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Measurement of Apparent Viscosity of VariousiBlast Furnace

Burdens at Softening Temperature

Masakazu NAKAMURA, Yoshiaki SEKI, and Shinichi Konpo

Synopsis:

The apparent viscosity of sintered ores and pellets was measured ~by creep test at elevated temper-

ature,

After samples were reduced to the intended degree, atmosphere around the sample was changed
from reducing gas to inert one in order to keep the degree of reduction constant during the following
creep test. Apparent viscosity was calculated from the rate of deformation under various load and
discussed in relation to packing state of sample particles.

The effects of sample compesition, reduction degree, testing temperature and packing state on vis-

cocity were examined with the following results.

1) In general, oxidized samples showed higher viscosity than reduced ones.

2) Samples which contained only acidic components tended to have lower viscosity and activation
energy of viscosity than those which contained basic components such as CaO and MgO.

3) In oxidized sample, the increase of basicity of slag components caused the decrease of viscosity.
While in reduced samples, viscosity had its minimum value in the basicity of about 1-5.

4) Added silica caused increase of viscosity, but once it reacted with FeO to form fayalite(2 FeO-

Si0,) viscosity decreased.

5) The effect of magnesia (MgQO) on viscosity was affected by coexistence of alumina (Al,QOj).
(Reiceived Feb. 24, 1970)
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Table 1. Properties of samples.

S Chemical compgsition (wt %) Particle size*
Sample pee.g
P (g/cm?) : . mean

CaO/Sloz‘ T, Fe | Si0, | CaO | ALO; | MgO | 3 n
No 2 4-62 1-02' 5898 646. 692| 2:28| 069! 27, 35
Sintered ore | No 4 459 1-59 © 57-84 ' 5-821 9-28 2:03| 062 27 2-9
No 6 4-53 2:04 55'72 586 | 11:96 1-91 064 | 22 2-5
Acidic 4-97 016 | 6514 | 3:67| 0-59 1°10{ 0°37 18 1-6
Pellet Fluxed 4-88 1°35 | 6255 | 3:66| 494 1-19| 0-48 18 1-4
Kaiser 4-91 014, 6464 379 052 071 28l 17 12
Brazil ore ! 5-93 — | 68:76| 060 —| o067 —| 20 08
Si0, 2-67 =100 35 13
ALO, 3-99 =100 30 3-3
Reagents CaCO, 2:71 CaCO, 15 60

MgO =100

* By ROSIN-RAMMER particle size distribution analysis

@

@® Weight ' @ Thermo couple
@ Lever SiC rod
® Differential transformer 0o Electric furnace
@ Fulcrum Sample
® Counter balance @2 Radiation shield
® Gas inlet @ Gas out let
@ Gas seal jacket

Fig. 1. Apparatus for experiment.
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Fig. 2. Effect of SiO, on viscosity.
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Fig. 4. Relation of viscosity to temperature.
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Fig. 5. Effect of Al,O, on viscosity.
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Fig. 7. Relation of viscosity to temperature.
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Table 2, Properties of samples after experiment.

Oxidized sample (air)

Reduced sample (CO/CO,=7/3)

Sample
Spec. gravity Xora Spec. gravity (g/cm?)
anai’ ; : X-ray analysis
Creep. temp. |1000°C |1 050°C ¥$151 900°C | 1000°C|1050°C
No 2 2-83 2'86 | H, CF, 2-52 2-52 2:60 | W, M, C,AS
Sintered ore No 4 2-83 260 | H, CF, 2-54 251 -— | W, M, CAS, CF
No 6 2-73 2-74 | H, CF, 2-51 2-51 2-58 | W, M, C.AS, CF
acidic 3-20 3-26 | H 2-60 275 W, M, F
Pellet fluxed 3-12 3-10 | H, CF, 2-66 268 — | W, M, CAS, CF
Kaiser 3-17 3-36 | H 3-16 3-26 W, F
Brazil ore 3-44 | 358 | H 3:27 | 344 | 350 | w
H : hematite C2AS : gehlenite
M : magnetite CF; : hemi-calcium-ferrite
W : wustite CF : calcium ferrite
F : fayalite
107 '8
[t |
~, 6
L
AN 2 &
=
‘X\\ \ " g
\\\\\\ N \ OB g
107 it \x.‘ffd_'lf_n \ 04 B
E o}
§ 30 24 18 12 6 0
Fa Time (min)
8 Fig. 11. Example of deformation curve.
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Fig. 10. Effect of slag volume on viscosity.
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i ot HEHIEF VEERRL Tk H, Fig. 13 (b)
i, NEEFAVRKISLICBERNLET VvERPL TY
5. Thbb, RERNFOLTHEOBRMILEL 2 7 &

ation. L, ZhiEhE S CHORTLEHEL TV, E4LT
So
S § % f
r
S
Vg
| % % | %
; }
[,/ : Number of particles 8o : Load stress S : Stress concentration A : Load- area Ap : Contact area
2r : Resistance of particle R : Contact resistance

Fig. 13. Mechanical and electric models,
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B FFOEMIEEZ R L L.

EFTERHET NCOWTHEET L. EF LB
DTCEBEEZES &, RO 1 ETOWTOEHER Q2 +
R) THY, Zhn»I{EEs, b5 JEEINICERT
HLELEBOT, EREAO L THMOERIZCr +
RY-J/I &tixh. L»bIiT, BREIROEMIBF R E
ROEMERACEYST S, Tihbb R=a/d &7
D LHER 0 13

Q=Q2r+a/AI/]

L2, Bot—er b OERE O TIIR T DOlEC
A, Tixbb, I, JERELEBLWET S LER

f2=const.+a/4

BELND . EAEAARRICE L ToMmEKRTH
e, ENdb X5 & Fig 12 oiEbriEZ{ bt
[GLTW5.

Wiz Fig. 13 (a) oNEEFTVIE2WTNE, RFRE
So LEPRETS L ORI

So+4o=I X S X A4
DOREMESRILL, 2-3 @i E2RDBX
dL/dt=8 /[y
S 2RATHE
dL/dt=(Syx 4g)/ (p X I X A4)
BESNS. LiehoT

L=Kj: difyxA (K : 550

WEFE p 2 —E L L, BMERSRELE2D o O
Rl 4, 25 A ETHINL7cZ—EL LB LET5H L,
2R L I AaRciET D, REoE & IGEED
BLAED, BN AE—EDEMRLILDZ AL
HHOFRTESL. BRTIRXPRKMER S V2D, F
BEROEETLITHIBT A EIXTERLV, [Ml—0F
FurbHFEL e NEE TV LERIE TV OHIRSS,
EEFERLBAEINDZ LD, TOXHRFEXRIL
DICKBRIC X DT, FHUKEBAIBET 2 & BWHETD
HEBEbNG.

P, H 5 AAMEPEBIRELT, BECHEICH
BMKE®ETT R I<abn Tk Y, HEHRN3
(L LB EINTWAED Lal, Wikk~<5X51c, &
EIOERI X oTHRIEL - RENE TR 5 E#Ib %
WX —VX, EREVREHON I AOMEETAT L
DR FEE L NV TERINFEE b & v ¥ — DfE
L BRTCEHPIEL, APRD A = X LIZFKES
TV SR REMED AL .

Z OERICHACMERBREENT, B nicslg
WwWics ) —FPEBREZETDH, Photo 1 ITRL X 5k

;A =
Sample after creep test. X400

Photo. 1.

HRAMSETEHEIL 5 21350 BEAH ESRE L Twik
V. Lo T Z OERICE W TERhoRENVY, B
GRFLDLDOBERTEENS I, L AHTRE
MBITRDARIL, ThERNTHMICFET DR 7 VR
HEE LA VHEILIZD LT B D EBbh, #REA
FERIE, TOMBHOBEXREL TWwH T itk b,
PESRIE S TV BEERM LS ORSEE, 7o & 2 TN
20 OgE 1300°C ¢ 102 K7 XORETHY,
AR AERR ORI F TS L (@102 K 7 X,
3.1.1 TAw &4 MTHt SiOe hn X 7oA Off 101 K
FXCHL TEbDTRE. LDJHFETIVOHEMD
B, RN SE S =Sox A/ (Ix4) ELich, FE
A B XS5, %7 Table 2 3\ T O RBEE
DEDLDTRNC EHFEET D &, FFOFTYNI,LD
FELTLERCER TS 4/ (Ux4) DERMEEAREL,
TN HEE—HLEVEHOO &2 L Bbivs.
MEOAERCETHEEL=F V¥ -2 FLDHT
Table 3R L 7.

kg No 2, No 6 &k 5L, logy & /T
DEELHSERR &7 5, vk X TIRIREK & BRI TR
EEE b 3 V¥ -k RKDA DD D HOTERBEK
R D®R S — 2 b dH HA5, —JofHEM & U TEEEDFE
KA BRTEA MO L OOFERIL= F VT —HBREVE
WXL S THS. EBETCREEITH L THLIRABDTEYE
b= A ¥ -2 KTH5. BlEShicEdlbF vy —
BEFrope)—»5, 100 Fope ) —EHIEHD
FCIAHECSHL TS

BREAV Y B, BDEVIRERAS SORKERET X DG
ML A V¥ — 2 RDDBERITTTILAM TR b
TWBED™OD, - L 213 J. D. MAcCReNZIEDT T Si0, @
1300°C »>5 2300°C £ TOREOEML 2 vE —%
kb, THHBEDERICE B2 T 185keal/ mol 7
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Table 3. Activation energy of viscosity.

CaO |Ey(Kcal/

ALOs | Vg0 mol)

05| 006 — | 200
. 10 06| — 160
Ca0/Si10,; 151 06 _ 19-0
20| 06| —| 255
Reagents ! 1'5, 06| 05 365
1'5| 06| 10| 254
oMoy 13| 06| 2:0] 223
Ko L's] 50| 05 7-3
2150 50 1:0| 296
15, 50| 20| 457

CaO

/Si0,

. Reduced — | 0-67 — 24-0
Brazilore| 5 idized | — 067 — | 7-22
Acidic | Red. 016 {110 16 9-15

pellet | Oxid. 0-16 {110 16 685
Fluxed | Red. 1-35 [ 1°19 | 10°5 | 48°1
pellet | Oxid. 1:35 (119 | 10°5 91-7
Kaiser Red. 0-14|0-71 | 0-18 653

pellet | Oxid. 0-14 1 0°71 | 0-18 | 915
Sintered | Red. 1:07 | 2-28 | 10-0 [38-0, 102-0*
ore No 2 | Oxid. 1:07 | 2-28 | 10-0 | 1140

” Red. 1'59 { 2°03 | 150 295

No 4| Oxid. 1:59 | 2-03 | 15°0 | 10.2

7 Red. 2:04 | 1-91 | 187 [25-4, 81-5*

No 6 | Oxid. 2:04 | 1:91 | 187 | 457

* Refer to Fig. 4

% 89kcal/ mol iU, IESEMLE WG DOILE
THEEL TS, Fi, J. O°M. BockrisHt SiO; T
Tovh ) EERLT vh D EEERE L AN X iE D
FEMILT 2 X —DETICOWTHRL, TMEEA
YIREDHV Y~ MESOUMNCERAST Tx D, &<
2 Si0y ~® CaO Fhmic X b b= & v ¥ — 25 151
kcal/ mol 7>5 40kcal/ mol £ TR AT5Z & AHEL
T, Fi, EERGO4F CBEEECERLT, 7
)~ FEE L BRZEECE T AFER bz ALY - X
L FiL 101 keal/ mol, 72 kcal/ mol & L Cu%10,

CRBFEIRICD & JEEL = 2oV ¥ — OfEicH L
T, AEROBERIFIEHTHLBHERH D ITH X,
BONZEDD S oDV, EROKMEROIEH 5T
LENETES.

ARt OZERER Y ) — FHE 2 IS & 5 ERERIX
Z RSN TW52%, T OBIBIIBATE Ty 101,
835, REBRCEH LN MR ZEROEFRAN O
WIBBICER T 5 BCERT N & 513, BB o5a0

L5 WCHERMRIC R 7 AR S VR P —InE &K
B—BERK GEIT) — R EO@R CTEH BT 2R ET 5
SHICERT S B0 L, ¥4 0 FK
FOZNRL v b OFEE, ABRAUROBICX -
WREE SR F RO S HNTIE S L < & bW
THRBRREEST, B okE@2 T2 Ln5FHxn
5. O EBICOWTIREIRE B RS EE T
HUERHSS.

COMRIHBIWCBc X5, THRBEEL-FEER
DT &/ WA O (LFZEL L B )0 8
L, ThXT@lx OMECSIBRED725 2 Ch 5 —ER
AL TEWRERI XS ETEIDTHOR. FOE%T,
FEHEIRRRIT X 5 EBD BB % KD F 58 L 7 A%
W, LRSS DOTH Y, FIETORE 5L
KRB L wustite JREEZZS 1T L VO ARELE DD TH 5.
FFRVIRE R SR E 2 DFEE & T DIREEIKFE o llsE,
ERANL DR, SFHEIT OV TOMREERORE
HEEL.

5. &

FMEIC LD v b, BB X OREIC X 245K
B & DB ARINERB BT 2 & 900~1050°C o &,
BB OEIEORER, ROERBEXOp o7,

(1) —feyz2g 4 MExaEhce L T, T4t
AEHIREE S &V

(2) ARFALHT >N T

a) V) IDHREFIMLIZSDIE, LHFLLAS L
BEETRRVAD, B{LIRETIIHE 2T, &Tikiec
BERER5.

b) FHE & OBE T, BEEOWMRIZE DT
BRCIKBE TR EBEFIRD, ETIKEETIE CaO/Si0,=1-5
FHEVCRE ORARE D H 5 .

c) TNEIFEFEOEINE— ARITH s dis X o
5.

d) GaO % MgO ERT IR CO>VWTiE7 i
FOEHRETIDTRRL S, K ALO, T EERKT
OFEZiEm S, B ALO; TIHMEIR TOREE # T,
HEORERFEEZ ST 5.

(3) vy b, EEESIEOWT

a) EEL, BRTOMIREBIE VT, BERSOLEE
LRURHI— AR E MK <, RERFMES S V.

b) B OEE DARAEDEE LRk, ETIKE
T CaO/SiO,=1"5 TR EDREEBFET 5.

(4) RERICX > THECETEH bz v¥ —

b

- V3% kcal/ mol »>& 100 kcal/ mol LA ED 3 @ % THLE
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FRELTEHLLTEABOBTRIRILS »»

(E%) AFEBREEBLKORTEEZLHZ2DLD, F
&, BE*FELTCEHGERLDTV5. LKW
EHAETOIER CXBETEZ R IR 2L OL TLESNT
ZLTHLT, ETBLUTRBELTVWERW.
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