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Strength Properties According to the Conditions of Low Carbon Inorganic

Composite Using Industrial By-product
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Abstract

The purpose of this study is to examine the potential for reducing the environmental load and CO. gas when
cement is produced by using cement substitutes. These substitutes consisted of blast furnace slag, red mud and
silica fume, which were industrial by-products. The most optimum mix was derived when alkali accelerator was
added to low carbon inorganic composite mixed with industrial by-product at room temperature. It is determined
that hardened properties and the results of compressive strength tests changed based on CaO content, Si/Al, the
mixing ratio and the amount of alkali accelerator, curing conditions and W/B. The results of test analysis suggest
that the optimum mix of low carbon inorganic composite is CaO content 30%, Si/Al 4, the mixed ratio of alkali
accelerator (NaOH:Na»SiOs) 50g:50g, the amount of alkali accelerator 100g and W/B 31%. In addition, if contraction
i1s complemented, low carbon inorganic composite with superior performance could be developed.
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Strength Properties According to the Conditions of Low Carbon Inorganic Composite Using Industrial By-product
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Table 1. Carbon emission present condition and prospect in
Korea

(Unit = million tons CO2 )
1990 2000 2004 2010 2020
Energy 2477 438.5 490.2 567.6 676.1
Industry 19.9 58.33 69.4 53.4 74.2
Waste 255 15.6 15.1 19.0 27.0
Agro-livestock 17.5 16.2 159 14.0 14.0
Total emission 310.6 528.63 590.6 654 791.3

The world greenhouse gas

reduction effort

CO, emission in the cement
manufacturing process

Industrial by-products recycling

The cement use reduction Reducing the environmental load

Manufacturing low carbon inorganic composite
that doesn't use the cement

Figure 1. Purpose of the study
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Table 2. Basic experimental plan

Experimental factor Experimental level

- Blast Furnace Slag
- Red Mud 3
- Silica Fume

- NaOH, NazSiOs, KzSiOs (Liquid)

Inorganic composite

Alkali accelerator - Na»SOs, NaxCOs (Solid) 5
Alkali accelerator addition - 1, 3, 5, 7, 10(%) 5
Test item - Setting time 1
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Figure 2. Result of checking the hardening property

Table 3. Final Setting times of industrial byproduct according
to the alkali accelerator addition

Alkali accelerator Final setting times(min)

addition BFS RM SF
1 365 450 1001

3 305 353 854

(’t'iza';) 5 288 315 749
7 240 298 576

10 238 277 499
1 385 441 1078

, 3 287 304 746
':‘S;i'igf 5 285 317 684
7 209 312 641

10 207 293 500
1 380 . 1064

3 338 - 966

’\('gﬁé))a 5 315 - 910
7 282 - 837

10 275 - 764

1 357 - 1035

Mo 3 302 - 975
(sfand)4 ° 290 h 845
7 283 - 813

10 271 - 785

1 312 - 934

S0 3 263 - 845
(L?quid3) > 212 - 812
7 141 - 756

10 136 - 679
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Table 4. Experimental plan and method according to CaO
content and Si/Al ratio

Experimental :
factor Experimental level
Inorganic - CaO content (%) - 20, 25, 30, 35 4
CompoSIe . Si/AI ratio -3,4,56 4
Alkali - NaOH:Na,SiO; (100g standard) - 50g:50g 1
e(lzcocnecljﬁirgrt_]c;r - Amount (binder 400g standard) - 100 1
Curing X ' - o o
conditions Relative humidity(80+5)% Temperature (20+2)C 1
W/B - 31% 1
Test item - Compressive strength, Setting time 1

* Si/Al @ SiOgz(molecular weight)/Al:Os(molecular weight)

Table 5. Mix proportion of inorganic composite according to
CaO content and Si/Al ratio

Inorganic composite

w/B W Alkali accelerator (g)Experimenta chemical componert

(%) (@) NaOH NaSiO; llevel  Ca0  SiOp AROs
CaO 20% 205 371 179

CaO 25% 250 353 17.1

CaO 30% 206 335 163

CaO 35% 349 330 147

31 60 %0 %0 SUAI 3 298 294178
SIAl4 296 385 163

S/AI5 302 389 139

SUAL6 302 421 127

* CaO 20~35(%) : Blast Furnace Slag 43.8~50.0% mix in binder
Si/Al 3~6 : Blast Furnace Slag 25.0~57.5% mix in binder
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(NaOHg:NasSiOsg, 100g)2
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Table 8. Experimental plan and method according to curing
conditions and W/B

Experimental Experimental level
factor
Inorganic - CaO content (%) - 30 1
composite
conditions - Si/AI" ratio -4 1
] + NaOH:NapSiOs - 0g:100g, 250:75g, 50g:50g 5
Alkali (100g standard) 750:25g, 100g:0g
accelerator A '
conditions ~ *Amoun .
(binder 400g standard) 50, 75,100, 125, 150 5
Curing . 5)0 o)
conditions Relative humidity(80+5)% Temperature (20+2)C 1
W/B - 31% 1
Test item - Compressive strength, Setting time 1
* Si/Al : SiOg(molecular weight)/AloOs(molecular weight)

Table 7. Mix proportion of inorganic composite according to
alkali accelerator conditions

Inorganic composite,
Experimenta chernical component

| level

w/B w Alkali accelerator (g)
(%) ()

NaOH  NauSiOs Ca0 S0, ALOs
0 100
25 75
50 50
75 25
100 0 %
31 60 o CgﬁAfa/ 296 335 163
375 375
50 50
625 625
75 75

Table 8& Aeta F7145A12] W/B U of=A w3t

o W= ZJeEAS dolH 7| 95t Aoy, vigS Table 9
2, CaO 9 30%, Si/Al 4, L] AGA E3hle:

57

Experimental Experimental level
factor
Inorganic - CaO content (%) - 30 1
composite .
conditions  * SVAI" ratio -4 1
Alkali - NaOH:NazSiOz (100g standard) - 50g:50g 1
accelerator
conditons - Amount (binder 400g standard) - 100g 1
cuing )5 ¢ D E 5
conditions
W/B - 23, 27, 31, 35 (%) 4
Test item - Compressive strength, Setting time 1
* Si/Al @ SiOg(molecular weight)/Al:Os(molecular weight)

Table 9. Mix proportion of inorganic composite according to W/B

Alkali accelerator (g) Inorganic composite

WwB W Experimenta chemical component
%) @ NaoH Nasios ' cao sio. ALO
23 28
27 4
31 60 50 50 Cgﬁ;’% 206 335 163
3B 76
31 60

A

20°C to

24 hour

cure

80T to
18 hour
cure

12 hour
cure

80C to ’

Figure 3. Conditional curing method of inorganic composite
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Figure 5. SEM of blast furnace slag
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Table 10. Chemistry components of blast furnace slag

SOz
26.03

AlO3
10.96

FGQO3
0.18

CaO
54.07

MgO
4.21

SO3
3.28

TiO2
0.22
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Table 11. Chemistry components of red mud
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Figure 6. SEM of red mud
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Figure 8. Compressive strength according to CaO content
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