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Experimental: Plan

CEMI152.5R
Slag 1

Drinking water

CEMI152.5R
Slag 2

Drinking water

CEMI1425N
Woody ash

Drinking water
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n R E \. ‘& ’

replacement rates:
3,5, 10, 20, 30, 40, 60, 80, 95 mass %
w/b =0.35 and 0.45

replacement rates:
10, 20, 40, 60, 80, 100 mass %
w/b =0.45

replacement rates:
10, 15, 20, 100 mass %
w/b =0.5

Stop after 1 day, 7, 14, 28, 56, 365 days




Experimental: Slag comparison

Componernt®| siag1 | sig2 | WA - Ca0/sio, (Slag 1) >
v il - Ca0/sio, (Slag 2)
Introduction Ca0 42.44 41.22 41.3
Sio, 35.85 36.18 26.7 I | I
Al,0, 11.38 12.13 4.72 - ALO;(Slag2)>  AlLO,
Results of MgO 6.00 7.23 7.5 (Slag 1)
testing and Y 1.25 1.06
gkt g TiO, 0.78 0.74 0.34 - MgO (Slag 2) > MgO
Eoncid bl K,O 0.37 0.55 7.86 (Slag 1)
S i da et Na,O 0.22 0.39 1.95
Fe,0, 0.41 2.04
Fe 0.22 .
MnO 0.255 0.63 + Slag 2 is finer
Mn 0.21
cr 0.014 0.04 0.054 Slag 1 Slag 2
SO, 0.17 0.68 Blaine value 4000 4600
Mn,0, 0.283 [em?/g]

deo(WA) = 146 um
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Experimental: Sample preparation Tn RE
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Experimental: Sample preparation Tn RE \
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Before you start: When / How to stop hydration ?
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Hydration Stoppage: Different

Techniques
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[Chp— 035-L-10FA-7days Untreated
1 —— 035-L-10FA-7days Microwave
704 — 035-L-10FA-7days Isopropanol
—— 035-L-10FA-7days Freeze-dryer
035-L-10FA-7days Aceton
65 T T T T T T T T T T T T T T T
0 10 20 30 40 50 60 70
Time [min]
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[Sh = 045-L-10S-14days Untreated
1 — 045-L-10S-14days Microwave
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—— 045-L-10S-14days Freeze-dryer
045-L-10S-14days Aceton
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Experimental: Thermogravimetric
analysis

- Corundum crucible filled with
40 - 50 mg sample powder

- Nitrogen used as inert gas

*Temperature programme:
- 30 minutes at 40 °C and

- Heating to 1000 °C with a
constant heating rate of 20 °C
per minute
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Results: Thermogravimetric
analysis

Chemically

DSC /(mW/mg)
Content TG /% bounded water DTG /(%/min)

T ex

Introduction L35 [
E . | 100 4 (11 ’ -0.0
xperimenta e TR L RE A -
part - M"W" L
i Lo5 |
[ H-0.5
\ f 20 |

= ; Calcium hydroxide
Conclusions and ] M ‘ Eall ™
future work | { 1.0
of\ 4 i 05 |
i b +-1.5

f
1 1) . f 0.0 |
754" J [
Y 13t o5 |
F-2.0

100 200 300 400 500 600 700 800 900
Temperatur /°C

Ca(OH), disintegrates between 400 — 500 °C
Ci:'](OH)2 — Ca0O + H20 10
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Results: Chemically bounded water
BW) TARE

Chemically bounded water Slag 1 (w/b = 0.45)

Content 301 = 1 day
Introduction g § o, . R ° 7 d _ BW removed
Experimental ':225-,‘1 vy A 14 days .
part g : A 4 ¥ Y . v 28 days from 40 - 600 °C
§)20_ .. o ° 4 A 56 days
S . A v ® 365days
o R 2 - ° I — Largest increase from
future work 2 10 - o
s "7 day 1to 7
Rel |
3 - . — Decrease with higher
5 " slag content
(@)
0 — — (Slag > 20 mass % and
0 20 40 60 80 100
early age)

Slag content [mass %]
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Results: Calcium hydroxide (CH) Tn RE

Ca(OH)2 Slag 1 (w/b = 0.45)

cantent 1l 241 ge = 1 day| - CH decomposesfrom 360 -
Introduction 292 '0 ° e 7 davs 0°C il hod
AL Toa gy, _ v y 55 (tangential metho
xperimenta = 20 'y . A 14 days
©
part g g] ® : v 28 days was used)
S 16 * 56 days
< A * 365d :
5 147 » s . 2 - CH content decreases with
12 . .
Conclusions and S g "o X increasing slag content
future work = n *
T 8 . X _ :
S 6 - CH content increases with
@) ® .
4 " X time
2 m *
0 20 40 60 80 100 - w/b=0.35lower CH content
Slag content [mass %] when slag content £20 %
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Results: Consumption of calcium
hydroxide

Content 3 = 1 day
Introduction _ n ® 7 days
Experimental 8 o = . n A 14 days

t £ 2™

par I i : n v 28 days
E’ M u v a 56 days
S 14 " A M
2 * .

| S 0 .

Conclusions and > v v
R T %

future work =
5t
T
S 14 &

'2 T T T T T T T I T 1
0 20 40 60 80 100

Slag content [mass %]

Consumption = Ca(OH), produced by cement (reference) - Ca(OH), measured
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Results: Calcium hydroxide
slag (S) versus Woody ash (WA)

Content Ca(OH),: mas.% per powder (cem | + slag 1)
Introduction
E . | 24 4 —0a 244
xperimenta 99 ] 9]
part 20 |
5 18
'g -
5 16-_
S 14 -
8 4
Conclusions and 5 127
~ 10 H /7
future work R A 590 =074/ VA
= —v 830 L 84/
I 6 4 o 4 V/
9 E . S 95 TU/ 6 - / 7777}7777777,,,,,,774
8 4 4 ©) ] <
) 4 <«
] - < — i
ole —= <+ 2
\ T \ T \ T \ T \ T T 0 T T T T T T T T T T
0 10 20 30 40 50 60 0 5 10 15 20 25 30
Hydration time, days L
Hydration time, days
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Results: Calcium hydroxide (CH)

Ca(OH)3 (60 % slag)

10 4 7
Content 77 a
Introduction o e .2~ - Logarithmic scale
Experimental g Pt Pl
part £ 8- 4 I . : :
< Y I - CH content increasing linerarly
:';::'\ ..f ’f’ . .
g e . with log of time
Conclusions and = 64 -7 e . .
T L e G Pl - Slag 2 slightly higher CH content
&
44 = Slag! w/b =045
A  Slag2 w/b =045

T T - T ~ T "~ T -~ T ~ T ~ T ~T "~ T T~ T "~ T "
00 02 04 06 08 10 12 14 16 1.8 2C 22 24 26 2.8

log(Time [days])
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Results: Calcium hydroxide regression
model &l

Regression model:

Content
Introduction CH
Experimental
part

=By + B, - Slag + B, - log(t)

CH =Ca(OH),[g/ 100g unhyd. binder]
Slag = slag content of initial mixture [mass %]

Conclusions and t
future work

= hydration time [days]

Slag w/b By B, B, R?
Slagl 0.35 15.56 -0.19 1.66 0.9556
Slagl 0.45 16.73 -0.22 1.83 0.9462
Slag2 0.45 18.14 -0.22 1.45 0.9604

Results up to 28 days included.




Additional results: Pore volume

Pore volume Slag 1 (w/b = 0.35)

Content 50'_
Introduction 45 ;g;g:aﬂ - Pore volume measured
i ] —o— % Slag .
ot T Sl 4o —4— 60 % Slag with pycnometer
part ) —v— 95 % Slag1
5 35~ —=— (0 % Slag1
2 30 - Decreasing pore volume
Conclusions and g 25 | with time
future work S
O 20 -
151 - Porosity increases for
10 slag content > 30 %
5 ' I i I i I i I i I i I
0 10 20 30 40 50 60




Additional results: Pore volume

Pore volume Slag 1 (w/b = 0.35)

Content >°] _
Introduction 50 1 - After 1 day hlgher
Experimental 45 . . . .
part .0 porosity with InCreasing

= 5 exchange rate
£
3 30
Conclusions and E 25 . _ After 56 days the
future work £ 0 o
minimum calculated
15 4 o . .
. ey porosity is with 40 %
5 —e— 56 days exchange rate

—
0 10 20 30 40 50 60 70 80 90 100




Additional results: Compressive
strength

Compressive strength Slag 1 (w/b = 0.35)

TARE

Woody ash (w/b =0.5)

—a— Cem |
—e— WA10
—a— \WA15
—v— WA20

PP

Content 0 70
Introduction
i 60
Experimental a0 1
part E o w0
Z 50 S
5 £ 40-
S )
2 c
"340' g
Conclusions and 2 § 30 -
future work S 30 "+ 0 %Shgl @
py o 204
£ —+-10%Slag!| £
S —4—20% Slag1| €
20 . o) 10
~—v—40%Slagl O
80 % Slag?
10 : : , . , . 0
0 10 20 30 0

Time [days]
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Conclusions Tn RE

Content - Ca content of slag and WA are nearly the same

Introduction
Experimental

part - CH consumption for WA has almost negliglable up to 20%
Results of

testing and

discussion - Reactivity of WA differs from slag

- Pore structure depending on replacement ratio

- For WA replacement rate up to 20% has constant impact on strength
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