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8  -yaige Ave 2 29 Add day ¥ & wer) Temper-color(T/C) %2
tempering 33 & A HE it Az oke AdFo A, 44 ¥H F3E 7] HHAME
WA Ei= Aojgoi o} ). T/C dAHE ol#j3lr] $lgte] oy 7lx] Eal EAupye] FH= )
A T/CE9e EHL 1uym A7|9) 789 wd 722 FA= it &8344 F C, Si, Mn3}
Ale] EHo g %338 A%ty Mnd C& AAAEAA B} T/C Al8NA F37F Asledch T/C
AgmolA 2] A8 FAE HAA RS 60-100 B 2ok ol S, B HEel) whe} Wstsiaich
T/CE W9 7+ ¥4 43} A, Si Si09 Al E, Mng MnOY MnO,2] 4|2 Fer SRS
Fe;0; Al & A9)3lE metallic A2 EAH)

Abstract— The performance of the cold-rolled steel sheet is affected strongly by the surface condi-
tions. Temper-colored (T/C) layer, which is the formation of a thin colored layer on the surface
in the tempering process, is one of the phenomena which should be overcome to secure the
improved surface quality. The layers were exposed to a variety of surface-analysis techniques
for the characterization. The surface of milky-color T/C film consists of droplet-shaped microstruc-
tures in the size of around 1pum. C, Si, Mn and Al are segregated to the surface during anneal-
ing. Mn and C are found to be more enriched at the surface of T/C sample than the normal
one. The thickness of the oxide of T/C sample is much larger than the normal one of 60-100
A, but varies in a wide range according to the degree of T/C. The oxidation state of Si in T/C
film was analyzed to be SiO, and that of Mn to be MnO or MnO,. On the contrary, Fe was
metallic with Fe;O; phase only at the extreme surface.

1. M = NH AL E47] B $5717F 28 E9971604

temperingd w 2 EHo| tlofyt A& ulA =

Y7} @(cold-rolled steel sheet)e] EHL AF &, o]2|% @AHE temper color(T/C) 2} &t} o)
(annealing) A19) &%, #47] /l29) 24, A2 5ol Ralejo] 73 AspEo} % HeE UdeiA gleow,
QL e AoE 98A UcH1l 53] el 4 2 FAd wel o8 slA 42 Jepdn{2, 3]
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o]2i¢t T/C AL dul xek4i7H(ow carbon steel)
oA B} T kel 249 Si-Mn-Cr7}, low-grade
Si7}, Riband7d SolA o Wel dolda gir{4].

Jaztate £F #A F AFd4a) 2953 sur-
face enrichment) % Ate] Alslo] #3 A7Ed) u}
29 759 Si, Mn, Al 5 vz 3o Fud &
Abete], 2o 2 5 El9] 0] Al YR ZRE| S S,
Mn, Al 5] shio] A2 mad 12 1000 &
o]3te] H Ald Ak3lE-& FAITY[5,6]. & <l 2A,
Mn 1%¢ Ni 1%& E£3% $5& 590C o|4e &
Eol ) AT, 2 & Mnate] 3o 2 B4 (seg-
regation) o] 1-2pym A9 X3S PAs)
A, 2 olell= Mn-2Z-Z(depletion layer)o] A=
t} o d 24, C<L0.1%, Si<0.1%, Mn<1.0%, AI<0.1
%°) 3 7p3& T=07 DP+1308] %7 3}elA]
2FsE(d7)|A4 T(C)E 4F 2 (annealing funace)
AN AWE v Zhgex DP(C)& 254 AHed
9971 M2 xH(dew point)), 74P o F4
200 & o)ske], 22 Sizh Mne} Eailpste] @ 4
sheto] AR 3]

o]F wulglslel A, T/Ce] Yalo] W7k g(cold
rolling) ¥ AFHA(E3] batch AF)A9 7
Foig 49 ) dyslels AT BuE4,7]
# o] AeA A E[8-12]0] AA=HY 2
vt 3 o] ZWAsEE o FAY) sl o
obr, 1 Al ol W A& ¥y AsAME
thekst |dld BHEA v)ge] x9d FRHA B
Aol FpAoh}, o9} e AFE FueHen
| AgE A3felrh. £ ATy, AArdQ ¥
w3 Y4 (milky color)®] T/C7} AR A&l
3led Auger Az} FFEA(AES), XA FAA &
FEAM(XPS), o1& o] AspRIFRA(SIMS) %
FARAER 4 B4 (SEM, EPMA) 58 33},
T/C @4 g T4 olslE =x3gch

2. Ay

44 18R AA B T34 BAF(batch an-
nealing furnace) %% T/C7} WA CQ(commer-
cial quality) 12} DQ(drawing quality)s} ¥ BP
(black plate) HE DA} T/C= F2 734 coil
edge¥-oA AR g wimA2A £ coil cen-

AR, 14 A23F, 1992

A BAS -

A - o) ed)

ter ¥-512] T/C =& A8% AHFsych £
A& 7F, 3% 922 (2EA bulke]) 9} coild
T/C AR E Table 1o} te}hig]ch AP 8=
44, 715 24 A8 23-& 7] gk A7
Yol MAetelony, B Auidt $72 HA
(cleaning) & 3} $fstch

AA A gl HFE DA EAFHA N upe} ol F,
%8 process e A& &) Htd, T/CH
Ag A =) (simulation) 7} 7Hs3 A1-E2(vacuum
furnace) & A Azstgct. A" 29 AP2e
AAF FollA ¥xb ol AR i BT AR
7tgel Fhedte®E AAEh T/C 2oE 93ty
Ae, AA Jded FAdA ¢hd= full-hard ¥
coil& A ste] 100X50 mm?e] =Yg Ag F, gt
AFE Asl$ wiper® AASLL trichloroethane,
acetone ¥ methanolol| A Ztzh 587 283k A3
ik, AAE AEe 74 AAEE 81094 Fef
2] AY=ZW stainless-steel inner box <ol #g]
AlZch #4971 M2 AHSAL Hpeb Npo®) f3:8 10
ml//min ¥ 90 m//minE A3 FHF3IH o, o]
W) x3-2 Omega dew-point meterZ4 233l3it}.
AF A£F9 7244, AFTEE 1X1077 ¢ 1X107°
Torrell 4] &) £25FA $£245E 1.3C/mino]
gler, 600, 650 % 700CH A 10A]17H8 §=A]2)2]
F 20217kl AA 70CHHA Pk

AA T/C A8 R AR 7o) AFF AlH9
FHEAE fAste] it FH9 EHEA wiyol
U5 2R 24 W o ey &
A& = AESE #3l3l<vl, Perkin-ElmerA}9)
PHI-610 SAM(scanning Auger multiprobe)& A}$-
sy, B4 vk EEEH AT wE vgAae
%8 A=E Hr) $3ledr = SIMS(Perkin-El-
mer, 3600 SIMS)Z A}£-3led depth profiles 33}
dtt o] w] Ar o] 2-& of 7|9 (excitation source) -2
ARgEtglom, o]xlojo] & & Fol7] Y8 Atk
Neg AE e FAZch 2H483 9 T/CS
W 2] Fe, Mn, Si 9] 413} Abel] ZA}boll+= XPS(Per-
kin-Elmer 5400 ESCA)<| o3t H4-& #slgich
T3 SEM3} #Batgv| ez 9 morphologys %
Avshgl e, AbEkEu) AkA mappingelli= EPMA(ele-
ctron probe for microanalysis), (JEOL, JXA-8600) &
AH&-3tgdch
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vt FE(wt.%)
AlEWE E T/C WAoi i
C Si Mn P S N
#1 cQ 0.045 0.03 021 0.012 0.009 0.007 |<Fg T/C A&
#2 cQ 0.045 0.03 0.21 0.012 0.009 0007 | AAARE
#3 cQ 0.049 0.03 0.21 0.012 0.009 0,007 |[<FdF T/C ¥4 A&
#4 BP 0.039 0.01 0.24 0.013 0.014 0.0031 | HAAIR
#5 DQ 0.089 0.02 048 trace trace trace | A% T/C HJrw
#6 DQ 0.089 0.02 048 trace trace trace |A& T/C WYA R
3. dn} 9 D £ o rolle) A4S glolE ¢ gl 72 24

3.1. ™ morpohology

AA P FAbedA BAF A2FF T/C7F 43
AlgEde oigt SEM #3EI:= ogH 2
Photo 1& T/C7} 484 2Ai%t Table 19] 5%
6 A8 g SEM Apxlelth o]F A&e 7,
Aulg] Alzl(a,b)S& Bl YA 2 gtd¥E B

o) o] 3)A Mol AFTe R Heglss & F
ek ol F A EE &R A3 53U, b)),
o] 3|A] Bo): XBe] ¥Ew microstructured &
edl, luym o]} =719 73] P4 ¥ Fo|
Balr}, oJ2¥ A AHARAME FolE
Ae AHog, o)E sl T/Cuto] f-4& e}
We o 4 gk Photo 2¢4& Table 19 1wz}

4

Photo 1. SEM morpohologies of heavily temper-colored steel sheets (a, a": sample #5, b, b’: sample #6).
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AR - A - 019

3 A8 F SEM AMAlE ®ed Fa 9ok o] &
AlBE Sty o] o8 g A xe gt Y
T/C7} A g X 841H], o] 5 AR = 73] &4
ko] TZEx|ul, gt rolle) E™o] 27k ®alch
a2} Photo 3ellA] Holy 293 442 AR
A ¢l rolle] &34 Fof B Buk oz,
T/C BARARAA Hoje nvle} g T3 2|7
Mol ol &g FolE & ik AesAd, 1um
o3} Z7)9] 73§ wlATFZE FAE ASLEe] e
39S W glow, o2 qlsled gk rolle] E40]
o)A 4A =Ha &< F94 T/CE ehdoix
¥ 7 9ok

AANAEEY °)g T/C HAle] BAFE <qlsled
A7} o=y, BAF processell Al sl A pro-

AR, A 1A A 2F, 1992

Photo 3. SEM morpohologies of normal steel sheet of (a) sample #2 and (b) sample #4. Arrow indicates the
cold-rolling direction.

cessoll Al skdfrl A3 AASHA e AT
ABARF oF8 71A] 2AE dv|gte}l AERHER]
295308 e s slen g, shal Ful A3 CQ,
DQAl Zhgg Azt AU R AFRdA
T/CE R, o] A& HE EH mor-
phology =3t #3}dv]7 9 SEMS #a3lgrt
Photo 45 A F % 1X10 3Torrolj 4] 700CE 2.2J§}+
CQAl A&l it F3H4w]) 7, SEM % EPMA 4k3:
mapping 235 RAF3 glv), T/C S+ ¥
A EL} vPAVIAR edge F-TollA AP EEG o,
center 2ol A LAsA i) (a), (b), (A&
4 T/C7t 2AE A 29 edge H2¢] AlRloln,
(@), (), (L& ARY center £91¢] AAF o)
o} F3dn|A =t SEM ARzle] oshd T/C dAgA]
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Photo 4. Optical micrographs (magnification= X200), SEM morphologies and EPMA oxygen mappings of temper-
colored samples (a, b, ¢) and normal samples (a’, b’, ¢} after 700C annealing at 1X10 °Torr for 10
hours.

89 7% Fde] wl§ AAon, 22 oolEe] oA ®r} o HEHE HUAY & UMk C, Si
YAse] AdgS o 4 Uk W YA A8 % Mnol| dHtdE mappingg sted Bgtort EPMA
75 Zwo] vlme]$o, obad roll®] o] MolEH, HE IAWCIAM . FHEe] EiFsIAE. ol olF
olzldt S AlAAEe} vl Asfolrk o] T faEe] T} S HEE ofn|si, vlEAnEe
B0 sl EUZ A8l EPMAe 2% 4k tiFF #4ol= U4 #E(elemental senstivity) 7}
mapping& & A7, T/C A&8eA] Abir) AR 58 SIMS A go] WageE Yehl F2 gich
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3.2. DoAY process HQ| HEk

2FF 7R AskE ARA7] A3t AR
7] Nae dFNA AHEss At T/ H-N,
EPNAE AHEEE 2F REE T00CE FAS
AS-ole 2E Aw e FAR 44 T/Crt
WAE A, ol kWl F7he] §-3 o Aid A&
ZE94 w7} W Ba, 29 A 2H(-25C)
N 7o) 2] AA A o) =d3hA] Zsle] ER
FAIRE Abs & Ato] AR Ao 2 olsFH it £
N2z H®) & Z7HA71AY, 2FE£58 600
TR Yoz FAdatA LAz

Xl Fzre] 2o o A5 FxdA ¥E F7}
AlA AEshd T/CY AEE 29 = ddA,
A3 BE A8l T/C7l sy et ¥
7] Axe x4 ¢33 v H09 A3k
ZHaA)1717] $18ked, 1X10*Torroll A AF34F3 2
3, AA A ZBEAFE T/CY 24 A4S 3]

Fe

LOG-COUNTS/SEC

[ 30 60 9% 120 '150

SPUTTER TIME (MIN )
a

7
Fe
[ k\—
S Al
g 4 Al %
Q3
Q
g 2
1 4
0 30 60 9% 120 150 180

SPUTTER TIME (MIN))
c

24 4 915 (700CAN A 30%), 1X 10~ *Torrell A
£ T/C7} A% AstA] edsic}. o]t 7o), &F pro-
cess W5 F 2917 2 59 H09 A Fafo)
T/C 2Ael 714 2% F= A& 4 4 I+

3.3. ZEaLs9 BHES

Wl Zhate] el o7 AEv 948 2HEs
a4 A o=zl Abda wi13], 1 F3 A=Ee
7} HAe) k2, 949 bulk FE, AFEE I
A7k 5 o 7HA 8.l o8 d3FE H3[14, 15].
olF &9 ¥t s e WAy, EH
AR Bol wWstsle Zog AdwA qrH8]l Co
Mn¢| 7% 29%535}e] 3 A7 Hudson (3]
3 Astedzl wh glev, AEEF A4 ZF
sto} T/Cohe] AU BAl At A7 &
23 uh7l gok weby & Adeide T/C7 EAad
Aae}l A gete] sy I A=

LOG-COUNTS/SEC
£

0 30 60 ;0 120 150
SPUTTER TIME (MIN )
b
7
6 Fe
2
Z s
&
E 4
3
SN
& ~
- 2 T -
v €
i (':J‘v- e . ~
0 0 P 90 120 150 180
SPUTTER TIME (MIN )
d

Fig. 1. SIMS depth profiles of (a) Si, (b) Mn, () Al and (d) C for temper-colored (~*) and normal (—)

sample.
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£ vlms) 2] $i3le, 53] S| 2ATA 449
H&o] 7Vs% SIMSE A3t £48 sl

Table 12] 5 A]&82} FY coill] HA$ A8l
o sted, SIMSE #35t=vwl, Fig 1o 2 A| 8ol A7,
7% F8 Y949 Fe, Si, Mn, Al % C9] SIMS depth
profileg Jehfidc}. Sie] 7, FARAA e F
EHZe ATt FEEAe] Yeldrrl 43 it
o, AN A Ao A F=E FRBAL e
vk, T/C A8 Sie] Ed-5w3ake] ®@e
ek ol AAF Hol7kA I WAL B 5
ek ol2g FAe Mne A$ 53] FoR|A
vepted, o] ¢ T/C WA &2} AR B2}2
aje) 7} 714 A A FEE Arl

Fig. 1(c)ellA] Bo]x Al9] A& 1 Ao/} HE
sevh, Mo Sio] 7o w2 23] A4
Holl A Ale) BwiFsirl &zt 2A) Bl =¥ CY
34, EREste] e o ARA HEEA
ehgx|nt T/C G E7}F 9] SRRl A He}h A
wrd o2 Fxrl A vebdg o4 4 sk zeEy
3 e Fvlgeli 2 F3ke Yol Sielvt Mne]
Afohs g T/C 24 %o ozt WHakshA] ¢
L2 2 insoluble graphite A&l 2% ®w E-3}e}
A4 T/Cx Fd€rh

ol ¥AMAFAE Hejdldq £ o, T/CEle Si
Mn % C7} AAAIEEY o Fiele] glon, 4
fH R Al AL o] FiEe] gt o)E F 7
& zlo]E Kol A2 Mneo|x, 2 thgo) Siz} C&E
Jeldt} 25 T/Cx 2% vl¥d4a £3) Mn# Sio]
ol AEA w39 AFoE FAH[YL, FU
3FANH % Sizt Mn2) Eg%3e] Hee T/C A
4o wel ZA ck2n, ojRe] T/C WA F8
fdgle] g & 4 sl

3.4, LrmlaEl 9 ARRlE A

T/CE 54 9 zA4& ¥4} Sistq AESE
FYskg). =3 XPSE AH4Ele] A E 4
3t} Fig. 2+ T/C ®4H9) AES survey spectrum£
Bl A8 5¥} 6 A% 4 T/Cr ¢4 %
Ag2A B PHYL2E Fe, O, C, Si o] 72
942 vehbe, 71} M, Ca, S o] 4% Egts]o]
UES & 4 stk

AN(EVIE
E

W :

c Fe

] 400 00 1200 1600 2000
ELECTRON ENERGY (cV)
a

dN(E)/IE

ghad
Si
Fe

Fe

|
0 400 800 1200 1600 2000
ELECTRON ENERGY (eV)
b
Fig. 2. Auger survey spectrum of heavily temper-colo-
red steel sheet of (2) sample #5 and (b) sam-
ple #6.

T/C A Ao wg FdAEEe] FAE A
3}l7] 918}, Ar o]& 28 Auger depth profiledt
ZA -2 Fig. 3¢ X2t} Sputtering rate(35 A/min) il
o)&) AAirgl AsbEel T 5W AR 35 600
Aol 61 Alme) 7% 800 & =2 ohe Aol
Hlsle] AjHo g sl FAL AEEE A
itk AkstEo] FAle Akdu]o] =z A7)7} AMESE
Woellx2] Al7le] wrez FoE w2 Aosich
o1& AU Akhe] ke 7 AlEmlt) Ae]stA]
ub, A& g gol7kA] Ex)3c}r) AlepAlE e T/C
WP gol| e BF FAdEE o £ Aok @9
o) AEule] Jlel HFUALEL AES ¥4 e
Ao 0] & AR w)-$ HA EAsct Fig 4ol&
Aabx) goll thyk(Table 19] #29} #4) 4513 AES
depth profile& Vel 3 glc), B AbshE-o] £ 7}
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a
2
:
E} o]
[&]
]
< c
[} 5 10 15 20 25 30
SPUTTER TIME(MIN)
a
g
:
E Fe
S
o
E 8]
[
&
€}
=
< C
o 5 10 15 20 25 30
SPUTTER TIME(MIN)
b

Fig. 3. Auger depth profile of tempper-colored steel
sheet of (a) sample #5 and (b) sample #6.

T/C 2 59} 2], 100 A o] 5}o} v (sputter rate=
5 &/min), QolFoz Ane) o] Ao
o153 &S ¢ F Atk ol AR #H
AbElzo] vl - ¢ken], FHo2HE Y oo w)
2 AspgeElrt Q4o z  (EE{L(Fe*t->Fe?t->
Fe') v 2= oA A9E 5 ot

T/C A&& AR B vis] FAL A83E ¥
AdstaL glew, AkskE el A& Fe 9o Sizl Mneo]
F31=o] gl8-o] AES W SIMSel| 98] ggenz,
olE Wavt A4S SJuyt A o]
NeAE 47| A3t 53] 31313 Aol 2zt
XPSE 33}k Fig 5v A% T/CrF A% 74
A&l iyt F XPS survey AFE BodFEc) Fol
TAHUAER, AES 7359xe} 2] Fe, O, C, Si &
Mn2] peak”} ®.qlt}, E3] AESo4+ Mn2] peak7}
2l Feo] peake} AMA o] 3 A= AR,

g A, A1 A23F, 1992

A% A - AR - )9

E

g

v

:

3

&

o

=

2

[ s 10 15 20 25 20
SPUTTER TIME(MIN)
a

£

‘E’ — o

v

g

v

ﬁ Fe

-9

&

[}

=}

< T\

] 5 10 15 20 25 30

SPUTTER TIME(MIN)

b

Fig. 4. Auger depth profile of normal steel sheet of
(a) sample #2 and (b) sample #4.

O Auger
Felp

Mn 2p Ols

COUNTS/SEC

Cls

Si 2p

T v v v
1000 800 600 400 200 0
ELECTRON ENERGY (eV)

Fig. 5. XPS survey spectrum of heavily temper-colo-
red steel sheet of sample #5.

XPS9 #A$E FF Mn peakE & 4 Utk
T/CZ We] Fe, Si @ Mn2] Alspabel WH3E =

Al817) ¢33 Ar ]2 XPS depth profile Z7}-& Fig. 6

o Realr} Fig 6(a)dlr] Reole peake Fe 2pipot
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Fe 2p3/2

Fe 2p|,2

736 726 716 706 700

ELECTRON ENERGY(eV)
a
Si2p
E 1 spT
110 105 100 95
ELECTRON ENERGY(eV)

b

Fe Auger

COUNTS/SEC

667 657 647 637
ELECTRON ENERGY (eV)
c

Fig. 6. The change in (a) Fe, (b) Si and (c) Mn XPS
spectrum as a function of sputter time (SPT).

Fe 2ps» peak<4l®l, sputtering 3}7] He| 2% E7 |
A 725eVel T12eVellA 2} Yelz Qioh o) &
Helzd HAAE 7l 2ux F3[16, 1717 uwlzs)
39 Fe,0,9 At & 4 ok z22v 3
EAFE AAIS d 7198eV 2 706.8 eVell 4
peak”} Hol=H|, o]+ A& e WHel A metallic
Feoll &% 722 & 4 it} & Fevr FEWSE
AL T/CE WeollAde metallic HelE sl
Aoz ¥ 4 gith

Fig. 6(b)ollx] Kol Si 2p peaki= 102.6 eVol A
PR, ol Si09 AgldAd d=Ee gt
o]ct. Pure Sie] Zgtel ol sjdah= o 99 eVol A
shoulder?} Mo]7)&= sh} Ajaog oj¢ He o
o2 xBezlch 8 Fig 6(c)elA Ee)ls Mne
peak<s- sputtering Holl= 654.6 eV} 641.6 eVell A
Rz, o) pure MnEthE AFsAle)e] Mne
E 3oxv MnOv MnO,¢] Held& & 5 glon),
2 Aje R Folr} wlf- Ao v o)ES T
H7le Ao dAddA Brbssigoh =%
sputtering Folli= AF3}4lel2] Mn peak”} Fe LMM
Auger Aol9} ZHA Jeli 9J&E & 4 stk

4.d B

T/C 8435 B} A3 o)sslele Exoz A4
T/C AEE AT o]E Aggd 2% JAdF
FEA 48 H48l T/C22] % morphology,
FHARHE F57, A, i ZHHAMR
E3, o]E9] mAl Zolo whE w3, Ak3}E- £
& AKY. =3, A 84 EMAsERY
olsi® T/C #44HAE& HYPAH oz Agqlstz,
FAlell T/C &Aelle] BAF 94 849l @] g2 E
843] 3] ¢t RgHAYPRE Alztsle T/C &
& Fasigck AFE D ) AFH o A8 F
BHA v 2-d o8 94 T/C 2E A3}
Hom, AFLE F &F % E£47) #Hpd wE
Wt A, 97 ANxe 2y =e
H;02] A §afe] T/C 4ol 713 523 432
B R e =

98 T/Cx B9 1luym 37)¢] 73 nAF2
2 TAYE 433 E FRFHg oY, T/C/ A%
Alge A H o2 F7E 415138 YA sha glow,
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2 $AE T/CY HEel @ 2 ANE shash
Asge] &

PPN ASE BRI A
A, 1 AL 60 AslA 100 A
Ack

A2%% C, Si, Mn, Al 52] 271 3 535,
AR A BAAE T/C7} YT ARe|A Mo Co)
3 Axrt AR 2o Z2A4 Jelhgon, 2o
A5 ABoAE Mn# Si9 %3t A=} Aok
ot Alg] Afde B AAYARAA ©] Bol
534 Ay T/CEUldl 31 Ed4e
A3k Abele Sie] Si09] ¥ EAJdi glew,
Mn& MnO %=+ Mn0,9 HZ &%t 22}
Fe?l A4 FEEFHY Fe,0; 4l E Astie
T/CZ Yo% metallic AHE EA3le A=
FA =)

AZ T/Ce 4F ¥4971% H0 5 4344 /j2st
dAef o] EAEAY H AR} T AFLE(650
T o4 59 47 9 &F 2764, 75 Mn,
Si, C So] tjek 9 &Aooz FhFsise] £
& %719 MnO =¥ MnO,, Si0,, Fe;,0; 2 metallic
Feo] &3 43ES YAsle Aoz FAHANE
lslen, Q7T L =79 Mo} HFA olE
% oA systeme] FHAAM L A9 43 mo-
delings} A4}, A Arete] v|wE 33 Fof glch

Ao 23)e}
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