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Intreduction

Historical moertars present various secrets:
Durability,

Hardness,

Insolubilitysevenini sea waters,

Combination off COMpoRERtS.

Tlakingl inte’ consideration: the technology of limestoene
firing Nl simple; Kilnsk without any: temperature contro)
and difficulties; with fuel (especially’ in the Middle" East)
WEe are surprised by the quality: of this materials infmany.
countries as Turkey, Israel, Spain, Portugal, etc.
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Principal findings

Historical moertars theoretically: consist of calcium| carbenates
(calcite) and guartz samnd and are complemented by small amount of
mica, rutile and ferrous oxidesi— but: by XRDranalyses we found also
portiandite and signal’ off amerphous component.

In different countries and: in different ages of building| era the
COnstructors used very: often ceramic shreds as component:, of
Calcareous mortars.

Identification off ceramic shreds| inimortars by: traditional analytic
methods (XRD, GTTA/DTA) does not resolve the problem why: this
material was chosen and added to the mortars :

1. We couldl exclude substitution of gravel or filler by’ ceramic
shreds.

2. We  could exclude the , green power organization” of forced
recycling of ceramic fragments and broken pieces.

3. We state that ceramic shreds means enormous pottery.
production and excludes specially fabricated fired clay shatter.
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Pottery.

Pottery’ Is connected with many: different knowledge, from
claysi extiraction and preparation off appropriate; mixtures to
the creation: off pieces, thelr drying andl finally’ very: costly,
firing. Basic technolegy dees not consider knowledge; ofi
decoration’ tecnnigues; (glazes, colers, application, etc:).

In; that conmection fired ceramic shard was: a materiall with
highs value added. The' use; of this valuable material as
admixture In calcareous; mortarsk wWas commonly: spread
knowledge, experimentally: proved: andl confirmed I many
COUNtrEs:

Broken Ceramics - means obtaining fragments and: alse
receiving lot of powdered material !
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Connections

Tihe use of pottery shreds should have some very Important reasen:
Tihe ancient and medieval ceramics are dominantly: formatted on the
pottery wheell— means fiom| plastic claysiand fired in primitive Kilns
hardly reaching temperature; off 1000 °C.

Similar or'identical situation could be ebtained Ifi the; ceramic shreds
(low' fired) are substituted by low: fired clay and’ this so-called
,activated™ clay is addedi to the slaked lime.

The thermally treated clays represented by kaolin, loss their
reflections: on X-ray diffraction patterns but chemical analyses
confirmi presence off alumina and silica.

Presented study’ on historical mortars identified” aluminumi ions! in
connection with' silicon and’ ofifers explication’ of the long term
stability of these mortars.
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Results ofi study: on historical mortars

Tihree samples of historical mortars) from Czech republic (11.century’ at Seuth
Moravial and 12.century at Central Bohemial regions) were analyzed by XRE
method, recalculating elements; intoe; exides, and later applyingl 27Alf MAS-NMR
in selid' state; on: prepared! samples.

Tlable; shows principall oxides of: historical moertars

Oxides/ || .0O.I. Al,0; SI0; @:10)

samples

Roudnice | 13,80 6.28 50.66 22.02

Znoymol (9 3() 8.12 55.94 18.35

Znojmo3 | 16,20 6.08 54.85 35.83
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XRDranalysis

Dominant calcite and quartz in all three samples;is
complementear by rutile;anadmicalin all samples

Presented Figure shows typical XRID: pattern: off Znojmo
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Aluminum, Alumina, Calcium-Aluminates

Studied XRDi analyses of all three historical samples: dor not present
any diffraction; peak corresponding to the aluminous compenent.

Chemical analyses confirm firom 6 tor 8 wt.% of alumina and this
oxide could not be present as such, but commonly and naturally in
connection withr silica.. e state; and fiorm off alUminum; Iens, Was
studied by 27Al MAS-NMR.

First explication: off alUminumy ion; coordination was published in 1988
by: Sanz et al. and transformation off aluminum ions was related to
the temperature.

Llater experiments based en this new. information; described affinity:
of four (five)-coordinated aluminum ion to form, together  with
silicon, the poly-condensed netting when negatively charged [4] Al>*
IS balanced by positive alkali ion.
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27A MAS-NMR

Tihe state of naturally’ positioned aluminumyiion In; kaehnitic clay: is
presented together with change off its position obtained freom the
sample of historical mortar.

3, Z27A1 MAS NMR 11 kH=.

m
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IHypothesis

The clay mineral (theoretically: kaolin) was included as an
inseparable part: of fired calcite and during the temperature
treatment the coordination levell off alumintm Jons changed.

(Common calcareous sediment always! contains: clays and guartz
sand):

Duringl the; limer slaking all reguirement. for aluminum-silicon
chaining were fulfilled:

1/ alkali' agueous; condition,

2/ hydrations off both: main participants (only [5] AlP*and [4] Al** could
be hydrated),

3/ calciumy ion isfbalancing negative charges off twe aluminum ions.

Formatted longer or shorter chains of -Al-O-Si- with -OH terminal
groups' are spread! in dominantly’ calcareous surroundings.
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Ceramics or activaied clay.

Addition of ceramic shreds is complementing| calcareous matter with
defined’ proportion off alumina-silicates: in: state of ,activation’. This
IS considered!as a base for poly-condensation oi*Al-0O-Sii chains.

Powdered particles are dissolved ini aqueous alkalii conditions,
forming XRD. invisible, amorphous bindingl agent. The chained
formation: of amorphous alumina-silicates! improyves the guality’ of
MOrtars.

Modeledl experiments of calcite/clay/quartz sand mixtures fired
separately and also together show: the same results — in all cases
the ETIR analyses: confirms: chained Al-O-Sil foermations. (recently
published in Int. Journal of Architectural Heritage — 2011)
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ETIR analyses on modeled mortars

The bands codified by Lee, Phair and Van Deventer (2003)
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Simplified calculations

Commonly: used equation: off lime hydraulic module

M,= Ca0 / (SI0,+Al,Os+Fe,0;)
distinguishes mortars asi highly, medium and low: hydraulic limes ﬁ1.7 —9)

respectively, but do not say. noething about stability: and durability: (e.q.
Znojmol = 0,817).

With a  specification off alumintm; Ien; coordination we could ofier new.
possibility’ of mortars recognition, based oni 2ZAll MAS-NMR analysis.

75 wt. % of aluUminum Ions; are in; foeur cooerdination and in state of:
predictable  hydration: in; alkali aﬂueous conditions.. Negative, aluminum
charges are balanced by’ positivercalcium ion; (e:g. sample Znejmol).

6.08 * 0.75 = 4.56

4.567120/102 =" 5.36 (. molar rate of Si05/Al,0s= 120/102)

4.56* 56/102 = 2.50 (two Al are balanced by one Ca — 56/102)
A_=12.42 % of amorphous component
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Maintenance of historicall mortars

Defined A, In calcareous mortars guantifies chained alumina-
silica structures and' couldl help to fiermulate; substitutes: fior
ieépalrs and maintenance; ofi historical moRUmEnts.

Tihe use modern materialsias pure; siakedt lime with' addition; of;
calculated amount: of activated™ kaolinitic: clay:and this
admixture with gravel or quartz sand results in: similar or
identical material as used inf historical time.

Porosity, color, preportion 6f calcareous; substances and
aluminga- silicates are easily: calctlable:

Many: restoration Woerks Were done by mortars based on
Portiand cement with results inl Incerrigible damagesi on
original structures.
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Conclusion

The limestone fabrication. works withi current temperature of
1000°C and in historical times' these temperatures were hardly.
iéached due to the poor firing technolegy.

Naturall clayed participant In; calcareous sediment Influenced by
calcinations temperature or addition ofi more or less powdered
ceramic have; had the'same reason:

The addition, of alumina-silicates improves the final quality. of
calcareous mortar.

We offer the idea of chained alumina-silicate; structures, which
explains long-termi stability’ and corresponds to: the behavior off poly-
-condensed! alumina-silicates.

Replacement or repair of historical mortar couldl be formulated by
the application of A. factor.
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Thank you feryour atiention




