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Behavior of Alkalis and Zinc in Blast Furnace and Their
Influences on the Furnace Operation
Synopsis :

At Chiba No. 1 blast furnace, fine materials condensed from the gas phase were sampled by the use of
a vertical probe inserted into the furnace from the top. After the sampling the materials were examined
by chemical analysis and X-ray diffraction. On the basis of the examination the in~furnace circulations of

zinc, alkalis and their compounds were discussed through thermodynamic calculation.

The results of the

dissection survey of blown—out furnace could be well explained by the calculation result based on the mea—

surement.

An important role of the circulating materials, especially zinc and its compounds, in the formation of
scaffold and inactive zone near the wall also was pointed out.
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Table 1. Results of the blast furnace operations.
Experiment No.
Condition and result
I I
Iron production, t/day 1290 1320
Blast volume, Nm3/min 1390 1430
Oxygen enrichment, % 0.87 0.91
Oil injection rate, I/h 2400 1700
Ore/coke — 3.15 2.93
Hot metal temperature, °C 1490 1500
Top gas temperature, °C 204 233
Temp. (°C)
0 700 9QO 1100 1300
S H, P T CO, cOo

Height (m)

g
5 5 10 15 -
. 2530 35 40
% H, ,CO, " o

| SO — E—
0 02 04 06
P(kg/cm?)

Fig. 1. Vertical distribution of gas composition,
pressure and temperature (Experiment 1).
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WiEir Na, K, Zn, Fe, Ca, Al, Mg i o\ CRRJEF
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Table 2. Chemical composition of collected samples.

Expt. Sample Distance from Conc. in gas Chemical composition (%)
No. No. throat (m) (g/Nm3) Na K Zn CN cl S
1 4.0 ( 860°C) 0.5
2 7.0 ( 930°C) 1.09 0.47 6.5 70 0.4 3.2
3 10.0 ( 975°C) 1.46 0.40 3.9 80 0.4 1.9
4 11.0 ( 950°C) 1.44 1.04 6.0 58 0.5 1.3
1 5 12.5 (1030°C) 3.58 0.40 22.0 47 2.6 1.3
6 13.5 (1170°C) 3.05 1.50 37.2 12 12.0 0.1
7 15.0 (1240°C) 1.05 2.30 39.5 9 15.1 0.9
8 ™ = 0.50 24,1 25 6.0 1.3 1.7
(Fe) (1) (A (Ca) Mg)
1.3 6.4 1.58 2.29 1.32
9 7.0 ( 983°C) 0.36 1.10 32.6 17 0.03 2.2
10 10.0 ( 920°C) 0.33 0.60 28.5 19 0.03 0.9
11 11.0 ( 984°C) 0.20 0.50 32.4 14 3.2 0.3
12 12.0 (1 104°QC) 0.44 0.50 39.8 10 0.02 0.2
11 13 13.0 (1217°Q) 1.53 0.60 38.9 11 9.6 0.04 1.2
14 14.0 (1 256°C) 1.52 0.90 46.6 6 17.3 0.01 0.5
15 15.0 (1273°C) — 3.50 30.4 <0.2 8.0 <0.01 0.2
(Fe) (51) (AD) (Ca) (Mg)
8.3 5. 0.66 1.28 0.28

* Sample condensed on the inner wall of the probe
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Table 3. Identification of collected samples
by X-ray diffraction analysis.

E::l%ir:- g Sampleu Distance from ”

No © No. | throat (m) X-ray analysis

Zn, KCI

Zn, KCI

7n, KCI

Zn, KCI

(1170°C) ' Zn(CN;)-KCN,

. 2K ,CO3-3H,0, Zn
(1240°C) | Zn(CN)2-KCN, NaKCOj3-6H,0O
Zn, Zn(CN).-KCN, KCI

.0 { 860°C)
.0 { 930°C)

.0 ( 975°C) |
.0 5 950°C) !
5

5

0

|
|
1030°C)

.0 { 983°Q)
0 ¢ 920°C)
0 ¢ 984°C) | KCl
0 (1104°C) | Zn(CN);-KCN, Zn
0 (1217°C) | Zn(CN)2-KCN,

2K ,C0;-3H,0, Zn
14 | 14.0 (1256°C) | KCN, 2K3COj3-3H,0,
15 ; 15.0 (1273°C)

7
0.
i.
2.
3.

1
1
12 1
1

, Zn(CN).-KCN
KCN, «-Fe

!

** Sample condensed on the inner wall of the probe
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2K+ 810, 4+ CO; =K;0-510,4+CO -----ooonee (2)
2K 4+ H,S =K S+ Hyeeevmrereeminniniiiiin, (3)
2K +2C0O,=K,CO34+CO «iorremrmmnnniannan, (4)
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TR BOFELEILED BRIeH D%, ZhILHFHE L
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EBRDLITNTHL LEEINS.

—7%, 7V sDRBLESHIZOTi3 Table 3 1
AL7X 5k, Sample No. 6, 7, 13 510 14 3o
KPR BDHBRL., LrLBERTIS>RE, hb
DY v TADFHRMETO RESL CO, CO, #BEML
(DR THESINZFEKFASE (px) H, HIE
SRz LA PR D px 0 2 FTHED Xt T
b, REBACEITHERLUBRCREETE & ST LA
1 M, i EODER p ET

bDLiEx B,

EB LAY v s, BEHEHMLTLEETHS
2%, EEERIT OV CIRRBMES Y, VVBESIT X R
HETHY, BHE LTZHE L.

CAED#HERER, D, HERLIA A MIPRTRT
TXMEE LTHEELRE LT@EIT 5. 5% K, Na,
Zn OF£TEFEE CN, CloA F+ B, (LS iED
LoD S5 DOWEIMERK D 30,

Pr+2px,01,+Pren=22.4x 10-8Cypy /M- (5)
Pxat2PNuci, +Pxaen=22.4 % 10-8Cy pn /My,

- (6)
Pzn+Pznci, +Pznen, =22.4 % 10-8C,npp /M4,
e (7)
2px,c1,+ 20N0sc12F+ 2P 2001, =22.4 X 107C o por/ Mg
. cevrerieieinn (8)
pxren+PyacN + 20znen), =22.4 X 10-5Conpo/ Moy
.............................. (9)

ZCTC, G wiEgoE (mg/Nmd), M; 1140F
i (g/mol), pr XFHHF AFEXTE (atm) TH%.

EDIGHEA TR FHEI D 2T 5 & T 5 & (10)
~(15) x5,

2K 4 Cly=K,Cl, «eeeveeeeee 4G2
Ki=px,c1,/pk poi,=exp(—4G,°/RT) --- (10)
2Na+Cl,=Na,Cl, ..o 4G3
K2=pNa,c1./D80 Por,=exp(—4G3/RT) .- (11)
Zn+Cl=ZnCl, - veevnee 4G5
Ky=punci,/Pzn Por,=exp(—4G3/RT) - (12)
K+—;—CzN2=KCN ......... 4G®
Ky=pxon/px- i, =exp(—4GI/RT) - (13)
Na+%0,N2=NaCN ------ 4G:
Ks=pnacs/bne ¥, =exp(— 4G;/RT)
N (1))

Zn+CyN,=Zn (CN), -vee o 4GS
Ke=pzncm/bzn po,n,=€xp(—4G5/RT)
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Fig. 2. Calculated partial pressures of alkali and
zinc compounds (Experiment T).
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. O K, A Zn, @ KCN, Il NaCN
Fig. 3. Calculated partial pressures of alkali and
zinc compounds (Experiment T[).
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MEOBALIVETLTWAEDIR, +v 7 vIREN
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E beoi, FEV.
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ALHREE TV 3 52 (Fig. 2, 3),
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1.02 ¢hH 5. Lich>T, WEINICYT LD
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CHM L, KRDRIGIE X2T pon, DA LI &IT
HXT5EELORS.

CoNo4+ O, =2C0+ Ny coereerersvimnieiaseniens. (16)
LXOETER I THE IR peos Px, TRV,
po, BRIGR U THEHINBEHE (a) &, 7 Ad pcos
bco, M H U)K T HHlEh B BHE (b)) LTy

pon, BRD, Fig. 4 shicxh X nHEig(a), (b) T
L.
C+%02=CO LT RRIRRIPIIREEPTN ¢ W
CO_}.%02=CO2 RN ¢ X))

MaOR LOC@HDF m , MIFRFHERT, £
T oA b ISEEICEES < Bl OB HBAOME LT
D pon, HFT. 1150°C Ll ko R TO HIEMHEI
(INRCHEHSND po, BT P po,n, FHEMEE
I —H LT3, Th)ERKRTIXA8)RTHH
Xhd po, AVGICEEECHRL L, HE 107° 55
10-2atm OA—F—FTEETETF LTS, 2
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1z Table 2 WRT X5 # A bl CN SHEHFE
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Fig. 4. Comparison of C,N, partial pressure
between measured value and calculated value
by equation (16).

1

FEEWZ 2R XD, T OMETIA L TRV, R
MBEROIAKS B X HBRELELDhD. Lo
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o BER LI Bl Adice KCN 23 4.7 g/Nm? 4 %
ROz &0, R CORMBERCESELEBY Y
v ADHER (19)R X 2T 2000K CD prexy & D
FHEEELTE 2D THS.
K+C+é¢h:KCN

1o2L, ac=1 &£ L1, pn,=1.15 ThHh 5.
RCRFEALR A AFO7 A1) L LTKEKLLSH
FAR LA, b)Y ADBRESRIIERE L FE-.
PO TOHKY t 270 b OKFFEEI 11kg/t-pig B,
By HicEEE E2bh b 1200°C fHrCi 2.2
kg/t-pig ThH 5. 1000°C LITFo BER T Rz
EAET A Y DIFRITEWEELZ TRWTAA S, &
BOEE Vv FHRIE Tt 1250°C »#x 5 BEKOR
FHERDI T E e Dfcic®d, FAFTAH VBEZZO

FZA: tetar 3 cyonide I chioride

(m}

Distance from throot

o

T
N*W

oyt Lol
1 1 1
o) 5 10 ‘20 250 5
K (kg/r - pig) Zn

Fig. 5. Circulating amount of alkali and zinc
compounds in gas phase (metal base).
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KUE LD HHEL, 7 AHED L ORMEDEREIL /o L #
OB, LhoT, 7ah V) LHEHE OFEFERD
BV IThThOLEOTR-EE L OK-BRIGOEE,
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wownwCik Fig. 1 X5z, v 7 VB TOEBRHK
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2K + 810, + CO=K,0-8i10,+ C -rreerrerrenn (20)
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Fig. 6. Comparison of calculated px with measured
one by vertical probe.

4G° = —149000+479.25710) oevvenierenenenns (21)
2K+—;—SZZKZS (22)
4G° = —143800+61.7T12  eererriieneenns (23)
Hz‘l—%Sz:HzS (24)

AG° = —21 540+ 11.73T1®  eoevrcieeneaens (25)

WEMRRTIE KO BRKETH S DT Fig. 6 ik
ARLTWiew, Mz n v <A ToORIEC 2T
TREE% 1600°C~1800°C L {R7E L, RiffiTaRk~rcfifs
WEHHLBLBERED €~ 7 EREY 1300°C £ LT
Tll. RIbHs vy ax KO-SiO, fors 7L
TEBHE~BTT5EEL DN S.

BRI X 0 THOSERBR TR 4. 18ichicX o, #
AfoBFSER (17) XRTHEISh 50T, ZofE
&L, FH px OHEEMIL (20) XOVEE L b+
T Lal, BRI EHCR BMLEo BTRG
X h HAROBESENS EATHDOT20)RTHb Y
(18R THFIZ N D po, KHETTO FEHESE HET S
SHEAR S S, Fho 1250°C LT off R iF N » A
D pco> Peo, BE %, K,O-810, L35 pr HEE
BORLAED, BEHEZIZRIYKREWEEX L. T
bbb, ZOFRTIEN AN GEEIEAND U v 20817
T5. BREEEE L LT po, B ICREOCEIZZBIT
HEBDTE OIS OBHEHCKEDH Y 7 2bEHH
HARNBIET A ek sd. 20z L2, BERAE
REOBRIBARCEIT A RERT A7 ) FHEEBEY X

O Expt. 1
@ Expt. 1l
(=1
~N
Q
2 \
1
- b\
*
1 1. i L
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Temperature (°C)

Fig. 7. Comparison of calculated pz, with measured
one by vertical probe.

CHEBHLTWA., Fi pus BREVEHRICI KS %
W LES.

FrUV T ALHY v ALEKROERHYTEN, S
A HANTH AR OFERESNENZ EWXHAEDO =2 — 7
ANDEBNBOERESS LEL OIS, LDOERE
LTHY Y aDa—7 Aths — K/ ~DOBHEILEwE L
TOBR LT IHET b s®,

WIMEE Y L P TS5 Zn RO SEL JE S
pzn % Fig. 7 WRd. BEHORE L pu,s TR E
MUTH5B. 20)ROREOEEHER= » LF—F{kix
KuBascHEwWsK1 519 O fIFZK G HE D bR DA,

Zn(l):Zn(g) teseseusacentotsatcassancanesasranns (26)

B#HOBAIL ZnO-8i0, 11 ZnO X h y AEET
B, HTXEELI. b OEVER T OBE I
1000°C cirkfE® & b, BEKTILC2DT(2T),
2RI LD pu,s PEVBEIT ZnS ZHHL, K
WIBAIIE ZnO %k & UTHTH LT 7 A hERSATREE A3
ETFTsEELLRS.

Zn+H,S=ZnS+H, oomrrerininnininninnann (27)
Zn+002=ZnO+CO.....................,........(28)
Bl X KR T OBECIL pza H 107%2tm BETH
5DT,  pu,s 73 107%atm O F — & —T FFETHIIY
BIRFEN QN RORKIENERE/LD 5%, pza HHE
EERI OFHA WL 800°C 26 » A RHIABEN T
HE FRENRD., BFATO SITEO RERLIX
1000°C fHETELERMT D, VWhPLRERE
BOTUEL Shaton, D ATH LI 5 B kK
L, ¥+ 7 MDD EWEEAT pzn S EEZ D 5
%. T | BFEOBMERE T I E, HIHAORBER
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vk 800°C~900°C itk v, _Eito HHMETHE X
SHIBLTV B, O ENTANT AR Y LTEEROTE
REROERFAFC LT3,

3. HAMELSDIHHYOBIFREADER

5:1 HARELSDITHYEFEMGZNEOBEE

W AR DITH Lic TTH DR & PR o7
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Table 5. Chemical analysis of the sample from
stagnant region near the furnace wall (Chiba
No. 3 blast furnace).

G T.Fe SiO; Al;0O3 CaO Zn

K;O NaO 8§

50.2 21.8 4.8 1.8 3.6 8.3 0.24: 0.04 0.013
(weight %)
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