BB T OEEHEMOER LBRERITOVWT 1031

b

X

UDC 622.341.1-185 : 622.791 : 549.02

BEtE S O R EH Y OMAR & BRBICDONTT
; FRIRZE S, - o KRR - ERER™ . AR
On the Composition and Etching Patterns of Minerals in Lime Sinter

Takao NAKAZAWA, Minoru SASAKI, Tsuneo ENOKIDO, and Shir-ichi KoONDO

Synopsis:

The chemical compositions of minerals of industrial lime sinters were determined by X-ray microanalyzer
and their etching behavior were observed.

Dicalcium silicate containing small amount of FeO and MgQO was etched by water. Glassy silicate was
dissolved by HCI (1 : 10}, and the melilite and iron-gehlenite grains surrounded with the glassy silicate were
observed to be brought into relief. The wustite grains containing CaO and MgO were not etched by the
ordinary method, but unique etching pattern appeared when HCI (1 : 1) was used. Among the magnetite
grains those which showed characteristic straight grooves after etched by HCI (1 : 1) at 60°C were found
to be the multicomponent system.

Calcium ferrite grains in the sinter were separated under an optical microscope and analyzed by X-ray
diffraction method. All of the examined grains of the types of long columnar, crystallized and high alumina-

containing were identified as hemicalcium ferrite. The etching pattern varied with the existence of in-

clusion and precipitate, and alumina content in the grains.
(Received Aug. 11, 1971)
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Table 1. Chemical composition of sample sinters.

Chemical component (%)
Sinter g ‘ ‘ - Ca0/Si0,
T.Fe |, FeO | CaO Si0,  ALO; . MgO |
i i L L
A 5615 | 1115 | 935 486 211 | 170 | 192
B 5672 | 8-89 . 8-78 5+58 ‘ 2-87 | 0-66 i 1-57
C 59-08 | 9-51 6-68 514 1-88 ! 0-88 ! 1-30
D 56-97 | 13-22 4-94 542 2-99 | 3-29 I 0-91
E 53-51 ” 11-03 10-03 5-41 2-08 L 2-13 ‘ 1-85
Table 2. Etching method.
Etching condition
Method No* Composition of etchant
Temperature Time
1 water At room temperature 60 sec
2 1 part of HCIl : 10 parts of water | 4 15
3 % : 4 4 | 4 60
4 z : | part 3 ‘ K4 15
5 Vg : 7 At 60°C 60

* Tentatively named in this work

RTHD. BRAER, »HcHERAKFTHOC, Fk
l~5 &t&b L.

3. RBBRLZLULEER

HERSY, BRL8kEm, 2o v a7 =254 bD3
DT, AT HER MRS,
31 HREEZY

dicalcium silicate X, HKEFESZE R TCHDEHEL
ROoN2HGBEEBRESENT, T XTI 7P LD

e TH B HEHKE LR F Doz Table 3
@ No 1 wHiFrch, LEKGLELT FeO & MgO
BEATWS. thokF 10 BEDHSITER TR, FeO
K % 5 10% oFficdn, MgO 1 1% BiET
Hotc. OGP ATBEME T CRBEDIEMAEEE
BIEEEBIT 5 Z EMBIEFICL T LS, KTHET
35z Eitk>T, Photo. 1-i B BENB TEL, B
HHIT B ENTES.

D&, melilite DKW FERATHIT Licd L, &

T

!

T o — x
. B

E L] - _
oy 45
b B

>

Before etching

After etching

i) dicalcium silicate in the sinter, 1ii) melilite in the sinter,

(i) [ Git)

iii) slag matrix of the sinter A (of high basicity),
d) dicalcium silicate, g) silicate glass, me) melilite, M) etching method applied

Photo. 1 Etching figures of silicate minerals in the sample sinters.
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Table 3. Analytical results of typical mineral particles by X-ray microanalyzer.

As oxide (9)
No Analyzed phase
FeO , Fe, O, CaO Al Oq Si0, MgO MnO Ti0, Sum
1 Dicalcium silicate 7:8 — 526 — 33:2 1-6 — — 95-2
2 Melilite — 19:9 35-7 21-2 22:0 — — — 98-8
3 Slag matrix* — 367 40-6 1-3 9-8 — — — 91-4
4 W austite 96-4 — 0-3 — — 05 — — 97-2
5 ” 96-1 — 0-6 — — 2-3 — — 99-0
FC30¢
6 Magnetite — 96-7 0-8 1-1 — 0'5 03 02 99-6
Y
7 4 — 909 16 07 — 62 — 19 101
y
8 o — 715 15 2:3 — 1-1 22-9 — 99-3
Calcium ferrite . . . . . . .
9 (long columnar, type) — 692 15-2 7°9 8-4 0-6 0-1 0-3 102
”
10 (columnar type) — 690 15-0 7.6 7-3 07 0-3 1-3 101
P
11 (Calcium ferrite con— — 652 13-4 13.7 7-4 0-4 0-7 03 101
taining high alumina)
* Existing in the sinter A
B2 UToOBERM AT > TH7. 2O melilite frE 3-2 EMb&E

DAV, Table 3 @ No 2 WRIN b X5, Al %
Fe SEHL TS MEOERICHE LD THD. Hik
2T X oCHABOI RAEHEBIRIIERE SN 525, melilite
W% TH % (Photo. 1-ii). Melilite {355 Ti U
THESEL. L2 L, ZoEMoRST, ERESGT
FRCR—RCMMTH D, BB THEETS LFEROIE
EEERIE ISR T SRR L TRbh 5D T, L
%, HE2 DX S B &t TS EERIR 2 BIRM
WCEE L, melilite I 2R &R 0T LTRIET 500
TwiEzO6N%. /¥, iron gehlenite 3, melilite &
FEROBEEMZ R L7

SC, WEENRZ L@\ 5DE, BRI,
Photo. 1-iii R LIS X 57, ©CBWKELZET S
slag matrix 2SEbh 5. ZhixEEKOAIVY 2T A
7254 PREFICEIVEERTWT, —REIROE—g
WHEDOX 5B s . £ LT, hEpiE M &t clRa
ENB T EnE, LIZLIE dicalcium ferrite LrEFHERX
o 5 LicHioeim@Es i cEE Lz A,
HEETHEEZRE LT, 2B LoOMNEmOERE
KThHoD o Epibhnot. XEv4 /07 F54 49—
X 55 513, RrEEIHS hemicalcium ferrite
L IEENEEEERIE 2 IR SN B & L 3HEE S B (Table
3, No 3), Z DURERRIT, FEE2 TP THIrEERIND
W &S, 5EE3 T etching out Xh 3. ESK|D
TEE R LTV SIEMEEBRIENERT 5720, %
TH5HDEEZLNS.

#iH:7R wustite [XIR{EEE | SOBMIBER CASZCER
X5 hs, FRMERESAICIE, FATED B wustite & [E
ENBRE L 22b 5T, TOBRECH LTEERS D
BHol. INLORTFITOE, FEdimkoTHERL
72 & & A, Photo. 2-1 Z7RF X 5 WWERSGAIIC magnetite
fEL TR FCREMLER2EDbN, £5Thvid
DR FEILLBRIN,O7. P2 FENEL CHE
HEC L7z E ST LR, mEkidic GO &
MgO 2 &% 7R 0 wustite ThH 555, $HET MgO
DI D Bz Ehibohofz (Table 3, No 4 B L (F
5). MgO &HE D7) magnetite {LOEFTICEE LT
WAHEDTIRIEWrEBRDbRE. WFhicLTd, 7D
BOBESFC IO TR UDTERERNEDLh S, b
BV Thic X > ThBbhn v wustite B 1%, Z8K
%D wustite R4+ 2 B35 TES.

%4k magnetite & RIFRIC B BEMEZ D
Tw 5. Photo. 2-ii iTREFER L7, FESick>
THERDOEARE % 4 U /- magnetite 13, 480 CaO,
MgO, Al,O;, MnO, TiO; #4 A T\% (Table 3,
No 6). ZDOEDR 1, fit3k calciferrous magnetite
EIEENTWAHLDTHHH, ZOERER»LITISRK
5% magnetite & 15 XX TH5. #ik7c magnetite
b bHAZDEHT BEEII TR WA, MgO,
MnO, TiO, # H#ERI% < &3r magnetite OFE
BHBRIZ ALKV, Z0X 57 magnetite $ 7D 454745
X Table 3 @ No 7 XU 8 TR L. BREC LD
THIETE D Z2RGHR 'magnetitc XEIRG D EEED
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i) wustite of multicomponent system,

ii) magnetite of
multicomponent system, w) wustite, m) magnetite,

M) etching method applied
Photo. 2 Etching figures of iron oxide particles.

LIEWEOEITTHS.

BLE®DZ & <, wustite & magnetite §FiCxtT D
fRIEENE, ZRHIFZOLDOEHETIHFTTLELELS
nNsTHEAHS.

735, Besterchod hematite f7 7113, AlL,Og £ MnO,
TiO, &L ERTHDDIONDS. LL, INHITTE
KPS DEBETHRIE L CHFRBRECRVOT, Ml
hematite & K RIIT 5 Z & AT E V. k4% hematite
TR DETHH LB RY S 5903, ZOfD hema-
tite DFEFEEOMBIXSBORETHA 5.

33 AN aDALTISA b

ek, BRFERBETIE, 2TRBIVITROI VY
2D A7 =74 PRFBERETCRENSAETHS LS
hTws. Lal, Py a9 a7 =54 MFRAXiR
A0 T4 F—THEHILLITO>NT, #HERHIT
hemicalcium ferrite ZifvZ &, ALO; ZEHFH LTV
HZ L, Si BRIFFIC SITENS Z &k EXR b2 TE
fo. —7h, BHELOME T, WL K OHMEBEZE»
b, Nk & UCHEHBIRSIMAS N TR EST W
5T L, RN 3TTRAINY =9 AT =54 AT
LLTHETSZENELIARINTVLSD. X v A
2 wTF 74 F—THHIIND Si BSkfmo SRR e

Table 4. Results of X-ray diffraction analysis of the separated hemicalcium ferrite grains.

Analytical sample : 1~5 pg

Type of hemicalcium ferrite grain

Long columnar Crystallized Containing high alumina
d (A) 1 Ident. d (&) I Ident. d (A) I Ident.
3:57 vw 3:49 w
3-24 w
3-19 w 3:18 w
3-01 m H 3-01 w H
2-95 w 2:96 w M
2-84 w 2-86 w 2-81 w
2-76 m H 2.73 w H
2-68 w 2:°65 vw
2-59 vsb H 260 sb H 256 sb H
2-53 w 2-52 s M
2-38 w
2-20 vw
213 s H 2-14 m H 2-14 m H
2-09 m M
1-74 vw M
1-68 vw H
1-64 m H 1-65 w H
1-60 m M
1-57 w
1-54 s H 1-53 w H 1:55 vw H
1-51 s H 151 w H 1-51 vw H
1-48 VW 1-48 vw M

Notation of identification

H : hemicalcium ferrite, M : magnetite
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Before etching

After etching

i) type of long columnar, ii) type of columnar, iii) type of high alumina content,

Gi ) v (iii ) j

M) etching method applied

Photo. 3 Etching figures of hemicalcium ferrite grains.

B LTWBRG DD, Th i HETOURBE IS HEE
LTWw5B X 5T silicoferrite DRSS 7 DA, MR
DEAFEIT x0T PR S il R bixwv. 25
2, ALO; HEEHFLTWDHHINY 2T AT =54 MR
F23%, hemicalcium ferrite Ti¥7n< T, #HSRFEMITh
D calcium aluminium ferrite ‘TH B L W5 E 2 H D
BD. LMD T, ¥5LTh, HESEPLEELDHD
HIVY 2D 8T =T4 PEABLT, XBERETHS
LUBEBDD.

2T, EERSE» S, REROINVY 2D LT =
FA MBRELELTWBHGOERF ZRFREL, TAMEE
TR TFORAICAOEREBEEMPFELSL T ERFE
PDeDL, fHEVENEF O TERIRS M L. 2K
L, HFARCHBELTWSE3TTHRAINY 2D LT =T 4
M (EBHIREESE LTHRIFETCLVE) BIBELRE
ECh5H. HHH LR pg OBEKIT, KITEELTRE
4% dicalcium silicate %4y ff# X4 7z. Debye-Sherrer
EIC Lo TEERSY Table 4 iwR3. L
TeRHB DA NY 2D LT =254 b (ZHIZ3TRAI WV
YaTUAT=T4 PERELEWV)ETF 25U ALO,
EHEPFEFCHVRTFLOVWTORERRD, 20X
WHEE Lz, 2L, ALO; EFEOEVWRIT 2D
¢ magnetite ZIBEETELDTH 5.

XC, hemicalcium ferrite DEIIFEICOVTIE, BF
RELC X DOTHRPPELT LT, Thi G
GiHDANY 2T LT =54 POBEHEZRD L ETKRE

BEELEOSTWS. MERICEWTRR2 X 51, &K
A REHOIRET S Z L FA—Fo FRTH Y,
Parrries and Muan® Ot LT WA REIITHOF? S
2-89 A DEIFEERIVE, 0% hemicalcium ferrite
DEDORITMEADZLEBTES. Zhitd &3V,
WMLy o987 = 54 MRUFOXELEHHIZ
¥~ C hemicalcium ferrite L [655%E X 7-.

lEDZ L, BESPOEEKEDILY 2067 =5
4 METFIIERC hemi BT, 703 F RSB ET
BETLHR/ERRIEDL LMW L¥broik. £ LT,
FHEI~S I 2TENTOBERELHETCHA. B
R¥LF1E, Photo. 3-i i/RT X ST, HEE4 LI DOTH
FOMRELMICEEBEET S ZE08H55, ThiIN

Table 5. Summary of etch test of the mineral in
lime sinter.

Method Phase identified Etching figure
1 Dicalcium silicate Etched
Glassy silicate Etched out
2 Melilite and iron Not etched but
gehlenite brought into relief
3 Slag matrix in high Etched out
basicity sinter
4 Wustite of multi- Unique etching
component system figure
Magnetite of multi- . . .
] component system Straight etching line
Remark :

All of the calcium ferrite particles in the sample sinters
belonged to the type of hemicalcium ferrite
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GENTwi- REEEEBIED BERT D L5 1DTH
39, FEES CRELhIBEBREESTTHITRIVY 2 v
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ELRVOT, FEkd CEEBSRLRD Z EWERW. £
D—F%Z Photo. 3-ii TR L7z, Z ZTHTROED X
S5ICR 250D, didhEONTIHOMBENRET
Xh7zdDThs. ZOEORTRVINBEEE TS
LRBVDT, BEMCISHIDTHE, FalEE
BLAVISEELRTRIERSEV. BTV FRF
VX, Photo. 3-iii KR HNB XS, FESIIDTH
SNRIRAT A X . Zhid, ATHO 3 %
HNY 2T AT =2T74 NEERTZLVIFEEEBLT
WSV BRI LEE L b DI Eb o & H &
BRB.

INETOREERELZD LT LTEABEEMOBAEREEY
FET5HE, Table 50X 5. AV Aa7 =
4 MRFRBELELS T BHICHEI T52 58T
%, ERANRETRC hemi MAEDT, T TERBRWT
b5, FEICXOT, BEEGRhOGEMORET, XV
fH, EfizsE:Bbhns.

4. %5

B IREES S R O RGN T DR 2 B, A/
BT+ DR T 7e. SWRTITIE, SRR O
DDRETTEL, SBOLERSEELLOBDHY, %
P M A TR EE S b Db BBDT, ERDEER
EFHRERBERTOLENRD S EF LN, T T,
EBRERAZD LT LT, HEMBECTERE Bbh s,
—DODORMM L RIERZIRE L.

il

L4 Ak
1) 722 24F
R. B. Snvow: Blast Furnace, Coke Oven Raw
Materials Comm. Proc. AIME, 18 (1960),
p. 429

0. Nyquist: Agglomeration, Ed. by W. A.
K~eepER, (1962), p. 809 [Intersci. Pub.]

2) #REMNZESHE [RELERTES X CHE5
k] (1968), [HTITHHFMAE]

3) EAxA&, IR, R &8, 54 (1968) 12,
p- 1225

4) B, 4K, HiR, EF: &8, 57 (1971
4, S.16

5) 4R, iR: gz, 54 (1968) 12, p. 1217
6) J. HaNcART,
Centre National de Recherches Metallurgiques,

11 (1967), June, p. 3

V. LEroy, and A. BRAGGARD:

7) L. C. Bocan and H. K. Worner: Agglome-
ration, Ed. by W. 4. Kxeerer, (1962), p. 901
[Intersci. Pub.]

8) B. PuiLLips and A. Muan: Trans. Met. Soc.
AIME, 218 (1960), p. 1112

5 2
hemicalcium ferrite o [6]§7RFEP~%
CORA%E

anl

WMESIhTWS
W, MIREZLIOTRERLVENNED D,
BrDLLDIIUTOERRZTL2k.

BHICHEB LR A = 7 AR ELE SRR
3 (ME 99%) T, 1000°C T{HEgEL T CaO & L.
= E g ) kAR RREEE (M 95% LI k), A5 T
MG SEERBO 282 Bk, RiZE»5 B0k
hemicalcium ferrite {#t2 A, BE»0H k%> B &
L 7.

RBESHIER 4 s 1300°C © Shr e L,
FOHE 1225°C iz 48hr (RiFLTH D, BAFOE ®
BT R 2 kIt E T X,

XBERo&firoXxn kv ths.

) F4752 A9~

HEEHEMN D28, -5 5+ Co, 74 1% — Fe,
EEREE 20kV, FMERK 9mA, EHffF v — FEE 2

cm/min.

a) Reflection, b) Transmission, m) Mixture of hemicalcium

and ternary calcium ferrites, Mo) Monocalcium ferrite,

H) Hematite

Photo. A Microstructure of the synthesized sample
of B (polished thin section of 20 microns
thickness).
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Table A. X-ray diffraction patterns of the synthesized samples of CaO-2Fe,0;.
Sample A* " Sample B* )

PHiLLips & Muan

A duced As produced Transparent phases | Translucent phases

S produ P (separated <*) (separated)

d (A) 1 d (A) I d (A) 1 d (A) I d (A) 171,

5-28 m 5-27 m 5-26 15

5-08 w 5-03 15

4-82 wb

4:63 w 4-63 m 4-61 w

4-25 w .

3-95 w

3-70 w 3-70 w

3-60 w

3-51 w 3.50 w

333 w 3-34 w

3-23 wb 3-23 w 3-25 w

3-16 m 3-15 w 317 w

3-07 s 3-06 w 3-05 m

3-00 s 3-00 s 2:99 m 300 35

2-89 m 2.89 w 2-89 s 2-89 25

2-83 w 2-83 w 2:-84 w

2-78 m 2-77 m 2-76 m 2-76 35

2-71 m 2.70 w 2.70 w

2:67 s 2-67 .S 2.66 m

2-63 s 2-62 m 2-62 w 2-62 50

2.61 vs 2-61 s 2:59 sb 2-60 100

2-58 m

2-55 m 2-56 m 2:56 w 2.57 25

2-52 s 2-52 s 2.52 m 2.53 w

2:46 w

2.40 w 2.39 w

2-31 wb 2.35 w

2-26 w

2-24 w 2-24 w 2.23 w

2-17 w ’ . .

2-14 m 2:14 m 2-14 w 2-14 15

2-12 w 2-12 w

2-07 wb 2:07 w

1-98 m 1-98 m 1-98 w 1-98- 20

1-88 wb 1-88 w

1-84 m 1-83 w 1-81 w

1-75 wb

1-73 mb 1:73 mb 1:73 w 1-73 20

1-70 m 1-72 w 1.72 20

1-68 m 1-67 m 1-68 m 1-68 15

1:65 m 1-65 m 1:65 m 1-65 20

1-60 m 161 w

1-58 m 1-59 wb 1-59 mb

1.53 m 1'53 w 1-53 m

1-51 m 1'51 m 1-51 mb 1-51 m 1-51 15

1-50 m 1:50 m 1-50 m 1-50 15

1-49 wb

1-47 m 147 m 1-47 s

for the sample B was the standard sample of JSS.
Hematite was not included.

2y WBERTHE

HMEBHEMRu-18, -4, +Cr, 74 15~V,
EREIE 0KV, REH 0mA, HHI LAY IS
N, BHRME 2hr.
Bon7sE, Photo. A TRT X Sic, EHIKE
LREREDOHERED LN, REMAZZLTVWS. EXH
Ty DHEFOBEEREBE T, MKEHO —>RHAEE
ZEL, MRBUMTHEBSEZBELTCEERATCDL L. BE

The ferric oxide reagent used for preparing the sample A was the guaranted one of Kanto Kagaku Co., and that

BPRERTERODE OS2 OR. HFEEENH, EEHD
2HEEMSETCHEL, HRFEKICX 5EHFRAF L
L.

EREE A, B, bR EEILLSEBLEAEES
Bl, FEHOBEHBERE, —FE LT Table A TR L 7.
FIEHETEREINZICLL»DELT, SRABPBIZAT
R CEFROE S T2 AR v, ZThiIEBRBoSR
CERLAZCEBRILEREOMEL I o hd EED



1038 & & @

% 58 & (1972) B8 =

5. 5B H» 5 4 X - 3% BBFE X monocalcium fer-
rite RERSTHE, 317 3L 52897 0 24k @
HFIMBERDOT, JIHEOLEMSRET D L2 LTI
EoEv. BBEHOMIZ, EREHEOHER» S5 hemi-
calcium ferrite L 3THZHAL Y =2 A7 =54 F OIRE
METFRENDD, Bohik XTE BT Paies
and MUAND D#ERIZEI{—HLTW5.LH»L,2°89A
DEHFBII ZoBHSHERBCERDLDNT, EdRoFEH
HOFEREELEDLED L, BFRALAREROTH DL
LARLIEEMITL L3 b0 Bbh 3. hoEIF
BMEIRELAIRRHINY 2T A7 254 ZXBD0D
edHDH. T, 3°05 1-59, 153, 1-47 A ok
RIS VEREN S TR I ALY =T A7 =514 + 3Ca0-
FeO-7Fe,O3 0 X ERIFM TIPS 5 .

L boZ & <, hemicalcium ferrite 04K T, &
EOFHR TTRHRL, HHATHEFERE (L=
Egk) OMELBRICKELRBELTED, L viEnE
FELEETWS. XD HiED PTix, PHiLLies and
MuaN OHEMR D EDERT, chrd 2894 o
2 vz b o hemicalcium ferrite @ E @ B #HT48
ERTOTRLWHIrLELEILND.
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(RR] Fibky MEKMMD ATHES

MhXryBEXEEFous4 R H2ERT 5HER2
W ETRERE Vo W,

(EZ&]

Ex# 0p oWfESER2ERL, BHRE T cmbE
*ED, HEORBE WML (MBI TS50 TEH
FNZT3) CHRETS. oFK, $toxmfrEECL
bDT HMBAX T E RO HEL, BHR{ELR 75 AR
(28x48 mm) F~BF. ZORMWBRBY 2KOHF 5 2
BARIZREAYT S AE2E 2 L CRE28B{LL TXH®
Bl e L.

[(RRB] HEHEZEVIZER ESINGRE

(1) ABOWMEETKEZERAL I VWIER.

(2) magnetite 2BELZES, MROBEG®H
BRELEEVEEOLER YO EHIRE

(3) X magnetite @ etching

(EZE]

(1) mEghicn, X TRRTVW3X51TKTCE
& h % dicalcium silicate 7 & UV free lime 2574
LTW30DT, IBEGBIRIAKOBRAIIITLZE
EEXLRD. THMAFERLAEESR, KCERXIhD
T v dicalcium silicate O SFH L 42#8& 45, Z<3r Photo.
RSB XS5 ITHETE 5.

(2) E=@EE&GgkcRAlEn3, CaO 0:8% Lk,
ALO; 0:79% Lk, MgO 0°5¢, Lk, MnO 039 5}
oz TiO0°29% LLE#%[EiE LA magnetite 377
28, BER S EHbh. BEGSBELh3LERK SO
TIRIZODWTERBEST LTV v

(3) %4k 54 RIS OBEESEBEAIE [Eige
MTFES X OEMNE, BTTEHFMALT (1968) ] X h
W, ERKCEXVEZE TS L 5HIN5.
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