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Strength Properties of Alkali-Activated Lightweight Composites
with Alkali Activators of Different Types and Amounts
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Abstract

In order to reduce the emission of carbon dioxide(CO»), this research use blast furnace slag in concrete manufacture,
as 1009 replacement of cement. The aim of this study is to investigate the density and strength properties of
alkali-activated lightweight composites with alkali activators of different types and different amounts. The bubble for
achieving the lightweight of alkali—activated lightweight composites was generated in the reaction between the paper
ash and the alkali activators instead of using a foaming agent. Lightweight formed concrete was conducted basic
experimental for determining replacement ratio of paper ash. Then, the density and strength were measured according
to the types and the contents of the alkali accelerator that can react with the paper ash. As results, the optimum
replacement ratio of the paper ash was 5%. The alkali activator containing NaOH 12.5% obtained the lowest weight
of 1.13g/cr. Also, compressive strength were relatively high. Therefore, this study demonstrated that alkali accelerator
with a certain amount of NaOH can achieve relatively high strength and lightweight alkali-activated lightweight

composites.
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Figure 1. Schematic diagram of bubble formation reaction of
Blast furnace slag, paper ash and alkali activator
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Table 1. Basic experimental plan

Experimental factor Experimental level

Binder - Blast Furnace Slag, Paper Ash 2
Replacement ratio | o
of paper ash 0, 5, 10, 15, 20, 25, 30 (Wt.%) 7
Alkali activator - NaOH 1
Addition ratio X o
of alkali activator 17.3 (wi.%) 1
W/B - 39% 1
) " - Relative humidity (80%5)%
Curing conditions | Temperature (20+2)C 1
Test items - Density, Compressive strength 2

Table 2. Density according to mixing ratios of paper ash and
blast furnace slag

Mixing ratio Unit volume Bulk specific Decreasing

of paper ash weight (g/em)  gravity (g/em) ratio? (%)
Plain 0 2.00 1.92 4.09

B95/P5 5 1.91 1.16 39.37
B90/P10 10 1.91 1.12 41.66
B85/P15 15 1.91 1.21 36.72
B80/P20 20 1.91 1.23 35.26
B75/P25 25 1.90 1.17 38.31
B70/P30 30 1.90 1.17 38.31

a) Decreasing ratio : [(Unit volume weight-Bulk specific gravity)/
Unit volume weight]x100
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Figure 2. Compressive strength according to mixing ratios
of paper ash and blast furnace slag

3. 2 AgAE ¢ 4y
3.1 MEH

Table 32 2 AFAES Uepd Zo=w, 71249 23}
£ Efi2 slo] 1=2&1 7|8k Ao ARjefAle] Z|gk
&5 5 (wt. %= 1s3ct. ¥z AGAl= AR oAt
HkEsto] =A7AE WAE 4= 9= KOH, Ca(OH)s,
NaOH 52& AAstqon, o9 HA7keS 2.5, 7.5,
12.5, 17.5, 22.5, 27.5, 32.5, 37.5(wt.%) 5 & 8530
= AAseltt. W/BE 7|2AE R 2 40%2 17gs)
gom, &% 80+5%, 2% 204212 FReaks 27104
FIE NI Al P 22 e A BAdS
AESY| 3t A=7=E 576190, AR |ofAle] W
ool oJ3t Ast He=n duy] Ueg SH9aL,
7133 A719k g St et A H3HA
HPAFS st

o=

L

.

3.2 AIET=E
H AFo| A ARgE 12515 Sine) CaO, MgO,

303

ALOs7} AR, W% 2 91g/ar, BT 4,464cr/g2]
33 Mgt AlRlofAl = e AR FrgolA] Ay
sl AREHAE AZAERE & g7jeks AS ARSI
o Wk 9 70g/a, HUEE 3,600af/g0] A& AME-
algict, e AGAlE 2UgE 9] KOH, Ca(OH)s,
NaOH 52 AR3F3TE KOHQ] Wikt 2 04g/anro|™,
= 95%%1 AZ AMESkIT), Ca(OH)»9] W= 2,248/
aro]™, <= 95%<1 A& AT NaOHE <k
98%0]1L, Wrk= 2.13g/aro|t}, ARSA R SR
Table 4] YeRf3Ict,

Table 3. Experimental plan

Experimental factor Experimental level

Binder conditions - BFS®+PA” 1
Replacement raio. 5.y, :
Alkali activator - KOH, Ca(OH)2, NaOH 3
Addition ratio - 25,75, 125 175, 225, 275, 325, 375 8

of alkali activator (Wt.%)
W/B - 40% 1

. . - Relative humidity (80%5)%
Curing conditions  Jgmnerature (20+2)C 1

Test items - Density, Compressive strength

b)BFS : Blast Furnace Slag
c)PA : Paper Ash

Table 4. Chemical component of using materials

_ Chemistry components (%)
Using
materials } )
S|02 A|203 FQQO:s Ca0o MQO SO:; Nazo Kzo TIOz

BFS  34.39 1447 0.63 41.67 6.49 036 1.20

PA 13.00 10.10 0.90 65.70 4.40 1.70
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Table 5. Density according to types of alkali activator

Unit volume Bulk specific Decreasing Time of
Division weight gravity ratio bubble
(g/em) (g/em) (%) occurrence
2.5% 1.88 1.59 15.62
7.5% 1.89 1.25 33.97
12.5% 1.89 1.21 35.84
—  17.5% 1.90 1.13 40.61 After the
[ water was
T 225% 1.90 113 4045 put
27.5% 1.90 1.19 37.47
32.5% 1.91 117 38.57
37.5% 1.91 1.26 34.15
2.5% 1.88 1.74 7.74
7.5% 1.89 1.76 6.92
12.5% 1.90 1.78 6.38
175% 1.91 1.80 5.80 After
o discharging
T 225% 1.92 1.81 5.87 binder
27.5% 1.93 1.83 4.95
32.5% 1.94 1.87 3.68
37.5% 1.95 1.87 3.98
2.5% 1.88 - -
7.5% 1.89 1.16 38.64
12.5% 1.90 1.13 40.45
- 17.5% 1.90 1.22 35.93 After the
e water was
T 225% 1.91 - - put
27.5% 1.92 - -
32.5% 1.92 - -
37.5% 1.93 - -
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addition ratios of KOH
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Figure 5. Cross—sectional shape of matrix according to
addition ratios of NaOH
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