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Gases in Blast Furnace Slags
Tasuku Fuwa, Shiro BAN-vA, Yasutaka IGucHI, and Fujio IsHn
Synopsis :

The contents of gases dissolved in blast furnace slags, such as hydrogen (water), nitrogen and carbon,
have been studied for the samples taken systematically from several blast furnaces in operation. Vac-
uum fusion method was applied to determine total gases, and the aluminum reduction-vacuum fusion
method for hydrogen, Kjeldahl method for nitrogen and the combustion method for carbon were applied,
respectively.

(1) Hydrogen contents in blast furnace slags are about 10 ppm independently of the furnace opera-
tion, but hydrogen in slags increases rapidly by the contact with water vapor or water after slag—off.

(2) Nitrogen and carbon contents in slags increase with increasing silicon contents in hot metal.

(3) Nitrogen and carbon contents in slags with hot metal for steelmaking are 200~300 ppm, but ni-
trogen and carbon contents in the slags with hot metal for foundry are determined as 800~1 000 ppm and
900~1 100 ppm respectively.

(4) Nitrogen and carbon dissolved in slags in blast furnaces are reduced by forming N,, H, and CO
through the reaction with water dissolved in slags in the step after slag-off. This formation of N,, H, and
CO from slags results in the pores in solidified slags.
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Table 1. Blast furnace slag samples used in this study and determined contents of hydrogen,
nitrogen and carbon in slags by different methods.

Vacuum fusion
Vacuum fusion method Kjeldahl|Combustion
thod £
Sample i::pcl’;:grszzii;:cm ::tal Determined gas (ml/100g)| (C) | (N) ::dr:genmi-n jmethod |method
Hy [ co [cop [Nz |eem|pem| 032"y, ppm [0V PPR[(C), ppm
QY Quenched in the metal mold [si] 9.2 5.6 | tr. 16.4 30| 205 13.8 210 226
Hard, dense and lumpy wt % 8.7 3.6 1.8 ]15.4 30} 194 13.2 215 250
sY Sampled from the dry slag pit 0.48 35.2 | 23.5 | 13.9 | 24.6 | 201} 308 15.2 278 219
Porous and lumpy Temp. 8.8 7.6 0.5 25.0 43| 312 14.7 279 223
o
s |WY Water-granulated 15(2:8 16.2 136.6 | 22.0 | 24.8 | 314{ 280 73.4 260 271
& Fine and glassy 17.5 | 24.3 | 17.2 ] 22.0 | 222 | 249 73.8 267 273
E QS1 | Quenched on the steel plate 18.6 | 10.6 1.6 | 24.6 66 { 308 10.2 283 231
i Glassy and plate like 18.4 | 10.0 1.4 125.0 61} 312 12.9 283 245
2 |ss1| sampled from the slag pit 035 l156.8 [27.1[18.9]10.5]247{ 131 78.7 139 542
- Porous, lumpy and water-sprayed | 1496 164.8 | 12.4 | 15.5|10.6 | 150} 133 79.2 143 547
S WS1 | Water-granulated 13.4 | 16.5| 13.3 ] 20.6 | 161 | 233 60.9 234 294
Y Fine and glassy 17.3 | 15.8 9.7120.3|137) 230 46.3 257 298
E QS2 | Quenched on the steel plate 1.9 7.5 5.4 27.4 69 | 311 8.9 317 254
2 Glassy and plate like 0.6 9.8 4.9 23.5 79 | 265 6.2 330 257
+ |552 | Sampled from the slag pit 73.1]110.1| 0.8110.4{ 53| 118 46.5 182 350
it Porous,hard and water-sprayed 23.8 |12.4| tr.|11.3} 60| 128 56.0 184 368
.: WS2 | Water-granulated 18.8 | 20.3 | 18.1 ] 24.5] 206 | 277 36.7 264 393
e Fine, fragile and porous 19.3 | 21.5 4.7)122.1}127 | 250 40.7 291 420
: QC Quenched on the steel plate 2.3 5.4 3.0}118.0} 45] 203 3.5 222 194
L] Glassy and plate like 0.24 0.6 6.2 3.2 ] 15.5 501174 1.2 223 211
@ wC Quenched in water 1500 5.9 |13.2 5.7 )12.7( 101 | 143 10.8 212 225
Fine and glassy 6.2 5.7} 3.2110.1| 43| 114 8.2 221 254
ASA | Air-granulated 54.4 | 22.1}117.5]18.6{ 212 | 232 17.3 283 241
Glassy and spherical(<5mm%) 10.2 6.5 1.6 | 18.2 44 | 228 13.3 304 247
- QI Quenched on the steel plate 14.2 4.1 1.1]1 66.6 57| 833 16.1 910 1150
S Glassy and plate like 5.3 6.2 0.4 ) 68.2 36 | 852 20.8 944 950
o [s1 | sampled from the dry slag pit | 2°2% [ 20.1 [14.6| 1.4[74.1[ 86 926 12.3 983 951
b Porous and lumpy 1450 8.4 5.6 1.1]73.5| 36919 13.2 1014 1197
3 [WI [ quenched in water 36.3 | 44.6 | 24.0 | 44.5 | 367 | 503 76.4 408 525
o Foamed, very fine and glassy 34.1136.0|10.5| 37.6 | 226 | 427 124.0 422 567
:‘g QK Quenched on the steel plate 7.1}114.1 0.3165.2 77 | 815 8.0 840 1050
o Glassy and plate like 14.9 | 17.0 1.7 66.0| 100 | 825 11.4 848 920
g

S ,JS5K [ Sampled from the dry slag pit 1.60 24.7 |15.9] 2.4 57.7 98 | 721 11.2 760 967
“ 3 Porous and lumpy 1521 14.8 ] 10.3]| 4.4 52.3 79 | 655 10.4 814 1010

w €
8 3|wk Quenched in water 17.8 | 26.3| 14.9 | 57.9 | 221 | 654 98.6 586 753
© Foamed, very fine and glassy 21.1]124.7}14.1]54.5( 208 616 128.4 591 778

Notation of sample number

First characters Q: Quenched in the metal mold or on the steel plate, S: Slowly cooled in the dry slag pit, W : Water-granulated

or quenched in water, A : Air-granulated

Second Characters show the initial letters of the company or works which
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Fig. 1. Comparison of nitrogen contents determined
by vacuum fusion method and Kjeldahl method.

L.

2, FIAOnER 640 rpm (ks B Ry ek iy
RO X DT b, M Lo KA 5 7
Lh, Zzofbod Kkl LOBEEA 7 7114 h, §HiMEL
tofns A5 743 10~15h & E Lt

3. T B & B

Table L io& /P XA E M %A -5 L T4
TCRESRIEE S X 5 S FH 0 E WA BB L L,
Fig. | X5 BT 274 £ —APul X 2858 L3
IR -HLTV5, KEOERHEIZELDEANKE
V. SAUIARETII AT Z X Y B S KAEE D S
—i Hy (g) ofsicie b, vk HO (g) X LTH
HEXhL7dTHH, 27 7hDLKFE OKER) &5
SWHHEERT X oV, T RFEOT BT E L OBREE
RIS X DR HE L2 0 B A R TRFIN 5
5. Ul o T HRBIEMB Tz 2 5 b Fi
54 CO, CO, r LU/ E 2 Hivs.

BT HE Al RO X o KFEOERM OB MR
HFThsb

LA —LFIL LA AT IHRREEOERICEUCT AR
BeHG AR BB A LE LT, BRI
WTpo, ERMEOFEMIER R, 1 Fig. 1
R LIC & 9IRSk o R SRR - H LT
V4. (N37), (CN7) o BIE Mz BURTirHg© A
PERTL R ATV oDy, EoRB LY » v 8 — ik
WL DT AT b R R ERNGETH L 2 &
HE X 44

BREEF BT LD REOERFE T L I 70D

KEL, IRFEGAHEL 1000ppm LI o $RIFEK =

— 3] —



374 % L W

W69 4 (1983) W3 =

B A S 7 TIEBICEETH L. ZhRABORK,
AR R L O HTaRHRIURs O 5 B e Ein K51
EELOR, FICHEBREOEBLEL LS. T 2T
ERRTRABO LS TEARTRAHERY ST
TéE, ARBFER LU ITRABBRICE.OOFEEX
Sz kicky, BEYERPMMTEISCHDI

1. = =

ARECTHE L-ARBIZERERY A 5 7hr AR
FOEBEYRTHCRLT LI LS. Lh
L b/OhIRRIVEFEAS 7dhDKE, ¥EB
IVREOESHR L ZOUEBBIC KT HELICOWT
RO X5 cifm FToenTes.,

41 k¥

BRAA S 73R AEP T EA L KELRILL 7/
W, KEKEYKBICHBERL, ChrHELBREMThIER
U HO (g) o ThHEIhE. BaAS 7OKELE
BEL, RERSIVAS ZAR—ED Tz (1)Riom
T IS, KELKSED FHC AT 5.

(%H,0) = CVPHZO cevemeeeen (1)
CTCCRBELE AT 7R I HEK

ChETOWRRICLD L, KEKIBMEAS 7 Tk
(OH) % F-slidtt 25 74T (OH-) 14 vD
KT, CaO/8i0,=1 ML KAKERE ORI
EXBDLENHBNTEHY, ZhIHKROBERIE
ANVREIIh T35,

fEtE=2 5 20 (0°) +H,O(g)=2(0OH) -----eee (2)

KA 7 2(0-)+H,O(g) =2(OH-) + (O°)

- (3)
=2(OH) + (02-)
(3"
2(OH-)
- (4)
AT SO RERE, | Si-O-Si:
(0-) : 25 7dhoEHESEFE, : Si-O-
(0%-) : A5 repO HHME A A v

Fig. 2 i2FRi&BEA, GAR LU KBAR A5 7
DARFEEOEILY T, ThIvfFRiSMEsAS s
DOARFEEL 10 ppm FiHR TRD TE RMAGK X L &
YWRGEREAF LTI LALERIED LR, &F
331:179 Bzikgf?)m?iﬁ}:?;b%ﬁﬁ KERATHT3

Ffzid 2(0-) +H,0()
#iEEHEA 5 7 (027) +H,O(g) =

=T (Oo)

Min@ &COG)L%ﬁL,FW%DKEi%E
ESTEGIDEEL RS, £REA AT ZICHEK
LBES AT Z7IxbTrickKER2 T sEELH 20

120 T T T
e x Slag from blast funace
a o for steelmaking
100} , o Slag from blast fumace ]
for foundry
€
g 8o} x y
) v_vatell'- sp(?y
E 60} in slag 5!
§ x
£ 40fr a h
o
3
£ 201 .
o Q

A i
Q S w
Q : Slags quenched in metal mold after slag-off
S : Slags cooled slowly in dry slag pit
W : Water-granulated slags or slags quenched in water

Fig. 2. Variations in hydrogen contents in slags
with slag treatments.
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Fig. 3. Variations in nitrogen contents in slags
with slag treatments.
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Fig. 4. Relationship between nitrogen or carbon
contents in slag sand silicon contents in hot metal.
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with slag treatments.

1200

o x 2129 from blast furnace

o'a for steelmaking D
R Slag from blast furnace

1000F ow for foundry

e 8oo

& Water- grarutated -

" 600} / N =1
E x o (atomic ratio)
€

S 400f . 8
8
5 200 -
3
o " A

0 200 400 600 800 1000 1200

Nitrogen content , ppm

Fig. 6. Relationship between nitrogen and carbon
contens in slags, and trend of decrease in nitrogen
and carbon contents in slags from the blast furnace
for foundry by water-granulated treatment.



376 g% & MW

MEVE, FEEXESSCEBEL KL EE b T
5.
K#E, BRLIARCRACEREEXERLORT L,
Fig. 5 t/ch, REIZEHRO¥BILF CHEMLYRT.
FRiERAK A7 Z7IKo0T, UMARKERIFAS 7
TIXRFE LT 200~300 ppm TH B OWX L, S
KEEFAS 7Tk 1100 ppm T 5.

BEHb oy =2 RE L ORI Fig. 4 KRLAZXS
W, EREFR BHP ) 2 VESIBCEREES W
5. L oTEIE A S 7oK EREOBITIZ
MRS D, “hk Fig. 6 iRT. bbb, A
5 /@R L RFBILTEERBERTELEL, EXREBEOH
WAS FIREEL IS, LELEBRLTWSRE
LEFEOFETFHIT C/N=1 X bREOR HIREFL
TwWb, BRIREDOAS FY~OERL(5), (6)kX
()R ERRCHETT HRIETH Y, ZOBFTET
% (N2-), (CN-) BV (C2) OFFEEFIIHERE
WHIETH S, L LBERTIIZRG3EDIEHE ST
ERIIER#TH Y, KRB FEEROFETL RS
DBRIT T HRETIX 7o\,

Rl rs s AL LT, Fig. 5 T rotko R
5 7B BRC ST LIREBOBLERL L, TOEL
DRETFREROP G LARTH B, TinhbbKRuE
BTCKELIAKBEILOGC LY RENFLIBRES
hs.

44 ZSTORBELAFIERRDS

B BB ToORESBC X huE, SBMASK X EF A
5 ZXBREBRB CRILEEI T, REB AT 7/ Tikdk
B KILVERL, BAkFRAS Z7I35%ELICREL
BEE100 ¢ LU TFoMFrAERTS. L ATHEHTH
R{-LHE, ABAT 7 CiRAEENZHL, EEB L
VREBIELLETTS. 0B L A 70KILR
ERFEECHEAELTED, ROLH> LRIV REI B
LHERIZh B,

(02-) +H,0(g) =2(OH-) (KFELRDERR)

e (4)
2(N*-) +6(OH-) =N,(g) +3H.(g) +6(0?*-)
2(CN-) +6(OH~-) =N;(g) +3Hs(g)
+2CO(g) +4(01-) v (9)
(C4*-) +6(OH-) =2CO(g) +3H,(g)
F4(02-) i (10)

AG VDOKEZEREIROBERT v v 1rER
ENHVDIEH LT, BEIRIFOBRIELEZIR, #
BrHZBHASKT RIS, L2 TAS 7hogEgE:

7 69 4 (1983) 453 5

Table 2. Contents of gases in closed pores of
slags.

| ___Extracted gas (m1/100g)

semple [ Total T (ug) [ vy [ cco) [ ccop)
QY 0.25 [0.01 [0.22 [0.01 [0.01

0.17 [ 0.03 | 0.11 | 0.02 | 0.01
wY 0.83 | 0.56 |0.21 | 0.03 | 0.03
Qs1 0.75|0.28 {0.35 |0.11 | 0.01
ss1 1.19 [ 1.09 | 0.02 | 0.06 | 0.02
Qs2 0.88 [ 0.27 [0.59 [ 0.02 | er.
sS2 0.25}0.15 [ 0.06 | 0.04 | er.
Qc 0.40 | 0.29 [0.01 [0.09 | 0.01
ASA 0.91 | 0.66 {0.02 [0.22 | 0.01
sI 0.41 | 0.14 | 0.17 | 0.08 | 0.02
) 12.27 | 6.52 | 2.50 | 2.16 | 0.18
QK 0.31]0.02]0.24 [0.03 | 0.02
SK 0.72]0.56 | 0.07 [ 0.07 | 0.02
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I, 27 7P BERLIKERLEEBSIVURELD
RIth X b ZRECR 51D TH S LML S,

¥, KPRABEF#CRT ¥R ERKEOELARY
Fig. 7 i+, miEIE C/N=1(ETH) o HE
TETT5Z L HEERFE

PEoBRHN LD, HHHASKKERF A5 7ORRML
BUOREELREENEL, (8)~0)RXDRIEHE
RCETTHEDEELZLNS.
4.5 PANMILFDOHZIED

IR 7 ADERIX, AHOREEE, kIU0HK
KA LB H ABRE L EOMBERB D, TLMEMED
BEHELEVCI-DERENcHETIE#ETH 525, Table 2
CRTREr B LR, Tihbb, ERERCTFADK
MHrAkE, EETHH, Toft CO, CO, FHR
Wt I 5 ERRERCTIIHMBORIEAKFE LRE I hi.
PASILNO ¥ AR BREABTRELIL Y ANRRAS 7H
BRI 3DOTHY, TOFAERRIGIT Gid
(B)~(I0O)sREFMUTHBEELBRS. (8)~(10)K
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H1 1 DD RGO A RN HET T HUER KL D H,,
N;, CO DEFIZF—EMETRTETH L. MELY
(2 Hy/No=1.8 Th 5 LHE LTV 5%, FPFEMBET
A AR —EOEBENT R/ 27. LichDT
BAIZMC LD (8)~ (10) XD LA RRICHET T 5 &
LEZbRD, UL, ERAADOERSD H & N,
THHZ LI (B)RDORIENEHEX LT LLEL LR
Hhy, FORERIL Fig. 7 WGRLEKEAS Z7OER L
BFELTED, BES5BOBAVMLETHS.

5. & B

WHRFERF A S 70k FE (KER), R, REX
EDH ARG HEEAINCERFRAE L TROBRL B

1) 25 7o ARy OEREYBRIT L1

2) BPEAS 7RO KFRIBEEL B FK KL 10
ppm FRE THEDTEA, HMEEH, K HDH0ix KER
LR Z Lk A iginT 5.

3) M A /rPOEFRE LURKIBHE VY = Vi
ARSI, HUMAGKKERYAS Y TR
F#, RFE L L 200~300ppm TH5H. —HEWAKK X
A 5 7 Tir 233 800~1000 ppm, JRFEiz 900~
1100 ppm BETH S,

4) B A S FhO@F L RFITHBEER A S 7l
fRLToKAERERIG LT Ha(g), Na(g), GO(g) &L
THHEH, chP@EA S 7OK[FLERDREKA & 7co
T2,

5) AR LR F A0 Esriz Ha(g) & Na(g) TH
b, FofidED CO®R) kIUHED CO,, RILKFE
I EEFATVD,

AR ERITTHI0H7 0 AREKMIDS GRERB
e A7 VORMFIRITET 2 EBARES) DR
e g (AN 53 RIEH oW 56 MR[E % T) &gl
L7 72 S E L £

Fi, AR THVEEFEAS ZABEZREtT X ok
BO AR (B0 AR, 51, RN, EASBRTE
(FF) BE SRR, JNBREEEE (BR), B XOEFRE (K ©
FANCEBE L ET. FLAPWRETCHIL TV RE
WICEARE, kHEEN, WA Ro&TF+, FHikk

FLFHBF B I L, Julifst Lt R
BAE FRCOR#HHLET
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