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In addition to the Bachelor's program, the faculty "Materials Engineering" offers the
postgraduate Master’s program "New Materials, Nano- and Production Technology"
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Bachelor-course + Master-course: 450 students
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Work group of Prof. Dr. Krcmar - Energy efficient bu

Fields of activities

 Highly heat-insulating building materials

* Bricks

* Mortar, thin-layer mortar, plaster

» Geopolymers

* Insulating materials (Nanofibers + Aerogels)
» Construction of energy-efficient buildings

» Energy-efficient building facades

» Recycling of building materials

« Heat-insulating coatings

» (Easy-to-clean-effect on building materials)
« FEM-simulations (heat- & noise insulation)
« Different laboratory testings
 Building-projects
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EU - project ,,LightCoce*: Foundations for tomorrow's In

Participants: 26 Partners from 9 EU member states
Total financial budget: € 13.48 million
Project duration: 4 years

Common subject:
"Research and development of new lightweight
materials”

 Concrete

« Conventional ceramics (Bricks, Tiles)
 Advanced ceramics

Goals

* Development of new, lightweight materials with
multifunctional properties

* High mechanical strength and improved thermal
insulation

* Integration of nano-materials
» Cost reduction of production and transport
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Overview of the setup of 5 pilot plants

WP 2: Administrative and operational set up of the ‘

Ecosystem

WP 3: Set up of the ecosystem groups

l ,

WP 4: WP 5: WP 6:
Concrete Conventional Advanced
processing PL ceramics PL ceramics PL
validation validation validation

|

WP 7: Characterisation of materials and structures
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WP 8: Process and materials =~ WP 9: Market replication

modeling and optimisation services
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WP 10: Innovation Management Services

WP 11: Dissemination and Exploitation activities for
the Ecosystem

_ HORIZON 2020

Setup of 5 pilot plants

WP 4: Concrete

Sweden: RISE

Greece: NTUA

WP 5: Conventional Ceramics

Tiles: Spain; ITC

Bricks: Germany, TH Nuremberg / EnCN
WP 6: Advanced Ceramics

Poland: INOP
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Forming

illi Materials testin
Storage Mélr[;:giznd and Drying Firing & Analvti 8
& Cutting nalytics
s = =
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Raw materials Brick

Firing

Shaping # Drying

~ preparation S - I — parameters
* Moisture 1 pressure « Relative * O,-content . * Density
* Plasticity 3 * Clay humidity * CO,-content : ¢ Thermal
* Grain size ‘. temperature e CO-content ! conductivity
distribution * Comp. strength

Central data acquisition and

documentation
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“LightCoce” - Test case for THN pilot line —

Extrusion of lightweight bricks with nano porosifying agents

Lightweight bricks with the following characteristics will be produced

Property State of the art m

Ceramicdensity p [kg/dm?] <1,0
Thermal conductivity A, 4, [W/mK] 0,35 0,25
REM-pictures: 2.000 x 5.000 x
Porosifiers:

» Organic agents: Ground rise husks, rise husks, industrial soot, carbon black
» Inorganic agents: Diatomaceous earth, pyrogenic silica, water, water glass

Advantages of the lightweight bricks:

» Lower consumption of primary fuels for heating buildings (reduced CO, emission)
» Reduction in fuel consumption for firing of bricks

» Reduction in transport costs due to lighter products
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Ceramic body density p [g/cm’l'.
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Thermal conductivity A, ,, [W/mK]
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EU-Project “LightCoce”: 2" plenary session at the Energy Campus Nuremberg at
14./15.01.2020 with 50 participants from 9 European countries
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e Nanostructure CALOSTAT

Brenner Molekille Proto- Primér-
partikel partikel

" Properties of CALOSTAT
» Diffusion coefficient y = 6

»Hydrophobe; no water-absorption "'_
. . . . L0
° Mlnera”y; Incombustlble Bt i, Reaktion bel >1500°C - (;:3*.50

° The I’m al Con d u Cthlty }\,1 0, dr. = 0 y 0 1 9 W/(m* K) Herstellung pyrogener Kieselsaure in der Flamme

DER “WARMSTE”
ZIEGEL DER WELT

Brick-envelope Perlite-brick CALOSTAT-bricks Perlite-brick CALOSTAT- brick
Aequiv. = 0,345 W/(mK) Mequiv. = 0,071 W/(mK) Mequiv. = 0,046 W/(mK) Mequiv. = 0,07 W/(mK)  Aequy. = 0,041 W/(mK)
Improvement of the thermal insulation: 35 % Improvement: 41 %

Gefordert durch:
* Bundesministerium
filr Wirtschaft
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Example 1:
Herzo Base energy-storage buildings with Energetic standard
Appllcatlon of the highly insulating material ,,CALOSTAT" (silica fume SiO,) in wall- brlcks

Contuction of 8 terrace houses Production of 2000 pieces
2 houses: Perlite-bricks, Wall thickness 42,5 cm: U-value = 0,15 W/(m2*K)

2 houses: Perlite-bricks, Wall thickness 36,5 cm: U-value = 0,18 W/(m2*K)

4 houses: Perlite-bricks, Wall thickness 30,0 cm + 12 cm CALOSTAT-brick: U = 0,13 W/(m?*K)

Outer plaster A = 0,17 W/(m*K)
Solarpainting

Inner plaster: A = 0,18 W/(mK)

Gefordert durch:

$ Bundesministerium TIli
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Example 1:
Herzo Base energy-storage buildings with Energetic standard

Roofing Ceremony 02.12.2016

Rear View Energy Storage Houses Frontside 2019
Nov. 2017

Gefdrdert durch:
* Bundesministerium
T filr Wirtschaft

und Energie L ¢ e W
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Example 2: SiO, — aerogel foam as insulation materia

= Thermal conductivity of silica aerogel zero samples: 0,020 W/ mK
= Thermal conductivity of fiber-modified silica aerogels: 0,021 W/mK

as g

Aerogel zero sample SiO, - Aerogel Polystyrene nanofibers Modified SiO, - Aerogel
;\‘10,tr. = 0’020 Wl(m*K) }"10,tr_ = 0,01 Wl(m*K) }\:10,"_ = 0,021 Wl(m*K)

CA left: 146.4°

CA right: 146.3°

Filling of wall

building materials |- s I
contact angle with "sessile Nanofiber fleece
drop"” method > 145°
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0),SiO" + [AI(OH),T

igh strength geopolymers il 2. Foamed geopolymers

Compressive strength
R =2 N/mm?
Mo, = 0,06 W/(m*K)

Compressive strength
R =<120 N/mm?

0,250 -

0,200 -

i

0,150 -

0,100 -

I

0,050 -

0,000 -

I

Equivalent thermal conductivity A10,tr. [W/(mK)]

Unfilled Geopolymer foam
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Diagramm1

		Unverfüllt

		Geopolymerschaum



Äquivalente Wärmeleitfähigkeit λ10, tr. [W/mK]

0.217

0.118



Mischungstabelle

		

						g																				g								g

		Name		Probenname *		Mk(KICK)		Zink Pulv		WG-Lös.		NaOH		AL = WG+NaOH		H2O		(AL+H2O)=(WG+OH+H2O)		Lauge [M.-%]		W/Z		Zusatstf (%)		Tensid 702		FrischleimGewicht ∑		Bemerkung				Feststoff/AkLös		Konsistenz		Festigkeit

		S1		ZN 2,4/35/2,10		360		6.2		327.2		44.8		372.0		90.4		462.3		33.15%		0.57		1.72%		5.4		828.54						0.7683373111

		S2		ZN 2,4/50/2,10		360		6.2		327.2		44.8		372.0		129.1		501.1		25.77%		0.64		1.72%		5.4		867.25						0.7097072408

		S3		ZN 3,2/35/2,10		360		8.3		327.2		44.8		372.0		90.4		462.3		33.15%		0.56		2.29%		5.4		830.61						0.7649676633

		S4		ZN 3,2/50/2,10		360		8.3		327.2		44.8		372.0		129.1		501.1		25.77%		0.64		2.29%		5.4		869.32						0.7068312698

		S5		5.1		225		0.0		204.5		28.0		232.5		56.5		289.0		33.15%		0.57		0.00%		3.4		513.97						0.7786342755

		Mix C !!		6.1		20		0.3380		18.1750		2.4900		20.6650		5.0210		25.6860		33.15%		0.57		1.69%		0.1944		46.02						0.7685213649

		Neue Platted		7.1		100		1.3		90.9		12.5		103.3		25.1		128.4		33.15%		0.57		1.29%		1.0								0.7708911502

		Mix U		8.1		100		1.3		90.9		12.5		103.3		25.1		128.4		33.15%		0.57		1.29%		0.8								0.7708911502

		Mix U ohne Tensid		9.1		100		1.3		90.9		12.5		103.3		25.1		128.4		33.15%		0.57		1.29%		0.8								0.7708911502

		Mix U0 ZM/BS 10%		10.1		100		1.3		90.9		12.5		103.3		26.9		130.2		31.68%		0.58		1.29%		0.8								0.7606298015

				Aktivierlösung

				mol										Masse-%								mol																														1

				SiO2/Na2O		Probe		Si		Al		Na		SiO2		Al2O3		Na2O		∑		Si/Al		Na/Al

				1.5006075152		1		4.4509933057		2.4009415457		2.0043950256		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		2		4.4509933057		2.4009415457		2.0043950256		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		3		4.4509933057		2.4009415457		2.0043950256		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		4		4.4509933057		2.4009415457		2.0043950256		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		5		2.7818708161		1.5005884661		1.252746891		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		6		0.2472774059		0.1333856414		0.1113552792		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		7		1.2363870294		0.6669282071		0.556776396		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		8		1.2363870294		0.6669282071		0.556776396		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		9		1.2363870294		0.6669282071		0.556776396		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

				1.5006075152		10		1.2363870294		0.6669282071		0.556776396		59.17972%		27.07839%		13.74189%		1.00		1.8538532576		0.8348370785

						g

						SiO2		Al2O3		Na2O				266.6666666667

				1		267.5046976744		122.4		62.116201843

				2		267.5046976744		122.4		62.116201843

				3		267.5046976744		122.4		62.116201843

				4		267.5046976744		122.4		62.116201843

				5		167.1904360465		76.5		38.8226261519

				6		14.861372093		6.8		3.4509001024

				7		74.3068604651		34		17.254500512

				8		74.3068604651		34		17.254500512

				9		74.3068604651		34		17.254500512

				10		74.3068604651		34		17.254500512



Mueller, Jan Patrick:
Betol 39T, SiO2/Na2O=1,457 --> 0,8627 x MK =WG

Mueller, Jan Patrick:
W/Z Wert stimmt nicht



Mischungstabelle

		



Zusammensetzung (Masse-%)



Molare Massen

		



Si/Al

Na/Al

Verhältnisse (Molar)



Rohstoffe

		



Zusammenstzg.1



Auswertung

		



Zusammenstzg.2



Tabelle1

		



Zusammenstzg.3



Tabelle2

		



Probe 4 (Mol-%)



Tabelle4

		



Probe 4 (Masse-%)



Ergebnisse Schaum 

		

						Mol-Masse [g/mol]

						SiO2		60.1		[g/mol]

						Al2O3		101.96		M(Na)		M(Al)		M(Si)		M(O)

						Na2O		61.98		22.99		26.982		28.085		15.999

						Si		28.085		M(H)		M(NaOH)		M(Na2SiO3)

						Al		26.982		1.008		39.997		122.06

						Na		22.99

						NaOH		39.997

						Zn



*  Basismischung : MK       + AK        + H2O   + Zn  + Tensid
                             139,44 + 141,28 + 35, 23 + 1,6 + 2,09 g

Macht 100 MK + 90,8 B39 + 12,45 NaOH + 30 H2O

ZM = Ziegelmehl
BS = Bauschutt

neuste Platte in Wanne

M=m/n   n=m/M  ῤ=(c∗M)/w
m=n*M



Ergebniss Ziegel

		

		Betol 39 T																				MK Kick

		mol		mol in 1 g WG				g in 1 g WG				g		Massen-%								mol in 1 g												g in 1 g MK								Massen-%

		SiO2/Na2O		SiO2		Na2O		SiO2		Na2O		SiO2/Na2O		m(Na2SiO3)		SiO2		Na2O		H2O		SiO2		Al2O3		SiO2/Al2O3		Si		Al		Si/Al		SiO2		Al2O3		Si		Al		SiO2		Al2O3		SiO2/Al2O3		Si		Al		Si/Al

		3.4		0.0045969895		0.0013507733		0.2762790698		0.0837209302		3.3		36.00%		27.63%		8.37%		64.00%		0.0081863561		0.003334641		2.4549437212		0.0081863561		0.0066692821		1.2274718606		0.492		0.34		28.0931863561		0.1799505689		49.20%		34.00%		1.4470588235		22.991381		17.9950569

														Anteil am Festst.		76.74%		23.26%



Orange: Eingebbare Größen



				U2 ohne [cm]		U1 [cm]

		Höhe ca.		5.2		5.25

		Durchmesser		25.2		25.3

		Radius		12.6		12.65

		V [cm³]		2593.55		2639.31				Maße für Lambda-Messung

		m (Leim) [g]		1099.4		1093.5				H1		H2		H3		H4						µH						L1		L2		µL						B1		B2				µB						m		ρ

		m (MK)		500		500		1		[cm]																																								[g]		[g/cm³]		1

								PurGrob		2.36		2.32		2.34		2.39						2.3525						9.64		9.657		9.6485						9.49		9.47				9.48						53.625		0.2492123351		PurGrob

								PurFein		3.75		3.747		3.685		3.648						3.7075						9.744		9.774		9.759						9.747		9.791				9.769						110.577		0.3128442779		PurFein

								ZM GP		2.79		2.809		2.798		2.784						2.79525						9.773		9.809		9.791						9.994		10.018				10.006						81.711		0.2983817936		ZM GP

								BS GP		3.058		3.056		3.07		3.061						3.06125						9.801		7.95		8.8755						10.016		10.05				10.033						96.1		0.3525339515		BS GP

								2																																														2

								PurGrob		2.486		2.449		2.599		2.626						2.54						9.672		9.716		9.694						9.955		10.008				9.9815						58.822		0.2393355675		PurGrob

								PurFein		3.12		3.128		3.136		3.132						3.129						9.407		9.433		9.42						9.519		9.48				9.4995						83.74		0.2990719921		PurFein

								ZM GP		3.085		3.084		3.087		3.083						3.08475						9.944		9.937		9.9405						9.927		9.868				9.8975						90.382		0.297802428		ZM GP

								BS GP		3.276		3.315		3.322		3.292						3.30125						10.177		10.122		10.1495						10.218		10.223				10.2205						108.18		0.3159015614		BS GP

								3																																														3

								PurGrob		2.584		2.599		2.587		2.583						2.58825						9.863		9.877		9.87						9.803		9.784				9.7935						60.877		0.2433279176		PurGrob

								PurFein		3.053		3.067		3.052		3.047						3.05475						9.46		9.497		9.4785						9.491		9.471				9.481						82.208		0.2994640185		PurFein

								ZM GP		2.92		2.906		2.914		2.955						2.92375						9.877		9.933		9.905						9.931		9.85				9.8905						84.615		0.2954162608		ZM GP

								BS GP		3.205		3.211		3.208		3.217						3.21025						10.044		10.056		10.05						9.998		10.055				10.0265						101.714		0.314431798		BS GP

										WmlF												µρ (LamFormen)		ρ		ρ		µρ (Pykno)		Prosität		Prosität		Prosität		Prosität		DF		DF		DF		µDF		DF		µDF

										[W/mK]						µ		Fehler -		Fehler +		[g/cm³]		Fehler -		Fehler +		[g/cm³]				%		Fehler -		Fehler +		N/mm²		N/mm²		N/mm²		N/mm²		Fehler -		Fehler +

						Feine Poren		PurGrob		0.0653		0.0635		0.0664		0.0651		0.0016		0.0013		0.2439586067						2.5682		0.91		90.50						0.71		0.92		0.84		0.82		0.11		0.10		PurGrob

						Grobe Poren		PurFein		0.0753		0.0725		0.0724		0.0734		0.0010		0.0019		0.3037934295						2.3407		0.87		87.02						1.83		1.88		1.79		1.83		0.04		0.05		PurFein

						Ziegelmehl 10 %		ZM GP		0.0737		0.0754		0.0738		0.0743		0.0006		0.0011		0.2972001608						2.0758		0.86		85.68						1.59		1.78		1.81		1.73		0.14		0.08		ZM GP

						Bauschutt 10 %		BS GP		0.0785		0.0834		0.0818		0.0812		0.0027		0.0022		0.327622437						2.5417		0.87		87.11						1.39		1.35		1.33		1.36		0.03		0.03		BS GP

								Styropor (exp.)								0.035						0.04				Styropor (exp.)		1.05		0.96		96.19										Styropor (exp.)		0.26

								Schaumglas								0.05						0.2				Schaumglas		3.5		0.94		94.29										Schaumglas		0.81

								Porenbeton								0.13						0.5				Porenbeton		2.6		0.81		80.77										Porenbeton		2

										WmlF Alu alt																												conductivity						Fehler/Abweichung										µDF		Prosität		Lambda

										[W/mK]						µ																												WmlF								Name		N/mm²		%		[W/mK]

								A6								0.0000																												µ(µ)								Feine Poren		0.82		90.50		0.065

								A7								0.0000																												0.0735								Grobe Poren		1.83		87.02		0.073

								A8								0.0000																																				Ziegelmehl 10 %		1.73		85.68		0.074

																0.0000																																				Bauschutt 10 %		1.36		87.11		0.081

				Absorbtion 30 °C										Desorbtion 30 °C

				24 h Trockenschrank 105 °C										90 % R.H.

						PF [g]		PG [g]		BS [g]		ZM [g]				PF [g]						PG [g]						BS [g]		ZM [g]

				1		53.6429		55.8902		38.5461		34.3023		1		63.0724						65.1446						44.9738		39.6017

				2		50.559		30.4902		42.692		35.4663		2		61.462						37.637						49.6527		41.5151

				3		57.5763		42.9152		42.2881		39.7051		3		67.5435						50.6462						49.243		45.5317

				µmasse		53.93		43.10		41.18		36.49		µmasse		64.03						51.14						47.96		42.22

				30 % R.H.										70 % R.H.

						PF [g]		PG [g]		BS [g]		ZM [g]				PF [g]						PG [g]						BS [g]		ZM [g]

				1		55.6043		57.4996		39.8658		35.4648		1		59.778						61.9448						42.9476		37.901

				2		52.3838		31.4955		44.1431		36.6739		2		56.617						34.2887						47.6149		39.2633

				3		59.6449		44.3375		43.7195		41.046		3		64.1114						47.7957						47.11		43.8446

				µmasse		55.88		44.44		42.58		37.73		µmasse		60.17						48.01						45.89		40.34

				dm/m		0.04		0.03		0.03		0.03

				50 % R.H.										50 % R.H.

						PF [g]		PG [g]		BS [g]		ZM [g]				PF [g]						PG [g]						BS [g]		ZM [g]

				1		56.4989		58.3182		40.4711		35.9348		1		58.3402						60.3521						41.82		37.1402

				2		53.249		31.985		44.8305		37.1598		2		54.9879						33.2371						46.3233		39.465

				3		60.6079		45.04		44.3775		41.6025		3		62.555						46.6492						45.8918		42.9975

				µmasse		56.79		45.11		43.23		38.23		µmasse		58.63						46.75						44.68		39.87

				dm/m		0.00

				70 % R.H.										30 % R.H.

						PF [g]		PG [g]		BS [g]		ZM [g]				PF [g]						PG [g]						BS [g]		ZM [g]

				1		58.0635		60.192		41.81		36.8738		1		57.6256						59.277						41.2817		36.6978

				2		54.6609		33.1077		46.3229		38.1408		2		54.2964						32.8079						45.719		39.9775

				3		62.3007		46.3434		45.8161		42.7023		3		61.7868						46.1046						45.2813		42.4673

				µmasse		58.34		46.55		44.65		39.24		µmasse		57.90						46.06						44.09		39.71

				90 % R.H.										24 h Trockenschrank 105 °C

						PF [g]		PG [g]		BS [g]		ZM [g]				PF [g]						PG [g]						BS [g]		ZM [g]

				1		62.2019		44.8093		65.4971		39.5537		1		53.7839						55.9249						38.611		34.3815

				2		59.0195		49.888		36.1058		40.7366		2		50.6578						30.5423						42.7978		35.5508

				3		66.7546		49.1801		49.79		45.5175		3		57.6994						42.9721						42.3692		39.7622

				µmasse		62.66		47.96		50.46		41.94		µmasse		54.05						43.15						41.26		36.56

						PF [g]		PG [g]		BS [g]		ZM [g]

				24 h  105 °C		53.93		43.10		41.18		36.49

				30 % R.H.		55.88		44.44		42.58		37.73

				50 % R.H.		56.79		45.11		43.23		38.23

				70 % R.H.		58.34		46.55		44.65		39.24

				90 % R.H.		62.66		47.96		50.46		41.94

				90 % R.H.		64.03		51.14		47.96		42.22

				70 % R.H.		60.17		48.01		45.89		40.34

				50 % R.H.		58.63		46.75		44.68		39.87

				30 % R.H.		57.90		46.06		44.09		39.71

				24 h  105 °C		58.90		39.97		41.26		36.56						0.00		0.00



1 Liter = 1000 cm³

Wanne: 58 cm * 28 cm * 4,5 cm = 8932 cm³



		



µ

µρ (LamFormen)

Mittlere Wärmeleitfähigkeit [W/mK] verglichen mit der mittleren Dichte [g/cm³]



		



Messe die dichten nochmal

N/mm²

%

Mittlere Druckfestigkeit [N/mm²]
im Vergleich mit der Porositat [%]

Absorbtion 30 °C

Desorbtion 30 °C

Masse [g]

PurFein



						0.0966666667		0.1133333333

						0.0466666667		0.0433333333

						0.0833333333		0.1366666667

						0.0333333333		0.0266666667



N/mm²

%

Name

Mittlere Druckfestigkeit [N/mm²]

Mittlere Druckfestigkeit [N/mm²] (Säulen)
Porosität[%] (Pfeil)



				0.0013333333		0.0015666667

				0.0019		0.001

				0.0011		0.0006

				0.0021666667		0.0027333333



WmlF

Name

Thermische Leitfähigkeit [W/(mK)]

Thermische Leitfähigkeit  [W/mK]



		



Absorbtion 30 °C

Desorbtion 30 °C

Masse [g]

PurGrob



		



Absorbtion 30 °C

Desorbtion 30 °C

Masse [g]

BauSchutt



		



Absorbtion 30 °C

Desorbtion 30 °C

Masse [g]

Ziegelmehl



		

						Ziegel, Kleines Loch [g]								Ziegel, großes Loch [g]

						1		2		3		mittlere		1		2		3		mittlere

				RT		39.8532		39.2176		34.8366		37.9691333333		31.1235		22.9133		22.7057		25.5808333333

				24 h, 105 °C		39.7797		39.1467		34.7726		37.8996666667		31.1073		22.9009		22.6939		25.5673666667

				24 h in H2O + oberflächliches trickentupfen		55.6992		54.8332		48.7779		53.1034333333		38.9328		28.6583		28.4301		32.0070666667

				Massenänderungen in Form von aufgenommenem Wasser (eigelegt 24 h, dann oberflächlich trockengetupft)

				zw. RT und 105 ° TS [%]		-0.1833%								-0.0527%

				zw. 105 ° TS und lagern im H2O		40.1%								25.2%

				zw. RT und lagern im H2O		39.9%								25.1%



Kleiner Ziegel: Nimmt 40 % des eigenen Gewichtes als H2O auf

Großer Ziegel: 25 %



				Zn		PGC		PFUo				Zn		ZMU0		BSU0

		Schra. ____°C		Ja						Schra. ____°C		Ja

				kein								kein

		RT ____°C		Ja						RT ____°C		Ja

				kein								kein





		KBE Unkalz

				Idx																		Durch   10 %		Durch   50 %		Durch   90 %

																				Min		0.879		5.024		19.035

																				Max		1.039		5.939		20.790

																				Mittelwert		0.946		5.381		19.574

																				Standardabweichung		0.061		0.362		0.728

																				CV		6.449		6.722		3.718

				1150		KBE_1_unkalz.1								Hesse				Isopropyl alcohol		60		1.039		5.939		20.790

				1151		KBE_1_unkalz.2								Hesse				Isopropyl alcohol		60		0.965		5.521		19.705

				1152		KBE_1_unkalz.3								Hesse				Isopropyl alcohol		60		0.939		5.273		19.035

				1153		KBE_1_unkalz.4								Hesse				Isopropyl alcohol		60		0.909		5.149		19.211

				1154		KBE_1_unkalz.5								Hesse				Isopropyl alcohol		60		0.879		5.024		19.126

				Idx																		Durch   10 %		Durch  50 %		Durch   90 %

																				Min		1.295		7.323		25.895

																				Max		1.342		7.569		27.572

																				Mittelwert		1.319		7.437		26.610

																				Standardabweichung		0.019		0.096		0.648

																				CV		1.452		1.287		2.437

				1150		KBE_800.1								Hesse				Isopropyl alcohol		60		1.342		7.569		27.572

				1151		KBE_800.2								Hesse				Isopropyl alcohol		60		1.331		7.489		26.879

				1152		KBE_800.3								Hesse				Isopropyl alcohol		60		1.321		7.422		26.493

				1153		KBE_800.4								Hesse				Isopropyl alcohol		60		1.305		7.380		26.211

				1154		KBE_800.5								Hesse				Isopropyl alcohol		60		1.295		7.323		25.895





		

				Schäume Allgemein

				µDF		Prosität		Lambda

		Name		N/mm²		%		[W/mK]				Verfüllte Ziegel

		Feine Poren		0.82		90.50		0.065				Ziegel		[W/mK]

		Grobe Poren		1.83		87.02		0.073				Unverfüllt		0.217

		Ziegelmehl 10 %		1.73		85.68		0.074				Geopolymerschaum		0.118

		Bauschutt 10 %		1.36		87.11		0.081





		Feine Poren		90.5007940679		0.0966666667		0.1133333333

		Grobe Poren		87.0212573375		0.0466666667		0.0433333333

		Ziegelmehl 10 %		85.6826206363		0.0833333333		0.1366666667

		Bauschutt 10 %		87.1101059544		0.0333333333		0.0266666667



N/mm²

%

Name

Mittlere Druckfestigkeit [N/mm²]

Mittlere Druckfestigkeit [N/mm²] (Säulen)
Porosität[%] (Pfeil)

0.8233333333

1.8333333333

1.7266666667

1.3566666667



		Feine Poren		0.0013333333		0.0015666667

		Grobe Poren		0.0019		0.001

		Ziegelmehl 10 %		0.0011		0.0006

		Bauschutt 10 %		0.0021666667		0.0027333333



WmlF

Name

Thermische Leitfähigkeit [W/mK]

Thermische Leitfähigkeit  [W/mK]

0.0650666667

0.0734

0.0743

0.0812333333



		



Äq. Wärmeleitfähigkeit [W/mK]



		






Compressive strength o [MPa]

Thin-bed mortar with fumed silica

Example 4: Improvement of thermal insulation of thin-

1 0,25
10,20
1 0,15
1 0,10
1 0,05

0,00

Compressive strength 7 d
®m Compressive strength 28 d
® Thermal conductivity 28 d

» Reduction of thermal conductivity by almost 29,0 %
» Compliance with the specified compressive strength
class M 10

TECHNISCHE HOCHSCHULE NURNBERG
GEORG SIMON OHM

Base plaster with fumed silica

Thermal conductivity Ao [W/(mK)]
Compressive strength o [MPa]

6,6 l 9,3 l 10,1 l 8,2 l 54 l 3,0 4. 1,5 1,8 0,8 1;0

== 2z 6,0 MPa

Compressive strength 7 d
® Compressive strength 28 d
* Thermal conductivity 28 d

0,50

1 0,40

1 0,30

0,20

0,00

» Reduction of thermal conductivity by almost 29,0 %
» Simultaneous 49 % increase in compressive strength

\9 LIGHTCOCE

Thermal conductivity A1o,tr. [W/(mK)]
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