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Effect of Limestone Fineness on Physical Properties and Environmental
Impact of Cement
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Since the cement industry generates more than 60 % of CO, during the clinker production process, supplementary cementitious
materials are used worldwide to reduce CO, efficiently. Mainly used supplementary cementitious materials such as blast furnace slag
and fly ash, which are used in various industries including the cement industry, concrete admixtures, and ground solidification
materials. However, since their availability is expected to decrease in the future according to the carbon neutrality strategy of each
industry, new supplementary cementitious materials should be used to achieve the cement industry’s goal for increasing the additive
content of Portland cement. Limestone is a material that already has a large amount in the cement industry and has the advantage of
high grinding efficiency, so overseas developed countries established Portland limestone cement standards and succeeded in
commercialization. This study was an experimental study conducted to evaluate the possibility of utilizing domestic PLC, the effect of
fineness and replacement ratio on the physical properties of cement was investigated, and the environmental impact of cement was
evaluated by analyzing CO, emissions.
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Table 1. Overview of experiments

Classification Experiment level Test item
Control group * Ordinary Portland cement
Binder type - . -
Experimental group e Additive changed ordinary Portland cement e Flow
* 5(9.75) * Mortar temperature
Replacement ratio of limestone powder (%) * 10(14.5) * Setting time
* 15(19.25) * Compressive strength
* 3,440(LL, low fineness limestone) : EDrYI.ng shr1r:k;1$ t
Fineness of limestone powder (cm?/g) * 6,640(ML, middle fineness limestone) fvironmentat impac
* 13,390(HL, high fineness limestone)

r
BTz BB BB 01| Yot xR st Ul
0] Uiz MM BT A S2IA SX 9 £
Ofl DIXIS BE0) ot Aaix| 172 25ICE MBlMol w2
SIS 42 Mafsle] ABRT BUT0| 02 AYE D620
Z5H A - 3 7% SHS ASSIOH, CO, VI8t 2 Y ot
2 250

M

e

-

10

n=

ook

- X
==
mo o
\ rg &
80“ HJZ
no 02
[y

S o
[
= m

\J
IN
1
>
H
=
ol
o
=
2 Mo
|m njo
- py
nz
_O'I_I
2
>
el
S
o
2
Rall
o -
Qﬂ
4%
iul

r o

ol
=
=20
9_‘_‘
>
e
OfM
el
H
fujm
=
n
=
=
Im
<2

]
o
o O
2
Rl
0o
1=
folr
1z
=)
ol
ol
p=i
Hu
Mol
o
o
<
M 3° o
inl
>
=
m
>
2
B
s

o
I
U
fu

o
N
o
2
ol

|A90] 242t 5 % ZfE|0] Tt FXa10]

e 745k ®=2o B2 Table 30f LIEFHRACE

St M3|Alo] 222 3440, 6,640, 13,390 cm’/gl] 34F

Aot B0 ot FEs EUkelIRiL £ g=0=
S

(@]
MM 22 DEEIE 2, 2ZAZE X561

0
H5i0) TN B8 YIS S8l D622 HE S AHEC

=2 S42 EUioiih

84 vol. 12, No. 1 (2024)

Table 2. Composition of binders

Unit weight
Sample | W/B (%) (g, based on mold)
Water OPC” Limestone Sand
Plain 450.0 0.0
s | 4275 25
oo | 405.0 4.0
CoILis | 3825 67.5
CoMLs | 4275 25
o | 2 s0 4.0 1330
CoMLIS | 382.5 67.5
COHLS | 4075 25
©HLIO | 405.0 4.0
CHLIS | 382.5 67.5

* : Ordinary Portland Cement

Table 3. Composition of raw materials assumed based on KS

Composition of raw materials (%)
Sample i + *
P o GGBFS Limestone
Gypsum
orC™ 90 5 5
Replacement 5 85.5 4.75 9.75
ratio of 10 81 4.5 14.5
limestone (%) 15 76.5 425 19.25

* : Ground Granulated Blast Furnace Slag
** @ Ordinary Portland Cement
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Table 4. Physical and chemical properties of raw materials

~_Sample| e LL ML HL
Properties
Density
oy | 1 2.66 2.75 274
Physical | LM€IeSS | 3510 3,440 6,640 | 1339
(cm/g)
DA 3061 | 15451 6414 2.305
(pm)
Ca0 65.6 527 533 545
Si0; 17.5 13 0.2 0.1
ALO; 41 0.7 0.1 0.0
Chemical
o MgO 26 1.4 0.9 0.7
SO; 36 0.1 0.0 0.0
Lol 13 415 418 08
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Table 5. Fineness of the blended binders

He

20 nlxl= I

Fineness (cm%/g)

LL ML HL
5 10 15 5 10 15 5 10 15
3,708 | 3,753 | 3,797 | 3,875 | 4,200 | 4,367 | 4,499 | 5,160 | 5,859
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Fig. 1. Particle size distribution of raw materials
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Fig. 2. Insulated box for measuring mortar temperature
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Fig. 4. Effect of fineness and replacement ratio of limestone
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Table 7. Result of drying shrinkage

Drying shrinkage (%)

Sample
7 day 14 day 21 day 28 day
Plain 0.009 0.022 0.029 0.033
LL5 0.013 0.028 0.034 0.039
LL10 0.013 0.029 0.035 0.040
LL15 0.013 0.031 0.036 0.041
ML5 0.010 0.027 0.032 0.036
ML10 0.011 0.027 0.032 0.036
MLI15 0.012 0.027 0.032 0.037
HL5 0.010 0.026 0.031 0.036
HL10 0.011 0.027 0.032 0.036
HLI5 0.011 0.028 0.033 0.037
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| 4L Leeuwen et al (2016)0| 2015 Huber Engineered
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Table 8. Information on CO, emissions of the production of raw

materials
Material Kg-COsxeq /m’ Country Source
OPC 855 EU without | vent3
Switzerland
LL-15 pm 1.4
R. V. Leeuwen
ML-8 pm 2.9
" USA et al. (2016)
HL-4.5 pm 10.6

Table 9. Information on CO, emissions of manufactured cements

COxeq kg/m’
Sample Raw materials CO,
Total reduction

OPC LS ratio

Plain 855 - 855.00 0.00
LL5 835 0.08 835.08 233
LL10 791 0.17 791.17 747
LL15 747 0.25 747.25 12.60
ML5 835 0.16 835.16 2.32
MLI10 791 0.32 791.32 7.45
MLI15 747 0.48 747.48 12.58
HL5 835 0.54 835.54 2.28
HL10 791 1.09 792.09 7.36
HL15 747 1.63 748.63 12.44
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