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Examination of High Temperature Deformation Behaviours in Titanium

Alloys by Means of Zener-Hollomon Parameter

Manabu NISHIMOTO, Waiaru TAKAHASHI and Yoshiaki SHIDA

Synopsis :

High temperature deformation of pure titanium, (a+8) and £ titanium alloys were studied by means of
compression tests over the range of strain rate from 107's ' to 10735 and at temperatures between 973
K and 1473 K, and the results obtained were analysed by using Zener-Hollomon parameter (Z).

The following results were obtained ;

(1)Maximum flow stress, o,,,, was correlated with working temperature, T, and strain rate, &, approx-
imately by the following deformation equation ;

Z(=¢exp(Q/RT))=A(sin h(@o,,,.))"

where @ : hot-working activation energy, n : stress exponent, R : gas constant, A and @ : constants.

(2)The value of Q in a+ 8 phase was much larger than that in & phase. So the deformation mechanism in
a+ £ phase must be different from that in S phase. The value of Q in £ Ti was almost the same as the
activation energy for the self-diffusion of Ti.

(3)Deformation structure became to equiaxed microstructure by continuous recrystallization in the range
of Z less than the critical value, Zc. The recrystallized grain size was determined only by the deformation
condition Z, and did not depend on the initial grain size.

Key words : titanium alloys; hot deformation behaviours; Zener-Hollomon parameter; flow stress; recrys-
tallization.
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Eexp{Q/RT) = A-[sinh (a0,,,)]" +reeeeeeeees (1)
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BRI Ti &%, BXU, BRI TI A&I> W TMLIRE,
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2-1 ¢HEH

HeAM OILER T B L BB LM % £ £ Table
1, Table 2 I2/R¢. AELEAZ Ti BLU Ti &34
Ti, (e+8) Bl Ti 44 ® Ti-6Al1-4V (Ti-6-4) , Near
BB Ti &4 ® Ti-5A1-2Sn-2Zr-4 Mo-4Cr (Ti-17) &
Ti-6Al-2Sn-4Zr-6Mo (Ti-6246), # LT, BRI Ti &%
T& % Ti-3A1-8V-6Cr-4Zr-4Mo (Be-Ti) TH 5.

FEM IS (EZE 90 mm—EE 15 mm) 1TV,
BES & B WV I IBEARLILER 0 72812 Table 2 127K #4L
HMEfEL %k EHAARERE (HEZE8mm, K& 12mm)

Y0 L CERERER I L e,
2-2 HBFH%
ARFE T, ML7+— v R I¥—FBREE

(THERMECMASTOR-Z : E+EH T %) I X b itk
MICEREREMA, 7% OBRERES AKX L 2.
BIREREES F LHEBMOMTEHHTELL DI, E
HEEZ 1X10's ' HEEETHS 1 X107 357!
Fopfbed, MLEED 973K 25 1473K F T 100

Table 1. Chemical
alloys tested (in wt%).

compositions of titanium

Materials Ti Al Sn Zr Mo \Y% Cr 0
CPTi Bal. — — — — — — 0.10
Ti-6-4 Bal. | 6.4 — — — | 4.1 — 10.10
Ti-17 Bal. | 4.9 | 2.1 | 2.0 | 3.9 | — 3.9 | 0.11
Ti-6246 Bal. [ 6.2 2.1 4.3 6.3 — — 10.10
Be-Ti Bal. | 3.3 — 4.0 4.1 7.8 6.1 | 0.19

Table 2. Heat treatment conditions.

Materials Heat treatment

CPTi 1373KX1h—AC

Ti-6-4 978K X 1h—AC

Ti-17 1173KX0.5h—WQ

Ti-6246 1173KX1h—AC

Be-Ti 1073KX1h—WQ

KB cEfbs ez, ERORBRICBVYT, BE Smm
TEE 12mm & RBH /NS W0 ICEE (SigN, #)
EDEMECTRESHAORY AEL, FH—-EEELEBC
LT, Z2hT, RERR LIGEOBICHEM L LTE
FoHEHR (BEFE 12mm, EA 0.2mm) iHFEH, RES
MHBHE— (£10°C D) BB Lk &5
WZIBE & ORI KT 7 A REER (BHhs: Ty
FV—RX M) EBVEBENENSLTHIEILLST,
% B~ HHERICEWRETHRBAPERTA L)
Tk 7z EMREBRIEEZEFER(2.0 X 107 torr LTF)
Db ET, BEABMBICE YRR % 3.3K/s DNk
WEETINTTIRE S CTIBL, 20K, Z0ORETSSH
REEL 7212, 50% ETOERL S5 2 7. BE&XTIE,
B HIC Ar 7 2 % RERFT ICIEET L T 50~70 K/s D&
HETEG L, BinAStEE s L5 1L, A
B ERE T AT 2 P RO A HHUE L, FEEHE
BERBAEKER (7 »1bKFE 3vol%, 7l 10 vol%)
THRLZHABEEL I LICK - TT- 7.

2:3 Zener-Hollomon BF

BiREEB S BIEH LA ICKE S WA 5HE, RE
(T)-ZEHE (&6)-LHIEH (0,,.) % Zener-Hollomon
K+ (UTF, ZRF) 2 HVTROL I ICEBRTITS
NBZENMBATWSYO,

ZRT (= éexp (Q/RT)) = F(0,4,)
(2H)REFHVNE, SFTSEREBEETOEEE L ERIK
POBARGREMEEEERT (ZHF) KXo TE
BEh) 58, ShECOFEABMMTOMETH:S
h7: FORBRE LTRRICET 3SRMSKEN L DD
THHW, )

F(Opas) = A-[sin h(a0,,, ) 1" 2ICTIFES+-(3)

F(0p) = A" exp(B0,,,) @I (4)

F(Opa) = A% 0™ {Bpis I B+ (5)

ZIZTA A, A7, n, n, q BREBTHA.

FFETRLICNEBTHRL BT S Flop,) =
A [sin h(@0,, ) 1" VT, (1)RICHEVIRE (T)-
EHE (8)-BRAEN (0pe.) 2EAKRITB L ERA
fz. Lo L, RE-ERE-EBIEINEBHRS T L, K
FD4>DFEH, o Q n, ADBEORDEIREL %
A, FIT, ZEEHIEFERDEHIIILTe Q n AD
% RO 7.

ON BOERF— 7 L HEBIC3DOERT— ¥ (4,
T, U'maxl), (&, Toy Opmar2), (€3, T3, Opar3) ZE,
(1)RUITRALTRD 3>DEBEREESL. 4 >DFKE
B LT 320RE LT, ZHZREFEQT o
DEFBELICEOONDEDTEEMN L RAEIE Q n,

Ll
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AD3IDOTHAENLTHDH. 372, 3O0DEBRF—¥
DEOFHIE NCs EBVHEET LN, 2OTFXTCOME
DOV TUTO~® O#EE4T .

& exp(Q/RTy) = A-[sin h(ao,u )] o (1-1)
& exp(Q/RTy) = A-[sin h(ag,g,2)]" -+ (1-2)
é3exp (Q/RTs) = A+[sin h(@o, . 3)]™ et (1-3)

@#L% o xR (1-1, 2, 3) AT 5.

@R (1-1, 2, 3) *HIHEAL LT Qn A %K
D5,

DONC; EBOD Q n, ADPSFEY Q, T¥ n, T
A %KRDD.

Ok Q, n, A BLV a ¥ VW CEE-THE-
EFARPL % B4R5 0 CHIBRE 2 Ko 5.
@LLEDBEZMELEDEL THR LB WHBEREK
2 RTEED e Q, n, A X ROHLEfEE LT
37, Kdrae Q n AVEEMZES/HIZE
EBRF—-IB NOEIKEL, 2, @QLEBITARS
R BAED 1.0 ICHBO TEWLERDH S, KK T
2 10 BIfROFERTFT— s BEHCVLD, o Q n, AL
WIHIBELADDRAKERDBIZET T Y BER
A, 7, ®IEBWTKRD - RS HBERKEAS 0.99
DEDOE# KDL o Q n AWHEEHNHLE L,
0.99 LT ol idFEMS v & LTz,
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3-1 ZHERE ZEF

Fig. 1, 2 CEEN-EEMMB LT, Fig. 1 BEH
EA1X1071s7 OBIZH TS Ti-6-4 OERIERD
BECIAELERLTVS. ZOMDHEREHIR
BB shLsZ by h, 72, MLEEA 1173
K OO ERIEIAMORE IZIE L TIEFITH VS,
Zhix Ti-6-4 © BERELH 1268K T AERESL LD

150 T T 1 —
Ti-BA1l-4V §=1X10""sec™’
. \ . ! 1173K
——
€ 100 S
AN
a 1273K
[} L
ﬁ 1373K
% 50 7 1473K
= Eé/,
—
0.0 ) 0.2 0.4 0.6 0.8
True strain
Fig. 1. True stress and true strain curves of

Ti-6Al-4V . at temperatures between 1173K and
1 473K and at a strain rate of 1 X107 1s™ %,

1273K, 1373K, 1473K Tit B¥M & 5o THNE
BLoT s, AEEALTO 1173K ¢l (a+ 8)
Mo 2 ML 2-TEBY, ERERHOEY e HE2 S
ATWAHOHEBRDLRARWY, k3L tidfhoF
Y UEBICLASNK, BB BEESUT UL

TRRKELBLRLIENEZOLNS. T/, Fig. 2 i3
180 [ I N A
T | I [ [
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<
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=
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[ [ [ I I ! ]
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% 100
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‘ 2=1%10"3 sec™!
— -
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’ True strain
(b)
150 T T 1
Bec-Ti T=1273K .}
|
; L E=1X%10" " sec™!
& 100 —
0
0
b
1) \
2 50 .y E=1x10"2sec™!
c At
L T
k — E=1%x10"%sec™!
= = NNV ~ v
L
0.0 0.2 0.4 0.6 0.8
True strain
Ce)
(a) Ti-6Al-4V
(b) Ti-6Al-2Sn-4Zr-6Mo
(¢) Be-Ti
Fig. 2. True stress and true strain curves of

titanium alloys at 1273K and at various strain
rates between 1X107 s ! and 1X10 35~ L.
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lw LML I ¥ | AL B
1Ti—6—4@

tTi—6—4(a+P)

Ti-17()

: ﬂé—r i®

Log (sinh (2 opmax))

0 2 4 6 15 20
Log Z : Log (¢ exp(Q/RT))

1273 K (B HiARIRE ) 12852 Ti-6-4, Ti-6246
KO Be-Ti DERBHOEREICLHELERLTW
5, COH»SEREIIIEFEICOEEIND Z &N
K< brsb. T, AUMIEHETLF S v EE&OEH
WX o TEREIENKREC BRI LD bhb. 20
ERUEEBILICEIZbDEVE, BNTEROS W
Be-Ti Kb BHOVEREIMEL/RL TS, LaL, &
DF I/ EECBVWTHEREMTIBNITE— 7 2IRL,
Z0%, BREBLEYHLVIIEF L 2 5BHEEND
BIE-EEMBTHL L bR
Doy, BRI ERE L MLEES S ViEE
EOMBELEICKECHBINDLI P DIAH. ZIT,
HZHF 5 AECOVWTEEE LM TREORESY Z
W xHOTHRITT 52 &2l Aak.
ZHFOBRATE2FD 72012,
Ta, Q n ADME%EK®, sink(as,,,) & éexp (Q/RT)
OEMBOMEBEE & 5 7:. #0OfKRE% Fig. 3 R,
SORED, £70y PEEKLEICEY, ZERF%
HOWCERERE EEE, NTEREZBERESTOSNE S
Epflofz, LAL, AL TIiAEETH (a+8) 24
mEER & B BAIREE & AR L7 & B ) AR ES
Bhbbtwz, ZRFILHAHBSTRIMHIT L ICHT
LUENDHSH, 2D Lix, Table 3IZRTEHH R,
FEOEROFE R AN F— QEIZLHA TV S,
G HAMIRICB T A QEIZH Ti 150 kJ/mol, Ti-6-4
A% 148 kJ/mol TdH v, Ti-17, Ti-6246, Bc-Ti iz h
Fh 170, 177, 174kd/mol T - 7275, (a+B) 248
BERICB T 5 Ti-6-4, Ti-17 ® Q 13 400 ~ 500
kJ/mol & B HAHIREBOLE L INTIEITKE 2 fH
L oTWA,
QMEI(1)XDOHT exp (Q/RT) &\ ) TEIIK
MICHBE 52 50T, QERELBKROREKRFY

2:3 Tk~ Kk

99 flow stress (0,

Fig. 3. Relationship between the maximum
) and the Zener-Hollomon

parameter (Z) in various titanium alloys.

Table 3. Values of activation energy for de-
formation ( Q) and stress exponent (#) in titanium
alloys.

Material Q (kJ/mol) n
Ti (8) 150 4.7
Ti-6-4 (B) 148 3.7
Ti-6-4 (a+B) 400 2.0
Ti-17 (B) 170 3.3
Ti-17 (a+8) 489 3.8
Ti-6246 (B) 177 4.1
Be-Ti (B) 174 3.0
300 T T
= : Calculation
® . Measurement _|
§ Q=148kJ,/mol
. 200 }
x transus
E ]
©
2 )
o
% 100
g
o
0
973 1173 1373 1573
Temperature /K
———: Calculation by Z. parameter
@ : Measurement
Fig. 4. Influence of deformation temperature on

flow stress in Ti-6Al1-4V.

KELZEE»S5 2, Fig. 4 WRTLHC Q0K E
v‘w+ﬂ)2wmuzwf1uﬁ$®%%mmmﬁ§
EHEEIIKE VA, QED/IE WV BEMBICBIFA Ti
BEDERERDEERFEE I PEVRERE 2T
B, 20 QEICOWTE L OFFEE VIO IEHEIL -
AINVF— QuDEE—HTAHZ LR DOEEMEIZB W
TRLTWARY™ 22T, ¥, F5 54812817
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B Q LILEHOEBALL A VF— Qp DHBRICPVTHE
% %. Table 4 12 8Ti Fi28B1}% Ti, Cr, Mo, Sn,
V BXU Zr OHHOERALZ AV F— Qp DEETRT
A, EORMTED ATi O HCIEFHOEHIL 2V
Fo g bh o W% &Y, 150 kJ/mol B4 TH
%. Table 4 £ D# Ti 125115 Qi HCILEROHME
Lt nFE— Q DL IFLALE UL &Y, FHH
Ti OEIREFE Fe % Ni % & & FERICILECZ B OB
FIHBRICL VRIS TwAEEEZLNS, £, &
MAEEEDNZV Near SEI Ti BEBL O LR Ti &
KBV TEHRMITERBOMEELED -0 QA Ti
OHCHEOEEILZ AV F—HICKLL TRLED &
Troteds, TIiALICBWTH QEIZHD L TAIED %
B 5 Ti OHCHIES SN OB OEELT
NE—HEHTOEDOWEE R 572, LIzh 5T,
BHMEEHOF ¥ » 581283 5 EIRER G ILEE
DEEIHARICL VEESh TR EEZOND. L
LA, (a+B) 2 MRERD Qflid o4 Ti OH
CIE o EMAL = 4V F—1fE (169 kJ/mol)'® & B8
Ti ® Bk O &ML= & v F—1fE (153 kJ/mol)'?
WHANTIEEICKEL, (e+B) 2 HIBEHICEITAF
¥ OERIILHEEOBNEIHERE & 35 0BT
KHEBENRTWwBEEZOLRS., 7, nfHOKEE%:
AbHE LHEMEBEEO Ti #4811 3.0 205 4.1 oo
EEED, M Tixa.7, (a+ MK Ti-6-4 12 2.0 L& o
fo. T nfHIEHRE %o N EMBIC BT AEHE
BEREZMIRBROEBIHET 5. 20720, (a+8)
W Ti-6-4 @ n EHIEEL ﬁlﬁd)aikﬁﬁﬂ%& 2o 7
R BEEREECH Y, ERBBTHERAIKE
WEE otz E bR B, F72, nfliAT 3.0 L
R EE 2% Be-Ti W EHE IR R AT 0.33(1/3.0)
Ritk L HEE SN, BEUEROBLTH HEREHRZHE
68 >0.3 2l LTWAB®, Lzd o T Be-Ti dhn
THREICK - TIBBE L RTIREESSH L L FHlSh
5.

3-2 MIEHHEBKE ZEF

ZLEIN LS B OmLR L & [ &by AT, L
MBI T & Ic Lo TEs TS ICELT 5. BREE

Table 4. Activation energies for diffusion of
Ti'?, Cr Mo, Sn, V and Zr'® in Bphase.
Element Qp (kJ/mol)

Ti 153

Cr 154

Mo 155

Sn 133

v 146

Zr 149

By EZDH LTS I A MTAKE —TH
WEBEHTLILRIAEERTHL. ZITEEDXZN
?%mwfmlmﬁﬁ%%iﬁTé’t%%&t

, BB NI AR EROMBNOIITHEHD
#,bémeLﬁ%% CEU-HNEASER TS S
DHEEERB. LA L, TOKELREBCIEMEE
&0, ERIHER SR OSSRV EEIEE IR

A5, MIEFREZDOMBEDGE IEMEELE <, &AL
BB - THABERRKLTVwREI AL
HINS 2= EEH S TEM 2 X 08O T SRR
RBE L. ZOfR%E Photo. 1 II/RT.

Photo. 1 (a) & Bc-Ti %#EEMIT (é=1x10"3
s, T=1273K, E& (¢)=50%) L, ML, &
BICHRAGHI L7 & & O TH D, Photo. 1 (b)
B % 1073K 3 CRIRL, BFHERSL S & Mk
Thb. INOSOFEHPOMIERERZICH AGEHIL
R & BB R CHENOBEICNELENH S
_tu%%ﬁfbb,WI&,E%KﬁX@H%Lt%

, BB AIZIIEALELL T REVEEZLONS,
%W&utkﬂ%%ﬁut®+77,+77ﬁﬁu%
BRI ANVFEF-DRKE bec D FHLELD0D
BEIEL 3 <, BEISET L TOLEREZOHNER

(a) Deformation structure cooled rapidly by Ar gas (T=1273K

¢=1X%1073%"1 e=50%)

(b) Statically recrystallized structure (T =1 073K)
Photo. 1. Transmission electron
showing the substructure in Sc-Ti.

micrographs
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T=12713K é=1x10"2%"" ¢=50%
Optical micrographs showing the de-

formation microstructures of (a) Bc-Ti and (b)
Ti-6A1-2Sn-4Zr-6Mo.

Photo. 2.

MOHENE LD A NVF—-DEREIEY. Z0-0%
B OBHEESEEIWw < LZbDELY, G
HRE 50~70 K/s O # 2 G H1C R BT O Sk 57
NOBBFEFETELLEEZTVWAS., £, SHEED
KEVWKGOGEEWBE L2228 HANFEERHENE
bohhot.

DT, ERRofibricow Ciibgig s X oomIEew
MBI DV TEZTL.
SERETLF 7 440 BEMBIZ B 5 Tk
¥i#E13, Fig. 1, Fig. 2 ISR L7-BEID - EE MG A8
R % B EHEE %R L Tw5 2 & % Photo. 2 IZ7RT
X 9 IR TAL U 7 0 HAAS Sohi 0 PIEBIZ 585 L 7= SIS Soks
PRONBIENLBELLEVRIERNTHLEEZDL
hnt®

K42, Photo. 3 12 Be-Ti DI &M X A 0 LRk
OEALERTA, TOBBEICEONS LD LM
Lo THBOBRTFPIERICESTL BT Edb2 b, ¢
ZhLMTRESESWIIEDLVEEEEI/NS VL
REAL L - s ki i b - CTIREICIE » & ) L 7-%

HEPRELEESLs s @A H S, T HILERE

B A VIEFOBEEROL VWL BEETH S
EEZONEH, FOREAROFEMC OV TIIBIRET

-y
(=]
|

Strain rate / sec™!
=
]
~

=y

o
!

o

173 1273 1373 1473
Temperature / K
@ : Grains equiaxed by continuous recrystallization
A : Initial grains deformed in a pancake shape

Zc : The upper critical Z for obtaining grains equiaxed by recrys-
tallization

Fig. 5. Relationship between deformation struc-
ture and deformation conditions ( Z) in Bc-Ti.

_ 10
|
[}
3
N
2 102
e
c
8
n 10-3 Cont inuous i
recrystallization
z2<2¢
1173 1273 1373 1473

Temperature /K

Z < Zc: Grains equiaxed by continuous recrystallization

Z > Zc: Initial grains deformed in a pancake shape

Zc : The upper critical Z for obtaining grains equiaxed by recrys-
tallization

Fig. 6. Relationship between deformation struc-
ture and deformation conditions (Z) in titanium
alloys.

B2V 22C, COHE* ZRFEFHANCTELTASL.

I9, EHEEESCLAMIERAKOELIC oW T
EZ, FOFER% Fig. 5 2/RT. Fig. 5 IWRT X
LA BV TR L - iR SR 2 B L <
WA 4 & Fiks s & A5G & 2 A INTT 48
DEFREEBFO ZH (LLF, Ze &HT) k- TE
BB ENTEETHY, Z> Ze b e AMIEMH (B
BEFKE L, MLREEMEVINTEM) TmEPELL
72 SRLATTRIE L C WD A, Z< Ze L AMT 4
f GEEEAVNS <, MLREFFEUITENY) T
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(A) T=1273K é=1x10"1s"! (D) T=1473K é=1x10"1s"!
(B) T=1273K é=1x10"%"! (E) T=1473K é=1x10"%""!
(C) T=1273K é=1X10"3%"1 (F) T=1473K &é=1x10"3""

Photo. 3. Deformation microstructures of 8c-Ti under the different deformation conditions.

HWAHRE 2B, 22T, MOAFEICO VT KIS

ZMTHES I L ERA, ZORBE Fig 6 19T S eimio
Fig. 6 2 X 0 &% Ti 8422 T HRFAL L -0k 8 WTi—6246
SR BT LT\ B T G & TG e & 5 St & 3 N B +PeTi
% B TEREROBERE L ETNETIO Ze iZ & - TRHA 2 €
FHILNTREE VR, Z> Ze & i BINLEMT IR N :
AL L 7 RS SR ATRAE S 2%, Z< Ze & % AIIT 39 50| z¢
U CUHEREC L 2EMGE 5D, Lo, Ti g
HEOMTERMBIEL ZWF10 k> CHIFCE 5 5t ..\l\-\:i'\.zc
CEDPHLME R ST E
Kic ZWAF L FMBHaNEL OMRES L. e e T
Fig. 7 (ZS P S & 2 - 2256 OB AT I9RE Log Z
(D) & ZE%MBEFRTAH. BEHLTIHRER JIS Zc : The upper critical Z for obtaining grains equiaxed by recrys-
B (JIS-HO501) I2#5\ T, B L oSk oM. tallization o .
; . Fig. 7. Relationship between continuously recrys-
BEHX(6)5cHt > THRDO. tallized grain size and Zener-Hollomon parameter
kiR (D) = % ........ R D) (Z).
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3
N 100 B Do=1501m
a X : Do=440um
2E o
DN
2> x z
28 c
2w .\'\Q\NE
T £ :
c o
8 &

F YT WO WU U T HOF R VRN AT ST S S T SN SN WA (OOY YOU TR S S U 3

10 3 4 5
lL.og Z

Fig. 8. Effect of initial grain size (D,) on con-
tinuously recrystallized grain size in Ti-6Al-

2Sn-4Zr-6Mo.

S: BIBHOMBE N: &Sk E K
Fig. 7 XV Z fli & B & TFIgRE O B R B %
FoZ Lhbhn, (1) XAFWDILOZ LA DL 5.

Lkt T, TiG&0Om&RRESMTRE, BHE
POWETREE WR, ZIED Ze &% B XD NI 54
TIL A7) & & & 0 RS2 S madsAiis B
HIENTED, DEIZOPRELHNEOREYRLH:0
2, TFIHMEES SRR AT 150 4m & 440 um @ Ti-6246
NFEBEFHAEL, MLEE 1273K, F&HEE 1X1072
s 1T 50% FET L7z, WIS SRLEDT 440 um DG E
B AEEGOFEREY Fig. 8270y PLTH
% &R BRI 150 um B ABEM EICIZE SO
MER, EUHESOTEHRF OIS SMNECS T
NEEINZW., LT, BEAOFHNEORE
SRMLERIC Lo TORRE L EHHBHL 7.

4. #& E

(1M To Ti §E&OERRRIEGEOMEE, ML
BE (a+ 8 B T ki, BEVWKBREHG IO
D ZWTFTHROTRSEBERTEL I LML, &
MILEGTCOEREIEISHRART -2 (o, Q n,
A) XDHEETES. .

(2)5FE Ti 540 LW TORMITO QEILH Ti A%
150 kJ/mol, Ti-6-4 %% 148 kJ/mol, Near 8, S ElF ¥

YAEA170~177 kI/mol & 72 1), 131F Ti © HOH#
OEBALLFNF—LFUME R/, LAENoT, £
HF 4 v OBBERGILHXEOBMEIRERIC LD HE
HENTWHEEILND,

(3IMRFT LK Ti 80BN EIHERE EINEE
THY, BEPICHEEL RS SREA Y LERF
AT ABEEEZONS.

C (4 )EREARS ST X A% AMEIR S & AT A8t
ZECE > THEBETES.

(5)Z i & EHEH S TFHREON BT EMREER L
b b, R REE IS 0 b & THEAS SR AN LIERRE,
ERE»OHETNRTHS.
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