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Effects of Various Oxides on Sintering of Zircon at 1500°C

Hiroo KOBAYASHI, Takeji OYAMA, and Takeo AO

Synopsis:

Twenty-eight kinds of oxides, in amounts up to five weight per cent, were added intc zircon in order
to investigate their effects on decrement of apparent porosity and dissociation of zircon refractories

during sintering at 1500°C

Na,O, K,0, MgO, Ca0, ZnO, B;03;, MnO,, Fe;O;, C0,0;, and NiO promoted markedly sintering
of zircon. CuyO, CuO, BeO, CeO;, TiO,, P;,O;, SrO, and BaO did slightly, but ThO,, Al,O;, SnO,
Pb,O, PbO, V,0;, SeQ,, Cry0O3, MoO;3; and WOj3 did not.

Among the oxides that promoted sintering of zircon, Cu,O, CuO, BeO, CeO,, TiO;, P,O; Fe:0;,

NiO, ZnO MnQ, and Co0,0O; had almost no effect on the dissociation of zircon at

1 500°C.

When specimens contained these oxides were kept for two hours at 1 600°C. The dissociation of zircon
was not affected by addition of BeO, ZnO, Fe;O; nor NiO, whereas it was affected a little by
addition of Cu,O or CoyO,, and markedly by addition of TiO,.

The result of slagging test for specimens containing Fe,O;, ZnO, or Co,O; was satisfied but that for

Cu,0, or N1O was unsatisfied.

Conclusively, zircon refractories containing a little amount of Fe,O3, ZnO, or Co,0O; had lower
apparent porosity without little dissociation of zircon at 1500°C and had better result for slagging

test.

(Received Feb. 24, 1970)

1. #& =}

Dv A CRBBRGEES NS L, BREEETE S,
AZ 7, BIMCHTHMEREEIRIFTHOD, REH
Mk E LTk, BhERBAKERSRTVW5.

L Liedis, oua JERDKIIERE X OARA
5 5L EMT BESCER SNCBE L, AT VR
AR HIEBEL, v Lo =7 LESEY
U HEIEERN S ARSI, D07 AMERF
LD E o, EBORBErRIVEEZIR TN L
HEINTWBD., LEaBoTHERom B, B
CHARDIRIBE 2 [ <72 i REILRICT 5 2 LA ET
»5.

OO EEIRBERSE X Sh A, TRERRER
78 1500~ 1 700°C BEEHITR CvE, 4 2B L T,
FEAEERTDHULENL DL, [ILEORT P
FTHTHD, HEEICHIFEASERENS LD/ v
€5 1800°CHEAR T, SFLEETFELLEKTLT, WE
HLKRELETED, DAVAZTELY)AITIFEAY
SHRELTED, MEMENREL LD, F 2L <o
7.

L7 2TC, MREOBER T VIV EGBT AT &

9

54 BEILBCTENEEDEFMETH D, HEEE
JHIINE & L TR & O ERKS DI S Tk 999,
BLF 2 =0 o, BILEE28, I nREPEHTHD
LHESTN T H299, FEMlEE .

T, Yva i 28 BEOELEMERML T
FDOEE S LOFNED 1 500°C Hagk T b3 o DHEkE
Y, SR XOHEER S g TEE I oW TIIR
LD THET 5.

2. ¥ fm R E

2-1 SAIVOEECHEETNREEOEE

DOV 3 VIFFIGERE OV D U L BRI R 5 2D
TR LR ECE L e Yoy JRIFHE A S v,
SK 18~20 DI ETHERIND 2D, FOInEEREs ks
BLUOAZ VAL EDI S REELEX 500D
SIS IRE S IN T WV, F 2T, 23 gk
25 JIETIBREO BB AN, TS OBRBA O
25 FHAEMICOWTERE I AV, XD EEEOLRE

* EAEI0R AL BISEBEASICTRESR

WEN454E 2 24 B 244
S RIT R 2

Y T F PR
*ERK G 4 1K

g
Ti#



1584 & & £

# 56 £ (1970) #13=2

Table 1. Chemical analysis of starting materials (95).

T— Component

T ZI'OQ Si02 FCgOs
Materials \

Al,O, ' CaO | MgO TiO, |Ig. Loss| Total

Zircon sand 6755 | 82:14 | 0-07

h - | o 0:03 | 0-12  99-91

Zircon flour 65°51 33-26 /| 0°08

015 j tr. tr. 0:14 | 065 | 99:79

Table 2. Particle size of starting materials (%).

“ ’ ~ i~ ~ ‘ -
m_\ﬁ 297+ | 207~149 ‘ 149~105 | 105~74 | 74~44 | 44
Zircon sand 0-2 92°0 ] 7-5 0-3 — i —

Zircon flour — — f — — 5-8 ix 94-2
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Table 3. Percentage of dissociated zircon by 1500
~1800°C firing.

Firing temp.
1500°C | 1 600°C | I 700°C | 1800°C
Composition

Zircon flour alone 0 0 3 —
£1r=c%1? 1sancl :flour 0 0 3 95
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Fig. 1. Change of apparent porosity by the firing
temperature.
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Fig. 2. Size of sample for slagging test
(unit in mm).
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Fig. 3. Set of sample for slagging test.
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Table 4. Chemical analysis of slag served for
slagging test (%) .

TFe | FeO | FeyOp | SiOp | ALO,
. . |

1367 | 11°20  7°10 [ 12:72 | 2-33

CaO  MgO MnO t P,O; Ig. Loss

38-13 | 10-55 | 13'56 | 138 367

Table 5. Change of corrosion and penetration ratio
" by slagging at the fired temperatures (%) .

Firing temp.
\ 1 500°C | 1 600°C {1 700°C 1800°C
Item i

ratio

Slag _corrosion 176 159 14-0 ‘ 63
ratio H
Slag penetration 11-5 11°5 12-4 ‘ 0
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Photo. 1. Cross sections of samples after slagging
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Table 6. Several physical properties of specimens by addition of oxides.

Firing App. | Spe. Firin App. | Spe.
OA)ngd (:;t) shrinkage| por. gra. Colour OA)ggZd | ‘o}t ‘ shrinkgge por. gra. Colour
¢ (%) (%) | (g/cm?) ° (%) (%) | (g/cm?)
Zircon 2:0 32-23 3-10 white Al,O; 2 2-5 32-02 3:10 white
Na,O 1 2:5 30-47 3-11 do 5 2°5 32-32 3-07 do
2 — 23-08 3-21 do SnO 1 15 33-31 3-04 do
5 — 32-22 2:68 orange 2 2:3 32-69 3-08 do
K,O 1 2'3 29-85 3-15 white || 5 1-8 33-37 3-06 do
2 53 19:05 3-46 do . Pb,O 2 1-8 32-94 3-06 do
5 — 0-06 3:45 cream 5 2-0 32-80 3:06 do
Cu,; 0O ! 30 30-3 3-19 brown | PbC 2 2-0 35-55 2-89 do
2 4-8 27:76 3-31 }')SLOVI;’II;-Ck 5 2-3 35-52 2-87 (lil(éht
. . . brown- 2 3-5 2819 3-28 yellow
Cub 4 2 55 | 27010 324 Lo black 5 35 | 27-80| 3.27 |do
5 7:0 2350 3-44 black V.05 1 1-3 33-81 3:03 do
BeO é 3-3 2936 3-22 white 2 2°5 34-18 2:93 do N
4-1 28-33 3-22 do . . . yellowis
5 43 | 27°25| 322 |do 5 I'5 | 3837 | 28 i on
MgO 1 50 26 44 3-34 do P,Os 1 1-3 33-64 3-05 white
2 7-8 2012 3-58 cream 2 1-0 32-49 3-07 do
5 11-3 9:17 3-94 do 5 0 29° 44 308 do
CaO 1 2:0 33-82 3-01 white SeO, 2 2:5 33-10 3:02 do
2 3-6 3177 3-02 do 5 2:5 32-90 3:03 do
5 10-8 21'91 3-39 do Cr;O4 2 13 33-80 3-02 green
SrO 1 13 3600 3-07 do 5 1-3 34-10 3-00 do
2 1-8 32-04 311 do MoO;, 2 2:3 33-14 2-98 white
5 — 3030 315 do 5 2:0 36°40 282 do
BaO 1 2-3 33-35 3-05 do WO, 1 1:0 34:23 3-01 do
2 2-3 33-70 3-03 do 2 0'5 35-05 2-99 do
5 30 30-67 3-15 do 5 1'0 | 35-40 2-98 do
ZnO 1 40 2936 3-24 do MnQ, 1 35 28-48 3-26 brown
2 6'8 22:86 3-52 do 2 58 24-17 3-44 brown
O, ! .;) 10:0 12:96 3-90 do 5 8:8 16-84 3-74 bclliICkh
eQ, 1°5 32-75 3-09 do i . . . reddis
2 25 | 30-20 319 |do | FeOs | 1 6:3 | 22271 354 i let
5 3-8 27-26 3-34 do 2 9-0 15°85 3-81 black
ThO, | 1 1°5 3304 3-07 do 5 11-3 6-98 418 black
2 2-3 31'95; 3-15 do ' Coy04 1 55 25-18 3-44 blue
5 2-3 31'58 3-22 do . , . browni-
B:O; | 1 1'5 | 3343! 302 |do 2 8:0 | 19:151 369 g} prown
2 3-3 2836 2:89 do 5 10-8 10-74 4-07 blackh
5 — 16:85 2:69 do E o . . . eenis
NiO 1 50 | 26:25| 3:38 [BEC
| 2 9:0 19-23 3-62 do
| 5 9:0 18:94 366 do
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Fig. 4. Change of apparent porosity by addition of
oxides for 1 500°C-3hr firing.
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Fig. 5. Change of bulk specific gravity by addition
of oxides for 1500°C-3hr firing.
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Table 7. Percentage of zircon dissociated by

addition of oxides at 1500°C.

Oxide (%) | Annealed | Air quenched

Na,O 1 39
2 118

5 65'0 70-0
K0 1 64
2 22:3

5 68-0 72.8

CU20 5 0 0

BeO 5 0 0
MgO 1 0
2 2-9

5 7-8 126
CaO 1 1-9
2 2-3

5 8-8 15°5
SrO 1 29
2 9-7

5 19-4 208
BaO 1 2°9
2 2.9

5 100 13-6
ZnO 2 0

5 1-0 1-0

CCOQ 5 0 0
B0, 1 0
2 1-0

5 9-7 10-9

TiO, 5 0 0

P,0; 5 0 0
MnO, 2 0

5 2:0 4-5

F€203 5 0 0
00203 2 0

5 30 4-5

NiO 5 0 0

Zircon alone 0 | 0

— 14 —
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Photo. 2. Microstructures of samples~added§5% oxides.
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3 hrigt ik A% L B Ic 0 T b XAR[E
iz inot. ThbiER b Table 7
WL e
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(1) 43 Wil oishRaREL L
WEg{t# (ThO,, AlLO;, SnO, Pb.O,
PbO, V,0;, SeO,, Cr;O;, MoO3, WO3) 11
1500°C ToNva ORI 527
ofc.

(2) snvavopEhReitEsEs
LoD HT (Cu0, CuO, BeO, CeOs,
] TiO;, Py0s, Fe,O,, NiO) 135fF % {RiE
L 727z,
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T ZnO, MnO,;, Co,0; v
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(4) vwvaroEfshRrREL L
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#L T 2hr (£, AL TXRERZE JaOk.
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Table 8. Percentage of dissociated zircon of the
samples fired at 1500°C, and reheated

Table 9. Chemical analysis of slag served for
slagging test (25).

at 1600°C. - ‘
T.Fe FeO ‘r Fe,O4 Si0, Al,Oy
Added % 1 .500°C 1600°C air |
oxide ° annealed quenched 9-52 9-71 2:83 14:06 3:57
\ . .
1(\;328 2 18 S CaO | MgO0 | MnO P,0s | Ig. Loss
5 0 7-8 '
BeO > o 0-9 4817 | 232 1090 | 2-25 +3°42
5 0 .1-9
MgO 1 0 3-9
Cas % gg ;g Table 10. Change of slag corrosion ratio and
BaO 2 2.9 10-7 penetration ratio by addition of
Zn0O 2 0 1'9 oxides.
5 1'0 2-9
CeO:. g 8 ig Oxide g Corrosion Penetration
B,O, 2 1:0 g7 . e ratio (%) ratio (%)
Tio: 2 0 — 2 45 16°0
MnQO, 2 0 3.9 Fe,O4 - -
5 2:0 87 5 3-3 7°5
Fe,0, 2 0 1-9 :
5 0 2-9 2 85 16-8
Co,0y 2 0 1-9 ZnO
5 3-0 4-9 5 5-3 14:0
NiO 2 0 1-0
Zircon alone 0 1-9 Nio 2 1.0 0 2473
Cu,O 2 11-8 26°8
°CTRAML TV, 1600°C Tlik & & S Co;0; 2 45 138
REL T, ZrTiO, %KL, WL Y 2 2BY. - .
. . Zircon alone 10°5 17-0
TEDITABDTRIEIAMBEA L 7o & & ITRIBRI &1 D 23
<, TiO; QBRI LITE 2 CRERCER Y pommercial zircon 68 12:0
BLIETHOLBEDLNS.

4.6 ZSJHAM
BEDXSwweona 25T 52 ik {ERILER
BAmT & BEMEM & L T Fex0;, ZnO, NiO(5%LLTF)
CuyO, Co:03 (2 %LITF) BERTS 5 T & dibho
. LipLiahis, SIBLEOMBH TS LT
by A7 UTHEEL COLEAEHED & v & dvaik
W X T, ThLOEITmMo v VEHREORS S
B >V TRETL 7.

FERSGEIX 2-2-3 O FHER LR AEE BT, 1600
°C - 30min HEAL 7-.

P2 S SRR S5 R EV,
WRT.

RERZEDHEA% Photo. 3 IZRT.

RILEEELEICRBED LA RTEROH SR T
ERLREAFETRkDE. ToigR%y Table 10 R,
kO »irova LBk o, RO
HEOEERL IR

Fe,O3 MR EEZ K ELLFAS L. Lo L, 35

O A Table 9

BITOWVTIE 2 %iRIND & DV oov 3 L Bk & REMT
oo W, ZnO HTIMIC OV TH B & 2% TR
E7e A, 5% TRIBAL T 5. CoOy iRINY % kA
LTw5b. NiO D& ova L Bk G B82St
EVHS, IRBEILERCAKELALDOTEY, HEHAR—
VST bbRICROKEENERENE. VWO,
CuO SR ER, BERE DITEALTVS. T
L CuO BEIFIEH VARSI Vv DX 5 HEL ©F
R BhDTHBEELLRS.

INLDERPL, X7/ THEMSSRETS SE(LD
&L T FeyO3 2%, 5%, ZnO 5%, Co.0; 29% »A%
THDT EBbrok. CALBRKIILREZETFTIET,
A7 FOBRAZGIET BT EIEHS DI B HhD
CHEERL 7

L Lisiih, ZERBERENNCAT ¥ LOFE M
oW CEFHTHRIL2boThy, REAHERLO X
STTREMERAINESTE, RAERERL»AELT
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oMbt oo s i

Zircon

Comercial
zircon brick

CU2.03 2°/o

NiO 2% Coz0 2%

Photo. 3. Cross sections of samples after slagging test.

Ld—HT 5L R3rEshvioBbnsg. £L'T,
Fe;0y, Co03 MR EEEZEL BSOS ETVEHH
IS ORININEEZEY» B A T ¥ Lo RIGHEME T
L MBI L MRIBFI~NEE L Tk D, ThbHOH
EPSEREAS 7L EMTHHEAIMERS EDX I
Eedshrsndrs, ZnO 5% HIMTRAE—
AT DEBENEIDOTWS L &L K2V T ER
HERSSFSEEELMAD  EDBTELr» DI
4.7 REROMERLEOLBER

HREELIO o ov 3 L OREREICE JIETHIRICONT
¥, Hyart® pip Y EZXEET S i L2 THEL
Fe,Op 4% #finhs 1 500°C, 1600°C HEERKICH VT <
NEHBROH B EBEL, TDITH NiO, CoO,
MnO OESEEORILIMRIREEA T 7 ¥ e E 2 B8N
THOEATTHSL /TS, LaL, HHRT —
Z —BREL TR Wil + 4 1T HegksET T & v
BINSOMLIIT OV THAEERFREE X <L T

V5.

FEHO BRIV E-LOBREFEREL T
1 600°C, lhr BT DWW THEE O RIFIOZE
BFR, ALO,, SiO; REEFRZHRIFED bhichror.
MgO, BaCO;, Na,SiOy 3 X 08 NaF 3 /s oova
L OBSERES R AR L Toh, BEROmEEEL {FH
b5z L xRdiz. LrL, TiO, @Hikwd, b
HTT BRI ERITH D T L& L.

F7, LYY TiO, koo v OERREICHER)
ThHbHEREL TS, RERERTHE, TIEE
s L CrXi ot TOEWE, o 1T O
o, LIS 44p & 3p DATORED 2 va
BAMEFAL TEY, KRERTIE #4p LTOL0%
HRALTHD, HREEHOREDENZLZDTHD
LEoh . .

wio, o3 offEiick JIETELmoRET O
Ti, MRS v L aLfig CaO, AlO; NayO,
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1592 & & @ %% 56 £ (1970) #1332

KO LS8 THBAL IS OREIT > WTH~,
Al Oy 13 1 400°C THEBELEFTT 545, 1 500°C 1T\
THETIPH2»TH 5. CaO 11 1300°C TF T
FREEDSETTL . BRI & & dic ATl 1 500°C ¢t
FEAERESETT 5. NaO, KO Xz 900°C »»
LY TR RD 5, 1100°C $ClId 525 Th
503, 1200°C5RMICETT 5L BELTVS. 2
NOOBREIFERFER L VEL < MBEEEMR A X8
CNRBMLIORI oo LR % 50 2 gt L <l
LTVBHRBbTELIREL 2D EBbs. %
L THEERREROBHEEOEMIRENSIC L {—3L
TW5.

EROREEEBLME SV L IEHINL 2B A DR
RERIG 2V T 0fEE, B, KINRED: XIS+
ZEECHES, YY) hTHTARGED RSV
MRREIC U TREN R E CRAMIRED 1 1> 216> 3 1k
OERILBMOIEIZ K E V. 1600°C T3, ALO, i34 LAE
BEL, FexOs Cr:Os 135 %LITFCRABEICIZL AL
#iz v, TiOg 13 1500°C TRIERD Shuis s 1 600°C
TIRBHTELZHRELTVS. Zhs oINS
Bl >wWTEMNCRE Sh TV 30T, ehicE
BEDRIDMBHRLPSH,H TRV, AERERL T
NHRXL—HLTW5.

Bk LRRAERMLITHRE SN TVWEREY. 203 »0"
1t (CuzO, CuO, BeO, CeO; ThO; SnO, Pb,O,
PbO, V,0;, PyO;, SeO,; MoO, WO;) % 1500°C
TN IO L THERIZTEAL S 2D
. 72, ZnO, MnO;, CoyO, i3bFiicdis 52
5T EMpbhrotk.

DNAUFRERT FEDORGITDOVWTIE, #EHD,
BRL, KE®PLBVFRGEREO oL a1 L BRE
RREOMHAZLE HERT VEREBEI oW THBEL
oo BROWEL, Yo CHEEMEERERE X3 5
s LETHEO- M) v ¥ 250X L LTRILIC
BOTRS /DEE (10~15mm) Bk b, 255 %
DEMBELY 2~3 mmTE, A55 < bY v sz
RIGELTH 7 ZAEBHRT 5. RT3 s mgsE
I, TO—FFova=72Lv Y (F3R) %
T5. —HEHINI U= TR AT oL T LB
BRI TEHEVRIERET, 254, ¥72ARBNCES
L, SNWaLORETXEY ) hDOBEIL EHiTRS Y
LOBEMEDON 7 ADHKELZED DO/, X545
BRERBTIE, R7378<1) v ) 2ABHOK[ILEEDS
B, DN ERLELERLEWY. e b v
AEDEIGED DI, 25 VNEREEEROBICEL

{HFAMULSROBEHKILELE ALR BB »F T
5, LHBELTVS.

LT, B, A5 VRBR/BLALHLRDH T AN
HEOFMICAELEEL, oo VERBAEEORS
AT FORAKG DB, BV FET5H
R EREZBRETHDERLTVS.

BROE, UAIUHEOBEERRGILIIORT
TORBEPEERBEDO L S5 TH DT, SILEHEMSR
LTH7dITE, BEALRCT3 2Pk ) v 2 R
o OB LEBSLETH S LHEL TV 5.

RED DEAREUARBOWKIC L >TEEIN, TE
BHE L, »oRREEED/NE VG EHERARMN L <
KALR, WMERCAISEEF/ER LBHREH 50 L 28
Sl

RES®FFIEC VY R L oTova L IFEOR
LRERS IRIG LEOBBREOWTHIZEL, SILBOE
TLLHLRRE, REBIKOL, BARIGILRBLE
IFERAVLEPBEHRETRL, SILBO TRIEERIZ0 T
BIRT 5. KILE 13% UTFTRAT F-HERE i b
EMBOBE L X > TREREFRERL, 255 L
DRIGEBZEMTHEASD D, BRRZET X2 2EE
ELDTHD LHELTWS.

EROBERA X VAR LA ET 5 2D IIRILE
ZTEBRGNILTHLELEDRTZ MY v 2 B D
{LEBELHSLECTHD L bbb,

TLT, BEBRDOR T VA T 2w TEELT A
5. FEBRIZUN D A5 (44 p DUTF) 24 L TRk
L TV 3 e CEBERIN TV S o3 Ui
HO=Z MY v RAFHEEZTEL D2V, L
DTESIBRLTHI L E, = MY v 4 BB OHBIL
COWTIERBRERSLOhLBbh5. Rz b
)y 4 ZDBETDOWTE XS &, WL FRENE
AE. Finbbh, BEWRMCX Y, ERS(LEH
ZHERTDDIOERIVERELRT L, WRLE(L
T2HDLBbh, EBLHEERSEREADLDTH
5L INIMRUECERE LS IST T EAFEIxH
5. TOFELTHIETIX Na,O, K,O L lo7rd
VEBORILPBH D, $HHFIT Cu0 BHTF5N5.

ULLERL, REL®IXS LUV A0tk
MEOCAHEVLDXY, ¥ 15% BESELAEEDE
S BEBEENEL, FRERRFTHORLBEShT
WHZEPBLLTH? MY v o AEOMRKAIL L D
SBREILDIZS B VOLSBETHS. FERITENT
DREBKE L, BRLERAILEWEIEI 2 Vv
DORMEMIMETHZ 8F 250, Fe05 Co0,,
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ZnO iz oBicH TiEESB. LrLl, ThbHieD
WTh, ROTERBEEXFAET SO LEDLNS.
T2, REBRTIE NI L OREYRET S DO
BEHEDLDEELT, MEERABEzEARL TLEoRs
FHREBRBERFS LU LLOEE»LEXLND XD ITL
NEDHDHELKILFTHEEBKETNE, LTLD
THEENRE S LI E S\, Lrl, FBErRELR
WEHEIDIZ O M E VT LI YR THS.

5. & B

Dova i 28 BmEOBRW A 25m LT, 1500
°C BERRTOUL T L ORERS, SRS IUR T SRR
s IETHE2MR L.

INOLDOFBEROBHIIRDO XL 5 TH ol

(1) o oBEFoed 5EEI, Nao, K0,
MgO, CaO, ZnO, B;O;, MnO,;, Fe,O3, Co0;,,
NiO PR#MIILBEEF L ETIETEETCEYTH
7. Cu0, CuO, BeO, CeO, TiO,, P,0; SrO,
BaO b ¥ icEstRECEIICH o7z L LThO,
ALQO;, SnO, Pb,O, PbO, V,0s, SeO,, CryOs,
MoO;, WO, BEEREZREL 7Dl

(2) vrvaroffRes NETEECOWTIE(L)
DEEEEZRE L OB b L RE L 2B Lo d T
Cuz0, CuO, BeO, CeO,; TiO,, P,0;, Fe,0; NiO
DS RRCHE S B 2 fr 27, ZnO, MnO,;, Co.0; 1
O TrCSBEREL. T Na,0, K0, MgO,
«Ca0, SrO, BaO, B,O; I3k X {SME{BEL .

(3) vnaroEREFKCESHTHY, LddoE
BT EAERELILVE LD P T BeO, ZnO, FeOs,
NiO 3 1600°C T4 oNa L OHBICHERY 5 xh
o7z, CugO, CoOp WHIFMED DIV (2% LTF) &
SBERFEEAERE LD, L L TiO T k&L
1L /<.

(4) 25 7MEECE IETEEC OV TIEFeO:,
ZnO, Co,03 HBRIFTH27. L L CuO, NIiO 1
S EL L7z

(5) EBA KT E LT Fe0p Zn0O, Co,05 %
FMLiz o3 VHERESILE TR I /AR LS
TE, BETHH LBbNb.
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