
 

M

A

T
D
p

 

D

MATERI

Acknowledg

The Project 
Development
program of th

Developme

fr

IAL PRO

gements 

DEFEAT 
t Fund (ERD
he Cyprus Re

ent of an I

rom the C

IN

OTOTYPE

(INTEGRAT
DF) and the
esearch & In

 

  

Innovativ

Constructi

DEF

NTEGRA

DELIVE

E WITH F

IN SAND

TED/0918/00
e Cyprus Go
nnovation Fou

“D

 

ve Insulat

ion and D

FEA
 

ATED/091

 

 
ERABLE 

FIRE AN

DWICH T

 

 

 

 

 

 

 

052) has b
overnment, t
undation. 

evelopment of a

tion Fire R

Demolition

AT 

18/0052 

D5.3 

ND INSUL

TYPE 

een co-fund
through the 

an Innovative In
from the Const

Resistant 

n Waste  

LATION 

ded by the 
RESTART 

Insulation Fire R
truction and De

Façade  

PROPER

European 
2016-20 fra

Resistant Façad
emolition Waste

RTIES 

Regional 
amework 

de 
e”



 

 

 

 

PROJEC

GRAN

PRO

PR

P

 

DELIVA

DE

CONTRIB

CONTRA

DELIV

 

DISSEM

PU P

CO C

CT INFOR

NT AGREEM

OJECT FULL

ROJECT AC

FUNDING S

STARTIN

DUR

CALL IDEN

PROJECT W

ARABLE I

DELIVERA

ELIVERABLE

WP L

BUTING PAR

N

AU

CONTRIB

REVI

ACTUAL DE

VERY DATE

MINATION

Public 

Confidential, o

RMATION 

MENT No IN

L TITLE 
D
fr

RONYM D

SCHEME R

NG DATE  0

RATION 3

NTIFIER In

WEBSITE h

NFORMA

ABLE N° 5

E TITLE M

WP No 5

LEADER R

RTNERS U

NATURE R

UTHORS 
Io
D

BUTORS F

IEWERS D

ADLINE M

E TO RIF 5

N LEVEL 

only for the m

 

  

NTEGRATED

Development o
from the Const

DEFEAT 

RESTART 20

01 July 2019 

6 months 

ntegrated Proj

http://defeat.fre

TION 

5.3 

Material Proto

5 

RECS / FRC 

UCY 

R: Document, 

oanna Giann
Demetriou (UC

FRC, RECS, U

Demetris Nico

M19 – January

5/04/2023 

members of the

“D

D/0918/0052

of an Innovati
truction and D

16-20 

jects 

rederick.ac.cy/

otype with Fire

report (exclud

nopoulou (F
CY) 

UCY  

olaides (FRC),

y 2022 

e consortium (

evelopment of a

ive Insulation 
Demolition W

/ 

e and Insulatio

ding the perio

FRC), Mario

, Pericles Savv

(incl. RIF Serv

an Innovative In
from the Const

Fire Resistan
aste 

on Properties 

dic and final r

s Valanides 

va (RECS) 

vices) 

Insulation Fire R
truction and De

nt Façade  

in Sandwich T

reports)  

(RECS), D

Page 2 

Resistant Façad
emolition Waste

Type 

Demetris 

 

 

de 
e”



 

 

 

DOCUM

Version 

1 

2 

3 

4 

5 

MENT LOG

Date 

10 January  

07 February

17 March 20

31 February

5 April 2023

G  

A

2022 I

y 2023 M

023 D

y 2023 
D
P

3 I

 

  

Author 

Ioanna Giann

Marios Valan

Demetris Dem

Demetris Nic
Pericles Savv

Ioanna Giann

“D

nopoulou (FR

nides (RECS

metriou (UC

colaides (FR
va (RECS) 

nopoulou (FR

evelopment of a

Desc

RC) 
Prepa
addit

S) 
Addi
produ

CY) 
Addi
stren

RC) 
Revi

RC) Final

an Innovative In
from the Const

cription of C

aration of tem
tion on small

ition of data 
uction  

ition of data 
ngth testing 

ew of Delive

l version of t

Insulation Fire R
truction and De

Change 

mplate and d
l-scale proto

on the proto

on the adhes

erable 

the deliverab

Page 3 

Resistant Façad
emolition Waste

data 
type 

type 

sion 

ble  

de 
e”



 

 

 

 

TABLE 

EXECUTI

LIST OF F

LIST OF T

1.  Introd

2.  Small

2.1 Validat

2.2 Verific

3.  Devel

3.1 Validat

3.2 Verific

4.  Concl

OF CONT

VE SUMMA

FIGURES ....

TABLES ......

duction .........

l-scale protot

tion of the pr

cation of prop

lopment of th

tion of the pr

cation of prop

lusions .........

TENTS 

ARY ............

....................

....................

....................

type of the D

roduction pro

perties of the

he DEFEAT 

roduction pro

perties of the

....................

 

  

....................

....................

....................

....................

DEFEAT Com

ocess ...........

e small-scale

Composite M

ocess in larg

e up-scale pro

....................

“D

....................

....................

....................

....................

mposite Mate

....................

e prototypes .

Material Pro

ge scale ........

ototypes ......

....................

evelopment of a

....................

....................

....................

....................

erial .............

....................

....................

ototype ..........

....................

....................

....................

an Innovative In
from the Const

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

Insulation Fire R
truction and De

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

....................

Page 4 

Resistant Façad
emolition Waste

............ 5 

............ 6 

............ 7 

............ 8 

............ 9 

............ 9 

.......... 10 

.......... 12 

.......... 12 

.......... 14 

.......... 15 

de 
e”



E

D
a
D
g
W
C
R
T

T
p
p
C

A
c
th
in
C

  

 

 

 

EXECUTIV

Deliverable D
activities per
DEFEAT pr
geopolymers,
Waste (CDW
CM), since th
Resistant - B
Thermal Insu

The developm
performed at 
process that w
CM main pro

According to
casting proce
he two indiv
ntegrated co

Composite M

 

VE SUMM

D5.3-Materi
rformed to 
roject. It co
, a fire-resis

W). Deliverab
he optimizat

BFR and Ce
ulation - CTT

ment and tes
both, small 

was used for
operties, at bo

o the results
ess is suitable
vidual layered
omponent. F

Material were

MARY 

ial prototype
develop and

oncerns an 
stant and a t
ble D5.3 desc
tion of mate
eramic Tile 
TI) geopolym

sting of the 
and large la

r the product
oth small and

s of the des
e for the sca
d geopolyme

Furthermore, 
 achieved in 

 

  

e with fire 
d test the p
innovative 

thermal insu
cribes two pr
rials in WP5
Fire Resista

mers.  

DEFEAT-C
ab-scale. Th
tion of the D
d large lab-sc

ign, develop
aling up of th
ers of the DE

most of th
a relevant en

“D

& insulation
prototype of 

composite 
ulation, both
rototypes of t
5 of the proj
ant - CTFR)

M prototype
e relevant ac

DEFEAT-CM
cale.  

pment and t
he Composit

EFEAT-CM w
he properties
nvironment. 

evelopment of a

n properties
f the Compo
building faç

h based on th
the DEFEAT
ject resulted
) and one th

es, the BFR-
ctivities incl

M, as well as 

testing of th
te Material p
was proved s
s targeted in
    

an Innovative In
from the Const

s in sandwic
osite Materi
çade consist
he Construc
T Composite
d in two fire-
hermal insul

-CTTI and th
ude the vali
the verificat

he DEFEAT-
production. T
strong enoug
n the DEFE

Insulation Fire R
truction and De

ch type incl
ial develope
sted of two
ction and De
e Material (D
-resistant (B
lation (Cera

he CTFR-CT
idation of th
tion of the D

-CM prototy
The bonding 
gh for operat
EAT project

Page 5 

Resistant Façad
emolition Waste

ludes the 
d in the 
 layered 
emolition 

DEFEAT-
Brick Fire 
amic Tile 

TTI, was 
e casting 

DEFEAT-

ypes, the 
between 

ting as an 
t for the 

de 
e”



L

F

F

F

F

F
o

F

F

F

F

 

 

LIST OF FI

Figure 1. Sma

Figure 2. Sma

Figure 3. Sma

Figure 4. Sma

Figure 5. Frag
of compressio

Figure 6. The

Figure 7. Ten

Figure 8. Spe

Figure 9. Col

IGURES 

all-scale DEF

all-scale DEF

all-scale CTF

all-scale CTF

gments the C
on strength. .

e DEAFET-C

nsile bond str

ecimens of th

lored specim

FEAT-CM p

FEAT-CM p

FR-CTTI pro

FR-CTTI pro

CTFR-CTTI 
....................

CM prototyp

rength equipm

he CTFR-CT

mens of the CT

 

  

prototypes (a

prototypes ba

ototype befo

ototype befo

prototype sa
....................

es. ...............

ment ............

TTI prototype

TFR-CTTI p

“D

a) BFR-CTTI

ased entirely

ore and after e

ore and after e

amples expos
....................

....................

....................

e after the pu

prototype. ....

evelopment of a

I and (b) CTF

 on waste ce

exposure to 

exposure to 

sed to 800 an
....................

....................

....................

ull-off adhesi

....................

an Innovative In
from the Const

FR-CTTI. ...

ramic tiles (C

800 °C. .......

1050 °C. .....

nd 1050 °C a
....................

....................

....................

ion test. .......

....................

Insulation Fire R
truction and De

....................

CTFR-CTTI

....................

....................

and subjecte
....................

....................

....................

....................

....................

Page 6 

Resistant Façad
emolition Waste

............ 9 

I). ....... 10 

.......... 11 

.......... 12 

d to tests 
.......... 12 

.......... 13 

.......... 14 

.......... 15 

.......... 15 

de 
e”



L

T

T

T

T

 

LIST OF T

Table 1. Synt

Table 2. Prop

Table 3. Prod

Table 4. Dens

ABLES 

thesis and cu

perties of the 

duction proce

sity of the sm

uring conditio

CTFR-CTT

ess paramete

mall-scale an

 

  

ons of the sm

TI small-scale

rs of the up-

nd up-scale D

“D

mall-scale DE

e prototypes 

-scaled DEFE

DEFEAT-CM

evelopment of a

EFEAT-CM 

and its indiv

EAT-CM pro

M prototypes

an Innovative In
from the Const

prototypes ..

vidual materi

ototypes ......

...................

Insulation Fire R
truction and De

....................

ials ..............

....................

....................

Page 7 

Resistant Façad
emolition Waste

............ 9 

.......... 11 

.......... 13 

.......... 14 

de 
e”



D
a
p
g
in
g

T
fi
w
b
re
u
d
m

T
s
fl
m
s
p

T
im
p
in
th
in
fi
c
re
re

T
v
a
s
p
fa

1. Introd

Deliverable D
activities carr
prototype. Th
geopolymers,
nsulating, th

geopolymers,

(i) the 
(BF

(ii) the 
geo

The DEFEA
fire- and hea
waste (CDW
building faça
eproducibilit

used, as the 3
difficulties in
material engi

The DEFEAT
mall laborato

flowsheet fol
material prod
pecimens) a

process at lab

The small-sc
mplementati

place at the l
nnovative D
hickness, of
nsulating geo

fire-resistant 
component, s
espects. The
elevant oper

The DEFEA
validated the
affordable de
everal activi

presented can
façades at a p

duction 

D5.3-Materi
ried out for t
he optimiza
, the BFR (b
he CTTI (ba
, two prototy

BFR-CTTI
FR) and the o

CTFR-CT
opolymers, bo

T-CM proto
at-resistant b

W). The proto
ade, as well
ty. For the p
3D-printing p
n the printing
ineering on t

T-CM proto
ory scale (sm
llowed for th
duction. The

and used to t
b-scale, so as

cale prototyp
on of the int
laboratory of
EFEAT-CM

f which 1.5 
opolymer foa
and therma

so that their 
e up-scale pro
ating environ

AT-CM proto
e innovative
esign of com
ities in WP7,
n be used for
pilot-scale an

ial prototype
the developm
ation of mat
ased on brick
ased on cer

ypes of the D

I, which con
optimum cera

TTI, which 
oth based on

types are con
building faça
otypes were
l as to valid
production o
process, whi
g of geopoly
the productio

otypes and th
mall-scale) in
heir productio
e samples of 
test and valid
s for both to r

pes and the 
tegrated DEF
f RECS, wit

M façade wer
cm refers t

am, followin
al insulating 
configuratio
ototypes wer
nment, in ord

otypes fulfil
 DEFEAT b

mmercial prod
, since the te
r the activiti

nd their demo

  

e with fire &
ment and test
terials perfo
k waste) and
ramic tile w

DEFEAT-CM

nsists of the
amic tile was
consists of

n ceramic tile

nsidered earl
ades develop
 built to tes
date its prod
of the DEFE
ch was also 
ymers (more
on method).

heir producti
n the laborato
on is illustrat

f the small-sc
date the inno
reach a Tech

results from
FEAT-CM pr
th the cooper
e prepared w
to the fire-r

ng the same p
geopolymer
n to be simi
re used to va
der for both o

lled the req
building faç
ducts. The in
chnical infor
es related to
onstration in 

“D

& insulation
ting of the D
ormed in W
d the CTFR (
waste). Base

M are presente

e optimum b
ste-based the
f the optim
e waste (CTF

ly samples fo
ped in the p
st the conce
duction proc

EAT-CM pro
proposed an

e details are 

ion process 
tory of the Fr
ated in Fig. 3
cale prototyp
ovative build
hnology Rea

m their lab-s
rototypes at a
ration of FR

with dimensi
resistant geo
production fl
rs composin
ilar (or very 
alidate the D
of them to re

quirements o
çade and its
nformation i
rmation (mix

o the product
an operation

evelopment of a

n properties 
DEFEAT Com

WP5 resulted 
(based on cer
d on the co
ed and discus

brick waste-
ermal insulat
mum fire-re
FR and CTTI

for future com
roject, utiliz

ept of the co
cess, improv
ototypes, onl
nd studied in 

given in the

were firstly 
rederick Res
 of the proje
pes were of 
ding façade D
adiness Leve

scale testing 
a larger scale

RC and UCY
ions of 15 cm
opolymer an
lowsheet wit
g the DEFE
close) to the

DEFEAT-CM
each a TRL 5

of a comple
s production
included in t
x designs, pr
tion of the in
nal environm

an Innovative In
from the Const

in sandwic
mposite Mate

in two opt
ramic tile wa
ombinations 
ssed in this d

-based fire-r
ting geopolym
sistant and 

I, respectivel

mmercializat
zing construc
omposite fir
ve any impe
y the direct 
the project, 

e deliverable

designed an
earch Center

ect deliverabl
dimensions 
DEFEAT-CM
el (TRL) of 4

were used 
e (up-scale). 

Y. The up-sca
m length, 15

nd 3.5 cm re
th the small-s
EAT-CM we
eir final appl

M and its prod
5.   

ete testing c
n process tow
this deliverab
operties mea
nnovative DE

ment.  

Insulation Fire R
truction and De

ch type desc
erial (DEFE
timized fire-
aste) and one

of these o
deliverable: 

resistant geo
mer (CTTI) 

thermal in
ly) 

tion of the in
ction and de
re- and heat-
erfection an
casting met
presented si

e D6.1-Repo

nd implemen
r (FRC). The
le D6.2-Flow
50x50x50 c
M and its pr
4.  

as reference
These activi
ale prototyp

5 cm width a
refers to the
scale prototy
ere integrate
lication, in a
duction proc

case and ev
oward a reli
ble may also
asurements, e
EFEAT-CM 

Page 8 

Resistant Façad
emolition Waste

ribes the 
EAT-CM) 

-resistant 
e thermal 

optimized 

opolymer 

nsulating 

nnovative 
emolition 
-resistant 
d ensure 
thod was 
ignificant 
rt on the 

nted at a 
e process 
wsheet of 
m (cubic 
roduction 

e for the 
ities took 
es of the 
and 5 cm 
e thermal 
ypes. The 
d in one 

almost all 
cess at an 

ventually, 
able and 
o support 
etc.) here 
building 

de 
e”



T
s

T

P

S

A
C

A

N
v

A

C

C

(1

g

F
a

F
g
g
Im
p
o
h
w
p

2. Small

2.1 Valida

Table 1 below
mall-scale D

Table 1. Synt

Parameter 

S/L ratio, g/mL

Alkaline soluti
Concentration,

Alkali activato

Na2SiO3xH2O 

v/v in the activ

Al powder, % 

Curing temper

Curing time, d

1)Abbreviations
geopolymer (com

For the produ
according to t

First, the pas
geopolymer p
geopolymer p
mmediately 

paste, mixed 
of 3.5 cm. O
heated at 70 °
were demold
prototypes pr

Fi

l-scale pro

ation of the 

w summarize
DEFEAT-CM

thesis and cu

L 

ion / 
, Molarity 

or 
K

/ KOH, 
vator 

wt 

rature, oC 

days 

: BFR: waste 
mpact); CTTI: w

uction of the 
the following

ste of the fir
paste was p
paste was mi
after that, th
for 5-10 s an
nce the foam
°C, and left f

ded and used
repared as ab

igure 1. Sma

ototype of 

production

es the synthe
M prototypes.

uring conditi

BFR(

2.5 

KOH / 

KOH and Na2

solutio

1.6 : 

- 

70 

7 

brick-based fir
waste ceramic t

small-scale 
g procedure:

re-resistant g
repared, jus
ixed for 2-3 
he foaming 
nd molded in
ming procedu
for curing at
d to validate
bove-describe

(a)

all-scale DEF

  

the DEFE

n process 

esis condition
.  

ons of the sm

(1) 

8M 

SiO3 x H2O 
ons 

1 

re resistant geo
tile-based therm

prototypes, t
  

geopolymer w
t before the
min and pou
agent (Al po

nto the same 
ure was com
t this tempera
e the propert
ed are shown

)                    

FEAT-CM p

“D

EAT Comp

ns followed t

mall-scale DE

CTF

3.4

KOH /

KOH and Na
soluti

1.6 

-

70

7

opolymer (com
mal insulating g

the casting m

was prepared
e addition of
ured into the
owder) was 
molds as an

mpleted, the m
ature for 7 d
ties of intere
n.  

          

                  

prototypes (a

evelopment of a

posite Mate

to prepare th

EFEAT-CM

R(1) 

4 

/ 8M 

a2SiO3 x H2O 
ions 

: 1 

0 

mpact); CTFR: 
geopolymer (foa

method was u

d and set as
f the foamin
e molds, form
added in th

nd above the 
molds were 

day. After cur
est. In Fig. 

            (b) 

) BFR-CTTI

an Innovative In
from the Const

erial 

e geopolyme

prototypes 

CT

3

KOH

KOH and N
solu

1 

0

7

7

waste ceramic
amed) 

used. Briefly

ide. Next, th
ng agent. Th
ming a layer 
e thermal in
fire-resistant
placed in th
ring, the spe
1, the small

I and (b) CTF

Insulation Fire R
truction and De

ers combined

TTI(1) 

3.3 

H / 8 M 

Na2SiO3 x H2O 
utions 

: 1 

0.1 

70 

7 

c tile-based fir

y, they were p

he thermal in
hen, the fire-
r of 1.5 cm th
nsulating geo
t layer, to a t

he oven that 
ecimens of pr
l-scale DEFE

 

FR-CTTI. 

Page 9 

Resistant Façad
emolition Waste

d into the 

re resistant 

produced 

nsulating 
-resistant 
hickness. 
opolymer 
thickness 
was pre-
rototypes 
EAT-CM 

de 
e”



A
c
in
o
re
fr
lo
(B
to

In
m
m
in
w
fl
in
o
a
p

A
a

In
D
te
fi
e
p
(l

In
o
in

As shown in 
cube, but in o
nto the lowe

observed in b
esistant geop

fresh paste of
ower one. T
BFR) and in
o raise (Fig. 

n order to o
material were
min at ambie
nsulation geo

was consider
flat surface 
nsulation ge

order to impr
ambient cond
prepared with

Figure 2. 

As seen in Fi
a plane parall

2.2 Verific

n order to ve
DEFEAT Co
ests and mea

fire case, they
experimental 
project, at th
linear) shrink

n the follow
on waste cer
ndividual ma

Fig. 1, the i
opposite, it w
er one (fire-r
both the prot
polymers (BF
f the heat ins

The phenome
ndeed, in the 

1a). In the C

overcome th
e decided: th
ent temperat
opolymer wa
ed adequate 
during the 

eopolymer pa
rove the ma
ditions for 6
h these modi

Small-scale 

ig. 2, the two
lel to the bas

cation of pr

erify the sign
mposite Ma
asurements, 
y were expo
set-up and 

he description
kage of the e

wing Table 2,
amic tiles (C
aterials that m

interface of t
was irregular
resistant com
totypes prepa
FR and CTF
sulating geop
enon was m
center of ma

CTFR-CTTI p

his phenome
he paste of th
ture; this pas
as prepared;
for the fire-
bonding wit
aste, the upp

aterials bond
60 min, befo
fications in t

DEFEAT-C

o geopolyme
se of the cubi

roperties of

nificant prop
terial as we
including co

osed to the e
procedure f

n of the WP
exposed spec

, the basic pr
CTFR-CTTI)
make up the 

  

the two geop
r and seems 

mpact materia
ared (Fig. 1) 
FR), which w
polymer (CT

more intense 
aterials interf
prototype, th

non, some m
he fire-resist
ste was mix
then this la

resistant geo
th the therm
per surface 

ding. In addi
ore putting t
their product

CM prototype

rs (compact 
ic sample.  

f the small-

perties of the
ell, the small
ompressive s
elevated temp
followed in 
P5 activities)
cimens were 

roperties of t
) are present
composite o

“D

polymers did
like the upp
al). The lack
 and attribut

was not suffi
TTI), resultin

at the fire 
face, since th

his interface i

modification
tant geopolym

xed for 30 s 
ast paste was
opolymers pa
mal insulatio
of the fire-r

ition, after th
them in the 
tion process,

es based enti

and foamed)

-scale proto

e fire-resistan
l-scale DEFE
strength and
peratures of 
this test are

). The comp
also tested a

the small-sca
nted. For com
one are also in

evelopment of a

d not form a
er material  
k of flatness 
ted to the low
icient to with
g in the sink
resistant geo
he vertices o
irregularity w

ns in the mo
mer was pre
and molded

s molded ove
aste to harde
on geopolym
resistant geo
he molding 
oven. In Fi
are shown.

rely on wast

) are bonded

otypes  

nt and the th
EAT-CM sa

d density. In 
800 and 100

e given in t
pressive stren
and measured

ale DEFEAT
mparison pur
ncluded in T

an Innovative In
from the Const

a plane paral
(thermal insu
at the interf

w viscosity o
hstand the st
king of the up
opolymer ba
f the fire-res

was noticeab

olding proce
pared and le

d, when the 
er the first o
en sufficientl
mer. Before 
opolymer wa
of prototype
ig. 2, the sm

e ceramic til

d to a flat inte

hermal insula
amples were 
order to ver

00 °C for 2 
he Final Per
ngth, density
d after this te

T-CM compo
rposes, the p

Table 2. 

Insulation Fire R
truction and De

llel to the ba
ulating foam
face of mate
of both the fr
tresses create
pper materia
ased on was
sistant layer 
bly smaller (F

ess of the co
eft aside to s
paste of the

one. This sett
ly, in order t
casting the

as slightly e
es, these wer
mall-scale pr

 

les (CTFR-C

erface, which

ating materia
 subjected t
rify their beh
hours (detai

eriodic Repo
y, mass loss
est.  

onents based
properties of

Page 10 

Resistant Façad
emolition Waste

ase of the 
m) to sink 

rials was 
fresh fire-
ed by the 
l into the 
te bricks 
appeared 
Fig. 1b). 

omposite 
set for 20 
e thermal 
ting time 
to form a 
 thermal 
tched, in 
re left at 
rototypes 

CTTI). 

h formed 

als in the 
o certain 
havior in 
ils on the 
rt of the 
 and dry 

d entirely 
f the two 

de 
e”



T

A
s
a
fo
a
th
D
th
D

R
re
a
a
to

 

  

1h
2
 

Table 2. Prop

DEFEAT-CM

small-scale p

CTFR 

CTTI 

CTFR-CTTI 

According to
trongly affec

account that m
foam. Howev
after exposur
han the typi

DEFEAT-CM
hermal insu

DEFEAT-CM

Regarding th
esistant (com

after the expo
addition, no c
o the elevate

F

                    

https://www.a
235_gypsum_b

perties of the

M 

prototype 

o the results 
cted by thos
more than th
ver, the comp
re to elevated
ical one of 

M samples is
lating build

M samples ar

e bonding of
mpact) and t
osure of the p
cracks were 
ed temperatur

Figure 3. Sm

                    

americangypsu
board_typical_

e CTFR-CTT

Temperatu

°C 

50 (after curi

800 

1050 

70 (after curi

70 (after curi

800 

1050 

presented in
se of the the

he two third o
pressive stren
d temperatur
a gypsum b

s comparable
ing material

re similar to t

f the two ind
the thermal i
prototype sa
observed on
res.  

mall-scale CT

             

um.com/sites/
_mechanical_

  

TI small-scal

ure Densit

kg/m

ing) 1743

1569

1578

ing) 574

ing) 889

896

853

n Table 2, it
ermal insulat
of the compo
ngth of the s
res, is consid
board (2.4 –
e to that of ty
ls (600 - 1
those of the i

dividual geop
insulating (fo

amples to 800
the surface

TFR-CTTI pr

/default/files/2
_and_physical

“D

e prototypes

ty 

m3 

Mass lo

% 

3 - 

9 6.7 

8 9.9 

 

- 

7.5 

8.0 

t is obvious 
tion geopoly

osite material
small-scale D
dered adequa
– 2.7 MPa)[

ypical gypsu
000 kg/m3).
individual ge

polymers in 
foamed) geop
0 and 1050 °
of the small

      

rototype befo

2022-01/ga-
l_properties.p

evelopment of a

 and its indiv

oss 
Dry line

shrinka

%

- 

- 

- 

- 

- 

1.5

4.0

that the pro
ymer (CTTI)
l consist of th
DEFEAT-CM
ate for a bui
1]. Similarly

um boards us
. The mass 
eopolymers, 

the DEFEAT
polymer mat
°C, as shown
-scale protot

fore and after

df 

an Innovative In
from the Const

vidual materi

ear 

age 

Compr

stren

MP

33.

13.

36.

1.

9.4

12.

10.

operties of th
). This is rea
he thermal in

M samples af
lding façade

y, the density
sed as passiv

loss and d
as expected.

T-CM, it wa
terials remai
n in Figs 3 an
type samples

r exposure to

Insulation Fire R
truction and De

ials 

ressive 

ngth 

Pa 

.1 

.2 

.6 

1 

4 

.9 

.2 

he DEFEAT
asonable, tak
nsulation geo
fter curing, a
e, since it wa
ty of the sm
ve fire protec
dry shrinkag
.   

as excellent. 
ined strongly
nd 4, respect
s, after their 

o 800 °C. 

Page 11 

Resistant Façad
emolition Waste

T-CM are 
king into 
opolymer 
as well as 
as higher 

mall-scale 
ctive and 
e of the 

The fire-
y bonded 
tively. In 
exposure 

  

de 
e”



T
d
in
p
b
th

F

A
q

T
p
m
w
th
s
b
p
p
D
p

F

The good bon
during the co
n the fragme

part, which d
bonding area 
he specimen

Figure 5. Fra

According to
quantitatively

3. Devel

3.1 Valida

The findings 
produce the p
modifications
workability a
he raw mate
ince these ar

before achiev
production o
participating 
DEFEAT pro
production pr

Figure 4. Sm

nding of the
ompressive st
ents of the sm
developed ve

of the two g
s tested was 

agments the C

o the abov
y the most im

lopment of

ation of the 

from the sm
project protot
s to the prod
and the foami
erials proper
re solid wast
ving the de
f the prototy
in the DEFE

oject, the BF
rocess. Table

mall-scale CT

e two geopol
trength testin

mall-scale CT
ery low to n
geopolymers
parallel to th

CTFR-CTTI

e-presented 
mportant goal

f the DEF

production

mall-scale pr
type in the a
duction para
ing process. 
rties (small 
tes (waste bri
sired worka
ype. These t
EAT-CM. Ba
FR-CTTI and
e 3 below sum

  

TFR-CTTI pr

lymers in the
ng of the rel
TFR-CTTI sa
egligible com
unaffected. 

he interface o

I prototype sa
of c

results, the
ls set in the p

FEAT Comp

n process in

ototyping pr
appropriate d
ameters were
These modif
differences 
icks and tiles

ability and t
tests resulted
ased on them
d the CTFR-
mmarizes the

“D

      

rototype befo

e CTFR-CTT
levant sampl
amples prese
mpressive st
It is worth n

of the two ge

     

amples expo
compression

e small-scal
project for th

mposite Mat

n large sca

rocess of the
dimensions. F
e performed,
fications wer
in chemical 
s). For this r
the suitable 
d in a set of
m, two trials
-CTTI, were
e process par

evelopment of a

ore and after 

TI integrated
es exposed t
ented in Fig. 
trength as an
noting that th
eopolymers c

osed to 800 an
strength. 

le prototype
he DEFEAT 

terial Prot

le 

e DEFEAT C
For the up-sc
, in order to
re deemed ne
composition

eason, sever
foaming of 

f parameters
for each com

e carried out 
rameters foll

an Innovative In
from the Const

exposure to 

d component
to 800 and 1
5, these wer

n individual 
he direction o
composing th

nd 1050 °C a

es correspon
Composite M

totype 

Composite M
caling of the 

improve th
ecessary due
n and partic
al lab-scale t

f the geopol
for each in

mposite mate
to verify the

lowed in thes

Insulation Fire R
truction and De

1050 °C. 

t was also co
050 °C. As 
re broken in 
material, lea
of the load a
he DEFEAT

and subjecte

nd qualitativ
Material.  

Material were
DEFEAT-C

he geopolym
e to slight var
cle size distr
tests were ca
lymer pastes

ndividual geo
erial develop
e repeatabili
se trials. 

Page 12 

Resistant Façad
emolition Waste

 

onfirmed 
observed 
the foam 

aving the 
applied to 
-CM. 

      

d to tests 

vely and 

e used to 
CM, some 

er pastes 
riation in 
ribution), 
arried out 
s for the 
opolymer 
ped in the 
ity of the 

de 
e”



T

P

A
C

a
N
v

 

 

A
C

a
N
v
A

 

C
C

(1

g

C
T
li
p
id

Table 3. Prod

Process para

S/L ratio, g/m
Alkaline solut
Concentration
Solutions of th
activator 
Na2SiO3xH2O
v/v in the acti

S/L ratio, g/m
Alkaline solut
Concentration
Solutions of th
activator 
Na2SiO3xH2O
v/v in the acti
Al powder, %

Curing tempe
Curing time, h

1)Abbreviations
geopolymer (com

Comparing th
Table 1 for t
iquid ratio, a

prototypes pr
dentical (Fig

duction proc

ameter 

mL 
tion / 
n, Molarity 
he alkali 

O / KOH, 
ivator 

mL 
tion / 
n, Molarity 
he alkali 

O / KOH, 
ivator 

% wt 

erature, oC 
hours 

: BFR: waste 
mpact); CTTI: w

he parameter
the small-sca
as well as in
roduced acc

g. 6), thus dem

ess paramete

1st prod

BFR(1) 

2.9 

KOH / 8M 

KOH and  
Na2SiO3 x H2O

1.6 : 1 

CTTI(1) 

5 

KOH / 8M 

KOH and  
Na2SiO3 x H2O

1 : 1 

0.5 

70 
24 

brick-based fir
waste ceramic t

rs values giv
ale prototype
n the ratio of
ording to th
monstrating 

Figu

  

ers of the up-

duction trial

Fire-re

CTFR

5.2

KOH / 8

O  
KOH a

Na2SiO3 x

0.9 : 

Thermal i

CTTI

5 

KOH / 8

O  
KOH a

Na2SiO3 x

1 : 1

0.5

C

70
24

re resistant geo
tile-based therm

ven in Table
es, it is obvi
f the alkalin

he data given
the productio

ure 6. The D

“D

-scaled DEFE

esistant geopo

R(1) B

8M KOH

and  

x H2O 
KO

Na2Si

1 1

insulation ge
(1) CT

8M KOH

and  

x H2O 
KO

Na2Si

 

Curing proces

opolymer (com
mal insulating g

e 3 for the D
ious that the

ne solutions i
n in Table 3
on process re

      

DEAFET-CM

evelopment of a

EAT-CM pr

2nd productio

olymer 

BFR(1) 

3.4 

H / 8 M 

OH and  
iO3 x H2O N

.6 : 1 

opolymer 

TTI(1) 

5 

H / 8 M 

OH and  
iO3 x H2O N

1 : 1 

0.5 

ss 

70 
24 

mpact); CTFR: 
geopolymer (foa

DEFEAT-CM
ere are signi
in the activa
3 for trials 
eproducibilit

M prototypes.

an Innovative In
from the Const

ototypes 

on trial 

CTFR(1) 

5.2 

KOH / 8 M 

KOH and  
Na2SiO3 x H2O 

0.9 : 1 

CTTI(1) 

5 

KOH / 8 M 

KOH and  
Na2SiO3 x H2O 

1 : 1 

0.5 

70 
24 

waste ceramic
amed) 

M prototypes
ficant differ

ator. Howeve
1 and 2 loo
ty.  

Insulation Fire R
truction and De

c tile-based fir

s with those 
rences in the
er, the DEFE
oked macrosc

Page 13 

Resistant Façad
emolition Waste

re resistant 

given in 
e solid to 
EAT-CM 
copically 

 

de 
e”



T
u
C
d

T

 

 

 

A
e
d
D

E
p
th
th
1
1
in

In
s
p
D
a
0
a
to
fo
v
th
th
c
th
c
th
b
o

3.2 Verific

The density 
upscaling. In 
CTTI compo
dimensions o

Table 4. Den

Estimated 

Small-scale

Up-scale 

As seen in T
estimated and
density value
DEFEAT-CM

Except of den
prototype wa
he resistance
hrough the f
50 x 150 x 
50 x 150 x 
nsulating geo

n Fig. 7, the 
trength betw

prototypes, i
DEFEAT pro
applied to the
0.01 MPa/s, u
apparatus wa
o ensure tha

force. This w
variations tha
he pull-off te
hey failed w

capacity of th
he individua

closer observ
hat they faile

bonding betw
observation.  

cation of pr

of the DEF
Table 4, the
site material

of the used sp

nsity of the sm

DEFE

BFR-C

D

869

e 886

100

Table 4, ther
d those of th
es of the sm
M production

nsity, the ad
as also measu
e of the two 
failure mode 
100 mm; th
30 mm, whi
opolymer (fo

apparatus an
ween the two 

s shown (de
oject, in the 
e specimens 
until failure 
s manually o
at there wer
was done to
at could affe
ests, the max

was below 10
he testing equ
al geopolym
vation of the
ed in their fo

ween them. T

roperties of

FEAT-CM w
e densities of 
ls are given. 
pecimens and

mall-scale an

EAT-CM Pro

CTTI CTF

Density, kg/m

9 

6 

8 

re are not s
he small- or u

mall- and up-
n process ups

dhesion stren
ured through
geopolymer
of the speci

he fire-resista
ile the rest s
oam).  

nd testing set
individual g

etails are gi
section of W
was continuo
occurred. It 

operated (Fig
re no signifi
o minimize 
ct the test re
ximum force
00 N (which
uipment), ind

mers was ex
e specimens
oam section,

The tested spe

  

f the up-sca

was selected
f the small-sc

The estimat
d their foam 

nd up-scale D

ototype 

FR-CTTI 

m3 

925 

913 

960 

ignificant de
up-scale pro
scale prototy

scaling. 

ngth of the tw
h pull-off test
rs to separate
imens tested.
ant geopolym
pecimen par

t-up used to m
geopolymers
iven in the 

WP5 activitie
ously increas
is worth no

g. 7), the ope
ficant fluctua

any potenti
esults. Accor
e applied to
h is a value
dicating that 
ceptionally 
after the pu
next to the 

ecimens of th

“D

ale prototy

d as a meas
cale and up-s
ted density v
and compact

DEFEAT-CM

eviations be
ototypes expe
ypes. This f

wo individua
ts performed
e from each 
. The dimen
mer (compac
rt of 150 x 1

measure the 
 in the DEFE
Final Repo

es). The tens
sed at a rate 

oting that, as
erators took e
ations in the
al inconsiste
rding to the r
the specimen
below the r

t the bonding
weak. How
ull-off tests
interface of 
he CTFR-CT

evelopment of a

ypes  

sure to verif
scale prototyp
values of the
t sections is 

M prototypes

etween the v
erimentally m
finding is im

al geopolyme
d in accordan
other (adhes
sions of the 
ct) covered a
150 x 70 mm

adhesion 
EAT-CM 

ort of the 
sile force 
of 0.05 ± 
 the used 
extra care 
e applied 
encies or 
results of 
ns before 
recording 

g between 
wever, the 

revealed 
the two mat

TTI prototyp

an Innovative In
from the Const

fy the succe
pes of the BF

e same comp
also included

s 

values of den
measured, as

mportant for 

ers composin
nce with EN
sive bonding
specimens u

a specimen p
m dimensions

erials, indica
e presented i

Figure 7
strength

Insulation Fire R
truction and De

ess of the p
FR-CTTI an

ponents, base
d in Table 4.

nsity that ha
s well as betw
the validatio

ng the DEFE
N1542. On th
g) was also e
used in the te
part with dim
s was filled 

ating strong 
in Fig. 8 con

7. Tensile bon
th equipment

Page 14 

Resistant Façad
emolition Waste

prototype 
d CTFR-
ed on the 
 

ave been 
ween the 
on of the 

EAT-CM 
ese tests, 
evaluated 
ests were 
mensions 
from the 

adhesive 
nfirm this 

nd 
t 

de 
e”



A
th
fa
(F
in
8
lo
th

T
fo
g

D
th
B
th
fo
p

F

As seen in F
heir foam pa

failure mode 
Fig. 5). In g
nsulation ma

85% voids (d
ow mechanic
he high perce

The coloring 
food colors o
geopolymer p

4. Concl

Deliverable D
he developm

Based on the
he DEFEAT

for the DEFE
process, the 

Figure 8. Sp

Fig. 8, the fa
art (thermal i

was also ob
general, the 
aterials prese
details are gi
cal strength i
entage of vo

 of the DEF
or cement pig
precursor. Th

F

lusions 

D5.3- Materi
ment and test
e optimizatio
T-CM, two p
EAT-CM wa

production 

pecimens of t

ailure surface
nsulating ge
bserved in th

foam geop
ented very lo
iven in the d
is common in
ids, which is

FEAT-CM w
gments. The 
he resulted co

Figure 9. Col

ial prototype
ting of the i

on of the ind
prototypes we
as tested and

of the DE

  

the CTFR-CT

e of all four 
opolymer), r
he small-sca
olymers dev

ow mechanic
deliverable D
n this kind o
s the most sig

was also stud
colors were 
olored specim

lored specim

e with fire an
innovative D
dividual fire-
ere impleme
d validated i
EFETA-CM

“D

TTI prototyp

specimens o
right after the
ale prototype
veloped in t
cal strength, 

D5.1-Report o
of geopolyme
gnificant cau

died and ver
added into t

mens of prot

mens of the C

nd insulation
DEFEAT Co
-resistant and
ented and va
in lab-scale 

as an inte

evelopment of a

pe after the p

of the CTFR
e interface o
es described
the DEFEAT
which was e
on the fire a
ers and is attr
use of their fa

ified to the
the alkali act
totypes are sh

TFR-CTTI p

n properties 
omposite Ma
d thermal in
alidated. The
and in a larg

egrated com

an Innovative In
from the Const

ull-off adhes

R-CTTI proto
f the two geo
in Section 

T project to 
expected as t
nd insulation
ributed to the
ailure even a

up-scale pro
tivator, befor
hown in Fig.

 

prototype. 

in sandwich
aterial (DEFE
sulation geop
casting prod

ger scale, as
mponent was

Insulation Fire R
truction and De

sion test. 

otype was lo
opolymers. T
2 of this de
be used as

they consiste
n design). E
e foam struc

at very low lo

ototypes, usin
re its mixing
. 9. 

h type is deal
EAT-CM) p

opolymers co
duction proc
s well. Based
s implement

Page 15 

Resistant Façad
emolition Waste

 

ocated in 
The same 
eliverable 
s thermal 
ed of 70-

Extremely 
ture with 
oads. 

ng either 
g with the 

ling with 
rototype. 

omposing 
cess used 
d on this 
ted. The 

de 
e”



d
in

In
in
th
s

T
M
D

A
p
s
p

T
th
d

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

T
D
p

development 
n large labor

n general, th
nitially defin
he individua
uccessfully i

The producti
Moreover, th
DEFEAT-CM

A fine tuning
pastes and th
light variatio

precursors (C

The achieved
he innovativ

demonstration

Acknowledg

The Project 
Development
program of th

of the DEFE
ratory scale. 

he DEFETA-
ned in the pr
al fire- and 
in an integra

on process h
he verification
M system are

g of the very 
he foaming p
ons in comp

Construction 

d TRL 4-5 fo
ve building 
n activities in

gements 

DEFEAT 
t Fund (ERD
he Cyprus Re

ETA-CM pro
The most im

-CM prototyp
roject. The e
heat-resistan
ted system. 

has been pro
n of the basi

e solid data fo

basic proces
process is n

position and 
and Demolit

or the DEFE
facade engin
n WP7. 

(INTEGRAT
DF) and the
esearch & In

  

ototype was 
mportant conc

pes develope
experimental 
nt geopolym

oved reliable
ic properties 
or the comm

ss parameter
ecessary for
particle size

tion Waste, C

EAT-CM rep
neering, whi

TED/0918/00
e Cyprus Go
nnovation Fou

“D

implemente
clusions of th

ed in both sm
 results of th

mers combin

e and repeata
and adhesio

mercialization

rs related to t
r the upscali
e that presen
CDW).  

presents a br
ile the expe

052) has b
overnment, t
undation. 

evelopment of a

d in two lev
his deliverab

mall and larg
he prototype
ed in the D

able for the 
on bonding in
n process of t

the workabil
ng of the ca

nted the was

ridge from th
rimental res

een co-fund
through the 

an Innovative In
from the Const

els: in small 
le are the fol

ge scale satisf
s’ testing pr

DEFETA-CM

up scaling o
n the prototy
the DEFEAT

ity and settin
asting produ
te materials 

he scientific 
ults taken c

ded by the 
RESTART 

Insulation Fire R
truction and De

l laboratory s
llowing:  

fied the requ
rovided evide

M can work 

of the DEFE
ypes of the in
T-CM.      

ng of the geo
uction proces

used as geo

lab-scale res
could be use

European 
2016-20 fra

Page 16 

Resistant Façad
emolition Waste

scale and 

uirements 
ence that 
together 

EAT-CM. 
ntegrated 

opolymer 
ss due to 
opolymer 

search to 
ed in the 

Regional 
amework 

de 
e”


