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Bloating Mechanism of Water Glanulated Rlast Furnace Slag

Izumi MoN-NA, Akire OKAMOTO, Syohei SUZUKI, Yoshikazu NAGAO

Hideyuki 'TORUMARU, and Sei-ichi MyozIN

Synopsis :
Investigation was made concerning with a bloating mechanism of water granulated blast furnace slag

and the effect of granulating conditions on the density of it. Gases, evolved from molten slag droplets
while they were cooled in water, consisted of hydrogen and nitrogen, and also gases existing in the closed
pores of the granulated slag mainly consisted of hydrogen and nitrogen of which ratio was of about 1.8.
Increase of nitrogen content dissolved in molten slag, made the granulated slag more bloating, and this
showed that the dissoved nitrogen causes the evolution of hydrogen and nitrogen gases. Cooling water
dissolved into molten slag droplet for a short period until its solidification.

From above mentioned results, it is considered that the bloating of the granulated slag is due to the for—
mation of hydrogen and nitrogen according to the following reaction;

2N3-43H,O0=3H,+N,+302-

Effect of granulating conditions (i.c., water volume, water jet velocity, water temperature and slag tem—

perature) on the apparent specific gravity of the granulated slag was clarified. These conditions influence

the reaction time or the reaction temperature for gas forming.
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Fig. 1. Schematic diagram of experimental

apparatus for slag granulation.
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Table 1.
condition.

Properties of slag cooled on various

Crystalli- Apparent

Cooling method zation specific

gravity
BF Granulated Glass 2.14
1 Quenched on steel plate Glass 2.87
slag Cooled in mold Crystal 2.89
* Dropped into water, 80°C Glass 2.36
@9 Dropped into water, 20°C Glass 2-44
S Dropped into ligq. Ng Glass 2.91
o °é Dropped into ethyl biphenyl, 30°C  Glass 2.88
=L Furnace cooling Crystal 2.90
* slag, 1500°C 90g, Liquid; 1500ml
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Photo. 1. Molten slag droplet in water and
vapour layer around the droplet.

Table 2. Experimental condition and contents of
gasses collected during granulation of slag.

Contents of gasses

Experi- Slag Water pl/g*! Apparent specific
ment temp. temp., ———————— gravity of slag
No. °C °C 0O; N; H;

1 1410 20 12 51 29 2.63

2 1 410 60 9 20 71 2.32

3 1335 20 8 35 4 2.77

4 1345 60 5 17 23 2,59

5%2 1 400 20 9 34 6 2.84

6*2 1 400 60 8 30 11 2.86

*1  CO : trace, H;0 and SO, : not detected
#2259 Fe,Op added
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Fig. 2. Relation of hydrogen collected during gra-
nulation to apparent specific gravity of granulated
slag.
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Fig. 3. Schematic diagram fo experimental ap-
paratus for analyzing gasses of pores in slag.
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Fig. 4. Contents of gasses in pores of various
BF slags.
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Fig. 5. Relation between pore volume and gas

content of various granulated slags.
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Fig. 6. Relation between nitrogen and hydrogen
contents in pores of slags.
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Fig. 7. Relation between H, content in closed pores
and apparent specific gravity of granulated slags.
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Fig. 8. Relation between apparent specific gravity
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molten slag and granulated slag.

Table 3. Nitrogen content and apparent specific
gravity of experimentally granulated slags.

Niirogen Apparent Gasses in
content (wt%) spectfic gravity pores(pl/g)
Additives, none 0.018 2.58 Np,=2.7 3.7
Hy=4.2 7.1
Air bubbling 0.005 2.71
O3 bubbling 0.004 2.83 =1 5
2=6.4
Steam bubbling 0.003 2.75
Melted in air 0.002 2.83
(Al; O3 crucible)
Si;N, added* 0.102 2.76
N=0.3%
N bubbling 0.045 1.61
NHj; bubbling 0.072 0.48 Ny,=24.8
H;=27.9

bubbling time : 10min, water temp : 80°C except *(30°C)

slag temp : 1500°C, Weight ratio of water to slag : 9
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Fig. 10. Mass specirogram on extracted gas from
granulated slag by vacuum melting.
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Fig. 1l. Relation between weight ratio of water
to slag and apparent specific gravity of granulated
slag.
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Fig. 13. Relation between diameter of dispersed
slag droplets and apparent specific gravity of
granulated slag.
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BREH(8), (R0 L (7)REEH T
fe.

dt
=0 : JE | T & -
r=0 ar 0 (8)
ot
r=R; —2 =h(t——100) .................. (9)
or

p; BERkA S 7 OFE 2595[kg/m], Cp; BAIA S 7
D8y 0.228[kcal/kg°Cl, 1 ; HRAA T 7 O BREE
3.6[kcal/mh°C], & ; MEEEEEMEE, 80°C T 2400,
30°C = 10550(kcal/m?h°C], q ; @lfgOInEE keal/
meh], ¢ ; BEEORE(°Cl, R; RUEO¥EE (m], 7 @&l
WEERF b0 bOERE (m], 6 ; BHEKHE [h],
L, j; FREFPRERR XOBERHRO X X

X T RSB S OWME T H BT OEBEOEEI
BoOREMSEAKETO A KHIT B E RELT, 99°C
@ h=1.1x103[kcal/m2h°C]® 7 53R DI,

4-2:2  AWEIFERE OPERSF

Ko RO EHREL(LE Fig. 14 wERFETH
7. W FEORZ 7REEDHLREEOEEYEMR T
AL oTHs. Fig. 14 @iz {HRAS 12mm T K
80°C & 11.5mm, 30°C o4\ T 2 s MOER
SR LORLOHBEC I HAREF AR LL. BE
Bt E OEBRE R TEEY 7, A EL R
EL, @%W%@ﬁ%@%%ﬁﬁ&ﬁﬁ?é&7=&ﬁ
R t %%, Fig. 14 oFBHEEIIZhciFv-0.7R O
RETHS.

EH & PDICR A X REENH S, FHEETSEH
BELIL—HKLTEKY, »7-FETHELCAMFD
BT EBEER R LTS E WL X 5. RITHEED
BHERMEZ R LT aii. BHOPLRENAS 708
AbEEE 1450°C A6 1250°C £ CETTHCET S
Ait, 7kiE 80°C ¢ 2.4s, 30°C T 1.8sThoik
A5 FRENDLRD L Thv 50°C O KEZEIEHIE
ErkE 8T LWL EcDfe. EmES
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Fig. 14. Cooling curves of slag droplets in water.
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Fig. 15. Relation between diameter of dispersed
slag droplets and thickness of vapour layer around
the droplets.

Fholca OfFE T3 _ERRA IR KR 80°C, 7
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A —2 kLT Fig. 15 wid . KBS W@k X
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H5VIIAEEROFEIESEOEIC I O>THBEIN
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DR E Mo CTEHEEL LR L, BEIEOSHEE
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KBb&tEE LTOKA S 71, HEKOHHTE,
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BHEELS B 2R 426X, o CIRHEHE

DRI O\WTEET S,

K#eA S 7 OKILAERL (1) RO 7 AEBREGCES
DT, LEERARBEEE M SO TH AERKIG
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HIES LEET A L, KA Z ZHofhn, whHE DR
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z bh, IHRZ OB ()R 05 AL RRIGR
& Zic bbb, YREECEETLLEZDLRS.
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IEEEE OB E V2B, ¥ A7 FREDO EF T onT
b FEEEIRBCEET S L, 25 FEEO LA BER
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LYW 5 &, A7 7BREO LR I oTREEN B
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