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On the Mineral Composition and the Formation of the

Scaffold at the Shaft of Tobata No 1 BF

Minoru SASAKI and Takao NAKAZAWA

Synopsis:

The mineral compositions and formation mechanisms of the scaffolds, taken from Tobata No 1 BF
were investigated. In the scaffold sample from the upper level of the shaft, coke breeze and fine or
lamelar cementite are combined to the wall by zincite. It is thought that the fragmentation of a ce-
mentite particle occurs with the grain growth of matrix zincite and the lamination of cementite is
caused by vigorous carbon deposition under the compressive force developed by the burden material.
The scaffold rich in silicate from the middle level is estimated to be the sintered body of the particles
of the iron ore and the compounds formed in ascending gas. Samples from the lower level of the
shaft and the belly are composed mainly of kalsilite and they are formed by the reaction of firebrick
of chamotte with alkali oxide. The measures for preventing the growth of scaffold in the shaft are
discussed.

(Received Apr. 2, 1968)
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SLORME 4 BIFEXBEMAEDCHETLIHED W3l E
CITREHE] BFETRREINAEDRICOWT
FELRERLZHBRS.

2. R B K &

EEITH L 2230, WEEn 41 £7 AFEE 1 BRI
BOWTHERENZLOTHS. SBOKRRME L1L¥
WAL Table 1 R L7z, BBIO LM & MAEIT,
XE o4, HEEER OWMEBERE, RO0RXKE~
A5a7F5 A4 F - LDGMOBREZBEL TREL
7o, bEREEEIC T akali £ <S03 H D ESL
WETS LBET RN S 2DOT, LESE IV
XBERR ST RRB T e ilfThd I 5T L.

3. EBERBIUER
5 RatEHIRR LIRS E O, 4 KRABIHERIRE ORI 7E

Il

WMTHY, SEBICIFARIIL IR Y v £y MER
OEBMTHS. T OIRMIRS O XBEFHH O
2 1T Table 2 Z— L TRL.

BTz, &30HC & MR s, o 0E
B oV TRITL RS ERD.
31 S5EER RIEERELEW

Z ORBIIFEEEE S 10~15mm OE X ICHEE LAt
BT, X OERMMEEEN OBBET LEICEOT
Photo. 1 Itk L7z, B EDEMIZD &5V T, [Pl
@»sA, B, C, D&E4RBICHT, ThTHhITOWT
R RE L 2.

3-1.1 AJE

ABTI, BLSROZEM T & 2 — 7 AMT73 zincite
(ZnO) TELSINTW5. FOHERMRE % Photo.2 T
FL7-. BAOFRTFE, REHOMNNLF L SN
LTw55, MEAS6AKEZETSHDOT, zincite DER

Table 1. Chemical compositions of the scaffolds and altered material of firebrick.

Level Chemical component (%) *

Distance from B 1~ i [ : .
Floor [Distance from |1 ge | pe J CaO j MgO jAlgo3 |5i0, 1 K:0 Na;O |MnO | ZnO JPbO [ Tlo] C
5th 6800 mm | 7°50 | — |6:50| 156 |0°95|2:26| — | — |trace| 7414 — | trace| 508
4th 9250 0-54 | 2°18 |20-69 | 3-15 [11-21 |23-52 | 21-56| 075 | 118 | trace | 2-81 | 2°15
3rd 11700 7:76 | 1°62 1 0°54 | 0-11 [23-11 25-34 | 1933 1-33 i 2-11
Ist 18200 2-29 | 2-23 ( 078 18-00{ 2-14 f 2-26

0-14 |22-96 |24'55

*Non-magnetic fractions of the samples

Table 2. Result of X-ray diffraction analysis of the samples.

Scaffold from 5th f. 1 | Scaffold from 5th f. 1. | Scaffold from 4th f. L Altered material of,
(non-magnetic) (magnetic) (non-magnetic) (non—magnetiC). ’
d 1 Ident. d 1 Ident. d I 1 Ident. d 1 Ident.
33 | w | C 307 | w | Ca +46 | s | Po | 543 | m | Mu
3-13 m Sph 2-87 w 3-85 w | Pe 4-33 m Ka
3-06 S Ca 2-82 m Z 3-45 w Br 397 | v S Ka
2-93 m Sph 2'60. m Z 314 S Br, X 3-77 w Mu
2-86 S G 2-48 m Z 3-10 SB| L, X 3-49 m
2.82 v S V4 2-44 w . 3-08 m Ca 3-44 S Mu
2:74 w Br 2-38 S Ce 2-84 m Mr 3-39 S Mu
2:66 w Br 2-26 w Ce 2-81 S L 3:35 v S Q
2-60 v S Z 2-21 w Ce 2:79 m Br : :
2-48 v S Z 2-10 S Ce 2-72 v S Po,Br,Pe : :
2:45 S G 2-07 S Ce 2-67 m Mr, Br 2-58 v S Ka
2:30 | m | Sph 202 | S | Ce 2:55 | m 255 | S | Mu
2-26 w Br 2-01 S Ce 2-33 w Po, Mr 251 m
211 | wB 1-98 | S | Ce 2:23 | SB | Po,Pe,Mr| 247 | m | Ka, Mu
2-03 w G 1-91 w Z 1-98 m : :
1-91 v S Z 1-87 m Ce 1-93 m Po ' : :
1-88 m G 1-83 m Ce : : Po1-91 m
: : 1:76 w Ce 1:76 w Ka
162 w VA 1-57 S Po,- Pe 1-74 w
: : ‘ : S

Notation : C) Graphite carbon, Sph) Spharelite, Ca) Calcite, G) Gahnite, Z) Zincite, Br) Bredigite, Ce) Cementite,
Po) Potassium magnesium aluminium silicate, Pe) Perovskite, L) Litharge, Mr) Merwinite, Mu) Mullite,
Ka) Kalsilite, Q) Quartz, X) Other unknown phase
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tOmm { wall surfoce }

Photo. 1. Macrostructure of the scaffold from the
5th floor level
(by transmission light).

a) Reflection, b) Transmission
Ce) Cementite, Co) Coke, Z) Zincite

Photo. 2. Microstructure of the layer A of the
scaFold from the 5th floor level.

,E4¥T ¥ (zincite : hexagonal) #73 L TWwb LEZLNAS.
NE XN L ABEAR F I RAAKE LEFIKE O 2 B
BEBMB, XA 207 FIAF-LLOTINALD
WIEE»D Fe LCRRESIhADT, Thiih ce-
mentite » graphite carbon TH 5 Z &HibhD7z. &
B DOAFF 1 FKEIC cementite & carbon ZNAT

a) Reflection, b) Transmission
A) Graphite carbon

Photo. 3. Microstructure of the layer B of the
scaffold from the 5th floor level.

zincite WFTHDHH, IHRERICHD 3— 2 RFL-
LRBELTHT, FOERFRES%ZV L. 23 ~-2 A
I AEX 2~3mm O» VWD D TH DD,
WFITIZE < OBHENRADTWT, £ DREIIzinciteT
DL TS, ik, 32— XRFIT zincite THEH
IR TS0 TR, TOBRFRITE W LR
OETHTEbNE D EBbND. EEIL, I~ A
¥ FEEAS zincite THASIN TV 5EHST, &E@HHA
LHEIND M FERVHET I B TERL.

ZoX 3, BRI AR, OBRILEERSERT D
RIBEDY kv T, BEAMICEXRTE2 - AKX
OEE{ LRI T3, REICARR L 7B LERsRIC Lo TIHEE
ECHIT T h 5 28, BLESR OB M EA T 8%
CEFSIND. BLgTRIFEAY X L2 T&EL
L, X5z cementite {3 %23, zincite OFFLERE
T ERO>TTORIIAL FETS. Lal, Thic
X T zincite HFHEKIRIL S b0 &L FEALN
5.

3.1-2 BJ@

Bf&iI zincite L ZET £ spharelite (ZnS) 5578
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STWC, IR AP E D cementite & carbon 33
zincite ICNE SN THEET 2T ELV. TORED
i % Photo. 3 ITRT.

Z Dfgvx, Photo. 1 OERAHER 55 Th, zincite
EFEME L TEBRTERLADOTIERL (TRETT
BIEHICRSEAMOBETES IENL T THS),
AR LCELOMICATUARELERIT zincite H3LFR
LT REmE “BE” LeboTiiav e Bbhs.

3-1.3 CJ=

CEORFENFR F% Photo. 4 [TARLA. FIFOHL
DEBIIRA B+ 55413 cementite T, £ OHMEITIE
cementite DEFERFEHAL N EBOTVE. £ LT, EE
FHEBEOBNT carbon TED LN TVS. L»L, ce-
mentite DK LD EDEE LI, BRIZELFETATH
7- zincite (X DTl ToHNL TV 5.

—%, SNt o ToRABOZREIGE, KT
REOHARLED T, T & dicalcium
silicate OFER»OFRIN T 5. kk, PETIE
& 575, gahnite (ZnO-ALO;) DRAETZLDDIED
bivtz.

zincite

a) Reflection,
Br) Bredigite (dicalcium silicate)

b) Transmission

Photo. 4. Microstructure of the layer C of the
scaffold from the 5th floor level.

X T, cementite R FAHMMALSERBLL D5
ML BB ARSI T 572010, cementite DR L&
BT DM R XEYA 2 07 F 54 F—THEST
Zije. ZOEERH Photo. 5 TH%. Fe, C, Zn OF
EHFFEAEN S, cementite DFZITE L T zincite DB D
0, O\ T cementite DEE, X 5ZME D carbon (T4
0 cementite ¥ ELREOHD T LD, T, B
INEF ST ES 1L, cementite DR HTisEFL Y
IZJR> T carbon OIFHL TV 5 Z EMBHEESND. T
NoDOER) 5, cementite ¥ FDERILITIROEET
IdrEZOLNS . Thhbb, £BHKI»TLITcement-
ite {LL7-% &1, cementite O FIT carbon 3
T3, ZOBRMTHEDDSEAD»LEVEEY S
5L, EEDOLMEIBERIT, cementite ORLFICIA
DTRERBENAD. LHUINH carbon THRTAX
NoHH, LR Z ORI BHR &752 TRERITE
AD, <DL carbon TEBLND. FORE ce-
mentite O FEE IR FOIMANZA 2D TR E BT Hh
TwL. LaL, BRELESELL THHETS MER
carbon 7 5I1FHDHDITETLNIE, ZOERELELL
NERDIIELETETHAS. FhiL, BBl cementite
DY LD ED cementite DJEE & DI zincite DEV>
BENETEZLICID2TRENTVES.

3-1-4 D2

DJEix, Photo. l TLR.OND X 51T, REHORN
RFRESFEEEICTEF TR CEL DTV D T 2B
RETHS. ZOHSOMIENIMERZ Photo. 6 1T
L7225, FERR T3 cementite » /8D carbon 75
B> Tw3. —F, matrix X dicalcium silicate + /&
@ zincite, spharelite 35 XX gahnite » SR INT
WAR, ESRNTIIIRIKIC A D7 zinc ferrite (ZnO -
Fe;O;) M zinc titanate (ZnO-TiOp), perov-
skite (CaO-TiOp) 71 &% By HiXj7-. Gahnite &
zinc titanate 2 & LMEBOME, XgvA 07+ 71
¥~ X 5EEHFET Photo. 7 Z7FF. Ca & S
Zn & Al Ti BXUPSHBERFRIL—FHLTHD,
dicalcium silicate DHLD AT gahnite, zinc titanate,
spharelite DRFETHIKEL X <b2rb.

783, cementite t carbon @f#ﬁj:f—ﬁy}‘;}}igﬁﬁﬂ#ﬂ
ZERE TS matrix FUIHFET S DY, cementite A
Frvor AR L d L AEDERES EFL 0
<, WROMICRA LK X RS ERIE S TE T
AERRT EETFTbOLELLNE. LT, ¥AW
DEAIC &> THEEE matrix OERBHLAT R0

Ll(}l

£, 2O TO cementite EEBOEEF b A LTS
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BSE) Back scattered electron image
Photo. 7. Scanning images of characteristic X-ray of the aggregate of gahnite,dicalcium
silicate and other minerals (layer D).

bhb.

3-1-5 fI7EMERIT kﬁé&kﬁm

R E 0K

ﬁ&itﬁ”‘&#ﬁﬁjb‘i;ﬁkomﬂi, hE
TEELUTHERELZMESEL EVOE
PHLERINTWOTH S, Lok
R+ 7 MR EEROMEMAERKICET S
INSOFREN) OEBEREZIELAICL T
5. ZheEHNTD L,

(1) RE»OARL ELEEE, 2
— 5 25 VIEE LR FoREITARL
SRS ORT R IPREE H B\ T TITER
Lo REICEMT T T 5.

(2) 37, BAMBE LS
IO TRE LB OBREFLT ﬂ
L, EET5.

(3) I LBtEFInETi oo
mentite {L, XN 525, R " carbon?>
R B 7o b I E A O E S % Z 1 TR
RHEIEN, SHRO/MNIFICAEIED:

1) Macrostructure (by transmission light) LaL Ch%@d\*ﬁ?"{i zincite 0{}}%‘
2) Microstructure ’ = o
a) Reflection, b) Transmission, c¢) Transmission (crossed nicols) aaaKﬁ'—") TH+ ORI A< %%S(T SR
Po) Potassium magnesium aluminium silicate Zincite *ﬁ?—bj?ﬁ{téhé .

Br) Bredigite .
Photo. 8. Macro-and microstructures of the scaffold from the (4) carbon O HAEEIC s R
4th floor level. O T idcementite (KK F VAT kL
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FE 1 SPFEMED SR E £ERITONT 1255

TV, RO OERPHERE matrix OFT
= A DIE T X5 TFEEEIC AT < RS
FTBHLE, MNEMIELLEELDIDOIIEDS.
3.2 4FKHE EEBEENED

ZHIFEEE 2 51 10mm R L7f7EMT
H2 T, Photo. 8(1) IT/RENB X 5T, ERBIED
matrix (ERERS) ofbic, MEERSRER
grbrF CRBIAN ) PEEEICFTICERYIL Tk
D, FICHRELCREFREEF Y + 7 MR
EMOPFEAFEIZ XA BITw5. D T
NITIFE—FHL Tk b, Table 2 O XREWTHHT
DFERTIT, EEHIW E L T bredigite(a'-2Ca0
-Si0;), potassium magnesium aluminium sil-
icate (K;O-MgO-Si0:-K;0-AlL,O;3-Si0; ss & HE
EINDFEDOHEMY), merwinite (3Ca0-MgO
-2510;) MBRIZEEI NIz, 7272 L, litharge (PbO),
perovskite VIEDHEITIEEL 22 b0T
H5D.

R IARSRMERLH Photo. 8(2) TH 5.
potassium magnesium aluminium silicate }3%F
BALIEVRF LU THET 2, Zhid NaO-
AlLO3-Si0; FRELMONEB DI TD EHE XD
h% (Table 1 £88). 7ris, merwinite]If/Nie
KMEMEZ S IMNERTHRS CRAVHEIh DA,
bt b)Y ACEOEMEAR T I BFEE L,
Sr LiEET B LEbND.

UtoZeL, ZoREEMNEMT, #hi
KOBTEFTORVADZ LiIvx, HAEIH
FRFEM DB AEDY LRFRIC, BILsk T B Fos
HAKRKATER L2 LrEIZ DN L EADL
MEF & TP L TR S h, £0dh LK
fbL TRETHEELDIDILTEEL Ty ot L Bbhs.
33 IRBLUIKEH (EHEWAY

SRIZBVW Ty v ®y MREZERE L TEKRL T
LR lyAKREDORBD, B MR XU R s
‘Photo. 9iLR L 7z. BAREDRTIE, HKullTomh+
HHFE RS matrix OFIZ, FEIRS D WVIZEHRE
% kalsilite (K2O-Al;Og-2Si0,) DS L, © v T o
MERO/NS LA BOHL TWBO0BR605. 5
DIRF xR AT\ ER 7 DI AL & XEREHA T OFE R
TFNnL£h Table | BXR2ITRINTWED, T
AY (B Y VL) 2E L&, kalsilite,
‘BAL0;-28i0y), quartz LRI TWd Z Ldb
b HBL2EIV Ty MEROXEEREMTH 5.
Bk, 1RTERRShBRERB D, MR 3Kox

mullite

1) Macro;tructure, 2) Microstructure, a) Reflection, b) Transmission,
A) The layer of altered material, B) Matrix of firebrick,

ka) Kalsilite, Ch) Fragment of firebrick of chamotte
Photo. 9. Macro-and microstructures of the layer of altered

& s

material of firebrick from the 3rd floor level.

NWEFEALRUTH D/ (Table 1 288). DL EDOFER
Yy Ty MERASAERLIZINLDRED, Vv T
ERERETZAGR»OTVE ) PEBRINLTEELED
DOTHEZEHTRL TV,

=T, kalsilite ZEfRETDMAMERRET, © v 7
NERD s 5 LERIC I TR T BT & 3Rk
BOETE K ERLDTED, ER1hB7VH VI
BLH2ARRD D5 VREMRZ T 7D 2 SEEOM XA
RETDLEVIERMO REIV D BTHE 2T VLD
T, MAEMTELLSEEMRKMEL TROILESDD &
Ebhz.

¥, 1 REEHT 2 %EED carbon Z&5LICT &L
WS, FERICER W T T Vv Y ICEARREADNEN
ERVHL 2 20O ®mED 5 5. Lael, Il
kalsilite 23228 S TET B O melilite ZEDTWDD
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In fiue dust
Coke Iron oxide Metallic iron
1 |
M : Zn0
J Scaffold rich
‘ in zincite
Q ™ Zn0- Al,Os
N
Y2\ 2Ca0- Si0: N
MgO =
< g
§ , d 2
= M CaO- Ti0, =
14 S
§ g
g PO E’
S O
k] A g 1 N Minerals of Na.0—ALO~Si0; system
]
& KQ-MgO-Si0;
= N\, ™ -Ki0- A0, SiO: ss ¥
ol Scaffold rict
o} sl o Q in silicate
Z =t 2
Zn S0 AL, CaO MgO TiX P NoCN KCN

(Dust and vapor carried by the ascending gas )

* Titonium chioride ¢

Fig. 1. Assumed scaffolding process at the blast furnace shaft.
%

C, BEEICH DIPEICRILOEAR D — 7 XX B
LizdotBbns. '
3.4 [HEPMOLEBERKICONTORENER

o, FHEl BFETRRSIWNBED DL
BOBRIZ oW TIHISIEHEBIC S h, TRoERBE4
BEEAEMOER D ELET, UTTRNBENOEKE
BT B RENBRRE AL TR,

FF, NEWME, FEEmCERMERMNE L WE,
(LRI LTHEELLLD, ERELTH
2%, (BT HEMKMFIIERT N TEAMCHERT S
LEZLNTVWESDR, X5 LHFIIa—2 X, B
1tiks LU EBED SBICT T, foBLEN, H8
BT EAMICE o7 CEBRTD S FAMITHEK
+THRTFIE, FNEARCHETS RENEH D OTRK
<, WTFRLROWE T X > TR ICRIN I N 5.
- 2RFRELLCELERICED, BILgIRL
W E T A VEBEOWFhIZ IS THESELH
5.

5, BAMCEEHFELLVRFE, FR2ERT
LHAGRTEINTELELOES, FARKME (&
BES, v 7itth, Bt d) oBtd s \Vi3sHE

* AEBRTH AR EME | RFTENINIFREYH» S,
KDL S MBRO 31— s ARKIBHBROT 5N TS,
HIEH T~ & 2K{LY ¢ 29:85% SiO,, 25-00% Al O, 1°02%
CaO, 0'38% MgO, 12:00% K,O, 5'19% Na,O, 12:12%C

ERA, EH5ERENDORIGERMN» LR TV 5.
LT, ThHORFOHRTI, HEBEOE»LR/E
FELToRE ) 2 RBENCRLTIOEL I TRYD
DENELOND. EBELEIBE 7 vn ) HEESETEIC
A5,

ER{LERSAVE, AL CO, H AL KLk THE
ILENBIDTERTEDOTH S, BEOHEEFHT
BE otz 7 M EERTRI 5. £ LT, B{LES
3 — 2 2B LR F ORECH T 523, HTHEL
B FOERLEMCEREL T€EHHRD DI zinc—
ferrite ZARL, BLEHB I Lo»rb & E 1
5. BESNIHTR, PECEMTS L, BILEHAE
AL TGELHEEIND.

74 V) EEEEIL, potassium cyanide % %\ idsod-
jum cyanide #3588 LIS # AKHR 0 MgO, Al:Os
SO, 7t EORBTF L REL TERT S L% b5
DTH B, BItgkeL BN FOREICHBR* LD
L, BT LOREHDWIFERE FRT 588 TOMmE
h%m;orﬁ%ﬁ®&émgm§bb,:nawﬁ%
WIFRECHI T 5. ks, 3~ ARFHT YL
Bl L LA ICHET B Z B A ol LTV
ﬁU%ﬁﬁﬂ%iéh,ﬁ%kbm(mwfmmV#i

BRI TFIRIRT TR VA U&{E%@ﬁﬂjbigcofn\fﬂﬂh
BLEGL, ZORILAETI3I0CLbEALLNS.
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RN 5.

HEEHOKEE Y 2 E - Lxtvwb o, periclase
(MgO), litharge, perovskite, dicalcium silicate 7¢ &
THEH, THOHIMNFENO matrix 2R L, Lhs
BERDOTLREL TWL ETCR—EDBEET5 L%
z2bhb.

LR EBE N, —$EL T Fig. 1 TRRL.

ST, MEMIZOEETREMRFHE»OKE —1&
OHBRMTTERLVDHDOTHY, EAMOEELZZ TS
BOEBRZFCANEDLD EBbhb. Lal, ZoHE
MEINHWAHBERERTHELINhE. bbb, Bt
FEAE OMTEWTIE, zincite DTS, MRbXhi-
cementite (D zincite FIFP~DGE, FEEEEmatrix @
HEILE FDHRTO cementite [ BOFHEF L 55 5
LB THS. thh, HEBRIEEAMEBEWMTR, BELi
BRE R T 7 I XD THIRA L S B b8k D E i ma-
trix DRTODLELE BIRELT, LOORXZORMKEZ AL
T D matrix HEERIE T OURMBEHE 0T (ThicfEoT
SIMMRII R E KZLEDB) RXAMNBENOLEL, o
200MBHAEICHERDVEDT, ThIEL {EER
HOXLEETS.

ZZTHLIrEEREECD LS, EAMOB

RETFB &0, BEEHBC I >THEBSEESH
CAWEWS E»rDLY + 7 MEERDONEDDER A FS
THETHREBSBITL T, HEROERERNMNEY
DEFITH L TRISHEBR DI E B s . BAHL A
HDO1IDLLTIE, v+ 7 MRAR»S LRI TO
FEEREOREARZAE LY, HBEES XL
HREMENDERE LR N LAV X, FRERICE
CEETHDORPBTD LS T ERELZLND. BT
NEDBOELTWIERERTD, v+ 7 MEOBEZLE)

ETELIRGHAILLT, [AEDELIVATHRVREE
BYH, BEAMOEEIZ X AHELESTE VO HELL
BERKEVWERDLNS.

4. 5 =

FHE 1 &IFY v 7 MRPEER BN O GIMER & (i
AN, ECEEEMTEW Tk T 5 zincite DiELE
BOOCRTETAHIE L TO/REID &, cementite KL 7=
BFBNEDZRIETIERZEL,IC L. HEEEYE
EWCONTIL, HELSTIRILERTO T Y
HEREMOBEREZEID 2 Hr D5 L EbiT, Fhn
kalsilite K& TOEEMAMEIAY X5 CEF =
hNBZEaRLI. X5, FEMNBENOERKIEEDS
RISV Th, 1| 2OHLWRLZEFFiEof-.

ROCDEHAFMELETT OS> TTIgE, &
e Bbolk, HIEXEZEAKREEEE, L0tk
BRBPEBRCESESH R LET.
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