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Formation of Titanium Compounds, So-called Titanium-Bear,

in. the Blast Furnace Hearth

Kiich NARITA, Masahiro MAERAWA, Toskio ONOYE,

Yoshitome SATOH, and Manabu MrvamoTo

Synopsis:

Titanium compounds, so—called titanium-bear, are generally formed in the blast furnace hearth, because
iron ore contains more or less titanium oxide. Physico—chemical examinations on the titanium compounds
picked up from the blown—out blast furriace hearth were carried out.

It was found that the titanium compounds are TiC-TiN solid solution and a section surface of the crystal
seems to be an annual ring consisting of many layers, of which color changes corresponding to the carbon/
nitrogen concentration ratio. This is also related to the condition of circumstances, such as the temperature,
partial pressure of nitrogen, and motion of molten iron, at which the crystal grew. Therefore, the titanium
compounds, which had grown over long period, reflect the course of operation of the blast furnace.
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Table 1. Chemical composition of synthetic ti-
tanium compounds used as standards
for EPMA.

() : stoichiometric composition

wt? G wt?% N

TiN : 0.6 (0) 20.7 (22.6)
Ti(C,N) 30/70 | 6.0 (5.9) 15.1 (16.0)
Ti(C,N) 50/50 | 9.6 (9.8) 11.2 (11.5)
TiC 19.7 (20.0) . (0)
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Fig. 1. Calibration curves for determination of
Ti(C, N) composition.
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Fig. 2. Position of titanium-bear formed in the blast furnace hearth.

Table 2. Chemical composition of pig iron penetrating into the joint of
chamotte brick of the furnace bottom (wt%).

Position C Ti Si Mn P S
. Upper part 3.65 | 14.70 — — — —
The joint of 3rd layer Lower part 3.35 | 8.89 | 0.22 | 0.25 | 0.027 | 0.054
I Upper part 1.77 0.06 — — 0.016 —
The joint of 2nd layer Lower part 0.10 | 0.01 | 0.002|<0.003| 0.025| 0.017
The joint of Ist layer Upper part 0.014 | 0.004 |<0.01 |<0.003{ 0.70 0.020
Table 3. Chemical composition of tapped and salamander-tapped pig iron (wt%).
c Si Mn P S Ti
Tapped pig iron (in August, 1972) 4.28 0.52 0.73 0.158 0.039 0.11
Salamander-tapped pig iron 4.15 0.68 0.59 0.086 0.11 0.075
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Fig. 3. X-Ray diffraction pattern of chamotte
brick of the furnace bottom.
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Fig. 4. Phase diagram for system Al,O3-SiO,.
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‘;} (a) In salamander (T;) and in the joint of furnace bottom
J brick (T,).
(b) On the furnace bottom brick (T3).

" Photo. 1. Titanium-bear formed in Kakogawa No. 1
B.F. hearth.

(a) The 3rd layer (b) The lst layer
Photo. 3. Optical micrographs of chamotte brick

of the furnace bottom.

Photo. 2. Iron phosphate (3FeQ-P,0;) inclusion
found in iron penetrating into the joint
of chamotte brick.

Photo. 4. Optical micrograph of Ti(C, N) single
crystal.



Photo. 5. Scanning electron micrograph and
Laue photograph of Ti(C, N).

(a) In croded area of the side wall of the hearth
(b) In salamander

(c¢) On chamotte brick of the furnace bottom
(d) In the joint of chamotte brick of the furnace bottom
Numbers indicate mol% of TiC in Ti(C,N)
Photo. 6. Optical micrographs of Ti(C,N)
crystals.
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BP : blue purple (75PB5/6%)
RP : red purple (7.5RP6/8%)
Y.0.: yellow orange (10YR8/10%)
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Fig. 5. Ti, G and N concentration profiles
' through Ti(C,N) crystal.
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Fig. 6. Effect of temperature and Py, on Ti(C, N)
composition in C-N-saturated liquid iron.
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Table 4. Relation among colar, composition and crystallization temperature of Ti(C, N).

o Estimated crystallization temp.

Position of Ti(C, N) Color : ?fn‘g{’;mj}fg) : _ . (CC) ‘

? T Pay=2F | Pyy=1% | Py,=1**

. A. Yellow orange(10YR8/10)| - 11. 1325 . 1280 1 280.

In eroded arca of the side B. Purple(5P7/4) 27 1 500 1440 | 1440

C. Purple(5P7/4) : 27 1 500 1440 1| 1440
D. Blue purple(10PB6/6) - 32 . 1540 1475 1465 -

A. Yellow(2.5Y8/10) 8 1275 1230 | 1230

I 1 d B. Blue purple(7.5PB6/6) 42 1625 1555 1500
n salamander C. Blue purple(7.5PB6/6)" 37 1585 1515 1480
|D. Blue purple(7.5PB6/6) " . 45 1650 | 1580 1505 .

On chamotte brick of the 1A. Yeéllow orange(10YR8/10), ~ 11 - | 1320 1275 | 1275

furnace bottom . B. Red purple(5RP7/8) . 17 1 405 1355 1 360

. . |A. Red purple(5RP 7/8) 16 | 1390 1340 | 1345

I% the joint of chamotte brick |p " vljow (2.5 8/10) '8 1280 1230 | 1230

ce botto C. Yellow(2.5Y 8/10) 11 1325 1280 1280

* QCalculated from thermodynamic data **%  Estimated from cxperlmental data — o ) »

FRIKIROZE LD FERE % 5 DR ofa»mumé L3 wwzuiwﬁﬁ&ﬁﬁ FCHRELLDDEEZ LR

TEHX oKD
4-2 FRULEDOERERE
BFCEASRSSEAPICIEb T TRELNF4
COBIEMBEEINTE Y, FRICEVWTFRTE
HECIELINTHSP Ti & LTHERT3. 20
EIXBEAMP O TiO, BTG UTELT 5. T OWEHED
RIRECBEI L2 D, REEUHOELD 2 VIR &
CEDRISMELSXUEESEOLEILICE 2T, FL o
IREEDSEEFNC 7ehid Ti(GN) & LThEET 5. IF
RIS D bz BE 0 X 5 Wigiiih o D Ie vk 4 ¢
VG, 20X S UTAER L Ti(CN) #SixmEsi~gk

HMENTICERIKREIEEL, FLUANTEERT X
Dkkﬁé

InEINEEFT | SEIF O, s FRY A
Hibic B0 F &2 ALEWMBLER L TER Y, FEL—K
oo LU HRAERE E b 500 ¢ LBk Ti(C,
N)%w#&ELTwé i, FBEH—~FL . L

B REBITIREIIC 7 D DR ER T (ZOE51

&@Emkymfﬁﬁnmx%wk=bhfwém)
DR EERG DB RN OE O X 5 i REBw 7%
9, HEEOTNE D HERER L D i
KELEELARDDOEEPNS. %7, v HHMGD
Had, theEr 2 vORED D VIREARTL ST X »
TH4E Lc RO MR EA LB 0 R &1k
2 UTHLP B0 Z /NS WwEEILLNE. Zhb
DFFRT BT, F2 ALEWMIEEEHFoEc L
L OMERLCWIREREC XS Ti, CHLEND
HED WA LD PREIC X DT, OLLSIEwoLhe

5. i, HHihOF 2 o EFEIEL 15% HELTE
DB F £ L DBEMEREESE atm, 1400°C
Tk 0.3% ZHE IRV s Loa FESNE, Thd
DF & AALEMBE—RICEE Licb O L1EE 2D\,
LichSDT, Lo BHLERIC Ak L7cksRiE, sk
AT SN CREYIMK b7 2 THRE LD DT
HOT, BEIVRTHEELLIORBHCEFH LD
TRAWZ &, FIKERS R E LD OB HELEE fIT
mbt%wfmmw:am,,mwﬁm,%@k;om
PHLRELPTH . , : :
—F,FEE(3&E9w%vb-VVﬁLE@)a
52 s—do Ti(CN) VRIS 0 LITFOL
B NS S THBH, ThODOBPFTTIaEEx &
X DBHDMNOFEEZ T T, RESEKRTELD
Dietd EEZLNRBW0, B35 s — RO E
fRve, Ti(CN). fER oMY DHEE L dh i B
ZOLFROME YT 5 L Bbh5d, 47w~
ORI EAEDIDOBHRLEAESLT, ELHRE
FEREFELTHD, . IO EI CMER
T LT D23, £, . ik h &R b7z
LENTHE LT LETRLTWS. Thbb; 45
v & —rho Ti(C,N) &0 ERIRE O W FEEE D 5
WIRFERAECAR Lich 0%, BERER SicX 28
DI XD THHED hRER~EZAENT, T HICT
DEFACTRELLDDEZEILNS.
uioxok,ﬁFFW%L%»rwmfaTch)
ORI L ORI L DIBFTOIRE, BESER X
Umﬁh@%%;ﬁﬁbfwék%x%hé I
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4.3 FEVAAMICRBA LSS
FEY Y v b L HEHEBA LggkoMakix
Table 2 TR L2k 5ic, CLK Ti BEX 2B
YEyY b VBT CRBICBSLTVWS. 2
HyvEv b - Lo ABHERTCIXCIEL.77% TH D,
T OESROBEAIEHY 1400°C kN T 5. /o, IER
Hy+E v b Lo dHIBOSEKITHEHITE VKRS B
L, MAREILEEVEFEZ LS. —7%, Table ¢ i©
RULAX S, Ve HEHIICER LT & ALEHO &
WRED» S, 3EH Y+ Eo b - v BHo [BER
1230°C ~ 1390°C THofcd #HEINS. Lo
T, $#¥rh, SEREY v T b r HHOSSTER
LT3, 2BRBLTO VY4 BBk B IREE
LD Tniledie LD Ti OEsLRL, 2
ERELITTRF % Aot kEanagcmb Lrzd
DEEZLNS. —F, 2BRERBXUCIEBEHOLV . HH
DS D CIRENMRWERE & LT, Soret ZhRiIC X
L EEERIr ODBYEEISE 2 b TWwaHY, Tichh, |
EAORC X OTIRERITSELCZ2EHETH D, EHIRE
TR CTERbIN B,
Qi dhnN;
RT? dT
ZTC, Qi Bsy @ OfikEL (cal/ mol),
N;: o i o€ VH5R
R StkER, T :iRE (°K)

ORI X2 CTRIBER TS E L AR e b, &
Y b¥2% CoF— 2794 + (r-Fe) BT 52
LEEZLNBO. L LD, KAEKEDOHE,
2ERE VoA HMo CIREWR 1.77% »5 0.10% &
KEBLELERLTWSD. r-Fe L LTHELTWS E
L, Qi=—1kcal/ mol®» L hif, 1000°C kT
Q;/RT2=—3.11x10-% L7 h, 4T=400°C {5} %
2H5HELTS Nu/Ne=1.13 (N : BRI i ©
TUHE, N KIEHRORS i 0EVHHE) Lih, iR
B 13% L/hS Vv LD, Soret $hRIC X
DT, 2ERE VY A HMO CIRES T2 3 Lasic .
L HEhDSEERIIEEDO L DRI BA LicsFE 2
B, Si, Mn, Ti iz BT bIFFESLTHVS
TeaFExbbebdl, HBEMCELIVEICLLH
DRILE ETHFE L THBER L OGIC X b CiglE»s
KL ozt EEENR S, 7, HH#UTEA Lfigkix
THEEML L2 TWHDIT, B{LbTHIEEELE
fTLicEEzxbh 5.

Pz ownTiE, Bdo X 5 KB AREmHTAE
IR BNTEY 3FeO-P,0Os REEERD LN, —fRIT

W, kRO PIEY AEE LT L LIgRd bhTw
B2, DABELLTHRAEELNZVWE £X56RTW
5. L L7ahs, Urazova 5391 Fe-P-O §4ick
W, 0.6 P T 3FeO-P,O5 %D TH D, XEERD
BEOEREMEBLEHM, I<HHELTWS. Evg
WEXORVHFPIZRPRELALYEENRCELT, £
DY DV TRALS T, Ei, HWEKPADOHE
EDBTRHTH B OCREECAERBEC OV TE R LY
W, DEDOXSTHETES. Pir Si, Mn o~
TEEN 55 <, BT Si X Mn DER{bss
FELEWI L EE2Dbb® 5 E, WU XS RRICER
fbanf i zxic<v. Tibh, BALSEDhD
C, Si, Mn 4 EXRBBILINI=Db, SLTHECID
RALPOETH LAEh Bk PASEE L L, #&
iR D b ABER (3FeO-Py0;5) Z4EM LA-dDEFE 25
ns.
44 FRUIEAPDOFEREER

— R E PR S W TR RO R BRI &4 L
BB TF & CREREAL, Zhicind 5o L BB
PR b Tws. DX 5k BTty
BIEDHbF TR WS, F4 L X7OAKIKRE D
&, TOFREFREERICOWTEE LR 7.
HERFOFERCHEY TS 3EHyvT v b - LA
DOEMCE, F2X7 (F&2 &) »1~2cm D
@2 2T LT, 20 F 271X EhESsEY
3000°C D F & MLE MO REPBBICHEE LD TH
0, FEERKBIC O3By vy Ty b L HDE
WMEREFDOCT, HENED & XDBEBEOEBFERIZX 25
Br5 BT 5 HEZR- LTS E E2bNS.
Wy, TOFEURTOREBPELBIPOIEEITI, P15
ARFBIZ e D7 L o HIXBSIC X2 TESHCREXNS
LEZBIS. Thibb, FEYyEy b - Lo H1EHER
KOPL VYN 6 XEPLBEEZZT 525, T ORIC
HibEic 7 % AMALEMBd 5 BERE L, FE»LO%
HHEEOT, IRBTRENSLEOHLEEZLNS.
ZDZ Eid 2~3 RE OB d BMIC I Dl diF
2 ALEMABED LN, EX3EBELOF 2 1LE
BIALIrOFERTHEFEL, SEREV - VORAEMRN
REZLELTD 2~3 REOMEMITER LT % 1L
BN IZEBUTOVCHORREIET D %2
bhd. FREHL—FL - VoAhEORE S LT,
I NBERFR 1 SEiF, MPREFT I SEFVYThol
Bh, FEURTOERIKLY, Thil LoRaiE
LTWiEExzbhs, ZOX5KF2RT (F422
{E&Y) DAERKITIFEE, FRECK LIREERET 5
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SRIE RIS BT B F & VLA O£ 533

rEZLND. —F, R LEbN T SFEEER
FOL OV TIPROBRERA,» HIERTLL, TL
BF 5 R SRICEN LR EICRERT 55 2 AALE
M X BIEHE - IBEOKE LR E~ORERE X LN
5.
FEMAEERCOWTR, B% < OBEFiIC W THRAE
WEEBIEY, To2REMTHE LB, SHID
R L TP LERDS.

5. 14

o E BT 3 S E R I X O W ELERFR 1 5 s i i A
LT, PRI VR LicTF & AALEWT>W» Tl
E{LZANC RS LGSR, 2E¥o X dhmReSe.

(1) F& bS5 ERREER s LIdEEEE
BEL<Ckh, FELVCAERI Mo XT), 3
v E =R I OMFE L A b4k LT,

(2) zhboF 2 AbfWME7 7ty MRZEEL
7= Ti(G,N) #&TH b, TORNITEER, KEH,
Feem, REkEoBFAORL3FERKE (100) HicF
e BRCHFETS. cofafioZibicHic LTl X
UNgEasRisy, EPMA ERH5OBRICID L,
FEEEEE 10 mol% TiC, FHREEIIT 15~25 moi%
TiC, HEELRIIF 40 mol% TiC DKL R

(3) Ti(C,N) SO SHE SN 5 e HRE
VS S RGO RE S & I X < FELTW
5. i, BEEOTEIN DI E KIS RE SN R
ELTWwaA.

(4) Ti(C,N) HERNBOEHOELIZEA D
TiO, BOZHb, WAL ER X HBESES LCIREZE
bl L W EEEESEL L7 LkdOTHY,
B ERO T L BIFREORREERLLTVS.

(5) F &2 AbEWHEEICER LB, FE
OFEREETCIRISEL LD, BHPIIEALTERD
Bk X OABE - IO S BREE S KT
UIR% 5 T RERIC 543, i, LERbkEEC 7%
DR v E v b - L HOREFICER LT 1L
BORBIESORENC X BRI E, bV ARES
HT55RBHHEHE LS.

DEORESEHR EBNEEBE L ZHEE TERELL
R, BRI PE S X OWERE» SR L o6
DOLELEES F 2 ALEMOMREE B Z LT X 2T,
BEROENRIROTLORBEEZ 5 A5 WE S T & H5H
REL ot Tihbb, £ LT 2 ALEMEHIch
LYEMOXOSNEFOR IR ® EIAZALRKERTHD,
FRRLENE—DoDBRELRFBr Y L b.
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