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Abstract

Whole tues were put into cement kiln inlet where the temperalures of gas and cement-raw-materials were 1050 and 800~
8507, respectively. The kiln consisls of 4-stage suspension preheater and air quenching coolers  The amount of wasle tires
added lo lhe normal energy in lhe cement kiln was 3, 5, 7% by volume Weight and steel contents of tites. ultimale and
elemental analysis, ash contents, ash fusion temperatuse, etc, wete deternuned fo investigate the properlics ol tires and iheir
ashes. Flucluations of cement kiln process, cement guality and arr pollulion were investigated during the burning tires.
When the [eeding ralic ol wasle tires 1o notmal cnergy was 5%, there was no wide differences m the cement qualily and air
pollution between operation with tites and withoul tires. The heal recovery was about 50% with 5% addition to the nommal

energy. There was a little it fluctuation of cement quahty and au pellution ai other feeding ratios.
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Table 2. Japanese Cement Kilns Using Waste Tires

SHEAR(%)

COMPANY l’ TYPE OF WASTE TIRES REMARK
NIPPON T WHOLE 5 KILNS
YACIIBE WHOLE 1 RILN

WHOLE 3 RILNS
ONODA
FYROLYSIS 2 KILNS
TOHUKL WHOLE 1 KON
CHICINBU WHOLE 2 KILNS
WHOLE | KILN
MISIORISHI —
CHIP 1 KILN
-
TOTACT CHr L KILN
AKTBOSIM cigr 1 KILN
DSAKA WHOLE % KILNS
L
WHOLE L KILN
SMITOMD
PYROLYSIS 2 KILNS

dol & AT

Tahle 3. US Cement Kilns Using Wasle Tires.

LSoulhdown fie

COMPANY l TYPE OF WASTE TIRES REMARK
Anzona Portland Cement r TOF* *TDE:
TIRE
Ash Grove Cement Wesl Whole DERIVED
Calaveras Cement Whele FUEL
Fusror Materals Wheie
Thorauan Coment TOF
Holgam Ine TDF
Holnam, [ne TDF
Lehigh Cement Whole
Lone Star [bdusines TDF
Medusa Cement Whale
Womarch Cement TDF
National Cement TDF
| E—
Whale

Table 4. US Cement Kilns Planned to Use Waste Tires.

L

TYPE OF TYPE OF
COMPANY WASTE TIRES COMPANY WASTE TIRES

Allentow Cemenl Whole Lehigh Cernent Whole
Blue Circie Whale Loneslar mr
Cement Industres
Ban wa Whole Medusa Coment Wheole
Cement
Flonda Crushed

Whale Runker Matenals Whale
Stong
Gufford Hill Wholz Raverside Cement TDF
Holnam nc Whole RMC Lonestar ‘Whaole

—
Tolnar, Inc, Whole or TDF | Southdewn Ine Wholz
Lliners Cement Whule Southdown Inc Whole
—
Lafurge Corp. Whale Southdown Tnc ‘Whole
Lafarge Corp Whole Southdewn Inc Whale
——
Lafarge Corp Whole Southdewn Inc, Whole
Lafarge Carp Whole Tarmac Cemenl Whale
Lehigh Cement TD¥ Texae Lehigh Whole
Cement

Aaldal 2], Al 4 A 4 &L 1995
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Table 5. Types of Buming Waste Tire.
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Table 6. Comparision ol Cemenl Quality and Process in

Tire Burning Kilns.

ITEM WHQOLE CHIP GASFICATION
INVESTMEN] CHEAP CHREAPPER THAN | CHGAPER THAN OTH- |
AND WHOLE RS
MAINTENACE
C05TS
OPERATING - COATING FOR- - COATING FOR- - CONSTRUCTION OF
CONDITION OF MATION IN PREHEAT-[ VATION IN PYROLYSIS FUR-
EILN TR CYCLONE TREHEATER CV- NACD

- NCREASING TEM- CLONE - DISPCSAL FOR
PERATURE UF BXT! | - CYCLOW: ULOG- RESIDUAL S1EEL
(548 GING BY SMALL OF WASTE TIRE
- INCREASE OF EXIT TIRE CHIPS
GAS QUANTITY TQ | - INCREASING TEM-
PREHEATER PERATURE OF
- INCREASE OF KILN EXTL GAS
IDF POWER - INCREASE OF EXIT
-RISING 00, 805 GAS | GAS QUANTITY 10
CONCENTRATION PREHPATER
~BNFERING PRESH - INCREASE OF KILR
AIR [N PREHEATER IDF POWER
FROM INSERT E- - BISING €0, 50,
QUIPMENT (GAS COM-
CENIRATION
- NTERING FRESH ATR
¥ PREHEATER FROM
INSERT BOULMENT
- SET UP CUTTING 515
Uit
CEMERT QUALITY | -MOTROBLEMECR ) -NO FROBUEMFOR | -ND PROBLEM FOR
COMPRESSIVE COMPRESSIVE COMPRESSIVE
STRENGTH, SETTING | STRENTH SETTING | STRENGTH, SET
TOME, COLOR GRIN- | TIME, COLOR GRIN- | TING TIME, COLOR
DABILITY DABILITY GRINDARILTTY
ENVIRONMENTSL |- TENDENCY OF 50, | - TENDENCY OF 50, (- TENDENCY OF S0,
POLLITTION GAS INCREASE GAS INCREASE (43 INCREASE
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OPERATION "
WASTE TIRES . N o= A¥sidn)
COMBUSTIONS A% g AElele] FF7E /MY Be) AR e &Y
CALORIFIC . . . .
EFRICIENCY OF . A 7‘]’ %’, ')D;% ]-1 =1, %]Eal %‘E = AJ'O "—"]’93,[4'-
WASTE TIRE
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Table 9. Inserting Equipment of Waste Tires.

EQUIPMENT CAPACITY OBJECT COF USE
TRANSPORTATION
HOIST 218TON WASTE TIRES TO

3RD PREHEATER
CONVEYING WASTE
TIRES

ROLLER CONVEYOR | 035 x 3.0ML

CAT & FLAP
DAMPER

075 % 0.3MH
075 < 16M13

PROTECTING
INFLOW FRESH Al

CONIROL OF WASTE

TIRES

CONTROI, OF COUNT
DAMPER

i —

COUNT DAMIER 02W « N3ML
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46 =7k A - olE Huddh ARY
3.2, 3. e Table 10. Fecding Ratio, Peried and Inserting
7‘r AlEam Amount of Wasie Ties.
gelelo] Felek] w2 HE FEL kind FUEE
EXPERI :
dAgs] EFFIFSE 3, 5, T%E AR, o wHE ENTAL AMOUNT OF ENTERED TIRES
MENTAL S .
drloje] =a]ae- 9 4% kine] AAEH AR 7)E PERIOD AMONUT | AMOUNT
Jeteio] Fqla2 e 44 | b el = LEVEL BABR | TADAY
o 3] dinker Mg 1830 TVD SYwd & 822 (%) BA) | TN
Keal/kg - cli, HEtolo] 2] HF7 Addd 2 J47A4 = 2 3 28-300 | 24 587 1,762 1051
7+ 7650 ke, 2 che-slof] 2la] Alsks
7650 Kealtke, 7 1kg 2.2 3to] th+iel 2|2 A1) 5 waos | s 1206 | 5384 | 306
=8 —
7 49720 6 L5 | soaer | 237s
- Hefelo] EAE AEake] D& (3% T4
) TOTAL 37453 o6s 52
ke (Kealkg - cli) % A (kg - cliff) = #HEle]o]
Al = Aelelo] AR F(Kealke - ue) — FA (kg -
tire/ro) = 822 % 76250 % 0.03 — 7630+ 7.1 = 3571/H (0.
L il 2= ubhH
246 "T/H) o i
Je} A kilns] EYUSE 4L ko AE F ojdd () HEZY
AE o A W FTrAZD Table 107 Zo| A4t R} kilne] FUEHE dEs 4% 425 9@ vigR 4
At 7 Qe Bf5ie] Azsted ol 23 YR &5
Tahle 11. Chemical Analysis Dala of Youngwol NO. 4 Kiln Feed.
(Unl %
ITEM §0, | ALO, | Fe0, ) CaD | Mgd | SO ¥.0 | Muo | LsF SM ™ REMARK
AVERAGE 1414 | asl 236 | 4922 | 19 022 08y 01w | 9415 | 249 141
M‘T\%%M ek | a3 | o222 ater | v ) s | e | 0w | owie | 2e | o1m
MAXIMUM
1w | 35 243 420 244 033 093 o | %61 | and 152
VALUE
Belore
DIFFERENCE | .39 040 | 02l 123 068 32 1,19 0 366 02z | 019
AMOUNT OF
179 7 179 179 179 179 179 17 179 17 170
DATA
STANDARD
01z 0.03 003 015 012 e 003 0 086 (1) 043
DEVIATION
AVERAGE 1405 | 234 14 | a7 | o2 13 093 ow | ew [ ozs 140
MINMUM )
B6E | 225 225 | 4Ll | 183 014 (185 010 | 92g0 | 243 133
VALUE
MAXMUM
) M4l | o4l 24 | 447 | 2 027 | a9 nwo| o%n | 28 I 48
VALUE
Adter
DIFFERENCE | 073 061 06 136 053 013 013 0 1l n13 01
—
AMOUNT OF
174 17 174 174 174 17 174 174 174 17 174
DATA
STANDARD
015 0.03 00 075 011 0oz noz 0 097 a0 00
DEVIATION
| I
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Table 12. Operating Conditions and Cement Qualily with
Waste Tires Buming Kiln.

ITEM CONTENTS
— WEIGHT. DT-TGA
CHARACTERISTICS | UL TIMATE AND ELEMENTAL ANALYSIS
. OF _ CHEMICAL ANALYSIS AND FUSION TEM.
TE TIRES
wa | PERATURE 0F WASTE TIRES
— PRODUCT AND HEAT CONSUMPTION
~ TEMPERATURE AND PRESSURE OF
OPERATION PREHEATER CYCLONE
CONDITION | ~AMOUNT OF EXIT GAS AND COMPONENT
~KILN SHELL TEMPERATURE
OF KILN | C[RCULATION OF VOLATILE MATERIAL
- TS r 3.7 28
CEMENT COMPRESSIVE STRENGTH OF 1. 3. 7 AND
DAYS
QUALITY - SETTING TIME, COLOR, GRINDABILITY
ENVIRONMENTAL | - MEASUREMENT OF $0,, NOx CON-
POLLUTION  |CENTRATION
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Table 13. Ultimate Analysis of Waste Tires.

olgz s H¥g

Table 18, Composition of a Typical Tire.

[ TTEM CONTENTS RAW MATERIAL | wt RATIO ‘ RAW MATERIAL | wt RATIO
AFTER HEATING AT 150~110°C FOR I HR IN DRY FOSYMER 100 STERIC ACID | 2
MOISTURE OVEN, MEASUREMENT OF WEIGHT LOSS CARBONE BLACK 50 ACCELERATOR 1
SULFUR 2 EXTENDER OIL 4
vorarms |AFTER HEATING AT 9500 FOR 7 MIN IN QUAN- ZINC OXIDE | 3 OTHERS !
TITATIVE MELTING POT OF VOLATILE MA-
MATERIAL TERIAT, MEASUREMENT OF WEIGHT LOSS
3) Ay
FIRST, HEATING AT 5007 FOR 1 HR, AND THEN FYRA A AHEEH A SE o)Eele] P Es B
ASH HEATING AT 800°CIN POT WITHOUT DELAY, Sow  sgole] WAYMS iEM  Ql
MEASUREMENT OF WEIGHT LOSS )
elemental analysis 7] 7] 2 | &35lg ). o] 717])e] £41417]
CALORIFIC |MEASUREMENT IN AUTOMATIC NON-ADIABATIC L dag walels daslaE BXge®A ¢ H O, N,
VALUE
! CALORIMETER 2 Baain, 2425 Table 16 7 20},
FIXED
100-MOISTURE-VOLATILE MATERIAL-ASH
CARBON ) .
Table 16. Elemenlal Analysis of Waste Lircs.
(Unit : %)
) ) ] ITEM C H 0 N 5
Table 14. Ultimate Analysis Data of Waste Tires
WASTE }
TIRES 801 70 35 73 i&
ey | MOSTURE | ol CAFE‘;O%E ASHL | CALONES | STEBL | oo
(% I ) (%) (Fealkg) (%) COAL 675 43 160 25 07
— B.C QIL 815 02 - 1 5
WASTE EXCE ?
02 647 | 208 | 33 |o150°| 1224 | THD
TIRES -
Table 16049} Zo] Hefelo] AF 7R gaido]
COAL | 20 315 | 515 | 1sa | e700 80% = H=5l 3 glem dio E ga} Abdi= 350 24
gl Wl HA vielhdo), o eEs] dad Hgd o
soonl oz 65 - e i T =]A Vel e ] Ao & ]
2ok Fr|Fe] o B geker] B3 o]2ldat
ST BEZ 9 glon o] Bds TP H(A) Z ol &
53] Table 14¢l4 #HEeleje|e] o] e gl el PhrgH(Goye TR Al 2kale] 2l Ak
Table 158} o] Elolole] el 2T} H{E Are
FH= stylene 7} butadiene 5 ¢4 TS 15 g AF&E} Ao =880 C+267=x(H-0/8) +333x8
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Fig. 18, Powdering Method for Waste Tircs,
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Tahle 17, Chemical Analysis of Waste Tires Ash wrom, CaD 3rako] Gl Wlgla] se) A T Bekch &

(Unit : %) 3 ZEd 45 A2 olddo] M4%E A skn glEd o

ITEM | $i0; | ALD: | FesOs| Gy | MO | Ma0 | %:0 | SO0 | P = eleole] Az abslolel 2 Hrlelr] WRe|H, of 2al

WASTE AdFEog olak] AldE 240 ©&Etiy B
s | 0[] 17 as s s | aa | oz e Sloul. 5 ashe] SHE 11807 2 whA] Jehigich

COAL | 470 | 331 76 ) 22 | 15| 02 | 04 | 40 -

(5) DT-TGA. 2

o] B2 wEle]o]a] @342 kiln inletoll M 2] £-5]7]
(Unit : ppm) (Unit : %) o1 EA7I7E ol Fo2 ARHLE AepsaA I
[TEM PbG | Misd, | Crlly CE' ZnC Ti0; EE(T B 11]03#1(DTA) 2 ] ]%6]&1 %5,3]'%{1:]“.
WASTE o|die] HE=he Aeteld] A Smge 77 97
TIRES 191|114 L7 | 115 4405 T4l o] 4] 24T 100 /min, BEE c-aluminaE A-45495 o
COAL | 470 | 331 | 76 | 23 e o, oldl] W& FHANE Fip. 12 o =451
#elolole] whe AreE 2 vheFE LR A
300, 575CE Rele Bof W7 vebtema el
{4) Fhetelo] ashe) SEpEA ol -2 Feget F5E e‘  sick #Hetelols) 2E peak
fakelz ZEpd HEolelg AR e Fa et FA ehi e 65% 2o HEEo] didlel $dY 3
el ash ghared 58 25 Fa8tod Table 170 vhel] oy, ¥ FiE2 ighae] R ¢ fELded g
91, ash £ L FB|E ash S 7l&, A2, I50] 3mm A= ghel). dEtole]s] ¢ A]?&% &%) long kiln=l 4] T4
o A e e & AR 10T/min 8] FESE2 ¥Rol] LE7} 30040002 7| Lol 3, AR Ahsolmg
1750¢ 7w 21EE A S8 E RS sl 15-20% B2 4200 A a=nd®, B2 SP kilnsiM e T
e HAu)E o) 88 ashg] £EEEF 7 }0101:] ol EEe] £ 1100-1200C |22 <2 Lilno]A]
o1 ARE FATE @4 Fig 1lel] Lo} 2o 44 g8 de=s dgdch

Aetele] 2] ash el S0, 48] 0% FEE e

{A) Wasle twes Ash

T 2, 11707 3. 11807 4 11967 5 1200

14 & 2. 1390¢ 3, 14007 4. 14057

. 14107

L

Fig. 11. Ash Fusien Temperahwe Measurements of Wasle Tires and Coal.
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Fig. 12. DT-TGA Analysis of Waste Tires and Coal

3. 2. ZHEM 1

7. A5 9 Gas]

EE
defolo] Bdzie] A

: %“%L’Jr%‘%, Akl o
Efole] &9 7iAlele] 1993, 8. 28 o] LAY (1993, 7
27-8.26Y%%t kiln 7HE-2E S Fo 2 oo, He

oloje] Al Feldd @ B8] Al A kilo louble

o] 4P 827 A& o] AREA Ae] =2t

Aefolo] dol g0l W ANF. A AHE3E, DA,
ARG ABHE UG £F L 4PLA g2 Hels)
o] Table 189 rEhNgIch. 2 @71ke 7 $EEE 10
2 oo} 3, 5% FUA6l kil £ gHe] 2 do]
glol 4e7Ie waThd, ©2 B P Hejolo®

delg slual 7% ddsES Al

Table 180)%4]2} o] AAEHAAM = HElelo] B4l
7 e P2 el o glond, v R &
kiln 4] ksh, A4 S8 ez Alded ¥ AT

N N

woz AN 7

J of Korean Insl. of Resources” Recycling, Vol 4, No 4, 1995

7% 29 A@7|7ele Adede] TUEA, ol2F B
o] J3ticth.

3% FdAelz sietelolzt 28 1Y TEAoR
kin W& Eei7}7] wlgel, detele] SRke] FUd

o] #
= D]'z] )\5 T clinker #}A8 Ak} kiln A3E] 2ok
£

alg]st &4
o7} flate] YlmZE
2 kiln fghﬂ ekt olFle] clnker 2] £-Cal §hekol 2.0%
77 F7elgn). ol gk a0 M FH1E Table 199
uebdler. 7% £ A Bl & detA vhebdrh

B3 79 T ~lelE kiln mlet 2=7} ’*7"4"-5}01 of| -4

Falshell Al Sate)] 22e] BaAlste kiln 7HE FTEHR S
™, 52 kiln j£e] A4guvlelAe 2" v 6&*&01 go]
w5t ﬂ‘_EHO% A E ring ©] FHo 2 151 kilng] ¢h3 4
g 1zle] 1993, 9. 21. 09:00 F8] #Hels]of

rIJ

1} Hetolo] B2k B48
orellA] dFF dkebgo] sfElele] sweeld EZT
& k2 8030Kcalkg o]uth, WAl A[E 24 3ol 2] f

F 8 dake ke eboli), Ak gkol gk B 9helar
e i AT A2g BEFe 2. AE7 94T
o =Re FHg slo] Yilal] FH9 D& ARAH,
EH Sl W AEY] 3ko] Abas] whgale] i) 1A
g2 AL RS T F435led AslEEg oo #Y
Bl obote A9 s =] 7 AAb e ohgE 2o

H{ Hhx 00-H-0) —

100
b1 RI—6% (9% H A0 B —)]

2171914 Hh - 92N 4% ek
H : 2de d(Keal/ke)

2 (Kealfkg)

H : 428 (%)
H,0 : B3t 5H%)
HO : EEGE + 2H5E

ENEER a
2 Ayl ohes)
Hh - 6% ( 9xH + H,0"
= 8030 -6 (9%7 +0.2)
= 7650 Kcal/kg

2 (R LB

Tire



NWE &43AA seelols) 187 golg AT 51

Table 18. Fluction of Clinker Production. Heat and Power Consumption in Wasle Tires Burning kilns.

R FUEL
FEEDING PRODUCTION HEAT POWER
RATIO PERIOD CONSUMPTION CONS.(Kral/kg | CONS (KWIVT| REMARK
(%) (77e) UT <l ke/T ch cli) ch)
0 7 27~8 26 1818 15.3 1071 831 2320 J
828 1803 14.1 100.8 822 2319
2 29 1839 135 1.0 824 2321 A
30 1771 141 113 6 853 24.27 .
AVE LS04 139 1155 833 23 56 A
831 1804 141 106.0 806 23.78 ~
91 1816 141 1070 812 23 99 A
5 2 1819 141 106.0 807 2326
3 1830 142 106 9 809 23.83 B
AVE. 1817 141 1065 09 2372 -
9.1 1832 137 107.7 803 23.86 .
5 1804 14.5 1072 812 21 42 o
A 1812 (3.4 108.3 814 2643 ~
7 1834 135 074 803 23 66 -
8 1831 130 107.2 796 2338 .
9 1496 169 1153 886 29.32 N
10 1832 1390 17 776 2319 -
11 1793 14.3 104.3 794 2392 ~
; 12 1728 14.8 1134 854 24.70 -
13 1197 203 1068 265 3168 -
14 1840 136 1.4 770 22 83 =
15 1833 15.5 990 765 22.96 .
16 1820 153 99.2 772 2342 b
17 1800 158 101.1 785 23,27 .
18 1732 164 108 4 R40) 24.18 &
19 1320 193 117.9 928 4082 A
20 1602 174 176 006 2841 »
AVE 1713 154 L 1073 818 2573 ®

~® : Nommal Operation A - Abnommal Operation @ Kiln Stop {or a few lime

Table 19. Flucluation of Chinker (-CaQ %, (€ Feeding Ratio - 7% (Untt - %)

9 | 955 | 96 | 9T | OB | 99 |90 %11 9/12] 9130714 WS |9/ 16| W17

(A) Feeding Ralin 1 3% (Umt %) ISTIO3]0S5 04 0303 0402081270406 04(04]04

Do 0S| 0a 07|03 0s5 |04 0425|0704 |08 04|04]07

DAY

8,28'93 82093 [ 83003 | REMARK

SAMPLING TIME BRI 0410503106 [05]05(05 | 16[(07|05|04|10(04[04

IST{2400-48,00) 04 | 65 | 84
BEFCRE,
2ND{03-00~16.00) 04 | os | o
0 6% FlElLo of gkl g 7| A o @l Z2l 8= Hele £y
IRDI16 D24 Bif) 04 | 06 | 03 . Agtelel QRFTE Al B2E ARE Artelol A
dhol gk olejoll YU gk, Alabsk, HEglojo] 2elak
o] g asle], Fehe] shhersl 4babEr Table 18 o4 2
{B) Feechng Ralio : 5% (Unit : %} % 7) 7t 214 = :;-q = FHgle o] Eolurg )xiﬂ] Alg.5) ok
o Al e, o At Buls Table 207 2T
DAY |g3103 ooz logzua|  opam Hd=izlen I 2 e
SAMPLING TIME Table 202] Hare)rg Ajakd ohg 4 (o] WyHa R
1ST(2 000800y 0.3 04 20 4 Asglglon dElsE 5% ug A4 ohea) g,
SRD{E.00~16 D0) 03 10 0.7 03 s glEan s = GRS 7T 1 AalkEF - (HElo]o]
ARD(14 D024 00} 04 | 05 | 05 03 Eoiwr x Aud e e (3)

Ade Aol B, Al 4 ) 4 5. 1995
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22Kcaltkg  clix 1817000kg  cli/24h
(7.1 kg/7] % 587) h) % 7650Kcalikg  Tire) = 52%

Table 20. Recavery of Waste Tues by Calonfic Value

FEEDING | oo | AT FECOVRED oy
RARIO CONSUMPTION VALUE OF CONSUMIFTION
e T | fcalegeeny W”‘ngm ksehiecly)
0 1818 811 . 170
3 1804 §330A) . 23 56
5 1817 8650%) 5 B3
NORMALIRS | T840w) 7 B
7 ARNORMAL J:28 83U - 2742
AVERAGEDT | 818(¥) n 574

Table 21. Temperature distribution cvery Two meters in
Kiln Shell.

(A} Average Temperature Data (Measurement date @ 8,30,
93-9,15.'93)
(Units : 3

FEXIIG
RARI)
0 (170t | 0| 171|155 | 349 | 210 | 294 | 262 | 240 | 252 | 228
30 [220 (102|165 | 149 | 142 345 | 230 | 306 [ 240 [ 247 [ 220 | 216
5 j21z|187 161 | 140 136 | 357 | 238 | 300 | 281 | 250 | 254 | 258

| —
7 248 | 213 | f60 | 1391133 | 218 | 258 | 156 [ 200 | 175 | 243 | 220

106 | 12 ) 1400 16M | 18N ) 200 | 40B | 4280 | 490 ) 46M | 48M | 50M

(B} Maximum & Minimum Temperatures
(Measurement date * 9,20,'93)

{(Units . 1)

EEDNG
JARIO()

106 [ 1204 | 140 | 160 | IRM | 200 | 4OM {20 | 420 [ 46M | 48M [ S0M

MAX | IRY | 186 | 159 | 126 [ 142 (359|307 | 178208 ] 1721212 219
7

MIN VDT ISS U142 119 11812131277 1157 ) 172 153 ) 179 ) 214

o Kila W 2% 52l
Kiln U] 5-¢]] 28] 9 ringo] ogﬂ;]? R] 92 kiln shell

i-'—cd = & U]'Q

J of Korean Inst of Resources Recycling, Vol 4, No 4. 1995

SEESEELS

._‘TEJ.
of.
we

HETE 2 ek 40 £obd 4 glovl, = s 9
ol 4= 2ic}. Tabel 212 o121 WE sheiekr] ¢lato]

radialion pyromeler2 kiln shell £918 2m 3tg o g 2%
= 59 ge2 YAenE vehia gl

Table 213} 22 kiln shell EHEE S LA E 8jod kiln
HiF 7y 9 orngo| FAE xHE Fig. 130 LB

J

ourLer COATING EMLARGEMENY,

N

lam bm  20m 40m £2m 4hm Sum

Tig. 13. Lacaliops Coating Enlargement and Coat Ring For-

mation m No 4 Kiln.

Table 2149} ] 3, 5% ‘—0‘}]01]% kiln shell Tl
%o & gk} 013124 7% FYAlel= Fig 133 7o)
16-20m A @) 2R BN @0e) s o, J2-48m

Aol Adlg 2% ringe] 4= kil 4290 24
o] 7bgsked 1993, 9. 21 09:009) HEfelo] T & Hgl
esirk. o]E @AE Helolo] B glala W
R 7% AP dulejol F11dke] sorf/Alte g vie)

alo) 7o stealTh ashe] Tl |
Hol )zt 13507, 11807 o128 2o 425 z8o]
9 sleel 2] GBS o] WU} e LToA] GEF0] &A
el ] ze] aj4L Az 48
slo] 7|zg] =E)o] MAle o= Seks|n] 12-48m

| 17.54%2 4, o] R e &

FEENA 2t

A1 A "AE 2E ring2 kln YRR SolrkR) 2l o)
ole17t Fig 142f Ze] kaln shiding partel] ») ¢ A~ ]
i #Hdg et 2ls9) A Yoidlg Age]o]
eel B Tlo]2]7} kiln )5S

191 kaln W 5ol ] 1ing & 348 2l o =2 3

E|

1 {11
by

O
i
ol

B LA

=

=]

R r_%

Koo
o rlo
e
-\0

g

a0

FalelAe] FERE AE A Tabel 229} o] 3
of gk Fviell whel fGELe] o] Fepel=
FAeloh FEgdel 2@ Hd HEL 22 st
26} cyclone of & dAlEl =], 2 &)

2 82 dgad %0 #{Elo]dd %ﬂ?ﬂ 2}

S0;, K0, Na,0, CI" 2] 2gtg2de] 24z} 39, , 86%,

RS

cvclonc o+ 2] &)k



ALE AdF el Hetelels] Agd do)d Ay 53

[NSTALLATION
EQUIPMENT

RISER
~

pucr

KILN

STEEL
COATING

Fig. 14. Sieel Coaling Formation «1 No.4 Kaln Shding part by Waste Tires.

12% ) Frhabd el SO, e 7180 2 2L A odde) shel s} dlQd ARe] YRS Table 233}
BARSE dbe] §ko] 3, 5% ol4=] B.C al & AHEgL o] Hejelo] £9)7%e] o]} ‘{a’iiml SP kilno| 4]
28 2 o gke] FE FAoR A@AvkE 5, 7 clinker 52 alet cyclone Y29 2ehil A= 50% n|gta] A4t}
80; el delole] AL B} 30% W S7)5o] oY G4 A% kilng] 2§ B e gREL 56-60% 2
JollMe] SO, efake] B Aoz gerdct B3l 9 2=t o) kiln o] 913 927} kaln W] wE
Sl CI o] 2|8} eyclone & Y23 0.15% ]34 AL oz HgEo] Uz ofh Hals eEEd Wi
ZElel $-ort elvhn geel, ggale) O g Sz Ao ke

DEEE CREREEELREE CRER RS

Table 23. Decarbonatation Rate of Raw Material at P -
Table 22. Analysis of Volatile Maleiial at Prehealer. ¢ ccaronatation Rate of Raw Material at Prcheal

&r
(Unt %)
ol : %
TTEMS 50, KO | NaD or @ )
FEEDING RALLD .
RAW MATERIAL 022 0.90 007 008 TR 0 3 5 7
0 138 .99 n07 | om0
P 4th % 035 09% 005 | 003R “th STAGE 13 12 13 12
, 59 030 09 008 | o037
CYCLONE 3th : 2 a | a
R 7 | a3 | ow | sos | oo STAGE 6 + 6 o
E "I 0 0.58 1103 nee | 00m 2nd STAGE 14 12 13 17
AT 3% 060 113 e 009 . -
H | cverone | 5% 06 Lot aes | aam 1ST §TAGE 567 564 600 568
. % 07 119 068 | o0a7
: ; 0 IXiF; 133 005 | o117
A 2nd 3% 109 1272 a6 | 0617
CYCLONE 5% 110 131 008 niz1 2], Kiln v A e B8
T 7 112 148 0os | 013 ) o
. - ] 138 250 05 | 621 Kiln el <bajol] 2 flize] vladog 918 kin 2
8 % 265 43 a7 07258 . - _ L s
R | cvcrowe | 3% 225 | 262 | on | ozo A DA kiln W ZH W aing 22 19 9
% 268 275 013 0239 | WS Bukga] = o A X =
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0 07|t | o1 [ oo STEemEme e b 4
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Table 24, Abnormal Operatons and Operation Stops of kiln.

FEEDING RATIO )
0 3 5 7 TOTAL
TTEMS | 11 MONTE} | (3 DAYS) | @ DAYS) | 17 DAYS)

Co (Ei‘:;ﬁ) c (:;::E) c (Sﬁ) c (ﬁi) | @b
av 2| 1540 (2] 110 | 1| 440 |6 sen (o sss0
B: |o| o qo| o |a| o |s5| 400 5| 1200
som 2| 1640 |2| 1o [1| w1 |u| s [14] 7950

*1 Abnamal Kiln Canchtion
2 Kiln Stop by Preheater Cyclone Cloagmg
*1, Repeat Times
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Table 25, Temperature and Pressurc at Each Cyclone of

Preheater

FEEDING 0 5 7
RATIO)
PREHEATER [A | B A|B[A]|B

REMARKS

4 | BAST [ 343 1300|247 520|342 | 490

STAGE | wEsT |34z [490 | 344 | 530 340 | 500

3a | BAST |565|380| 570 | 300 | 565 [ 550
-A.TEMPERATURE(()

WEST | 560 (300 | 565 390 [ 360|555 .8 PRESSURE{mmAq}
-UNDER NORMAL
CONDITION

STAGE

Ind STAGE | 7282303715 270) 713 | 260

st | EAST | 826120832 ] 120|837 | 120

STAGE | weST 1630 | 130|841 | 130|842 120

BEFORE IDF 337520332 550 334 | 540

22 7% B4l = kiln R 2B ¥ ring 4
0.2 glaba] kiln UlR-e] inleta] Hdso] wakr]Hy gHo

20~30mmAq “d53ka R #Elele] 593 kiln inlete]
2] £%& CA type thermocouple® 2783t A2} 1100~
12000 o) dele|o] Belaldls d2|R 2489 e}
A2 9] error7| ¥-25)93 =0 ¢]% thermocouple 2] &5

25 g9l 12007 & dolalr] vige =z fdgEl o

Cnoda A|ME F52) AL kiln W5 L£=7) 100¢ o|4F
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Table 27, Increment of Power Consumption by Bxit Gas

Volume.
FEDDING POWER CONSUMPTION
CONTRAST
RATIO(%) (KWH)
0 308 -
3 336 2008
5 532 A2
7 536 o 28
323 B384 A
7 9a2E B 2 AN
3 454 7h

Table 28. Compressive Strenglh and Setting Tune of Ce-
ments Qualty

Table 26. Volume and Components of Ext1 Gas al Picheat-

€l

(A) At Bollom Cyclone

EXIT GAS

FEEDING COMPONENTS(%) AR EMARK
RATIOf%) oy 0. o N. RATIO

n 313 a8 n4 675 10346 | LN INLET

5 338 14 2 | «ba | TO0BIY |ATR RATION 0

7 333 16 0.2 033 1 0946

() Before Xaln IDF
FREDING | EXIT GAS VOLUME GAS T GAS
- PRESSURE

BATION%) | Naellr | Nfhgeeh |TEMPERATURE(C) \mac)

(] 122,859 1551 1 0346 520

3 130,213 1641 10819 550

7 131,262 L1663 10946 40

(C) After Kiln IDF
- EXIT GAS

FEEDING COMPOMENTS(%) AR REMAREK
RATIO%) o, 0, ca - RATIO

0 283 3l N4 | 682 | 119

3 283 i3 07 | 672 | L1978

7 208 34 07 6. 12100

FEFDING | COMPRESSIVE ‘Sl‘RENGTH SETTING TIME
RATIO thg L) REVARE.
(4 1 3 7 13 INITIAL | FINAL
DAY | DAYS | DAYS | DAYS | (MIN}) | (HR.MIN}
0 05 | 24 [ am | 32 | 233 625 [AVERAGE
1 S| 186 | a4 | 33 | 243 613 |DATA
5 0% 206 268 345 255 630
7 9% | 200 | 266 | 337 | 242 607

Table 28049} o] 1, 3, 72

2 clinker 2] £-CaQ Zvig 91&le] kS 488
Ca(OH), ] o] Aol i Ao

m, z& chnker #HE2

A F7] e wEe] vehd sle
o

28] g4%5] Ca(OH), 7o =7t

= g

gl gielolele] 5 3% ash A& 71 Table 177} 2o
Zad APel Bonw, dicker) T o] gs] e} w3}
#& stelalr] 915te] AAEHN o BAE Table 29
o hEhpgle).

Table 29. Heavy Metals 1o Clinker
(Unit  ppm)
liﬁ[;“?é?:"g Znl) Pb(Y Cr.0, CuQ M O+
0 118 404 155 1m 132
3 196 404, 155 227 2286
5 199 404 148 z1 2128
7 244 377 4 141 2198
RAW MATERIAL 125 Y 74 196 1457
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o] Wl=A Qo olg] WA 9L B EIE £ JM.WJ \ml L_w
WE Fagns Yehils Ca G 71909 e A ]
#, o3z B2 815A3L alkali 20-30% e W@
sulfunzationo] =28 ol W EE olwlE& T-{FI J '
clinker 2538 A Z=F A2 WE 223 4E olg S MWM‘JLW! He J
Zr} T2 ol #e] Hejge mal AL WEde] &
el 2ol WEA FdE Heg BIIm o ‘
Table 381} o) 27|75 Aeke FAZTA Bl 5 ,/\___/L o WL
o, AT BEe R S8 ANE EhdE 2 2 - o e
ol %ia How used \
1}, Clinker -5 w2 ] A A W
(1) Clinker 3554 L 1 L1 Tl
41 34° ke o
Helelo] Tl whEt Fe.0,, 50, K0, No,0 o] 4 o ke 20
Ho] okt F7lehs 73 8ko] Table 307 2o 205 gle
o, a2l g AlMIE £2ld= F FAHe] 5l Ao Fig. 17. XRD Analysis of No. 4 Kiln Clinker.
T
Table 30. Chemical Analysis Data of Clinker
Table 31. Farmation Condition of Chinker Mine.
FEEDING . -
RATIO %) 810, | AL, | Feds | CaQ | Mg | 805 | KO | Ny | BCAO | Tploss
F T J
0 |220] 55|23 [85] 30 [o7|124)011] 06 | 05 iil;?(\)c} G5 &S GA
3 |220| 55|33 |68 28 |o7 122|002 | 05 | 04 (%} (ALITE) (BELITE)  |(ALUMINATE)
3 21| 55 | 34 |633] 3L | 0.9 130015 ] 04 | 02 Good crystal Crowd, spread Coarse erystal
7 209 56 | 34 |636( 32 (00 |142{ 009 06 | O3 0 cndilion gioup were much
-s1ze 10-35m -size 10~25um exsited
/pe.Suck Type: ;
(2) XRD 24 Type.Slck ype:Spherical
Eelele] ARE $=E=E2 X-Ray diffracion 4178 79) Gond cryslal + Crowd, spread - Fine, course
Fig 172 4slpe 2 sizps Jrhla g5 a1}, 5 condilion group crysials were
-atge (- 230 -see 10-23im mueh cxsded
(3) e L e Type:Suck Type-Spherieal
Z)2o] 210cm FH 5] 2712 clinkerE Zem ©]&F= T4 < Good erystal Crowl. spread Coarse crystals
Ho] g walEnAe R clinkers] Fealg )‘"EH = condian group were much
HBAgey} o Aol= Table 313 2on], C5%= k] 5 -saze ] 5~3%m -size Under exsiled
ol = okma . o Type:Slick 20¢m
EoldE o FRa et o1
FHAE BT d2e 2d R Held l)‘ﬂ -1 Type.Sphencal
s e 1 -3 e w2l dEs) gl
4% A7l 10-35m olpd, Fele AR, WAL R Good erystal - Crowd spread Fine crysials
Ho|x gler CS2) Afele 2 HAgle qlo) ¥ e 2 canduwn grouj were much
A 2argle] 900 Fr)s 10-25m, FEl= 4k 3)4e] ) 7 -s1ze [0~250m -size Under exsited
o1}, CA €] 25 A7} e W& VPRI S Type:Sick Zgm
Type Spherical
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o}, Clinker #2441 2 e el
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™, KS 712 me} Ssigler] 3 2= Table 328
ol Aetele] AH&AF 2 Aol 7t glE Ao viEdl
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Table 32. Grindability of Clinker

FEEDING RATIO%) 0 3 5 7

BOND WORK, INDEX 162 173 16.1 163

Table 33. Colors of Clinker.

FEEDING RATIO COLOR N
(%) L 1 b
0 5229 0,05 11003
3 5796 +060 +1i1.30
) 36,96 +0 46 +0.94
7 5692 +0 71 +1017

Table 34. NOx, S0, Gas Concentrahons i Exit Gas al EP

Stack
EEEDING POLLUTION GAS ENVIRCNMENTAL
POSITION LIMIT VALUE
RATIO() NO.[ppm} | SOA{ppm) {ppm)
. |EP AVE 18 | AVEI0 | NO. 350
STACK 7220 | @3-10 | 5000
_ AVEl4h | AVE22
! a2 | @an
7 AVE.[36 | AVE 128
96-174) | @~12)

324 @3 o wHr}

(L) 50, NOx F3}+ ¥z

dle] AHE FANN Heolo] A M2 #BE e
o224l 80, 422 dete|e|e] Bl i) 2% o do R f
Agtut 3 7 gom2 Folete %S

U
HlolLf, NOxa] A <l ale] siefele] 4R 3 Ay

o] FAHEC 107taE Hol kiln o4 AElolo] dolg
A mEatel s AR dgdhe fuel NOxrt ghiste
WS Eeln gled, Su #HEloloje] d2E2
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