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In-situ Evaluation for Crack Generation Behavior of Iron Ore Agglomeration during Low Temperature

Reduction by Applying Acoustic Emission Method and Analysis of Reduction Disintegration Behavior
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Abstract

Iron ore agglomerates such as sinter and pellet, which are the main raw materials of blast furnaces.
Crack generation in their particles during reduction caused the generation powder and degradation
of blast furnace productivity. The objective of this paper is the development of in-sifu evaluation
for crack generation and propagation by applying Acoustic Emission (AE) method. It is possible
to analyze the influence of the properties of iron ore agglomerates and reducing gas composition
on the crack generation behavior in each stage of reduction and cooling. This method is actually
applied to analyses of properties of iron ore sinter.

72, 05mm LU OB EAHIINT 2 &l SIRPLAHR L,

1. #&

[

HAFN L BEFEDNDBREL R D7280, EAMOWHRLIKE
IR E AR A & T A DR B E R UG ETH D), WFHEORETREDVHEET DI ENHMOENT VDI, —fig
A pE R & RS iﬁﬁ?@%&ﬁ@%ﬁ‘%%o P RA D 6 A % 1Y NI BB DO ZEND IO, MR EHITEDOESRE

i, BXOREEEDL720120%, FFNRERAT A0
EEDLLENSHLH, 11 mkpc)@ﬁﬁ&ﬁfrﬁiﬁ&ff
O EOBRE R, EIFEOBERMEL S oLk &

Blast Furnace Properties of
Permeability Iron Ore Agglomeration

THEOBAE T 7T 5N Do EIFDE AN TDH S BEAHL,

llurgic

al

Permeability
(Lumpy zone)

~NLvy b, BEBET— 7 ZIESEEEOEEED (T
7, AN BOSIZRE D BT IS X Db $ 2 & HIRT il
SMEEEALSED, BEICHL TIL, S50CHEEOF LR

- A
' Softening
-melting

Stability
Productivity

Physical

Particle size
distribution

disintegration Themial

[
Coke ‘: —

Slag

THLES BBEREHLDOE T LR 750 CAEEE T OIS DL

Permeability
(Cohesive zone) [T

melting

Softening-

i

Fe, Ca0, Si0,
ALO,, MgO...

E3, 1200CLLE T2 53— 27 ADBRHLDE S

Hot metal ‘=

nTnb,

BEAL B O 5B FE DT & ek bR % (RDI : Reduction
Disintegration Index) DO¥&fING, AWK & JHNFCIE G 2
BT A2 b 726 L, @&3ktoMint s gz 312, permeability

1 SFOESM &SRR DIFEDREGR
Relation between iron ore agglomeration and blast furnace

7 OR AWRGERT REERTIERS EAERTER M BREReE) TEEREEHE 20-1 T 293-8511




AE iAIC & 2 SRR RASEDEREETTBIZ ICRE T B RO in-situ 57l & £ ETHMEEEN DB

EEAFEZ AN EM R Z T T 208D 5o D720,
RDI & _EFAZ K SRR B OB RIS A FE AR T 0 JE A & 72
%o

RICh b & E, SRELASERGEE CTh ARG SE R L v b AS
ANRIA PO AT A MNRBITENL BT, Ok
TFTHICERDPAERL, BFNTHPELETLBETH
L+, —J7 JISRISO THESNL T 7714 ¥ DIEICH
LB OFHMAERCTIE, —EOWE & AR (F 212
550C, 30%CO-70%N,) Tkt Ecl, EimE THAIL
et oW R E SRR R I U e FE L, AetedsEdh
? 3.15mm Offi H % i L /-2 EA Th Lo bigik
RDI #EEHOIGEL LT 5, B2 ICEEFET 75
A Y ORBITCIHMEBBIOZELRT, +7 T4 VRERTIE,
BICPUGZRE ) BUBHLITIN A T, FEFETIIE L WiGH
WREOBISINC & B ERAERAFE S, EFOKLEH)
EOTMEENPE SN, FEEIC, BB OGHLMN %
ZAL S D E LB A T L, BEIEEATRE W
2, OAEEDERT L2 EDHSN TS,

FREOBISE S, B TR F 7213 E A BT
L7z B D PI—RE SN TV 500, WO bk
LF7, BILTZTEHOWTNOBIETEHEAIER LT
WADEHET A2 e TER . T2, Yoy X
R CT OFBMEMER L — W —PHMERIC L 2 bkt L
BB O Z OIS b i S Twsen, L
PLAHDS, BIBEOTETIE100um LTORILL EZE
BIRTLILEPHEETHY), BEOFETITHENLD X
HWEFHIT A2 EDTTE R,

AT, MAEH O E L RBOERRE L X)L ORHTIC
Acoustic Emission (AE) 2% SALTW 51823, AE i3
XZUER R KGR ) T IV Y A 2 THIET & 2 IR AL
MCTHY, FIH ARV —EEOREED O Z 24 OB
Lo R E L TER SN T b, L Lads
5, BEREHLR L v MEOSKEL AL O ZZEEEIC AE

» Actual plant » RDI test in Laboratory

Cold strength Cold strength

Matrix properties Matrix properties
Pore structure etc. Pore structure etc.

Reduction in BF 550 °C
30%CO-70%N,

Volume expansion

Cooling

Crack formation Thermal stress

2 0©-C-0

Descending Cold strength
Y test
LA | | 4
@@ oGo @@ %g0®

X2 E=IF&RDIRERICEITIETHEREOATF
Factors related to the reduction disintegration phenomenon
and different behaviors between actual and off-line test
(RDI) conditions

H A& # 8 & W #4135 (2019)

FaEH LRGN Cnkh oz, £2C, A
F2Cld AE I & D RICEARO S RE B 2 AT L, &
TCEFED XA RS E 2 G L7z F72, RO HAIC
Hox, BITBCEEO in-situ FEMTHEZRET 5o

2. EEBRAE

2.1 XBREEBE
REBEEOBEAN TR 3 I1IR T RABREEL, —
M7 HESIFICINR T, AE+X ¥ —, ABBIEY AT
DAL PCZHLTCV5D, AER U —EIEY AT 4
121X, ZhZ vallen Systeme GmbH #L® VS150-RIC &
AMSY-6 & V372229, Gl AE & 2 — 3R RIS E
BHMSELLERH LD, LoD, £y —Ho
JFEEF BIZIE, Vv a BT 5l PZT) OF 1) —
FIX350CREETH Y, F o) — Al LolEw Tkt
P—DORFEN DN TLE ) 720, EHNO L) 72k
ETICBWTHEFNET L2 N TE RV, 22T, HH
THHE L 72 AE Z{a#icd 2380k 2 v 2 MRS 20 E 7
FARBRH L7222, RIThbZ88h % 37 L 72\ BURF ki T
2 8mm fE x1000mm RDOEEHELFHATH I LT, EIT
B D AR Z HEI T REIC 2 50 BB OME
ELTUEL BIRR 7V I F O RE SN T L 05, RRER T,
800C LA EDEIREE T COMTBIZERKDOD LTIV I F
((#) TECHNO CERAM #1-#2 i1 99.7%) % R L 72,

2.2 AERDBERAE

AE LI X R OFEAECHE L &N - THAET L5
THY, AELVH—%2Hn5ZLT, K4a) lZR"T AE
BRI E N5, AERIEOESRE LT, IRIFHMEZ 40
dB (77.5V), U+t v MR (Rearm Time) % 400us, BEFEF
% 200us & L CRERELZ. 612, AEWIEEZEE T —
1) 2544 (FFT : Fast Fourier Transform) 34 2 &C, X 4b)

Balance

DCcable

AE censor
/ Gas outlet

Reaction Tube
(75mme®)
Thermocouple
Wave guide (8mme)

AE
measurement
system

Gasinlet

Gas blender

Alumina Ball

Heater

N, || co||co, || H,

3 AEABIC& 2 HMARKILEDERZETBREICRET S
RO in-situ FHHEENDEXE

Schematic of the apparatus used for the reduction experiments

with AE measurement system



AE iAIC & 2 SRR RASED R ETTBIZ ICRE T B RO in-situ FHli & £ CSETHMEEENDEEAT

AE Energy, £

a) AE Counts b)
v
Threshold value M v v CoG of frequency, F
v M v
() n ()
| i %
OO T oA 2
_Q \v4 \YAAV4 _Q
£ £
< <
Signal start Signal end
Duration time
Time
B4 AEHMENTIXA—2—D—fF] a

Frequency

) AE i, b) AE XY RIL

Examples of AE characteristic parameter in an AE hit: a) AE waveform and b) AE frequency spectrum

1 HAROLERS
Chemical compositions of samples
Sample Total Fe FeO SiO, ALO, CaO MgO C/S
(mass%) (mass%) (mass%) (mass%) (mass%) (mass%) -)
Sinter A 57.62 8.74 541 1.60 10.39 1.01 1.92
Sinter B 58.01 6.08 5.23 1.82 9.36 0.93 1.96
Pellet A 63.88 1.62 6.43 0.38 0.48 0.66 0.07
Pellet B 63.39 0.57 3.45 0.39 1.10 1.15 0.32
Pellet C 65.93 0.66 2.36 0.54 2.62 0.01 1.11
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Examples of AE waveform generated a) during CO reduction and b) during N,, cooling after reduction
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a) RDI=26.7%, R.D.=5.7%

d) RDI=8.5%, R.D.=10.1%
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Microstructure of sinter A and pellet A reduced at 823 K for 1.8 ks
a) Sinter A, 30%C0-70%N,, b) Sinter A, 30%H,-70%N,, c) Pellet A, 30%C0O-70%N,, d) Pellet A, 30%H,-70%N,
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