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Abstract

Environmental awareness is rising worldwide. however, cement manufacturing facilities use recycled resources to improve
raw material and fuel substitution rates, contributing to environmental issues such as waste disposal. The emission of sulfur
oxides (SOx), an air pollutant, has been regulated by limestone as raw material in cement manufacturing. However, the impact
of increasing use of recycled resources on future facility processes and environmental changes is unclear. Therefore, the cement
manufacturing facilities require desulfurization-related technologies and research. In this study, we investigated the
applicability of desulfurization technology to cement manufacturing facilities and demonstrated various approaches to applying
this technology using byproducts generated in cement manufacturing.
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Fig. 1. Status of raw materials and fuel according to the use of circulating resources.
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Table 2. Characteristics of high-reactive calcium hydroxide

Ca(OH), Value
BET surface area 37.3 mYg
Average particle diameter 9.82 ym
Total pore volume 0.181 cm’/g
Average pore diameter 10.07 nm
CaO 74.1 wt.%
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Fig. 11. Application of desulfurization technology.
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Table 4. XRF of cement process by-products

XRF(%) LOI
Type Sample - o
SiO, ALO; | Fe,03 Ca0 MgO Na,O K0 T.A SO; (%)
No.l | 13.33 439 1.90 47.81 3.13 0.58 3.37 2.79 4.96 17.69
No2 | 1162 4.72 1.62 40.95 2.53 0.39 0.97 1.03 0.60 35.54
fnner = T7\03 | 1163 3.79 1.65 4328 2.65 1.24 11.83 9.02 536 5.06
By-product
No4 | 1128 4.61 1.62 41.16 2.54 0.34 0.92 0.94 0.60 36.04
No.5 | 10.78 4.72 1.55 38.51 242 0.60 2.50 2.24 1.35 35.51
No.6 5.46 1.78 0.75 47.62 2.83 0.12 0.45 0.41 0.01 40.67
Outter 170 7 0.60 0.19 0.19 65.09 0.68 0.04 0.03 0.06 0.42 32.56
By-product
No.8 5.41 0.98 0.57 55.34 5.44 0.11 0.21 0.25 23.97 7.17
Table 5. XRD of cement process by-products
Periclase Anhydrite Lime Calcite Portlandite Dolomite Quartz
Type Sample
P P MgO  |Anhydridgips]  CaO CaCO; | Ca(OH) (Ccag';g Si0s
3)2
No.1 0.34 - 0.12 5.44 62.14 - 11.25
No.2 - - - 80.05 0.11 9.39 8.40
Inner No.3 1.82 475 2827 1.92 038 ; 5.13
By-product
No.4 - - - 80.61 0.14 9.98 7.56
No.5 0.14 - 0.02 82.16 0.09 9.25 6.98
No.6 0.15 - - 81.89 0.33 10.03 7.58
Outter No.7 0.24 - 22.05 72.23 2.73 1.37 1.32
By-product
No.8 1.63 49.71 31.00 8.77 2.16 1.80 1.80
[ J
@ caco,
A cao
Hl Ca(OH),

Intensity

—No.3

No.4
—t At I AN MR I e A S AN~ —NoS
No.6
No.7

No.8
10 20 30 40 50 60

20

Fig. 13. XRD pattern of cement process by-products.

Resources Recycling Vol. 33, No. 2, 2024




ARLE A

HIE 0|8 ¢ 9lom, SAERHoR A7 mEo] 7t
FEe o= Bl B3, Fig. 89| U5E® 7le &
§2 &0l A && =tiet 9 Fig. 109} o] 27854t
=2 SRAIRHE A8t F7HARl mE& Sk Al 2

44 9 Ao B

pilo] @4 48 E, 2
12 WA, 1 9l B
% ol W A ek DAY Bl0] o YA ke

ATHIE A Axto] AR A 4 £3Uw AR
%EHE QI3 vl o] Au|o} 37 $g Wk Qg 7RA
R} oS5 A] Zok= Aot HiEA F3E=
FA7F Yo g ojEA Wsle x| mE AHElo]A] o]
]Hc}(l)_]:g U]Fq E}‘H’GH E_I—"— 7‘]0] J—‘J_g_o]— 7—]_0&&
A 714 A+ i 2 -3 oo AHE A
?‘? 293 Zog Helrt

N

‘.F_Erﬂoﬁo_u
rLf'ﬂ

o o & o

o

4.2 B
Aoz SEAt diFdol w2t A&7hsgt

SATHAPE AR 3loH, AlHIE AT ©
o851 1Rk gte] At B e Rt e
27 54 e AE 378 eiE
= OFA7IAl= vju|Rt Aol ofof £ gl
Sfel = B3 HAlol R AHILE 37 5 S
A7t = 4= Qe wi7EA F SOxo] gt of
EAsEY] s 2 e v 9 7]l o
H

stiom, ol AIE B4 48 % 9

B9

AHIE Az B4 B 08T FHORM Fu)
clepelel B3] Sl Qg vnd 4 22
o} 2= 9)2 A 0 & mhriE
g3t ol ool %og%o vl Z81o] 48
Ao walt gYA)
30 B2 AR 7] el TS
= S8 fAT 208 710 90k o] 4=

Az Ao A T o= Q2 T84

=

Md w2
é e
é

i)
r-?—"a r)i r_)ﬁ_‘

mle )
ol
&
2

oo
R
=

<

o r_9.
w

>

fr

_r;
N
<
N,
o
1o
i
o& !
N
m1>
flilo
o

oﬁ.
_lz: ru
Yol
S
)
>
-,
m
N
N
of4

3N ERE

8 754 AT 13

o=y g%xﬂgﬂ 28 7Fs4e et Boton, 4
EAT 4R 3gRal 4 ¢ SRR A 7T 5
U Aoz poEt Eok, 71E 3 9% 71&eS A
83} 2= 919 HlokS thzbe 2 BAlGle] Case. 10] 7F8
Z3tsirial Wk, 714 28-S IsiAls 712 Spray
towero]] Bh= L/GH], @A /44 5 2 374 %= 57t
Al A7t Eed Aoz Hal,

ALl 2

o] A7 20245 4GS IAAR A 4td71<H 7t
Y2 L(KEIT) A7) AJhof| &J3t A7-A(‘RS-2023-00
261157°).

References

1. Introduction of Korean Law Information Center, Clean air
Conservation Act. https://www.law.go.kr/englsSc.do?me
nuld=1&subMenuld=21&tabMenuld=117&query=%
EB%8C%80%EA%B8%B0%ED%99%98%EA%B2%B
D%EB%B3%B4%EC%A0%84%EB%B2%95, March 21,
2024.

2. Hong, H. Y., Jung, S. W., Son, J. H., et al., 2015 : Speed-
dependent emission characteristics of the hazardous air
pollutants from diesel medium-duty trucks according to
emission standards, Journal of ILASS-Korea, 20(2), pp.
121-129.

3. Jeong, J. H., Kim, S. G., Choi, E. J., 2020 : A study on the
Improvement of preventive management in strengthening
the regulation of marine air pollution-focusing on the role
of the Korea coast guard, The Journal of Humanities and
Social Sciences, 21, 11(3), pp.1649-1662.

4. Lee,J. H., Kwak, J. S., 2018 : Marine generator system for
reduction in air pollutants, Transactions of the KSME — A,
42(10), pp.939-944.

5. Kim, E. J., 2019 : The legislative study for the integrated
management of air pollutant, KLRI Research Report,
pp.1-446.

6. Kim, Y. G., Park, S. 1., Park, H. S., et al., 2016 : A study on
the emission characteristics of air pollutants and NOx
reduction method from incinerator in Jeollanam-do,
Journal of Korea Society of Waste Management, 33(1),
pp-18-28.

7. Chen, T. M., Kuschner, W. G., Gokhale, J., et al., 2007 :
Outdoor air pollution: nitrogen dioxide, sulfur dioxide,
and carbon monoxide health effects, The American Journal

Aol S A 338 A 23, 2024



8

9

10

11.

12.

13.

14.

17.

19.

Re

of the Medical Sciences, 333(4), pp.249-256.

. Han, J. W., 2019 : Development of a dry classification
flow reaction demonstration facility for removing acidic
gas (HCI, SO,) applicable to the combustion process and
waste incineration facilities of thermal power plants,
Ministry of Environment, 1485015214.

. Korea Cement Association, Annual Report of Cement
Statistics. http://www.cement.or.kr/mater 2014/viewboard.
asp?sm=3_1 2&tb name=mater 3&title=%C5%EB%B0
%E8%BF%AC%BA%BS, October 11, 2023.

. Korea Cement Association, Recycling of Circular Resources

in the Cement Industry in Korea. http://recycling.cement.

or.kr/contents/sub3_01.asp?sm=3 1 0, October 11, 2023.

Introduction of Korean Law Information Ceter, Act on

the integrated control of pollutant-discharging facilities.

https://www.law.go.kr/LSW/eng/engLsSc.do?menuld=2

&section=lawNmé&query=Enforcement+decree+of+the+

act+on-tthe+integrated-+control+of+pollutant-discharging

+facilities&x=41&y=22, October 16, 2023.

Seo, J. H., Hwang, H. J., Khan, J. B., et al., 2021 : The

present status and improvement of air quality assessment

methodology for integrated environmental permission
system, Journal of Korean Society for Atmospheric

Environment, 37(3), pp.523-535.

Introduction of Korean Law Information Center, Enforce-

ment decree of the act on the integrated control of

pollutant-discharging facilities. https://www.law.go kr/LSW/
eng/engLsSc.do?menuld=2&section=lawNmé&query=Enf
orcement-+decreetoftthe+act+ontthe+integrated+control
+oftpollutant-discharging-+facilities&x=41&y=22, October

16,2023.

Lee, H. G., 2007 : Flue gas desulfurization process, The

Magazine of the Society of Air-Conditioning and Refrige-

rating Engineers of Korea, 36(12), pp.34-41.

. Miller, F. M., Young, G. L., Von Seebach, M., 2001 :
Formation and techniques for control of sulfur dioxide and
other sulfur compounds in Portland cement kiln systems,
Research Development Information, R&D Serial 2460.

. Kumar, L., Jana, S. K., 2022 : Advances in absorbents and

techniques used in wet and dry FGD: a critical review,

Reviews in Chemical Engineering, 38(7), pp.843-880.

Liu, X., Wen, H., Edil, T., et al., 2011 : Stabilization of

flue gas desulfurization by-products with fly ash, cement,

and sialite, Transportation Research Record, 2204(1), pp.

102-109.

. Dragan, S., Ozunu, A., 2012 : Characterization of calcium

carbonates used in wet flue gas desulphurization processes,

Open Chemistry, 10(5), pp.1556-1564.

Gou, X., Liu, Y., Liu, S., et al., 2020 : Study on sulfur-

fixation effects of cement raw meal during pulverized coal

sources Recycling Vol. 33, No. 2, 2024

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

P S REES

combustion under different atmospheres, Fuel, 270, 117484.
Del Valle-Zermeiio, R., Formosa, J., Chimenos, J. M.,
2015 : Wet flue gas desulfurization using alkaline agents,
Reviews in Chemical Engineering, 31(4), pp.303-327.
Gao, X., Zhong, Y., Wu, Z., et al.,, 2010 : Operating
experience of CFB semi-dry FGD with novel humidi-
fication technology in China, pp.19, Paper presented at:
Coal-Gen 0210 Conference, Pittsburgh, Pennsylvania,
USA, 10-12 August 2010.

Wu, C., Khang, S. J., Keener, T. C., et al., 2004 : A model
for dry sodium bicarbonate duct injection flue gas desul-
furization, Advances in Environmental Research, 8(3-4),
Pp-655-666.

Park, S. H., 1995 : Wet flue gas desulfurization technology,
Korean Air Cleaning Association, 8(1), pp.36-46.

An, H. S., Kim, K. H,, Park, S. S., et al., 2008 : Operating
characteristics of 0.4 mw-scale gas dispersion type FGD
absorber, Journal of Korean Society for Atmospheric
Environment, 24(4), pp.415-422.

Ministry of Environment, 2004 : Optimization of S00MW
KEPAR De-SOx technology, Daejeon, Korea Electric
Power Research Institute, pp.101-102.

Akiho, H., Tto, S., Matsuda, H., 2010 : Effect of oxidizing
agents on selenate formation in a wet FGD, Fuel, 89(9),
pp.2490-2495.

Poullikkas, A., 2015 : Review of design, operating, and
financial considerations in flue gas desulfurization systems,
Energy Technology & Policy, 2(1), pp.92-103.

Li, S., Xin, F., Li, L., 2017 : Reaction engineering, pp.
405-441, Butterworth-Heinemann, Oxford.

Park, C. H., Park, C. L., Park, G. H,, et al., 1995 : the
development of spray drying absorption process for flue
gas treatment, The Korea Institute of Chemical Engineers,
1(1), pp.541-544.

Xie, D., Wang, H., Chang, D., et al., 2017 : Semidry
desulfurization process with in situ supported sorbent
preparation, Energy & Fuels, 31(4), pp.4211-4218.

Jung, J. H., Yoo, K. S., Lee, G. W., et al., 2002 : A study on
the Ca(OH),-SO, reaction characteristics in a fixed bed
reactor using shirinking core model, Journal of Korean
Society of Environmental Engineers, 24(11), pp.1911-1922.

. Choi, J. H., Oh, S. C., 2019 : A Study on the reaction

characteristics for high temperature mineral carbonation of
calcium oxide and carbon dioxide, Korea Society of Waste
Management, 36(3), pp.278-288.

Deng, Y., Ansart, R., Baeyens, J., et al., 2019 : Flue gas
desulphurization in circulating fluidized beds, Energies,
12(20), 3908.

Fierro, J. J., Escudero-Atehortua, A., Nieto-Londofio, C.,
et al.,, 2020 : Evaluation of waste heat recovery tech-



35.

36.

37.

38.
39.
40.
41.
42.

nologies for the cement industry, International Journal of
Thermofluids, 7, 100040.

Amiri, A., Vaseghi, M. R., 2014 : Waste heat recovery
power generation systems for cement production process,
IEEE Transactions on Industry Applications, 51(1), pp.
13-19.

Seong, J. W.,Rha, C. Y., Kim, C. E,, et al., 1999 : Hydration
and mechanical properties blended cement added bypass
dust, Journal of the Korea Concrete Institute, 11(1), pp.
33-39.

Boldyryev, S., 2018 : Heat integration in a cement pro-
duction, Cement Based Materials, pp.23-34.

C.S. Lim, 2010. KR. 10-2010-0104613.

Y. O. Park, 2013. KR. 10-1340389.

H. J. Hee, 2008. KR. 10-2008-0009657.

E. S. Yoo, 2018. KR. 10-1928669.

S. K. Son, 2010. KR. 10-2010-0094671.

8 754 AT 15

46.

47.

48.

. T. Junichi, 2016. JP. 6012071.
. Siddique, R., 2014 : Utilization of industrial by-products

in concrete, Procedia Engineering, 95, pp.335-347.

. Taha, R., Al-Rawas, A., Al-Jabri, K., et al., 2004 : An

overview of waste materials recycling in the Sultanate of
Oman, Resources, Conservation and Recycling, 41(4), pp.
293-306.

Yun, Y., Jeong, J., Chu, Y., 2016 : Solubility and yield
characteristics of kcl in cement by-pass dust, Resources
Recycling, 25(3), pp.43-438.

Seo, S. K., Chu, Y. S., Shim, K. B., 2015 : A study on
desulfurization efficiency of limestone sludge with particle
size, Resources Recycling, 24(6), pp.17-23.
Passamaquoddy, T., 1999 : Project performance summary
clean coal technology demonstration program, Cement

Kiln Flue Gas Recovery Scrubber™, pp.1-12.

ol &

- ool BB AP

s st 34

« QA HBCKE 7174 A7) - QA HBCEE & AT4 FA AT
ol Ef HEy
- e Bl A4} - QPRSI BB AAL

A BCKE 717k AYATY

A HECLE 71&AT2 71ENY

Aol S A 338 A 23, 2024





