MATERIALZINATNE UN
LIETISKA KIMIJA

ISSN 1407-7353 MATERIAL SCIENCE AND

APPLIED CHEMISTRY

COMPARABLE PROPERTIES OF SOME BUILDING

MATERIALS

DAZU CELTNIECIBAS MATERIALU SALIDZINOSAS

IPASIBAS

Ruta Svinka leader researcher, Dr.ing.

Visvaldis Svinka, assoc.prof. Dr.hab.ing.

Riga Technical University, Faculty of Materials Science and Applied Chemistry,
Azenes str.14/24, Riga, LV-1048,Latvia

Phone +371 7615560, Fax: +3717615765. E-mail: svinka@ktf-rtu.lv

Andris Cimmers lcader researcher, Dr. ing.

Riga Technical University, Faculty of Materials Science and Applied Chemistry,
Azenes str.14/24, Riga, LV-1048,Latvia

Phone +371 7615560, Fax: +3717615765. E-mail: cimmers@ktf-rtu.lv

Laimonis Bidermanis /eader researcher, Dr.ing.

Riga Technical University, Faculty of Materials Science and Applied Chemistry,
Azenes str.14/24, Riga, LV-1048,Latvia

Phone +3717089217, Fax: +3717615765.

Sergej Certok, Ph.d. student, M.sc.ing.

Riga Technical University, Faculty of Materials Science and Applied Chemistry,
Azenes str.14/24, Riga, LV-1048,Latvia

Phone +37129919930, E-mail: scertoks@one.ly

Key words: ceramics and concrete building materials, water uptake kinetic, balance moisture

Introduction

The building quantity in Latvia in the last years increases very sharp, wherewith the also
increases demand after progressive good quality building materials. It will be alternate design
of building materials and all positive and negative properties be known. Each one material has
own preferential and own disadvantage. On the cement based heavy building materials, ie.
different concrete have good mechanical properties, high thermal conductivity and bad
balance moisture. Lightweight concrete such as expanded clay concrete and aerated concrete
have lower mechanical properties, good thermal insulating properties, but high balance
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moisture. Lightweight ceramic materials have good thermal insulating and plenty mechanical
properties and balance moisture. The balance moisture is important property for the building
materials used in living houses. Humidity absorption and release properties are closely related
to pores of the order of 0.01 pm [1-3].

Experimental

There are investigate various commercial building materials such as ceramic bricks, sand-lime
bricks, ceramic blocks “Keraterm”, aerated concrete, expanded clay concrete, concrete blocks.
Following properties: water uptake, kinetic of water uptake, balance moisture in the saturated
water vapour atmosphere, thermal conductivity of dry material and material with balance
moisture content is determined. Pore size distribution by mercury porosimetry (Autopore V)
is established.

Ceramic samples of different Devonian and Quaternary clays are prepared by semi-dry
powder pressing and fired in laboratory furnace at temperature 1000°C. The kinetic of water
uptake and balance moisture in the saturated water vapour atmosphere at different
temperature (0-6°C, room temperature and +34-36"C) are compared.

Water uptake kinetic by weight growth of immersed in water samples were carried out after 1,
2,3,4,5, 10, 20, 40, 60, 90 min. that after 72 hours and water uptake as water amount per
volume (g/cm®) are calculated. Balance moisture of samples characterizes water content in
percent from dry sample weight.

Results and discussion

Kinetic process of water uptake is similar for all sample produced in laboratory: water uptake
1s more intensive in the first 15-20 minutes. In the following time water uptake is slowly. The
absorbed water amount depends on the mineralogical composition of used clay. The water
uptake of Quaternary clays ceramic is higher such as Devonian clay ceramic. The quantity of
absorbed water in fired sample of Quaternary clays is 0.22-0.32 g/cm’, but in fired sample of
Devonian clays it is 0.12-0.15 g/cm’ water (Fig.1).
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Fig.1. Water uptake kinetic of red and light Devonian clay Liepa and Quaternary clay of
deposit Apriki fired at temperature 1000°C

Balance moisture in saturated water vapour atmosphere is higher at temperature 35-36"C in
comparison with lower temperature. Absolute value of balance moisture depends on the water
uptake of samples fired at temperature 1000°C (Tab.1).
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Fig.2. Balance moisture of ceramic sample from different Latvian clay

Balance moisture indicates on the accordance of firing temperature for materials and its
efficient in use. The firing temperature 1000°C is enough high for ceramics from clay deposits
Lielauce, Livani, Liepa, but to low for ceramics from clay Apriki, Kalnciems, Usma (Fig.2).

Table 1
Water uptake (%) of different Latvian clay samples fired at temperature 1000°C
Deposits of Quaternary clay Dep 051tsc(i£‘]/)evoman
Usma | Kalnciems | Apriki Lielauce | Livani | Broceni Liepa light Liepa red
coloured
20.7 19.1 22.1 19.1 23.6 15.5 53 7.7

The same properties of commercial building materials make possible comparison of these
materials for different condition for use. All these materials can distribute in two groups:
ceramic wall materials and concrete wall materials. Materials of these two groups have
different properties in connection with water uptake and moisture balance. Clay bricks and
“Keraterm” blocks investigated in current work are produced in factory Livani and the same
raw material — Quaternary lime rich clay is used. Water uptakes kinetic is similar to water
uptakes of laboratory samples — rapid water uptake in the first 15-20 minutes and that slowly
distal process in the further time till 1,5 hours. The water uptake increases a little in the next
three days. This property for sand-lime bricks in comparison is lower (Fig.3a). Balance
moisture of both ceramic materials especially of ceramic bricks is low. Balance moisture of
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sand-lime bricks on the contrary especially at temperature 34-36°C is high nearly 3.5 %
(Fig.4).
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Fig.3. Water uptake kinetic of few commercial building materials

Water uptake kinetic three days in various concrete shows gradual increases of water
content but only in the first 5 minutes the water uptake is sharp. Aerated concrete achieves the
highest water content - 0.28 g/cm’ (Fig.3b). Balance moisture of all three different concrete is
very high and depends on the bulk density of investigated materials. The bulk density of
lightweight aerated concrete is 0.86 g/cm’, but moisture balance at temperature 34-36°C
achieves 7.5 %. Heavy concrete with bulk density 2.11 g/cm® has moisture balance at the
same temperature 3.4 %. Moisture balance of all three concretes at temperature about 0°C is
considerably lower (Fig. 4).
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Fig.4. Balance moisture of investigated commercial building materials

Pore size distribution measured by mercury porosimetry shows difference between two
commercial materials from clay Livani: body of Keraterm blocks produced by additive of
sawdust (Fig.5a) and bricks (Fig.5b). Balance moisture of all investigated concrete materials
on the other hand is considerably higher such as of ceramic materials (Fig.4.) Character of
water uptake kinetic is similar for all materials (Fig.2). Pore size distribution in commercial
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ceramic bricks (Fig.5a) and ceramic body of Keraterm blocks (Fig.5b) produced in factory
Livani is different. Body of blocks has higher specific surface area 4.83 m?/g compared to by
bricks 2.54 m%/g. The pore size conversely: in body of blocks the average pore diameter is
0.32 microns, but in bricks — 0.47 microns. Balance moisture depends on the pore size: the
smaller pore size established lower balance moisture. Ceramics materials from this point of
view mainly for living houses are the best. Table 2 shows thermal conductivity preference
respecting ceramic materials.

Pore size in Keraterm block body is in large-scale value in comparison with bricks body
which predominant pore size is in range 0.1 — 8 p. At the same time such pore size is
dangerous concerning frost resistance.
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Fig.5. Pore size distribution in the body of Keraterm block (a) and Livani bricks (b).

Thermal conductivity of “Keraterm” blocks and aerated concrete is established. Thermal
conductivity of dry ceramic block and ceramic block by moisture balance is higher to
corresponding properties of aerated concrete (tab.2). Results of pore size distribution show
that blocks with large range pore size have lower thermal conductivity in comparison with
bricks with small pore size range.

Table 2
Thermal conductivity of some building materials
Industrial sample Characteristic of sample W.,% A, W/m.K
Body of ceramic block dry 0 0.303
“Keraterm™ Balance moisture 0.3 0,.31
Aerated concrete Dry 0.5 0.0965
Balance moisture 5.5 0.1360

All investigated commercial building wall materials may be divided in two groups: ceramics
and concrete materials with different properties. Fig.6 shows high compressive strength and
low thermal conductivity of Keraterm blocks in comparison with other lightweight materials.
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Fig.6. Comparable compressive strength and thermal conductivity of some commercial
building materials: 1 — Keraterm blocks, 2 — expended clay concrete, 3 — aerated
concrete.

Today it is possible to enlarge compressive strength of similar materials and to reduce thermal
insulation coefficient. It is possible anyway by using of various additive or some new raw
materials.

Conclusion

Our investigation about water uptakes kinetic and moisture balance shows that choice of
building materials for definite options is very essential. The living accommodation by use of
building materials with high moisture balance will be always wet in inner room we must use
therefore generally porous ceramic materials with low moisture balance. Use of different
Quaternary and Devonian Latvian clays for production of building materials with low balance
moisture is possible. Thermal insulating properties of such materials depends not only on

porosity, but also on the new phase formation in process of firing these ceramic materials
[4,5].
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R.Svinka, A.Cimmers, L.Bidermanis, V.Svinka, S.Certoks. Dafu celtniecibas matyerialu salidzinoSas 1pasibas.
Salidzinatas daZu celtnieciba plasi izmantotu biivmaterialu: Livanu malu kiegelu un Keraterm bloku,
silikatkiegelu, gazbetona, keramzitbetona, betona idens uzsiikSanas kinétika un lidzsvara mitrums. DaZadu
Latvijas malu pussausi izgatavoti paraugi apdedzinati 1000°C temperatiira un ari salidzindtas to iidens uzsiices
kinétika un lidzsvara mitrums. Izvértéta minéto ripniecisko izstradajumu un laboratorijas apstakjos iegiito
materialu porainibas ietekme uz minétajam ipasibam un to izmantosanas lietderiba dzivojamo telpu celtnieciba.
Sadu materialu siltuma izoléjosas ipasibas ir atkarigas ne vien no materidla porainibas un poru izméru
sadalijuma, bet arl no kristaliskajam fazém, kuras veidojas materidala apdedzindsanas procesa. Keramikas
materialiem ir prieksrocibas dzivojamo telpu biuve.

R.Svinka, A.Cimmers, L.Bidermanis, V.Svinka, S.Certoks. Comparable properties of some building materials.
Water uptake kinetic and balance moisture of some commercial building materials: clay bricks, Keraterm
blocks, sand-lime bricks, aerated concrete, expanded clay concrete and concrete are compared. The same
properties of semi-dry pressed sample fired at temperature 1000°C of different Latvian clays are compared.
Influence of porosity industrial products and materials obtained in laboratory on above mentioned properties as
well as suitableness of these materials by living-house building are evaluated. Advantage has materials with low
moisture balance. Thermal insulating properties of such materials depends not only on the porosity and pore
size distribution, but also on the nature of crystalline c phases formed in firing process.

P.IIlsunka, A.Ilummepc, JI. buoepmanuc, B.Illeunka, C.UepTok. CpaBHHUTE/bHbIE CBOICTBA HEKOTOPBIX
CTPOMTBHEJIbHBX MAaTepualoB. JlaHO cpasHeHue MAKUX CGOUCME KAK KUHEMUKA BOOONONOUeHUs U
PABHOBECHASL GNAICHOCTNG — HEKOMOPLIX MAMEPUANOS8, WUPOKO NPUMEHAEMbIX 6 CMPOUMENbCMEe. 2IUHAHbIL
kupnuy u  "Kepamepm" 6noxu uz enumvl mecmopooscoenus JIusanvl, CUTUKAMHBIL KUPAUY, 2a300emoH,
Kepamsumobemon, Oemon. Ilonycyxum memooom u3z2omoeieHvl obpazyvl U3z HeKomopuix eaun Jlameuu u
0660xcenvt npu memnepamype 1000°C & nabonamopuvix yenosusx. Jua smux obpazyos maxyce cpasHena
KUHEeMuUKa B6000NO2IOWeHUSI U PAGHOBECHAS  GLAINCHOCHIb. Ananuzuposano GUsIHUE  NOPUCOCTU
NPOMBIUNCHHBIXMAMEPUANO8 U NOJYYEHHbIX 6 JAabopamopuu obpa3yo8 Ha YNOMsHymble CGOUCMEd U
NPULOOHOCb IMUX MAMEPUATIO8 0I5l CIPOUMENTbCIBA HCUNIX 30AHUIL.
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