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Blowhole Formation in Fe-N System under Reduced Pressures

Synopsis:

Satoru OHNO and Masahiro UDA

The blowhole formation in the Fe-IN system during solidification under the reduced pressures has been

studied by using a levitation melting apparatus.

Molten irons containing various nitrogen contents were
cast into the copper mold under various reduced pressures.

Blowholes were evaluated by the radiographic

inspection and the examination of sectioned portions of the ingot.

The results are summarized as follows:

1) The contents of nitrogen for blowhole formation are decreased by reducing external pressure at
solidification and are approximately 25%, lower than the equilibrium solubility of nitrogen at the melting
point of iron and furthermore are propotional to square root of their external pressures in the range of 1

atm. to 10 torr.

However, below 10 torr. external pressures, the critical nitrogen contents for blowhole

formation are independent of their external pressures and take almost a constant value of 40 ppm.
2) The growing process of blowholes is discussed from the point of view of the amount of gas available
from the enriched layer of solute at the solid-liquid interface during solidification.
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Table 1. Chemical composition of pure iron used

in experiments.

ELEMENT , %

C Si Mn P S Cu [o] N

0.005 {0.C05 |0.006 |0.004 |0.004 |0.004 |0.033 | 0.002
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Fig. 1. Schematic diagram of levitation melting
apparatus.
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Photo. 1. Radiograph of blowholes in Fe-N specimens solidified under various reduced pressures
and at a constant nitrogen content (65-68ppm N).
Right side of radiograph shows its sketch.
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Photo. 2. Radiograph of blowholes in Fe-N specimens solidified under various reduced pressures

and nitrogen contents.
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Fig. 2. Relationship between critical nitrogen con-
ients for blowhole formation and external
pressures during solidification,

EAPNTWBZ Edbh s, Tibb, BEREHL
FEN2% 10 Torr Pl BTk, SAEROHAEESE
RRERFEAKTEIO 1/2F Al LTHEML, Lrd
FOfERR CENT T BG 5% X OEMEOFHEEE
WiEE (FR) OFEOELZR LTV 5.

—7, BERZEAIFEIDE 10 Torr LT T, &
FLAEROBEAEREEBIBRERFHIEN R @
F—EOME () 40ppmN) ZRLTCW 5. 20z &
X, TOEBOKRIAERBRSLDOINEE & S BEHED
BELEDHFOREYLZT T BZ EHERL, K
ETeBl 2% ERBEL0BEMER L EL bILS.

Photo. 2 1%, BERRFBEIRCAIEEOR
LA RE, MERSKIL (Photo. 2-a), < IOMR&AL
(Photo. 2-b), BlIFHIk&FL (Photo. 2-¢) # X OERE
&AL (Photo. 2-d) o FhZhHAEy 7e—Bla R

T, FEREILE, BEESLE (WHEEL) TR
A LKA R (REBER) ~Ma2>Ta¥
TEEL, ARFPERBTCHEROKE SRALHEER TS
BATHD. T, Photo. 2 iz DEENER R

Right side of radiograph shows its sketch,

Lk, ok kfIfREILORE LA oERSE
Bix, WTFhi Fig. 2 BRI 35 EROBEREES
BIVIFELLIBWEERRLL.

iz,  IVREFLIL, BEELEECRE LRI
BB > CTHRSEETA C L2 B ET5b 0T
H5bH. COBREODKTIV R IhHEOERGEL ¥
TRAERDEREREE L ) bEWEEZR L.

I ERIAE, BRI cRE LicKRILANS T
BEREL, SITEBOKIALHRTHHETHS. &
O[T ERFIL, TOBREENKIEROBERER
HELBEREEDBSCOAFEENTED bhl.

BRGIZ, FEBIRBOKILTH DD, ToRE
fER X O K& 5[0 BRI B3 & |l LT
5. El, TOKRALORD bR OEESET, 5l
D HERSADOBE LA, K[ILEROBEARAEESRE L
FRECMETHH, HRIFLXFITHRIIL O DA
BEELIbDEEZBRL. tk, ZoORRIILDOK
XA 0.5mm PEOLOBREHETHY, Mokl
RATEEY RTL&E TR W CTHEEBEN 1 X (0.1
mm MF) ORREIZEL BD bRishok. Fi,
BREILOBEXHKRE, [ARELOR Ll (B
M) 2 SHOEXL, 5~10mm OFHEKELLELED L
7z. ‘

4. &= =

4.1 CO FISICKBR[FERDAREMLC DT
Table 1 iR LicX 51, AREBRICHEM Licsiskalet
iy, FAEBRES E LTEROMICKRR X OBRL
FhEN0.005% kL 000.033% & F3IhTkbh, WE
TrRWwTtiro RIGE X b AR L CO 7 AR5 A4L
ERCEEY RS IIETIERELDRD. £ T, 20O
CO Fitiz & 2 KRHAERDAIREH I DWTE L THD.

— 55 —



1564 gk &

w65 & (1979) 10=

BB s CO Rt o FEEH Keo 13, 1550
°C RENT 43720 THD, ZoERAGCCEER
R LichigkrholR %, MRBE LFH5T5 CO oy
FE Pco #RDBELHK) 55 Torr Lich. Fi, DX
ST PN TALDE LT, RETTEETL LS
BEAE B T3 REKBOT LM (BN CO i
B 2itBT5 L, RKgRBOBE, BENZESE
T30 50 Torr PIF & ety CO RIGDHRIE L oT&K
LEHR LS 5o bicicd, 7k, ZOFE T, BHE
BRCBT S REOCRERBILERS -3 &) 2EELT
BHY, RER IOBEZONHEBILIELS &THE,
CO Rt & % [KALER D ik % H 3 % BERZHER
ENRIbre ki Tsc s,

TDXSK, AR LcMgkRABORE, BE
BEW, BMET & 50 Torr YTF) wk\wT CO Kk
kD KfLE AERLS 5 Al E FLTWBAZ &ITix
%.

L Uisiih, Fig. 2 cRAbh5 X5k, BEGR
DEILFEZF L CORBI X 2HENLLBDH LI
T, BERHOEZREGEOXHMIKEL TS, ok
20X, BERSHEEKEINE 10 Torr JTrBT 5K
FLERDREREREE (9 40ppm) LFPHTIERD
B2\ THh B E#6 Torr (1550°C)1® Th5., Lz
22T, CO FENZ DE T CORALR ST 5
T, [AEROEHIE CO #ATHBZ LItz
b nnbbT, EEREOKIARAFIEREE K
FLTEY, AERTIE CO BEGKE X DRILERDF
BEMED R D TN I W Z ERR LTV 5.

CDXOI, KRERCEKLTIE CO Kt X 357
AR OBBATEEA 1XE bh Tnigls. 22T, RE»D
DEZTIY, FAAFEZECIOTELLLDERELE
HEln s LT 5.

42 BHPCBIIKEAEREE

SBRERC BT 3 K[ALEROEEE, 52 bhic®
BELZEHEET e RSB KREEHER LS %
PEPIE I DOTHREINS. LisioT, Fig. 2 h
bh3kire, K[IERDEAEREE, RERFES
FERNe X oTE LBELZT 5 FERIE, B
LZERNAKMHWOMBEEIFHREIC X >TEEL
el bEL b,

o TET, BB 3 REORERIEEE O
X b, Fig. 3 ©wR7T X5 RHREHER XORTZEIE
R X VB INDHBHEOHREHCONTHELD T &
ETh. eBZZT, MRIIBHEE N F THE
BB SRR KEAER I h 2546, REKIIE

Pa i‘
Lig. - = T Lig. & =
. Layer of Meit for Bubble

h Formation _ [Co.Vo]

Subble [Ps V3]
-x

Formation

Fig. 3. Models of gas bubble in molten iron du-
ring solidification, (a) : spherical bubble,
(b) : spherical cap bubble" where, P, :
external pressure, 4 : distance from surface
of molten iron to center of bubble, r
radius of sphere or radius of curvature of
spherical cap of bubble, Py : internal
pressure of bubble, Vg : volume of bub-
ble, § : thickness of diffusion layer, Cp :
concentration of solute in diffusion layer
and Vp : volume of diffusion layer.

FOBERBIC RS W ORE AW KSR I 554
CERERRFIETZETVTH 5.

JHD X 5w, Fig. 3 @R Ui X 5 7e iR $ER 7(cm)
DRIZHINE Pa (atm) O T CEEEEMED B S h(cm)
CHEET2HEOREFESN, ThbbrToKEOA
FE Pg(atm) 12k E R Ui iudls Hizue.

P5>Pj +ph/1013.25+41.974 X 10-6g /7 +eee- (1)
T, pRBIV e ThENREHOBE (g/cmd) &k
X OKEES (dyn/em) TH%S.

LT AT, TOKEWHOERI TN CLOKWAHD
BN DG I b D ERET S &, (1)R&EHEd
% 123 DK LB Sk OB RREL,  OKM
AoEEELY 52, »OoFORELFHETHEEN LT
FhiEin bz i s,

WEZ 2T, WEPs &K Ve(emd) 25735 &KHEHN
FELLEBAYE2% L, TOKEADEEEN (cm?)
(EEHEIREE) 1ZRAD X H RS h 5.

N=PgVgT /T = +-errrerereersencinnecneen (2)
T, To HEBBREOHERE (273.15K), Thix
KA AORE (K) TH5.

—77, KMEEOBHOERBE L, Pl LdbZoD
SKEAECHEYT 5 PHERBHECE LRl
53, 0 OKWHBCEE ST BRI FR OKE
Vp(em?) Th% (Fig. 3 2) T La2EBRETH L, Vo
NCEBEINBHEERE No (cm?) (BEEREE) XR%
R Lt i Bise.

Np>K 1Py Vpp/100: s e eenieienenceennes (3)

— 56 —



7

Fe-N RoOBETIZE 2 [ILAERK 1565

2T, K WRE Th BT 5 BSOSEBMOTHE
R (EEEAL) ThD.

L7ehioC, 8RB OH D bR KW R EFLELM,
T BRI LB e gk DR IEFECym (cms/100g
Fe) 11, kR0 X 5rEIhbZ Licis’.

CMEIOO(NB"'ND)/VDP"'""""""""""'(4)

ZTT, Zo(4)RTHEZ LI LREHRICHE Y
PBOBRBEE Cu 2%, Pao IO rcEI o CEDI5
BT 502w, Fig. 3 R LicERE LORE =
TUERBEL D EETA. B, FHECHEDT
RO X5 IR E R 7.

(i) BE»ORWP~OEZOBEIILS X o<
£LS. LichoT, [EBRCEST5BS%BOE X
0 (cm) 13, ARBREGTC BT 2EEBOER (=
10-%cm) & Lvs @ — 2 FhcgEAE e o
BESET ¥ CoREILKE 0.3s Thh, ZoRiEED
W RESETHC L XD, IKEBBELXEBX % X 57
PREED DOEROBEIRE LER X b0 EEL L
hs).

(i) HEIBOBITLEHEBOEI I FELL, »
OIRBB R DS KRB & BIS Ly (B
T5 X5, MERBLESC I OTOAKREIER I
LHBWCIRBERLREEE L DRS) .

(i) REXKWOETHEE B REFXZELLFHE
ThH, BEHELKERCEROBEIT L.

(iv) SREAROERTAORER XOKIWEAROBEE
ORI ORI (1809.15K) & Ly,

¥, BROBEE p, KER 0 BIVOERBMOFE
wEK K ik, FhZh 7.02g/cm? (1550°C)20,
1700dyn/cm (1 539°C) 22 35 X ¢* 35.6 atm~1/2-cm?/100g
Fe (1536°C)1® offi% {#fH Li-.

HEERO—FIE LT, [WOEIHBHETMS 1
cm OBFHFOKIWHEFER L ZOKHEELTHR T 5 ic B
e OEBRBEOREFRE Fig. 4 wrd. ARG b
ha X5, REWETFNVERT HRRBRICLERE
PBOBREBEL, K[MMBEROMK L LI TS
25, B 5 MEFLRC\TRMELY R LD b O
LTw%., Zhicdl, BREREE T vOKBEHR b
BB oRREE L, KEMELROHEAL & LR
AL, BHMBLERY ECRE—EDME CLUTE/ME)
Es DT 5.

TZT, ZORMHBICLE IR ERIBE OR/ME D
WCAhD &, BRREE T AOMMETIREN T ORESR
WETAOBAMEL D 3F L KEL, 2 oEMEER
Wbz Lhibnd, ¥, BHPBT 2EEK0E

B / / i
I & [} ! 3
I AN A |
l‘\o,/ \0/1 OI
/ / /
L // / /
/ / /
IN_~ / /
10° fs / / .
§\ 7/ / .
N y |

7 760 Torr

Nitrogen Concentration for Bubble Formation , ppm

= s = Sphere
s Spherical Cap

10’ | TS A S N SO B | [ I
0 1% 10 10° 10' 0? 10° i0*
Radius of Curvature , cm

Fig. 4. Relationship between radius of curvature
of bubble and nitrogen concentration in
iron required for bubble formation under
various external pressures.

10 T T T T T 7 T T T T
&
'3'_' Sphere
<
R
5=
g Spherical Cap -
=
3
10° - -
8 -
I ~
§‘ - -~ \ Experimental
4=
S

10! C 1 VIR S 0 | ! I T | ! T
10 10' 10? 10*
Pressure , Torr

Fig. 5. Comparison of measured and calculated
nitrogen concentration in iron required
for blowhole formation under various
external pressures during solidification.

DD, = DR/MELBEOEREE, MRPERCET
53 0ETHE, REEHEIREE L » IES R
No3HZ bicinh, AEBRSCHEENY 1 XD
REA1BEIW AL ORERO—MEEL BhB.
Fig. 5 1, KEERCLERLERRE ORM/IMELHH
FEoBMRYRT (RbRL). vk, MboBEEirAER
THLI KRR OEAEEESE L RERSHEIED
DEREER LI DTH 5.

R L b, BREEEFLOMNEREE, EBRAc
BONCEILEROBERERETEIVIFLIEL, £
OINERTHEEDE LI Rie>TERD, ZoEFL

— 57 —



1566 X W

% 65 4 (1979) 103

TIHEROFIAERBSEHB TE R\ Ehbh b,

—7, HESHE T LOMNEREEL, KILERD
IRAERESE I D LE 1.6 SESGE (B 10 Torr I
E) THBH, FoiMNECT5EETRIFINIGER
LTEDY, Z0ETFANREEOKIAARIAGEU L
bOTHDZ LHETFRLT LS. v

i, TORBLREEF LKL, BERREIE
et T 2 [/ALERDIERAERSBEOEEIIKRD L S5i1C
B2 BHZENTES.

Tighb, BERFEHSKEIR 10 Torr DLy,
T, [KAEROHERAERGENFHRKEIO 1/2 Fck,
BT HREAZ, (1)RTEZLLRAZWAE P k3
H(1)REHADHE 2B LOE 3SEHEHOF LI/ NS (o
Lz, k=1.0cm,7=1.0cm T 2 K X O 3EDOM
1347 7.8 Torr) 7=, SMEAEREE LTIHERR LD
THREIRND. L2 T, (3)R2bbabd X5,
ZOKHAE L TP#T DEBOERBEEIL 3 1TIMNE ©
1/2 Fre 5 Licics.

Thiest L,  BREREESKEILE 10 Torr LITT
1%, KMAECHTS (1)RE 2HEB LOHEIHOF L
PEHTEY, iz Pa=0 @B Thrhbofiic
G THAERBEEVRE IhRER b Leins.
FORREE LT, SIEROERAEREE BRERZH
SEICEFRRL, BE—EDEEZRLICLDEEZD
hs.

HED X5, BETEETS Fe-N ROZFLER
HEut, WEERZER LB BT 25 BORER
LM REKBEM R CHERR/NERREE) i,
EHERNCE T & 5 & Ehvbh DT,

4-3 ERABANACBIEISHIEREICONT

i TcEE L X 51, Fe-N ROKFAERZEENIER
TR DT R & B e —B R s Lichs,
FEEOKFLERIL C OFEFFER L » S HECRETE
BRERTWS., 2Oz &iX, K[AERBRGH L, BE
BECETHEE (BER) ORISR EERRE
ERILZLTWHZERERTIOEELDRS.

£z, Fig. 6 wRT X5 le—kIoEHEEE €5 v
R, MAEEERES X Y ERAB T CEshs
HEE I RAEBHAZ ORI OWTEETS. ik,
Fig. 6 =R\ T, XiX@EES, YEEOEERE
CRTHERAE» SOOEHTHY, Cu(X) FIO
Ciiq(X), Crug(Y)iZ, ThEHREEXBHIIYRRE

FAERE I OCREOBERBETHD. T, EBIV

Co EHBEZEE R XOTHBERE CH 5.
= O—WIEEEEREE F A X, E SEEE X

Co/k e —— - e —— -

r/‘
Co PRI n
Y
\ Csat {X)
Sol. L|q
kCo

Interface

Fig. 6. Solute distribution during uniaxial
solidification.

hi-nE (ERFEEEAOREHS) 11, BERFER
e e — 27BE Cu(X) ¥ F T 5a1HEELE ER
FRERAMNOREH D) 2R T%. ZomEEERS
X BRALERGME, —BRiE Clig(X) OfEs
BB 2 RBWOREFESFBETH S (1) RN
EEABrL5trRIBbDEEL LR TS.

Lo Liehih, BIEiCER LXK, BH4EOK
AR XN 5 DL F OKRWERE OB BIEE L (4)
REBRERIIE b, Lo, EEeEREST
I ASRIEREML, Br Cuq(X) Dffiic XoTiE
50T, K[KEHRCEES T 5RIEERLERNORE
BEIEN(4)REWBRTLNENENS 2 LIRS,

F T, BEERCRCCEME, b Sh, #imEE
LB BIL IR BERIC OV TELZ TR LS.

Fig. 6 2sbbonb X 5w, Ef» SHEH Shi-&%
BEE, Co1(X) HBWE Cug(Y) 2BDOBDOIEHEX
BHENRYEZOWTENILERRETHEITAZ i X
DTCRDDBZENTEDD, RERMS 2= v FEERY
B, SIAEROBERIEFEREFRCH D, »oELE
DORSEVMHBLEORENMEBEETZ Z 000, &
IR BT A ERAEREMNOREREM it 52 5
KRR CEIE T L ET5.

Ci1q (Y) =Co+ Col (1—£) /K] exp(—=V'Y/Disq)
22T, VIRBERRE, Dug RHIKT 2 BE DI
BETHB. kR, HEeChHloTUL, (5)R% G T
BRLUTEERTIEL, ®XARNTRTISRYRDWTES L
.

[T 1€ (V) /Co—110Y

=f:[(l—k)/k]exp(—VY/Dqu)dY ...... (6)

Fi (6)ROHEREB T, BEEE V i AER
BT HESOBREEE 1om/s OfE%, BEHEOIERE
Dyyq X BEHPE BT 5 EROIEFRI ~10-tcm2/s

— 58 —




Fe~-N ROBETICH T 5 SILERK 1567

10 L LI | =T T T 1 ]

D= 1074 em?-s™ 3
V=10cms"

10t

Relative Amount of Solute , cm3

0% - f ! ! 1 ! [ !
10 107* 07
Distance from Inferface [Y1, cm

Fig. 7. Amount of solute in diffusible boundary
layer plottep against distance from inter-
face of solid-liquid for various values of
distribution coeflicients.

1

L]

1

i

¢ V=l0cms? —
! 42 ol
1 Diig= {0 cme s
1

|

I

|

|

1

i

o
1

H

Mean Concentration Ratio of Solute , Co
W

- n
! [

olo o

Y
|

0
108 1074 073
Distance from Interface [Y], cm

Fig. 8. Relationship between mean concentration
of solute and distance from interface of
solid-liquid in various distribution coeffi-
cients,

(1536°C)20 DEZHHE L, Bz BRI E (Y
A5 R, BHOZIAIE 10-"cm) 2 3A L.

WL OB DHEREE DEI T, (6)REEHE LT
BOhCBEREY, BEEY L ZoEBRCEET 288
BLOBR &, Fig. 7 wrid. ok, Mok
SEEE WEE) 1%, ST 5 EHEORE R mERERS
BAUHEECTHIHARC, BEIh? REEXEED G
BHETHMROGBE (cm?) TERbLLLDOTHS.

Fig. 7 A bh5 X 5, fimBtEANORERE L,
WTERDOSEREIC DT HIEREY O3in & & b imiss
BEHICH A (WEEBEIEEERMCEL) T34,
AT BALRE D4 EFERE  (D1ig/V'=10"4cm) f3F X h
MERBKRETDP B ETRD, K 6x10-tem fHETC
FE—EDMHE (B L Shic2BREECHIE) &

BT %. FFMLD, FHEEY MRS T/ HH
T, ZOBRBEEERTHCE N Lnb LT, F0
EREPNC IR T 5 WHEE DI\ e (k21E, Y=
10-5cm, £=0.3 DHE, WHEKIIL 3.1C, BEE
EMED P S M - 2R EE DK 9%) , KR oW
BEMEDE LS DI W Z ENHEINS.

Fig. 8 1k, BEEEY T 50 EEY, EHY T
DFHRE (Co=1) LLTHLILLDTHS. T
EBIhDZ Lz, BEEEY2SRTARLE OSER (X
RIRR) T ¥ T, FEREERE O HLEEE
BETHD. Zhix, Fig. 7 b5 X5, FEiE
HOPEH IR FEOKYE  (F 63%) VMR A
FETHERIDBLDTHD. ¥, T OREMEIERT
1, Cuq(Y) offix Cug(X) DfEin 1/e (=0.3 TH
1.9Cy)) THy, BHEBIOCBEREDO WL LD, B
HBLEOH#HEY IS ELCW2HIKREZ L bh 5.

T, BIEBLECRT 3 KREERESY, - 0k
MRS 2 PR ERE LR ERE L oTRFEEE
BREYEDD L ETS. B OBHE, SNHEEE:
X, FEEREE ST 2 PEBREREN (D)X xmETHh
XIwvwz tiehks.

Fig. 8 iz, W< o0 ERCx3 23 EER
R LTWABD, T2 CREBEONEFEEE LT Fe-
N ZOFPEHMEEE k=0.3 OfEZHEVS L&, HHE
BECOFPHBREREZTHBECK 2.5 dTr &
Zith., Lchi27C, JificEE LR RLeTro
Bf, BROMINEERED (4) REME T2 D
BeBE XY N 2/P/BERCEBETHOTCE, HRA
HTKHOTEAIREE b 2 Licinb.

DED X5k, BERECST AHEELRSLER
THhE, HISERBES(HRLERTIREN TR
WTh KlEE R L 5% &0 BHETSHZ Lo
Jo. T EirER, ARRTHE LI CRILEROHER
EREED, BHPERT 2REKBEHE LML
I OTE LK OBNERBE IV L, B
WERERRLERREEZLDRSD.

LT AT, KERO X 5 CIRREE B OBEEE A i
HEWEE, BEOSEARBE—BITEE (k) % &
OF, BEEECKE LcESHE (EhoRElk.) &
ED, k<ke<<l r7ch T EDEIBRTWS. 2T,
AEBREHTeRT % Fe-N ROELHERBOES
BELTHXS.

Fig. 9 1z, RiHE/LE O HiEEE k% FHnE
BE L OEEROBGERT. 42 fiTRLICL SR,
ERPCE DI ERAEROBERAEREE (B 10 Torr
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Fig. 9. Solute concentration plotted against
distribution coefficient,

PE) 1%, WEREHRCLE IR/ NEZZREE D) 5/8
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EXEREE L TRV RE T, Bk
DGR FBEEDINEE D 1.6 £ & /e 5 &40 KFL4
ROWERFETHY, TOEDHIEERERT LR
5.

Fig. 9 Wiz LR OBIREWBCRLTH 528, Zh
X 0 KRBT HT 5 EYHEARELK 0.5 LEESh
5.
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Photo. 2 iw/R Lic Xk 5ic, BEBERHIL, MHEIR
KL, < STRKIL, FIFBERKILR LORRSKILD 4
RENEE I hie. 2D X 5 kKRILFEMEDOER T,
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LorELZLIBS, Lhl, FEBRBTSEGON
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DR ERRE Co) ULTHDZ EhBELILS.
LichvoC, KMORZBET, AIEEBLE ORI ICF
ETHESGOERRE (MPEREE G &F1L\v) O
Co w33 5:BfaAfE K X2, Fig. 10 0ERRR
T IS5 3BEORRBEYE LD LNTES. Itk
M, Cr XERHEE A KL OBERAEESE
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Shape of

Bubble Growing Process A
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Fig. 10. Effect of initial concentration of solute
for growing bubble on its shape.
(1) fast growth, (I[) intermediate grow-
th, (1) slow growth.
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B, BERECRT 2 RAEREGEN TR LT 5%
DEELZBRA. Tok, AI-H W T, %ED Al 3%
Bl CHATIRICARBEBEE R Lo TR S
KHMoEE Al BB L, MNRERRGILERET D
ZERBEINR TS,

5. &

Fe-N &R, TORIERETHEEEZEERD
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