneref >re  the 
red-burning <*ia doss not have a largar shrinkage only,   but it also 
show, a tendency  towards the formation of cracks,   A , mecitionrd above 
we determined the moisture content in extrusion to be i?,l< related 
t » .fry »e;¿ht,   i.e.  l*.7f related to wet weight. Consequently thers 
i      '  liive been an error at your 9nA when stating   i nocture content 
of 14.?>« to be related to dry «eight. He could not cheek anymore 
!f i similar mix-up happened with thn white-burning material mix ton, 
since tne brick ¡aade from this nass reached us in m ilrpidy dried 
condition.  As the ease nay be. we tried to extrude both material 
nixes at the sane stiffness in extrusion. In doing this *e round 
that th*> pcusticlty and workability w*s very nuch the same with botti 
naterlals, whilst there were bigger differences in trie »iter content 
In the two material asnales. Ihn noi sture content in extruding aatcrlal 
Ha, l (yellow-burning) on our tsberntary Extruder w«s 24.fi related tn 
dry weight, whilst it was only 19*82 related to dry «eit>a with 
«r iterili He». 2 (red-burning). However, in spite of its  lover roo is turn 
content material Mo. 2 turns but to be nore sensitive and also ha» 
a 1 ir,;er an ri nuage.  It Is, of •eurae), quite possible with the red- 
burning material Ben 2 to radíate the) noi sture content in extrusion 
even «ore by using stronger Extruders, to enable  the bricaa to be 
set straight on tunnel kiln ears. Bait still this red-burning ava tarlai 
mix remains norn sensitive, bas su an the Bigot Drying Curves on 
Ft 101 show a delay In the delivery of water with a longer 
shrinkage which is den centra tad by the larger curve radius 
delivery of water and anrinxag«. On tap ef that there la the greater 
shrinking ability la aalt« ef the lanar ani sture content. Iba 
sensitivity la drying that re awl ta fren tais. 
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atiffer extrusion, la not only defined by the modified structure of 
grains, but also by tt» entirely different mineralogie al structure 
of the mass. It la assumed that thla drying sensitivity could be 
overcome more easily or at least diminished by the intense heating up 
of the mass during stiff extrusion,  reap.  by 3 team-he a ting the 
R,w^ffa}*  ï"' *"*• f«**W» •**•* »till be  taken Into consideration 
whilst it la not in existence with material Ho.  1. 
The series of burnt samples produced from this material No.  ? reveal 
that thla material mix can be used for the manufacture  of brick-fed 
face- and common bricks and «van for clinkers (engineering bricks) 
íSn'fÜSíiÍS *î Mî** ,îMfu11»*  '*» flplnß temperature is between 1050 and llJQ^C.  In via« of the varying burning eolour and density 
?£ *5? b?i? *tUli" "»la small  firing ranee,  it is advisable to delay 
the final temperatura of 108o - 1100°C for a few more houre.  in doin« 
thla, endemic al (local) differences in temperature or even over- 
heatings could be balanced mora easily, all the moro so as deformation 
and melting muat be taken Into account from a teiiporature of 1150°C 
onwards already.  In our aerean snalysis we have found single 
coa roe grained remains of lime, amonest others,  and these will not 
cause chipping» only but also atart to flow out fron a temperature 
or 115<^C on. We consider the grinding of the materials with a final 
ff      « *• of * • 5 «w In diameter - aceordlnn to our nereer, analysis 
Item .55 • to be too coarse,  especially if detrimental limo portions 
are  In ex!stance aa It Is the case with material No. ?.  we would 
theafore recommend a second a ry grinding by uslnp; a larre size 
Fine Holler mil  (Smooth Roller),  as It will certainly be difficult 
to pisa the nato rial through an even finer screen to obtnin a ontn 
sise down to 2 mm m diameter In view of the high reslduii moia'ture.Foi 
•Ixing and homogen! sat Ion of the materiala.  also If mangln**» Is 
aekied to get a bnsen eolour, we would recommend the same procedure 
ÜL K^!^ £fr n-**rt*1 "••  *• «•"•*» »• Installing an additional oouble-Jhaft Mixer. 

1 amali box witn fired aamplea U being forwarded to you under 
ae parate «over. 

December 12, I967 
Lab/Te/ 
BVXx/0o/Lo.201I 
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KARL HANDLE 4  SON N f 

M*tcMi«i«••»'' ' f isiMOU••••ii »*»•••*••• • •••«•••«•CMiaia MM» uiiiniTutMH 

"T 

OMM* »ire» 

TIM 
•f basis 
production or 
to otlMr 

of tlM rw Mi«rials to fee handle« Is 
for ellametln« «y •sitilo« Ufficiati«« la 

it 1« toatoaplated to eowrart UM 
•r for plannlag • now C«ranl« korke. 

Mr •îLiiïïfoas cover tbo typt on« composition of the attortala 
•Ad their M turo, tao ability to absorb water «a »oil M th« 
•welling ability, M ««toraiiM If tho aotortol« include dotrlaoatol 
adalxturea ouea M lia«, efflorescent «alta oto., «t fiad «oit tao 
boot alxtur« ratio ant dotoralat tho ahrlaaafa in drying an* 
bum in«, tho eeaelblllty la drying,  tho full-firo teaperatur«. 
alatering- and Mitlas oelat, colour oftor firing, porosity (ootor 
oorptlon of tao burnt product «with roof lag tilos «o acteraUae 
the S-valu« and tat ««Mr persaseli l ty), structure of grain «ito«, 
we «ttggoat pooolbilltl«« be« to Inprove tao «*nlity of UM produoto 
fey using aonlxtures and fey proocsslng UM aatorlels accordingly. 
wo stato how UM astorlal afeould bo prepared b««t and «Mon 
«•ehinory and oojulpaant 1« required for this purpose, boo UM 
«•tarlai ahould feo «ovlded with th« appropriât« aaealaes, if it 
is odvantageoue to mm ««-airing, furtheraore «• furnish lnf«raotloa 
on how tho produsU ar« dried and burnt boot, «fejat kind of 

bs oado and «feat ejuality eta b« «speeted f«r tho final 

¡il it ftr.tur tiailn|MwiT, of every typo «r aatoriu. la 
or othor additi««« (o.g. sanol) 

., — w^m*• „p..». 15 kg (33 Ian*) «f tasse too, «e tfeat 
«• osa ala« toot UMlr aature sad proparo different alxtur««. Tho 
notorial ooaoploo ano« t« feo forwarded to our adolroas etatle* 
Mhlaekor, pootago paid, and ovory typo of aat«rlal should a« 
paekod la an «atra «as or tla and narkod sopar«t«ly. fta oxtr« lafeal 
ojawld fuittoemere bo provided lnoldo UM poelOni 
•f UM enseigner aü 4««lgBStlaj th« aa tarlai a. 

p.t.o. 
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ffittfrffn 
«Lr     .¡•cllU*t* our •M"i»«tion«,  if we can Issu« «»sot 
-Tflî^fî      * ^0 our 1,bor»tonr départant In which respect the 
ÏÏEîl f.M*pUV,hculd ** tMfc*d.  »no if we have sufficient 
12Í I?**  °n on th# ,lz* of d«P°»*t of the individual input, 
Í5UÍS¡ír!JíaÍÍ0ií?patd untli now'  tn# •**•««« .»achinery for 

Ì^Lllì  112* «fficultl«« in production, or if it is desired to 
ÜÜÜÜ. ? Paction to any other product» should also be 
reportad to us. It is therefore requested to coaplata and return 
£ «„S!* 'Î^t? *"«"«>~i«» (i copy) when givînï uTaTirSIr 
^carry out laboratory tests. Furthermore J dried and 3 burnt 
brieaa «hould be forwarded to u. fro* the present product^• 

flit rtuvlrff.for mt Tfiu 
*• ¡?.!^",p    •h«2ür *••*««Uh every thoroughness,  we require 
ìf în:r^:eri.PîP.^Îs

aPPrOX-   ? ^^ fro" ^ «•" offriva! 

ÏU^H.« J !ï"t,Stf<*
r* "*lnl* c»rri«d out  In connection with the 

nlt^at m SS "•chln,r^ *« *n«i«  «-o our client, a share In 
m ÌL°f mr 600*" oniy for one  tyP« of "»tarlai and an extra of 

rt^r^í'tí^'r}«^:.1"'*-""'•''"•"-»•-:^« 
«i.. íífcfr pecelpt of fcn* »«tarlai  we confirm fhe order for the 
«lay-test as we usurily do with any other order, and the shariT 

ïnÎoiJed receipt of the aaount which has been 

•f thî^ïî.%a!îî!Lî? UB b?« »h!ppin« oo«p«i#. for the handling 
aaaal!. EÜ!«?^?titß

rm*nt-  Particularly in the event of clay 
EvA'aT^ti• OWrMM count^-' •»* »"• to be fully 

The examinations of clay «ateríais which we have carri•* out 
£.V;£Vh*\OUr nndln«» •" reliable and Sat £.uïl£Îl-ïeale 
tjats and experiments can be saved if our results are observed 

reituì? *d¥anta«,t thÄt •»•HT «orle, CM i** fr^this. JTst 

Our findings are not of a theoretical nature i  thaw »M K.«—. 
on precti-e for practice. Therefore cì^^ì^rmuS^lJSSSlm 

«narged for every type of «aterlal. 

a ele.ï*t!îri!L
b! pl,Äa#d te *••*•* you too by aceo-plishing such 

î-î'Sbirriorftilt^"1- yOU fUrth#r "— °» th.°ftndin4ii*eî 
/ 

laal.i 
Quest! •«»«ire (m 2 copies) 

Yours faithfully. 

FÍH1 t^ 
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*í*I»»tC**1t» «S 
¿•«tile«!* sra-tnsan 

AS* »o   *n   » ,»«      **••«•» 

Standard Methods of 'Vest for 

APPARENT   POROSITY,   WATER  ABSORPTION,  APPARKXT 
SPKC1FIC GRAVITI', AND   HULK DENSITY 

OF BURNKII RI FkAClORY ItRICK1 

AST M DesigDitkm. C 20   4ft 

Amur .*, lvtl; RKVKIP, 1944.» 

Rtapptoved in If.«* Wish««« Cb*n|* 

This SUnchtrd of the Ain#rk.in S c.*:y f r if ting Mattnal* i» m u«l mném 
the f-a-d designation C 20; the fir...»  
adoption at »tand-ird or, in the o«. 

u:n!.cf 
. f rev 

i:c%t»« f*l#> y*u of «r¡g¡Ml 
i- i»f itst revision. 

Scope 

1. These methods of test c«>vcr pro- 
cedures for determining the tuikming 
properties ofburncd rcfiattory brick: 

Apparent porosity, 
Water absorption, 
Apparent spi-i ¡fie s;ra\ity, and 
Bulk density. 

Noir.. - These mctK»V re r..,t applicable t? 
r-fractomi attacked by  «iter. 

V reparation of Sample 

2. (a) The simple sh.-.ll CC.:í«¡S% of at 
!i i>t five 9-in. «tr.»if'ht hn< k or similar 
units from oar h of i. h a «in^îe test 
specimen, having a v •!--me of .ppro\i- 
mately 25 or 26 cu. in. «ha!! he cut or 
y,ra\.-n. When tc-tinjr 9 in. ! >i?;ht 
brick, the specimen shall he a quarter- 
brick  obtained   by   halving   the   hritk 

alung   a   plane  pantile!   t>  the  9 by 
2J sn.   face   and   along   »   phne   } sr 
alle! tu the 4| by 2| in. face.   Four c! 
the surfaces ftf the   resultant quarter- 
brick specimen ine h:de part of the or<- 
in d molded facts.    'Ihese »tufa» es   r 
h If of one end, half of une ?i<le an t .- 
•¡•i.titer of eaih «d the ho «i by 4j >•• 
fices.    When testing large shapes, t! • 
"ampie   sh dl ciment of    several  spea- 
mens cut or broken fr^in each ¿I.^}* 
from both the center  and  <mter po- 
tions. 

<b) Fach specimen shall be fre»*d •' 
all h.osely a ihering particles. 

(c) Visibly defective staliniens sv V 
ri. • t be i.vd. 

Dry Weifht, 0 

J. (a) The  test  specimens shall '•* 
dr;cd to ronst.mt v   :  ' t by hea:'   : : 

T M 
•Vi tht mn.Uf Jif»«i je priKt<i-.rt c( >' 
I'f.'.f.lt  .ni«! th« Jalnl.itmn ut tU 

Cv        i'et CI an MrlrxtuiKi. 
•I'I: ,f to thtu prctrnt adopt!«* •» Hi< <, I, ••,;, 

J«f JXH «r*rt p.it!.ih«d «| t«oti%.t l>ua» ¡iti io l'..'i 
Thi/ «tr« «.t..|,lft ¡a I»J0. puti.thnj (, »l,r,)«,a 't,.., 
1*20 !i HJi.btirj rcv,»»<j la l*J¡ lad l»U,B,it w.tttfit«. 
»M rtfjblirttd •• I'D'ativ« 1rs« HI» t« ini 

I   ! 

omitte. 

m 

:••:» r. (lo.s ?.. m» c.).,- : 

,!.t,   />, in  -F       -  .¡.-term: 
• f 01 g. 
i*   'Irving   prrjifdure   mav 

'v when  the test spec in-<• 

I* 
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tmmtn, htmmrmm, Dnan «* luunwi Baie« fC 9 - •»)     375 

at haewa la be «try, «a «My b* ÜM i 
»it» ma^kn take« dtftctty fro« kiln«. 

(a) The drying of the apcriawn« t* 
¿oaatant weight ,irul the déterminât to« 
f their dry «eight* may be doat either 
toft ur after th« hoibnf operai »a 

Section 4), Usually tht dry weight it 
rtcrrainrl before betting; M, however, 
j* specimens art friable er evidence 
-«frates that p.irtkfe» have brocea ¡oott 
iiTMg the betting «peratiaa, tht speci- 
men» thai be d.ied ana weighed afte» 
•e «upended weight, 5, and the tatw- 
ite»i weight, IP, have beea detitmbtd 
.* dewribet! m Section» S and ft. Thie 
t«M*d dry weight thai It aatd al aft 
; prwpr istte fakwtattam, 

T tlin« 

*  (a) fat i*%t  *§*c»wMne  ihaB b« 
Nif i íi w.tter ami boitai fat I br. 
• .ri.-ijj tic l..)i?;nt» (*ried, they thaï bt 

» *UMvly covered with water, and 
•f H't S«, in contact with the heated 
i * of t!»e twititne». 
Î) After tie I Ji'ing period, »ht teat 
• ¡¡n-ns ;.!: di t e i. ofed to t**m tess- 
iture wîi:l<* still < ompjetely cuver ed 

íH ...!»,. li ; n-otin«, May bt ac- 
t <uû ì>-/ inani; « >MM water teta th« 

ttakwr. 

'   r. ->J«J Weight, 41 

I  (a) Tht weight, J, el «ach tart 
. • urca after beating aad «lit ama» 

M b * iter thai bt deteradatd ha 
H t» the Retreat 01 g. 

"i  Ih'j •vti,;'.ing ia ttsmtty aco-m- 
' ed ly M 11 iniuvg tht specimta ia s 

P m Kiltrr   f 22 gaga copper www 
; frvn .•! .-i,» of tht balance.    n.%» 
ne   •••»*!  l«   pteviunsîy   counter- 

' »->ffç«i y it!-, !l,  .» ire   t pbet aad tin- 
"üed ta water to H.e «ame depth at h) 
t whe» the refract«.! y   ,   . ;-, .ST«. 

twhatettd Weight, IT 

t After det*. imag tht 
weight, each »penmen thall h« Mattai 
lightry with a moistened amooth Maw« 
er ctttea cloth te rtawve »I drwp» tf 
watet (rata th* surface aad tht setwrattd 
weight, W, determined hi grams by weigh- 
ing MI air te tht aeartst 0.1 g. Th« 
blettmg operation shall be performed by 
roiling the specttnt* lightly MtatwM 
cloth, which has previously be«« «ate. 
rated with water and then preaeed eejv 
twtwfh te remove such water M »• 
drip from the cloth. r iresaiv« 
ting will introduce error by witl 
water from the pores of tht 

•«•after VMUBM, V 

t. The voltane,   V, i« rabia 
Mitten el tit« test specimen» 
obtain«! by subtracting tht 
weifht from the »titrated weight, 
hi grams, as fdRo*s 

r - w - j 

Mera.—Th» «*»»»« that t ta. en*, ef 
•ejgèe t f    Th» M uy« witHn 
parte m W® for water at mon itrr. 

ttwti- 
bt 

Volwmes af Opea liares tad Imaareteaw 
Portloaa 

t. The vc4umt ef opea pmt* aad tht 
vofamt ef tht bnpenrkM» portioea «f 
tht »penmen m*y U cakulattd M 
fettews: 

¥^. •< «pm pun la t» tm  • W — B 
Vai af Uii|,,nvK.u» »afiMa to c«. «a». •» O - f 

Affarmi Pnr^tf, I1 

t. T>i« apparent porosity eaprtaatt at 
% prfntag« tht r<'''¡or.ship el th« 
V"' <• nf the open |Mfi'i uf th« apte»* 
B«ea tn its eiieriof v«iu.nü t!<<| »hai ht 
rakuUttf is follows: 

hT - B 

• w) 
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iîê   Fwotm, AMOVTKW, Dtttsrrv or Rtriacroav BUCK (C 20 44) 

M. TW water absorption, ¿.eiprcssrs 
at • percentage ti* relationship of lite 
vtifkt cd water absorb«! to the weight 
of tfcw dry specimen and thai be caJ- 
cnlated as fattowt: 

^p•W •fSCIM VfwVtQF, f 

II. Tbt apparent specific gravity, T, 
•f AM portion of the test specimen 
wbicb Is kwpenbw te boiling water 
atti be cakuUted a 

r- 
De«***, i 

*-# 

II («) Tbt bulk density, B, in grams 
per cubic centimeter of a specimen is the 
•«©tient of its dry weight divided by the 
•Metier volume, including pores and shaU 
be calculated as follow»: 

r 
<*) This method of determining bulk 

density k useful for checking bulk 
density vahes obtained by the direct 
Measurement method* (Note). While ¡t 
Is snore accurate than the direct mensure» 
s*«»t method, and generally gives higher 
»Maes (by about 0 02 to O.tM), the direct 
measurement method is better suited for 

* M< it»»!* nf T<i4 fm Hum »ml Hulk fWity 
«I    l!.fr»lo»y    Mirk    |.V»TM     Ut-igi.«!«*, 
t tl#>, mm p. SS*. 

plant and field testing, since it is t 

less involved technique. The present 
method is preferable for specimens 
which are branded deeply or inegular 
in contour. 

Note.—Tt* values fot bwft amity otter 
mined according !• Setti« 12 wil be Mpretw* 
hi «wirk unit«, for eiamplt, grams per rabie 
ceatimeter. The bulk entity, however, deter, 
•»¡»ed by tht direct measurement method wig U 
eipreated m Engin* tiaita. Tht convertit« 
(rem metric to Ragli* units may be calculate* 
atfoBowi: 

•«Ik dentity ¡a g. pet cu. cm. X 62.41 - 
Sulk denttty in lb. per ca. ft. 

Assort 

I J. (#) For each property, the average 
of the values obtained with at least five 
specimens, and preferably also the in- 
dividual values, shall be reported.* 

(4) Apjmrent porosity and water ab- 
sorption results shall be reported to one 
decimal place, and apparent specific 
gravity and bulk density results to tw» 
decimal places. 

NOTI. When value» are reported lor watw 
abiorptie» but not for porosity, it is »ttggetted 
that the report shall «bo giv» tht rtiult» fot 
bulb dentity. This maker it possible to calm 
late the corresponding apparent poroaity value» 
it folio«*: 

  /-4XJ 

•When three are prummnrnl ilifTrM»'» 
among the i>>< liti, limi \ulur-, »noti» r siinpli- ••' 
ft\t- r|.«mHii» fluiti I« teste«!. Tin--* aliali t..» 
N'1 o»* «he qunrtir Wkk diagonali) ..r>i-.•• • 
bum tlie originiti -i nimrn». The avi rage of d- 
U» «taerwinatiutM .«hnM lit re|>ort«d. 

• ** 
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APMOVtD At 
AVEktCAft STANDAR» 

•f f HI AHMICAll STAUDAMM ASSOCIATI«» 
ASA NO.; A;*,)-»« 

UDC m*.m¿ 

f Î 

« Í 

Standard Specifications for 

CONCRETE BUILDING BRICK» 

ASTM Dttlfnatiofl : C SS - SS 
ADORED, 1934; Rivisto, 1937,1951,1955.» 

TM» Standard of the American Society for Testing Materials it issued under 
tbt fixed designation C 55; the final number indicates the year of original 
adepti«*) a» standard or, m the case of revision, the year of last revision. 

¿tefe 
t. («) 'lítese specifications cover con- 

uc.e builtling brick manufactured from 
A mixture of portland cement and suit- 
\Ue aggregates such as sand, gravel, 
if.ilted stone, bituminous or anthracite 
>.:> 'trs, bunted clay or shale, pumice, 
vi ¡cante scoria, air-cooled or expanded 
il.ist-furnace slag and other slag, and 
¡.tended for use in brick masonry. Two 
¿rules of brick are covered: 

Gradi ^ .—Brick intended for use 
where exposed to temperature below 
freezing in the presence of mouture. 

Gradi B.~Jìrick intended for use 
a* back-up or interior masonry. 

N"oTi.-Ai an eiamfde, Lrirk in expated 
: ì"ary protected by a facing of 3 in. or mort 
• f luttalle masonry. 

[h) When brick are required having 
'ftngU.i greater  than prescribed by 

^! ' e *|wcifications, the purchaser should 

'*i.'l«-r tlie r-lnndarditntkm iirufrdm« ul tli« 
' 'y, llii-» »perificntioiis «re under the jnrto- 

;   • •   i • f tli« ASTM Committee C-l* on Manu- 
'•*<• i Masonry Unita. 
"rior tu ml,,j,tiun n» Manri'ird, those -«peri- 

'• 'i» »tre |nit,li.-ti,d u» tentative fruiti 19:1 
•'•34. Leine reviaed in 11)28 and IU33. 

specify the desired minimum compressive 
strength. 

(e) If brick having a particular color, 
texture, finish, or uniformity ere de- 
sired, these features should be specified 
separately by the purchaser. 

Physical Properties 
2. (a) The brick shall conform to the 

physical requirements for the grade 
specified, as prescribed in Table I. 

TABLE I.-PHYSfCAL RKQUIRKMENT». 

Dt ;«»iiioi 

Grade A. 
(¡ndeB. 

MìBIIBU» 
Compre»! ve 

Strath 
(brick tUi*!«*), 

I «i. sviraft 
fro«» ini 

of] 
Urica 

2500 
1500 

la«- 
«Muai 

3000 
1240 

W.ltf 
Aktors 

IÌM, 
«Ul, Ifc 
im e» Il 

19 

NetMate 
Coartai, 
mu.ptr- 
tttun «I 
UHI ifc. 
totftìtm 

«0 
40 

!9 

(*) 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, 

.iglii   and length) shall differ more 

(N 
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»KM i i*, (rwa UM 

WMWltBtpMlhM 
4. Brick ritti pa%» a vimtì imfmìim 

'uíf«0omíro«cmk*4iidlrMf»ifeflty. 

teat (CU   iS) 

i Mi« Mttctod fcy * comp«,,., 
appoiated by Om purché, At 

pía« or placeo el Mietimi to U ¿¿ 
utod wbt» O« pwcfcuc Ofdtf » pb^3 
Tfc« maimíacturef ot th« wlW rt*¡, 
fwrnkk iptcimin for   tou witUm 

S. (*) For fmrpoot of toata, brkt (Hat 
Mt rtpmwoUÜvw ti Hit 

(») TI» twkk ifcaB b« umpiH a*f 
«e»ted la »ccorU»nct «toh ti» Method, 
of Samptinf «od letting Cmtmt Mt 
«wry Unit» (ASTM DnifMlUitC !«§• 

'At ». M* 
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Stamiurti SfmiJiitifitHs fmr 

ttUIMHNO SfJtlCK (ÜOMU MA.SONttV UNITS MAW, tkOM 
CLAV Oft SHAW)' 

iC«f  *• 
tttoj I.4M »Ml», m«? 

tili rftia 
•HÉ»IÉ|lH4M|MMaiCllti(%tÌMlM|Mlirt>w«MNi Mil pa« «J «raj 
toi i iaj «lii » 11 • I» I «t, to *» t— «f wifcto», Wn ywt ^ M »-tern 

UUMM* 

1.(4 

Hi HI • wn 

*m*m**m.) Itow men «J tot* •» 
Wlili, M lili» • I (M SKtfaaì ÏU)): 

Cto* 5»r.   Mrl iMwr.it I« Mr 
•IP» •  P"0l  MQpOT *"J   MKMKl IV 
•Wtww» W'V-H^R IB «HHMRVVHB •••BPJBP ÏSnp wiBHMIv 

MP HHIS »WMP*J ^aTP/ABar ^pBVtoHMMH^NFa^PM UBS MWL4B 

M»to 

to**» 
tl 

t**tVJf*     »rkà w(m<MIt« w* 
•4 IA trmprntwM tob« 

toi «»NMy t«U 
Irak VMM, tV **MIV A 

wwMum itogpit tl *v 
MìMM tctia* m 

Ml iMáttl 
ImjÊatm* • aril 

afa»a/lOTMCaa...l»««arUa»tl«wt (tM4MMÉM«igMillt«ia 
lMMAlM«(*MHflM« Ma«.) 

HMfeM 

Ik» lb«Hl I» MM 4WTM Taw1 

^ »rw» » *»y¿- •» w>. lit o—> f»v Gr-Mjtfpr -.Vick 
WJMüBWM) vMtoVJ |NPMHHMMMB (É f#MjCtlBwV# IHMK) nw £_ •MMf^aaMaM. MV MMtaWaMpv 
•toi   t^ÉHk   ItowjMi   MBWMMMI   to    IMMM~    YMMUT    MMM* ^^ WMW«*"^»-# Pf   •VPHnPHf 

•*+*•« te MW, paaMlii at mmimI taw (*) 1»  Ito«  ftptttftcattoM  ito) 
**>* * *••*• »••<•••>•' •» m» * J"**!*» tokà fftoJ to •iidiiiii nil M i 

 "   fly >W iwi Hit iMMM* ÜMMMM 

•r«H*Mt«M* »imiHut • wmmm       1tM\ «.     M . ^ fc ... , . . 
W tito flaaa»W4 lajaaa»mtfcia» fci* Ibatifhaa ftaMi •HP/ J*yfttMKmm,~ II Mm* MPnM] C 
•c st -I» vftfe* ww müiii».«.i »•> t— ••*•   iwftkittor ait, to»mtatol*, 
i»—» m»> 1MB, twtag il i IK    • if 4    §,v> m Itlttkaji faa* maràl» 
Ha    P^PMI   MMM)   M^MMMWW'M^P   •*•• * », »                                  •   a. m-Wrutm. ' »MM», fWMtow «r pwtàtn «f 

•    •« 



iv/m.\bf? 
Amte«  ? 

Cu» (C*J) 

_ •*» feifck ritorti U 
£•*•** ME« tft* %K»lrfttt»M faf 
Mg^MMMft-^tMl» 
i»-a*jr •»»**> (Ami ça«,* 

1*1 *«-»     -^— . M . .      . « amruraiar MI « •»•»Hu 

"•liiitwaMif^iiiilf, Wfeff*    «ft  Mad»  few  (y     —  

«w ***•» •*• •»•up* p%4» MW   frw »».a» 
ijw»        ^^^          .       M MtfaM «4 IMMJMJ; M4 

•""•P    «*•«•*••   •*• rfaa a «UHM» « tv* Md 

M4 ly tftt 

MW 

H«wmui.| >» 

'7S&* 

i        IT • 
I        IS » 

fai*        ••• 

M*í*Ml 

«1.0 
M.» 

*W 

•tfc» 
MM      J      H 

«» the tato, «# ml>m*n'im~t¡¿ M~k» 

•n 
•.ta 

tft-tagta m >mi« »hir» ¡ta» |»é «r tt* 
«wr»gr ««|«t Mwj^jygi J. fc.w ,!„„, 

*» |*f .rM «fier J4 M «¿mmnkm m 
*•*! .».«. IMI mpimmut §»* mim» 
tt-m tmtkmm tfctfl hc «a»**i 

V*à>t.i»w), ^fmtini à, IVr»«*»!*  (*; 

«**«r»fi*i   .iwéVMM   ni,..«   ,„ ,v,.; 

• Itrr * WW4J */|( M» t 

»wat«* «tHH, | n prr ^„i 
fc-. H* 't.. »..^M ,.| ,*,, 
l'   l>'fh.y l«i. I 

#i#4«* «t**. 

ï**w IN f*rtintta# fat fa» M awwft 

••I ^J.viAwJ miaiiMi *m*ih ,*,, 
«•» tBtn « irt-viim^y gruijui lan^fc, 

cmAra-M M4 g«Hil«r tfe» tW«e «f n» 
|wrvifWsiv ttstrtf sd»»^. |tfr«lr»r r<wl 

•i? ( # i' .   fr. .•,;„     ,„,f f|,.;,A;,, . |,   , 

s/   '      •'.»•'•     ./«/'.' , ., 

• ÍMT  I«    | ^1 »i^pliMMlMiy  S„|* t 

jK*¥wi m rmtgt^h (*) f.« » »,, ,,1,4*1». 

<%rrj,-t    ir«., Vt|»rt .|»t».,.       .    i   '*#».,; 
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SI feuiriCAfKNt fou CUT BüIUKWG BUCK (C W) 

ig) S*m*k. When U*k ut rt- 
•j»kwd having atrengtl» greater th*n 

M Table !, th« purchaatr 
•pacify nmiaium •tnmgtf ac- 

_ l« the rlaaeiÊtatkm greta in 
TU* II 

(A) «t* *f Ak$mpmm,   Sec tspfent. 

TA«* Il -TT\M»irtCATtON 1 
OOMmMUVR mUDVUTM 

tMibMJitriri.PM 

cent ol  the _ 
neaeured n the MM fÉUM. N* r_ 
My bole »baii be ¡eat tkaa | i*, fra« 
edge of the brick. 

M *•»«•*. - Unit» oikenrk 
ied m the invitAlio« far bedrest 
lace oi tack Wick my keva a 
pen*! (frog) M* mtmemg H »• 
escrpt thai in brick cot) 
«ay cfQMvteriiea tknwgk Ute 
lei te the hearing ewfcct tkaJ ceeátf 
the requ.rcmeau ni Paragraph 0) 
part »f UM race» tkaH be 
Ina any edge «f the brick 

el 
aay 

Ne 
Ita. 

J5 4. fe) The brick, M 
__ erte, eh*]), by -1—' *-- 

to the 

-    approved M the tutkauu tf 

I» tito 

by ti* 

U»tolM . .. 
OwttetlMt , 
Ow4«il,M . 
Omrtt»t,lM| . 
Overt*»». M 
Ovar M to tA, mal 

to tbe mmptee pattkaj tkt 
pkytica!  UNTI i went»   Mioer       
fions « turtle cricks tacideoul at ikfl 
mmi mnbM of aMttfcettfe, tr Hat 
ckipping resulting fraie Ike 
mmimátfílkmaMmgmi 
Kvery, tke»id net be < 

•» tokt4»% 
-émkfmml 
kt «ft» avi 

*. (•) Fet purpeataf 

kt a« 0KftW by tbe pejrehaaar. Tkt   mmm nn.áinl w »kJ* 

• •>    ptocee? piacete» 
M M*    mted whea the _      »Takle m. ^J!zJlL_ „ , 

m CmtÊ§.-\Mm atktfwlH apt*   taZhb«îiZZ L  . 
Mbtkekw«»tkeil«kide.brkàek^   «¿J" 

¡ltÍüí!Í!leW-llí*?,i,**í      (*> Tkt krfck tkaa kt 
mm mmm. m MU <J««§~eacueaeJ aits ti    tatted kt accaedeac* vkk am ' 

*,r^aj anwaat eaaa M at HIM 73 par    DtatgaarJaa: C4D * 

%  Ml 
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Ctar (CID 

Ml *• 
«of 

tf It» 

bjrtWi h te 
to      (*)Htht 

Uttbrfctdocouluiiatotht 
*" llNW tptriácAtkjM, tfc» 

»*•   bom fcy tht 

IS 

te 

IwtAiMTOir Non» 

M    «at ja,«» pai. DM« Mt 
Mi    Ikt •*•»«•** nmgA al 

ht pMikMi «Ma MMNlL 
«•J* «I H» Mcft Mi A» 

«*t 
tt*t 

•»•** «f fcwt #M ••>»•% M— Mf»      "^ *RK«M« MMM» CMMMrfw ¿MMB» 
> « Wfcl 1fct wéwl » My pnémi      aihiAaifc— t—^ffgf-i—l-'-^y 
( IMI WE VVMkW MM fcvÉM. tfitt Mam.         •_*_" Z^     "    . *^^^W W MWptB. TtMIf 

•WÜW pillili hyàt| 
te Ma tfc) IfcmHi «««fa« m 

btiw AaMiraa Skmi 

VMi • HMhi J M MM 

(» nr MM) af f-Tiiiag «rf 
t^        .    - • *• P"*»« «f awbtw*, »Men w- 

€•» «•# f*MMW — Mrt M aMMMMta^ —**»**?? ^* Mwi'tiral M Ml It"rjllHw I II« 
hi « M. -^- ^ :._.—. ^.'^!•'!!ï

M —•,•? «•* «—• nww PC>.W> IM, i—; 
• •lÉllMlwiiiaèwlBi lataraiw «ai •**••• * .IIé it i      . ^^ ^w"' t"W*»Hh« 
••MlHt «MtoM t« «MttMht aarf t CMWIM* lÉMwf toM                '"               «wwig tM 
•ìtt<Ìtf«titttH»"* PMMÌWWL if el4«MAèL »— ••-•-» -••   *      •• 

ULT¿L!LtoVZ! Z¿-" !5^"*w*- a**^*-» «^ 
  Tfci*»«»^^-        y"*^""*    ""^'"^ '»'IHM'*! aw»! ifc—• 
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IO 

96 S»MirH'4ltOK»   tV*   l.'l.A»    Ili II fM"*..   lt*H ft   ((    ítj) 

I.» 

i 

(ifi»l»i< ' I   i    tlitlcrt'ttt   f**   fi,*i«-rtak i* 
«•••fu-til   hMiiii! t< taime (»fíWfH^«,   an,! <>««> 
.|M.-t«iU'  ih»\  ,,I,MK  i;tnm>i I«-tMr t a» itrttwf*« 
•*   «|ltf»l.>ill>     IH    »ll.lt»!    1fMt «!«*[!,«!«     A   iWt.l 
pf.^a-rtt irmi ,»•. "^iliirHttoi, < urrünml,'' 
«br» tn«-s| in iiHi|titrtlH>i >t!h r oitatfrvMt» 
«trrarlb in.I I.MI i'.xiqiiiiHt U * hr I»*!»»»«, 
tatlata lntitHl i.. priivuli- ,i «w*»is «•< |>fi'ilHimi 
Ih» HM«l»i«r m HI.PM lv¡.r< «d |.r,. ^ !.. ;n-,/HI* 

ami Itaattig |. ,f* »iih jtra'ir ,,., ur „ y ttajt 
•¡•v attar n« ili "I .li win«-,| in dal« 

Tb» MIIKKHIBI rmtWintt M ita rilK» «I Ibt 
»li*irptiu» I.y _>4 lir Milin«rf>i.«i in <nk| «aur 1» 
Mr atmnrfHio«! ¡met S ta mhnwninn in hmU«,, 
»•Mr Wirf * <tt-fm*l (rrnt-rarty M the rati» iif 
«wiry MM In total Ma!.Ir |«»r* *fia< r. Tta ttarwy 
•f ita lat»r»ti..n í «rifiliti» » (liai if «wily »part 
ai tta tolsi i«*» tpm* i» nciupied I.y water tbrrt 
*» h«M fat niMtminn on fretcmg tata Ita » 
».linia«, |«*r «¡in« wiibnul .tanipttaa af Ike 
•lufrmi. The «tata m,h.«e thai W tta mmky 
»*UMe fww« «|i«t«, inai it, the maiMfMtm wattr 
ttal mkjtiM I* atwartati hy • brick in a wall ath 
fc*ttil to ormi*» aamhirt, tjflrs MM ricrrtt M 
fri i CM mi II» tritai porr s»*c*. IM> 

•péce wiB retar« the |«*¡mre due t« 
•Wl ffWaWft£. 

WÈt tbk itaary «era* lo ht ipfilktahfc lo 
.- tyrtt» irf Irfcà, ¡t h*» Ixi-n f«w*ì (tal Iì 

•ria, Stfaaftb MMt »tancrittnn art,   llwrfim, 
•ut« wwn .«** •Su'*HH\y im tata* ptaifatt*, 
ma itair »kCf^mm*   H-mli t* haaaf affla Sac 
#a» 1 (/) "Í tS*«««t*iitK if-in» 

Tta r*l»ti.—Hi|. al*« il<«» noi ipprar M laM 
IM MW Mrk of very i)«h «l^nrptki« i««rt«l 
"N|  "Bv  H^HM^^HI  pMHrfMrnSff   t*t  Isis 

AMM M ¡B KHNWM will» the Satttas I (») 
«Mrt (iwililM ter ytrfai irmwtrM »«Mil 4M« 
•TIMI tfti^n« »•«! Ifc«»inn |<«I* <tl ttw p*rlic» 

111 ffcorfyim l.rVk arcnr tir« la lai 

•MM la Ai («Mtñg-aml rk**h>i N»t, tt»y Ml 
tala Ita«« awiil «mat» », KKIî. «M4 ta 1 Ah I 
tfÉ I^AMtf ^»Mi itL >i"i«a^iil 

akk« ar« M ««ri'»i¡ I.y tfc« Im, 
' «pfwaraaee M drat ta»« 

MW, abc a at« «nr tat mat« MWl at« 

•taa aaf Mfta  i*if laili *awiÉ ntvet 
aikè «tMft a*a(*naav m Wfipmafmm» »aia 

1« 

TI» taá» tar ahatqniaii aa<t «tarata« ca 
•a A« (.tati M« chaMkcMioa |«M 

' la tate!» Ita »wat» prwtarttat «4 
fi** «Uuirti «tarli <*• aat ira>ki «r rtatary 
ftaw Ite «atawi   taynml tlaiiaattaa ti ta- 

'tiii  'm.    i,....,,,   'rrnarml) taitait» 

l"""»'M''    •'   'm   ateüi,  «a 
m ii »«rum, »ll1 *""•« « brw tttftam by 
tl.il nu»,  >>f «jMUiig, ttaii   tlw^ 
«ï^îlllv     -%f^H»it|lli ?   ill 

lui-   I Ml i ««indir (hai l.rk'k MMMI I* 
imi.   •• ! n nlwtr  itMtfttaftf.   .Wtaa% 
MU   itti Im Irti a «tifiate   of 
.IHM»,**-  l.rnk    ll    rum'il  I* 
rvn,   ili.il   .¡i*mtr¡?r'ttl«w.   M  AH|   neri 
rN»»i»«.t«ri-.iN   ij   l.rkk   in   I 
pUnt» r,i,i\  ni.|.lv '.»rrk •mttrt ita 
.H «luth ri mam Miihiiif' 
ni It r  <<rvvrt l'Wiilumf» gif riaaaart   TlH 
>h,«<«r « »ilviwil lo ri.iirtìn« Ita 
»M I rirk in (listriti» »lui* 
ti» m a« «tati» MW, *»wl «-»»a Ut aw« 
a'»» tattar ita 4ix-.ir*ni i- «aH 
rn.fMinrv al ita »fi- <x Ht ut A) 
lofy 

Gt4jf   *U\ »khrl im!' 
fh#l »i «fwiniqfrat* ataa 
trtaaing aa.1 lta«Mg S«ra MWI 

.^ awil m «rectum that aMta 
«ver« wrattaffafj. 
In atta« ita»» y üiatWiat ita 

Mrpr I *o runner t-r»! N lH«- t, ¿airtmcMt» »f 
»H.i "iff an.) <S#| hv ,n«l |wif>tfliei(n 

i\ji!al I*. Iti <}rgf«c at laatt, krkk art a 
«ral pro. lar» «air« Mirti }*uptrtkM 
caaytaiwi»» Mrrn«tlt, aai ataaratia» ait 
m tan ifttarw m ita raw MttriaJ tj'4 
ifwrntry ran »« eaaagMl aai 
Hi l*y tRffirtiit rnr^atjÉi ai 
Ita eatMMÜ!«* IHWrta that ita 
ttav Ma «»nil praairt« rW Imi 
ti «f*i tf)m» ita ili'iiwlili »iifwlii ti 
fatngftiam that tilt iptciialtaM an aal 
•ad that etat la li» wiét »winfcia la «• 
i#fiak< «*,» mritatiH «f aMBtarfattaiB, Il fe) f 
•Mr that wifn« Mrfc wtar» a* aat »ag 
ta ili« f malt law wt» oí gat»» $V Hal I 
tati*tart:arv «laraMMty. It aaar ••• a» ma 
•fnwr j-w*!urti »tara mart ftaat 
l»f>i.-atartv »rf trwtt MW, 4a »al 
factory nwMaar« t» aiialanaaj far till 
anH Mraaac *' «ta awk af 
tit» ttaüt awy tarr aa 

tta f>rriarm*-rt d maatwui. ti» 
rfamW ha fufclrii f» • dapa» by At 
arrlur—amt af aay jiaiikiaa»! pwiMI 
f  /«it»* ««ai tf  immpÊlM (, 

a"i"     ^»»•«»»•»i'fw^y    apR 

tbat Mraati •*«! 
«aitar   a«d 

arbitral   ta   anli«arv 
abra ta« Mint at tail tav« 
af »haar'litiua Marter tbat 

«f lM»at«M 



2 
11 

9m. I,   w**»«rH. 

I «V   «Ml 
« m«mmmt/•+,   n* *«v. i «im¿*„ 

M* •» ÍMN% te *rMt4 ».• «He »tjftjr*»«; «,» »t 
»fetaaytvafctf H »Ih »*.•>»« .4 tfc »»» t 

I MM AM «I **.*«*. a* *m a*4 Ma» 

•*••» af fcfrt |i I «M Tía* M» 

•»•* » aal lai MM! tf» aar*..«! ft**? •* >ft# 
•"•^••B tMM  M NM  s 1^-     UH    «imi 

" '•'** ** •*» •"*•*r • » » ' »• »»v m* 
•MVtjitollHKkwaMtMMk.-n        irftrfl«! 
"***•• ••••» •ai MI   Vai»    i.    'it| 

•T» « I M» at» »»•»-.*• j. 4» .4 t»., 1^4 
•aaa 1**1 imm«tt »•    .du,, i «,, t*. 

—*y/ •*•* •»•**»••** ••.»*. • */ tv 
*""Wai *rppai ìI.(F .I «.„¡i: * ^j ta<£ a 

**•* "*•• *** Tfcr «*».fci.*.   v     t>,„m. ». 
ka» • m*mHttm$i ** »> « -4 (*• • MI» ri* 

•»a***» ».-a«*.*,. » (. „ » , , ,rt m„ 
—*• <I>-Üy» »a* 

* •<• 



I 

t 
12 

MCUl 

~   rf tea*» te «IM* M,*«**: 

•JM*»«!» 



kit t 
p.-.f 

Sktmàré M*k*è tf 

SAMPLING ANI> TOTING BUCK* 

i , 

tm 

Mtbl me «| ifajarfrtiw (MM      J^^ ^ 

•rf «wmr. 4- l%t lit MaMw «f 

«IN« 

Twiii¡    •* *»•• k»W «f t*rtb»"ïu*w«f. r« 
unm fiw»iiiw: e»y «MI h»   M« *I M «u, .«pu Mkit ^ 

llffirNafiWi»twwwwi    •*****•! Unk **| I» «fart*4 It«» 
•Kfc Mm« Wirk m fcarlM» tfawr^ 
' «••¡Mil hi Ihr M .h *• « *0 Ir« 

«•y h» !•!«• at il» , 

if ti i« W^iliiit 
II» HttpwAiiii« hf 

,Wfte        S. IÙ.V 

ppf «r*t «4 itw feti tu« M| |.r 



Arn*r  í 
Pa**e 14 

i i 

Ummomm 

tum m Kern*» ( 

*.  li** »try (Nata) 

Nao til («1 hn n» ata*- 

**» Turi*, fami (f: «7) 

TMt)   4   - averagr «mali «kfjth, 
h»*, «I tht tati i«* a. IM 

(ft) Repart ihr IWI» al Ik« 
af nq*wmt émmkmkmtá »H ih* 
MVWI Imw M IM eaMMBJt »a 
livl« «f hr*| 

r^WnHMMVC ÌINIWtl 

7. («) TM MU 
panai Ajuwat «• a aaa ai 
la*ÍMl »i aaNpa«. Il Ü» 

ht 
al 7 b. 

•f tht 

h*Vt 
ahaB ht eiert«! ta that 
an the CIIIII|II—aa 
he »ffiiicd ta tha 
•preimm tariagh a 
| in. in ihkkMM «ai If te la 
al a bmgta et hwet «paj M 

af tht apaci—M. UM «mila» af tikt 
Iaa4 tt$*M ht parnaaaacalar ta tht 
•arfa» af tht aaac»»«». 

(»iDMMaamilattMtaat 
thaï ht f r«« te tatua ¡a tht 
•as* tmnevtfw 

•. Tht ttat 
|M«m af hrich With tht htajth 
At «with ái I i». A 

I hy aay Rwtharf that «M 

rfaanB  Ifctt  tMftAAE 

Ml (a) If tht ftalm« lartt W tat to« 

i *haR ht tiled «Ml a 
lead ce**«! paste, »Inch ìfcaA th«i ha 

«ÌH «en lie 

•*•* la fatal« ki ta* laa*4«a»BWI ••"• »»win* fante, «*mn MM naja aw 
w w •••••• a wai ">"n«MM -__j a* «      - *A k. ti.liMi ik.    »- - 
WS4VA aasMfAMBM MB* fea« fcaaft attawi^ ajp^at  ^^  ^^^^K   a^ OT   laBHB/^   URI   aSBtMaaaj 

£_^t| I^A ^^^^^*^£ __ BkftÉ Êaaa/        ^^aaaa*    ^^ w> HSKnnaHa aaaa HRNB 
mmm aa "V*"** •• •••I tawy »    ««••••1 àa> aaa *J Ik« » canraaVaa. 
Mirata    Bh    ÉÎ^^^   J^Má^M •*  *^a^^**   *#    *aW   "    *••    IWW  pPa^^BBBJBP wfta aj wtaa ajajanawm, «     j,   «¡_ «.        -a   .„    \i * » 
M>t af f!aaaa* Ta« —*- -4 arawiaetl Nl nwapaaaa (If and {f}. 

tal. faauém with the atiat áry 
aVrtacàtJ Ian. Take cata thai tha afp». 

the 

ft   - 

Bn - r— lyt—Wattty }«wdU Mai 
af tha capa »iB bt affai 
•MM. Am tht Of* •* *"** M ht 

|a_j aalkatâ^ hv ih»    ttitiaw tht lawka**». aaa«aaB     aaaaaaaaaWWaBBBi     ^^F      *••» ^*^^^^T»   ••••»   ^BBav^aaaaajBaBa« 

•TA   aiajMjajkjABL m£%   MêêÊÊêêIÊ*^9^ÊêÊ C*akM^^ÊaÊ      -1 IfltaY áh 

kdVMM    W9    tHppWtt     U-af* 4^«H«.HUAg 40 !• É0 pe« CMM 
C»), »yaMá^KthtMiaÑNb 
aaajal vhlth. IM« ta   lit day at otht lartiMi 

af tht aji aalt. la aKhta.    ill •! • N*x I« (!•!-») «m, «èth m 



•i.'*;, i j 

Arn-; i   / 
í i.-y   1 ; 

•I. (a) All tf», 
:! •*-'" - - '*-- •—j -*-- » - ijrt I 

M ite «temtet «f ite iMdte«rflf ite 
tifi i) awl fte <t*vMnrtMi atea) te raa- 
*»tê mmêm Ite ifteriral appai 
•i'.'wia ft ,rt 

,fr) Ite testing MKMM ateal 
t< (te tacite iwf nia *f ite Maatoati «f 
\> akstbn .4 Tmttej MnaaaM IAIT* 
Iteateaalnia- K4)' 

(<) Tte «ppef kawriag «tel te • 
awteaicanV «Miri, terttemt metal 
*r mit- »il*. teH M Ite center ai iteappvr 
k»a4 «f ite NMTMM. Ite ewki 4 ite 
%««•• «ted te M ite renier «I ite *«r 
»-i« «f Ite Mare I» rwe*arf vit» ite 
MTÉM». Ite Mwfc atei te • *»«!> 
t* M fc M« «ntetiral «ut, •-.» ».*M te 
fr<* «a tara MI Mty 4tn>t»m. ¡MM{ n» 
l^ti—tfT %teH te«« »t IHMI | te tira« 

MvmriM o# teveitm. «H» i 

H,»- »i». te ptaa* »Mài MM ¡a, m M 
tri, «rei ¡aafi, fc-atly rigM »tel t» i 

Awing Ite tappiag npcnthj«. uU 4»,.» 
kt teteJy «stai »uh «il Ite hw I i«. 
wntate Uni ten «a tte «ariate) pint« to 
te« • Nttangala 
| te greater ia eitter 
ite« ite »farte**. Natl ite 
•m  fai  a   tkfffaaaatalkaBi 
heating pal la a liiaptiatnre iiinariant 
la —ata«ai» a*»ftty lai a faaaaaa^atr 
ftftei mí tte* after canta* t vat» tte 
'•ppiag awfart. Tate esta te prevea* 
. crteaiw«, aa*4 Mit Ite lapai ka ite 

¡ « i te4 tefnrc v*   Fil tte 
Mt|4lj af | m  »un amaten 
»•j.. ria»« ite »wfitre al dar «Mit la te 
• *ffari «Mjirkky M tte iayaal, ajai teM 
!»..• «pattern »a ttet ito atei a» al fiate 
m Jt» te Ite caftteg »triât*. Tte tterà- 
*»*• «f Ite cap» »tel te 
- f •• aamc. \ü*m ite «ail 
ti» •.arte« wat il * liiliaV alian 'm ci 
Ait-w tte €*f* t.» cent te a aiiiiiniaw ai 
2 tr telare treting Ite «ani 

•»*» (CU) f»! 

tte te ala« taf 

raartrjr paralM Tte tanarUi af ite 
tearing «arfar* »teil te »I tea* 5 ¡a. A 
terni ami metal tearing Mad, atei! te 
mté tentai» tte asaeteen ta 
«ear nf ite tevcr pinten <rf ite 
Tte tearing lite k «arfWr« intiaaail lar 
«ama.i with ite ^ .me» Amàà teve s 
terwtero noi te« iten (MI Rock veti 
navate» (HrteeM munter «3». Tte* um 
faca» «teli net arpart fram piai« aevfacr« 
ay mare tn.ii» tMli| m Wten ite tearing 

nf ite «merirai tearing Mark ia noi 
ient In rnwr tte area «f tte anee« 
a alael piate witn mdxv* im. bint I 

It tra» planea «ritnin *UJI>1 ¿n., an.I 
vat* • tkvrkatM rtnul is »t laate «M 

(»*Hrftte<fela»**frw»tUe<V>««tLt 
apterkal tearing to tte mm «tetart 
^^^^* •ilaMi •»» |MlfQ law«wCV'fl IfNP ^KanCTI' 

Cai tearing Mack ¿.id tte c^^icit »fiec 

(a*) lajiaf «/ r«xi«f.   Tte teui, wp i -» 
mm tea! af tte rai*tt*i! awjumaMi Urn (, ra|«xte<l   
••jr te afapMttl at any ronvnm-tn nt? 
aller «teck tte cani M. «f ite ana« Hin* 
*•• W «4tertaá «• ttet ite rftnainiii4 
kaut i« appui al at a «matera r-i* M »4 
te* Iten I aar «aar« ttea 1 ».in 

12.   (a)  ^a*-OMe  ite 
Hrengtk al aack > 

MrM»nl%. p., - — 

Hark    kT -  tent HI.1,. ti^í te tte 
•aafanj aaarten-, » i»*»«!», «Mit 

4   • •*««««•> «I Ite n»N.   irr «i «4 tte 
appW a a» i te«« r teît • M-*^ •tt*l<rei 
af lae apamwm m '.,'i»r^ wi<tea 

taf Repart ite e%*r»gr « •(***}*••«««¥? 
atnnglk af aS ite apn w> 
ite rnaapNaaiir •t»r»»'»»i 

i » I«- >».f ^« 



Pasft, Jó 

hi 

li. The Kali a* 
to*« a caaadty ai MI baa tea 
Mi «toft to eraaittvt t« OJ g. 

(C«) 

ri - 4ry vaajM «| UM 
W% m MW>ld •«%* «Í tto 

•IM» M-kr MMM • 

14. Tto MM 
•f MM brice 
HHnl Ol BPdHM w* »WM 
to tettati. 

(») JUMftÜM 
alti» MU« IHM 

««ftMMM«ftokfc. 

5^iWM«r«i 

lT.Ttota* 

•iiKtjMt. rwt 
M tto 

IS. (i) Dijr du tat MMÉMM kl • 
vetttibitd "v« at 1*) lo Ht P (IM it 
ini.« not í«M tto« J| to Mi Mil 
»•A» M*'«f *tfvt «eight«** at toMrvkJü ff 
1 W* «Wv an MKiaacbt al 
Uta» O 2 pet um «4 UM 
aVtmi ¡»nil weight al ito 

Vf* I -  l*<*aai «f Mr«, 
la * 

aaw»1 « 4 »*-.«Ha a «MMM af ali ta» a»   éOWH 

•aat2 K/, mar***» a»a*M» ta ajara»   T*^ 

») falwiip Ito 
(aaft, 

*tt*i6F(tuta»c)t.i 

MÉmarl 

(•»  j^alw.- 
wfttovt 

JOO far 24 ter 
vtotcf the 
data, a»J «tifa UM 

ito tot» 

to Ut (tJJ to 
UM 
wM a 

Wa 

al ito «paito». Ha* 
»mài I to, toi 

f to, Mí ito« MM I« 
MP (SSJ to JOO by 

té 
to. >•!»! tto 

«M • 

1^   _^    wmw \»*u» •* *»v; ay aatanu 
MBMMMA        ÄMaM «HMT MM» M9 IMBMI vw MW MMMW* 

to« to 
•f 
It 

at MtoatrTSRa »o'aaal 

ata 

.aaiaaat *» -£3SfcTmf 

% Mi 
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Ito 

guattito 

SSÎT 1SSL
W-I%

 * ' ** 
m ftej» mi Cmâémn.  •"-"-- 

«Hi i»]» Having M IHUI ¿^ „i 

•M » ttei ite u»jr «*a t (W «| 
Mm Md iw I« mmtvi IM liw 

A W Dijr tte MM L,, 
KrtM b Stetm IS («). 

0MW« tod, »ngfc thr *p« mm* «* 
m mit m teJ«K* le tte inarm «..I K 

• nìiiì"""<l>"lj "*—p lfc* »* 
lamm, fa tte »*i«r «I the ttewbg 
¡^M" « •» fctfcw tte «art «f tkt few» 

» 
'Nr «»i 

. kavMg • capacity «f »* 
.^ ^       'fa^mmwtaftSg. 
W/Vyáf Aro IIMI mvMn » te» 

•»"»• •* * •**•"§* tte •*«• .»I 
• aamt «f wuibtt a twygiaiw» 

l»MÍ2JtrClltM|IIIC|. 

W)  St*Mlt tat ir*t  NAHNIttM «IH «fe. 
»w tte tray» m that a «pw* oí ,1 |r^| 1 
»«  «1*arair» Ik« MW, imr»v 1%«, ^ 
taM< *•»« iwt« the %r*\ % «M IKJM ».^i, 
f*tte*» Mawk i« • »w ,1^1, ,4 Wi||t r 

¡••rf tbt» ra}**« tfc- Ira» , »ml ih*ir ..m 
tr*it< to ihr t,^,.,;,,^. „| „„  ,w/j, 
«h.tmimt >•* BMif 

W   KrMWrlWlM«     f»*i*M |IM MM'/IH« 
• tMMlvf aft« *»Kt „*t H* .,», H^,,. 

Iht-M, «Uli thm «.mtrnf . m (»„ „,,,, 
** *•»• »I"«*»* I.>M4 (.^  I IM 

(y) Furt» ih« i^ s|*, i,,,^ ^ ^ 
|*Htr*te*  prrs.nl» .1  m   ut   ,lwj  |tww 
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1.1 MMI»««. ti» N«»riIM. «M» Tftiti*» H»»ft (CnT) 

th* M» t.» il   (.i.itlwt |*t*r>fcvtt »N (r), 
H«t n»IN l'-lt>x«l»l« the 4-tW th*Vt«g 
«(lit IIH hlth Irr*-/»**, «tare the «fri-i- 
«MM- Un »» lit «m IW dm* af the árytM* 
rumi«, fi» v 4i.*H mil I« Hacked ar pih-d. 
.•«•I fh.fi I1.JI U 4 M|»rc af at traut I iw. 
hvtwem *i»y t«a ajnikMM. Falaweing 
ihr. ,«-TM»I ni aie-dry ing. tnaprct the 
«4>o mtrm, inumerà» then» in the «Mer 
•4 the thawing tank for 4 ht, awl again 
»vkftct tbem M S cycle» «I ffwsènf and 
thawing in aftardanee «ilk (i) and («> 

(<) Inni inae the alti i—Ih— «I drying 
ami «dwneriean in «ata? far 4 ht, 
íUHIMVCP *y 3 cydM •§ IMMMI(|| MM tMnv* 
in«, *»f M a total «19 eyebt af " 

the teat ^»rknea ka 
te have l*t anta IIHM .1 par «a* af ka 
avtf mal weight aa jntlgBQ «jf waai nv 
apretina. 

(A) After carnnttttan a« 9 cvda\ a* 
«ka« the «pacanas I 
frena tcat M a ajaaR M cvtaaM t 
lia», dry »He apatiaaaa ai M 

Iw*» lut»»» S awl ft im. m te.tfcth.tu ,<..• 
triaaaaiat, h*Jf rat»«!, »1 rwiHi.fc.»!^ 
tnna eut iena each »ì...t »lw tkit.t. 1 4 
(height) «tN I* a«n* »íhfwít» H | *a. 
The t hkkne»» ef II» î*>»l m ¡Jul t,«*-e 
«khin O.flW in. and, M h* U<r» <ü>: .-»•V- 

tengnhw in ifwai arcttoB, thrie WM ta 
eke* nat mftd A ¡t.. 

(«) ff*fet /«r Èim*t*>ui»g t*t*. t«l 
ffen* l¿wf. ftnilntde m.»na M i.« 
trailing tb* water Irvrl ai»».* »H» «fi»-' 
aartner af tlw eapfwim fer i',< II*R 

within ±0M ìm. (Nate I), MKh-»!- j 
«•tat I" ta* I»» at 1 
ta tkt rat* ••» N IVI . 4 

•y the brick endupiiHg U-M H*f ÌV 
Far aar in tkrehing Ike »ieqtaev «f U.e 
earthed at nit ratina; the tute of da* .4 
the adiad «atar, • relettMf tri-I er 
kalt t*fc* etal kt prwrile«! wbnee .'•»- 
nhmniinf in } in. al «atee tmw^ t ih 
te the krkrk ar half brfck ta ke tmrtl 
•khin *2.S per rent. Tb« frfff«.ce 
krkk »halt ke cwnptUfty itttwnera*d m 

S ht fwartdsitf »ta 
in Sactwn 13 fe). 

•f tat »aa* •*** - 
fJhlMtf «tf MW «f A« 
ine pwfKt «n*wt 

H -f *«1 • rita«« 
ttwhar 

•T HäW HK "ñn^WJP 1 

i*rtm.t * *±* 

I naVt ani Un *f»w 
«lai tnt «»Mr. lie »» 

«*.I •  M f i »«.I 
<rst*r »i«t J5. (*) Tra«)   

tb&t tray* ar uiitUinara, nwdnf an •> JarMtaiHi 
«de defHk «f nH tew than ft In., and af ^ *.„ mê MMM, . («m« éa* *» 
eaek Wn.«th a»**» widtfc thai an am af nat jMwan mmt »* »*^t <•' «.t«*»nm nwanKj- 
laea than W> *» in. #d «alar tarface • »ilirtnl *••»•»«•.. >. »«h^ur««^ 

Mwidad. 1 he hatte« o4 the tray akaR —*,^* ,A;» "   *-*»*',f*"SL  ** 
•asvfcte ft jiüirt, HwiaHMal npnar aar* ^^^ 
LM«, when iwiuddy «jannrtcd, aa tka« 
an area at* km than • in. in fcnflk ky 
6 in in «idtk mm he Irvei 
H* a aaMl lr»ei 

*>  Sfferti f»  *V«*.— T»n 

. 1, 

'•wrutMdt nwtai m)#Mta c 

RVni   Î      Í    mir • 

#an vt« |IäPHW^ .- •*.*#*•*» .i nattai ^<ïa«*a T^& 

ity Mwt  ».   »î ifmk »èifc rt»   t » 

«i     «• 
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¡S? tota» 

in  

TWlMJl •MMHMl^^b .J    w W M MW SMB. ME IHM m ^. 

» <» 



(/< MtfMn«t <C«> 

M it ute Un Iti i» the 
fhragtapit (*). Kcpwt the 
kt *rH.I.I ,« tfee iaJlJel IM« 
HI I Ittttt 

•af M IHM 1 in. 
*• 

29. U) fr«* 
l^lllllhipMIWI 
* «Hher material thaï «al M« Mavhw 

s»hWe »Ht wkm hi cMttct itti 4»- 

•--1  TI» paa lini w «f neh 4MM- 
* ». that H «M pravi* MI la* AM • 
m. depth af water. UMI IM Ma M» 

* : I» M M« aar» that UM taulrvMM 
ri «aier • lu* k rimpaih— «Ml IM 
•»»••• IMI gv»pow»ri adi áey, 
a|ffei*tM efcafl bt |iiiililid MV 
a f-rtMtaftt levai af Miar ta the 

t» Dryimt M~m.-A 4r»% MM 
(., » onMfif M ÜM M|dMMBta «f Sec- 
>'•  2i (0, 

<)^MfOam-A 
fr -irmg ta the MMHaMBta ti 
lì <•#;. 

•*• (a) Tea 4ry fatti« hrk» ahal he 

• t» **» paira, a» that hath eardaaaai af 
**:*> neir wil bava tht 
untartjraa 

Water-    MM MMI 

(•) Store the 
each af the aw pain in thè «hyhaj i 
«ithaet cMtact «uh «atar. 

to At the mi ef 7 days iaapert the 
im au af BMCMMI and thee dry hath 
•tu hi the drying evea 1er 1 darà. 

At The 
rt tivrd, eseaat that 
tli»l might ha 
ehat ht IMMI ai ha- ll Either • l-ft 

••_fi^"' tMMaaaj er a hrtn _ 
a août Mtjjag fraai t ht 

Il hi, paaWted ai ^h. 
having a***»! hura, afe* he ani far 

ria* M 



lö'iiG.lf/2 
* viel 2 
Pia«» il 

(cm 

•lim tali! by vfc-1 fatteti» •! üw      SftJ^JHHM^ 

«k» avaaankav) **N «r attanatafcr • mal • 

—AMMI 

^ w iiiwiwy a ata»! mmmm* 
****** « * h hag* a,«j k. h 
** *r *s hk b tM*aaa7at IM ««i 
••* tapan«, atar*« at a DM OJ fa. few» 
mm mi, u HI» taacàaaai at it« uh« 

•«••tpHiiliálatV 
MMfcwaá u ta«« ih* 

iMckw al tic ««%• h,t««M tàt haatr 

<a.aaitJwikat,¿Ctrv>S. 
(f) A tat aaiiMi af naal at thai «at 

' k" awflnw »lidi i^|w«nt. «^ |^t4 

•• li» faw ammm «4 th« 
t«* avavagt- *4 i(«r fan* 

t M ihr ••».- r« «terina» «I 

«• Ml 
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SIMM ANALYSIS AND WáTEl CONTKNT Of 
»MtACTOtY MATKItlAXS* 

Arm ictt « 

I. (a) fitto •f mi 

to*^BF*y •••#  4MP 

• ár* 

_ tW ***** «MtaM «f M*»?!««, 

(») WM Stm A^dynt Wtta* p*. 
•*« A* «Mi*« «f cfcj» «»J fc%» to 
•f»'"«fc"«f»rihW.»M|to.tt. 
•*••» At '*#§».- §r#Mt, r 
lib» mûmè «ftftovM 
kâmtmîmm AM lin ér? ,  
•ttbh to »toril «ai«, » **j»i ^ ^ 
•Mtli tf.kmg »MM WC1M to Mmai 
teéMititi «M.   ÎMJ wftoi it M». 

M»M  AOTtfe»,  I«  Mt   •*•  Mtfc 

(f) A?  £ww   ¿»*VM    TW  *7 
«•tkurf it Ml M Cikctivt M lit «d 
Mtiarf i« értofHHNtoj A« MMW* «f 
•»•••f «I r***Mtf ht tW tmmËm pwtirk 

Jh • nriiiiinlil (/) fat ckyt 

^viMltoMlWWIlM 

«•*.*, M« (J) «*•• A. A/SVÎJ 
h«Rlt«aFilMÉtto}#Ét 

P*»tfrl» to «f mmêuu m- 

à facto* j (i)ir*toc* 
• MMIW 

I'M • ttUrFy SMBMR •§ MCfMWL •* 
Art Ht tim M*fe* «. «, «iwittoj 
«•AténrMfià.   "—rrtfritetorhérl 
• tmûmà lw aktoWto| At «MM «atom 
#f vtMf ftonctwy ntÉBftoÌL tort *' 
^lk Nfeactsri« MHJ ttol i 

1. Urn* «I ippiMikli MM) few« 
«fckwirt g**» hi Tat» I «to*» 
•M4  Tkt .„ ctoto fat At »W 
•WJ it m« um ***** MJ *•' 

,*Wtei»i| n^M, 
•«•Usi 

M 



ID MG. it, 

> -i •'«••^"'•^i^.xuW.r.^w.,,*,,, *«   I. <•<»,! I    <*.»        |i, 

mi «to«. 

*.«! 

Mat 
ffeé 
N* a 

Maat 
Ikll 
M*Mt 
JtoW» 
N« JaV 

i 

» 
M 
» m m 
m u 

m m 

a»at«fy 130 g TV run wttght ai the 
t**t tarât* thai! he *tfrm»f»d ta the 
«•mt 0.1 g t«th t*f.«t »*! ./,„ tl 

L_.        »*"«»<**« oí »ater OtaN bt 
«lr»htad «i Ike ** rr.m*j basai io ih« 

****?* e' *** '•"••    °* dried  l€Sl 
•«•pir may be TtjimrH '<* further wat 

njMWjjMP^ «fa*»«, »«M M «. MM „ t**, 
m W«t Me*« Aitelv«iS 

J TV»^»wr^|^tJtoBh,r- 
«•tatnw «a* the materni »• U tntim. 

•^»»•^atlfaMfawuáWlaan 

*'T1"** ••fc* •* «*• ««««I »* 
'»•V».   Materai «f whirb ta« «m 
.attrai il«U ¿«termi«««] »haï ht 
i «toi m a ««teff tight e—tato««. 
""T TutMJJ 

I (.) *« r,|e àw SHhmt 90**, 

iiwluteljr after «ptnkkj th* origjaal 
***»* «ni »Iter (irefufty n»iaM| 0* 

»"»•mai»»» JO g   f, fecaétoteTST 
i th. i~* ^^i. ». h tnmmmoMki 

**« *» pWd «, . u*««l pi,,, ,| 

^ 1» »hall |« »lei« rmmej to th« nearm 
i Wh Mur« an,] «fier drytm« for 21 

'***•* •* Mie, »Kal », a' 
•t •»IW«J«««I bat» „ fa 

._* W*?"*•*-    «>he,r*t««al 
'"yw « Ih« dry tondit»*, th« teat 
•JI*^Jt l>ri»!c«r»iit•!th«¿rita 
***. w*<w«l '«t umpte prrpartd M a« 
rttmtan with Setti»* | f». 

il) Wé UsMttmi, Materia» pe« 
***•• with ««ter (pU,«r refrattarie», 
••* 'Jf» »%* temperature franitaig. 

¡T*****' •*•> sH«B b« *«t«l •• recem* 
ï^» l«t Mmpin »hafl he til.« ¡«.»„eili 

í!2L "^ optneBf ,h* M«i,,•, «••> 
"U- ï.,fc*as* •*mort«» •»« aWJi

mi'"l Ih« trutte*». Om 
""J* •*•* *• »"4 fat ehteMJng th« 
»«t«r tMiiem in acror«ian« with Scttk« 
« («} M (*), áepeiwlir^; wpr.fi ike in* «f 

•»•«ml tabt testée.    Tht «th«r *1»Z 

h JÍÜlT* *•** •Ppw>«»»«ittjr ÎSÔ - 
"*•* I* ««ighed to th« a*ar«t 0 | Z 
•M'tk«« tf.Mfe,r„| to the f ht«r «¿- 

""? TT9 •e*Sfc*lt (•» *l»irk » •«»• 
yi**. » »«*?te "»y **»*• ») «had h« 
•••••w •* mimas «I a imi u« _J __*  

I         

w* **'\yx, hwk» —eto<a. •» 
«WtetiM^ —'   -    ^^-^ 

•V Mi «ava»» «tiem.%} -• ih. 

,*;**•• Uàe« «M a» la» «f 

•"••••• 1 »Mitatiw«  traMfer «I UH» 

h«rfa«ïï^     ^* ^ •"••* »»• 
> —« ih.   l-?!?7:.   .***" »»*>»wi **i«t «Val 

**,c**fc*,fcw^*li—w< »ter a»ehw 

  ** •«• *"f* -»• the. 

»• 
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It traatferred «rttoat bet to the 
tiw to to ettd b tto aatrytk, aad thai 
thee be «ashed by IMAM of • MM! jtt af 
water free» • | ¡a rabbet tow «all the 
«•ter pa«ri«g tbroMgh the aie*e cantaba 
eaty trace* of »to tampb.   Cu« itoti to 
MCrCMCQ  M   the  «eshtog  Operation   to 
prevent to» by tptathbg. It eaty h« 
awccaaary te break 19 tourer material by 
patte robbing between tto tojm, bat 

•**•   t^tnSiS ìatar   aa#   togaititoB    âfluitol py  ìiwin|   *w  pfnw^   •^^••t 

The washed midi« to tike 
tieve »h»B Uten be dried to ceaetaM 
weight at 229 to 2J0I. (»05 to 110 C). 
Tib i—ly req»ti*es ebawt 2 to, H de- 
tjrtd, • prcrwabery drying p triad at a 
•vir wiiy IIIW away we now*, raw 
dried residue thai ttoa he tmneferred to 
tto top ar caancat sieve af the tarin to 
f^—.     a^—^J        VLA     a^amtwatoe»     tonto«!      flMMfel_1g_lg-_ OT   im>    1 •»   vp»T«ny   wn   w^|ii«i«^ 
cperatbaa Aal tan to tataphttd b 
«¿cerdéate wit» Settica é (a) ar (•). 

(d) CafeatoftoM aad Mêprnî.- The «tt 
aim analysa thai to calculated IM tto 
teat taiaplr aa tto dry «right, end tto 
MtaJtt reported ta tto aeareat 0.1 per 
ttat af tto aaaterkt retobad «a each 
tit*« (Not. 2). Tto percentage pantbg 
At fmest sieve thai to reported at tto 
daten net between 100 pet «tat aad tto 
tato a» tto percentages retéjate! a«) tto 
ttrioui »ievt*. 

Dry fteve Aaelyak 

i. («) ilmkum 5kvt*f.-Wh*a tat 
tiering « te be dea* by itch tot, At 
lima thai to arranged to tto «rdirr el 
rite with tto coarsest we*« at the taf* af 
tto nett. Tto uapk far titvfog (Nate 
t) thai conakt af tto dried aad weighed 
taateml prepared b accerdaaet «fth 
Section 4 (I). It thai he traasferred to 
tto top rirvt af tto nest, aad thai thta 
he wihjecttd to tto Mechanical sieving 
«peratkm until hat thaa 0.1 f. af material 

1 through each «eve after 1 tab. af 

tieviag by head, at 
r*ah(*). The 
tk* asaaly reqaim 
torn» thai the« to 

**•» 

IS 1 TU 
*'. 

aad tto aatnaat af material reUiaaf « 
tech lieve »hai to rhiteriiaed by •*»'•' 
tog to tto aeareat 0.1 g. 

(I) ffead ¿*j«ag -Tto aaaatt I 
tJtwag(Nate 1) sha» conaat af tto «Vir 

awteraJ prepared ia * 
rah Section«!»    Ito tit*» 4 

operation thai be carried eat «sing *-. 
«eve at a t ime begtttfttag with the eetrv • 
•ievt aad front then aa estng taccesekr. 
nate tatv« tuet.   Tat serve, «fth ix¿* 
aad caver attached, thai to alternat.;. 
topped aad rotated «hat held ia tfight; 
inclined poritba a* that tto teat tati^> 
«il to writ dittribated aver the rint 
Tto «pcratbn thai to contfaatd a«i. 
lete thaa 0.1 g. af tto material past» 
through each sieve b 1 atto, af cantkj 
eat sieving.   The amount of raaterL.: 
retained aa each tieve thai to dele; 
»bed by weighing to tto aeareat 0.1 { 

(#) Cefeaiariea «ad ««tori.—Tto dry 
tie*« aaatyth) thai to cakabted tor ti t 
test sample «a the dry «eight, and lit 
marts reported to tto nearest 0.1 ft: 
cent af the material retabed «a etc1. 
•Jtv« (Nate 2). Dwat bat thai ht M 

parted at tneteriel pattbg the Ine' 

Exruui Afoat Non« 

Matt t.—Tto eke «f tto last aam» 

eaamtatty ant partie» aia, toad tt park <" 
«aHpV wm waaaT ejeaTv«i»)j awl waKl nbaal at aWw^p'gj» ataWf  * 

to tto CAM at ptoak rebKtsM» 
, ito awe af tto aw; > 

ItoSeOg.inweiaVL 
Matt 2—Aa «a alutMtm, tto ¿eaato «' 

neve aaalvak aar he wawriae aa ttocw*>wki»« 
' aa the total >i«nii« atriaetf f " 

tr 
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SAMH4MG CKRAMIC WHITKWARR CÎAY9 

Tim 

•» I» MM raM 4 ft«MuN, tat yew of Wt 

of 
IT*» 

"tftty*. 

»•rung 

|K*M km different pitto al tkff 
'   > thai the inaê aampit »a ,—»_ 

* i« average o< »» parts of the ahi«. 
' »mm top to battant, for » JQ.^ 

y » ft »di thai b. tak¡»ír«« 
*-»« fWrt» Of UM CM. tllM My be 
' r digging boles at equally j,*^ 

H m tk. load*] car, or by remowi 

.*'*. The tomr* ahaM then b« broke« 

7>J"l,f*y *"*^ii tht 

 !*•  «*»l»«*i  Aa   then   bt 

'* •*» «*~l*r<iurtim pwuAw «f ih. 

^'att^ttift-NM « «nrtaltv« Iraw MM *• tafi*. 

411 

iaiwrateey «ampkt. 
WWhm a bt* iMpwRt ««..ig,» .# 

•f**1** or caaneb/ gratad day, aaa*. 
pih*j| «hall be done at 20 punto for ». 
Ato« unta; the samples may be take« 
with a shovel, or with a graia iamt4er, 

_!*! **» ^ ,h* cll,y I*"**» Th« 
y^*.* «••«• *ha» the« bt mi**4 
*****&** «rf ertemi « rtfled to 

-tS»ta£^M^JP^f-rtfe^teiF »rpt> 
W For bagged lots of ground or afe. 

Boated  clay, the numb« of wmpiea 
token shaH depend ea the number of 
«nit» 1« a shipment. A »nin-mmpW «r 
»umlar saropBag instrument shaFI t* 
<«*«*• take »inpfea which then thai 
a« combined, mbed, and quartered ^ 
rime«! to obtain a 10-lb laboratory mm- 
pit. Where a shipment cornati of MO 
hap or lew, »he number of hags taav 
pled at random ihaR be not leu thaa S 
Má preferably IO. When the number of 
b»g» M greater thaa 1« hut lo» llJUi 

MJ, the number of bap «mpW thai 

to 1000 ba^ » bap than he «ample*. 
Far tMpenent>of 1OQ0 to 20» tap/» 
»p ahaN be «ample* at random. 



mJnÊMÊm   * 

Sia H tiara Mtthtdi f$r 
rilKMK XI. ANALYSIS OF ( KRAMIC Willi rAVARE CLAV* 

• 

ASTM Drti«iutlM: C MJ    M 
\n«iri»a, ItS*,* 

Thè» Mit-b** «• ihr \mr,n*m %m*tx lar Tt-^Mg Materia* h> 
Ihr ito* «tr*«***» V US, tt* fatal a«t»l*f »t«>tira*« iht »t** «I _ 
»»**•» M >*a»M M, M tt» caw «I rrtMn«, Ikiiwrfy r«vtaam 

1. («) The«« mtttMttt cover ptn- 
rttktffi {•* the rtankal an¡tir*k «if 
rbjt «ntfikrycfl ¡H iHe mantrfarttif* al 
rrtamîr »Hiiewarc». 

(*) THe a IM I) lk.it |*IN atares a|ftea* 
m ibe frillimmg ••wlrr: 

Swiin 
»IMIllU 9 
Li»» nu lenitimi • 
SiSr» t 
htm, AHiminttm, Siiti  1*îé.MMiMB OaMw M 
trcmO*i)lt tt 
Titania II 
Ahtmina 11 
lime 14 
M«;n»»i« IS 
MhaM» !• 

Note. The«« mrthaik hat« l*r* comfiikd 
M »t.if«laiij pnveihmt fat iwc M rrfrtec Miai- 
Iti». 1V«e mrlhmb, hnwtvcr, «ht» ihc <k 
trrmirtat»m »4 iron oui« M Ir A M mtnlvnt, 
*r* m* mlcrwiV.I toiimfwletrWMMflf otrWr peo- 
rcttW» ikat give rrnuh» »ilhin ih« |*niii*aii>h} 
varatimi», fur the uk« of uniiormity iK« cha- 
mal Zimmcunan Reinhardt i,rocf«hjrt i» »pec- 

< l'aérr ita -MMbf.i.ulio« K«Mm al Ito S««H*, 
tta«« ntthwl« «tt M<trr ita, tan-.l»!^ «J t|* AVI M 
lamnàllrt C il M» I'IIIIIK Wta*rwii* 

F.%<r}4 Inf .rrl .m mnh<k>tM» M SrtiH«« I, I, jad â 
Ita-» Mil»* IM »ImtKjl M •*tMw« »ilk SnlMM | 
tç M «f ita M4ft!,r4 Mrilndi «I < km»«! 4a*|n» rf 
i»h*i«r M*I«MI. mrM ivi«»!«. cMn-î 
P-   WS 

.V*Ï"Î w *M-»"» « MMMhnl, Ita* «Titafh «m 
• \ a- i»M«li«* frwa USI i« 1«% 

ifctf far th* ifciwiwiiilhw ai iwm 
iwmiii i ti«« ammara allât* 
*I<M*V amwatt »ml if Ita i 
ihrt ptmwémm cwiimaal« ta «at mtktîi i 
lin« ni a* —»»ani tatMien «iti. aia« « ..••• 
muai, and »rtralma with MaruU,<i  KM M1. 
»X?t"f/fc, ai »ri 1* I lirai io» ai« h a M.i. 
»•tul»« «I   Ittannw ckkwwt*   m  M H»;. 

méti'tam. Thcae prnrtrhim tJtaN t« tr*>i.' 
artrfilaWr, |wo*kM iht analyM ka* i**¿ 
mmttihy km tfwrial piamiaw inai carri • 
Iht    »timmrfmaa Kriwhawh ptaEtilaw  »/' 
Ih* KMíIS «fwrMH ia St»lina •. Il is mro- 
ikM IW XatiaaaU hum al Stanate«*' * ir 
»amplr» bt nat4 kr chackia« ih« arfar«. 
pfvaalttiai. 

It wM h« «•Mtmtaaá' that lb« malin»  ' 
complet« analyst af a rrraimc »hi«»»*« 
i* a «ItlVall prornkMt rrY|«iriitg a mtít I ' 
«lut ti the chemMfrjr invoìv«! ir, the aj»n*- 

anrf a lhnraa«h Iraminf M cartyÌMg «•( Ita • 
A tkirlrtl attalytl ni (Mal triinirn M ir- 
r»f|uirH |« «1« th« «nrk. T*« «le»eii|>«KW« ? 
givra c«*cr ih« vilal p<4nl* et prwnhirr 
trf'iuenl rclrrrnc« ia ilè^.d •<• ih« (IrlJ 
Ih« varintM irunipwUliotia thaiihl I« *•»•'* 
"AppUctl  Inorgaiik Anab^a"  fc»  HilÄr' ' 
and l.unrtrii* amt |« limila/ pwhhValior«  ! 
Ikularly in ih* determinai km of aWawu. :' 
trie« irVwld h« madt te Stitmiifr r*f V' 
•f Ih« Nat Mimai Burta« af SUMtaKia.* 

»W   *  IMWtam.4 »a 0   K   r  taadrl. ^ 
Nw«  Aiutati«." «ihr ««« *•».  >í«« %• • 

• W. Maa. •*DHtnwM«iaa «4 Ata»»-» »» !** • 
NOMMI taama «I 1*n*u* Stimm* *t" w 

4H 
« •; 
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: Unless otherwise indicated, it n in 
. ,ké lK*í *B reagents thai conform to 

« «pecnVrationa oí the Committee on 
V-thikal  Reagenti o/  the American 

.   «meal Society, where MKR spetüVa- 
-.» are available* Other grade» may 

« n«ed, provided it is first ascertained 
tt the reagent is oí sufficiently high 
riiy te permit its use without lessening 
t muracy of the determination. Un- 
- otherwise indicated,  references to 
\et shall be understood to mean dis- 
ed water. 
riraCrapr« (a) to (a) include those 
;cnts common to two or more of the 
iytkal   procedures.  Other reagents 

! he found listed with the particular 
• :S«d in which they are prescribed. 

i) Concentrated   Àciit   and  Ammo- 
' .m  lljdrmido.   Concentrated   acids 

! tmmonhim hydroiide of approxi- 
•tl> the following specific gravities or 
nitrations win be required: 

«Morie acid, Ha   I IS»» 
f«M,HNOb  t ¿J» E 
»cKKi, HtSOb I M»tr 
•!i»orie»cid,Hr «percent 
I«« ackt llClOb  CO t*> 70 pa «m, co* 

•win acid • per r«u gotuiij» 
• -"*'"*' Mroside, NH.0H      . 0 90 >p p 

•'.t ^Saff*1" ** ""•4" *»**• -*. 

V' Mwtaf ¿et* «ad ^nswMNttHM Jïy- 
' * fr.- The diluted acids and arnmo- 

"» hydroxide referred to are of varying 
"Stages by volume. They shall be 
t   * «pby mixing proportional volumes 

' * concentrated re&gent and water. 
diluted sulfuric acid mixtures shall 

• ~-vie up by slowly stirring the acid 
.'JM water. These diluted acids and 

\,!';«*»* 0*nuemk, AMTkM CWmieat 
¡WiaVeAtMav» *«•• CI««. So... W.*. 

•       ,Jâ'lî.0,.,ï•^,iw,, •" «*• "**"« * 
.^L1^ ^^ A"*ri^ Ct*»kal 

' k •"•iW^CfcwnicAaf.1 Staadardt," 

». NY, *»d tha "Ualtad Stata 

ammonium hydroside are designated ¡a 
the methods as (1:4). (1:9), etc, eicept 
very diluted soluti«*» whkh are referred 
to by the percentage of reagent added. 
The designation in parenthèse* indicates 
the ratio of the volume <»f the concen- 
trated reagent to the volume of water 
for esampte, l|,SO, (1:9) contains 10 
per rent by volume oí lljSO, (*p g, 
IM). The following will be required: 

Hydrorhlnfk nid 

¿tttWkadd 

MtrkacM  

Armonium aydreaide 

T'nrMlf by Vulu 

IM 
» 
50 
M 
S 

JO 
I 

st 
s 

(<) Ammonium Chloride (2 per uni) 
Dissolve 2 g of Nl!«ei in 100 ml of 

water. 
(I) Ammonium Oxalate .S Mut ion (satu- 

^-!2:~Pir,*€ 4 * ol <
N

»*)»CA in 100 ml of water. 
(<) Standard Potassium Permanganate 

Solution (01 N). Dissolve J.25 g of 
KMnO« in 1000 ml of water. Allow to 
stand for a week, filter through an 
asbestos mat, porous glass, or procela in 
filter, and keep in a dark place. Stand- 
ardise against the National Bureau of 
Standards standard sample No. 40c of 
sodium oxalate. 

(J) Standard Potassium Permanga- 
nate (0.04 N).-Dissolve 2 5 g of KMnO, 
in water and make up to 2 liters. Allow 
to stand for a week, filter through an 
asbestos mat, porous glass, or porcelain 
filter, and keep in a dark place. Stand* 
ardi*e against the National Bureau of 
Standards standard sample No. 40c of 
sodium oxalate. 

it) Standard Titania Solution. Weigh 
out 0.05 g of calcined TiO,. Fuse with 
10 g. of KtSfOf in a clean platinum 
crucible, keeping the temperature as 
low as  possible  to  maintain fluidity. 

»at 
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Ceel, *nd dissolve in about JOS ed el 
H.SG, (1:5). Cow\ transfer to » Xfrmj 
volumetric flaak, dilute to iht mil 
vita water, and mia  thoroughly. To 
standardise the solution, take two SO-mJ 
pmnmm m 400-ml beakera, dilute, bou, 
and) precipitale  with   Mt/)H. Mter, 
and wash «¡th  hot water. Plat« the 
paperi in the original beakers, add IS 
ml of HO, Mir to Macerate tilt paso/, 
dtfiito,   and   precipitate   again   «Mi 
NH/M4.  Filter,  and  wash  with hot 
water until free of alkali salts. Ignite 
carefully, blast, and weigh.  Fro» the 
weight determined, calculate the strength 
el the solution. 

(•) Stanarne Stamm Armtitt 5dm- 
rim. - Dissulve  O«  g el anenkea 
mide, AsA, » e meJ amount of net 
NaiCGt tntotion, cost, alter, end diete 
to t Hter. Standardise against • atea) el 
known manganese content 

(0 SteaiM«« CMtridt 5W**»*B.—IfcV 
•ohe 50 g of SnCW in 100 ml el HO 
and dilute to 1000 ml. Keep a lew 
pieces »f metallic tin in the bottle. 

(/) Mmmk Chimie« SJmUm (satu- 
rated).-Prrpare a saturated solution 
of HgCt,. 

(I) Venants* Smtftto MenW-Db- 
solve 70 g of crystalline MnSO« in 500 
ml of water. Add 1« ml of phosphoric 
acid, li,ro,, (.p gr 1.7) and I JO ml of 
ll.SQ, dp gr 1.S4). Duute to I Hter. 

(/) //yeVtff* /Wide (X pmr cml). 
(m) Ditmmntimn fJstepJss* 5Wanm 

-Dissolve 10 g of (MI^HTO, in 109 
ml of water. 

(a) CklfptaHnit Acid Sdmtim (10 
few ttn(\. 
(•) Etkyt AhohJ ifi> fm «*%- 

Prepare a solution containing SO per cent 
by volume of ethyl alcohol in water. 

(p) Elkyl AUthd (O»JWI*).~ Cer- 
tain commercial brandi of denatured 
absolute alcohol arc satisfactory as we* 
aa being considerably leas expensive than 
the reageat grade absolute alcohol. 

J. (a) SeCarÜe* */ 5*n**r    The ta«. 
pie shaB be obtained m accordance wit 
the Method of Sampling Ceramic W>m 
ware Clay» (AS TM Dnignation: C Uh * 

(*) The sample shall be crushed ia '•. 
small jaw or roll-type crusher with 
hardened tool steel faces to pasa i NV « 
(2JS0-micren) sieve.* The sample sh»L 
then be crushed to pass a No 20 (l*> 
micron) sieve,* mixed, and quartered t» 
about 50 g. This JO-g sample shal the-, 
be ground <o that it will all pass a N« 
100 (149 micron) sieve,* unless other- 
wist speckled, mised thoroughly, aad 
placed h a container that wii imm 
freedom from cemtaminatbn. Pine griot 
mg shal be dame in a suitable mattar 
(agate, muWte, s lumina, er nan* 
carbide) te psevent the »traduction af 
impurities. Precautions shall be lain 
to prevent contamination of the atme« 
by steel particles from the saiwnlin; 
equipment during crushing or gñnd.n¿ 

Metcsneut ef Analysis 

4. Monture shaR te determined on t>« 
sample in ita ordinary air-dried <«*• 
dkion. Al other percentage competi!»*« 
ahaN be determined en rmnsture-lft« 
samples and reported, accordingly, en » 
moisture free baaia. The drying ter 
parature recommended 1er al usuate:? 
determinations is 105 to 110 C Wbr 
ever a sampk. * weighed out for any ¿» 
termination other than moisture, tt SKJ 
be moiature-free. If preferred, the ur,- 
pit may be dried m a H lignfig be« « 
from which the required samplet shaiU 
wetptea out. 

S. Mink determinations on the r» 
agents shall be made for each cons'-- 

-    lii).M*a.Hu. ^^    *^ 
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,r.t  w   Ih* whiteware  clay   and   this 
.:k deducted m each raw.  F,» the 
rrtmnatiurt «f  ihe MJM«  Manè, »p. 
x m.Udy O» g «if AI A «ho*id ht 
îed M jluimnum rhkimtt, 

u In ai* ta**, check determinations 
Il I« made, antl the restait shall I« 

V;rrntHwl il «atMfactory check» «re 
rained R^MI», ,h.H t*. ••Mfui.IrrM 

«¿«tory  if  ih«  diHerences Iwtween 
k ilrfrrmmalkMMi de nui ratretf the 

' '«Nif limtti: 

|»wdered anhydrous Wo» and mia 
»#• with a platinum «ur    Covet  the 
mi»l ure   with   a   liti (e  m,*«  Na^<H 
Ileal gradually to the MI h#at »f a mud 
•wner (|(IM>|„ lime) maintained fo, 
«**»t I hr unni ..»rojete srdution M ob- 
tained,  n*-, ti« cru Me  tMW rwl ê 

tf»angle, and when the melt Impartially 
c«4ttl, tmmt il «m the IKI (Nule). When 
co.*!, pia«* if.e iriMiNe and M in a 150- 
mi  beaker,   librine,  the  Imi»««  »,n  a 

.•bove the Iraker. A«M .» » »Uh 

•«•w.aM.pHMM 

• «*a or «ilttt r«  

4W o J 
¿fcftiiM at athn cwMitarM 

t •'WMiMg   II   M   |*   « » 

«tjr    atfetr    C«MìN«H* 
- "'Ktntef  ta wen   M m 

••«*  .7/ «.I 

1*1 ctM. 

*l 

«   *eiga  I 00 g of the sampkt and 
» te constant weight ai a temperature 
«watt 105 noe ove, HOC. RecetJ 

' *•<•• in weight M moisture. 

;. *&   TO I o* the immature fret 
"» IM» C) sample ami beat t© con- 

;T.*«itfcf «w • Mast lamp, «r w an 
A T-1*imm**' •» WO to tOUO C. 
« «*^«w*%M M .Signet«, 

.te 

' ^ 0M80 g of ih. „«.i,,,,. 

tr<***f contatntng »bout $ f „f 

•"•j*   Hfl   (i:|).   When   solutkm   « 
complete wash off the crucible ami lid 
•** 1K1 (I:*), taking „„ „ ^.JJ 
*• SJChj. Hat* the button in the sofe- 
tum. Transfer the amienta «I the bcaàet 
toa» evaporating «t.sh ami evaporate to 
dryness on a steam bath. Rake lor I hf 
»t HOC Adii 20 to » rt of HO (|-1) 
»M » m! of hot water. Whet» ad *&, 
have bee« dissolved, allow to settle for 
•mral minute* am! then f.ff.r through a 
«o. 40 Whatman pa|ier, or equivalent. 
W»*h th* SiO, three times hy de<a«ta- 
Ito» using 20 to J&ml portions «»f (irst 
tot water, then HO (1:1),  the* hot 
waler again. Transfer the precipitate to 
th« titer pai^r, removing all SiO, fr« « 
the dish with a plicema«.  Wash the 
p*per aia  precipitate with hot water 
until free from salt. To recover the small 
»mount of Sii), remaining in the filtrate 
evaporate to dryness, usw^   tBf ^^ 

procedure for baking and  filtering M 

b«foie; Combine the two peedpitate*, 
P»c« m a platinum truuM*, and bur« 
off the paper carefully to prevent any 
«o« of SiO,   Ignite the sample to con- 
stant weight at I KM) to 1200C (1$ to 
» mm. is usually suftcienl), rool in a 
desiccator,   and   weigh.   Moisten   the 
residue with several in.11,liters ,4 wtter 

addlO ml of HF and J or 4 drop, of 
lltSO». Evaporate the solution to dry- 
»esa, ignite carefully toj«vent rtecrcpHav- 

¡«Ü; ^n<l bhit ** *emal •"•»•»le» »I . 
I1W C. Cool the crucila in a cteskcat«, 
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weigh, and repeat bsestmg to constant 
wtsgfct. UM km m weight (mm the 
original stftca residue represent» the 
SA) content, esees* i«r that part of 
the *»A wbkh M later recovered front 
alumina, etc. 

Woti Anotfer ktonw J* *»t m wimyMitt 
vévtmm «I Ik« fIMH nwR M I« rota* |tw r ryr »»4t 
«« it f«-h, H*r*fcnf tk* MN », ifct *k „.fl». 

be smaM amount» ef f»A, &€*, V,|. 
•BAB   \*m gPL^ • 

(Men 
10.  F»w the re i<lue with 1 g f.f fu«-.} 

K*HA «>r NatSA , dissolve in • small 
•mount of water, and add te the »Urate 
ttmm the »Mica <ielerminatk)» (Sectio* 
t). Add S g ef NHVCI and J dNf» of 
metfcyl   red   seiet««   (0.1   per  cent). 
Ifoit the solution almost te boiling, and 
add slowly NH«0H (i:|) until lB4 ». 
dicator ha» changed to a yellow color. 
Roe fi* several minute» te remove the 
caceta ammonia. Allow te setti« -for JO 
mm and decant through a No. 41 What- 
man filter paper or equivalent, trans- 
ferring the precipitate lo the paper and 
washing the beaker and paper several 
lime* with a warm Nil/.! solution (2 
pet cent). Reserve the Mirate, A, for 
the determination of  CaO and MgO 
(Section 14). Return the precipitate and 
pepee lo the ordinal beaker, add SO mi 
of hoi water and 10 ml of IK I (sp gr 
119). Stir until the precintale is dis- 
solve! ami the paper is well maceuled. 
DUute to about 200 ml with hot wale», 
precipitate and  filter  as before. Cos* 
bine this Mirate /» wilh filtrate A. Wash 
the paper and precipitate with a warm 
NIM1 solution (2 per cent). Hace the 
precipitate in a weighed platinum cru- 
cible and ignite. Continue the ignition 
*t 1200C to constant weight (13 to 20 
mta   is usually sufficient). Cool in a 
desiccator, and weigh with the crucible 
covered with the lid. The RA con- 
sist» of the AIA, TA. sud Fe A pwe- 
enl M the simple. In addition there may 

I!. («) Jf«M A: *A D*mm' 
m IA 5«mâto.   Hr*t the RA i*e* 
cipitale (Note 1) obtained m the de*»- 
mina» loe of   iron, aluminum, and 1^ 
»turn  oaidea (Sectie*   |») »*, &,<«. 
K*SA «f Na^A u*4» sotan») N «*' 
phwe. Dmuht the fusion in SO m) ,: 

fl,Nf>«  (i:9) and evaporate  to fuir-. 
Cool, dilute with water, and niter of i] - 
SA), washkig with hot water. Restr. 
the  Mirate  for the  determmatiMi 
reA «ml TA. Ignite the SA » i 

•.f 

platinum crucible and weigh. Treat t?» 
precipitate with 5 nd of H f and 2 • 
J drop» of H,S0». Evaporate te drv 
mm,  ignttc, **• weigh. The leas !• 
**»fht   represeiia   ealr«   SjO,  «hi. 
should be added to that determined j.r* 
viously  and   also  deducted   from  1: 
weight of the RA precipitate. Evap 
rate the feltrale obtained in correvir. 
the RA precipitate for SA I» «•»••• 
7$ ml. Cool, and dilute te 100 «I in . 
wfwnetrk   flask.   Reserve   2S  ml I • 
the determination of TA (Section t.* 
Te the remainder, add 25 ml of li- 
ft: I) and heat te boiling. Reduce : ' 
bo» by adding Sua« solution drop ' 
drop from « pipet with constant sw- 
ing of the beaker until the solutiua 
colorless. Then add one drop in evt 
Cool qukkly in running water, then 
at one stroke 15 .n| of saturated JU 
solution.   Allow  to  stand  for  J : 
then transfer wilh washing to a KM» 
beaker containing XX) ml of coki <: 

Idled water ¿nd 25 ml of MnSfJ» v' 
tk».   Titrate   with   standard   004 
KMrA, added very slowly whür *' 
ring constantly, until a permanent f   * 
end point is obtained. 

Kwm 1.   lMteftt cf fusing du««I» » 
pbtiMiucnKibtc M «Sirs the RA «*•''' ' 

a» 
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»* te MM ta». 

tft» 
II 

4 rila 
to At 

IRPJF   aMJvMMMnp    9k     rl^p^ _____ 

*      t-Wtt* 100 | w 
~"*"*     *     (Milt 

Ä   A^-^A»_W    ^g^w^^^^a      ^_^fci^JL_»Jfc_w___^   *- 
v Mw^p_Hy JpntVaWJaYaaj •vBOTCVP^wPtl 

•»O iMÌfli ta» a »feti»«»   , ,,., 

I II Ml «f AT, ÉM] MM aWto 
-.MM «t • tot plttt. Adi S *» M ml 
MClQb Mrf MM ttMM mMM Mt «M». 

i  I* IWH^^  A»w  MMBMMMMB _^MM^_ 

\* MM SA, ÉMtoM It MMMJMI 

'Itf "ÎÎJWAoflMAIiê 
MMi CIMMI tM] MlMi M »M 

AaAiTM ft WMttttAftt Cu» (C JU - St» «ja 

*?_** •"•*»• «wilt **4 art IM 
•MtntiaaMl« tetto rtading «t MM. TftM 
M^tM^ «M^IM rf ,M «MMiM to 
At WMd IMé. ft«4 OH pwewNMji «Í 
titani piawM frvm • aBtfUw cajrm 
Carnal ift» «am »x MWmf „»,». 

»•H»«,(1:l^,ëfrtkf»WfwkiS«J 
ti I M* MM ItA, I« MM* S MM ft* 
¡M41*. tWplto*, «kg H*0, (t.tf) 
fcf At aw» aftlng of IM MltmluiMM 
••»to. 

»dag wiwwlIM •*»»»• wmum   ***** 
*« ritorni a*M% a» «*• W aMM^ni   •»•m) 

MM* MM Mai §f QaB 
• MJnJM] M M Aft 

I. 

'> 

'• 

; WU). CM-toMM ttM^M? 
« î*?* *« "**• ^Mf MK% 

;,^_***. DfcM«• »f At«Mft» 

ffjMMMJMM^M^Ill 1 «^TrtMMr» 

|_a _______    T. •••——— » »— «••» pan— waawM M 

•MMt *aaa at •'H^aitoit. (SÏTiÎÎ 

•Man*   » »MftMi ttoi.lm.,.,, U, , IMO, «Mta» 5 • «*••*«torto««. Vm • MO, «tonili 
MMm) tor aUMtot pwf«wt Ni m«tf Mng tto) 

. •* t**»« At «IroaiMl Mài ti 
FftA £KA» 11 (t) « f#)), TW, (W 

•Mg^ »f RA (S*1ÍM M). H» a» 
MMtot» II At »MJIii «I AIA pi* Mttl 
•^MW» »f At ftSMN «MA mf M. 
çM» Attt fmkmfy mmkmi » 
•y»?  »»  ÎNM ftf» ftmtftBy Ma> 
AM M AIA M ftpertlni iht MWMI 
•* «f é*k wMlttoMt dty». 

I«. EviMftit tfc« C»»INM4 «tfMM 
mmfi (Stctitn 10) (M IN 

«M «I C»0 »M MgO to ahum 3» »4 
«M M t» M *j «f At latwrttH ta*. 
•JJ*»» »Mlilt »bita* »«i 11« J M| «f 

AM tkt vohM». ah«.M M »W«t W M 
WBi Ml AlUw t* pftrlpifÄiMl caleta« 
M»»«» l» Mttlt. Danni thrmifli « 
MM» mm Mftv (WhaimM N». «§ «r 

MM 
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equivalent), taking rare to retain the 
precipitate in the !>eaker, \»a*h sever»! 
times with «arm waier hywfecantation, 
and then wish the paper until free from 
w»lub!e wits Reserve the filtrate for 
the M¿0 dr-tr-rmination (Section 15). 
Return the ¡»¡*r tu the beaker contain- 
ing t!¡e prêt ipitate, add 100 ml of 
HtSO« vilution (5 pet cent), »arm, and 
titrate to a faint pink end point with 
»Un.br.i OOt .V KMirO, solution. A 
blank should f>e ¡»reviousiy determined 
fur the i i7'« t '.( iliP p,i¡»fr. 

S'oit. ! or gifattt »nuiny, • doubl« 
[MCiipitaiiim !>hi.ulit ti« made, in «hkk rate, 
•Iter |>ffi^ttatmf tb« rakmm Malata M ei- 
st ii!*«l Ahmt, errant th« Hquhl and «aril the 
hrikrr srxj |>.i|»*f «f vff»l «im« «ritti »arai watet. 
ttHwtlvF »ht t>rf< i|>iiitt oa the paper wttfc wart« 
IM 1 (14), a!r»»inf It MnM iat« IM Mahn 
ttmuiiiini the majar awrtkm of the cakktm 
Malate, Wish ttie paper «uh aot »atar. Ta 
the solution (»ínnii 75 ta 100 ml ut vatame) 
*dtj «evtrtl rmWttiim al »atnrM*<i (NtWMIt 
«olntion »ml Nll/)1| HI stifhl ticesi. flrat (at 1 
hr, tiller, «ash, .<n«t ittult is «Writ*»! above 

Magnesi« 

15. Evaporate trie nitrate from the 
r.i() determination (Section 14) to about 
150 to :m ml and add 2 to J g of rti- 
amm »nium phosphate ((Nli4)tlll

>C\), 
si ir until dissolved, ami then add NH«OH 
until alkaline and then 20 ml in eures«. 
Allow ihe solution to stand overnight. 
r titer and wash with NIf«OH (5 per 
tent). Dissolve the precipitate on the 
paper with hot HCl (1:4), allowing H te 
fun into the l>-\iler containing the pre- 
cipitate Wash the [taper with hot water. 
To th? solution, wlii«h should be not 
more thtn 100 r 1 m volume, add 0.1 to 
0 2 g of (Mf, flCO«. Make ammo- 
niacal, .tini then add a slight caccia while 
stirring constantly until the precipitate 
is well formed. Then add 10 ml mort 
of M!/)H and allow to stand overnight 
or at Wast for 4 hr. K.lter through * 
No. 40 Whatman piper or equivalent. 
Transfer the j re. ipitatc to the paper and 

wash well with NlttOlt (5 per ter.' 
Place the paper in a weighed plat inL 

or porcelain crucible, burn off the pa'«- 
at a. low temperature (below 9001 
and ignite to constant weight at 1050 ; 
IIOOC (15 to 30 min is sufficient). 

AtkaUea' 

16. (a) Weigh I 00 g of the moistur, 
free (105 to 110 O sample (ground to i 
impalpable powder) and I 0 g of Mlv 
into an agate mortar and mix well. A ' 
7 to 8 g of CaCOj (N'ote) ami again n . 
intimately. Place a Jin. layer of CaO 
in the bottom of a platinum crucible, a- 
then add the above mi«ture, lapping V • 
crucible occasionally to obtain a ile- • 
masa. Place a | in. layer of CaCO, • 
the top. Ileal the crucible over a I • 
flame until ammonia fumes are no beg« 
given off, then increase the heat to thy 
the bottom half of the crucible ta a tit 
red and maintain this temperature f 
about I hr. Cool, fill the crucible tfm* 
fourths full of water, and heat until i • 
contenta can be taken out and crushed r 
an agate mortar. Transfer te a pi»' 
num or porcelain dish by meant of a .< 
of water. Evaporate to a low vohttr* 
decant through a No. 40 Whatman fil'r 
paper, or equivalent, and wash the > 
terbi in the dish several timet by <> 
cantation with warm water. Tran«' 
to the paper and wash several times • 
hot  water.  Acidify with leverai in 
Uteri of HO and evaporate to a v«k : 
of 150 to 200 ml. Add several mtihtt < 
of Nll/HI and sttffkieitt (Nll,\t"i 
precipitate the lime, keeping the «' 
covered with a watch glass Warm •' 
the  precipitate settles owl. Filter * 
wash with warm water. Evaporate ' 
solution to a low volume, then *•><> ' 
tmai lump ,4 (Nll*)«0\ to deter»; * 
whether practically al cale rum has If' 
precipitated.  If  no precipitate ft**' 

»I *» 
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Cuw<CJ2J-M> ill 

. in» 
Mi«  (NHJdCA . tan« i^        ^wv^p^m^^ 

t*ttk ili _         
„î3. Aai mm IMI tt mL\ êê6 

tv 
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StmmUrd M «he rf Tmfir 
WET SICVt ANALYSIS OP CnUMC WHtTKWARE CLAYS* 

•«•*»«*-.*. fir-tit, 

llata 
a» to pera* 

*w». A DM 
^•« •* PIOVI 

be foroft- 
_ of Iwer« 

•«I cover 1er lb, 

2. («) Stíni^ Orni*,-* 
cd stirrer with t Ihm this J _ 
2 K b «Ikmeter si* hivi^ • «eel «J 
»jipcoximatdy 1700 ML or UM 
feat, dial I* HwiM 

0) 5irm.-Tbe dm« Adi ,_„ 
to the Speri& ¡uhi» te stmt far Tru- 
ing Purposes < ISTM Dca&jMiie«: E III» 
awl than ¡mhnfc ike \a too (li9. 
»km»), X«, |« (MM**«), X* » 
(74 mirro«) »mi S* 325 (Umktmù 
àevm (*«*). Tmt win thtk km tkm 
«kv« tkaR be iovn (Mü twAfe)) UH? 

shall bcmoumrt M caratar ««tal frames 

SU Milk» 

ban adw M]*t 
a» A« T>hr sub», mmr «h« u 
,«• ••to cwytml «Uh IIHM 
••"•Éttni «tri», * * 

t* •! Ae sie»e§ tivi. 
Iptellié1 in Spu ift » 

AS" I'M ik'u«. 

**•) 1«J MMlt A«! ht obt.Jn*! li 
•"««••«• with Ik« Method ^ s MB|,fmi. 
tenjnic WMttware Clays (ASTMV 
st»natioa:CJ22).i 

JOLE* i!"**) * «****«* «hall t* 
[**••*• • drywg even at 109 tu IMI" 
•r f***"1 * •* ta» tbM S hr ptht i » 

11"«** thr .»  
fee***, IM» wiWh. „ „ 
M» *STM CaMMütor C-« w 

rftfca 

Wfcü*. 

•rHa» 

isa MIM^^^HM^K •a» •^•Piirwi« 
ni 

O WtlMÉÌV% 
M   |Mi 

•fAMTM 

«. (•) Transfer AipVcatt portions, ol 
•»«•««»•Mr 230 g of the drkU clay 
a«f4t, weighed io the neuest 0.1 g, w 
*a*ejne»«f « taut 2-liter espacity. Wri 
UNìcta/ whh I bttr oí »»ter „d .tw 
hi dato far 1 br. If, free^flowUig »j^y 

e» 
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Tur M» IRVB Amt IM 

^ •* ^^^^^ to/ •** 
¿T.fltM» ÄW^B M 

i*r*M 

»;imr (SMüM 1 (•)). 
,:irrwf WtwMftSuM 10 

Cun(CJ2S~Sé)      411 

Utt MVMMMJta  MMJMÉ 

WMMIMI 
to« aa«*» tot top 

•ItottfM*. 
Vf «PBPJaa« Hi «MMF HH  MFMMa Wv I 

«f «M*, «at tot top «m i 
fPf    • »MM"«**«     MM«    ««««M«*   «^«a    Mw^Hi NV   Wito««««  «J«   «a«   «MM«p   ^MM«   IHHHHMp   «awp 

mplt, «Ito«* MM, !• UM tow* da* ««»UM. CMtowt toit «A ON IMM 
. Pf tWH^^OT M UM I^M» ^^ w^M •» HBVV MM •«• V«MM>  UHM^ Ml 
¿*M of i M»J * rf ••** M« * | «to «at m m m liiilli «ft* t aft, 

whrabUrlMMftttadMiMtMAMt Éiwif »niMb MM ft*» tot MW» «MI 
MM* IMC at 

.. wh rvbbw IMM ftttadMi M • 
I .pMJ MJVMJ • M«MM MM M MM M 1 MjMM, 
Í tMt «f Ml M'JtaMjr Ckjr «tM. TN) «MM MMMMJ «MM «tff tí 
im é «M ht «ty M CMMMBMI fey «y. AMMMMMM> I kr a mmà 
. .MIIMII« t« MM «I tM 'MM WBMJ «ft* t«y<MJ «•**« «*/ MM* 
..M IMPMMMT MMMTI PP¥WMTä"^TMT»   «WRS wmrnW «V *«TBM  WRS Ml  MMMMMHI  VMMHI m   mm 

iVMMM MMMMJ «*• MUM «MM« (|) Mat KM éftol MMMM MMt Ml 

Stfctl 

I «««M, «*• MUM MMMM       (g) NMt M MM MMMM MM MMM 
tot ám MM* MM/ MMM ti  a tot pap» MEM, «MI MM MM to 

CIMLMOTlkMMNN«    M Má rf MM ffkl I ** « Ml M«t    At MMt «* MTPM Vlu • M7 pM MÍ 
l«tto  OMW, M4 top tot Mr.4* IMUy tor 

n IM tum, mm UM MMN H M «titos*«*«« 
in« MMMMff M/MMM MMMM «Ml MM, «4 to» tkt • 
|Mto)jtt#!«MM,MÍMjMMltotp> 1 MÈI« «UHI M«. 

*»MMta> I «tr M* «M» tor It ato, (fl ftpmtt ito 
••CS   wmmm    Utos    MvWXf/    «V 

• •#"MJ|P1 «MMI •a«P* 

••• tx «tvt íM» tot 
*« tot IMMíMMJ MM« to M 
'.« le« wlüt d 

:-i IM pnmr 
'tern WMk tot mmt to tot an     S. OMMJNI tot towt Mtofto» tor 
,i»nt»uüytly «to^ttt top «m, MM  tonM«jtoM toèywjpttitolili 

«^   •  %»wM «IM« flt p^M«^M^^^H^^MB«^P   «P^MMMMWIMM
1 •^^^P^MP«    «^^M    W^^^MIBMW'    ^MF     «MMP    1MwB!MMf«JBto/    MflMPPM 

(») NM» IM top Mw« M tot pM, «f cm «I tot attorni Nt«Ml M 
^hicto «ti conUM MMM | a. if otor M« M«. Ittajft tM pjraatMjpM» 

aer. WMk tot MM by hitiHaj tot Mj tot lam MM M IM MÍM 
îin«4 ikv« firmly to tM MM«, MM) MÍMM 100 pa «M a«| tot MM «I tot 
V » MtoWM MOVCMWIt, CIMtof MMM    pliMitlMt   «ÍMMM   M   «M   WIMJ 
t^> |to_«_L MA I «SMMMMM t&Hl «MMMMI BMMI totototo TJ^MMMJ   ««P  •toMwMJto«t   VtoMJ  P«MJ «MM}   «MMM/ 
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Standard Mtfkêdfêr 
m 

IiETHUIIWA^MOrORVmO AND FIRING SHRINKAGES 
I» CERAMIC WHITEWARK CLAY* 

«^ IB *» «kW «tf 

•tin« «I  NMOf  
i*t»«t du% toll 

ttttSpftMM 
Í (41k   

'    A hu» tpproaMMtatjr 
^*«*r l>y IIS an h 

' Mjuart cfWMWctlm 
•* ^ 2 5 by 11.5 an I.  

'») Tat yri«,— n*y bf 

«*«• IN ««Ml.    «t*.    HMtk^tMi   tal   ipidMM 
krhbp «f anak   Adi It m* tMwr by ntn«k. • w •I GHMNB *»• It mtfe cither by fstiwión et by 

l«4lMt\ »««^nfb.^itabkmtUl««« WW 

^K^*k   _• »- - — *^w-  WMn Ml tKMn ftttACMMMt   ¡a ^Wb W Ml .— . I i     •  "•"•••»   « 
MHMtalHW •"B'l1*   **   «*"•».  «   •   «ttal 

' *««W le 

:H, UM dty-wattf 
MtktMKV ÜMI Otfrnfe»     ÎT?- * »7 ** * «• *C faf M bf. 

pwfai, tie «weMKM th»B bt pfactd ¿ 
aayMgMMat MOI» IIOCMMI fartWr 

4» 
mm 
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$ nrir»hü tkt IM» irfaf iMt|. 
tgtviin   agi •• Ajr MEMMfi qndMjii m t 

dried of 
t* ûmdmmmm 

lUcocdUwavtwn 

W^gkjjkt jJ| BMA «MW4HMMWI VBQI Vi Pf VJBvfjMMnwpi 

f_j « nWtf ^MtfElfe *^ ftMÊ ÊÊÊÊ 

Ç« Cicuku ibt May Ayfcy   £, . |¿ i^i» ,11** 
ifcnatop n » p*c»U» «f ig IwgÉ,   "*w WfcÄaSWi, IéM Aitala* 
HB HMiVwfj* BttV  BS  A^nl^^H   BWH  |fa^M*  fdbffb& 

I« 

6ytaf MrhÉM% hi pit 

¿_ M IIMIíC 
i- 

H-«k 

HK 
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Sêmétrd M*lmé*f Tat ff 

•MMÍM«) MMMMM^^MMW' 

I. TMMJMMI ff IM 
MMJMMfiM 
MMMJT MIM 

<w 
"  ^^^MF vMMJMI  • 

PH» AM IM k* 
U ^gJLfljl ___t MM4V 
^M MMMMMJI MIMM VNp ' 

MP. 

IM 

1 TW 

M   MMMMMltft 

•Ml IM« MMàN ff M M« tWHpfer 

«HMMtMTMM    S*»*1 » «f I •"» *•• *• 

«Ma|lit¿> af 

MV WM) 

WNliVMI MM 

SÄ** 

»Mil 
huí.' 
MM* 

MÍ IHM MMMM>t 
I MMM)f. 

tie       (HTM pMM MMl M CMM* 
MM ^^^^S* ^^MMl MMM MM) 

i»*.*» •'""• ••• MM tl 
«Ml»»M»ft»MJMM* 

M tt 
»' 

 » 
MM M) HMMMb TW M*! 

"•""Ml M ft «MM« MU 
- .   .    -.    •><•§ « «« MM • ft» I» (l¡ 

«Wâttsi ftwmtiiwQ.»mCèmSwZZ     *~-I.IT i -ir  - far Mi *w » 
hr tmi M *' 

«f* 
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Ti» wm&mœGmjmnmWmnMàmiCm-m        *• 

«. Adi h« tehee ** •* *NP» of the   At P|i"«"rt"t *••#•* «•< •"lÊ1 

.   IS ,L Sdutti« ¿Tk»p«iiK UM MI« -il m te«* ii tip-i. 
.'Tnufai «I MtarW t«ta tfM#   —»fr «*4M* *•»."* *>?»?! 

** m^thete^«?*!* a fhm teilte» 

è U« mi M ii HI« J OBMAM •* *«4 UÀ fate 

4 {é) Mehe eB émmmimikm hi   *&"***? •-7JT 5r2g 

») fleet At froeed HMpla hi •   -_-Mñz. A__...    - ( 
i wriffchif l*«te ni^yttc»   ««•••• wm « i 

_r, wetgetftt lOStolWC. Ootethe »-—.-. 

Í—JM» 

"i 
E E i E fi E 

• •..«* 

TAI« t^-mmjmmmmmwnmutmm rtmeew 

•'•» 
»«'.«»« • 

|t«Ì 

I • 1 

ttSm 

• • • t • t 

1 ISS •38 rjiiiiì 

»•UH 

tSmm 
raga *f r^^P^H 

. ' ) removal boM the •*•• (Affli BedMetten D ffH* 
'•) 1% the pyceometer ni Uepper ^^    -^ 

'".•» io 110 C, cool toreo« trapn- ,,ty 5J??S\t 
•« » & rkskcetof, weigh M M eee- **• .   .""^^^ST*.^, ?"*_ * ^^^ 
• -.1 »»ak.ice, and nxerd ti» might tete, », fcMtrt UMetoypy, ee« teemm 

¿Jet the pycnootttecfa*«* »** S^iSr ? & Pf* ff 
«4 «reter et room teesptreteit, ^ n||i|tyf  §|-  ^ 

"ifrt the stopper, end lewewt tht ^^A. mrtaiit M ey. 
^etftoiitht Uveiti« 2¡f>2[      (0 Te-poete«. I, eed t, leafl I« 
*«*» of «ter peper. Wet* the „JJtJ^aTeie^ «J C eei ehdl 
«fetor end contenu end retold BetdHhrhvne««MMSC 

*thjht es ITi. Empty end dry the „ . .« „. 
"ncier. ©ewefe«*« 
; Pl,ce»boetltolifolthtdrW      I, (e) Cekekte the epodi« gravity 
^ te the dry pyceetteter; weigh      « use e»* w ASTM ii-awfc, ft* e. 
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Hi Tiwf H» SPRCITK r.anm 

(•nUriHCiiUbiii 

 é,4JW-fi  
• up**,!*, - ,) :>4m, - vi 

et WttmwâWR <CJ»-56) 

6- JLiL 
i» - •» - m* - *j 

eWakv af »al« fl^am 
IM* I) at tt*f»Mf«H * (S«- 

4   - tfcafeet étMÜjf «f «tut 0b« 
TaMi 1) »1 umpuiaiwe * (lac- 

P   m wtJ0rt w IM atap| 
*ttf<S.rtb.4<»)), 

w • wtjgM •! MM staff 

Wt m wtigM Cl IM Moppet« 
•^^«fli   SH^MM   ^mjej   vP^pvOT 

Wkmâ 
W9 - weit* «f tM itopper«! m» 

tl«, MMfw, MMI water action 
• »>. 

0) Theabeobledemityoltteiaiiipt) 
attr M determined by iefeafeg DM 
direction» fai Section 4, tat nttiiag 
certain «hat al «tJfMap art aaadt al 
Metitkal temperato*« MMI M • dry 
•tmonter«. Il {Ma precaution b taken, 
tfct abofarte ¿entity nay M calcati«* 
M|aJLw|} 

e^PTlit^MaFaee 

e «-««dir pwjjf «k» rooett , 

TaMt î) ai iimpuiae» ^ 
• - •••rinn   òenaky  «f air  fl^ 

Taklt II) at temperatale f, airf 
l - tninialiaw al «Mea a« »«%* 

4 lit report atei bMW, ^ |. 

(/)   Data ahaat »Mwtng al weM 
M¿ «Mer teaeperattiree H tfct aWlv, 
«natty  ta required,  air temperaUrn 
•telalMbtafemm. 

(J) Spectte gravity (er aatatate «y 
«ity, M rrrpii»«!) Duplicate drtttmir.- 
tfane tkal te reported to tat tmu •: 

7. Depikat« 
aat dtter te man OMNI 0.805. 
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forme of MM gfct MNMMMB MMNMMI «M At MMM MM/MM/ «f MM* Mí 

for thff PI—OMI of CMMM M^AAMhirfM Mr HJMMW *MM M* wirm   mvmr v««pi^M» wo  «•MM   MM* tJMMep MM* ^ IMMM «*  MMM WW MW^MMM» WMV MMP 

«mk>n(Qlt»hoiprrHiifa» M» » M»rU co«** MM CMfr TM MMM by 
MM mrtbotf are afcMrjt tow« MM. Mí m MM MWMMíMII •* M» */*• 

A IM 
or Morti. IMI 
of MI brick or 
or rcprceentativc 

è. Accuracy of 
01 pcrccMof UM 

e. PRMMMMtf 
weight in a vctwibled 
ttmll be weighed*. 

if liimMi M 
oí 

all tides Of Ém. TIM iMk Mil M MMMJMJ MM • pu MMMM MM M« 
ittMtTlMMMrMMlM of «MR between brida Mi MI MM) of MI ( 

then allowed to cool to ram MMMMMM by MMral MM «f MM MI Mtt MI 
than 16 or more Ihm It boors. Tb» MMM tMt fef 
water wiped off with a MM» CMM* taà M) MMMMM) WN^Mi. WhM MfMf 

Milli p*ffof3tedbrkks,«M»MHM^eMtnMlbBlMblMl 
displaced by thai mg. 

We%hing oí My oM MMM M* be »«fluii MM 2 
M removal from the 
«lttawatlllMWllMMlMMMlMMlMM#l«MtMlMy 
Ml H UHM MW IMMMB MW MVMJMM> MMMWJ MMV VI •MBMMMJ MleW MMJ MMMMS MJMWM I>VV 

Vjbaywt »at «am pM MM Ma earn II« « been Mat I 

t Mr ai tatui I 
SI 



Aamt 3 

.. -^ilMMiialUli 
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M.3M1:IH3 

(i) Fratone»** rtMaaatatioa if At iaarior MMl tétate of te bricks 
• VP    WW   PP^"PPP"J   Ww^lpJl OT   •«WW   WjapppapW   aAWaapPP-   W    W^PPPPPPP   •••WWr  W"B "P^^aiPWWJ   PPP  NPJIVVIPPV 

to prater aaeat SOM I of arterial paateg a iato aalt ta 
aat peaftr tea ML Nat f». IMi a adeei and UHM leoaeal by 

i a rim aaa aw apra— tot awaatr thaa Ne. 21 Tip» leer 
to redatti •» abaal 29 g by aatej awl quartering or eter ( 

I ani al a pea«, it pat* a N* Ml IX r 

io»»» aariag i ibliig Tbt ttwati aba! tea at ariti ti UTC 
nm OU anpjpa 01  WW OlwJD) OF HOCOO WMI • 

taraw nan M tarif M éaapaer. Tat bah» an aa^reajraal 
ef tacb bridk ef ao) aviar tortee of the alack. path. Tbty att 

^^mm^JÈ gym Am. aaaäaäaaM am^HyaBaVB^aâaaBW avaâaMâl Ata aaaaof Basai •BBBBSBBBB, áasf Ésasa aalftanV «fas? aaâaaf 

teteitowof teoabof tettea*.TIaas^ 
»g af aaste pasJeg tMBaakU 

la a ta*** amv «a. te atete taate teaa *r«-ojb, 
•*• ppfaa^^pHrC   aS  asesTar av •fpaaaarVV aaaeW earaatj  anaaaaa eaaarTr   aaa*—*l 

•  Ha» SaWaflaw eVeatM HP fpRM taf laW^C* 

to a 2» od bâter aai cavar afe* a dadi gfcm tfemtgb te Me ef 
te later latratesi 1)0 ai af bi aunaba hi arid fi : f) «ai beat le batea. ^^^•F    »^Pî^P^P^P^      ^»^»p^P^PVWP^PPT     »*rW ppjppi    w«     vW^p^pHrv>P*PJPaVVOPV    •»••ÄP    il     #   ^FJF    •»••PO»    »PP>PBP>    pv^    "a^PVOOVO^Bflt 

liilltf a ajfâaVPPMA MÉlaM tPÉâpl ala* âMBPJptBal Mao. IBBP) ftp/ tAaaaaUaaa. âtàniaâY p**w*> ppppNp ••   -• » ••••••••••"' ••••••ee»» vaajavwepe "••• WVBHVV^BPMPWPS iteres a^pee* •••pa   ar"a* apospaoseosap etasjatasssi 

ts proveer haoasieg. Cool, tear tareogh § riessoi gtet barivar teatri tai 
•on ajariMa^y aw or ta opere *ee bat Cariasi Maar. Ads) aw or toa apata 
of tatet rai toteaier aod aaesaeaa (I : I) tetaba tal bat earn! tea aai 

23 iron byâedaatbi add (ax p. I 11) falto id by Sad af 
a^elAd^aWSSBSSsft    ftAaSass)   tea   pbataiaaaaaa)    aatosB   ÓMPBV   **l   ^aa-Ag^^aaVa-ai   aaaul 
•^^•pp^HooBOHBtak   aaoawBa)   aav   aaBBBBBBBBBK^   aaBBBBj   aaROj    •   O^paBawPaaal   0>aaaBf 

dowry aid fraa • taatM M) ai of batea rtaaifala atelwi (It pa? 
em% Cetalnat bateg far aVaat 2 aaaaa^ iraodte to a «Moa laih te I boor 
teâaê aatâSROJf   tate  ptMâtUaÉ     flfeBteÉ jMjaaagHa-ljgte«   g__J| Mfc—j,  gft^a-—-^^   _.    *rf—v      JM  1 
te«*l aaaojrox aap tjaaaptj. mmmWm O^VtaVaaamOJH aaaaaf aaaaaa aaVVaWavBv m m^mm •#• 

(or «ouwalcnDi Waai «ab bat aatw aril tei af caled 
aMaââ^MMaOissjÉUi     ^kaOâ^B     aauaLâaa^aï    tapa    Ok    -Bia^BiasdbäBäHaOl     aa^•^^LaaaBaa^ak    ^a«aaka«aflLat^       O^âbakJc    avaaaLi    •* —     ^a^aaa    aaBkiaki pv^opwM* an« p*f*> oí a wpOBjaa apponaai craaaa« arai gmay w ary aw 

M Botar  aap! BOatJpV aflpto to tflBBTC ate 10 Map^am. pppâl 

W«gMeflBiabwt4ltS- 

wort n» • ~*4utMi tégktm • of fco unii» l e* iimpjtod te» *Wn» t> iw owai 

oo». fto epMtto ri ttoatei HtoaM a> m i 
Í IO «MM tatoMat OOJOMlloe ÌBI 

•ftlL«MVTo*«f-o)*. 
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i. Furante« of aatar-tabjib agita. Tit extraction of tobjble tate ihaJi et 
carried out «t room temperatura, 10 t 0« g of the tame* riu* be we,*hed 

1 «r^J? Ü tl*"* ****** ****> »*«» *c*« «««M SÜ 
Í4! Nf^

,,Äto,,ecte*i *«•»««*•«• Po»>«»w»e top «rf il» Mtk 
shaken for 6S rmnutet. (A rotary thtàer revoking at about » rcvofcttiont per 
mtnut« it turtabte or alternatively the contents oí it» bet* may be uirred for 
60 mtnutet by a mag««« uirrcr tüin| a polythene cwered feftW). The 
•utpcndcd tamp» thaH be «tared »id it» ttrata collected in « dean dry tatk 

TÏ.1?. ^°" ** ***" *8" Ml * %1-,e4 **•»**** • «Ar*«« may be 
u*d TK fik^mcawempteyedil^^ 

(U Smtered gfcus bochncr funnel», porowiy gr.de 4, with «ette«. 
(M) Centrifuge ' w 

(IM) Filter candle wirà nette«. 
m Ordinary titer wiih. eg. a No. 42 What*»« « «apte*« Mur paper. 
It is essential that the Mirate shag be clear. 

*. OHemteatte« «T radicha, ».cco^m/cd analytical method* dug #«11 be 
uscJ to determine the ibUowing radide»: 

Calcium (Ca* '). Magneabro (Mg") 
Sotiiura(Na'),   PoUuùum (*•) 

The following analytical procedura has bee« found comen*nt arni » 
rccomnK^cd though it it not mandatory. The resurtt shall he rcoorud to the 
»ware« 0 ©I per c«nt by weight. 

C0kmm Pipette « m nil al«^ of the soluble tail «ttraet into s W ml 
««•tal flask. Add Mdroptof hydrocWoricackKip ff-1 «».fo^tdby 19mi 

Í*53ST  ?   ?.t 1ü
ta,io" <W<»i««*ery 4nK »* «fete Mahout 

SSSLV" *«»•••«. *mi-mtero burette, the colour change 
wmg from fluorescent green to pink. 

Mçtrimm. Pipette a 10 ml aliquot of the tetebk $â* extract into j m ml 

ioTi"L A<W * ,Ür0rs * "**«*••* "** <¥ fr. I IH followed by a 
Sil Ar,^«$Íü,ÍOn, ^ * ° m •"• «^ *** *»ter to abL 
»ih the standard E.D.TA. solution ft,,* a 10ml temwafcr* burette, the 
ivlonr th.mge being from Mue to cotourleta. 

The, d,m» <*EOJ A. used for the ...ration of calcium te subtracted from 

«C JK1T A T A ?*?«"?* «<«"»• ** «-»«Ar «pre«*, ,«, 
VOIIMI^ of t D.T.A. rtawred for the tiratio« of the tmmtúmL 

«J^Z2fjl,,U%Ím* ÍOTn * P"** ^ •• i'>,»,,,• «» t«r« with ti^dard wlutiom eontammg S pp m. of «odte». and 10 p p m, of potauium 
• • ». IT«, • I ,h,H4tof]r Mnitr» J or friitctl Ihm \ 
f kMTMd Mjnr««to « JMuMH-Ml-hHHw* 4 w«r*^l «I^AWMO) ». 
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¡a • «litaMa tern tiliutuminr. Catate* te «o*«« «od 

amarne «ate«. Cefefa* «tate (l«mg CaOtep: l>teteiJWg of 
dried (»TO «ieiMW urtwwa« in a tMg« nom ti ditate* hydrochterk adi 
(I/O, teil te «ed carbea dwnide, coel M4 dia* le OM IM M • («M 

*%»*«•» «tete <l«««MgOtel> «•**• »«gt* ""•f"*'*; 
.„**! . .Htht e^ofdihrtcdhydrochtok^tad 4te»je«,feet» 
acalteaiadteft. Mow iwltfiiw|^elAteawialfWwm«yKaiwe»wtiy«e> 
«Merk aetata»* te« dry il w*A EM Meme by   *      ------ 

Skmâmé MUTA, «tete (OS per cant): D,    He S g of di 
«tta-acetie »cid (direte« aalt dftydta») tal warn ^. te»         _ 
cool, and diluì« te 1 tee. Stor» h » potyteM tette »aeteflai ««ta* te) 
•iA^Élftì^ f «WTMIIIII* Atea« ÉMÉMMHtll^MB fltMMDOIM» CflVBVHH MNI HvWenR VRHHM SBW 

iumptanoiw, «peatery, betej «ni at JiiJkeleri. 

jtaJiiüin Cete* te*«**: Ma by ateüag la« tea •>! g ef 
wkh lOgof pottttMmdterfcH. 

Afe**,* ite«* »te uiofcjcc« te***: M« by irte** 
of methyl thymol Mue um«*!»« wta* »| ef p^—' """" 

4t. Ite «nretmem te* et wei te te 
tee» eeidfer te «»tubi» «Hi —*y* (Owe 37) —y e» tete a Marnali« 
ntnpk but «km »»y doubt «tea, lai whate trida or ttete tel te aaai, 
Evaporate» from te« ote» ten te« «te» a« appear «tea«aaolleee 

for cxarnpb.ofpolytem. Ta.» •«all«aaii«le.ala«4^tew^te» 
uppermost ana allowed le atawl tat a «am «*w*teii«»Aj 
ftuk contain.^dbüteJ *»te «*Btae ¡»«ite «* i» •««» p»»lja < 
«Mi te «pote tea of te ate« (m Flg. 4). A •««% _r* 
„«.M. «r utur>iiM il« uwänea shel be «ai tea Newl. W d 

tether drying period 

The lability loefWoroccfK«te* Wtecrted «' «V.*ffrV 
* heavy ', er * ter»« *, tai accord«« »ta* te Meeting datetöo»: heavy 

m. N© perceptible deposit 
SHght. Net mon te« » pet «ni of te ana of te 

depot* of uto. 
SS 
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ms.mi.iw 

A 
•ft* araa «fiai tmm. 

Wp WÊ TATI pcf (MM! 

V MtiMgff «at 

mmwy. iiMiVMMtfiniMnKttwiHia^M^ikaM. .4 

Al        ,  a»^^T— " " ' ""        "   f ' '"• • *TF ••*•*****•• 
•at ffiV •taCMl£it 

milifchMiM^i.É.T..»|—itiifrffïi awaaa rfiiii i     •    i   a        • 
I   -      ^». ^^   »    ^^ -~"^w^p  ^»^w ^^^^^^^^^p- ^pp VVMHV 'BajBPv "Jar OT BPaJaT VERMS 
tWtMl —< PrnitBf*Hg prtwt t>fiB| hunt, f¿g «a»*li»Mt«M 

M • fatata aw aw ?.4j£.§ AMMM, •"*• 4HJMM7 af aaaaMf wait b afco^ —»^-« 

47. »kit »*l Wwi« i 
»hem 

lM««__ — .,.,.„„, „_ _ ___ mmmm^mm ,, • V ~ waT " ^^^^^m   mm*    a^a^a^RH^aaaf   VM^M^V^i^lR^^^L  •*i 

IM i «Mí run 2 «r *t i    - - *    -TF--,       ,—..«•« 

tt*M «*• fci ému* t» «aaytj «jfc da WMiiwuw» tf a», 
l^l^lActt bl^dMM «éé; OM» 9 »i It Mi k M 
vt-lNI mwÊ apMpVlftfVMÉB CVHMt aMÉ IÉHHHMÉL atfaajuMaMtaaaiBi   « ^j-^ * »        » •   - -    "^^    ••»»•*•»•%   ^mwm*MW**m^m^   *«9ar«T4ajr 

; a* la* MM m | 

aiPa* n W**y Wm*i 499999 "*• 9^WW1W?(BL I 

a4 aaar a» W f*?*« at it» tawif aaaa*** anik-tfiaa. * ia aa* t 
h * ma* ka**»^ Mài* éa« .*»••*..,,»«»*. 
4*4 Meli • KM* **f ft» a* «*. ftf* irmé M a 

«f W'fUMI HHÍU 

n,*« ««7 am aaa a»fy a**, Iv*l |>. » «tnm li tf* twal 
ttrfwg ^atlia «pitai, MUMI p, vwc ^ a*1 la ft» ,éfWw) 

UH-, m aaft Mat aai aaaajfari«;!. r. h* aaaawai aaaa «aa, at* 
OT   U*fW IÉIBBBBB«M1    liât atMaaaW  i '  M,l^  --   —*  *—•>     -.. . f    *   _   . 

ftfiM, M%afl w aaarfMl è* »Mí. IWIM, W a^tanaaaaat «ÉMaar alafia. IMI fea «affini a* »M t. fwiM, w 

» »ne 

nraaliJ *» tHiAtr»ii »a* alte naaÉiaami af 
l mm m* * imite ********* mm mm—> 
•jrAtaaK   ^ »««MfaMa^ .awWafaWtaraiiMj 

aaww m.f» »•* w aa.i.iaaH hK —a Ü Oaa» « i 
IWIMWlaaàtaiaaaltfaHia« «mil i^ - .—•^••.. -    «.  »- 
am •• W-^^^M^» «# a^i. ^I-^^i ^_ 1*nrajr ^^ g^,,, 

i wmmm PPt i * pV WÊÊÊ PMNVIBMBV* 

é 



»     Vi 

it:      tí' 

METHODS FOR 
THE DETERMINATION OP 

PARTICLE SIZE OF POWDERS 
* 

IMI» 

tRtnSH   STANDARDS   INSTITUTION 
MMNMiMMI#tMI 99 (WWi#% 99MUÊ999 

MffHH tatÂMOAÊOÊ tÈOUËÊL 1 MME ST. MUMM. VJ 
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ÙÊêmmmy «My*. 1ht 

¿ «fefft MMMV. UH Mtéa* ff *§ 

M. W« : F*rt 2 : J*J 

<4 

*•* 

llMMlhl 

«f*t 

tit 

» «!•(«• HI «MJ*/ pMpMMMl » il 

•»——yâw^ti m» mimmi tf •» « », 

tu 

/ Mi i \\ 
01 

'• ***t 

•mi im, 
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•J. ¿ft».- tot 2:19» 

9 
• - apparti* à*nt*y «f Mftkfc* (¿m^ 
A - *v   <•(«.) lli««|>iwfcW»pMtkl« Wh ta Itati («X 

Eq^kwOM^v^oiiiyiiillwftfkwoiirtacwitftow.wWdltmMi-ff« 
»m^l»tli»w«ofpwtkhwttklictiiNlni^>yll^wMWtai^^Byt<. 

Lu dHttnattftiMk d^RHl^MHH BÊt: 

WMIV f   *^   Ar, ¥#  WPW WWW vMnM^K ^•^*W^Piy» J 

§WÊ wÈÊËÊlHÊÉm MMMMV VMNHS Wl ffv^MI •* W ^W W^W P* ^M^HJ| i 
fM»RMtt»«N«MtSfl 

«MMMi MI *• *mm •»*•*. At • pife tfct MUMII wt ifptoM 
•MM^éMI ftMBft/aaMV ft^ttail^flÉHi _JL^||¿££ i^ MgaMi tfMCMHflHMHlIft l£ VMM*) 
•HHw^PwiPVP/     PPlP^WPP^fc     Mp^PPj^PP^**P*W^fc       ^^p^Pp^PPPPPIPF     ^^P      ^•^»^^•w       W^^WW^^^P^^T^^^^^^BM 

Kflfccfcl 0f StoMS WMHMV * nÜVBMi IM pttkfc» of SxAw iWiiiiilir 1 itafnw», mi of éwwily 1 gW. TU 
tnëtt iti 

UV  «n^VHHn   <*••   Wl*»Hw ÏMPFIP   •j»^»*   •*   •»••»   w» 

Fer *t fmfmm oí ifat «—hiK H s bwjwMiil Uta! Ht étajwritaw «f B» 
Bowiicf ta Mta iBftÄtm MMM Wê HtaMHta» MMM HKPMWMM CHMMIM I» 

com^** »Mi IN MiMM •# «tap, Mi *HtMÌMCWÌMìmilp^«m 
WVVIg ft IM* VlM^WM HWH^I • Wl MMM^ MJpMvW w>w HW 9Q9M0R W • 

OH« MM wWrtl HKNMa K^RMf» WWJfi W MMWMWJ ly Wm MH I^M^M 

tactCMS Wl MNÉNly «f MJ MMMt Ht IHt 

«f 

• C^»^ M HM- IMI AaÉM ÉV 
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employed for material», such at metal powders, which are not easily wetted by 
aqueous solutions, or for substances which dissolve in water or react with it 
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 far a sedimentarte* analysta. The analysis sample is prepared as 
follows: 

Dry the sample. 
Sieve on a 73 micron B.S. test sieve« by the dry or »et methodf. Record 

the percentage weight remaining on the sieve. 
Subdivide the portion which has patted through the sieve as necessity 

to provide the analysis sample, using the methods of Part 1|. 
Select a suspending liquid. Advice on this matter is given in Appendi* 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. lit| 
appropriate to the particular suspending liquid. The viscosity of the 
liquid shall be such that the Reynolds number characterwmg the flow round 
the largest particles of the powder it not greater than 0*2. 

If not already known, determine the density of the suspending liquid at 
the temperature of the bath by the method described in BS. 733;| or other 
method giving similar accuracy. Determine the density of the particles ov 
the method described in B.S. 1377 or U.S. 3483«;. If the dilfcrence between 
the density of the particles and that of the suspending liquid is less than 
©3 g'em' special care must be taken to avoid convection curren». 

Add the dispersing solutions or liquid slowly to the analysis sample«• 
working the paste to a liquid suspension with a suitable implement taking 
care to avoid grinding of the sample. Then make up the volume to atvjl 
150 ml with the suspending liquid, subsequently diluting to the requirement! 
*'f the method. Stir the suspension for at least 15 minutes by a mechanical 
Mirntr. then de -aerate under reduced presaure using an ordinary water pump 

i Fl* a,!US *ampk and $UfPcndi»l "**»« »ha« be at the same tcmptriture. 
«nu-h sh., not vary during the determination by more than HdegC Closer 
«..•ntr.4 v. ill impose the accuracy for small particle wet. 

a« •' 'H ;r|,J,;"us &ÌwU ** ***** » » draught-free position in the laboratory 
and M liquid» «sed as suspemkm „^^ tíott4 m tbe imtnedjite vWm|   ,J 
irwt the pjfiMiiar ambient temperature is attained. 
;»* • «J «.'Te* Mr*«'. 
,J; ', ,'''• .,,\u,>'"*»' f«w tN me of Brrtiih Standard AM mesh uu unn • 

l*^y¿•i&*¿2SP *•* «* ei*» •***»*§ ««tests \ il Î4M. • Mcfteit 
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flU 

â gredealad tau» 0 le » OB mukaá m the «Mi of the 
let am cnduetioa «hould not b« le» thee 2J « tnm ft» fc»J* bise of Ike 
^^•ndth*c*pecityrfth.ve^irt«iBeltotke20c«e»itilHuMb. 
ehe« SSO to «Mat 

/V»«- A pipetta «ned with a two way e» eai tide deseam tube. Tie 
emerite afte« ni^u te «h, r*...i.. -~* u •». .- — f^ ^    f 

dome it fuaed to d» pecetta wtoh e |nii»i| ifr» joe* lo It the Mcfc of ft* 

pipette «M meet et hwet «kfa the em mmik oa ft» ****** 
i-fc, .— *— i~ jip^ 1n|Pi tn ^ IMMIJM !„!,! M nnMlimll< nf, 
He» tube wtoa a bore oot le» the» 1 mm aar mm mm M em H» teté 

«eew f»o^ew e»»^PMeV flë» •# eees^p W *Jn»T 1BB»B» VOveV 

ISt. 
I 

CaäVa^^^iprrtr.ateae^dryltop^eÄPeitBlle« 
WMMI «tt dutiSmi te»er. Set the tap io the ¡lene.Barine» i 
ef «rubber tube mm »eler ielo tlMbu» lo tke bv« of a» »n ^ 
•ewamtte lee te the dMcheia» eœUœ aatf ilo» «» «éter te énea iato e ~~" rT.T"' "" «•"•»•» P"—— •*• «"• •» »etar te orato tato e 

water fcneieJng in tha bute eei aie éBcheip Mee aie ma «eUMee bon». 
Weigh tbe bon» io a» eeve» MM g eed cele»»» (rem dèi weeât a* 
¡eternai vohene V^ of the 

Ttmftftwt. Mainta« the reewtaaaao» tfctei ie r3» 
^j^ »^.Makeup the apalpa •••»• 

>ogivea<xinoantiBtioeofabootlpexcae»ey 

ft^k^wincEouationí^ífíwaiiellJ 

over the vent hole in the 
Withdraw eei ditcherta 

Method SI. 

Tee He» le M ri» pipette etaejM be oeo« » aeaem 71» freetioe » 
4»»»^RBMR»»MI SflaftA m aeMMaet g^^gj^ge^a^^^ •ä^^BBBW m        m    M a     *M _A     a _ 

•F^ w**tP***"^ •^•»»»ew e»» f^B^eWaBBBj B BVHPBJMNBI *»• W»MB* weW 

Mfj^A. H M. >aÉ»i.a, 1» Komm,, 

17 
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pipette ki* tas drained, retnovt the nibber suction tube and run 5 io : ml 
pure suspending liquid from a normal 10 ml pipette into the bulb «* th$ 
sedimentation pipette to «ash imo the weighing bottle any partidet «Jhcriu 
le the surface. The Hem of die pipette remains filled with suspension. 

TO* *pft <* immenion of the pipette decreases as each fraction b withdrawn. 
Ehrtenmne the exact decrease in depth by experiment, and aNow for it in the 
subsequent calculations. Suppose that the decrease is 0-4 cm for each fraction 
wiadrawn. and that ¡uMafly the depth of immer*ion of the pipette wa. 10 cm, 
than the dee» after the Irst fraction has been withdrawn will be 19 6 cm, a: J 
tot mean depth used for calculation of the initial diameter win be 19 8 cm. 
TheineendT)thfc*tr*secondfractk>nwUlbel94cm,andsoon. 

In the original design by Atareasen the volume of the pipette stem to • 
2« cm mark is S mL Henos, if the sedimenution vessel is filled to the .^0,,., 
Imi without the stem immersed, then ttalio^id tevdwiU rise to 2a2.m ^h-n 
me Mem is inserted. By this method of operation the niean depth of imrncmon 
for the first sample will be 20 cm, fer the second sample 19* cm, and so on. 

Asmjf effimetioiu     \ 
Cal»m#»»i of mutts | As Method SI. 
Mtptmt ititi \ 
Anwrf, As Method g|, but report tha method used as SI 

n 



Evaporata each f««^ M * «g^ ^^ ,. ^^ ^ 
n .limawiad at a tempérât»« tutubto M M» nui« aha  miiujiX^ ,«,» 
and cool h « desiccator. Weigh tte «eMÉRg ten» MdeanMtothr 
«mi »ln|Mj òrtermuw ih« ,«igM ra «f MM a»aaariai ¡a «act» of 

the fnwiom <» « |, 2, . . .). A9mamt «^ ., „^ ^ ^ 
«J'^r»w»fa|efWrcUined after evapoTjrtio«. ^ 

Tte removal of the »apcadia«; feäd May te «tptdMed b> S«, 
antnfujmg ma fractions cafcetad i« ctairftn- tate, and *«i«Z llM 

Mptn*Unt hquKi fro» th« tra«, «^ ««j antr«! Tr.„» ^ ,*, 
as 

« 
Frartwrn-ayhe-Mayedkyollw^foprirtt «.§, tt<rew3 

SI.S Ci 

Catarie**» *fk»»nng 5*4„ *mwm% If rh« tmm et MWIM HavC fr« 
c*Mf «han dio» ^cciflfil M S 1.4 calcante (he l.mrt«. **£* «fawKttr* rf 
con^poodmitoeíchof^tBwbtemlií.U    1.2, J,. ..X 

* hL - "•    - ^'"""fi MMPjiM1. Calcúlala n* ci.i.»(>tafivf 
^ fcLL^L . P"^»»*1"* »to« eava of the toaimg $«*«, 
«* fer «eh tina «una! it fem *. „*,,*, w% ^ m i,^. 

r 

tananaaMml). 

a»alj<»í -ir, 
taaJtfc* 

Sto«*   .j. 

«tere IT. « w«jh» ef fractiaa^ 
*;   J »*«|h*oíí«iBortioa(|)L 
P   - rohjmeof **dmw«iatioa 
»,  ««ab*** pipane (a* 

" * ri. jaiaMaa 

Rental tüe procedura M a ten* 
mm na urna laboratory tanpte. Th« n~ 
» "•J«*«««» *y *«jN h» taaa the 
a« «tin* by atore than 4 par «a*, 

M.?feaart 

v ^^^H^^ ^^^^^"av n*v nw nvenBnjnHL annn^S asHfl^lH ••• ajnajgiMnHi M-**. • -** ¿EL «#>#   u> .^ J— _ . «... ~     . ._ m i ut! •• u« i^ ^^^n it. »a ct, wd : 
na BOBMI ctanaaMwa mwaf fnm    M     I   —•    . • J. " •^••^^•n* «MraNxmeaaa te) naV antes i< <h> 

Tte Rfofl atei ianwni ttet Ianni S¿tea tea «Mí m-t 

ne 
tha 
na 
"«oemáyofiaapartkte. 
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