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BEHAVIOR OF ASH COMPONENTS IN COKE-BED
SLUDGE MELTING FURNACE

OftE s Sy S AN T
Tadahiro MURAKAMI*, Tsunekazu FUKUI**, Atsuhiro KIMURA***

ABSTRACT; Behavior of ash components of sludge in coke—bed sludge melting furnace was examined at
commercial plants with capacities of 10 t—DS/day and 40 t—DS/day. Sludge fed to furnace is dried and
decomposed by high temperature gas blowing up from burning coke—bed. Ash components of the sludge are
molten in the coke—bed with a temperature over 1500°C, and molten slag flows out from the furnace. Retention
time of ash was measured using titanium and manganese added to the fed sludge as tracers. Effects of tracers
appeared at ten to fifteen minutes after feeding tracers and peaks of concentration in slag were observed at
fourteen to thirty four minutes after feeding. Average retention time was twenty nine minutes. Slag recovery rate
varied from 70% to 90%. Testing method to measure ash defines to heat at 600°C, but temperature higher than
1200°C is required to melit ash. Heating test was carried with different kinds of sludge. Heating from 600°C to
1200°C, weight reduction of 26~ 40% was measured, but reduction rate was depended on the kind of sludge.
Weight reduction was big when heating up to 815°C, and reduction at a temperature over 815°C was depended
on the type of sludge. Main materials causing weight reduction were unburnt carbon(C) and some other elements
like sulfur(S), chlorine(C £ ), some metals like sodium(Na), potassium(K) and oxygen(Q) released from some
kinds of oxide. Even though very small quantity, zinc(Zn) and lead(Pb) were also vaporized.

KEYWORDS; Coke—bed sludge melting furnace, Tracer, retention time, Slag recovery rate, Weight reduction.
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STHI SN D E TOFROWEER 2T o : :
BT, BROBALIE bv—F— [ pryer : : r—l
WEEBHM LI, ZORESNIREE M § éMﬂﬂm ﬂﬁ&ﬁ
PEFT DT LI, FROHBERMSE Mol dor N Furnace Facilities
K, FROBMNUD Y 2T 5 LdDE o

Heat
Recovery
Facilities

L

B3 n Lk, R B HE LT,
BETLOT IV arvkl oo EE
hARD LI, BRFORERITRVE
BOVAT ARHOFERER LT,

Slag

2. 2 xﬁé‘“" Figure 1 Flowchart of sludge melting process and test method
BRI ARREERE— X 2 — R R
W — A 2 — DI 2 D TT

Table 1 Specifications of furnaces
o, BiFOT7v—ofEH 1z, ik,

KRB OBBE OHEEE LICTT, Site|Northeastern Western Hyogo ACE
AUEEL AT 5T, BEOWTN S Osaka ACE C(_anter Center
o ) Type Vertical Shaft Furnace

MERFS DI, MISERBH ALK [oapacity 10 t-DS/day 40 t-DS/day

AVEWML, 2T 7 0HEIEE(Si02/Ca0) Dia. of Coke-bed | 900 mm¢ 1.730 mm¢

R LTWS, Size Dia. of Freeboard 2,700 mm¢ 5,390 mm¢
Height 11,500 mm 14, 060 mm

2. 3 HBI

VRS L L OB N BT B2 KRIE R — 2 v o & —Cit, BRPIEREE & L CEE oAt
OEBREPITo, $in, HREABBOREN D — X2 ¥ —0 BT, MFoBRAFCNZ TS Y
REHAL, SEBGEE CEBIIC A L e, il ORBRAL 3 :220ke /nd “hr~ 2 FE P4 :480keg /nd -ho)lZ b =T
FBWRZ TR COERETolk, FEZROBBESOMREE 2Ry, £P, BRARZAK - B TR
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Pe—Y—E e LT, BRARSBEEINTORWIE, 16 0 0CULOFNTHERBL, Mok
BLRWI L, RUSEHERENZ ERHRBIREL, &MFE2Y (Ti) LvrFry (Mn) 0D
FL—Y—EOWRER 3 IRTD

FRCTHE, B R AR LS bR EMARITO. SO BIEIRN « HIEBRARE LEIELA T L —F—%
BALLZBREEAL, SN B RS TOH L P Yo T ofTolc, ThbO4MRHE 410059,

Fh, U2 —FEBFNIRIY, KEREAERETRITLUR,

Table 2 Characteristics of raw materials

—

»~~\w Case 1 Case 2 Case 3 Case 4
Sludge A | Sludge B | Sludge C | SlagC | Sludge D | SlagD
Moisture Content % 41.2 40.6 48.7 0.0 44.3 0.0
Ignition Loss _ (%D.B.) 70.7 80.8 65.0 0.0 57.4 ] 0.0
. 1Ca0 (%A.B.) 29.6 5.2 497 40.9 5431 20.1
S [Si02 (%A.B) 19.7 37.9 57 28.5 6.7 434
5 |AI203 (%A.B.) 9.0 16.7 1.7 14.3 25 15.1
£ [Fe203  (%AB) 12.0 11.9 10.8 53 11.4 29
8 |P205 (%A.B) 11.7 215 57 8.5 51 3.1
< Cr203 {%A.B.) 0.0 0.0 6.0 0.0 50| 36
< |MgO (%A.B.) 1.8 28 28] 2.8 25 7.3
K20 (%AR)) 15 23 04/ 06 0.3 1.3
Others (%A.B.) 14.7 17 17.2 . -0.9 12.2 3.2
D.B. : Dry sludge base, AB.: Ash base
Table 3 Characteristics of traces
Atomic Meilting | Vaporizing
Tracers Weight Point Point
Titanium (Ti) 4788 +3 | 1660°C 3300°C
Manganese (Mn)] 54.938 1240°C 1960°C
Table 4 Test conditions
o Case 1 ] Case 2 Case 3 i Case 4
Site Northeastern Osaka ACE Center Western Hyogo ACE Center
Raw Materials Sludge A Sludge B Sludge C, Slag C | Sludge D, Slag D
Sludge Feed Rate 404 kg:DS/hr 358 kg:-DS/hr 1708 kg-DS/hr 2146 kg:DS/hr
Coke Feed Rate 188 kg/hr 188 kg/hr 746 kg/hr 700 kgthr
Gravel Feed Rate 1 kathr 17 kg/hr 150 kg/hr 200 kg/hr
Lime Stone Feed Ratel - 55 kg/hr — —
Slag Feed Rate — —_ 743 kg/hr 743 kg/hr
Moisture Loading 436 ka/m?-hr 393 kg/m*-hr 689 kg/m*hr 722 kg/m?-hr
Ash Loading 217 kg/m?-hr 211 kg/m*hr 698 kg/m?hr 856 kg/m>-hr
Tracers Ti:400g |Mn:400g| Ti:400g |Mn:400g|Ti:1700gMn:1700d Ti:1700g!Mn: 1700
Samplin: Every 2 min. for the first 1 hour, every 30 min. for the last 5 hours.

2. 4 WY O IWLBMMFET A0

WHEDTO> 3 YOCBUEMIT 7L & LC, IRIBAIC X D 3ot - R (FR) < (W) - 1 (2—2 =,
IREY) MBUSHBIET A EMEL TOIH, M2 MO FTHMER L, 2O EFNOEBEROBK
MZa9, 2OBFAOBEE FLROEY TH 5, /

(1) {essisesn
C + 02 CO2 + 393 Mlkg—mol
CcCO2+ C = 2CO — 173 Mj/kg—mol
C + H20 = CO + H2 — 119 Mjkg—mol
CO + +02 = CO2 + 283 -Ml/kg—mol
CcCO + H20 CO2+ H2 + 41 Mj/kg—mol
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Figure 2 Schematic of sludge melting furnace and numerical model furnace
(2} FAA, WEAH, |FHO AT F
AL AR T i, HRRER, BRI BUEHRAL BESRKEMOTOD, Fie, AUl
RO WL Erqund BRI Uy 3 ROT A EERAR 2 I THEME 2T > T D, —HlE LT, Fx
FUOTT B e, BB R, WEE LR, B 2R,
div(p e U )=(Rua+ Ry +ReYM.+Ry
div(p ¢ Us-Ug)tgrad Pe-e o+ (fi e [Us [IUs 2 «=0
div(p ¢ Us-CpeTe)—div(p «Cpe-En-grad Te)+ ZhywAeu-(Te—Ti)= L AURi (AN +CpuTev)Sy
div(p ¢ Ue'mg;)—div(p «En-grad me;)—R; ~M;k= 0 I
12I2U, M= 18\ P=/EJ) R=FUSHEE, U=22 5 MUE, p =808, ¢ =(hRIS . E=PEMRI m="1 By |
fo, fo = JEHUEHRHT (e A BRAY o0 AL o BRHG o FRBE 3 B W R80T

2. 5 HBMERUEZH Table 5 Operation results
(1) Fov—Y—BEZL & 3R Case 1| Case 2| Case 3| Case 4
g3 N Ash of Sludge (kg/hr) 118 69| 653 992 |
—_ Z a2 Landd
B ALK D, BAERDO U [Ashof Coke (kg/hn) 20 20 78] 74
WRUEEAER B 5T, LI |Ash of Gravel & Lime Stone (kgrhn)] 1] 48| 150]| ""’202
XKD RT FEEM S Im 74 Ash of Slag (kgthrjf  — — 743 74
SNDATTREM ST Total Supplied Ash (kgm)] 1391 1371 1624 | 2009
T—=RA3. ATERZ ZTEFGOMM [Recovered Slag (kg/hr) 97| 109] 1440| 1636
v, 2—2 2y FE a1 00 |SlagRecovery Rate (%) 70 80 89 81
~200miE< Ry, 200
PPN < 2 5
BHote, Rz, ¥—
L
AT & B R DL B :;’ - e - Case 2
BT, w8 it (a6 3
O
V&N B X5 Frp x = =¢= = Case 4
OrL—Y—EEOR -
EEITV, X570l .
S g " 0
HERIEOWVWTIE3 0% 0 30 60 9 120 150 180 210 240
iz A7z, Sampling Time (min)

Figure 3 Flow rate of slag (Case 1 - 4)
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M4, 5PV —0REZ(LEFTH, FIEALEFL—Y—ik 1 0~ 1 53 THEERENMHED,
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ts
(Ci—Co) *Ws dt
RR=

Tw

=L, RR: b L —Y—[aEgsE
C. : ZRHRZBIB M —Y—BE
Co : PL—V—RENEDZXZ Iho b —— PGB
Ws : X5 7P
ts : RFTHO M —P—BEREFIZRDETORH
Tw : M—P—FHRAE

BMe~3 A 7RD N —Y—PEORBREE T, EL, BRELDETIHSHBT i, Mntd
FNTNB%®, PUv—YV—RBNMBEOR G TR EHINTWDHT i, MnOBER 7S 7{EE LTEL
Table 6 Tracer recovery rate

Case 1 Case2 |Modelf Case3 Case 4 |Mode
Tracer Ti {Mn] Ti | Mn T | Mn] Ti | Mn
Feed Amount (g) 400| 400| 400| 400 - |[1700[1700| 1700{1700f -
Peak Time (min) 26f 27 34 30 25 14 14 15| 22 39
Average Retention Time (min)] 30| 33j 30| 26| 34} 22| 30| 20f 22| 46
Recovered Amount (g) 294} 301| 383| 342 - |1658]1489| 1596| 1565{ -
Tracer Recovery rate (%) 74 75 961 86] - o8 88} 94 92| -
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\ Figure 9 Accumulation of tracer recovered
with slag (Case 2)

with slag (Case 4)
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Figure 12 Comparison of amount of supplied ash with
amount of recovered slag (Case 3)
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3. KHR7 7{LFERBIR Table 7_Characteristics of sludge

3. 1 REFH <

R e Pt 5255 [ ——— T SiudgeE [ SludgeF | Sludge G | Sludge H ]

HBIC O T I WL BT T e -

B CALE LT WA RE Type of Sludge Conditioned|Conditioned] Treatment s dy
o N Sludge | Sludge | Sludge udge
(7RIEYE & LT ARRIRA [ T oss (4D B 724 523 656 545
HIE » W FRPOKTETE « K Caﬁﬁ(%AB)wﬂrf 431 271 184 = 318
Z MK VAR - o _ (%AB)] 120  39] 44y 14
FARBALGIE « =00 7 SR A (AB) 68| 22| 13| o4
KGO AT E T, & ~|Fe  wAB) 39 93] = a5} = 45
- ; S|P (wAB) Bol 22] oo 1s
COREBREGIELELEE | E I GRe 00| 60| ss| 18
JLEE LT Bk & AL 7 € [Mag  (%AB) 17 1.0 26 18
' £ ? 1.8
BRC S A TE R L, o Né,.;AAB),”W7W2§ﬁMm,mQ§»Wamwlé”mg,,93
FORET BT I ek wAB) 17| o3| 06|  od
oWV BERBR X, RE < Q ~ (%AB) ~210]  100] 1ol 100
e O¥ 5T RivE TREEK S (%A.B.) 03 1 35 17
o o Cl (%AB) 07| 14 13] 04]
MHREETBHREDL S IT 0  (%AB)| ~ 352 408| 393  440]
BUMNENTAZ <S4 L. Others (%A.B.) 1.3 0.3 1.1 0.1

A D & A BB LB = D.B. : Dry sludge base, A.B.: Ash base
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Figure 14 Thermal reduction with different kinds of sludge (Based on ash measured at 600°C)
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Figure 15 Thermal reduction of each component of ash (Based on weight at 600°C)
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Figure 16 Thermal reduction of each group of ash component (Based on ash measured at 600°C)

Table 8 Metals having low vaporizing peint
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Figure 17 Result of differential thermal analysis
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Table 9 Corrected ash balance

= Case 1| Case 2| Case 3| Case 4
AshofSludge __ _(kg/ln)} 118 69| 653| 992
Reduction Rate at 1200°C (%) 67 60 72 12
Corrected Ash of Sludge  (kg/hr)] 791 41 470 714
Ash of Others (kg/hr) 21 68 971] 1017
Total Supplied Ash (kg/hr) 100 109 | 1441 ] 1731
Recovered Slag (kg/hr) 97 109 | 1440 | 1636
Corrected Slag Recovery Rate (%) 97 100 100 94
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Figure 18 Distribution of particle diameter of dust

Figure 19 Electron microscope photo of dust
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