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Abstract

Various alternative fuels are used together with bituminous coal in the cement clinker burning process. Alternative fuels such
as synthetic resins can affect the clinker properties and can change the final cement properties. In this study, PP, PE, PS, and
PVC were burned to analyze the effect on the clinker properties. The calorific value of PP and etc., was 9,000 to 11,000 kcal/kg,
but PVC was about 6,000 kcal/kg. In addition, the pyrolysis process of PVC proceeded in two stages, and the start/end
temperatures of pyrolysis were 169°C and 573°C. The free-CaO content of the resin combustion clinker was about 0.2+0.06%,
but the PVC combustion clinker showed a very high value of 7.11%. The chlorine content of the PVC combustion clinker was
very high at 3.77%, and it was confirmed by XRD analysis that chlormayenite were formed as clinker crystal. However, the
clinker burned with PP and etc., exhibited similar physical properties to Ref. clinker (Resin non-combustion). So, it was
confirmed that it could be sufficiently used as a alternative fuel for clinker.
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Table 1. Types and uses of alternative fuels in the domestic cement industry (Unit : Thousand Ton)

Kind 2017 2018 2019 2020 2021
Waste Tire 263 286 275 186 165
‘Waste Plastic 858 915 1,016 1,407 1,952
Waste Rubber 115 70 76 88 112
Waste Wood 30 92 35 40 16
Sum 1,266 1,363 1,402 1,720 2,245

Table 2. Alternative fuel utilization rates by country (Unit : %)

Nation Korea Germany Austria Poland France Spain Eu (Ave.)
Utilization rate (%) 35 69 71 74 44 39 52
Year 21 20 ’20 20 20 20 20
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Fig. 1. Flowchart of the experimental process.

A% QA SR 207 BY WSOl AL GRS 24 £3 ¥ wigEo] Het Aokt AnE g
w4 kst on|, FYUTE BUSY 30%, H7A AL o 25¢
o 475} Sk, AZE ATAE 100°C A%7]0A

2. M3 W Az A%7} SRE ATAL SRR

A2t @A 7ol 49 & 7] Z(HAN TECH CO,,
£ Aol = 4o A7 297 S0 viAl= HT-1630FL)oIA 2435199} 74 242 Hd 2%
= 1}efstr] 943)l PP, PE, PS, PVC 58] AR5 AF 1450°ColA] 30%7F A/l S=A3} ooict. S8A=
Stpom, 74 A WS Fig. 10 el 242 33} u] 4 (OLYMPUS, DSXC-HRSU-RF)S AR&-5}0]
9] FAF= 24 419l TG-DTA(Rigaku, TG-DTA O RS g oW, X-A 34847 (BRUKER, D8
8122/S-SL)E AMote] Bl S5 24512 H,. @ ADVANCE)E Algslo] 24 E4S BAstolct = 4
FA(LECO Co., AC600)E At&ote] 2|9 TEFE 719} o) Z4Zpe] A Aol mhE 279 A I
Stk E2 9 @ 240l TuH SR & 2 AA Fx 52 BAslo], SR BV SYA | 1)
A& AR A A4k 98 52 Eal71(Spex 2= ke P15l
SamplePrep, 6875D Freezer/Mill)E AR&5}0] 2mm ©]5}
& 24fskict

o of

[¢)

3. Za Y

57 Q- a4 2YA A2E Sof 459) oK

= AFg3190, Aok Y CaCO(YE, JUNSED, 3.1. KI5 24
$i0s, ALO; % Fe,0:(3F% SAMCHUN) olck. AJof £ QAo AF8 T 4] PR Fig. 20] Lhehf
T Unt &4 24 A9 F SYURE Estgon,  9lom, PP, PESPS St Sdehs w250 Ak
SYUR AZE 9o 297 REAAE LSF(Lime Sa- 0 TAElo] Itk PPY] £ TR [CHnol, &

turation Factor) 92.0, SM(Silica Modulus) 2.50, IM(Iron ZJ5F (42xn)g0) L, PEX [CoHyln, A1 (28xn)gol] &3}
Modulus) 1.60° 2 A|oJs}itt. ZH2-o] AlekF = Higt 5}, PS+= [CsHsln, B4 (104xn)ge]th. PVC= PE

Aol S A 338 Al 55, 2024



44

W o9 ALY - 384

H H H H 0 H H Cl
C C C C C C C C
X n ‘ ‘ n | ‘ ‘
CH, H H H H H n H H -1
(a) PP (b) PE (c) PS (d) PVC
Fig. 2. Chemical structure of PP, PE, PS and PVC.
Table 3. Calorific value as synthetic resin (Unit : kcal/kg)
Sample No.1 No.2 No.3 Average
PP 10,934 11,072 10,932 10,980
PE 11,074 11,079 11,078 11,076
PS 9,930 9,950 9,929 9,936
PVC 5,998 6,002 5,986 5,995
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Fig. 3. TGA curves of the resins used in this study.
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Table 4. Start and end temperatures of degradation as synthetic resin

Sample Start of degradation (°C) End of degradation (°C)
PP 320 485
PE 375 500
PS 310 450
PVC 170 525
Table 5. Chemical analysis of the reagents used in this study (Unit : wt.%)
Reagent CaO SiO, AlLO3 Fe, 05 Na,O MnO LOI
CaCOs 55.98 - - - - - 44.00
Si0, - 99.8 - - - - 0.20
ALOs 0.04 - 99.5 - 0.23 - 0.20
Fe,03 - - - 99.5 - 0.16 0.16
Table 6. Mixing ratio of raw mix and mineral contents of clinker
Raw Mix Clinker
Reagent Mixing ratio (wt.%) Mineral Content (wt.%)
CaCOs 78.88 Alite 57.07
SiO, 15.07 Belite 23.07
AlLOs 3.72 Aluminate 9.03
Fe, 03 2.33 Ferrite 10.80
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Fig. 5. XRD patterns of clinker depending on the type of resins used.
Table 7. XRD peak intensity of clinker using each synthetic resin
Clinker Ref. PP PE PS PVC
Intensity (CPS) 5,357 6,440 5,300 5,036 5,756
ARl E A 33H A 53, 2024
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Table 8. Chloride content of clinker depending on the synthetic resin
Clinker Ref. PP PE PS PVC
Content (mg/kg) 8.4 12.6 10.2 13.4 3.77%
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