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masses to these current issues, the 8European Green Deal9 was born, a set of political initiatives proposed b

in the 8European Cultural Heritage Green Paper9, a document demonstrating the relevance of Cultural 

mentioned 8European 

Cultural Heritage Green Paper9, can hide several



research 8Sustainable Buildings: the Perception of Italians9 is a clear example of this, showing how the 

Professor Renato Mannheimer last 14 December in Rome during the event 8The responsibility for change 

for the wellbeing of people9, observed an acknowledgment of the active role that the building fi











–



Pliny the Younger himself quoted 8no builder should employ lime that has not been worked for three years9. 

< =

gy was facilitated by the publication around 13 B.C. of 8De architecture9 

country kiln, without a brick lining, generating much 8 9, i.e. uncalcined stone, sunk into the ground 



Then from 2000, words like 8Environmental Sustainability9 8Ecological Architecture,9 and 8Conservation 

of Cultural Heritage9 became central themes in the economic and political agendas of the most developed 

millennium, with that 8freshness9 and 8capacity to amaze9 that only an extraordinary material can boast, 



 + 42,52 Kcal/mol → CaO + CO



 O → Ca(OH)

▪ 

▪ 



https://it.wikipedia.org/wiki/Grado_Celsius


composition enables it to set and harden without the presence of carbon dioxide (CO₂), producing a lime 

▪ 

▪ 

▪ 



studied and used for specimen preparation. Limes known as <magnesian= or <dolomitic= are named after 

 CaO + CO2 → CaC

 MgO + CO2 → MgC

and calcium are the only common elements capable of forming stable carbonate minerals and it9s usually a 

● 

● 

● 

 

 



 

dioxide (CO₂) but also on the ambient temperature. Despite this, ma

(8) Ca(OH)2 + CO2 → CaCO3 + H2O 



mixtures defined as 8magnesian mortars9 (CaMg(CO

∙

 MgO → Mg(OH) → Mg ∙ 4H ∙ 5H







and flakes of stone from a blacksmith9s forge and Raffineau de Lille suggested and preferred crushed bricks. 









Figure 1 Block Diagram for the whole research project



Table 1 listing of binder materials used during the project 

65%; Ca₂O₄Si: 10

%). (CaO + MgO g 80%; average particles diameter 0.1µm)



> 98%) (CaO + MgO g 85%, MgO g 30%; average particles 

Figure 2 Package of Ticino VAGA siliceous sand143. 



2.2.2 Crushed brick powder <CBP=

Table 2 Product specifics for salt inhibitors/modifiers 

Deacetylation: g 75.0 % (Kjeldahl 



decahydrate g98.0%

Molecular weight: 484.06; Faint yellow to yellow appearance (powder/crystals); Redox Titration: g 98.0 
Chloride (Cl) f 0.20 %; Sulphate (SO ) f 0.20 %

–



Figure 3 Package for kaolin powder used for calcination 



Table 3 Series mock-up number, setting and curing time 



Set: <Mapei=

Tab 4. Composition for 1st Set mock-ups: "Mapei" 



Set: <Cocciopesto= 

–



Tab 5. Composition for 2nd Set mock-ups: "Cocciopesto"  



Set: <Metakaolin=

Accordingly, it was decided to formulate on the basis of the collected notions <Porcelain= 

mortars (based on lime, sand and metakaolin) and <Magnesian= mortars (based on magnesian lime and 

Tab 6. Composition for 3rd Set mock-ups: "Metakaolin"  



: <Grigolin=



Tab 7. Composition for 4th Set mock-ups: <Grigolin=  



Set: <HGMS=

Tab 8. Composition for Set n°5 "HGMS" mock-ups 





Figure 4 Shock table used for the test 

 

 



 

bulk density ρm in kg/m3 is calculated by use of the formula

�� = �2 − �1��



�� = (�1 − �0)� × 1000
Where mi= specimen mass (mg) at time ti (:s); m0 = mass of the dry specimen (mg); A= surface area of the 

Figure 5 Mock-ups undergoing capillary absorption test 



Figure 6 Mock-ups inside the climate chamber for ensuring the controlled environment 
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Figure 7 Mock-ups undergoing freeze/thaw cycles 

∆� = �� − ����� × 100

∆



Figure 8 Cured cubic mock-ups used for the resistance to soluble salts test 



the specimen9s failure and breakage, recorded

development of the material9s structural re

Figure 9 Mock-up undergoing compressive strength resistance evaluation with additional (side) probe for 
monitoring its integrity 





normal doughs, as evidenced by the 8Specific weight9 section of the table (Tab.9). Sodium ferrocyanide had 

investigate it further during the project, even considering the sodium ferrocyanide9s low toxicity, since 



Table 9 Mock-up composition, consistency variation  (slump diameter) and apparent density evaluation; 

Δ 
Δ Specific 

Δ:146,66 var:

Δ:116,66 var:

Δ:113,33 var:

Δ:133,33 var:

Δ:130,00 var:



Δ:150,00 

Δ:146,66 var:

(Mapei)_Na4Fe(CN)6∙H2O(0,5%) Δ:115,00 var:

EcoRisana(Mapei)_Na4Fe(CN)6∙H2O(1%) Δ:113,33 var:

Δ:121,66 var:

Δ:110,00 var:

Δ:106,66 var:

Δ:125,00 var:

Δ:121,66 var:

Δ:150,00 var:

Δ:156,66 var:



RinzaffoMC(Mapei)_Na4Fe(CN)6∙H2O(0,5%) Δ:125,00 var:

RinzaffoMC(Mapei)_Na4Fe(CN)6∙H2O(1%) Δ:125,00 var:

Δ:186,66 var:

Δ:156,66 var:

Δ:151,66 var:

Δ:186,66 var:

Δ:186,66 var:

Δ:246,66 var:

Δ:266,66 var:

Δ:196,66 var:



Δ:156,66 var:

Δ:151,66 var:

Δ:186,66 var:

Δ:186,66 var:

Δ:246,66 var:

Δ:266,66 var:

Δ:129,16 var:

Δ:178,33 var:

Δ:125,66 var:



except for the chitosan flakes who didn9t show any considerable effect. As seen previously in Tab.9 chitosan 

Table 10 Mock-up composition, consistency variation and apparent density evaluation related to 
<cocciopesto <mortars; 

Consistency Δ Slump Δ Specific 

Δ:186,66 var:

Δ:156,66 var:

Δ:151,66 var:

Δ:186,66 var:

Δ:186,66 var:

Δ:246,66 var:



Δ:266,66 var:

Δ:196,66 var:

Δ:156,66 var:

Δ:151,66 var:

Δ:186,66 var:

Δ:186,66 var:

Δ:246,66 var:

Δ:266,66 var:



Table 11 Mock-up composition, consistency variation, and apparent density evaluation related to Metakaolin 
mortars; 

Consistency Δ Slump Δ Specific 

160/145/130 Δ:145,00 

147/140/137 Δ:141,33 

155/147/140 Δ:147,33 

147/140/137 Δ:141,33 

160/145/130 Δ:145,00 

147/140/137 Δ:141,33 

155/147/140 Δ:147,33 

166/150/147 Δ:154,33 

160/145/130 Δ:145,00 

166/150/147 Δ:154,33 

155/147/140 Δ:147,33 

166/150/147 Δ:154,33 



132/142/130 Δ:134,66 

150/142/137 Δ:143,00 

145/135/150 Δ:143,33 

150/147/142 Δ:146,33 

147/137/145 Δ:143,00 

137/130/127 Δ:131,33 

142/140/137 Δ:139,66 

152/150/148 Δ:150,00 

142/140/138 Δ:140,00 

175/160/155 Δ:163,33 

165/160/155 Δ:160,00 

165/160/155 Δ:160,00 



reintroduced in this last phase. Among the samples in Tab.12, it9s possible to find mortars from series 2 and 

Table 12 Mock-up composition, consistency variation and apparent density evaluation related to 4th and 5th 
series mortars; 

Consistency Δ Slump 
Δ Specific 

Δ:117,50 var:

130/127/117 Δ:124,66 

130/110/115 Δ:118,33 

140/135/130 Δ:135,00 

Δ:138,33 var:+1,79%

Δ:129,16 var:

200/185/150 Δ:178,33 



127/130/120 Δ:125,66 

120/115/111 Δ:115,33 

145/135/125 Δ:135,00 

125/120/115 Δ:120,00 

145/140/125 Δ:136,66 



Table 13 Hydric behavior, data regarding water vapor permeability and capillary water absorption are listed: 
WDD= density of moisture flow rate; μ= moisture resistance factor; sd = water vapor diffusion equivalent air 
thickness; CA = coefficient of water absorption by capillarity; TOP = total open porosity as determined by the 
volume of water absorbed by capillary absorption. 

μ
∙ ∙





Figure 9 Capillary absorption curve for E samples, expressed as the quantity of water absorbed per surface 
unit (g/cm2) over time (s½) in the first 6 hours.  

Figure 10 Capillary absorption curve for RMC samples during the first 6 hours. 



Figure 11 Capillary absorption curve for E samples, showing the measurement until day 8. 

Figure 12 Capillary absorption curve for RMC samples, showing the measurement until day 8. 



coefficient (CA) and permeability (μ) were plotted (Fig.13

Risana, we can take as reference the values of permeability (μ) and total open porosity (T



it less permeable (higher μ and lower TOP values). 

vapor should be small. In this case we observe that the μ value increases, TOP decreases, ther

rved, since normally the more the vapour resistance (μ) 

Figure 13 Plotting of TOP vs μ of samples from series 1st: Eco Risana samples. 



Figure 14 Plotting of TOP vs μ of samples from series 1st: Rinzaffo+MC samples. 



Figure 15 Plotting of TOP vs CA of samples from series 1st: Eco Risana samples. 

Figure 16 Plotting of TOP vs CA of samples from series 1st: Rinzaffo+MC samples. 



project. Considering Tab.14 it9s possible to notice that total open porosity (TOP) and permeability (μ) are 

Table 14 Hydric behavior, data regarding water vapor permeability and capillary water absorption are listed: 
WDD= density of moisture flow rate; μ = moisture resistance factor; sd = water vapor diffusion equivalent air 
thickness; CA = coefficient of water absorption by capillarity; TOP = total open porosity as determined by the 
volume of water absorbed by capillary absorption. 

μ
∙ ∙



Figure 17 Capillary absorption curve for LS samples, showing the measurement until day 8. 



Figure 18 Capillary absorption curve for LSC samples, showing the measurement until day 8. 

Fig.19 and Fig.20 show the plotted data of total open porosity (TOP) and permeability (μ), such a 



Figure 19 Plotting of TOP vs μ of samples from series 2nd: LS samples. 

Figure 20 Plotting of TOP vs μ of samples from series 2nd: LSC samples. 



Figure 21 Plotting of TOP vs CA  of samples from series 2nd: LS samples. 

Figure 22 Plotting of TOP vs CA  of samples from series 2nd: LSC samples. 



Table 15 Hydric behavior, data regarding water vapor permeability and capillary water absorption of lime and 
magnesian lime based samples with metakaolin are listed: WDD= density of moisture flow rate; μ = moisture 
resistance factor; sd = water vapor diffusion equivalent air thickness; CA = coefficient of water absorption by 
capillarity; TOP = total open porosity as determined by the volume of water absorbed by capillary absorption. 

μ

∙ ∙



Figure 23 Capillary absorption curve for L samples (3rd Series), showing the measurement until day 8. 



Figure 24 Capillary absorption curve for ML samples (3rd Series), showing the measurement until day 8. 

When comparing the variables of permeability (μ) and total open porosity (TOP), two different 

and increase of permeability resistance). Focusing on Fig.26, concerning the magnesium mortars (ML&), 



Figure 25 Plotting of TOP vs μ of L samples from series 3rd . 

Figure 26 Plotting of TOP vs μ of ML samples from series 3rd. 



Figure 27 Plotting of TOP vs CA of L samples from series 3rd . 

Figure 28 Plotting of TOP vs CA of ML samples from series 3rd. 



Table 16 Hydric behavior, data regarding water vapor permeability and capillary water absorption are listed: 
WDD= density of moisture flow rate; μ = moisture resistance factor; sd = water vapor diffusion equivalent air 
thickness; CA = coefficient of water absorption by capillarity; TOP = total open porosity as determined by the 
volume of water absorbed by capillary absorption. 

μ
∙ ∙



Figure 29 Capillary absorption curve for 4rt Series, showing the measurement until day 8. 

Figure 30 Capillary absorption curve for HGMS added samples (4rt Series), showing the measurement until 
day 8. 



intake. The graph comparing TOP and μ (Fig.32) demonstrates the existence of a linear relation

inversely related as for more porous structures, lower values of μ should correspond(Tab.17).

Table 17 Hydric behavior, data regarding water vapor permeability and capillary water absorption are listed: 
WDD= density of moisture flow rate; μ = moisture resistance factor; sd = water vapor diffusion equivalent air 
thickness; CA = coefficient of water absorption by capillarity; TOP = total open porosity as determined by the 
volume of water absorbed by capillary absorption. 

μ
∙ ∙



Figure 31 Capillary absorption curve for SL samples (5th Series), showing the measurement until day 8. 

worse breathability properties than the pure slaked lime sample, due to both μ and TOP high values. In 

and μ reach higher values than samples with individual additions (Fig.32). Focusing on Fig.33, it9s possible 



Figure 32 Plotting of TOP vs μ of Series 5th. 

Figure 33 Plotting of TOP vs CA of Series 5th. 

Top vs Ca, μ  and a Ca vs μ  graphs were also produced in order to identify any trends that might associate 

, plotted TOP vs μ of all mock



Figure 34 Plotting of global TOP vs μ of all mock-ups. 



Figure 35 Plotting of global TOP vs CA of all mock-ups. 





Table 18 Average flexural and compressive module with % variations of Series 1st. 



Table 19 Average flexural and compressive module with % variations of Series 2nd. 





Table 20 Average flexural and compressive module with % variations of Series 3rd. 



Table 21 Average flexural and compressive module with % variations of Series 4th. 



Table 22 Average flexural and compressive module with % variations of Series 5th. 



Although with low intensity, it9s possible to locate peaks for mono 2θ.

Figure 36 XRD Pattern of 28-days old matured traditional lime mortars with different lime:sand ratio 

(M1:L1S1_1/2/3; M5:L1S2_1/2/3; M9:L1S3_1/2/3).Quartz(S), Calcite(C) and Portlandite (P) are the main 

highlighted phases with traces of monocarbonates (1,2).



such as Illite and β

Figure 37 XRD Pattern of Kaolin(bottom) and Metakaolin(above) with highlighted peaks.Different phases are 
highlighted, Illite (I), Kaolinite (K) and β-quartz (Q). 

13.0° 2Θ: Corresponding to (001) reflection of the amorphous phase, shown as a broad peak;

21.0° 2Θ: Corresponding to (110) plane reflection, also typical of the metakaolin9s amorphous 

27.0° 2Θ: Silica amorphous structure peak, its presence is due to the high silica content found in 

The fact that most peaks have an asymmetrical appearance, is motivated by the metakaolin9s nature that 



Figure 38 XRD Pattern of 28-days old matured traditional lime mortars added with metakaolin 

(L07S1M03_1/2/3). 

⋅

19.0° 2Θ: Peak for (110) hydromagnesite crystalline structure. Here is represented by a small peak at 

(18.0° 2Θ)



29.5° 2Θ: Peak corresponding to (020) reflection associated with hydromagnesite, it9s possible to see 

32.0° 2Θ: This peak, referring to the (130) reflection plane of hydromagnesite shows the same 

35.5° 2Θ: This peak appears presumably shifted to 36.0°, and it9s referring to the (131) reflection 

43.0° 2Θ: This peak (132 reflection plane), which remains rather small even at 28 days, is initially 

covered by the signal of MgO (43.0° 2Θ) which becomes smaller over time;

Figure 39 XRD Pattern of curing of magnesian lime mortars (ML1S1_1/2/3). 





Figure 40 Weight Variation vs Cycles sustained by LS samples 2nd series, weight variation ((Mi-M0)/M0 * 100) 
in comparison with the succession of freeze-thaw cycles.  



Figure 41 Weight Variation vs Cycles sustained by LSC samples 2nd series. 

Figure 42 On the right, LSC_D05 sample before (top-left) and after undergoing freeze-thaw cycles; On the 
left, LS_D05 sample before (top-left) and after undergoing freeze-thaw cycles. 



Table 23 Cycles sustained by series 3rd samples. 





Figure 43 Weight Variation vs Cycles sustained by L samples 3rd series. 

Figure 44 Weight Variation vs Cycles sustained by ML samples 3rd series. 



second, fourth and first cycle, respectively. The remaining samples featuring <Palladio= hydraulic mortar 

Table 24 Cycles sustained by series 4th samples. 



Figure 45 Weight Variation vs Cycles sustained by samples of 4th series. 



Table 25 Cycles sustained by series 5th samples. 

Figure 46 Weight Variation vs Cycles sustained by samples of 5th series. 





Figure 47 Weight Variation vs Saline Cycles sustained by E_samples of 1st series. 

Figure 48 Weight Variation vs Saline Cycles sustained by RMC_samples of 1st series. 



Table 26 Total average saline cycles sustained by series 1st. 



Figure 49 Weight Variation vs Saline Cycles sustained by LS_samples of 2nd series. 



Figure 50 Weight Variation vs Saline Cycles sustained by LSC_samples of 2nd series. 

Table 27 Total average saline cycles sustained by series 2nd. 



Figure 51 Samples LSC_D05 before and after salt cycles. 



Figure 52 Weight Variation vs Saline Cycles sustained by LxSx_samples of 3rd series. 

Figure 53 Weight Variation vs Saline Cycles sustained by MLxSx_samples of 3rd series. 



Table 28 Total average saline cycles sustained by series 3rd. 





Figure 54 Weight Variation vs Saline Cycles sustained by samples of 4th series. 

Table 29 Total average saline cycles sustained by series 4th. 



Figure 55 Weight Variation vs Saline Cycles sustained by samples of 5th series. 



Table 30 Total average saline cycles sustained by series 5th. 



known mortar formulations, such as magnesian mortars and 8porcelain9 mortars, 

 

 

 

 

 



8breathe9. A good breathability of a protective layer guarantees the mainten

that 8breathes9 would not only improve the condition of the building but also improve quality of life and 

In this first part, we will evaluate the first two series, Mapei9 and 8Cocciopesto9, because of the nature of the 



Figure 56 Close up of sample E_CL1, it is noticeable the presence of voids in the sample matrix  

Figure 57 Parallelepiped sample of RMC_CL05 with detachment between parts of MC and Rinzaffo 



reappear in the second series 8Cocciopesto9 where instead the admixed samples present more uniform and 

 

Figure 58 LSC_CL05 samples with uniform, void-free appearance 



 

Figure 59 Sample of RMC_D05 with detachment between parts of MC and Rinzaffo 







third series 8Metakaolin9 consists of traditional and magnesian lime

Figure 60 Evaluation of fresh mortar workability on tilted surface 



Figure 60 Sample L1S1 just after the 4th cycle  
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