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Problem statement

« Construction and demolition waste (CDW)
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Construction and demolition waste
(CDW)

Recycled coarse and
fine aggregate (RA)
~ 90%

Recycled powder (RP)
~10%

Recycled concrete Recycled brick
powder (RCP) powder (RBP)

Low reactivity

Recycling of CDW fines
(<125 pm)
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Material properties — precursors

Recycled Concrete Powder Recycled Brick Powder
(RCP) (RBP)

temPozz M92 Lava powder

Temcon solutions gmbh VVM cement AC Materials Ploegsteert
White, amorphous aluminosilicate - Volcanic - van nature reactief - Filter cake from concrete crushing Crushed powder from cutting process
very high precursor efficiency puzzolaan installations - CaO-rich during brick manufacturing - SiO,-rich
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RCP = Recycled Concrete Powder
RBP = Recycled Brick Powder

Material properties — precursors

PSD analyzer - Fritsch Analysette 22 XRF spectrometer Bruker S8 TIGER Bruker D2 Phaser

Precursors Si02 ALOs Fex0s CaO MgO K20 NaO Others
temPozz M92 540 430 <1.00 <0.50 - - - -
lava powder 56.1 153 770 986 573 1.62 280 0.89
10— A RBP 632 130 458 108 183 272 1.89 2.0
o s e RCP 383 702 541 424 159 121 042 3.7

80

Z: Zincite
Q: Quartz
An: Anorthite
S: Sanidine
D: Diopside
A: Albite
T: Titanite
M: Mullite
G: Gehlenite
H: Hematite
C: Calcite

Ar: Aragonite
201 [ [ Hr: Hatrurite
F: Feldspar K
K: Kaolinite
Cr: Corrundum
Gy: Gypsum
Cl: Clinochlore
E: Ettringite
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Research methodology — overview

: > Rheological behaviour (NBN EN
Aluminosilicate precursor | 32191 & -2), Vicat test (NBN EN
Alkaline Activating Solution : 196-3), mini slump (NBN EN 1015-3)
. . |
temcon vvmceMent = ,
solutions gmbh femeemm & Yoo
Sodium hydroxide Sodium _saﬁcate I
4+ (NaOH) | (NaSiO,) I
«n0 |
|
Tl 6M & 12M I
&\ alkaline activator |
: - concentration :
temPozz M92 Recycled concrete powder (RCP)
: lava powder ¢
Metakaol & Recycled brick powder (RBP .
claractn scycled brick powder (RE7) | > Flexural & compressive strength
' (NBN EN 196-1)
| B
| L
MIXING CURING SETTING | |
= — — | o
Ambient (20 °C) HARDENING | - : I
CEN | Investigation of | |
standard !_ _ _tgcﬂrﬂcgl_p ri)p_egigs_ — _!
sand |
|
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200 Increasing
y=2,3578x + 8,6798
R*=0,9967

Rheology (NBN EN 3219-1 & -2)

T [Pa]

Decreasing
y=2,3476x+ 5,3364

Non-newtonian R?=0,9992

fluid

Shear stress,T [Pa]

50

Newtonian 0

* Insight in flow behaviour /
rﬂ[” -20 0 20 40 60 80 100 120

* Dynamic yield stress T, Shearrate (54
* Plastic viscosity p,

v s

. 120
« Coaxial Lamy Rheometer

- “Searle principe” 0 .
» Use of Herschel Bulkley model for g %

data analysis E @
T= TO + K * yn ‘(%g: power oW 20 |;Sl:llii|:‘g
al g 0 20 40 60 80 100 120 140 160
Shear Rate Time (s)

[1]1D. Zhang, T. Zhu, Q. Yang, V. Vandeginste, en J. Li, ‘Influence of ground granulated blast

furnace slag on recycled concrete powder-based geopolymer cured at ambient RecyCon research,
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temperature: Rheology, mechanical properties, reaction kinetics and air-void
characteristics’, Construction and Building Materials, vol. 438, p. 137190, aug. 2024




Strength results — 6M concentration

MO2

RBP

» temPozz M92 replacement: 0-20 wt.%

« 6M alkaline activator concentration: best results for higher RCP contents

+ f.,q: 7-11 MPa
+ ff,4: 2-3 MPa

Mixture No.  Replacement temPozz M92 [%] RCP [%] RBP [%]
percentage [%o]
Ml 0 100 0 0
M2 5 95 5 0
M3 5 95 2,5 2.5
M4 5 95 0 5
M5 10 90 10 0
Mé6 10 90 5 5
M7 10 90 0 10
M3 15 85 15 0
M9 15 85 7.5 7.5
MI10 15 85 0 15
Mi11 20 80 20 0
Mi2 20 80 10 10
M13 20 80 0 20

Strength [MPa]
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MO2 RCP RBP

Strength results — 12M concentration ;

» temPozz M92 replacement: 0-20 wt.%

« 12M alkaline activator concentration: best results for higher RBP contents
* f.7q: 36-44 MPa 50

45 43 PPN 41'4 "
i L4 [ ¥4 41 41
° . _ . 40 40 39 39
fﬂ,7d. 6 7 MPa 40 37 % 38
35
Mixture No.  Replacement  temPozz M92 [%] RCP [%] RBP [%] ‘©
percentage [%o] % 30
Ml 0 100 0 0 E o5
M2 5 95 5 0 §’
M3 5 95 2,5 2,5 £20
M4 5 95 0 5 @ 15
M5 10 90 10 0 10
M6 10 90 5 5 6 §] 7 6 6 0
M7 10 90 0 10 5
v s 5 s o o LW 1T [ 1 1T [T [ | |
M9 = il (S LG SR . SRS TR SR e SR SR e SR SR o
Ml10 15 85 0 15 'r\q/@ :O/Q 'r\q'@ 'r\qf@ 1\(1/@ '\(L@ 'r\ql@ 'r\qf@ 'r\(l/@ :\(1/ r\(l/@ 'r\q/® '\q/@
M 5 » o F PN EE YT N
Mi2 20 80 10 10
Mi3 20 80 0 20 O Compressive strength (MPa) B Flexural strength (MPa)
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M92 lava powder

Compressive strength (EN 196-1)

70
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m 28d 61 « Lava powder contributes
to strength between 30-50
wt.% replacement rate
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42 « Compressive strength
drops significantly when
replacement rate > 55
wt.% of lava powder
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Compressive strength (EN 196-1)
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RBP
RCP
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a1 T
s == 13 37
32
29 | | %331 T
27
EE 24
22
T | | 20
50% 50% 50% 50% 50% 50% 50% 50% | 50% § 50% 50% 50% 50% 50% 50%
40% 40% 40% 30% 30% 30% 20% 20% § 20% f 10% 10% 10% 0% 0% 0%
0% 5% 10% 0% 10% 20% 0% 15%§f 30%] 0% 20% 40% 0% 25% 50%
10% 5% 0% 20% 10% 0% 30% 15% 0% | 40% 20% 0% 50% 25% 0%

20% lava / 30% RBP
— I¢28d = 54,8 + 9,61
MPa

Strong strength drop
when lava content <
20% (mainly with RCP)

Lava powder
contributes to strength
In hybrid system
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M92 lava powder

300 RCP RBP
e ”
250 .
— 200
a
= * RCP-mixtures
2 150 exhibit highest
Z shear stress
©
GJ .
5 100  RBP-mixtures
exhibit lowest
= shear stress
50
« RCP addition
increases plastic
0 . .
20 30 40 50 60 70 80 a0 100 110 VISCOSIty

Shearrate, y [s"-1]
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Rheological analysis (NBN EN 3219-1 & -2)

* RCP
>IJ — 3,65 - 1,66 Pa.S RBP -

- RBP & RCP — |
>u=1,30-1,24 Pa.s

 RBP

0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00
»u=0,79- 0, 29 Pa.s

Plastic viscosity [Pa - s]
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Conclusions

Most optimal mixture:
 50% MK, 20% Lava & 30% RBP
 12M alkaline activator concentration

Compressive strength:
* f.7q=39,0 £2,09 MPa
* I¢28d = 54,8 + 9,61 MPa

Flexural strength:
« fp,q= 7,67 0,61 MPa
* fa8q4 = 9,23 £ 0,86 MPa

Mini slump: 20,5 £ 0,3 cm
Vicat setting time: 90 minutes
Plastic viscosity: 1,67 Pa.s
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Thank you for your attention!

Drs. Jasper VITSE
Prof. Dr.-Ing. Jiabin Li

Department of Civil Engineering — Technology Cluster construction
Faculty of Engineering Technology — Campus Bruges
jasper.vitse@kuleuven.be
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