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Development of Heat Recovery System from Steelmaking Slag
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Abstract:

JFE Steel has been developing a technology of sensible heat recovery from steelmaking slag as one of the themes
in Incorporated Administrative Agency New Energy and Industrial Technology Development Organization (NEDO)
project “Environmentally Harmonized Steelmaking Process Technology Development (COURSE50).” A unique
process has been proposed. By using twin cooling rolls, melted slag is solidified into the form of plates, which then
filled in a chamber. Sensible heat of the sheet-like slag is recovered by a heat exchange process. A pilot plant for
proof-of-concept experiments was constructed and the validity of the proposed process has been verified by

showing that the heat recovery ratio is over 30%.
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Photo 1 View of twin roll type continuous slag solidification
2013 4F 4 A 25 H3ZA pilot plant
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Fig.1 Schematic diagram of twin roll type continuous slag
solidification pilot plant
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Table 1 Specification of twin roll type continuous
slag solidification pilot plant
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Equipment Specifications
i i X
Dimensions DPl.6mXW1.5m Shit Lotus Spiral
Number of roll 2 cu .
c icnl al Cu
Cooling roll | Material Cu ek Lot
- FEM S
Rotation speed Max. 20 rpm I Stainless steel I SR
Cooling water flow rate | 125-130 m’/h-roll a
Max.
Ladle tilt Tilt speed Max. 65° /min Cu écmp. 1692C 2107C 219C
machine Load Max. 140 t Is\/tlfexsé 1060 MPa 548 MPa 217 MPa
Dimensions W13mXL145m Workability Fair Fair Good
. K Thermal 0.72 mm 1.08 mm 2.5 mm
Conveyer Lifting height 35 m expansional 1.18 mm 0.97 mm 2.5mm
Speed 25 m/min
Material SUS304 2 O—)VABRDKESAZIRDLLER
Fig. 2 Comparison of channel shape in roll
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Fig. 3 Effect of water velocity by channel
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Photo 2 View of cooling roll

JFE $5%R No. 32 (2013 4 8 H)



B 2 5 2 BEAIINES HFE

NBFHIE, 2R T20m/s, 1RHT1L5m/s ¥ 2 %D
Fis, s KRS CWHIBEN D @y, U EORRE Y, W
HIKHES 2 2 R D 2 B R4 S VBRI LT, SEL
femnHia— v ONEHYBE 2 1I9RT,

23 ATV EGREIRBRER

e — v B 2 7 7 kS S vy F BRI ICE
B HEERE, UFOFMETHEML 72, WESY > & — T
MRS P~ EE T L B, —ERE TR 2 e o h
ZNALT 2200 — VEORBIZISEIA 7 7 2 G LT, 2
SOOMMET B v — vidAE S ICEEEL, a— v H TR
HEEL7c A7 21 3n— VG L& S BiF o, ERE%IC
AT R7 RIE LI, BELICRA T 7133 > _7 THAS
N, ARTAKEEDPLE Y FANE LIS, By FNOR TS
BHOK F 2 30s STt e~ TRB LT, #ip s
T 2 1A 2 7 7 ORI RGHRE CllEL, va—v
E, avR7 Eoz s 2RISR —E 2 5 7 4 —THl
ELT, €66 bEERIF 092 ¢ LT,

N4 ay PEERIZEWT, WBELR 7 2 a — ViR
LD L CES LIP3 e T3 30N EBE3
WRT. AT 2R 5 7 omaMtEys L wigHic, n—
MIBEIRIZIED > TEE B o712,

Y- ar—Ilkdn— W IORZFEIMIBEDONE
BEE AR T, A7/ RAREL, v—v ETRET 2

éﬁ
45

BEE3 /\1Ov hRERIKR

Photo 3 View of pilot experiment
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Fig. 4 Slag temperature on roll and conveyer by thermo
viewer
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(a) Solidified slag after experiment
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Photo 4 Appearance of solidified slag
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Fig. 5 Effect of cooling roll rotation speed on slag thickness
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Fig. 6 Temperature of cooling water for slag roll forming

25 ZEHRIET R e — VAR OEE Y E S5 105
T, WA — VEEEEIE 5~10min | THEER LI, n—v
810 min ' Tld, TR T ZEAIE 7T~8mm 178 572,
B 6 \cvn— viJEhomiia — v ARE & oAl sKiE %2
R A7 72— )V THRIEHIZ T — /v 2 il 3 2 7Kk
135 30C EF 2%, REMFEMO 70°CLATTH Y, dkahid
D DA LN TV 5,

3. RS UERARRT O AN
3.1 RS TEBERBUN, O v b EREDEET

SREER LT R 7 ZBERI S 4 vy FEEE, 3 —2 R
AR (CDQ) ¥ [AIRE O [ i 78 BT 7 ) BAAE s i
THhoy, A—UHEE I OCEARE LG, R
7 7 BEER AN R A O 9] U BA & 13 CDQ D7 1/2 T d 5,
CDQ D, a—2 A FAET 20l IEN 2 DEBE DS
IR F =Y LTINS NS 20, BARIINEDZ < 72 DTS
PEDET CDQ D/ NI Tdh 5, CDQ DFHEYTH 53—
2 ZDIRIGBLIR CERIZELIATRETH O, ABENOER
EEBIERE T v Y THWV 5 115 Ranz-Marshall 12T
HeoEo T H 2 Yo —1, Jehou— VB <1 vy b
fifi CHREE IE SNAHIRZ 7 7122 0» T3, 2 DFIRDE
L L BREGRBM B E T AP OMET 2D TER
Vo 72, R ZHHIRTH B 1o 0 BAEIIN T A FREDK 3
LY R Z I HIE T 2L H B,

22T, SR T BRI A vy FEEORGHIERL,
F 3 IERE 2 — v 300 mm EARIIN 2B E |- TR ol
EL7ZJE S 7mm OB R 7 ZHERES > 7 v 2 gL ¢
FEHL, 77 AFiE 60~200/min TEAMEINIZER % F2f L T,
FRIEENIC BT 5 BURE RGO R IR 2 1775 - 720 #6
B, KRR 7 7 AEENOEBEEREUE Ranz-Marshall = &
D b VAR BRI 5240 T & 2 Johnson-Rubesin 7 ”
WAHIEAREL B=0.25 2T 7c (D RO REE & < FHlc
528D ol FIEFRBOMEIZARE—ANO T A2 D

@
E == =
~— T~ I >y ra

. L .4 . .

£ — // /' E

. Fluidization . in
Z 4 7 v=10m/s
g Z i ====
4 - - Air temp. 700C [
o D RN
g / L7 Shape factor 1.0 | |
IS / /] N — — Shape factor 0.5
] ! = 2 . - » - - Shape factor 0.3 [
= 7 o " T ) ———

i 7 * e =d,*(p,— p,) g/1 650

g 7/ L d,- Particle size, p,: Particle density,
é L 7 - p.- Gas density, g Gravity, u, Gas viscosity
g 0,1 =z | ] 1 1 1 1 |
— 1 10 100

Particle size (mm)

&7 RFEEFE CRIRRE & DRIHR

Fig. 7 Relationship between the particle size and incipient
fluidization velocity
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Fig. 8 Process drawing of the COURSES50 slag heat recovery
plant
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Table 2 Specification of the slag heat recovery pilot plant

Slag charging rate: 1 t/min

Operating - —
condition Slag cooling capacity -

10 t/h (at the discharge temperature of 250C)

Clusher
Roller chain type, Capacity: 60 t/h

Bucket elevator
Transport Capacity: 60 t/h

Heat recovery chamber

Maximum size of the slag packed bed -
L1.5XW2.0XH2.5

Maximum amount of slag: 6 t
(at the bulk specific gravity of 1 t/m3)

Equipment
specifications

Blower
Gas flow rate: 6 000 Nm™/h X 2 Motor: 75 kW X 2

Cyclone
Size 22X H7.5m
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Photo 5 Exterior of the COURSES50 slag heat recovery plant

JFE $%R No. 32 (2013 4£ 8 H)

[ U 25 L N IR L oo R T 2 BHEARIE NI AT
HsNZ27 200 L, 2B 70726 ORJEIC & )
R T, B 2 OREER S L OFRIEENOT )
L 2 JIE U CEAEIUNRN 2. 2 514 L 72 A [alidiag Lic >
FEiE, R4 770 OBFIARMIHRT TRz, 8
[\ AT 2 DRFEREAM % 1775 - 721513, HUKZ 7L —C#EAR|
INHAZEHHL, Y4202 THREELTHRELL 7. ZAEIN
IEEDOARAETZIRIZ, Ergun O » o PRSI N2 REENT
BEHPREAKI0KPafEE Y NSV I e s, R 7HAB LT
PEHHHRE O AL L BB L CATITREI LT, 2T 7 HHE
B> FRREONMAGHE L BE 5 1IRT,

3.3 AT UBRMEINRERER

BE6!3, A7 VHARINERHOZZ 7 OHFETH 5,
BE6O LML, e Ll oiRELIELDOTH Y,
2 7 ZNIEEOLH D & ERIANTRAL T 55 & MR S 1
Ny P R— 2 —OEEANRIVAL, HE6 0O NI,
Bt X 7 CHIC A7 73 AT OBEIIFNDEETH 5,
Ny PR AR— 2 — AR N 20 s W REL, HOERFe —
Fa2Ic & B 2T ZIREE R 50°CLL FRE /NS o Tz,

BEEEARICEA LR Z 2 17t Ic L, 7rvik
£ 6000 m*/h TEARIN 21772 - 72 B BRI 7 R T g JFE
FHEZ 7 7B IIIRT . ATV FRHEBRD R 6t IR
LT, A 7REGSRMERTEH-tahEsT

Hot crusher

Lower: Slag chamber
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Photo 6 Hot slag plates charged for heat recovery
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Fig.9 Heat recovery ratio from the molten slag
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