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ABSTRACT

A series of preliminary projects for the establish-
ment of testing laboratories for non-metallic raw
materials and products is submitted.

. On central level, the project of the Testing Institute
for Non-metallic Raw liaterials and Producis comprises the
section of analytical chemistiry, physical chemistry and
mineralogy, the technological section and the semi-industrial
section. They are subdivided infto relevant laboratories and
pilot plants.

On plant level, three projects of plant laboratories
are presented. They are oriented to a kaolin weshing plant,
a plant producing ceramic products and a plant for the
manufacture of refractories respectively.

The projects contain lists of testing equipment,
describe work organization and involve some supplementary
useful data.
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INTRODUCTION

A preliminary project of a Testing Institute for
Non-metallic Raw Materials and Products of c¢>ntral or
regional characier is presented. The always increasing
demand for building materials in developing and the least
developed couniries calls for the exploitation of local
non-metallic raw matverials in the manufacture of such
products as red bricks, lime, cement, heavy clay products,
ceranic wall tiles and floor tiles, cerami: sewer pipes,
refractories, etc. The establishment of the:e industries
requires geological prospection of non-metaliic raw
materials and testing of the found deposits oriented to
their applicability for the industrial processing. The
establishment of a local testing institute represents
the creation of a scientific basis assessing continuously
the taken samples of raw materials during prospection.
The ovtained results permit to control the prospection
work effectively and serve to the planning of industrial
development, The testing institute is also a prerequisite
for a purposaful industry oriented functioning of local
Geological Survey in the field of non-metallic raw
materials. Besides, it is expected to assist established
plants in the preparation of body composition for their
products, to carry out more sophisticatedtes.s o. their
raw materials, semi-products and firished products, and
to serve a3 basis for lccal training.

The investment cost of a testing institute should be
compensated by saving the costs which would otherwise incur
for tests carried out abroad.
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The preliminary project of a Testing Institute
for Ncn-metallic Raw Materials and Pruducts is demonstrated
on clays, kaolins, sands, limestones and bentonites /raw
materials/ and on ceramics, refractories and cement /productis/.
The application of the project to other non-metallic productis
is easily feasible.

Further projects are preliminary projects of
laboratories installed in the production plants - a kaolin
washing plant, a plant for the manufacture of ceramic
products and a plent for tre manufacture of refraciories.
Plant laboratories axre indispensable parts of factories.
Their tests bring important indications for quality
control -- en important method of production management.
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TESTING INSTITUTE

FOR NON-KLTALLIC RAW MATERIALS AND PRODUCTS

A

SECTION OF AVALY'ICAL CHEMISIRY,
THVYSICAL CHEMISTRY AND KINERAIOGY

1.




1.1 Assignments of the laboratory for reception,

1.2

registration and preparation of samples

The laboratory receives samnples of extracted raw
materials and veneficiatea raw materials, designates
them by numbers, makes records and files them. Samples
with detailed specification of analyses and tests to
be carried out are passed to preparation and sorting.
Here they are dried, grain size reduced, quartered,
sorted, screened and dewatered. If need be heavy
portions are separated.

The required quantities of sumples as prescribed
by testing standards are passed on to be subjected vo
paysical-chemical, mineralogical and technological
tests and to be prepared as analytical samples. The
leboratory determines also the washed product of
plastic raw mateiials and carries out sieve analyses
of sands. )

The laboratory receives also the samples of
products and semi-products in the field of non-metallioc
minerals based products for registration. Registered
sanples are passei on tvo relevant laboratories for
sample preparation and testing. v

A note to the methodology of non-metallic
sample preparation

The lavoratory is expected to furnish information
on composition and properiies of raw materials and of
important portions of raw materials.




The objective ol the preparation of samples
vo be subjecied Vo tesis and analyses is to provide
rapidly representative samples for chemical, physical
and mineralogical analyses as well as for technological
tests. It is necessary for the original sample to be
delivered to the laboratory in sufficient quantity so
that trustworthy results may be obtained. The required
quentities for preliminary tests range from 5 to 10 kg
per sample depending on the sort of raw material. The
preliminary tests are physical tests oriented to
industrial application. The quantity of a sample for
laboratory tesis ranges from 50 to 100 kg, for various
raw mateixials.laboratory tests comprise repeated
preliminary tesis, analytical and minerslogical tests.

The preparation of a sample for analysis is from
the view of handaling a rathexr complicated matter
involving grain size reduction (crushing, grinding),
manifold mixing and quartation, crushing, rubbing and
screening. A special care must be taken during these
operations to svoid contamination of semples (e.g. by
abrasive wear of grinding equipment). It is, therefore,
necessary to use suitable machines in a modern
leboratory.

The geparation of technologically important
portions of raw materials means the extraction of
defined grain size portions (e.g. grain size fractions
of sands or kaolin, slurry and sand portions in raw
keolins). Tuis work, if done manually, is long lasting
and cen be influenced by personal errors, Suitable
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machines should, thereiore, ve selected for tais
phase, too.

A proposal for the laboratory equipment
and its arrangement was elabcrated in concordance
with the above note.

Work organizetion in the laboratory
for preparation of samples

(lodule No. 1, Lab. 7TI/I)

Samples of raw materisls are xeceived in the
room (I-A), maerked with numbers and registered. .
Records on received samples are put into files.
A sample with a route card of required operations is
passed to the room for preparation ard soriing.
A portion of & sample is subjected to The test
of technological humidity (I-B-1). A sample delivered
in lumps is dried and then crushed (I-B-3), required
part being separated for further operations. The remainder
of the sample is returned back to the room (I-A) for
storing. Sand semples are weighed (I-C-3). Some
naterials are sorted on request (I-B-5). The equipment
(I-B-7) sexves to dewater suspensions. If the separation
of heavy components is required, it takes place in this
pnase (I-B-2). A part of samples is already after this
preparagtion and sorting delivered to particular
laboratories for testing. The other part is passed on
to further dressing if required into the room (1-C)
where “he samples are fine ground (I-C-1l) end mixed
(I-C-2). They proceed afterwards “o chemical analysis,
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physical measurements and mineralogical analysis.

Samples of non-metallic semi-products and products
ere only registered and provided by & route card to be
prepared and tested in further laboratories.

1.4 Arrangement and equipment of the laboratory
. Tor reception, registration and preparation
of samples

(Kodule No, 1, Lab., TI/I)

A Reception, recistration

------ Pcs
Furniture:
Laboratory bench 1
Shelf 3
B Preparation and sorting of smmples
. Instruments:
1l - Electric hot air drier (200 1) 1
2 - Centrifuge Ior separation
of solid phases 1
3 - Laboratory jaw crusher 1
4 - Screening machine fo> wet and
dry screening 1
5 = Sorting machine for separation
of grain ifractions 1l
6 - Rotary vacuum pump with a
vacuum vessel (40 am>) 1
7 - Bench for vocuum filtration
. (vacuum distribution, 6 sucking
£lasks 3000 ml) 1




Furniture:

Low laboratory bench
High laboratory bench
Fume cupboard

Preparation_of analytical samples

Instruments:

1 - Laboratory ball mill

2 - Laborsastiory mixer

3 - Digital quick balance (160 g,
1000 g)

4 - Blectric hot air drier (60 1)

Furniture:
High laboratory bench
Laboratory cabinet

W

1/
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TESTING INSTITUTE

POR NON-METALLIC RAW KATERIALS ALD PRODUCTS

A

SECTION OF ANALYTICAL CHEMISTRY,
PHYSICAL CHEMISTRY AND MINERALOGY

II.
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2.1l Assiganments of the laboratory for
analytical chemistry

Samples for analyses are prepared in the
laboratory for preparation of samples a3
described in the preceding chapter. The basic
task of the analytical chemistry is to analyze
continuously non-metallic raw materials, bene-
ficiated raw materials, semi-finished productis

‘ and final non-metallic products.

The following activities are carried out:

- abridged cnemical analyses - determination oXf
A1203 and Fe203 in clays,
A1203, Fe203, Ti0

2 in keolins,

A1203, Fe203, Tioa, 3102 in seands,

- complete chemical analyses - determination of
the following compounds in all non-metallic raw
materials and products:

‘ SiOz, Ti0,, A1203, Fe203, Fe0, 1igo, Cal, Nas0,

K20, H20+, Hzo‘

2.2 A note to the methodology of quantitative
chemicel analysis of non-metallics

The quantitative chemical analysis of clay, kaolin
and sand samples ranges among tne most demanding
experimental methods in laboratories ol non-me-
tallicss The classical chemical analysis of non-me-
tallics involving gravimetric, complexometric,

i




pnotocolorimeiric and Ilame pnovomeiric procedures
is disvinguished by precision but it is time
consuning. The modern physical-cnemical methods

‘of chemical analysis, e.g. the atomic absorption
spectrometry, x-ray fluorescent spectrometry and
others indicate reliable results, but they are very
expensive and require a highly qualified personnel.
Therefore, such leboratories are preferred where the
classical and modern conceptions of analytical
chemistry are elficiently and logically combined
with the aim to win promptly precise experimental
data for mining and bteneficiation of raw naterials
and their processing into products.

The atomic absorption specirophotometry is
proposed as basic procedure in chemical analyses
of ciays, xaolins and sands. The application of
a progressive decomposition of samples (e.g. by
lithium metaborate or by pressure decomposition
in acids) and their conversion into liquids permits
all main oxides to be determined in aliquot
proportions.

It is necessary to apply classical methods, too,
namely in cases when the etomic absorption spectiro-
photometry is not applicable or exact analytical
values are desirable.




Determination of

+ -
H20 ’ H20

8102

Aly04

oxides of a‘kaline eaxrths
(g0, Cal)

Fezo3 ’ ‘IJJ'.O2

FeO

Ha20, KéO

Liethod
gravimetry

gravimetry -~ from the
solution of a sample
by alkalic fusion

complex titrimetry -
in aliquot proportions
of titrate

complex titrimetry -
in aliquot proportions
of titrate

photocolorinetry

manganometric titration
from special weighed
dose

£lame photometry from
weighed dose alter de-
conmposition by acids

The method of atomic absorption spectrophotometry
can also indicate promptly and precisely trace elements
in leaches of non-metallics for gspecial use (e.3. Cu,
¥n, Pe), carry out basic determination in analyses of
supply and waste water in solutions after breakdown
of sands (e.g. Cr), the determination of toxic element
concentration (e.g. Po, Cd, 2n, Sb, Cu) in all raw
materials, products and wastes in connection with
protection against air and water pollution.
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The submitted project of arrahgement and
equipment of the analytical laboratory complies
with the described conception.

Work orgenization in the laboratory
for analytical chemistry

(iiodule 2, Lab. TI/II)

Samples for analyses are received irom the
laboratory I (Laboratory for preparation of samples).
After drying (II-F-4), determination of mass (weighed
doses for decomposition, gravimeiric determination,
etc.) the samples are carried to the balance room
(1II-B). For the analytical determination proper,
the samples are decomposed in fume boards (II-C)
by fusion (II-C-~1l) or by dissolving in acids (II-C-2).
The conversion of decomposed samples into solutions takes
then place in positions (II-C-3 and II-C-4). The
solutions of samples are then passed either to the
atomic absorption spectrophotometer (II-L) cr to
the room foxr preparative chemistry (II-F). The
adjustment of solutions for the atomic absorpiicn
(pipetting, correction and others) and for the
spectrophotometry proper takes place in the position
(II-D-1). Further work with prepared solutions consists
mostly of classical analytical procedures: complex
titrimetry (II-F-3), spectrophotometry (II-F~1), water
analysis (II-F-2). Samples are fired in the kiln (II-F-5).
All preparative operations are carried out on the
laboratory benches in the room (II-F):pipetting, filling
of calibrated vessels, precipitation and other reactions.




In the same room, the distilled water is produced
for the needs of ell lavoratories. Computations,

pirotocols and results are elaborated in the room
(1I-A) where a calculator is available (II-aA-1).
There is also a Iile of samples in this room.

. Chemicals, laboratory glass and laboratory aids

2.4

are stored in the room (II-G). A snower bath (II-H)
snould be erected and first aid equipment provided
for the purpose of safeiy and healih protecticn.

Arrangemeni and equinment for the analytical
laboratory

(Ilodule Lo. 2, Lab. TI/II)

Instvruments: Pcs
1 - Table calculator 1
Furniture:

Low laboratory table 2

Laboratory cabpinet for deposition of samples 1

Laboratory cavinet with armoured box for
deposition of precious metals and poisons 1

B3 Balance room

Instruments:
1 - Analytical semi-automatic

balance (100 kg) 2
2 - Digital quick balance (200 g) 1
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Furniture:
Low laboratory table
Desk inbedded in a wall

Fume cupboards

Instruments:

1 - Lhlecker burners

2 - Sand bath

3 - Water bath

4 - Heater (for digestion flask
250, 500 ml)

Furniture:
Fume cupboard

Low laboratory table

Atomic_absorption_speciromeier

Instruments:

1 - Two-~-beam spectropnotoneter
with automatic control of inlet
gases incl. hellow cathod lamps

1 - Compressor
2 - Pressure vessels for acetylene
and dinitrogen monoxide

Instruments:

1 - Single-beam spectropnotometer
‘for pnotocolorimetry, turbidity
measurements, photometric and
flyorimetric titration

[)V)




2 - pH meter
3 - Electromagnetic mixer
4 - Eleciric hot air drier (60 1)
5 - Electric kiln (1200°C, 20 cu.dm)
6 - Glass distillation apparatus
(12 1/nour)
Furniture:

High laboratory bench
Laboratory sink
Low laboratory bench

Laboratory cabinet for chemicals
and glass

-

G Store room

Furniture:
Shelf -

H SnhoweXr bath

H M-
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TESTING INSTITUTE

FOR NON-METALLIC RAW HATERIALS AND PRODUCTS

A

SECTION OF AWALYTICAL CHELIISTRY,
PHYSICAL CHEMISTRY AND MINERALOGY

I1I.

Laboratory for Physical Chemistry,
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3.1 Assignments of the laboratoxry for physical
chemistry and mineralogy

The laboratory evaluates non-metallic raw
materials and beneficiated raw materials by
suitable methods. It participates also in tes*ing
of industrial ceramics.

Clays are subjected to grain size analysis and
test of whiteness or colorific power. kineralogical
. analysis is determined by combining testing results
with computations from chemical analysis. Specific
properties such as adscrption capacity, specific
surface and others are determined by physical-chemical
methods.

Raw and washed kaolins also undergé grain size
analysis (results should be expressed by statistical
paraneters frem cumulative srain size curve) and
their whiteness is measured. Their colour shade is
evaluated, pH value and further physical-~chemical
and physicel parameters determined. The mineralogical

. composition of selected raw maievials is determined
teking into consideration the results ol thermal
analyses combined with data of chemical analyses and
mineralogical characteristics are elaboxrated.

Sands containing clay proportion are eveluated
in their both {ractions. The sand fraction is assessed
from the view of morphology and grain co.our while
the clay fraction is described by its mineralogical
characteristics. Due attention is paid to hneavy portions
of sard samples (mineralogical quantitative and
qualitetive analysis of contaminating admixtures).




3.2

Other non-metallic raw materials are tested
with regard to their required properties in application.

The bulk density of limestone is tested, its
nineralogical and petrcgraphical characteristics are
investigated by the polarising microscope.

The laboratory for physical chemistry and mi-
neralogy evaluates thin sections of non-metallic
products for the technological lavoratory and co-operates
in other tests if need be.

»

A note to the methodology of physical~chemicaxs
and minexralogical analyses of non-metallic
raw materials

A series of professionel nublications finds
relations between physical-chemical properties and
mineraldgical composition of clays and kaolins on
one side and their technological properties on the
other side..Time denianding technological tests and
considerable dispersion of obtained data brings
along increasing use of exact methods of physical
chemistry for non-metallic raw material assessment.

in efficient x-ray sedimentation analyzer with
fast output of reproducible results within the range
of 0,1 to 100 micron is recommended. A remission
photometer is proposed for measuring e.ge. whiteness
02 kaolin and colour shades of clays.
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The proposed laboratory could also he extended by
furtnrer physical-chemical tests (e.g. adsorption
determination in basic colours, determination of
gpecific surface, etc.), which if sultably epplied,
can become important and fast testing processes in
d2termination of technological parameters. It is
evident that this part of {the laboratory could develop
prospectively according to local needs.

Quantitative mineralogical composition oif clay
samples cen be determined only on busis of a setl
of analytical methods as microscopical analysis,
thexrmal analysis and quantitative chemical analysic.
Accordingly a polarizing microscope and an equipment
for simultaneous thermal and gravimeiric analyses
is proposged. Petrograpnical enalyses oi other raw
materials as e.g. quartz are d2termined by these
methods, too. Chemical analyses for mineralogy are
performed by the analyiical laboratory.

An important part of the complex sand evaluation
are th: quantitative and qualitatvive mineralogical
analyses of heavy minerals. The preparative part
of this work is done by the Laboratory I, the
mineralogical analysis proper is based on micro-
scopical investigation and microchemical analyses.

Vlork organization in the laboratory Ifor physical
chemistry and mineralogy

(lodule 3, Lab, TI/III)

Samples for physical-chemical and mineralogical
analyses are delivered by the Laboratory I (Reception,
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registration and preparation of samples). The

samples are mostly prepared and adjusted by
procedures eliminatving the influence of physical-
-chemical determination results. The samples

for grain size distribution analysis are dispersed
after separation of coarse portions and measur2d

by the Sedigraph (III-A-2). The samples to be
measured on whiteness are mixed (I-C-3), pressed
into tablets and measured by & remission photometer
(III-A-3). Analytical balance (III-A-1l) is available
for the whole laboratory. Samples for the mineralogical
analysis (III-B) are upgraded in the same way as for
chemical analyses (e.g. for ‘thermal analyses III-B-3)
or fractions are analyzed microscopically (III-B-1)
and (III-B-2).

VWork organization in physical-chemical
measurements is very specific and its description
would considerably exceed the extent of this project.
The iastruments placed in these rooms gre, of course,
used for routine tests, too (pH, conductivity).

Arrangement and equipment of the laboratory
for physical chemistry and mineralogzy

(lodule 3, Lab. TI/III)

- D G D e D D = e e s aw W e =y = —-—

Instruments: Pcs |
1 - Analytical balance (100 g) 1




2 - X-ray analyzer of grain size
distribution (0.1 to 100 microns)
with direct record of cumulative
grainage curve

3 - Two-beam photometer (400 - 700mm)
for measuring whiteness and colours
of powdered materials

Furniture:

Low laboratory bench
Desk inbedded in a wall
Laboratory cabinet

Vlorkroom_of mineralogy

Instruments:

1 - Polarizing microscope Ifoxr
identification of minerals
and determination of their
optical properties (enlargement
20 to 640 times)

2 - Stereoscopic microscope
(enlargement 1.7 to 40 times)

3 - Thermoanalytical equipment for
differential thermal and gravimetric
analyses and derivation of the
gravimetric curve up to 1500°¢C

4 - Digital quick balance (200 g)

Purniture:
Low laboratory bench
Laboratory cabinet

ol
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C Physical-chemical measurements

Instrumenis:

1 - pH neter

2 - Apparavus for measuring
conductivity of solutions and
suspensions (0 - 500 mS)

3 - Eiectromagnetic mixer

4 - Electric hot air drier (60 1)

Furniture:
Low laboratory bench

22/
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TESTINNG INSTITUTS

FOR NON-LKETALLIC RAVW MATERIALS AKD PRODUCTS

B

TECHNOLOGICAL SECTION

Iv,

Hon-metallic Raw Materials
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4.1 Assignments of the technological laboratory
for testing non-metallic raw materials

Tne technological laboratory carries out
routine tests of non-metallic raw materials such
as clays, kaolins and sands, limestones, quartz, etc.
closely with tae technological laboratory for testing
non-metallic productse. '

Clays arc subjected to the following tests:
humidity; basic parameters of grain size distribut’ a
(predominantly as sieve residues on sieves 8, 2, 0.09,
0.063 mm) by wet screening; longitudinal changes in
drying and firing (as a rule 110, 1250 and 1400°C);
water absorption; firing colour, bending strength
after drying; binding power; pyrometric cone equivalent;
content ‘of water of plasticity; number of plasticity.

Tests of kaolins:

numidity; grain size of sieve residues (on sieves
0.2, 0.09, 0.063 mm) by wet screening; particle
content under 2 microns by sedimentation; rheological
properties (dynamic viscosity or outflow duration);
bending strength after drying; refractoriness and
abrasivity.

Sands are tested on humidity and further tests
depending on their nature according to agreement
between supplier and client (e.ge. firing test).

Tests of limesiones:
The humidi*v of quick lime is tested, Limestones
applied as fillers for plastics are subjected io

N\
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sieve analysis, sedimentation analysis and test
or whiteness.

Quartzs undergo sieve analysis and test

of refractoriness.

A note to the methodology of tecnnological
tests of non-metallic raw materials

The methods of technological tests of non-metallic
raw materials are mostly based on traditional procedures
used in processing industries. The procedures ol
technological tests simulate as a rule tue behaviour
of non-metallic raw materials in production operations
(shaping, drying, firing). The results of tests are
compared with parameters of bodies, semi-products and
final products of processing industries. Only a
limited number of technological vests is based on
indirecf‘determination of a certain technological
property - in these cases relations between physical-
-chemical properties of non-metallics and their impactis
in technological application are used.

A rational proposal of equipmeant for tecinnological
laboratory engaged with the testis of clays and kaolins,
limestones and quartzs and other non-meiallic raw
materials is represented in the following text and in
schemetic representation (iodule 3, Lab. T I/IV).

The proposal recormends instrurenis and aids, the
reliability of which has been verified by the
experiente of many years.
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4.3 York organization in the technological laboratory
for testing non-metallic raw materials

(Kodule 3, Lab., ©LI/IV)

The samples for technological tests are
conveyed from the Laboratory I (Reception,
registration and preparation of samples). The
technological laboratory co-operates closely with
. the laboratory for physical chemistry and the results
of the both laboratories form an integral part ol
protocols on evaluated samples.

A part of samples of plastic raw materials

(clays, kaolins) of a grainage urnder 2 mm, is processed

into plastic body of which small'shapes and briquetties

are formed (IV-A-8), these are dried (IV-A-9) and

fired (IV-iA-10). Tests of plasticity and defermination

of water of plasiicity are performed in the posiiion

(Iv-A-6), bending strength in (IV-A-11). The evaluation

includes also the drying shrinkage, firing shrinkage,
. water absorption, etc., A part of samples serves for
determination of sieve residues (IV-A-3), abrasivity
(IV-A-1) and the representation of kaolin, slip and
sand frections (IV-A-2). All rhneologicgl determinations
are carried out in the positions (IV-A-4) and IV-A-5).
A part of samples is evaluated from the view of
granulometry by menual sorting on sieves (IV-i-3),
agnother part is tested for humidity (IV-A-9) and other
parameters if need be. All determinations of mass are
carried out in the position (IV-A-T7), the drying in
(IV-A~9) and the firing in (IV-A-1l). The test of
refractoriness takes place in technological laboratory
for testing non-metallic producis.

) 1
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A store for deposition of processed samples,
laboratory aids, moulds, auxiliary material, spare
parts, etc, is available.

Evaluation of test results, calculations,
drafting of protocols on tests incl. data obtained
by the laboratory for chemical chemistry are
elaborated in the room (III-C).

Arrangement and equipment of the tecimmological
laboratory for testing non-metallic raw materials

(iiodule 3, Lab., TI/IV)

Instruments: Pes
1 - Apparatus for determinatvion
of abrasivity (used for testing
kaolin for paper industry) 1
2 - Equipment for wet sorting by
sedimentation (it serves Zor
determination of kaolin conient

in washed suspensions) 1
3 - bxperimental equipment for

gorting by screens 1
4 - Syncaronous electric rovary

vigscometer 1
5 = Through~{low viccometer 1l

()Y
]

Equipment for determination of
water and numver of plasticity
by Pfefferkorn 1l
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7 - Digital quick balance (1000 g) 1
8 - Equipment for preparaiion
of testing corpuscles
9 - Electric hot air drier (200 1)
10 - Bending strength testfer
11 - Laboratory Superkanthal kiln (1600°C)
12 - Laboratory mixer

S I NI

Furniture:

High laboratory bench
iow laboratory bench
Laboratory sink
Laboratory cabinet

w NP

Store room
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Purniture:
Snelf 4
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5.1 Assignment ol the technological laboratory
for testing non-metallic producis

This technological laboratory carries out
laboratory tests of body composition for the
non-metallic products such as ceramics, refractories
and cement and investigates by means of technological
tests the properties o semi-products and products.

‘ The body composition for preliminary tests for
the manufacture of ceramic building materials, ceramic
sanitary and utility ware is prepared in a planes
ball drum, laboratory tests of larger quanvities in
druns of 5 to 7 litre or in a small ball mill., Testing
corpuscles or products based on experimental bodies are
compacted in a suitable mould by a laboratory press,
greater quantities of pressed pieces may be produced
by & larger press in the pilot plant (liodule 6, Lab.
TI/VI). The testing corpuscles for preliminary tests
are fired in a gradient kiln, greater quantities of
semi-products and products in an electric laboratory

‘ kiln. The laboratory tests of body composition for
refractories are carried out in a similar way. The
laboratory tests of refractory body composition simulate
in a simplified way %the refractory manuiacturing process.
Cement is tested alfter being mixed with fillers and water
and moulded into concrete testing corpuscles.

The technological laboratory carries out the
following physical-technological determinations in the
field of building ceramics, sanitary and utility ware:
humidity, grain size distribution and sieve residues
of bodies, bending strength (especially for building
materials) of pressed pieccs, dried pleces, semi-products
and products, thermal expansion of fired body and glazes,
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correspondence cf thermal expansion oi body and g.aze,
glaze resistance to ¢c.acking, expansion by body
hydration, shape and dimension deviations of products
and semi~-products, assessment of product appearance.

The verification of sanitary and utility ware
manufacture takes place on a larger scale in the
tecnnological workshop. The products are shaped by
casting into plaster moulds or by turning on a potter‘s
waneel. ‘fhe manufacture of plaster moulds is also
situated in this workshop.

The task of the technologicdl laboratory in the
field of reiractories is to determinve the following
properties: humidity, grain size distribution of work
bodies, drying and firing shrinkege, physical properties
of fired corpuscles or products, compressive strength
at ambient temperature, refractoriness of raw materials
and products, relractoriness under load, additional
linear changes of products, thermal expansion.

The cement tests comprise pressure air testing

and laboratory screening of fillers and tests of concrete

corpuscles: determination of setting time , autoclave
shrinkage determination, hydration heat detexrmination,
water absorption, bending strength and compressive
strength tests.

A note to the methodology of experimental body composition
and technological tests of non-metallic semi-products and
products

The work methods in the technological laboratory are
baged on the tradivional procedures for asgessment of
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body compositions, semi-products anc products and
current determinatvion of their physical-mechanical
end technological properties in the field of building
ceramic materials, ceramic utility and sanitary ware,
refractories and cement on one side and on experience
in development of testing blends to improve their
properties on the other side.

Work organizatiion in the technological laboratory
for testing non-metallic products

(kodule 4, Lab. TI/V)

The technological laboratory for testing
non-metallic producis co-operates :losely with the
laboratory III (Laboratory for physical chemisiry
and minerélogy) and the laboratory IV (Technological
laboratory for testing raw materials) as some of their
equipment applicable for technological tests has
sufficient capacity to serve them all,

Raw materials are stored in containers (V-E
on the left behind the door). Scmi-products and products
to be subjected to heat anu mechanical-technological
tests are stored on ghelves in the room for sample
preparation (V-A-l1). The scmi-products and products are
cut into required pieces (V-A-1l) and prepared as rollers
for the determination of compressive strength or
refractoriness under load (V-A-2) or corpuscles to be
subjected to the test of thermal expansion correspondence
of body and glaze (V-A-3). A special preparation is
required for the .dentification of minerals by means of
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a polarizing microscope (e.g. in quartzites and silica)
(V-A-4) for which microscopic thin sections are producede.
The evaluation of these slice sections talkes place in
the laboratory III (Laboratory for physical caemistry
and mineralogy).

The determination of raw material and product
refractoriness, refracioriness under load and refractory
bending strength is carried out in the neat testing room
(V-B) in positions (V-B-l, V-B-2, V-B-3) respectively.
Thermal expansion of body and glazes is determined in
the same room for ceramic semi-producis and products
(V-B-4) as well as correspondence of thermal expansion
of body and glaze (V-B-5). Additional linear changes
of refractory materials are tested in a Superkanthal
kiln placed in the vechnological laboratory Ior testing
non-metallic raw materials (IV-A-11).

Physical properties (V-C-1, 2, 3, 4), deviations
in shapes and dimensions of ceramic products and
refractories (V-C-5, 6), compressive strengtn (V-C-7)
and bending strength of ceramic products (V-C-8) are
tested in the physical-mechanical tesiing room of the
{technological laboratory (V-Cj. Bending strength after
pressing and drying of ceramic semi-products and products
is determined in the technological laboratory for testing
non-metallic raw materials (IV-A-10). VWater absorption
by the vacuun method is tested by the laboratory I
(Reception, regisiration and preparation of samples -
1-B-6).
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Przliminary tesis of body composition for ceranic
materials are executed in the workroom of experimental
technology (V-D). The sequence oi body preparation is as
follows. Weighed raw maverials (V-D-1) are proportioned
to a planetary drum (V-D-2), the prepared slurry is de-
watered by casting onto a biscuit tile or plaster plate
and dried in & drier (V-D-3) and pressing body is prepared.
Experimentval corpuscles are pressed by a iydraulic press
(V-C-7) into a suitable mould. he corpuscles are dried
(V-D-3) and fired either i~ a sradient kiln (V-D-4) or
an eleciric kiln (V-D-5). PFired pieces are assessed and
glazed and glost fired if need be., If the resulis are
favourable, verification tests are executed on a larger
scele in the technological workshop (V-Z).

Some operational tests as determination of sieve
residues (V-D-7), humidity of bodies and sieve analyses
are also car: .ed out in the workroom of experimental
technology.

The technological workshop (V-I) verifies the fore-
going preliminary tests ol composition as said belore.
The equipment of the workshop congists of a line for dry
body preparation applied especially for testing refractory
materials and a line for wet body preparation used mainly
for ceramic products. The dry line includes raw material
drying (V-E-1), crushing (V-E-2), grinding (V-E-3),
sorting (V-E-4), weighing (V-E-5,6), mixing (V-E-3) with
concurrent wetting. The wet line compriscs the phases of
raw material weighing (V-E-5), wet grinding (Vv-Z-7,8),
dewatering of slurry (V-E-9), drying of body (V-E-1) and
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pressing vody preparation. Pressed pieces are shaped
either by a laboratory hydraulic press or by & pvess
of the pilot plant (VII). Pressed pieces are dried
(V-E-1) and fired (IV-i-1ll). If products are glazed,
they are refired (IV-i-ll). Testing and evaluation

of results take place in the roomg (V-B, V-C and V-D).

The phase oi sanitary and utility ware shaping
processes nad to be located in another module (No. 5)
as it requires further space including also plaster,

. model and mould shop. Some supplementary tests of
casting slurry regarding its viscosity, application
of liquefiers, setting time in moulding and other tests
not involved in the programme of the workroom of
experimental technology (V-D) are carried ont in the
workroom for casting and turning processes (V-F).
Plaster preparation and potter s waeel with accessories
for working plaster cases, moulds and models are placed
in the room (V-G), drier of plaster models in (V-I).
The workxshop for casting and turning progesses (V-J)
is engaged with experimenval casting and turning of
sanitary and utility ware. The procedling operations

‘ and drying of shaped pieces are carried outv on the wet
line of the technological worksiop (V-3) while firing
and glost firing is supposed to take place in the pilot
plent for non-metallic products (VII-18). The casting
slurry and extruded columns of plastic body are
transported for shaping by a platform truck. For larger
trials, the wet line of the pilot plant could be applied for
casting slurry or plastic body preparation.

The equipment for cement testiing is also located
in the lLiodule 5. The following teats are executed in the
workroom for laboratory cement testing (V-K): cement
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fineness determination by Blaine (V-K-3), setting

time of concretie testing corpuscles (V-K-4, 5),
hydration heat determination (V-X-6), water absorption
(V"K“B)o

Testing concrete corpuscles are prepared in the
workshop for cement testing (V-L~-1, 2, 3, 4) where also
volume stability is determined by a nigh pressure auto-
clave, Compressive sirength and bending strength of
concrete testing corpuscles are tested in the
phaysical-mechanical testing room in positions (V-C-7)
and V-C-8) respectively.

Arrangement and equipment of the technological

laboratory for testing industrial ceramics
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Machines: Pcs
1l - Diamond circular saw 1
2 - Grinding macnine for rollers 1
3 - Small circular saw 1l
4 - Double-wheel grinder 1
5 « Fine-grinding machine

for thin sections 1
furniture:
Shel? for samples and measuring aids 1
High laboratory bench 1




Instruments and equipment:

1l - Tube graphite electrode furnace incl.
transformer and switch board
(20 k1) for testing of
relfracvoriness

2 - Laboratory kiln with accessories
for determination of refractoriness
under load

3 - Laboratory kiln for determination
of refractiory bending strengiin

4 - Dilatometer

5 =~ Steger‘s instrument for determination
of correspondence of body and glaze
thermal expansion

Purniture:

Hign laboratory bench
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Instruments and equipment:

1l -
2 -

Technical balance (1000 g)
Drier with forced hot air
circulation (60 1; 50 - 200°C)
Blectric or gas heater

Vessel for determination of water
aobsorpiion

Instrument for determination of
distortion of surfaces
Instrument for determination of
distortion of surface edges and
deviations from the right angle

31/



7 - Hyéraulic experimental press
for determination of compressive
strength, pressing of testing
.corpuscles and experimental products

8 - Instrument for determination of
bending strength of fired wall and
floor tiles and cement testing
corpuscles '

Furniture:
High laborafory bvench
Laboratory sink

Instrumentvs and equipment:

1 -~ Tecnnical balance (1000 g)

2 - Planetary porcelain drum for griuding
experimental bodies

3 - Laboratory drier with forced not
air circulation (60 1; 50 - 200°C

4 - Gradient kiln for determination
of optimum firing temperatures

5 - Blectric laborgtory kiln for
firing experimental products
and ftesting corpuscles

6 - Fister s rammer for itesting plastic
and ramming masses

7 - Equipment for sieve soriing

Furniture:
High -laboratory bench
Laboratory sink

|
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E Technologiceli worksnop

Macnines and equipment:

1 - Large laboratory drier witia forced
not air circulation (60 1, 50 - 200°C)

- Laboratory crusner

- Laboratory pan mixer

- Vibrating sieve (Three-decker)

- Technical balance up to 10 kg

Balance up to 100 kg

- Ball mill 20 dm’

- Ball mill 80 dm?

- Laboratory filterpress + container

W OO0 Wi
|

for ceramic slurry with a blunger
Laboratory yan mill with

~
(@
'

periorated patn
11 - Porcelain drum with frame
12 - Electrical spray gun for glazing
13 - Vessel for glazing
14 - Container for raw materials

Purniture:
Low laboratory bench
Basin for washing

VWorkroom for casting and turning processes
%o -t &L & B

Machines and equipment:

1 - "echnical balance (1000 g)

2 - Laboratory drier with forced hot air
eirculation (60 1; 50 - 200°C)

3 - Through-flow viscometer

4 - Stop watcn
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5 - Spray gun for glazing

Furniture:
Low laboratory table

Plaster casc, mould and model workshop

llacaines and equipment:

1 - Kixer for plastier

2 - Vessel for plaster

3 - Potter s wheel with accessories
4 - Box for plaster ctoring

Furniture:
Low laboratory bench with marble plate
High laboratery bench with marble plate

Equipment:
Snelf

Equipment:
Steam or electric heating body

Furniture:
Wooden snelf

H W e
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J Worksnop for_casiing and_turning processes

Equipuent:
1 - Container for slurry with a dlunger 1l
2 - Travelling hoisting equipment 1
3 - Truck with vessels for iransport of

slurry,extruded columns oi plastic

body and snaped semi-products 1
4 - lletal sheet lined box for wev storing

. of plastic body 1

5 - Jigger-jolley for turning products

from plastic body 1
6 - Potter s waeel for turning products

and semi-products 1
7 - Spray gun for glazing 1l
Purniture:
Low laboratvory bench 2
Hign laboravory bench 1
Shelf . ; 1

. K VWorkroom for_ leboralory_ cement testiing

Liachines and equipment:
1 - Technical balance (1000 g) 1
2 - Dquipment for screening 1
3 - Insirument for cement fineness

determination (Blaine) 1
4 - Vicat s instrument 1
5 = Calorineter for hydration .

heat deternination 1
6 ‘- Automatic apparatus for concrete

setting time determination 1
7 - Electric or ;as heater g 1l




8 - Vesseli for determination of water

absorption

Farniture:
Low laboratory bencin

L Workshop for cement tesiing

Kachines and equipmenv:

1 - ?riple-decked vibration sieve

2 - Laboratory concreie mixer

3 - Shock table

4 - Triple moulds for concrete corpuscles

5 - iligh pressure autoclave (8 1, 25 atm)

6 - Box for wet storing of testing
corpuscles

Furniture:

High laboratory bench

N
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42/




TESTING INSTITUIE

FOR NOJ-LMEBTALLIC RAW NMATZRIALS AND PRODUCTS

SEMI-LNDUSTRIAL SECTION

Vi.
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6.1 Assignments o the pilot plant for non-metallic
raw material beneficiation trials

The pilot plant processes samples of clays,
kaolins and sands on & semi-indusirial scale %o
verify the possibility of preparing and upgrading
these raw materials. The pilot plant accepis samples
of at least 100 kxg. The samples undergo the process
simulating the production technology oi kaolin
washing and sand sorting. The pilot plant passes the
samples of beneficiated semi-producis and final
products to the preceding lavoratories for evaluation.

6.2 Vlork organization in the pilot plant

The machines and equipment of two semi-industrial
beneficiation lines are installed in the pilot plant:

- the line for kaolin and other plastic clay beneficiation
by wasning process,

- the wet line for sand beneficiation by sorting process.

This proposal siould be conaidered only as a
tentative suggestion. The implementation can take place
fter preceding recognition of locel materials. The
suitable beneficiation technologies will depend on their
properties.
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6.3 Arrangement and equipment of the riloi plant
for non-metallic raw materials beneficiation trials

(Kodule 1, Pilot Plant TI/VI)

clay beneficiation by washing process

- Vibrating screen

-~ Hydrocyclone
Thickening basin

-~ Sedimentetion tank
- FPilter press

- Drier

o B2 O2 BEE R VS I \C R S
!

- Blunger with sand lifter

Pcs

H H PR P

by send_sorting

- Blunger

~ Vibrating screen

-~ Tnickener

~ Dewatering equipment
Counterflow separator
- Checking sieve

- Dewatering equipment
- Driex

0 -3 on\u P~ W
1
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TESRING OISTITUTE

FOR ION LETALLIC RAYW MATERIALS AND PRODUCTS
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SEMI-INDUSTRIAL SECTION

ViI.

G Pilot Plant for Semi-industrial Trials
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Assignments oi itne pilot plant for semi-industrial

5
triels in {he manufacture of non-metallic produeis

The pilot plant carries out semi~inausirial trials
with budies for building ceramic materials, ceramic
sanitary and utility ware and refractories developed
on laboratory scale in the Technological laboratory
for testing non-metallic products. The processed body
quantities range as a rule from 100 kg to some hundreds
of kg. The equipment of the pilot plant simulates as
truly as possible conditions oi a manufacturing plant
so that the results of the experimental trials can be
later implemenied with minimum alterations in the
production plaant. Finel products and semi-products
are evaluated in the relevant testing laboratories if
need be. |

Viork orgenizavion in the pilot plant for semi-industrial
trials in the manufaciure ol non-metallic producis

(Ilodule ¥o. 6, Pilot Plant <2I/VII)

Raw materials delivered to the pilot plant avre
stored in containers. iaw materials requiring a
dressing prior to be processed into bodies are ground,
sorted into grain size fractions and stored in containers
of dressed aw materials. There are two processing lines
Zor body preparation - the wet line preparing bodies
by the wet method and geared to the manulacture of
ceramic building materials, ceramic sanitary and utility
were and the dry line with dry method for body preparation
oriented mainly to the manufacture of relractories.
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7.3 Arrangement aud equipment of the pilot plant
for semi-industrial trials in the manufacture
of non-metallic products

(lodule No. 6, Pilot Plant TI/VII)

Bota tiie lines {or body preparation by wet and
dry meinod are not sirictly separated, some machines

and equipment being comnone. The pilot plant nas the
. following equipment:
Pcs
1 - Technical balance (10 kg) 1
2 - Balance provided with a scale (200 kg) 1
3 - Large chamber drier (200 am3, 50 - 200°C) 1
4 - Jaw crusher (output 2 - 4 m3/hr) 1
5 - Pan grinder for dry milling (50 - 300 1

kg/ar)

6 - Pan mixer (one batch 5 - 20 min.) 1
7 - Body kneader (one batcih 10 ~ 30 min.) 1
8 = Vacuum worm exvruder (for extruding ' 1
pre-pressed piecer or green products)
. 9 = Hydraulic friction or toggle press 1

(for compacting dry body, semi-dry body
or for pre-pressing)

10 - Ball mill for wet grinding ({ine grirding 1
of vodies or glazes, 1 batch to be ground
120 kg, grinding cycle 8 - 12 hours)

11 - Ball mill for wet grinding (for fine 1

grinding of vodies, 1 batch to be ground
220 kg, grinding cycle 8 - 12 hours)
12 - Vibration screen ' 1
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14
15

17
18

19

Slurry container with mixer

(150 x 150 x 100 cm)

Filterpress with diaphragm pump
Spray drier (for dewatering of body
suspension and granulating it as
pressing body - output 70 kg of pressing
body per minute)

Glazing cabin

Triple decked viobration screen
Electric kiln Superkanthal 1500°C
(heating chamber 0.4 m3)

Electric or pneumatic rammer (for

compacting ramming masses)

-
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DESTING INSTITUTS

FOR_HON METALLIC RAW MATERIALS AYD PRODUCTS
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The JIurniture referred vo iun the lists of
laboratory equipment is wood-metal combined modular
furniture of increased loading capacity. The
furniture assortment representis a modular sysiem
enabling combingiion, completion and extension.

Summary of the above described furniture:

Pcs
Low laboratory bvencn at wnich the operator
can sit, operate the instrumeni and carry
out measurements 36
High laboravory bench atv which the worker
stands and performs work of preparative
character 31
Shelf 16
Leboratory sink placed next to a high
laboratory bench 6
Laboratory lume cupboard with installed
exhaust of detrimental gases 3
Laboratory cabinet for chemicals, glass
accessories and spare parts 15

Stable desks irbedded in main walls as
supports for analytical balances and other
sensitive instruments 2
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Squipment of laboratvories with precious metals

In chemical analyses ol non-metallics it is
necessary to decompose samples (by fusing or
dissolving) in platinum ovenware. Tne following
set of platinum crucivles aud dishes is recormended:

Pcs
iddle-sized platinum crucible with lid 16
Platinum finger snaped crucibles with lid 8
Pletinum dish ¢ 80 mm 16
Thermocouplie Pt-PtRn 10 1
Laboratory chemicals
Average consumpiion of chemicals for 100
complete amalyseg of non-metallics
(classgical method)
Chemicals &
sodium chloride 1000
potvassium chloride 1000
armonium chloride 250
sodium fluoride 500
sodium nitrate 50
ammonium sulphate 100
sodium carbonate 1500
disodium tetraborate . 100

ammonium dihydrogen phosphate 500
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&
hydrochloxric ecid T000
perchloric acid 250
sulphuric acid 2000
nydroiluoric acid 7000
nitric acid 1000
boric acid 100
glacial acetic acid 2500
ascorovic acid 50
emmonium hydroxide 3500

® sodium hydroxide 250
potassium nydroxide 1000
chelaton . 500
eznonium acetate 4000
sodium acetate 500
zinc acetate 500
nyéroxide diammonium chloride 250
urotropine 100G
ethanol 100
xylenol orange 10
fluorexon 5

. oricnrome black T 5
2,2 - dipyridyl 5
tiron 5
iron of pure spectrum 3
titanium dioxide of pure speciirum 5
coloured silicagel 2000
set of buffer solutions 2 pcs

The listed chemicals are of purity pro analysi (p.a.)
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Average conswapiion of chemicals_for 100
comnlete non-miesallic analyses_(atomic

absorpiion spectrophrotometry)

Chemicals g
aydrochloric acid ’ 5000
percialoric acid 250
' hydrofluoric acid 3000
sulphuric acid 500
sodium chloride 250
potassium chioride 250
cesium chloride 50
stroatium oxide 100
lanthanum oxide 50
oxicaninoline 500
litzium metaborate 1000

set of standard soiutions
' (si, Al, Pe, Ti. Lz, Ca, Pb,
Cu, kn, C4) 1 pe

Approximately the following quantities of

chemicalg' should be on stock:
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Chenmicals g
sodium carvonate 250
ammonium hydroxide 1000
glacial acetic acid 1000
barium sulpaate 250
coloured silicagel 2000
' Chemicalg_for_ technological laboratory for_ testing

non-netallic nroducts

— s —— —— . - - —— ey > — —— = —

Required quantities of stored chemicals:

kg
sodium phyrophospnate 50
sodium cardvonate 50
ammonium nydroxide 50
acetvic acid 10

. Leboratory aids

The laboratory siould be equipped by caemical
glass and laboratory porcelain as follows:

Aid Pcs
weighing bdottle (4 40 mm) low siape 24
desiccator (4 300 tm) ' 1

desiccator (# 150 am) 1
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fast filter funnel (¢ 60 mn) 112
volumetric flask ( 50 ml ) 12
volumeiric flask (100 ml ) 12
volumetric flask (500 ml ) 6
volunetric flask (1000 ml) 6
beaker (250 mi) low snape 12
beaker (500 ml) low shape 12
beaker (800 ml) high snape 12
pipette (1 ml) 3
‘ pipeitte (5 ml) 6
pipette (10 ml) 6
pipetie (20 mil) 3
pipette (50 ml) 3
automatic burette (20 ml) 2

" automatic burette (50 ml) 2
reagent bottle (1000 ml) 6
boitle for indicators o
porcelain dish (¢ 150 mm) 12
Tilter paper blue band (100 pcs) 2
filier paper wnite band (100 pcs) 4

The list of neccssary aids for technological
laboratory is sinovn below:

Aid Pcs

sedimentation cylinder by Andreasen
sucking glask (5000 ml)

desiccator (4 350 mm)

desiccator (4 250 mm)

LAV \C I o A W« )
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pipette (5 ml) calivrated 2
weigning bottie (4 60 mm) low shape 24
weighing botile (4 50 mm) low shape 24
bealker (250 ml) low shape 12
beeker (600 ml) high shape 12
beaker (1000 ml) low shape 12
reagent boitle (5000 ml) wide neck 12
Buchner fumnel (£ 250 mm) 6
‘ porcelain dish (¢ 50 mm) medium shape 24
porcelain dish (# 100 mm) low shape 24
porcelain disi (4 150 mm) medium shape 24
polyethylene flask (500 ml) wide neck 24
polyethylene flask (1000 ml) wide neck 24
plastic dish (400 zm) 3
plastic bucket (5 1) 6

porcelain crucible (50 ml) high shape 48
laboratory 'thermometer (0 - 50°C)
slide gauge

ilter paper blue vand (100 pcs)
ilter paper black band (100 pcs)

o
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Laboratvory eids_for_teccimological laboratory
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for_testing non-metallic products

Aid S Pes

slide rules 250 and 500 mm

flat dish 30x50x5 cm ror manual glazing
protractor

angle iron with méasuring wedges

bucket 10 - 15 1 made from plastics
calibrated glass vessel (1 1)
calibrated glass vessel (3 1)

W WwWwuw W e HEDND
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calibrated glass vessel (5 1)
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Required electric power input (KW)
for laboratories and pil' 5 plants
3x380/220 V 220 V
I. Laboratory for preparation
of samples 6 10
. ' II. Laboratory for analytical
chemistry 20 15
III. Laboratory for physical
chemistry and mineralogy - 15
IV, Technnological laboratory
for testing non-metallic
raw ‘materials 10 10
V. Technological laboratory
for testing non-metallic
. products 48 38
VI, Pilot plant for non-metvallic
raw material beneficiation
trials 50 15

VII. Pilot plant for semi-industrial
trials of non-metallic products 138 1
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Built up area and space

td

uilv up area and built up space of operational
art of thne Testing Institute

ol

The laboratories and pilot plants are located
on 6 modules 15 x 9 m; the rooms should be
4 m high.

Built up area of all modules

being one-storied 810 m°
Built up space 3,240 m3

These data do not include area and space for
ranagement of the Institute., administration,
maintenance workshop, social conveniences, etc,
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KAOLIN VASHIWNG PLANT

TESTINS LABORATORY

I.

CHENICAL LABORATORY
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1.1 Assignments of the chemical laboratory
in a kaolin washing plant

The task of the laboratory consists in continuous
eveluation of raw material to be processed.

The raw material from the mining fore-land is

assessed with regard to its ferri: oxide and titanium

. dioxide conients. Tne samples for these basic determi-
nations are taken from petrologically congruent blocks
of deposit (if more quarries are exploited then from each
qdarry) in order that m’xing ratios of raw material
varieties of different values delivered to the washing
plant may be determined. The obiained results and the
correct selection of mixing ratios are the basic pre-
conditions for the manufacture of final product of
sufficient quality with minimum fluctuation of basic
parameters,

The gquality of the final product (washed keolin)
is evaluated from the view of chemical composition
’ according to the basic chemical parameters. Contents
of aluminum oxide, ferric oxide, titanium dioxide and
calcium oxide are determined in wet extracts from ceramic
keolins and kaolins for paper industry,

The laboratery is equipped for its work with
suitable instruments and aids so that the produciion
menagenent may receive precise information on quarrying,
beneficiation and expedition,
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It is advisable to order regularly (in two-month
intervals) final product (wasined kaolin) testing in the
Testing Institute for Non-metallic Raw Laterials and
Products covering the complex chemical analysis.
Statistically processed results furnisi then a useful
information for tie production control.

3

Work orgenization in the chemical laboratory
of a keolin washning plant

The conteats of A1203, e, 0, and Ti0, in kaolin

273 2
sanples taken from laboratory washout of raw material
are determined. The same oxides and Ca0 contents in

final product samples are determined from the leach.

Samples for chemical analysis are dried, Ifine
ground to the fineness for analysis, redried at
110°¢C # 5°C to a stabilized mass and the analytical
semple is weigned. This sample is decomposed by
fusing with sodium carbonate. Alter conversion of

the smelt into solution, SiO2 is segregated and
separated by filtration. The content of A1203 in
the filtrate is determined Dby tit?ation, Fe203 and
TiO2 contents by photomeiry. Ca0 is determined by
the cuauplexomeiric method in the leach prepared
from e separately weighed dose.
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1.3 Arrangement and equipment of the chemical laboratory
in 8 keolin weshing plant (Module No, 7, Lab., KW I)
Chemicsal laboretory
Instruments: Pes
1 - Analytical semi-automatic balance (100 g) 1
2 - Electric hot air drier (60 1) 1
3 - Equipment for decomposition of samples
. by fusion (4 Mecker burners, 4 siands,
4 triangles) 1 set
4 - Send bata 1
5 - Water bath 1
6 - Electric heater 1
7 - Electric muffle kiln (1200°C, 6 dm’) 1
8 - Blectric mixer 1
9 - Transportiable pH meter 1
10 - Single-beam spectrophoiometer for
photocolorimetry, wurbidity measurements,
photometric and fluorimetric titration
(400 -~ 800 nm) 1
‘ 11 - Glass distillation apparatus (4.5 1
distilled water per hour) 1

12 - Two-beam protometer (400 - 700 nn) 1
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KAOLIN WASHING PLANT

TESTING LABORATORY

II,

TECHNOLOGICAL LABORATORY
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2.1 Assignments of the technological laboratory
in a keolin washing plant

The laboxratory evaluates continuously main
technological parameters of raw material beneliciation
process and final product (washed kaolin). It could
test also selected plastic clays subjected to the washing
process if this procedure in particular cases is

’ economically effective.

The raw material from the mining fore-land for
samples is identical with that one taken for chemical
testingo

The observance of the beneficiation technology is
followed and correcied by measuring and regulation
technique installed at particular machines and equipment
of a washirg plant. The laboratory checks the grainage
of sieve resgidues aiter hydrocyclones and voiuwie density
of suspensions prior to dewatering.

. The quality of the Tinal product is evaluated
according to the main technological parameters. Humidity,
sieve (0,053 r1) residue, apparent dynamic viscosity and
bending strength alter drying - are the tested properties
of ceramic kaolins. Keolins for paper indusiry are
subjected to the tests of humidity, residues on sieves
0.2, 0,09, 0,063 rza and particle content under 2 microns
are ascertained, wnhiteness and abrasivity are measured.

The findings must be promptly delivered to
production management for application.
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The samples of final product should be sent
regularly (in two-month intervals) to the Testing
Institute for Silicate Raw llaterials and Products Ior
testing their mineralogical characteristics and further
physical-chemical parameters il need be.

Work organization in the technological laboratory
of a kaolin wasning plant

The washout content of raw material (particles
under 20 microns) is determined, sieve residues and
volume density of semiproducts are ascertained, humidity,
sieve residues, particle content under 2 microns,
apparent dynamic viscosity, bending strength, whiteness
and abrasivity of final product (kaolin) are measured.

The samples for wasnout determination are predried,
carefully ground and wet screened for separation oi the
send fraction (above 2 mm) from the fine sand fraction
(0,063 -~ 2,0 mm). The fraction under 0.063 mm is collected
end divided by sedimentation into siurry (0,020 - 0,063 mm)
and kaolin fraction (under 0,020 rm)., The kaolin fraction
is dewatered by vacuum Filtration. Sand, sliurry and
kaolin fractions are dried and their distribution is
caiculated as percentages of the dry weighed dose,

Semiproducts have to undergo the tests of sieve
residues (0,063 and 0.09 mm) by wet screening machine
and volume density of suspensions bylmxm determination
of a certain volume.
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Final productis are subjected to tests of humidity
being dried to 110°C. Sieve residues (0.2, 0,09, 0,063 mm)
are separated by screening machine and representation
after drying is expressed in percentages. The fraction
content under 2 microns is determined by the sedimentation
method by Andreasen from the sample of 1% dispersed
suspension, Apparent dynamic viscosiiy is determined as
the outflow duraiion of a dispersed suspension sample (L:1)
by the through-ilow viscometer and the obtained value
is recalculated according to the standard. The testing
of bending strength proceeds in such a way that bars
saeped from plastic body or cast from slip (270x40x13 mm)
are dried and vested by a vending stirength tester.
Vhiteness of keolin samples (mixed by prescribed methods
and prepared &3 tablets) is determined by remission
pnotometer (a sensitive apparatius - placed therefore
in the chemical laborat 'ry). Tae calibraiion standard
is barium sulphate with verified absolute whiteness,.
Abrasivity is assessed according to the abrasion of
experimental sieve, the surface of which was exposed
to the mechanical aciion of & roller made of plastics
in the suspension of the tested sample.

Arrangement and equipment of the technological laboratory
in a kaolin washing plant (lModule No Lab, KW II

Instruments: Pecs

1 - Screening machine foxr wet and dry
screening applicable as vibrating mill
for preparation of samples to chemical
analyses 1l
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2 - Laboretory mixer 1
3 - Electric not air drier (200 1) 1
4 - Digital quick balance (1000 g) 1
5 - Laborastory mixer 1
6 - Equipment for wet sorting by
sedimentation for determination
of kaolin content in washed suspensions 1
7 - Stop watch for measuring duration
of sedimentation i
. 8 - Rotary vacuum pump 1
9 - Benca for vacuum filtration (vacuum
distribution, 4 sucking 2lasks 5000 ml) 1l
10 - Equipmeni for determination of particle
content under 2 microns (4 Andreasen
cylinders in tempering baih) 1
11 - Through-flow viscometer 1l
12 - Equipment for preparation of testing
corpuscles 1
13 - Bending strength tester for determination
of pending strength of testing bars 1

14 - Abrasivity tester (used for tesiing
' kaolin for paper industry) 1
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KAOLIF WASHING PLANT

T3STING LABORATORY




3.1 Sunnary of furniture for kaolin
washing vlant testing laboratory

Pcs
High laboratory bench 8
Lavoratory sink 4
Low laboratory bench 12
Table for analytical balance 1l

. Fume cupboard with installed exhaust

od detrimental gases 1
Laboratory cabinet 5

3.2 Equipment of chemical laboratory
with precious metals

liiddle sized platinum crucible with lid 4

. 3.3 Laboratory chemicals

Chemical_laboratory

Consumption of chemicals for 100 analyses
(41,04, Fey04, Ti0,, Cal)
Required purity: p.a.

Chemicals: 4
potassium chloride 250
godium fluoride 500
sodium nitrate 50

ammonium sulphate 100

T/
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sodium cerbonate
disodiun tetraborate

chelaton 3
ammonium acetate
sodium acetate
zinc acetate
armonium chloride
urotropine
ethanol
hydrochloric acid
sulphuric acid
hydrofluoric acid
nitric acid
glacial acetic acid
ascorbic acid

ermonium nydroxide
potassium hydroxide

xylene orange
Tluorexon

2,2 =~ dipyridyl
tiron

iron of pure spectrum
titanium oxide of pure spectrum

gilicagel coloured

gset of buffer solutions

1500
100

500
4000
500
500
100
500
100
5000
500
2000
3000
2500
50

1500
500

10

vy U W

10

1000
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Chemicels for technological laboratory to be on stock

Chemicals: g
sodium carbonate 250
ammoniun hydroxide 1000
glacial acetic acid 1000
barium sulphate , 250 |
coloured silicagel 2000

3.4 Laboratory aids

Aids_for chemical laboratory:

Aid Pcs
weighing bottle (¢ 40 mm) low shape 24
desiccator (4 300 mn) 1l
desiccator (4 150 mm) 1
fast filtering funnel (¢ 60 mm) 112
. volumetric flask (50 ml) 12
volumetric flask (100 ml) 12
volumetric flask (500 ml) 6
volumetric flask (1000 ml) 6
beeker (250 ml) low shape ¢ 12
beaker (500 ml) low shape 12
beaker (800 ml) high shape 12

pipette (1 ml)
pipette (5 ml)
pipette (10 ml)
pipette (20 ml)
pipette (50 ml)

W W oy oW
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automatic bureite (20 ml) 2
automatic burette (50 ml) 2
reagent bottle (1000 ml) 6
bottle for indicators 6
porcelain dish (¢ 150 mm) 12
filter paper blue band (100 pcs) 2
filter paper white band (100 pes) 4
. Aids_for technological laboratory
Aid Pes
sedimentaticn cylinder by Andreasen 6
sucking flask (5000 ml) 6
desiccator (4 350 mm) 2
desiccator (4 250 mnm) 2
pipette (5 ml) calibrated 2
weighing botitle (# 60 mm) low shape 24
weighing bottle (4 50 mm) low shape 24
beaker (250 ml) low shape 12
. beaker (600 ml) high shape 12
beaker (1000 ml) low shape 12
reagent bottle (5000 ml) wide neck 12
Buchner funnel (¢ 250 mm) 6
porcelain disn (£ 50 mm) medium shape 24
porcelain dish (# 100 mm) low shape 24
percelain dish (£ 150 mm) medium shape 24
polyethylene flask (500 ml) wide neck 24
polyethylene flask (1000 ml) wide neck 24
plastic dish (¢ 400 mm) 3
plastic bucket (5 1) 6




porcelain crucible (50 ml) high shape
laboratory tnermometer (0 - 50°C)

~ slide gauge
filter paper blue band (100 pcs)

~ filter paper black band (100 pcs)

3.5 Required electric power input (kW)
for lavoratories

220 V
Chemical laboratory 13
Technological laboratory 10
Both the laboratories are located
in the module No. 7 (15 x 9 m)
Built up area 135 m2
Built up space 540 w3

48
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TESTING LABORATORY OF A PLAGT
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TESTING LABORATORY OF A PLANT

HANUFACTURING CERALIIC PRODUCTS

I.

CHENICAL-PHYSICAL LABORATORY

1/
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l.l Assignmenis of ihe cnemical-physical laboratory
in a plant manulacturing ceraaic products

The basic task of the chemical-pnysical laboratory
consists in testing continuously chemical and physical
properties of raw materials, semi~-products and products
in the manufacture of ceramic building materials,
sanivary and utility ware. However, the laboratory is

. devised to be adaptable to the extension of product
assortmenti and to local conditions.

The laboratocry carries out these tesis:

Complete chemical analyses of raw materials,
semi-products and products if need be. The loss on
ignition is determined for 3102, A1203, Ti02, Fe203,

Ca0, IIg0, X,0, Ha,0.

2 2

Adridged analyses of raw materials, semi-productis
and products if need be. The loss on ignition is
determined for Sioz, A1203, Fe203, Tioz, Cal, LgO.

' Determination of grain gize distributicn of raw
materials and semi-products.

Deternination of water absorption by vacuum method.

Viscosivy determination of slurries.

l.2 Work organization in the chemical-physical laboratory

The samples of gemi~-products and products are
received from tihe technologicel laboratory where they
are registered and stored. Samples Ior chemical anrlyses

. are dried, crushed if necesgsary, quartered and ground
vo the fineness for analysis. A part ig delivered to
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the analytical laboratory for analysis, “he remainder
is returned to store of samples to be availabtle for
additional analysis if need be.

Samples for phnysical tests are prepared in
the preparatory room for tesiing corpuscles in the
technological laboratory.

1.3 Arrangement and equipment of the chemical-pnysical
laboratory for testing ceramic building materials
Module No, 8, lLab. CP/I)

A Preparation of anaslytical samples

Machine and equipment: A Pcs
1 - Drier (80 1, 50 - 200°C) 1
2 - Laboratory jaw crusher 1
3 - Screening machine incl. vibratvion mill
for dry and wet screening 1
‘ 4 - Balance (1000 g) 1
Purniture:
Low laboratory bencn 1
Hign laboratory bench 1l
Lavoratory cebinet 1

B ¥eighing

Instruments:
1 - Analytical balance (100 g) 1
2 ~ quick balance (200 g) 1
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Purniture:

Low laboratory bench
Stable inbedded desk

Fure cupboaxrds

Instrumentvs:

1 - lecker burner

2 - Sand bata

3 - Water bath

4 - Heater (for digestion flasks
250, 500 ml)

Murniture:

Fume cupboard
Low laboratory bench

Cormressor_and pressure_vessels
4

Kachines and equipment:

1 - Compressor with pressure container
2 = Pressure vessel (acetylene, oxygen)

Vacuun_station_and flame_photometer

iWacnines and equipment:

1 - Vacuum pump
2 - Flame pnotometer for determination
of K20 and Hazo
3 - Vacuum vessel for water absorption
determination
4 - Vacuum distribution incl. 4 sucking
flasks and 4 Buchner funnels

[ S
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Furniture:

Low laboratory bench

Prevarative chemistry

Instruments:

- Single-beam spectirophotometer

- Electiromagnetic mixer
- Drier (60 1, 50 - 200°C)

- Electric furnace, o
useful v, 24x38x22 cm, 1200°C

(G N VRN AV

6 - Glass distillation apparatus
(12 1 poho)
Furniture:

High laboratory bench
Low laboratory vench
Laboratory sink

Cabinet for laboratory glass and
chemicals

G Mdicroscopy and evaluation of results

Instruments:

1 - Polarizing microscope
2 - Calculator

Furniture:

Low leboratory benca
Laboratory cabinet for documents

Laboratory cabinet with armoured
box for deposition of poiscns and
precious metals

- pH meter (0 - 14 pH;340 - 800 nm)

o

N
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H Store of glass and chemicals

Purniiure:

Shelf ‘ 4

I Saower bath

Equipnment 1l set
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TESTIIG LABORATORY OF A PLANY

IANUFACTURILG CERALIC FRODUCTS

II.

TECHIWOLOGICAL LABORATORY FOR TmSTING
CERALIIC PRODUCTS
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2.1 Assignments of ithe tecnnological laboratory
for testving ceramic products

The task of tne technological laboratory is to

carry out technological tesis of raw materials Ior
the manufacture of ceramic building materials, sanitary
and utility ware, to test mechanical-physical and
technological properties of semi-products and products

" and %o control body and glaze composition in these
industries. The project of tne lavoratory permits the
extension of testing on further products and adaptability
t0 local condifions.

Tae following main properties of raw materials
are tested: crifical numidity by Bigot, plasticity,
dry sarinkage and firing sarinkage at different
temperatures, bending strengin, water absorpiion
after firing vo different itemperavures, appearance
of f{ired _products, etc,

Semi-products and products are swjected to The
following tests: content of water of plasticity, granu-
lometry and wasned-out residues of wet-ground bodies,
bending strength of pressed, dried and fired pieces
and products, drying and firing shrinkage, water
absorption of fired pieces and products, glaze
resistance against cracking, frost resistance (for
outer walling), abrasivity.

Tests of body composition are carried out if
changes of body recipes are necessary, €.ge. in case
of insurficient properties of products, in changing
rav material basis, etc. Gleze composgition is tested

-
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especially if ware assortment is changed or extended,
nevw frits and raw materials for glazes delivered, etc.

VWork organization in the technological laboratory
for testing ceramic products

Samples of raw materials to be tested are taken
by envrusted tecimician in the store of raw materials
or directly from transport vehicles unloading raw
materials. The average humidity content of raw
material is determined for the following recipe
ad justment to the found humidity and the above
properiies are tested, Samples of semi-finished
products are vaken directly from the production
process and tests are carried out prompily for
immediate .invervention to take place in the production
process if necessary. Samples of Iinished products are
taken inmmediately at the kiln exit and tgsted also
without delay for immediate measures to be taken in
the production process if some properties are not
satisfactory.

Body and glaze compositions are tested with
average raw material and glaze samples. They are
taken in such a way as to correspond to the average
of the whole stock. The same applies to frits and
further raw materials for glaze manulacture.

85/




2.3 Equipment and arrangement of technological
laboratory for testing ceramic products

(lioduile No. 9, Lab. CP/II)

4 Room_for reception, registration and storing

Purniture:

Table
Low laboratory bench
Shelf for samples and files

liachines:

1l - Circular sawing machine with
diamond wiheel

2 - Small circular sawing machine

3 - Grinding machine with two discs

4 - Grinding machine for polished
sections

furniture:
Low laboratory bench
Shel?

Ilachines and instruments:

1 - Dilatometer

2 - Steger‘s instrument

3 ~ Blectric furnace (24x38x22 cm,
1200°c)

Peos
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4 - Gredient tube furnace 1
Purniture:

Low laborasoxry bench 1l
digh laboratory bench 1

D Paysical_and_mechanical ivestiing

lachines and instruments:

1 - Technical balance (1000 g) 1l
2 - Drier with forced air circulation
(60 1, 50 - 200°C) 1
3 - Electiiic or gas heater 1l
4 - Vessel for determination »f water
aosorption 1

5 = Ingtrument for determination ol
suriace distortion . 1l
Ingtrument Zor determinavion of

o
!

gurface edges and deviations irom
right angle 1l
7 - Instrument for bending strength
determination after pressing and
drying for wall and floor tiles,
sanitary and utility ware (testing
corpuscles) 1
& - Ingtrument for bending strength
decermination after firing for
wall and floor tiles, sanitary
and utility ware (testing corpuscles) 1




»

Furniture:

Low laboratory bench
High laboratory bench
Laboratory sink

Workroom_of experimental technology

Instrunents:

1 - Technical balance (1000 g)

2 - Planevary porcelain drum

3 - Laboratory drier (50 - 200°C)
4 - Bquipment for sieve sorting

Furniture:

Low laboratory bench
High laboratory bvench
Labvoratory sink

lachinea and equipment:

- Large laboratory drier

~ Balance up to 100 kg

- Technical balance up to 10 kg

- Ball mill (20 di’)

- Ball mill (80 &)

- Laboratory filter-press + container

o\ W N

for ceramic slucrry with a blunger

7 - Laboratory pan mill with perforated
path

8 = Porcelain drum with frame

9 - Llectrical spray gun

-
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10 - Vessel for glazing

11 - Friction,hydraulic orxr
knuckle-joint press

12 - Huffle kiln, rated temperature
1250°C

13 - Laboratory vacuum extruder

14 - Jigger-jolley

15 - Potter s wheel

Furniture:

Container for raw matierials
High laboratory bench
Basin for washing aids

S

(S
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Summary of laboratory furniture for the testing
laboratory of a plant producing ceramic building
materials, sanitary and utility ware

Pes
Low leboratory bench 14
Hign laboratory bench 8
Laboravory sink 4
Laboratory fume cupboard 2
Laboratory cabinet 5
Stable desk inbedded in wall 1
Shelr 8
Bouipment of laboratories with precious metals

Pcs
iliddle sized platinum crucible with lid 4

Laboratory chemicals

(classical method)

See part TESTING LISTITUTI FOR WOl MBTALLIC RAVW
LATERIALS AND PRODUCTS - D  Supplement, page 52

Chemicals for technological laboratory of_ a_plant

Approximately the following quantities of

chemicals.ahould be on stock:
i
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Chemicals 8
sodium carbonate 250
amnonium hydroxide 1000
glacial acetic acid 1000
barium sulphate 250
coloured silicagel 2000

Required quantities of stored chemicals - quality

' for industrial use:
Chemicals kg
sodium phyrophnosphate 50
sodium carbonate 50
ammoniuwi nydroxidce 50
acetic acid 10

3e4 Laboratory aids ior canemical-physical laboraiory
of a plant ‘producing ceramic obuilding materials,
sanitary and utilitiy ware

The laboratory snould be equipped by chemical
glass and laboratory porcelain as foilows:

Aid : Pcs

weighing bottle (¢ 40 mm) low shape 24
desiccator (¢ 300 mnm) 1
desiccator (4 150 mnm) 1
fast filter funnel (4 50 mm) 12
volumetric flask (50 ml) 12
volumetric flask (100 ml) 12
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volumetric rflasx (500 ml1) 6
volumetric flask (100G ml) 6
beaker (250 ml) low shape 12
beaker (500 ml) low shape 12
beaker (800 ml) higa shape 12
pipette (1 ml) 3
pipette (5 ml) 6
pipetie (10 ml) 6
pipette (20 ml) 3
. pipette (50 ml) 3
automatic burette (20 nl) 2
automatic buretie (50 ml) 2
reagent botile (1000 ml) 6
bottle for indicators 6
porcelain dish (g 150 mm) 12
filter paper blue band (100 pcs) 2
filter paper white band (100 pcs) 4

. utility ware

a) Testing of raw materials

Ald Pcs
sedimentation cylinder by Andreasen 6
sucking flask (5000 ml) 6
desiccator (4 350 mm) 2
desiccator (g 250 mum) 2
pipette (5 ml) calibrated 2
weighing bottle (¢ 60 mm) low shape - 24
weighing bottle (4 50 mm) low shape 24
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b)

beaxer (250 ml) low shape

beaker (600 ml) high shape

beaker (1000 ml) low shape

reagent bottle (5000 ml) wide neck
Buchner funnel (¢ 250 mm)

porcelain dish (#§ 50 mm) medium shape
porcelain disn (4 100 mm) low shape
porcelain dish (4 150 mm) medium shape
polyethylene flask (500 ml) wide neck
polyvetnylene flask (1C00 ml) wide neck
plastic dish (4 400 mm)

plastic bucket (5 1)

porcelain crucible (50 ml) nhigh shape
laboratory thermometer (0 - 50°C)
slide gauge

£ilter paper dlue band (100 pcs)
Zilter paper black band (100 pcs)

Tesving of gemi-products &nd products

L

Aid

slide rules 250 and 500 mm

flat digh 30x50x5 cm for menual glazing
rotracior

angle iron with measuring wedges

bucket 10 - 15 1 made from plastics
calibrated glass vessel (1 1)
calibrated glass vessel (3 1)
calibrated glass vessel (5 1)

i2
12
12
12

24
24
24
24
24

oy W
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3.5 Required electric power input (ki) for testing
ceramic building materials, sanitary and utility
ware

3 x 360/220 V 22C V

Chemicélfphysical and
technological laboretories 94 21
Buiit_up_area
Chemical-physical labosatory 135 02
Tecnnological laboratery 135 m?
Built_up_space
Chemical-pnysical laboratory 540 mg

’ Tecnnological laboratory 540 m3
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TESTING LABORATORY OF A PLANT

MANUFACTURING REFRACTORIES

CHEKICAL-THYSICAL LABORATORY
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1.1 Assignuents of the chemical-physical laboratory

in a plant manufacturing refractories

The basic task of the chemical-physical laboratory
consists in testing continuously chemical and physical
properties of reiraciory raw materials, semi-products
and prcducts embracing
alumiro-silicate reifractories (alumina and aluminous

refractories, fireclay based refractories, semi-silica
and siliceous refractories, silica bricks),

basic re..actories (magnesite, chromemagnesite and
forgterite products, chrome refractories and dolomite
bricks),

special refractories (insalating, grapaite based, zircon
and special oxide refractories),

remning, castable and mouldable iixes.

2ne laboratory carries out these testis:

Complete chemical analyses of raw materials,
semi-products and products if neced be., The loss on
ignition is determined for Sioz, A1203, Tioz, Fe203,
Ca0O, NgO, KQO, Nazo.

Abridged analyses of raw materials, semi-products
and products if need be. Tne loss on ignition is
devernmined for Si02, A1203, FeZOB’ Tioa, QaO, MgOe.

Determination of grain distribution of raw
materials and seni-productse.

Deternination of water absoirpticn by vacuum method.

Viscosity determination of slurries.

LR . ‘
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1.2 Work organization in the chemical-physical laboratory

The samples of semi-products and products are
received from the technological lavoratory where ithey
are registered and siored. Samples for chemical
analyses are dried, crusned if necessary, quartered
ead ground to the fineness for analysis. A part is
delivered to the cnemical laboratory for analysis,
the remainder is returned to store of samples to be
availcble for additional analysis if need be.

Samples for physical tests are prepared in the
preparatory room for *esting corpuscles in the
technological laboratory.

1.3 Arrangement aand equipment of the chemical-physical
laboratory {or tegting refractories

(liodule No. 10, Lab. R/I)
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Machines and equipment: Pcs

1 - Drier (60 1, 50 - 200°C) 1

2 - Laboratory Jjaw crusher 1

3 ~ Screening macnine incl. vibration mill 1
for dry and wet screening

4 - Balance (1000 g) 1

Furniture:

Low laboratory bench 1
High laboratory bench
Laboratory cabinet 1

-




Instruments:
1 - Analytical balance (100 g)
2 - Quick belance (200 g)

Furniture:
Low laboratory bench

Stable inbedded desk

Pume cupboards

instruments:

1 - ilecker burmer

2 - Sand bath

3 - Vlater bath

4 - Heaier (for digestion flasks
250, 500 ml)

Purniture:
Pume cupboard
Low laboratory bench

Compressor_and_pressure vesgels

lachines and equipment:
1 - Compressor witn pressure container
2 - Pressure vessel (acetylene, oxygen)

Machines and equipment:

1 - Vacuum pump

2 - Flame photometer for determination
of K,0 and Na20

|
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3 - Vacuum vessel for water absorption
determination

4 - Vacuum disvribution incl. 4 sucking
flasks and 4 Buchner funnels

Furniture:
Low laboratory bench

Preparative chemistry

Instruments:

1 - Single-beam spectropnotometer

2 - pH meter (O - 14 PH, 340 - 800 nm)
3 - Electromagnetic mixer

4 - Drier (60 1, 50 - 200°C)

5 = Electric furnace, useful v.

24x38x22 cm, 1200°C
6 - Glass distillation apparatus
(12 1 p.hn.)

Furnicure:

High laboratory bench

Low laboratory bench

Laporatory sink

Cabinet for laboratory glass and
chemicals

Instruments:
1l - Polarizing microscope
2 - Calculator

H o
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Furniture:
Low lavoratory bench
Laboratory cabinel for docunents

‘Laboratory cabinet with armoured box
for deposition of poisons and precious
metals

Store_of_glass_and_chemicals

Purniture:
Shelf

Shower bath

‘Bquipmert

162/
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TESTING LABORATORY OF A PLALT

MANUFACTURING REFRACTORIES

II.

TECHHOLOGICAL LADORATORY

103/




2.1 Assignmentcs of the technological laboratory

The task of the technological laboratory is to
carry out technological tests of raw materials for the
manufacture of refractories, to test mechanical-physical-
-technological properties of relraciory semi-products and
products, to follow body composition and technological
parameters in the production of refractories. The range
of tested refractories is referred to in chapter l.l.

The following properties of raw materials are
mainly tested: humidity by Bigot, plasticity, shrinkage
after drying and shrinkage after firing at different
temperatures, compressive sirength, watexr absorption
at different temperatures, appearance of fired pieces,
refractoriness, etc.

Semi-products and products are subjected to the
tests of water of plasticity, grain size distribution
of bodies, compressive strength, refractoriness,
refractoriness under load, additional linear changes,
physical properties and resistance against slag attack,
etc. if need Dve.

The bodies have to undergo the tests of body
compogition if necessary, e.g. if the properties or
products are not satisfactory, in changing raw materials
or introducing a new assortument of products.




2.2

2.3

Vlork organization in a technological

laboratory for testing refractories

The samples for testing are taken from the store
of raw materials or directly from transport vehicle
during unloading. An average humidity content is
determined for the recipe to be adjusted to the humidity
of raw materials and then the above mentioned properties
of raw materials are tested.

The samples of semi-products are taken directly
from the production process and tested without delay for
relevant measures to be taken immediately in the
production process if some tests indicated insufficient
properiies.

The samples of products are taken immediately
after firing and tested olso without delay for necessary
steps to be taken in the manufacturing pnase in case of
worse quality indication.

The tests of body composition are carried out with
average raw material samples taken from the store in
such a way as to represent the average of the shole stock.

Equipment and arrangement of the technological
laboratory for testing refractories

(llodule No. 11, 1ab. R/II)

A Room_for reception, registration_and sgtoring
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Furniture: Pcs
Taole

Low laboratory vench

Shelf for samples and files

(W]

B Preparation of experimental corpuscles

Machines:
1 - Circular sawing macinine with
diamond wheel
' - Grinding machine for rollers
- Small circular sawing macnine
Grinding machine with two discs
- Vertical drilling machine

ORI WX
[}
A I i

Furnifure:
Low laboratory bench 1l
Shelf for samples and measuring aids 1

Machines and equipment:
1 - Tube furnace with grapaite electrode incl.
‘ transformer and switch board i
for testing refractoriness 1
2 - Kiln incl. accessories for the
determination of refractoriness
under load 1
3 - Kiln for determination of additional
linear changes (useful v. 18x31x18 cm,
1600°¢) 1




D Paysical and mechanical testing

Hachines and equipment:

1 ~

oW
I

t

Technical balance incl. suspension

for nydrostatic weighing

Laboratory drier (50 1, 50 - 200°C)
Electrical or gas heater

Vessel for water absorption determination
Experimental hydraulic press

Furniture:

Low

laboratory ovench

Laboratory sink

— — S G T > —— T S — —— - o

Kachines, instruments and equipment:

1 - Technical balance (1000 ;)

2 - Laboratory drier (60 1, 50 - 200°C)

3 ~ 3lectric kiln (24x38x22 cm useful v.,
1200°C)

4 - Pisher s rammer

5 - Bquipment for sieve sorting

Purniture:

Low laboratory benci
High laboratory bench
Laboratory sink

llachines and equipment:

l -
2 -

Large laboratory drier
Laboratory pan mixer

e e
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9
10
11
12

13

Jaw crusner

Vibration three-decker sieve
Pechnical balance up to 10 kg
Ball mill 80 dm’ for wet grinding
Ball mill for dry grinding
Laboratory pan mill with perforated
path

lileader

Vacuum pugmill

Hydraulic press

Electric kiln, rated temperature
1600°¢C

Electrical or pneumatic rammer

Purniture:

Low laboratory bench

High laboratory bench

Container for raw materials
Basin for washing laboratory aids

- R =

=

R I
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TESTIHG LABORATORY OF A PLANT

MANUPACTURIEG REFRACTORIES
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3.1 Summary of laboratory furniture for the testing
laboratory of a plant manufacturing reiractiories

Pcs

Low laboratory bench 14
Hizh laboratory benca
Laboratory sink

Laboratory fume cupboard
Lavoratory cabinet

Sicble desk inbedded in wall
Shelf

o H WO N P

3.2 Equipment of laboratories with precious metals

kiddle sized platinum crucible with 1lid 4

3.3 Laboratory chemicals

Consumption_of chemicals for_ 100 _complex
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See part BESTING IWSTITUTE FOR WON-MBETALLIC
RAW KATSRIALS AWD PRODUCTS - D  Supplement, page 52

Approximately the following quantiities of chemicals
should be nn stock:




3.4

Chemicals g

sodiun carbonate 250
emmonium hydroxide 1000
glacial acetic acid 1000
barium sulphate 250
coloured silicagel 2000

Chemicals for technological laboratory
in fineness for industrial use

Required quantities of stored chemicals:

Chemicals kg
sodium phyrophosphate 50
sodium carbonate 50
ammonium hydroxide 50
acetic acid 10
Laboratory aids

The laboratory should be equipped by chemical
and laboratory porcelain as follows:

Aid Pcs
weighing bottle(d 40 mm) low shape 24
desiccator (¢ 300 mm) 1

desiccator (4 150 mm) 1

glass




fast filter funnel (¢ 60 mnm) 12
volumetric flask (50 ml) 12
volumetric flask (100 ml) 12
volumetric flask (500 ml) 6
volumetric flask (1000 ml) 6
beaker (250 ml) low shape 12
beaker (500 ml) low shape 12
beaker (800 ml) hignh shape 12
pipette (1 ml) 3
pipetie (5 ml) 6
pipette (10 ml) 6
pipette (20 ml) 3
pipette (50 ml) 3
automatic burette (20 ml) 2
automatic burette (50 ml) 2
reagent bottle (1000 ml) 6
bottle for indicators 6
porcelain dish (¢ 150 mm) 12
filter paper blue band (1CO pcs) 2
filter paper wnite band {100 pcs) 4

a) Testing of raw matexials
Aid Pcs

sedimentation cylindexr by Andreasen
sucking flask (5000 ml)

desiccator (4 350 mm)

desiccator (4 250 mm)

[AC T N B o A N @
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pipette (5 ml) calibrated
weighing bottle (g 60 mm) low shape
weighing bottle (4 50 mm) low shape

beaker (250 ml) low snape

beaker (600 ml) high shape

beaker (1000 ml) low shape

reagent bottle (5000 ml) wide neck
Buchner funnel (¢ 250 rm) ‘
norcelain disin (4 50 mm) medium shape
porcelain dish (¢ 100 mm) low shape
porcelain dish {# 150 mm) medium shape
polyethylene flask (500 ml) wide neck
polyethylene flask (1000 ml) wide neck
plastic dish (¢ 400 mm)

plastic bucket (5 1)

porcelain crucible (50 ml) high shape
laboratory thermometer (0 - 50°C)
slide gauge

filter paper blue band (100 pcs)
filter paper black band (100 pcs)

Testing of semiprcducts and productis
Aid

slide rules 250 end 500 mm

flat dish 30x50x5 cm for manual gla.ing
protractor

angle iron with measuring wedges
bucket 10 - 15 1 made from plastiics

24
24

12
12
12
12

24
24
24
24
24

N W
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3.5

calibrated glass vessel (1 1)
calibrated glass vessel (3 1)n
calibrated glass vessel (5 1)

Required electric power input (kW)
for testing refractoiries

3 x 380/220 V

Chemical-physical and
technological laboratories 165

Built up area:

Chemical-physical laboratory

Tecnnological laboratory

Built up space:
Chemical-physical laboratory

Tech.ological laboratory

w

220 V

19

135 m2
135 m2

540 m°
540 m
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LAYOUTS OF LABORATORIES AND PILOT PLANTS
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The arrangement of laboratories and pilot plants
is demonsirated on planning modules 15 x 9 m. These
may be incorporated in groundfloor or multi-storied
buildings according to local conditions.

The equipment and instruments dislocated in the
modules are designated in conformity with specifications.
Only manual appliances and tools are not represeated.
’ Rectangles without numbers stand for furniture on which
no instruments are placed.

Symbols applied in modules

o el. power distribution 3 x 380/220 V
@) el. power distribution 220 V
C)'“ water distribution

gas distribution

Symbols applied in module Mo, 1, Pilot plant TI/VI

a = beneficiation product
b = input water

¢ = waste water

d = fine rejections

e = coarse rejections
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Gudide v 0 modules

Eodule Lavoratory,
No. Pilot plant

TESTING INSTITUTE

POR HOL-LETALLIC RAW

MATHRIALS AFD PRODUCTS

A SECTION OF ANALYTICAL CHUKISTRY,
PHYSICAL CHELIISTRY ALD
KETNZERALOGY

I. Laboratory for reception,
regissration and preparation
of samples 1 TI/I
II. Laboratory {ox analytical
chemistry 2 TI/II

IXI. Laboratory for physical
chemistry : 3 TI/III

B TECHIOLOGICAL SuCTIOLN
T

V. Technological laboratory fox
testing non-metallic raw
materials 3 TI/IV

V. Technological laboratory for
testing non-metallic products 4; 5 TI/V

C SSKI-INDUSTRIAL SuCTION

VI. Pilot plant for non-metallic
raw material beneficiation
trials 1 TI/VI

VII. Pilot plant for semi-
~industrial trials of
non-metallic products 6 TI/VII

KAOLIN WASHING PLAWT TESTING
LABORATORY

I. Chemical laboratory 7 KW/1
II. Technological laboratory 7 Xw/1I




TLLIING LABORATORY OF A PLALT
HANUFACTURING CERAIIC PRODUCTS

I. Chemical-pnysical laboratory
II. Technological laboratory

TESTIIIG LABORATORY OF A PLANT
MANUFACTURING REFRACLORIES

I. Chemical-physical laboratory

. II. Technological laboratory
Abreviations:
TI Testing institute
K Kaolin washing plant
Cr Ceramic products
R Refractories

10
11
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CP/I
CP/II

R/1
R/II
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The submittied preliminary projectis of laboratories
for non-metallic industiries represent a review of
laboratory equipment in this field of activities. How-
ever, a final project would have to take into account
local conditions such as local raw materials, assortment
of producis and planned capacities. In this phase
these preliminary projects may serve as a reliable
basis for adaptation and preparation of a finsl project
tailored to local conditions, which, if subjected to a
feasibility study, will indicate the viability of the
implementiation and acnievement oX the set roles of the
laboratories in non-metallics consisting in the
evaluation of raw materials, orientation of geological
prospectiion, preparation orf new technologies, quality
control of products and local training of technicians.

This publication is a contribution of the UNIDO/CSSR
Joint Programme for International Co-operation in the
Field of Ceramics, Building liaterials and Ion-metallic
Hinerals Based Industries to the conclusions of the
III¥d General Conference of ULIDO held at Wew Delni
in January/February 1980 and the fulfilment of the
resolution of developing countries participating in
the In-Plant Training Workshop on the Exploitation and
Beneficiation of Non-metallic liinerals, held at Pilsen,
Czechoslovakia, in April 1980.






