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The Estimation of Optimal Mixing Ratio of CLSM Mixed
with Red Mud and Paper Sludge Ash
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ABSTRACT : Recently, numerous studies are being performed to examine alkali-activated cement which uses industrial by-products,
such as GGBS and fly ash, as well as alkali activators. Alkali-activated cement is a type of binder that exerts the same strength
as cement without using cement by mixing industrial by-products with alkali activators. Alkali activators, which are used mainly for
carbon-reducing technologies and alkali activation, are expensive and difficult to apply in the field due to risks related to strong
alkalinity. Therefore, this study intends to explore methods to use red mud as a substitute for an alkali activator. To that end, this
study has evaluated engineering properties, such as flow and strength, of CLSM that uses red mud and paper sludge ash as binders
and its possibility to cause soil pollution. This study also aims to present the appropriate mixing ratios of red mud and paper sludge

ash to produce CLSM.

Keywords : CLSM, Cementless, Red mud, Paper sludge ash, Optimal mixing ratio
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Table 1. CLSM design criteria

Flowability 200mm
Curing 28 day : 0.3~2..1MPa

Compressive strength
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Table 2. Properties of weathered granite soil

USCS SM
Specific gravity 2.68
OM.C. (%) 10.78
Yimax (kN/mz) 19.01
3.2.2 Red mud

Red mudi: Bayer 24 E3)] HIAI|E FEZHE
et RulE 9 dReIUE Alzshes oA T EE
AFQHANE R OF 45%0] 3H=8-8 2= Slurry 2 B EE| 1L
2AthKang & Kang, 2019). & ¢13L0j A= Slurry AFE|Z Hj
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Table 3. Physical and chemical properties of red mud

Chemical component (%) Physical characteristics
0, 41.85 Specific gravity 343
AL, O, 18.14
50, 12.43 Blaine (cm’/g) 2353
Na, O 9.79 pH 11
V[10)
e 743 Moisture content of red 45
GO 291 mud slurry (%)
3.2.3 MX|g|
AA| 2= FolE AWAikek= 57804 LAY %]= Paper sludge
& sotolA 22t F HARAIE B TR AR

o

E2(Lee et al., 2002), A3 o] AR
S Table 49} 2t}

A Be] Bkt B4

Table 4, Chemical properties of paper sludge ash

Chemical component (%)

Table 6. Mixture proportions of CLSM

Mixture Mixing ratio (wt, %) Curing time
type Weathered granite soil Binder (days)

CLSM-A 80 20

CLSM-B 70 30

CLSM-C 60 40 1, 7, 14, 28,

CLSM-D 50 50 60, 90

CLSM-E 40 60

CLSM-F 30 70

(e %o, 54.87
Si0, 11.68
Al, O, 7.25
MO 2.83
S0, 1.98
Fe, Oy 1.24

3.3 MUME W Wy
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Table 5. Mixture proportions of binder

Mixture Mixing ratio (wt, %) Curing time
type Paper sludge ash Red mud (days)

Binder-1 90 10

Binder-2 80 20

Binder-3 70 30

Binder-4 60 40

Binder-5 50 50 L7, 14,
28, 60, 90

Binder-6 40 60

Binder-7 30 70

Binder-8 20 80

Binder-9 10 90
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Fig. 2. Flow test results with regard to the mixing ratio of binder
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Fig. 1. Compressive strength of binder with regard to the mixing ratio of red mud and paper sludge ash
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Table 7. Result of Heavy metals leaching test

Elements Concerned criteria CLSM
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As 25 7.48
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Pb 200 52.12
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