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Clustering Phenomena during Iron Oxide Reduction in Shaft Furnace

Dentaro KANEKO, Yoshio KiMURA, and Mamoru ONODA

Synopsis:

In the direct reduction shaft furnace it is favorable to raise reducing gas temperature blown from tuyeres to
improve not only the productivity but also characteristics of the sponge iron for reoxidation. However,
if the operating temperature is too high, the material become sticky and form so called clusters. Thus
authors investigated clustering behavior of iron oxide during its reduction by a laboratory test.

Pellet with iron content of 64-68%, and lime (CaO) content of 0.09-1.1 19 were produced by an indurating
furnace of bench scale. Five hundred grams of fired pellets were charged into the reduction tube with
inside diameter of 75 mm and were reduced with reducing gas (H,: 55%, CO: 36%, CO,: 5%, CH,: 4%)
under load at a temperature range of 700—960°C. The expansion or shrinkage ratio of the sample bed
was continuously recorded using a strain gage. The strength of clusters formed during reduction was
measured in a rotating steel drum with diameter of 120 mm and length of 700 mm. It was found that
the shrinkage ratio of the pellet bed was clearly related to the cluster, and the higher the shrinkage ratio,

the stronger the cluster.

The formation of the cluster during reduction depended on three factors., i.e. the temperature, load on the
burden bed and properties of materials, The relationship of these factors as well as clustering mechanism
of reduced materials were discussed based on the experiments.
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Fig. 1. Schematic drawing of reduction under-
load test apparatus.

VIR, FiEBsXOURRERD 3 AndbFohs. Lh
e, 7522 v sXETENSEROPE LR
F L0 HEE UCRIERTERZ R U, EREE
OWE% Fig. 1 R L.

WL 75mm D AT L VAR AN S DICHE 2
mmOERLE (BX 150mm) 2@HAL, NERCEE
% 500 g TR U RER L D MEA N Z No W AFESTH
SRR LoD b, BITH A R R AT
%. EILEIEC B FREEE KR, PR RSN E
Belbificey FERA MLA V- THIESHEE)
PSR END LB, 4 Y-V TEXDOERT
ey IFBHEBCEDOTWS. EIGH A&EIE 20N1/ min
LL, #0OfKE LTHREREBEOY v 7 MFIETE L D%
wEHEVET S FLy 2 AEOTIARRALH ZHRKIC
FWEE LTRICRT SO & L,

CO : 36%, H,:55%, COy: 5%, CH,: 4%
_HOFERTIEYZ AR Y VIR B IETELT A&
OEER 75 AHIT Hy/CO o CHy IINER & 228
FLTW5A. EREERETHY v 7 MATERASRI
R Fei i E R T RIE S, B LSk IEICIE —E R
FEIC IRV IREE TR b D T & B HE L TAERRREITER
L.

CoOX 5 LTATERERT 3h BLLEOBHENR
N, #ABEGCHEIRE CHRS 7B 20 B L,
FONERBERTBENY T RAE—RERLIZDDITD
WIS E R EROE L ) —EEE TRE M L, Fig. 2
R A RERREE WY I A2 —OEBEESE
JAlE Lz

Drive mechanism Barrel

}

Fig. 2. Apparatus for measuring cluster
strength.

b) 752 x —igEHIEREE
WAMEX y IS RS D verd bind.
RIS OB EE s mm & ThE, SRR TE
Uiy 5 A4 —D0HEE CR(%) 13RO EX HICKES
ha.
GR:k%;v<m0

zzic W, ws ixxhEh, BrgdkeEz (),
BILH s mmsA W EERE(g)ERT. IHILTT ALK
—X£E 120mm, EX 700mm OMELIYE (Fig. 2)
A Xh 30 rpm T Smin BfE L7720 HH TS D
wieh by I A —REMRD LS. 7T A X~
3 (Cluster Strength) 2 T D X S CEETS.
st

CS= 35 % 100
czie Wy walizieERgg s mm S5V EER
(g)&RT.

c) BEEERLEE

F72, FIMERITTERC BT HRARBORIR - INHE
Zbic s L7 02 b2 HN5 720, —HoER
CRERRD S SEITE L KD D Ak LCOBEERE
SEEER R PR Ui, R EE IR E O R DV TIERRE
WO TR BB HMEBELZP TRV EERWT
R ERTERICRST 5 th Lal{Ff—Tb
5.
2.2 g

FEET W ER O B LE ok 2 Table 1 2R
L7z B2 ARLECRINER Ly MYt BRT
BETERAR Yy PO AREEREICE(LE ot
Y5 iEXNbDTHD. Tihbh, Bfks
LTMBRS%, EAMgrELTRO Y b 20—V
%, WL LCRRBEEZMECFIETRA, BEhL



v

@m%®%iﬁﬁmkﬁéﬁ?xa—é&ﬁ%ﬁ%?%ﬁ% 683

Table 1. Chemical and physical properties of samples used for experiments.
Sample Chemical composi?fion (%) i g?é?lg:ﬁssion‘ Porosity
0,
name TFe FeO CaO Sio, ( ke/p) (%)
A 68.35 0.10 0.09 0.79 281 21.7
Pellet B 65.62 0.22 0.10 3.40 284 24.0
produced C 63.81 0.22 0.12 5.66 213 29.1
at test plant D 67.02 0.22 0.63 0.71 303 19.2
E 66.60 0-22 1.11 1.16 336 20.2
Pellet LKAB 68.27 0.40 0.15 1.16 272 17.0
clle Whyalla 64.82 0.14 0.55 3.59 220 28.1
PICO 69.67 0.79 0.06 0.18 — 2.2
Lump ore [Mt. Newman 65.55 0.17 0.06 2.35 — 4.7
Iscor 67.98 0.10 0.04 1.01 — 2.0
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Fig. 3. Effect of reducing temperature on the sh-
rinkage ratio of sample bed during redu-
ction underload.
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Fig. 4. Effect of load on the shrinkage ratio of
sample bed during reduction underload.
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Fig. 7. Effect of CH, content of reducing gas on
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Photo. 3. Microstructure of reducéd rﬁatefials”observed by SEM
(A) High grade A pellet. (Clustered portion)
(B) Lime added pellet. (Surface)
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