MEKERZ FREEE

MICEIDBEIF AT FYLERAS FOE, £HEET, BE 1491

e Nt e N

RITER S

UDC  669.162.275.2 : 669.054.82 : 532 P\ e ot/

MR KR 5
BEEA

FEEREBICBT 2EFERX S
7 ORE, EmikH, BE

BEE FEA -

INSE IR E™ -

Viscosity, Surface Tension, and Density of Blast Furnace Slag and
Synthetic Slags at Manufacturing Condition of Hard Granulated Slag

Takahisa KOSHIDA, Takeshi OGASAWARA,

Synopsis :

and Hisashi KISHIDAKA

Viscosity, surface tension, and density of blast furnace slag and synthetic slags which had nearly the same

composition as that of the blast furnace slag were measured below the smelting temperature.

lowing results were obtained :

The fol-

(1) Viscosity of synthetic CaO-8i0,-Al,0,~MgO slags increases with increasing SiO, and Al,O; con—

tents, and decreases with increasing CaO and MgO contents.

Small amounts of another compounds con—

tained in the blast furnace slag cause the decrease of vicosity, and the extent of effect of these compounds

on viscosity is similar to that of MgO.

(2) Surface tension of quaternary CaO-S8i0,-Al,0;-MgO system is not influenced by the interchange

of Al,O, and MgO but increases markedly with increasing (CaO/SiO,) mol.

The surface tension of the

blast furnace slag is 472 to 498 dyn/cm in the temperature range 1 380° to 1 500°C, and sulfur has a great

influence on the decrease of surface tension.
with increasing temperature.

The surface tension of all the systems studied here decreases

(3) Great increase of viscosity of blast furnace slag occurs when cooled below 1 405°C to 1 375°C, and
it is made clear that this temperature range corresponds to the upper limit of the operation temperature

to produce hard granulated slag in the factory.
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Table 1. Chemical composition of samples.

Sampl Chemical composition (wt%) Basicity
No. ao SiOZ Al, O 3 MgO | TiO 4 MnO|T-S CaO/SiOZ*2
1 31.6140.0118.2 [ 8.4 | 1.7 - - 0.85
2 37.1139.7118.7 } 5.2 - - - 1.00
3 37.9138.0}16.8 ] 7.9 - - - 1.03
4 39.3137.1116.4 7.1 - - - 1.13
5 39.5(135.2]|15.4 8.0 ]1.5 - - 1.20
6 39.7]135,1[15.2 0.6 - - - 1.21
7 42.3138.4(13.4 ]| 6.8 - - - 1.18
8 42.3138.3]17.2 1] 3.8 - - - 1.18
9 42.3]38.6]20.2 - - - - 1.17
10 43.5137.1}115.2]14.9 - ~ - 1.26
11*" 139.2035.5[15.6 | 7.6 | 0.5 | 0.6]0.9 1.18
*1  Blast furnace slag 0.4%FeQ, 0.4%K,0, 0.2%Na,0,
*2  Molar ratio.
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R oThd SppmlFThD Z Eneh, ZORE ~ s
DEBRHECHBEMEIE N EEL bR, 7 "?;<§£”§74f 7
2.2 WEAESE el
WEOWMEFEYD ik, BB, 4% ED ) )
Fig. 1. Sessile drop of molien slag.
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2 HBEYEME L. £RE T, 10min Tl hFT
WA IR LR, 200min 28 E 5 LR —FE LT
< DT, 20min [) EOEFRE OB W THRZ L
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T, ZOREE LTI, A7 7FOREREL LT
L ATREDORRIERIGE 7 Ao h VEDEENEZL DRS.
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HENEFES Table 21073 . EREE O HIERHE
150 poise BEF TTHAHDT, @mPF A5 7T 1355°C ¥
TO FETOWT L HETE 2k, BF A5 7
1%, 1405°C Ll EoEiRs cRaE 1L 10 poise LIFTHh
n, 1405°~1375°C B ca#Em L. Fig. 2 ©
BFEAS ZEERAT FDlogy & /T OBRFRRRT.
logyp & /T XiziE 1450°C L oo iR B4R CIiLE
BEFR I oTE Y, FEWwWBITS Arrhenius D%
X :

/] =A,7 exp (E)?/RT) S ( 4)

Table 2. Values of viscosity and activation energy.

Sample Viscosity (poise) Ey *1 T *2
No. — Temperature (°C) (Kcal/mol)| (°C)
5.5 8.5 T3.1 75.7 26 1435
! 1495 1435 1415 1360 ~ 1360
2 6.1 7.7 11.7 22.2 1408
1504 1457 1408 1362 41 ~ 1362
3 2.8 4.2 5.2 7.5 11.6 1402
1515 1485 1450 1402 1358 4 ~ 1358
. 3.9 4.5 6.3 7.5 30.9 46 1415
1500 1480 1435 1415 1400 ~ 1400
3.1 3.7 4.2 4.7 7.0 13.8 32 1425
5 1505 1470 1450 1425 1402 1395 > ~ 1402
3.0 3.8 5.8 1450
6 1498 450 | 1405 32 ~ 1405
. 4.0 4.6 5.3 6.5 7.6 9.5 2 |1390
1470 1450 1425 1470 1390 1375 ~ 1375
8 4.7 5.8 7.4 8.8 . 25.1 50 1400
1475 1450 1425 1400 1375 ~ 1375
9 6.4 9.0 1.1 12.9 17 .1 24 1 33.7 1405
1516 1475 1450 1430 1405 1375 1350 3 ~ 1375
10 5.2 6.8 8.3 38.1 cc | 1400
1445 1415 | 1400 1395 ~ 1395
1 3.0 3.1 3.7 5.1 5.5 10.8 135.0 1405
1495 1470 1455 1420 1405 1375 |_1355 39 | - y375

*1  Activation energy
*2

The temperature range in which the plots of meclt viscosity start to deviate from the Arrhenius relationship.
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Fig. 2. Plot of logarithm of viscosity vs. reciprocal
absolute temperature of molten slags.

7 : KEE (poise) Ay : EH  Ey: HitEROEM:
{fb= %1% (kcal/mole)

B DSIOT B, FThUTO RE Tk Arrhenius ©
BEfRD HIZ T T B, L1t 1425°C L FClyENSE
W3 2 50k B btk fz . Fig. 2 o logy &
T OEBBMAOR D2 BEFER T BH 0D
H, RN IVERIb=RAFERDDLZ LT X
5. BFA S Z7OEM{E= & ¥ 11 39 kcal/mole, &5k
A5 7% 32~55 kecal/mole TH>1-.
3-2 RERHNEEE
KHEBDOBEER % Table 3 12mRT%, & O TH
TEEE (A) X, HEE THE L-EOEHEM DR
REBRTHERLTCS., DL EEUBEDTRE
A, BEOHROWMERECERT SO THHW
REGRINTRE X % FAbA 47c < 1500°C ¢ 472~
543 dyn/em, 1400°C T 487~551 dyn/cm ORI %
otz Ga0-8i0,-A1,0,-MgO ? 4 TLEINTITHE UERK
ThHDH No. 5 DERAS FEEBIFAS 7%, HEET 5
ERF AT 7DFn 43~49dyn/em DIELMER DT
W5,
FEORELELRE & OB Fig. 3 R4, @l
E LA RS 7 OFEE, 1400°C T 2.65~2.71 g/cm?,
1500°C T 2.64~2.69 g/cm® OB HDl. SIF A
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Fig. 3. Relation between temperature and den-
sity of blast furnace slag and synthetic slags.
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Fig. 4. Effect of basicity on viscosity of molten
slags.

Z ZWDWT, 23°C TOVY 2y ) 4 —Z— DT 5%
EOREZL R 2.87 g/cm? THOD T, ABOHIE
RBRTIZTRYELEEZ DRD. ZDFERNLRD I
BEZARETIL, SFEA S 7T 5.30x10-5.°C-1 (1 380°~
1500°C), HHAS 7T 3.71x10-5~6.14x 10-35°C-1
(1350°~1500°C) Aot

777 54 MRERT FOBMAYIE TS &, 140°
AEDET, ERETEHISS 7 14 PREFITLB &
BRI RIG £ X 5 EBE I high ot

4. & "

41 BEICHT 525 JOEREBEOBE
Table 2 DIEEDRAELEFIZDWT CaO/Si0, =
& DBRE DA Fig. ¢ ThHB. Ca0-SiO,-
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Table 3. Values of surface tension of molten slags.

Sample Surface tension (dyne/cm) *7].
No. Temperature (°C) A (g)
] 472 476 479 499 49?2 495 498
1500[ 1480 1440 1420 1400 1380 1350] 4-4
) 521 524 523 532 529 528 530 6 4
1500 1470 1450 1425 T400 17375 17350 :
R 502 597 5T 517 518 523 529
1490| 1470 1440 1420 1390 1370 1350 5.6
4 516 521 524 528 533 535 535
1500{ 1475 1450 1430 1400 1380 1360 3-8
5 524 526 530 532 2 1
7 1440 1420 1400 1380 :
535 542 551 555 5 o
6 1460 1420 1400 1380 ’
7 520 523 527 533 540 544 548
1500] 1475 1450 1420 1395 1375 1350 3.3
8 539 544 541 547 548 546 553 4
1500/ 1475 1440 1425 1400 1375 1350 -8
9 535 537 542 548 547 554 556 2 6
1500 1475 1445 1425 1395 1375 1350 :
10 543 548 547 552 551 555 557
1500/ 1470 1450 1425 1400 1370 1360] *-0
11 479 47?2 475 486 487 498 6 4
1500 1480 1450 1430 1400 1380 )
41 Maximam deviation from average value -
AlLO,-MgO 4 LR A 5 7O RUHIRERFHE TCOME >
Wik, AW E J-S-MacHINY BIZ IO THIEE R
Tk, CaO-5i0, 2 TRDIEEDOREIZDTILE < O 423IK3SWE,

DFE S B, Fig. 4+ R boBEMLRE L.
Table 1 ¥l Ca0, Si0O, D& FREITARE
T, ALO; & MgO ol EKDOHRKSH No. 7, 8, 9, 10
DA Z 7T MgO/ALO, = vtk & HEE & OBSR
R L0 Fig. 5 ThHDH. ZhbofEEnL CaO-
Si0,-A1,0,-MgO 4 THE A 5 7 Tii, $i0,, ALO, 11k5
Er#mXeckh, CaO, Mgl HiE» L 8T
WA EhbinA. E. T. TURKDOGAN B8 L il
MgO (1 2HERR LT CaO LM UBEY 5, ALO,
R, EEMDO A S 2T ALO,/Ca0 = A EAVEME
DOHFAL Si0, LEU LR Y L2 EME LT3,
AEBTIr AlLO,/CaO £ kkp 0.18~0.31 THS =
En D, ALO, WK LT SiO, & Ukklc iR
ERLTWB EELZBRS.
AERBOEFEA S 712X, MERSE LT TiO, 0.5
%, T-.50.9%, MnO 0.6%, FeO 0.4% X XU7
AHY ELT KO 0.4%, Na,0 0.2% &z hTLu
%. Ca0, Si0,, ALO; D 3EHMVRABEES T T3
No. 1 DEFF A3 & No. 5,6 DEHRAS FEHEL
THBE, ThoDOHERRERBE THD T b,
MgO 2% TiO, 7x K OB & = DRE R 2330 T

Si0; 01~ Whwt

1 1 1

0 a5 10 15
{MGOIALD, ero.

Fig. 5. Relation between 'viscosity and MgO/Al, O,
molar ratio of CaO-S8i0,-Al,0,-MgO synthetic slags
having similar CaO and SiO, content.
LHERBEAEELR. &BF A3 7 Tk CaO-
Si0;-A1,0,-MgO D 4 AT 97% FBOEERTH
50T, BEAEBERARFOSHLCLIOTRES
IANY X3
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IREDRE S 2 58>t Fig. 2 ©®/RLT
BHDD, TORTHEDLSILEMOREIIRSDEES
ZrF, CaO, MgO %\ 2 F /T b Eb ksl b
[THBH, Si0,, AlLO, ML B LD LT
TeAEEND B.

IDREOELMINDIEZ 5 & & ATk & %2
FERBIT R LT, (SixALO) - e & di-
screte anions A3 Y = —RICHE LT B, HiEMN
WinTsEEXLORSE. 0L 5CEETEMGOMNE
IR b Bis ot b Do T Ly ¥, Ca0-5i0,-AL0,-
MgOm 4 5EFZ T E. F. OsBorN® LD MITE L e liquidus
temperature ZRMEADEEI TS E, X HIWAEHIZI R 1i-
quidus temperature LR 73 & Bkc ik Skrai4
B HHREBIh, HERS L5,

42 REF®N, BECHIT I35 TR BEOEE

Ca0-58i0, 2 AR 7 FZOEEEMNL, NF LIV X
DEARKMUEETHEZNTEY, EEENS W b O F
EERMEINIEEC DT 5. Ca0-5i0,-A1,0,-
MgO 4t£EAZ 213, V. D. SMOLYARENKO®) iz )
DTHEINT VBN, BFAS Z7OHER LTI R
180T % D TARSER L Iz TcE v, R. E. Bon1?
BIZEFMBE A E 4 DEDICOWTIH~N, A. DIETEL)
DR LIcEtER

6 =M, -Fi+M,-Fy+------ A+ MiFyeeoeeeeeen (5)
M; g4y (mole%) Fi .1 g4y surface

tension factor

PO UEDZ ERHELT5. F(5) BT D 1400
°C To surface tension factor * H#g+5% &,S510, It
DRI ANERERTEFE SR - TB. K(5)
G Table 1 ® No. 7,8, 9, 10 o4 {E%x{F > 1400
°C TOREENEHE TS L, BIEEDHH 73~57
dyn/cm BES\VETH DO L L R E. Bont b
DR¥ 1 surface tension factor A3, FIZ 2 LA DL
TOEELLE LR TRV ETRCERATAES, £l
EEHNCDOBEDERAETH IO LHEFINS.
Ca0, SiOiIFRIBES T T\ 5% L MgO/ALO, =
AHAY 0~1.28 RiCid, RERITOERME, HEMELE S
IR EA ERE L bisholk., EEHEE CaO/Si0,€
HTcEH-+5% L Fig. 6 WRTXswciks.

B A T 7OKERIIL, Table3 WRLTHSB XD
1= 1380°~1500°C T 472~498 dyn/cm 1REETdho
2. BYF A YOEMmMENT Z. I. SHERBAKOVA 521
& F. SAUERWALD 522 Z X2 TR ABEERK X b #lE
INTED, Tt 1360°C 488dyn/em & 1 545°
C € 495dyn/cm DOREMEE B LR TB. T bD

o | o |This work
© | o [This work
e | o [KOond™ |
e | ¢ |This work
m-
E 500 ‘280
2
¥
) ,
b N |
rd
/’
7 <CaD-50
e . Fad
4501 L -zmg
1 ~ <
Pt e o
s 14./.
,/"/ -
- )
.
L]
1 I} 1
as 10 15 260
(€a0/SO, .

Fig. 6. Effect of basicity on surface tension and

density 1400°C.

E12 AERTO BFEAS 7O BHEEHNO & I v—3
FRLTWAE., BIFAS Z R &EhTv5 HMERS
DEFBEOVTIEZE Y Y 7 — b T RFED 2 b,
TiO,, K,0, Na,O, S 13 EEENX W&, FeO,
MnO 2 #mE e T\5%. I o, R. E.
Boni 52 3 CaO 44.5wt%, SiO, 40.3 wt%,
ALO, 14.9wt% DA A T /DSBS 1wty BES
ek, LD HE~N1400°C ¢ 35dyn/em, F f-
1.5wtZ #ET 80dyn/cm, KREERNAFWATHZ &
THELT5,

EHETZ, BEO RN LTADOELERRLTE
D, FToFEbAELV No. 1 O&HKAZ 7T 1400°C
8 1500°C offl¢ 27 dyn/em A LTCV-5. EEE
T, BEDOISCRENTHADOTL B L, &k
MEMT 2 L5 X5 ez a bhd, @ERED |
B X hERHCEA LTW5, 20X 5, FEEN
RREW X BB LT, MBL DY X
HIERDFNRRE.

A5 FOFEER, Ca0-8i0, 2 TR T Si0, 738 <
ThEEERRBAD T L0 EIRTV529, KEE
TH Fig. 6 WiRT X 5 CEEENE  IEBE LK
A Ui,

L L, AEBREROMBEATOBEEDCELITNE D
Dt EIFEA S FOEEIOTIL, 1 380°~1 500°C »
T CERER, HR(6) B bR

1/ p =0.345+ (1.913 x 10-5) -¢
(1380°C<t<<1 500°C) - vevververeenieniennn (6)
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tRE (°C)

5. B

oiji

FFEAZ 2% LOERIE K Ca0-8i0,-
ALO-MgO 4 LHE & 2 hic TiO, %Mz 7= 5 THRDA
BAZ 7OWE, REERHD, BEY, FlUERELD
EAREC D WTHRIE L. Fh bnEREEL LTLL
TR

(1) AREBCRIBHEMTOEHA T 2 T, Si0,,
ALO; IIHE LM &%, CaO, MgO 131l X255
RobsD. EEOBIFAZ VY& T\v5 8% 854
(TiO,, MnO, FeO, S, Na,O, K,0) i1, i &l
BETCWBREFED DT L3HD, ThboshRiz
MgO tFEE Th ot

(2) HECHTLIRECEEIAEL, &HiE Tt
Arrhenius BENE D L OT 50, EBIEKZ L0
BIR DT TL B, BF A7 7Tk, COfENS
THEMT HIREE, WHEAPALCOLERNEA S5 7D
EOERIIIE—HK LTV,

(3) EHERDEZARAZ 7Tk, ALO, & MgO f3
DIFREIL XD Tikiz & A EZLe4, CaO/Si0, =
M X OTRESEI LT VA, BRENS D &
KHRNDS L IDTB.

EFE A S 7OERMBEIE, 1380°~1500°C ¢ 472~
498 dyn/ecm THH, BIF AT 7 hOMERS Cizse
RO RERENZ RO S BRI K Z ot BED
KEEND~OEE OV, BEN NS -EEHES
RRA Lichs, oz &< 100°C oL
30dyn/cm LLFChof-.

(4) FHEEI1R, 1400°C ¢ 2.65~2.71 g/cm?, 1500
°C T 2.64~2.69g/cmd DFFHIZH D, BZEEL,
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