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Fig. 2.2 Cement mining process diagram
[ GF FIAHNE 547 F 2 A=, 2022]
3)
3= Ak Al e 5o o R AEE MIAS HxE Sste TAHOR, T37] 9

ZF 5+ Jaw, Cone, Gyratory, Hammer, Impact, Disc crusher 52 2 Th&3tH 1, 23 T+
1, 2, 3%} crusher® &) YXS oF 25~30mm A== st Mo #4xH =
A3 A Aarstr Aol A 12 = 22F 7] Fekol] A3 AFAIE S AA s =
g Aol mep sA FAbel A A= A3 Mol FAo WMol AR E premixing
A ARESte] A3 A S ol ME A o]of(belt conveyor)E 3 ZHIE raw
mill-8& hopp

4) S Hd=4d MEdg

AFAAE G G A A A= LdEHAE T 548 dARE A AT BE
£

AHE A Ao A] FAHS H st A 7] "o S E Y A F 3714 &
A=A WEAE7F EAQAY LA EE WEFES A d Fi wESEE 3.7mg/Sm’
dom Hd wEEEE 10.1mg/Sm’, H4& ME%5E+E 0.23meg/Sm® o]t}
Table 21 & AHE A3 FAAA edEd M= A4S etk
Table 2.1 Pollutant emission status in the cement mining process
LHAEAWETE
s | 9 g | A . .
1€ 123 wa | 22 M9 e5s gas P
Ald | EZ = T S Tz | HO | Ha
H =
A3 | MA | mg/Sm® | SEMS 3 19 51 3.7 254 | 288 | 101 | 0.23
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Table 2.2 Pollutant emission status in the raw material preparation process

L9EAHEEE
vl & 24 s A5 | AY | 2E | A=
o 1‘:]—-"4 = = }~ N a xF
Al 3 X | 5| F 37 :r:]-‘—; z9 | Ay | HA
H Z]
— =
1.2 j] ;ii ppm SEMS | 1 1 18 | 0003 | 001 0 0.05 0
13-4
ol ppm SEMS | 1 1 35 0.31 0.32 0.22 1.35 0
T2183E | mg/Sm’ | SEMS 1 1 35 | 00001 | 0.0007 0 0.004 0
Wl E mg/Sm® | SEMS 1 1 45 0 0 0 0 0
ya 2 3 | conra
5 Hae mg/Sm® | SEMS | 1 1 45 0 0 0 0 0
=
H jﬂ ii ppm SEMS | 1 1 45 | 0006 | 0.02 0 0.11 0
W %] mg/Sm® | SEMS | 12 | 209 | 603 3.30 253 270 | 2863 | 022
Hll 7l ppm SEMS | 1 1 45 0.18 0.48 0 2.95 0
dn | BasEE ppm SEMS | 1 1 45 0 0 0 0 0
U | nzgym ppm | SEMS | 1 1| 35 0 0 0 0 0
H] A 331 & ppm SEMS 1 1 45 0 0 0 0 0
A4 sl ek A ppm SEMS 1 1 18 0 0 0 0 0
F2338%E | mg/Sm’ | SEMS 1 1 45 0 0 0 0 0
ES ) ppm SEMS | 1 1 18 | 0005 | 0.01 0 0.04 0
Al er8}4E 4 ppm SEMS | 1 1 45 0 0 0 0 0
olA3EE | mg/Sm® | SEMS | 1 1 35 | 00001 | 000G 0 0.003 0
oladw
L eg ppm SEMS | 1 1 18 | 0183 | 028 0.06 1.15 0
o} o} ppm SEMS | 1 1 45 1.30 0.48 1.27 231 0.57
o & wil Al ppm SEMS | 1 1 18 | 0.003 | 0008 0 0.036 0
dau)d ppm SEMS | 1 1 18 0.08 0.29 0 1.29 0
212 AW E A x99 95 ¥ dx
AFME Az 958 Ax, d49, 24 59 A= AEFS AitstH, o Alwl
AR el A Be ARIE AREE T
Table 2.32 2019~2021d 3= AHE AxP A5t 495 AHE33S YeRT

_15_



Table 2.3 Raw and auxiliary material using of cement manufacturing in korea(2019~2021)

2019 20203 20214

A5 A8 A8 A8

(E/9) (E/4) (E/9)
A 314 65,407,000 60,330,000 62,868,000
Sl 198,968 390,086 331,991
A 879,786 1,336,962 613,503

R
A
HEA a4 1,181,000 1,393,000 1,702,000
TEE
HAF 376,779 530,093 608,245
A5 g A g 108,608 138,707 170,039
AR 727,435 882,575 934,607
FNH4 LU 1,587,714 1,743,713 1,827,426
HFEA B OHA 606,047 610,038 707,919
FA 245,742 94,587 737,569
AazAE 3,159,884 2,762,469 2,823,873
AZHA 16,232 17,988 29,810
Alsts 9 Aexr]x7} - 2,903 2,490
2HF 25,515 38,752 48,909
7 EALF 148,167 - 72,578
& 24 2 HEFTA 9,076 11,078 2,692
72 7 23,764 22,320 15,073
SRR ] 1,569,412 1,383,525 1,361,944
A& 1 60,803 114,022 63,434
A A 5 S A 3 G A 236,073 211,925 239,200
=] & 9,229 - -

Esgsi 962,792 1,029,406 1,234,146
71ERA 31 1,031,360 770,109 809,824
A 78,571,386 73,814,258 77,205,272

[£4 : Won-Gi Kim, 2023]

Azt Ao, FAR AN Aa, ;4 s gd o
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: Won-Gi Kim, 2023]
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Table 2.5 Korea’s cement manufacturing fuel consumption
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Table 2.6 Emission pollutants from the cement calcination process

T4 HELIEZ
Hx] SOx, NOx, HCl, NH;, F, H,S ,THC, Hg, As, Cd, Pb, Cr,

[
oX,
o
ol

HCN, Ce¢Hs0H, Ni, C¢Hs, CH20, Cu, Zn, CH2Cly, 1,3-Butadian,
C.HClI;, CO, C3HsN, &k ehsha 4
[ZA @ Won-Gi Kim, 2023]
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Fig. 3.1. Particle size analysis results of cement factory(CKD/CBPD)



Table 3.1 AHEZAo|A HAE CKD/CBPDl thst XRF 41 eIl Sl
XRF #4237, g CaO, KO, Cl2 G4 %o glow, CaO7} 22.87~35.85%, KO
22.50~34.05%, Cl= 16.86~2691%= uElutty. =3, XRF #4423 CKDe 4% K

Ca, CI 502 $A2A 2 A Fxol Fage] ey K Ca Clo] 72 4¥UL
$olslelth. XRF 42 Fste] Aurl® o ol 24 Fasglon, ¥ Axz
& o

B AEH2EVZ $9 ¥R F9H7] ool AA(XH) FAE oy
= 3t ool 7hEsk Ao w Holth
AubzA o g a5 (CaCOy)S &717F Adtd Aejol A 7Fdshd o] aks ek 4 (CO,) 7}

Table 3.1 Ion contents of CKD samples (XRF analysis)

Unit (%) K20 CaO MgO Al;03 Fe;03 Si0. Cl
sample 1 34.05 34.32 0.09 0.46 1.31 1.87 25.01
sample 2 22.50 35.85 1.32 3.49 1.24 9.61 16.86
sample 3 31.71 22.87 1.29 2.44 0.91 6.80 26.91

XPS depth profile #41-& &3ste] Alg Zlolo| wWE XA Aol|7l AA &kil, A8
xHA  EAgke olE9 3 A} Fx2 5SS gQldr] fsted X-Ray

Diffraction +4]-& 333t}
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Fig. 3.3. Condensation and volatilization temperature of KCl and NaCl
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Fig. 3.4. Condensation and volatilization zones of KCIl and NaCl
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Fig. 3. 5. Production schematic of carbonate mineralization and KCl in CKD/CBPD
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Fig. 3.7. Greenhouse gas reduction technolpgy schematic in CO, generated in cement

industry processes and using CKD/CBPD
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Fig. 3.9. Structural diagram of chlorine dioxide
[&=

=] : http://laser.chem.olemiss.edu/ hammergroup514/theses/Sutton_Thesis—finaldraft.pdf]

Table 3.2 Physical and chemical characteristics of chlorine dioxide

Parameter Value
Molar mass 67.45 g/mol
Density

Melting point

2757 ¢ dm® (STP)

Boiling point

—59 T (214 K)

Vapor pressure

11 T (284 K)

490mm Hg (at 0TC)

Critical temperature

—33.34 T (4055 K, 111.3atm)

Solubility in H.O

Solubility in hexane

8g/ ¢ (at 20TC)

Heat of formation

60 g/¢ (at 227C)

Heat of vaporization

25 kcal/mol

Heat of solution

6.52 kcal/mol

6.6 kcal/mol
Molar absorptivity 1250 em-1M-1
Acidity 3.0 pky
Af H 0298 104.6 kJ-mole "
S o0 298 257.22 J-mole K™
Henry " s law coefficient

401 x10? ky atm m' mole ! (at 20C)

_34_


http://laser.chem.olemiss.edu/~hammergroup514/theses/Sutton_Thesis

Table 332 4% &% A2 &FoA ClOp9 &;HEE HebHTH

Table 3.3 Solubility of ClOs in water at different temperature and partial pressure

Temperature (TC) Partial Pressure (mm of Hg) Solubility(g/ 2 )
25 345 3.01
25 22.1 1.82
25 134 1.13
25 8.4 0.69
40 56.2 2.63
40 34.3 1.60
40 18.9 0.83
40 9.9 0.47
60 106.9 2.65
60 53.7 1.18
60 21.3 0.58
60 12.0 0.26

AF 5(2000 Fig. 3107 7o) olxtgids wAg e =4 % 71

ClO., ClOs, CI' &3, °] ¢ ClO, HC, CI, Cl;, HOCI, HOCl, HCIOs®] 4%

Ao ®asgdn

MO,
OH COALLO=CT
OH +Cl-
€ R
C1.ClOs ,C1O0™
' i
MO4(-OH) MO (HOC) 45

Cl” e

Fig. 3.10. Reaction pathway for indirect oxidation
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Table 3.49} 7t}

Table 3.4 Oxidation number of chlorine species

Oxidation State Oxidation Number Compounds Name
Chlorine(- 1) -1 Cr Chloride
Chlorine(0) 0 Cl Molecular Chlorine
Chlorine( 1) 1 HOCI, CIO Hypochlorous acid, Hypochlorite ion
Chlorine(IIl) 3 HOCl,,CIO, Chlorite ion
Chlorine(IV) 4 ClO, Chlorine dioxide
Chlorine(V) 5 HOClI3,C105 Chlorate ion

1) =84 Cl0yage el

3.6.2. NH3¢ ClO29 wtg WAYF

spAelgol A ofAe] Fasel gEUel: ol U@ SAEs wow, FEAY s

99 49 pHE W gmele] £4) Fest b2k $4 A e] R o} &
Fom §% A%, pHol meb ZelehRuok(NHu)% $RiFol &(NH)OE 48
2ol Tk,

Fig. 3113} 7ol SRFO]S(NH)S pH 6 olatel Al 100% ZAat, pH 60l A HE
pH 12704 AH 7Z4ag¢s & 4 Aok @9, =g dEYol(NHy) = pH 658 &AlsHA
pH 12744 100%E <A1 HelE et pH 95+ SEFol=(NH ) Zg ¢hruo}
(NHy)7} 555 EAetE M9E vepdl o dohd4 8, 2019).

NH; + H.O — NH4OH (3.1
NH,OH — NH4 + OH" (3.2)

FEAY dEH olatstdae AAaTEF dEYote] whE wWAYF A= pH 129]
sho] thEE WhE o Eeghmuol(NHy) HUbeE 9EF o>(NH,) whgo] Fukgom
Ueld Zlojth wEkA, kR HF ol (NH )Y T2 AAFE7] 42 o)t ie] Ay
o] WkgAE vEh W othga Zeo] AFed S Ak
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NH, + CI' — NH4CI (3.3)

NH,' + CIO" — NH,IO (34)
NH;" + ClO; — NH(CIO; (35)
NH," + ClOy — NH,CIO; (36)
NH," + HOCl — NH,CI + OH" (3.7)
NH," + HOCL, — 2NH/Cl + OH (38)
ONH," + 2HCIO; — 2NH,CI + Hy + 30, (39)

FEEol=(NH, )2 +17F=2 - 17F9] Cl %8 wbe&H=7F 7 2 Zolet dddn. o
of mE Ewol=(NH, ¥ olitstds FE53] WEd =S Fig. 311 Yetdla, o
SF o] o234 HF wAs (4 31004 (4] 3.12)9F el vk 5 A

ofN

16NHs3 + 6ClIO; — 5N, + 6NH,CI + 12H.O (3.10)
16NH3 + 2C102 - 5N2H4 + 4NH4OH + 2NH4C1 (311)
12NH3 + 2C102 - 5N2H4 + 2NH4C1 + 4H20 (312)

1.0
NH3
0.8

0.6

0.4

Molar Ratio

0.2

0.0 . . , . :
2 4 6 8 10 12 14
pH

Fig. 3.11. Predominant species of NHj at different pH variation
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Fig. 3.12%¥ ClO; &% NH39 g4 =& YET

NH;

— NH,CIO;
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Ha O3

L

NH4CIO;

Fig. 3.12. Reaction pathway of NHj3; with chlorine dioxide species
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Fa5at vl Bebgsta, 13 o] &3k&o] 09x107e 2 g @ ety S wE
AlZE U A HS 9F Hol22o2 (4] 248)%) o] dlzldth(77d 3], 2019).
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WO s yehylon, L3 pH 12 ool HS oo dlelso] SPoleoz EAst/)
doH(EA 3], 2019).

H,S - H + HS — 2H + S% (3.13)
T4 oltslA e AATET SaE Fetrae o259 ukg wAYFAA = pH
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Fig. 3.14. Reaction pathway of H>S with chlorine dioxide species
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