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Cement production and high CO,—-emissionsl[>?!

Cement Concrete

Concrete: about 8% of global emissions and

P ro b I em State me nt ( 1 ) rising. What can we do to help for achieving the

goal of net zero by 2050?
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Stack —> Alternative: geopolymer technology!
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P ro b I e m State m e nt (2 ) Resource shortage of traditional geopolymer precursors!3!
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—>  Solution: Use of ground CDW as precursor
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GeO pOIymer precu rSO rS Reduction in landfilling!

Recycling of CDW

Ground Granulated Blast Mixed Recycled Aggregate
Furnace Slag (GGBS) GGBS/MRAP Powder (MRAP)
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Research methodology

Aluminosilicate precursor

WORKABILITY AND STRENGTH

PHYSICAL CHARACTERISATION - WORKABILITY

Flowability index Initial and final setting time

Alkaline Activating Solution

Construction and Demolition Waste (CDW)

Sodium silicate
_|_ (NaOH) (NaSiO3)

Industrial by-
products
it Na,0/b =8 -10%
\ Si0,/Na,0 =1.0 - 1.33
GGBS/MRAP 7%\ b e 0.35. 04
?g;gg B gg;;g Ground granulated blast Mixed Recycled Aggregate
B furnace slag (GGBS) Powder (MRAP)

MIXING CURING SETTING
R ——— R —— R ———
Ambient (20 °C) HARDENING

Physical and mechanical
characterisation
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Workability and strength testing

MINI SLUMP TEST VICAT TEST COMPRESSIVE
STRENGTH TEST
EN 1015-3 EN 196-3 Sy

Flowability index D Initial/final setting time

. &)

1d, 7d, 28d

FLEXURAL
STRENGTH TEST
EN 196-1

7d, 28d
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Materials and experimental methods

Processed CDW Sieving with 4 mm sieve Washing with water Oven-drying for 24h

MRAs 0/20 mm Sand and soil removed from Remove sand and soil particles (until constant mass)
MRAs from surface of aggregates

ﬁii‘iiloﬁfzhfthl‘sﬁﬁ

MRAP (< 125 um) Bottle Roller for 2 hours at 225 rpm
Sieving with 125 pm sieve

Jaw crusher and sieving of
crushed particles until <1 mm
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Materials and experimental methods

‘ I
Mixed Recycled Aggregate Ground Granulated Blast Chemical MRAP GGBS No. Mixture ID GGBS MRAP NaOH Na,SiOs H,0
Powder (MRAP) Furnace Slag (GGBS) "
2 composition  (wt%) (Wt%) : [g] [g] [g] [g] [g]
-87%0-1.35-0.55-
$10; >4.2 33:5 I G-8%-133-0.35-50/50 200 200 155 24 41
AlO3 8.3 13.4 I
-870-1.35-0.55-
I 2 G-8%-133-0.35-60/40 240 160 155 24 41
Fe O3 4.1 1.1
a0 266 - I 3 G-8%-133-0.35-70/30 280 120 155 24 41
MgO 1.8 9.3 | 4 G-8%-1.33-0.35-80/20 320 80 155 24 41
K20 17 06 I |5 G8%13304l5050 200 200 155 24 61
1
2 1
TR W S0 18 23 I 6 G-8%-1.33:0.4160/40 240 160 155 24 61
Na;0 0.6 03 | Lo
- o-1. Y.
| 7 G-8%-13310.4170/30 280 120 155 24 61
100 10 L
N r—rrreae—r— 9 XYy -Zoalb I 8 G-8%-1.3310.4180/20 320 80 155 24 61
o | [mmcmdrar —cunGaBs p —NaO I 9  Gll0%i1.33-045050 200 200 193 30 37
~ Na, 10
ol , Y SIO/NaO I 10 G110%4133-0.4-60/40 240 160 193 30 37
g < = S0y Nay 1
X s < — I Il Gl10%1133-04-70/30 280 120 193 30 37
3 =1 =W, 1
g 2 !
| s g b GOBSAMRAD : 12 Gi10%11.33-0.4-8020 320 80 193 30 37
& | I ‘E a = ———_
g Y ‘4 : 13 G-8%r110.4-50/50 200 200 116 29 86
© 1
30 f M3 1!
ol B GGBS/MRAP I 14 G-8%r11|0.4-60/40 240 160 116 29 86
1
ol B 50/50 — 60/40 | 15 G-8%'r11|0.4-70/30 280 120 116 29 86
7 - 2 Lo
, . 0/30 - 80/20 I 16 G-8%p140.4-80/20 320 80 116 29 86
0 0.63 12 23 4.5 8 16 32 64 125 242 2 =

particle size [pum]
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Setting time and slump flow — geopolymer paste

G-8%-1.33-0.35
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o As the slag content increases from 50/50 to 70/30, a reduction in setting time can be observed from 95
until 55 minutes (initial setting time), and from 135 to 90 minutes (final setting time).

o Flowability gradually decreases with increasing GGBS content.

RecyCon research,

KUL Campus Bruges KU LEUVEN




Compressive strength results — geopolymer paste

G-8%-1.33-0.35

o Increasing slag content has a beneficial effect for compressive strength gain of geopolymer composites.

o Only a significant strength increase is observed when GGBS/MRAP ratio increases from 50/50 to 70/30.
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Strength results — geopolymer mortar

Compressive strength [MPa]
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Flexural strength
G-8%-1.33-0.55
4.88 + 0.35 MPa
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Conclusions

» Geopolymer mixture G-8%-1.33-0.35 (Na,0/b = 8% - Si0,/Na,0 = 1.33 - w/b = 0.35) shows the
best compressive strength results (up to 24 MPa after 1d ambient curing, up to 100 MPa after

7d ambient curing), for 20x20x20 mm?® specimens. A 28d-compressive and 28d-flexural
strength of 53.9 + 4.9 MPa and 4.88 + 0.35 MPa is obtained, for 40x40x160 mm?® specimens.

» GGBS/MRAP ratio of 70/30 is most optimal in terms of flowability and strength properties.

» When slag is added in geopolymer, the setting process accelerates. High-temperature curing

IS N0 more needed.

» Increasing slag content leads to a general increase in compressive strength, and reduction

in setting time.
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