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Analysis of the Scrap Melting Rate in High Carbon Molten Iron

Kohichi IsOBE, Hirobumi MAEDE, Kosaku OzAWA,
Kazushige UMEZAWA and Chicara SAITO

Synopsis :

A mathematical model has been developed for analyzing scrap melting process, considering operation con-
ditions and thermal interaction between molten iron and scrap. This model is composed of a model for
single-scrap melting and heat & mass balance model. Furthermore, experiments on melting of rotating
steel rod in 300 kg heating furnace and on scrap melting in 5t converter, were carried out to obtain data re-
quired for model calculations. The results obtained by model analyses and the experiments, are as

follows.

(1) Nondimensional correlation for mass transfer obtained in melting of rotating steel rod is Sh=0.163
Re®78G 0356

(2) Correlation between heat and mass transfer coefficients has been obtained. This correlation approx-

imately coincides with Chilton-Colburn’s analogies'®.

(3) In 5t converter tests, the following value was obtained about heat (A) and mass transfer coefficient
(u). h:20000~40000 (kcal/m*h°C ), u:0.3~0.7 (m/h), [3500 < ¢ < 12000 (W/t) ]

Further, the results obtained from model analyses concerning the effect of some operation conditions are
summarized as follows :

(4) Increase of mixing power is effective for reducing melting time and bath temperature, but isn’t so
effective beyond a certain range.

(5) For stable operation, melting in the iron with high C is preferable than in the one with low C, in
respect to bath solidification.

(6) Increase of charging rate of scrap improves the productivity of scrap melting process, within the
range where excess solidification doesn’t occur.
Key words : scrap melting; high carbon molten iron; heat transfer ; mass transfer ; mathematical model.
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F———-L Data Input }———-——J

(@ Hot Metai : Amount, Temp., Comp.

@ Scrap : Amount, Comp., Shape

(3 Heat Supply : Coal, PCR, 7lpcr, Heat loss
@ Flux addition : Kind, Amount

(5 Bottom gas blowing

(6) Heat and Mass transfer coeff. etc.
¥
| t=t+at |-
v

Calculation of Scrap Melting

}____

Amount of melting scrap, solidified iron and heat
absorption by scrap
Size, Profile of temperature

v

————| Calculation of Heat & Mass Balance }———-

Amount, Temp., Composition of hot metal, slag
and offgas
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t=teEND
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r END I

Fig. 1. Calculation flow of total analysis model of
scrap melting.

BEEIOND, XoT, TOXD LEMEEPLFIIC
BRI ZRERNOELEBLZHN T 512 Fig. 1 IWRT 7
O—CBTHETNNLEL LS. RETVIIERZ
O, CIREICESE, RUNGH At B OBHECE
HOBEE, WHAERLY A X, BESHAOENEE—E
fEETFVCTEEL, LRAEER L BMEREELER
LT, AtRMBOBIRRENK 277, A7 20k
e #, WHIGZEF VY CEMET 5. LiEgEtE %
At L ISR DET I LICED, R Ty TEHED
BB, RS ORERMCEE L /@A
BEE .
2:2 X975y TOERBRIE

2799 TOBEMBEBIVLTOLICELZLR
59710 Fig 2 IKHERMIR L2 L) 10, BRI
BAE,»S CHFFRENEHL TREDOR Y 7 v T
AT a8, ZRERBCHEREIL A2 T 9 TG
ENBBEMBRE 25y THHORRICHEE SN
L, COBORr Ty TORED CRE (C,) LiRE
(T, AR LSS TRBH L DERSGHET S
HMALLTEES. S FROBREEHTTHE
L EBRAERYTD 3R LSRR
TWwh.
2-3 B—BMETI

LR TEIT T AR Ty TOBRREE R LT B
BXEFNE LTUTOEFTAREZLLONS.,

RKEFNTREEMCO-OBEIHE % 1 KTWIZHY
v, S5, FEAERI O, WHEBE)IIEREH
MOEZIESE, ZTOEBTHLESE (h), WERH)
B (u) *ETELTHAT HHE LML 22, BEMHAN
LB 7 O D B B < WA B RSB 0 B I T~

21O L. FERNETVORERENE LTI
Scrap Liquid Fe-C
.............. \ q TLb Tmp.
Ts—_ A
2
3 . Tmp.
N [
[
g‘ CLpb 'g
|q_i CS\ { E
c
I}
o
[
S| ;s
r Carbon (%)

(b) Carbon-Liquidus Tempera-
ture (Tmp.)

(a) Temperature and carbon
concentration profile

Fig. 2. Mechanism of scrap melting and boundary
condition of mathematical model.
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Table 1. Properties used in calculation.

p:7600kg/m317, x:27 keal/mh°C1?

C,: 0.18 keal/kg’C!?, L : 66 keal/kg®
Tmp.=—8.13C2—54C+1536°C (C<4.34%)%
Tmp.=104.4C+1 147°C (C >4.34% )
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Fig. 3. Schematic diagram of
apparatus for melting of rotating rod.

experimental

— 271 —



2036

g% ¢ % 76 £ (1990) £ 115

Table 2. Composition of liquid iron and samples for melting of rotating rod (wt%).

C Si Mn P : S
Liquid iron 4.34~4.69 0.23~0.24 0.41~0.51 0.092~0.110 0.011~0.014
Sample (S25C) 0.24~0.26 0.19~0.21 0.38~0.56 0.014~0.020 0.012~0.017

Table 3. Experimental conditions, results and analytical conditions of 5t plant furnace tests.

Test A B C D E F G H I J K L M Analysis™®

Hot Metal (t) 4,32  3.37  3.08 4.20 3.68 3.70 2.88 3.53 3.81 4.11 3.84 3.58  4.25 4.00
Scrap Rail BT  Rail Rail BT BT BT BT BT BT BT BT BT BT
150 150% 2009 2009 120,200 162% 1620 1628 162 1629 162

(t) 2.00 1.50 1.50 2.00 1.05 2.00 2.00 2.07,0.30 2.00 2.00 2.00 2.00 2.00 2.00

Sc carbon (%) 0.65 0.22  0.65 0.65 0.22 0.21 0.21 0.20,0.21 0.40 0.45 0.40 0.45 0.45 0.45
S/M Ratio (—) 0.46  0.45  0.49 0.48 0.29 0.54 0.69 0.67 0.52 0.49 0.52 0.56  0.47 0.50
Init. HM Temp. (°C) | 1374 1539 1548 1523 1500 1465 1410 1446 1470 1460 1420 1480 1440 1460
(CL)m (%) 3.60 3.3 3.62 3.00 2.88 2,70  4.22 3.83 4.03 4.06 3.75 3.91 3.65 4,00
Coal (kg/min) 9.5 11.3  15.0 15.0 14.0 14.0 14.3 15.4 12.3 9.8 12.5 12.0 12.5 12.5
¢ (W/t) 7922 11997 11161 10183 12139 12330 9243 12309 5121 9420 3537 5105 498 —
PCR™ (%) 19.1 17.7  14.6 29.0 22.4 12.7 23.1 27.1 29.3 25.0 14.7 29.2 127 25.0
Melting Time (min) 23.0 20.0 28.0 21.0 16.0 43.0 23.0 30.0 25.0 29.0 28.0 27.0 27.0 —

* Other analytical conditions; Heat loss'® : 3.0+10%(kcal/h), Heat efficiency of post-combustion (npcr)™® : 70( %)

Top lance
2200¢ =
&
1200¢

N

Coal, Oxygen

Fig. 4. Schematic diagram of 5t plant furnace.

3-1 EEMAEEHEER

REBRIBIREE (h) CPEBHRE (u) KRITT
RBOBEOERIL, hE o« OMBEBRITEZEN L
L, 300kg SRk AEMIT L Fig. 3 IR TEBREETH
WCTIT - 7.

E—y— k=) =l DB L RETHEG L %
BOBHP~NBELBMR L. FEREEORE LRI
720, FRANEBHRR ) — T EREL CERBIEORE LI
HIL7. PrERfiaasg, =7—2 ) vy -kt
HIZH]E L, R EEROR b, S AR L I L 2.
BB X R L — R LRE 2 E L 2.

BREEHE S25C404-300 mm D REMMAEL L, &
C A3 4.5% (F% L7 #1250, 1300,
1350, 1400, 1450°C »#&iRfE T, EEE 0, 322, 598,
923 rpm C#HMR L 7o, EREHE L B8ORS % Table 2

I o
3:-2 5t ARIAER

B~ EBELMBL A2 T v T2 L EER
+TA57O L XA TOBRMBEH L ZOBRORTEE, WER
MR A IET A0, StBEBECHEMERLIT- 7.
FEERIT Fig. 4 ICHBRMICR L 2 PEE IS A K & BRFEAH
WMAOTO% 2 F 7213 4 R -8R RERIE % v T
Tolz. O LOBS, MERBELZH2.9~4.3¢
DERFEBERA, B 1~2.4t O HFEICYKIL 22
Ly b, 713, FIERESICYLAL—-VEEEA
L7, 2ASETH, ARLBELPER,»SKEAAR,
FglciEL ERELTRAY 5 9 TR B L. REEF
BHET A F T LT 2 KR (PCR) ¥ BRHEE L,
5 v A §5% < PCR 0l %47 - 7-. BEHES LK
WREEMHEOKBLEED-OLRED PCR 12 12~30%
DHEPFATIES DWW, BHEEIIR 2 T v 7EARNIIHM
L7z Cu OFREH» SHE L. EBREM % Table 3
(A

4. ¥ B & R

4-1 [ElEEMEEEEXR

AR ER CORERAUBELEORBELE
Fig. 5 (R, MER L 2GR L 2 WiHE L R2 Y,
BETEBIZIE L A AR, BRFEE R RERA I
DR LZVICHI L —E PR L 7.

¥ 72, Fig. 6 (2R & 5 I MEE X BlERL, iRt
WEWI SR L, WiRATE & BIEREUI S B SRR
FE D BN L 7 R T T B I AR S 7.
4-2 5t BRIFRER
StFTORZ T v TEBEHO 1B % Fig. 7 ISRT.

—272—



BRFBEHFRCOR Y T 9 TERRERE ORI 2037

25 . . ]20 T T T T T T T
h : 108000, hc : 2000 Obs. Temp. - ®: Metting ratio | o oo )
W 1250C ¥ 80 O:Bath temp. s =
= 2 01350C ~ {1800 o
1 e
£ ®1450C 9 4of 1 5
— : Cal. g - {1600 ®
g 151 0 or— 0] a
= 11.76 k= R Y A © J1400 €
o R 1 @
(14 ‘ r
.. 108 = sof h 30000 11200 %
- :0.5
14 ol P 00 @
5L 0 5 10 15 20 25 30 35
Time (min)
0 L ' Fig. 7. Ch f melti i
g 7. ange of melting ratio and bath tempera-
0 40 80 120 160 200 ture as the time proceeds (5t plant furnace,
Time (S) test : M).
Fig. 5. Change of radius of carbon steel rod
immersed in liquid Fe-C (S25C, 40 ¢, 923 rpm). 60 — 7T _
—~ | (CLbmi3~4.5% BT | Reil | S/ |
c ® | O [03~06
é s0r A — |0.6=
3.0 Bath temp.(C) — =
£ 2.5 ¢ 1300 _1450 £ Ei';mo, 202
E A 1350 = b= = €
~ 30+ ® .
2 2.0 41400 / 00 o Q N
© c O A
- 0 1450 o a- 1400 B 20 © e / _
00 »
c 1.5r / D Cal.
= =L h=1900- &
© o X a—1350 i
S op / _—
— A & @—1300 0 ] ! i 1 ! | ! | 1
B / / 0 4000 8000 12000 16000 20000
= 0.5 A/' 0-1250 s
5 /8/0/ € . Mixing power (W /t)
! %1 ! 1 I ]
0 200 400 600 800 1000 Fig. 8. Relation between mixing power (¢ ) and
Rotation speed (rpm) melting time.
Fig. 6. Relation between rotation speed and
melting rate (S25C, 40 ¢ ).
60 T T T T
BT | Rail | S/M
BMBIESCERLL. AHREBRM T 10min 25 =g @ — [<o03
o R MBI o nERE R camL, B & 14 ® | O g
s ol I i — |0.6<
27 min THEMASET L7z, iR HH 1200°C AT £ g 4
TETL, 10 min ZlHE» SBELPICLA LTS, S ol ;a' |
- W, - e - /4 .
S L BT S OB e el
/& (Fig 8). ¢ BEHS0EREHHOK® © % 201 O o .
— . . . Yy ye ]
BH LA Fig 9IORTLIC CRBEORELLTL =
LHBET A VA, C T RIS O35 D % 47K or 30000 |
= . u .0,
X\, 0 ) I 1 1 ] 1
2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5
5. B W & R (CL,o)m (%)
5-1 BEEMERARROBN Fig. 9. Relation between mean carbon concentra-
ME PR A R ER L BIT L, A2 7 v TEBRORR tion of bath (C; ;),, and melting time.

— 273 —



2038 B & @ %576 4 (1990) #1115
20
Bath temp.(C) T ]0'0:
- O 1250 = 7.0
@ 1300 S 5.0 322
. 15T A 1350 . I — 598 923 (rpm)
) S
2 - A 1400 zH 3 3.0t s
% 12 O 1450 % \;
e ./ 598rpm )y v 2.0r Slope : —0.22
_'Q“ - O\ 923rpm O N
- Other : 322rpm & = ~ i
- 8t /‘ E 3 1.0_
.. i LA % N VA
- V-4 = 0.5 | N I A B R | Lol aa
q 41 % 100 200 300 500 700 1000 2000 5000 10000
- 2% g Re (—)
0 é 1 ! l 1 i 1 [ V : Pheripheral velocity (m/h)
0 4 8 12 16 20 Fig. 11. Relation between Reynolds’ number and

AT : (TL,b-Ts)cal.

Fig. 10. Comparison between calculated ‘and

observed AT.

ER (h) L PWEBBEK (v) OV TRET R MA 7.
(2) R D EEREBOBHHE IR TRABINS.
_(d’f/dt)—_‘h(TL,b“Ts)/Lp ..................... (8)
%, u LHEREEORIC(3)ROBEENFSHS. (3),

(8)RXH C, & T,icik T=g(C) 2 MHKREDOR

E¥4hHE, (9)RDHALT 5.

C,= g L (T,) wwervrermrneemnemsnemninneninneninneene (9)

T, SEFRECHLIRE T, L —HT 5700, BF
HMEE T. 2 E@THE(3), (8), (9)RKITXY b L
uBHETED, 1270, BB T AT=T,,— T,
DRMEBE L ZHITHBET S R OFEEBREICONTH
FL, RiCHE~BHELRA L.

#—ilE LT, h & uil Chilton-Colburn D%k, ¥
HBEOMAPRN® HHTTHEREL, ThTRES
hE unBfRE —(dr/d) CERMEERS5272(3), (8)
A0S T, h udRKESH 512, RKO/A T, (=T,
7 AT=T,— T, (= Tp,— T.) & EHE% L
LCARBEOR YW LIRIE L /2. AT OHElE & EEfEix
12— LBy (Fig. 10), FEfEEH IR Y EE
PR2Y (W3

37, REBOWEBHOBIE jRTF ()Y & Re
BOBE% Fig. 11 (2R 7. KEHRRAQ0)RNTES R,
AR SWEBHOEARTHBR L LT ADHAIES
nr.

i =(u/V) §c%%* =0.163 Re 022 -+eeeereuunees (10)

Sh=0.163 Re®78Sc 0356

Fig. 12 234 EHAS IS LA b & w OfR %L, gz
Lo 2 E80fRKR L —/IRY. AEHEoEmz>
Nh& uwidBEFCHATS.

modified j factor (j).

(S}
o

Stirring
r 0 18¢ None
2.0 I A 26¢ None
O 40¢ None ‘

A 18¢ induc.
A& 26¢ Induc. 3 5%

@ 404 Rotating 322

WY
AA%A 0

o

923 (rpm)

1.0
0.50

LRI B

0.20
0.10

T TTTIT

0.05
0.03 4
1 5

o1 tegal [ B A AR L

10 20 50 100

300X10°

u : Mass transfer coefficient (m/h)

h . Heat transfer coefficient (kcal/m*hC)

Fig. 12. Relation between heat transfer co-
efficient (A) and mass transfer coefficient (u) to
still interface.

AERDd b L u FHVE—-BBETVCEHAELL
WHR% Fig. 5 (SR T. AFHECxH.OREDOBIEME &
SHEMEON A HEMAEN 2 ZEE L. SHEEREE
Boxgr BCHBELTBY, EFVORYWAMIL S
ni-.

5-2 5t BRIFEROENR

Fig. 12 ® kb & u OHHEBERE HVWRABTEF VT
StIPFTCHOBRMERLBITL, XEBRTO h, o *HE
H DB O WCRE L 7.

YLl v NBOBRABRLY T 7N CHT LS,
Bh (é) 258 X% 3500~12000 (W/t) D#EET b 7°
20 000~40 000 (kcal/m®h°C), u #50.3~0.7 (m/h) &
gL NI, REEMIZDWT A % 30000 (keal/m?h°C),
u% 0.5 (m/h) £ LTCEHELZLHERY Fig. 7 IIR7.

— 274 —



BRFBHDPTORY 5 v TIHIRREE ORI

2039

FHERER G BEE L BREICIZIFERER L -BLTY
B. B, UTORMETEIHERAZ 59 T2 FNICH
B+ AERTELL 2.

¥ 72, € 510000 (W/t) T h %% 30000 (kcal/m?h°C)
LU, APREREERIIHLEBE IR TVWAL) ¢ O
0.2'9) 0.37 FIKET A ERET A & (12), (13) A

Bons.
A=1900 £03 ceerrrrniini (12)
B=4800 & %2 eererinriiiiiiiiiiiiiiiiiiieea (13)

EE 25T 5 L LT Table 3 (TR L 72390
BESEMCRIE LR, Fig 8 IIRT &9 (EERH
Beppth—HLTWE, 28, FHELOBRMBERI
BREBEHONEREICER L, BBE 98% 12:ET A8
e L. '

B CREOEBIZIOVTRITLAKEE, & CEBED
BREER IS T AEB NS, B CBEOHMIZO
hEMEREb TR 257 (Fig. 9). BiR—%ET
i, MERB»OE CREFEVIZEEMERIIKE
w.it,@ﬁﬁhﬁét(?ﬁlbﬁ(f%%ﬁT%
TOBREE AT A, BEORNEEEEREEE
Lté@@%ﬁfu,ﬁgf%gkm«ﬁm#%<%
BY 2720 RENICIEREFEEINIEZEALEDL LV
%c‘.’.tﬁot.

Table 4. Analytical conditions of 120 t Sc¢ melting
process.
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Fig. 13. Relation between mixing power (¢ ) and
melting time, bath temperature.
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