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Study on the Correlation between Quality of Cement and Amount
of Alternative Fuels used in Clinker Sintering Process

AR - PHR? - QYLD - x2AST - 2BEP
Jaewon Choi' + Kyung-Mo Koo? * Byeong-Know You® - Wan-Ho Cha*" - Bong-Hee Kang®

(Received February 18, 2021 | Revised March 25, 2021 | Accepted March 25, 2021)

In this study, the correlation between cement quality(chemical composition, mineral composition, and compressive strength) and
amount of waste alternative fuels used in the cement manufacturing process and was investigated. Cement manufacturing facility
using coal, soft plastics(plastics that are easily scattered by wind power, such as vinyls), hard plastics(plastics that do not contain
foreign substances, waste rubber, PP, etc.) and reclaimed oil was analised. Data was collected for 3 years from 2017 to 2019 and let the
amount of fuels used as an independent variable and cement quality data as a dependent variable. As a result, depending on the type
and quality of the alternative fuel has not a significant effect on the chemical composition(Cl and LSF) and mineral composition(f-CaO,
GS contents). Contrary to the concern that the compressive strength of cement would decrease, there was a significant positive
correlation between amount of alternative fuel used and cement compressive strength.

JIRE : MIBIE RIZE, AIYE 23, HIOIS WEE, UHHHZ
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Fig. 1. Flow of Air, Materials, Fuels in sintering process

Table 1. Specification of Kiln refered in this paper

Facilities Specification
2string Sstate cyclones
Preheater | Gas flow capacity : 744,000m*/h, 695mmAq
CBS(Chloride Bypass System) capacity : 480m’/min
Size : 7.85mDx26.5mL
. Fuel : Coal, Soft waste plastics, Hard waste plastics,
Calciner

Reclaimed oil
SNCR(for NOx reduction) agent : urea(30%)

Capacity : 4,500t-clinker/day

Size : 4.572mDx70.0mL

Kiln Rotation spd : Max. 3.89rpm

Burner capacity : 59.4Gcal/h(69.1IMW)
Fuel : Coal
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Fig. 2. Soft plastics(left) and Hard plastics(right)
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Table 2. Descriptive statistics of quarility of each fuels

Items Variables Unit N Mean StDev | CoefVar min Ql med Q3 Max
calorie keal/kg 30 | 67722 | 236 3.5 5973 | 6653 | 6760 | 69528 | 7305
Coal ash % 330 1.63 | 2.181 18.7 7.52 1004 | 1083 | 13.16 20
Cl contents ppm 330
. calorie keal/kg 120 | 2024 | om0 [ m376 | 2 39 818 | 4804 | 7213
ecloaillmed ash % 31
Cl contents ppm 131 4613 | 4636 | 10049 | 909 2836 | 3916 | 5050 | 37500
calorie keal/kg 25 6431 993 154 4630 | 5651 618 | 7127 | 8912
Soft plastics ash % 25
Cl contents ppm 25 2822 1993 70.6 200 1450 | 2231 4150 | 12548
calorie keal/kg 201 5722 923 16.1 3281 5216 | 5725 | 6286 | 8636
Hard plastics ash % 201
Cl contents ppm 202 6428 | 8856 | 1377 213 2467 | 3403 | 6649 | 63135
Moisture % 87 1211 | 588 | 481 0.30 8.42 1203 | 1615 | 2621
3% - : not detected, or too small to measure
Table 3. Descriptive statistics of amount of fuel uses, clinker chemistry, mineralogy, and cement quarlity
Items Variables Unit N Mean StDev | CoefVar min Q1 med Q3 Max
Coal(Kiln) ke/t-clinker 340 8.50 117 13.56 | 5.6 7.82 8.38 9.35 12.73
Coal(Cal) ke/t-clinker 340 622 133 | 2136 | 236 547 6.27 7.04 9.87
AﬁTe(;uE;e:f ROl ke/t-clinker 340 2.54 1.61 63.53 | 0.00 146 2.19 3.62 7.41
Soft Pls. ke/t-clinker 340 1.57 093 | 5930 | 0.00 0.77 174 221 3.63
Hard Pls. ke/t-clinker 340 6.89 173 | 2502 | 356 5.68 6.56 7.86 12.40
' cl ppm 336 25 64 29.00 70 180 21 267 416
CE;‘L‘:; LSF - 340 92.51 0.94 102 | 9014 | 918 | 9257 | 9321 | 9467
SM - 340 248 0.04 174 233 2.46 248 2.51 2.61
' £:Ca0 Wt.% 337 0.90 0.10 1.04 | 069 0.83 0.89 0.98 118
nﬁ:r’;zrgy CsS vol.% 336 6779 | 296 436 | 5765 | 6566 | 6173 | 6994 | 7635
CS vol.% 336 1382 | 280 | 2092 | 535 175 | 1375 | 1599 | 2330
ID Str. MPa 337 13.30 136 1025 | 940 1240 | 1320 | 1420 | 1730
Cement 3D Str. MPa 336 2072 | 254 853 | 2400 | 2780 | 2955 | 3170 | 36.50
quality 7D Str. MPa 337 3935 | 3.06 779 | 3370 | 3680 | 3890 | 4170 | 47.20
28D Str. MPa 340 5214 | 3.8 725 | 4420 | 49.10 | SL70 | 5478 | 62.20

% LSF(Lime Satuation Factor) = 100Ca0O/(2.8SiO,+1.18A1,051+0.65Fe,0;)
SM(Silica Modulus) = SiO»/(AlLOstFe,05)
f-CaO : free CaO
% Coal(Kiln) : amount of Coal used in Kiln
Coal(Cal) : amount of Coal used in Calciner
R.Oil : amount of Reclained Oil used in Calciner
Soft Pls. : amount of Soft Plastics used in Calciner
Hard Pls. : amount of Hard Plastics used in Calciner
% Str. = Compressive strength at given age(days)
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Coal (Kiln

Boft Pls.

3.2.1 st 2 Table 4 5! Fig, 72t 80l M CiM[A= | EFE AE2H0| afald
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2t 2210|H, IFMME 20t &EQ! Cal, SO, AlOs, 2(p=0.000)2t LSF(p=0.034)01l 72|5t Hal= O|X|H, Z2HAE
Fe,0;0| &2t 7|Hto2 Bt LSF(Lime Satuation Factor), SM S 22 g4 Y SISPYR0 Folet Hek2 DIXIX| Z= Ao
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Table 4. Descriptive statistics of quarility of each fuels
. Coal(Kiln) Coal(Cal) R.Oil Soft Pls. Hard Pls.
Items | Variables | (%) - - - - -
p-value | Coefficient | p-value | Coefficient | p-value | Coefficient | p-value | Coefficient | p-value | Coefficient
) Cl 17.83 0.092 493 0.016 -6.76 0.000 12.46 0.197 6.62 0.936 0.17
Cliﬁ(s:y LSF 13.99 0.010 0.112 0.000 -0.158 0.034 0.071 0.108 0.095 0.167 -0.044
SM 4.48 0.987 0.000 0.324 0.002 0.541 0.001 0.948 0.000 0.201 -0.005
. f-CaO 13.61 0.756 0.001 0.008 0.012 0.298 0.004 0.001 -0.021 0.003 0.010
mig?:ggy GsS 14.47 0.000 0.518 0.010 -0.539 0.219 -0.136 0.487 -0.137 0.642 -0.049
GS 322 0.002 -0.439 0.059 0.258 0.564 0.063 0.753 0.061 0.847 -0.020
1D Str. 4.70 0.002 0.208 0.001 -0.208 0.183 -0.069 0.719 -0.033 0.873 0.008
Cement 3D Str. | 19.79 0.000 0.485 0.000 -0.430 0.000 0.368 0.011 0.399 0.166 0.116
quality 7D Str. | 23.09 0.000 0.755 0.000 -0.547 0.000 0.528 0.038 0.379 0.002 0.308
28D Str. | 29.00 0.000 0.951 0.000 -0.795 0.000 0.655 0.001 0.716 0.007 0.317
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