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Condensing Phenomenon of Moisture in Sintering Bed and
Its Effect on Bed Permeability
Masami WAJIMA, Yozo HOSOTANI, Juzo SHIBATA,
Hideaki SoMmA, and Kiyoshi TASHIRO
Synopsis :

Condensing phenomenon of moisture in sintering bed and its effect on sintering process were quanti—

tatively studied through a mathematical model and experiments with sintering pot.

are as follows :

The results obtained

(1) Remarkable reduction of bed permeability after ignition is mainly due to formation of moisture
condensation zone in bed. Resistance to gas permeation in moisture condensation zone is higher than

that in initial raw mixture zone.

(2) The amoéunt of condensed moisture is determined by the difference between wet-bulb temper—

ature of gas passing through the bed and temperature of raw mixture.

the amount of condensed moisture is.

The less the difference is, the less

(3) As the amount of condensed moisture reaches a critical level at which sticking force of fine grains

in quasi—particles starts to decrease, quasi—particles begin to agglomerate.
and resistance to gas permeation increases sharply.

Thus voidage of bed decreases

(4) It is proposed that effective means for suppressing moisture condensation after ignition are in-
crease of raw mixture temperature, reduction of humidity in gas passing through bed, addition of mois—
ture-absorber to bed and granulation of raw mixture at lower moisture content, etc.
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Fig. 1. Apparatus for sintering experiments.

Table 1. Experimental Conditions,

[tem Value

Raw mixture weight kg 40
o . Primary min 2
Mixing time { .

Secondary min 5
Ignition time min 1.5
Bed height mm 400
Suction pressure mm H,O 1500
Initial moisture content wt % 6.0 (4.0)
Coke in mixture wt % 3.8
Initial raw mixture temperature °C 10 (30)
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Fig. 2. Patterns of air flow during sintering at

the sintering pot and the DL sintering machine
(Grate area : 460 m?).

Table 2. Size distribution of raw mixture (wt%).

Size {(mm) Mean size
Raw mixture
10~5 5~2 2~1 1~0.5 0.5~0.25 0.25~0.125 —0.125 (mm)
Basic mixture 13.4 27.6 13.4 9.6 9.0 7.2 19.8 2.30
Coarser mixiure 17.9 34. 8 15.2 1.0 7.6 5.0 8.5 2.92
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Fig. 3. Pressure drop in sintering bed at 8 min
after ignition.
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Fig. 4. Moisture condensation in sintering bed on
the DL sintering machine (Grate area : 118 m?,
Total wind boxes : 19)
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Fig. 6. Effects of moisture condensation process
on profiles of process variables (Calculated for the
Case 1 in Table 3).
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Fig. 7. Comparison of calculated results with ob—

served data of moisture condensation zone.
(Initial raw mixture temp. : 20°C)
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Table 3. Experimental conditions in each test

case.
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Case Moistore raw mixture oy, Note

con 31,

(wi %) <) (Nm3/m?.s)
1 6.0 10 0.33 Base

Raw mixture of higher
2 6.0 30 0.33 temperature
3 6.0 10 0. 49 Coarser raw mixture
Raw mixture of lower

4 4.0 10 0.33 moisture content
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1, 2, 3, 4: Case No. in Table 3
Fig. 9. Qalculated results of moisture conden—
sation at various conditions.
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Fig. 10. Comparison of calculated results with
observed data of moisture condensation at 2.5
min after ignition.
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Coefficient of flow resistance, logf
I, 2, 3, 4: Case No. in Table 3

ture condensation zone.

Observed data of flow resistance in mois—

Table 4. Plastic limits and liquid limits of raw
materials (<0.125mm).

Lo . . Plastic Limit, Liquid Limit,

Description Main mineral % (vs. solid) % (vs. solid)
C. V. Rio Doce Specularite 8.8 13.0
Goldsworthy 1 12.0 18.5
Miferma Hematite 14.2 16.0
Bailadila J 16.8 212
Timblo Limonitic 18. 8 22.0
Salgaoncar hematite 15.2 16.7
Marcona ; 12.0 13. 4
Tasu } Magnerite 11,4 12,1
Mill scale 17.4° 18.3
Limestone 15.3 20. 8
Return fine 20.3 22.1
Coke breeze 29.5 35.9
Average 16. 0 19.2

Ui 755 Capillary SRCBTT 5 A% THER (P.
L) EFRL, ROTKGBEINLTHB LIZ LD B A%
BALRSAR (L.L.) LBEATV 9.

BEREFURHY, FURLT O % b KB TH 35 LTS
b, Wikl & Ricy RESREEROT, P. L. Wk
DK RICID L B R, ~y FEEET 58
ADENCERTHC EHFHEERS, Shic L. L.
Pless s &, EACL )Wt s LB bhs.

%o, JIS P X0 BeREFRO P. Lo, Lo Lo i)

et

C : Coke particle L : Limestone particle

O : Ore particle

R : Sinter return particle V : Void (Resin)
Photo. 1. State of quasi—particles (A : Initial raw mixture, B : Raw mixture after moisture condensation).
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FELT. FOfKBEY Table 4 R$., = — 2 2% K\
C, P. L. 1t 9~20% (vs. solid), L. L. 11 12~22%
(vs. solid) BETH Y, ESRIZIDOTLEPLBA, &
RH%FEHTHE, P.L.=16%(vs. solid), L.L.=19
% (vs. solid) /e 5.

REGBHE S — v OEKFIL 8% Bk O 1 5 HlIns
HZbhic. CCTC, HETOEbY)AHE LT 55
M DBV E TR T VB ERET S &, LN
o 50% LITFToBat, #HEs o kit 18%
(vs. solid) Kb 7cn. KODOFEHE2ERT &, X
LEEAKG ISR OFEDE L bh, Kok, — v C
RESEEOME) R SO/ IV THHREZVELLD
LHERIh D,

HE, I{BHRINB XK, BEEREIAKFTEK
CUFET B O, KOBC L oTERSEROTE S X
CHEIRENVRBI Y, BERENBITELDEELD
B, IO ERERBEOMBECE O THEELERY
b0, KO IETE, BoIUE» B L, B
L OZJILELIE I UCHERE L O BE T, SiRkLER
HRDHTEZI R BDHTH B,

i, TOXoh BT ERONTFS BT ETH
E, KB L RS, ThIETEBLE VW E
HEBLATH B, Fig. 11 wird X 5, Case 4 DK
KRR 3Tk b BRIV XV Dut, B X
LIKHBIIEE S5 X 0, KO ORNEXHETHS
EERLTED, ThETOEBORMEYRETS
DEEZLRB.

5. BEEOEIMERETDS 2 30
EitDigs

TR, ASEHEY - vOBRSERYERLT, B
AR OB A L HE T B EiT BT 5.
(1) EaEREEOLR

BEREDO LR, 4 —~DERTKZ AL,
—~DORAKEM, ERKEM L.

(2) KHBF OEs
ERROKFBIG X 5 B8R KD oEshAlL (HEg
RIicEDBEERKEZERT5.) k.

(3) REXAioRASEwE

MFEROTEL, BREERED, KOBEMHEE
LT, BEEOBKUE L OL 5{EHE#IRE3,. LDk
DN, 4 v F —FRInPEE OEBLT SRR T
b%5.

(4) {ERoER
EARSLE IR Ui EkEdio@Em.

$Ey

(3) KK -REFCOa -7 AFHFA, BEilileL
DERAFRERTC X 5 KEKREL O

RRBEO [ LLBBRPEEEIR ST X b, §KESR
BB AR B O L, AKX - R 303 5 FEE8
HADBEYET I3,

6. &

BREBOoBSHERLEY B E LT, BRABKEROZE
1t, BATEECEK E WD K 8EE S — v OIS,
BEEYWET AR TR ECOWTHRE L

(1) KoOBHEV — v oRKIEHIX, BHEROLL
IHELIAE . BHEY — vOMBIEEREL, EF
BNER TR TETS. REBRASHED, SkBIBE
J[ETETT B D1, KoHE Y — v OBy £ RA
TH 5.

(2) KXo, BRE2EET 372 0BREE
CESERFHREOETERR Y H, RESZXWD Il
B A i, 7 A ORIRIRER, FBERBBRCH DT
THEBTAY ADBECIOTHRELDT, ¥ ADRE
HETI¥D0, FHREY LR ER5 T &M, Ko g
MEMETsz Lt 5.

(3) KO¥HE Y/ — v ORKIESI» T 5 ERELE,
B F OB R F B HFEET k2B e b, #%
MR FA0E) - L, BERENEDTE D0 EEL
bha., Lchi 2 CTKRAQBBOMENY, SEERo@ES%E
B ECHTHBE»D A, BERLGILRELET 5968
TCHED B I bR B A e DI SIER T E LR TH 5.

]

B )
GH’ Cyw & IKFER, KD HE
Cg, Cp: # ALEHA

[kcal/kg-°C]
[kcal/kg-°C],
[kcal/kg(dry) - °C]
Cs = BL-AFF B [kcal/kg(dry) -°C]
dp : BLERERFE (m]
f: BRER G (=4P/L/Ugt3)
G : % QIR (kg(dry) /m2-h]
Hy, Hyo : EXIRE, PEREE
(kg (H,O) /kg(dry air)]
Hg o - Baf0iBEE gh iR (=0.005exp(0.057-T,))
Hy: 2RBE(TSCI 10 5 afiBE)
[kg (H,0) /kg (dry air) ]
hp : ﬁ%-ﬁﬁkfﬁ]ﬁﬁ!%&(=kg-l\’u/dp)
[kcal/m2-h-°C)
kg : EROBEEE [kcal/m-h-°C]
L:vV—-vEgSX [m]
Nu: %y 2 b E(=2.040.6 Rep1/2. Pr1/3y  [—]

AP FHE% [mm H,0], [kgf/m?]
Pr: 75 v+ n#(=Cp-pglke) -]
Rep: e v 4 7 n X5 (=dp-G/pg) -]
RY : k%R (G &EE (kg/m3-h]
Ry' @ 77 A RAKEKUARUE B (kg/m?3-h]
Ty, Tgy: 7 ABRE, M7 ARE [°C]
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Ts T, FERHRE, #HEEHRE [°C1
Uy : ZRERRE [m/s]
we, We : RAEKE, FHEKR

(kg (H,0)/kg(dry bed)]
Ws. Wy, : REHE KR, mA& AR

(kg (H,O) /kg(dry bed)]
Z : BEA e [m]
e : [BEHEE [—]
0 : W [h]
s KFEGKD=V £ ¥ (=597.54+Cx-Ty)

[kecal/kg]
pe ' BROKE [kg/m-h]
Og: HWAEBE [kg/m?3]
ps: BRI O»XEE [kg(dry bed) /m3]
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