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The directed energy deposited (DED) alloys show higher hardness values than the welded alloys due to
the finer microstructure following the high cooling rate. However, defects such as microcracks, pores,
and the residual stress are remained within the DED alloy. These defects deteriorate the wear behavior
so post-processing such as heat treatment and hot isostatic pressing (HIP) are applied to DED alloys to

*Corresponding author:
reduce the defects. HIP was chosen in this study because the high pressure and temperature uniformly

Suk Hoon Kang

reduced the defects. The HIP is processed at 1150°C under 100 MPa for 4 hours. After HIP, microcracks TEL: +82-42-868-8644

are disappeared and porosity is reduced by 86.9%. Carbides are spherodized due to the interdiffusion E-mail: shkang77@kaeri.re.kr

of Cr and C between the dendrite and interdendrite region. After HIP, the nanohardness (GPa) of car-

bides increased from 11.1 to 12, and the Co matrix decreased from 8.8 to 7.9. Vickers hardness (HV) "These authors contributed equally
decreased by 18.9 % after HIP. The dislocation density (10%/m?) decreased from 7.34 to 0.34 and the to this work.

residual stress (MPa) changed from tensile 79 to a compressive -246 by HIP. This study indicates that
HIP is effective in reducing defects, and the HIP DED Stellite 6 exhibits a higher HV than welded Stel-
lite 6.
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2AZIA WSS E0] 7% HIE =537 fI% Wte g A A 5291 T £4o] 7153t load-following HPA 02 A
A v A o] A vl 205t oA oF 10% = 5715t ghsfiok & " g0 S7FstaL itk AAE WS load-following
Rk LA A EHE2 AE d 719, Az o whet i 4] 0 2 HhHSHA =W RIS el 8 23S o7 | A7 A o
SEAH-S Alolsk= control rod®} 019] AU} Q1 715-S HED
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2. Experimental Procedure

2.1. ¥E Zd|

Directed energy deposition (DED) 5732 Y=2=2A] Stellite 6
2449 £90] gas atomization 2 ARE 21 45~150
um =2719] 9 EHE A= it AFA|xo] 7[HOoZA STS
304L (50 x 70 x 20 mm’) 7+ BEH AL 71 0] Stellite 6 =
AlEE & 10mm #£°]| =2 25 SHit. & AolA ARES Stellite
6 & 9l STS 304L 732] 2745 Table 19 YEFH It DED 25
AlE Al Stellite 6 T 222 8417171 A3 SL2 600 W2
heat input U A& Zt= Yb Fiber Laser& AH&-31.2.H layer 57
= 450 pm, 1231 Fo]A AT &= 0.85 m/min® XY= ch
DED & A% & hot isostatic pressing (HIP) ¥4 2| E Ar £
71914 1150°C 5L 100MPacllAf 4A12F 59T I YSFRATH 1],

2.2, OIM[Z=Z] 2h2

DED A3 A 24 as-printed ME2] cross sectione electric
discharge machining® = A&sto] A2 2 SiC sandpaper®} di-
amond suspensions AH&-5to] TlA| Ak a5

DED A&9] HIP A% A £4Z #15t9 X-ray diffraction

DED & HZE Stellite 6 T4aIF0| BHSWeIS 52 23

(XRD, SmartLab)S 33921 45 kV, 200 mA 2] CuKa radi-
ations -85ttt

Dendrite % 93} interdendrite & 9= #5171 91519 as-print-
ed¥} HIP ME-& Struers A2 3| (78ml perchloric acid, 90ml
distilled water, 730ml ethanol, 100ml 2-butoxyethanol& &-&
sto] sl o5tttk Optical microscope (OM) & scanning
electron microscope (SEM, SU5000) &5to] mA221Z #2
519121, energy dispersive X-ray spectroscopy (EDS, X-Max)
£ ARgoo] Shet S 2SI 7159 2719 2& 2 HE
E9] &5 545171 Yot OMI} SEM °|n| A& 242} 3034
@2 ¥ Image] (NIH) softwares |-t S75131th.

Single beam focused ion beam (FIB, FB-2100)< AH8-5to] A]
W] HSHEZEE transmission electron microscope (TEM) 44
E2 92 %, Gaoll o3 HEY HHAE FHagsH] flsho
Nano mill (Model 1040)2 %1345t tt. TEM (JEM 2100F;
JEOL)S 53l 92 selected area electron diffraction (SAED)
pattern< Digital Micrograph (Gatan) softwares &-85t0] £4
513lc}. Carbide®] A& #41-Z scanning-TEM(STEM)2. & o] 7]
A& 42 ¥, EDS (X-Max)& AH8-5to] 13313t EDS 2442
SEM¥ TEM EF 2t § < 1 5314 7453t

27499 271 H 4 WF 242 9190 electron backscatter
diffraction (EBSD, JSM-7200F)E AH83t%l, &2 HolE &=
TSL OIM® data analysis softwareS 53l 453t}

23. 3k E4 4t

HIP7} DED Stellite 6 21Z2] Ax E40 n]X]& FTFS 2l
57| 9ot ASTM E-384 X wA[12]0] 9H30] Vickers hard-
ness (HM-122; Akashi) ¢ A& sttt AEQ] 2F
HoARE 7| HOE 1mm {HH 22 300gf 5t 9 15s dwell
time 274 °.2 10314 45t

24 %7 38 =4

ASM handbook [13]& Z3135l0] XRDE ©]&3t sin® ¥HS &

o Fig. 1°] YePddi2 AL yEo2 77w EF
oA 5 Zo me WA2ld)E ZHsto] MPL el

Table 1. Chemical compositions of the Stellite 6 powder and the substrate STS 304L

Alloys Co Fe Cr w Ni Si Mo Mn Cu P N S
Stellite 6 Bal. 1.92 29.60 4.61 2.31 1.21 0.18 0.27 - - - -
STS304L 0.22 Bal. 18.25 - 8.06 0.40 0.12 1.69 0.27 0.05 0.10 0.03

https://doi.org/10.4150/jpm.2024.00066

J Powder Mater 2024;31(2):152-162 153



Mzl 9l

sin® 9} 2 theta®ll tiet T ZE ot A2 BA7E
), Eq (V9] 2419] 7]&7] (M)% &oto] Eq 29 2+ 89
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(002 72 = Ut

(ai?rfzww) = (?) (D ap dy 1)
% = (%)(hkl) dlo(aas?r?:l 2) )

oltf di= S WA kS W] Wit Ao, 75.02°9
peakZ 7HA= (220) 278 A 2] |7 A9 1.266 A& ]85kt
Young's modulus (E)¥} poisson’s ratio (V)&= A% A+E FaL
Stod 242} 230 GPa, 0.299] g& 2881314, 15].

3. Results and Discussions

3.1. DIM[=Z]

Fig. 21| hot isostatic pressing (HIP) % & Stellite 6 41&2] 7]

=7 /
7% //A‘//// —b

Te

Fig. 1. Plane-stress elastic model [12].

DED X HZ Stellite 6 X430 SISWelH 72| ¥

& % vlA] FLE optical microscope (OM)< ©]-&3Fo] e
At Fig. 2(a)oll Hol= A5 Fig. 2(b) HIP o]Fol= &=

A ekkeh. 7t AES] B+t 715 7] 9 E&2 OM AR /dollA
Z7st3len] HIP Hofl= B4t 47401 59.1 pm, &2 0.23 %=
7FA® HIP 374 & ¥4 27 35.1 um, 718 £&20.03 %S &
o=t} &, HIPS 5510 vl #8-2 ABE 1L Ft 7|5 7]
£ 40.6 %, 718 &L 86.9 % AAA AS FRlotglth ol
DED 2% A% A] RIHSHA WA E= n|4 Z9k50] 1100°C 4

29 2 2EoA dofu= &4 510122 lste] A|AE=
bl 710§ Ao = whEt

As-printed 1E2] HIP A$9] scanning electron microscope
(SEM) A& Fig. 300l UeRH ATt Fig. 3(a) HIP o= Co-
rich solid solution matrix”} dendrite 2] O & o]Fo{z] SiIx
Z& HojF1 9t} Fig. 3(b) HIP ol w2 ¢4gat 222 Q1
5o Co-rich solid solution matrix”} dendrite %] 0.2 &5}

A 2 AL FRIg 4= Ut o]i= HIP 374 % dendrite 223}
interdendrite 22 7+2] A}% 8FAk0 & Q15}0] interdendrite &%)
9 carbide®] FEi7} @16, 17]0.2 HS}5to] dendrite F2]0]
9] oA b3S HojErh

ESE SEM ©|u|A|E o]-&3to] HIP WFZE carbided] Bt £&
<S4 A7} 47 35.8 %I} 17.5 %= HIP 37422 carbide®]
=80] 51.1 % ARAHZZ BASHAT Stellite 6= 1572KI1A]
interdendrite 22]°]] =3t liquid7} eutectic ¥-&-0ll 2J3t] a-Co
9} M, C, carbideZ A4J5H=1] ©] interdendrite eutectic £2]0] =
2 dg o Qo] AL & 2& 2 QI5to] M,C, carbideo] T
e A8 9 wavt gAtste] AJgteh webA] HIP # carbide®
H8-2 AL carbide®] 3717F AXTHL & 4= Sl

Fig. 4. XRD A2} Table 2 SEM-energy dlspersive X-ray
spectroscopy (SEM-EDS) A& &5to] HIP A & A& 2%

Fig. 2. Observing defects of DED Stellite 6 samples by OM: (a) as-printed, (b) after HIP.
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DED & HZE Stellite 6 T4aIF0| BHSWeIS 52 23

Table 2. SEM-EDS results of matrix and M,C, carbides of DED Stellite 6 samples before and after HIP

Chemical composition (at.%)

Samples Phases
Co Cr w C
Before Matrix 38.4+£3.0 18.4 £0.9 1.1+0.1 42.1%2.1
M,C,; carbide 27.4+2.6 26.6 0.9 1.5+0.1 445+14
After Matrix 43714 193+£23 1.5+0.1 355+28
M,C, carbide 6.1£1.0 449+14 09+0.2 48.1 £0.6
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Fig. 4. XRD patterns of DED Stellite 6 samples.

matrixi= face centered cubic a-Co phaseE 7FA|™ secondary
phasei= Cr-richgl orthorhombic M,C, carbide phaseE 7FHd&
& At

HIP A% AE9] transmission electron microscope (TEM) ©]
u] A E Fig. 59 YEFHRIE}. Fig. 5(a, by 242 HIP A% TEM
bright-field ©1"]x]°]™ Fig. 5(c, e}x= HIP A matrix®} carbide2]
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== M,C; Carbides

N

N
Solid Solution of Cobalt

selected area electron diffraction (SAED) W®S, Fig. 5(d, &=
HIP 2|8 5 SAED H&l& HojFal Qe SAED el 24 23
HIP A% AE9] matrix phasex face centered cubic 738 ¢
+ Co phase=, M,C, carbidet= Cr-rich orthorhombic T%2]
M,C, carbide® =it Fig. 3(b)ollA] HIP ¥ carbideo] &
&0] ASkAT Fig. 5014 HIP ¥ carbide®] phase:= Fig.
5(e) as-printed A1Z9] carbide phase®} 523t orthorhombic -
ZQ1 22 gl

Fig. 5(e, 1)2] carbide 214 TROIA streak FES] e o] Ko
TEM lamella #Z°f o] B&& 53T F Fig. 6, 7 high resolu-
tion TEM (HRTEM) o[H|AE &RlstAtt. Fig. 6(b)<} Fig. 7(b)
9] HRTEM ©|"|X]£ fast Fourier transformation?t Fig. 6(c),
Fig. 7(c) FFT ©]u] oA streak THS 22 WRFO R HHER=
stacking fault (SF) [18, 19]°fl $=25HA] Weht carbide Uloll &
Alsh= SFE QIR gl o = ke

Scanning TEM-EDS 4] 27 Table 30 YetH2{tt. HIP
¥ Co matrixollA & 3 &4 47F 2424 9.6 %, 39.3 % T4
Wb carbideo A= I8 2 g4 Y47 42 9.9 %, 18.8 %
F7Vote A4S Bk ol HIP 5% =2 2koA 73}
et40] HukeF 4Kuphill diffusion) [20, 21]°] matrix©lA] car-
bide® Yot Aol=ar Helrt,

Fig. 8, 991141 electron backscatter diffraction (EBSD)E ©]-8-5
of 24499 34 9 A7) £x2E 4% 2945 YEdH Fig

ot
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Fig. 5. TEM images of DED Stellite 6 samples: (a) as-printed, (b) after HIP. SAED patterns of Co-rich matrix: (c) as-printed, (d) after HIP.
SAED patterns of M,C, carbide: (e) as-printed, (f) after HIP. The yellow square brackets in (c)-(f) are the zone axis of each SAED patterns.

8(a)2} Fig. 8(b) EBSD inverse pole figure map= H|usto]
HIPE &8 A2 @HFCE st Fig. 8(b)ollA & columnar
AR A7t Eoleal AAA ez #dsid 24" 2718 7t

AA H AL BolFH([22, 23], Fig. 9914 Ba A H 2717}
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as-printed 85.6 umOll4] HIP ¥ 89.5 ym= 4.6 % 57Ft3a=

% % et
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Fig. 6. HRTEM images of as-printed sample: (a) M,C; carbides, (b)
the repeating of stacking faults and (c) the FFT pattern perpendicular
to the stacking faults direction.

Fig. 7. HRTEM images of stacking faults inside the M7C3 carbides
and (b) the FFT pattern after HIP.

Table 3. STEM-EDS chemical composition and nanohardness of matrix and M, C, carbide of Stellite 6 before and after HIP

Chemical composition (wt.%)

Samples Phases
Co Cr W C
Before HIP Matrix 59.5+29 249+0.5 42+0.6 112+2.38
M,C,; carbide 13.9+04 475%0.6 6.1+0.5 324+0.6
After HIP Matrix 64.2+0.7 225+2.1 6.4+04 6.8+0.8
M,C,; carbide 6.8+0.5 522+0.3 25+0.1 385+25

3.2. 3= It

Fig. 10 as-printed sample2] HIP A% Vickers hardness
(HV) AI¥ 235 vepd Zojth. HIP Aol 5214 + 149 HV
9] Ak k& HolF=t Hlste] HIP Folli= 4229 +44 HV ;&
18.9 % Tl W &= 42 Holal ik

Nanoindentation A& 3ste] 71 Batol 25t 2
oha-He] F43 SPM ©[H[AE Fig. 110 YEFH 22 nano-
harndess %= Table 49 2[5t tt. As-printed sample®] HIP
A ZLE 7129} &5HE9] nanohardness #t2 217} 8.8 + 0.7
GPa, 11.1 £ 0.1 GPa°|3leH, HIP #9] 7|24 3 &2z
nanohardness= 27t 7.9 + 0.8 GPa, 12.0 + 0.3 GPa& Z4 =%
t}. &, HIPE Q159 Co matrix= nanohardness”} 10.2 % 34
SHAARE M,C, carbide= 8.1 % S7FFAT. Fig. 110, d) &
Toll A9 carbide®] nanohardness kol 5718 olf-+= Fig. 6(b)
9} Fig. 7(b)olAl Eoli= yellow arrows?) lattice arrangement®t

£ arrangementE 7}Al= SF| density® AH 4 Ut B.
Geng et al.,oll =¥ carbide® Al SF density+= stacking fault 3
2 AA| carbide®] YH o2 o] Atk 4 ATkl H il Eof

https://doi.org/10.4150/jpm.2024.00066

2AcH24]. Fig. 6(b)o4] as-printed A1E-2] SF density:= 2 0.77°]
o Fig. 7(b) HIP M&9] SF density+= 0.82T}. Carbide W SF
density”} S7F5FA carbide?] lattice distortion©] 5715k 2=t
nanohardness %t°] 5718t} B. Geng et al.,oll W= H SF densi-
ty7} S7F5FH o] SF7F C-Cr9] ordered arrangementol] 3
20| carbide W lattice distortion= 57H|# deformation #1%+
& S7MAIZITAL BugtHRs). tebA 2 dFolA= HIP
carbide Y SF density”} 57F5+] carbide?] lattice distortion<
t] @o] YPA)A carbide®] nanohardnessS 2F 8.1% =7}tk
aL gkt
33. Y 2= =H

XRD A% Atz AL Ho|EF o|gsto] HIP A5 A& A
9] & S vttt A9 YEQ)E v AF(m)F A9
& Aol(m)= HeRd 5= 3UrH26-28].

0=1/D’ (€))
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Fig. 8. EBSD IPF y maps on longitudinal cross-section of DED Stellite 6 sample: (a) before and (b) after HIP.
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Fig. 9. Grain size distribution of DED Stellite 6 samples calculated by EBSD IPF map.
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Fig. 10. Vickers hardness (HV ;) value of DED Stellite 6 samples.
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o]714 D& A9 F7]olH, Scherrer 4][26-28] ©]-&3}o]
AAFeATE Scherrer 412 th2-3} 2t}

D=k\/fBcosd @)

k= AR 0,942 F83193, 15 X-419] 34(1.5406 A), B

£ BEX A E(full width at maximum), 18] theta (6)= Bragg
Zfrzol},

Table 5014 Eq W& 3 24 A7|2t A9 9=E HolErh

%, as-printed A122] HIP A% A¢] Uit Z47F 7.34 x 107/

m’, 3.42 x 107 /m’Z, HIP 427} DED &5 A% A A%

A E=E A2 € 5 AUk

https://doi.org/10.4150/jpm.2024.00066



(a)

3000+

2000+

Load (uN)

1000+

0 10 20 30 40 50 60 70 80 90 100
Displacement (nm)

(c)

3000 -

2000

Load (uN)

1000 1

0O 10 20 30 40 50 60 70 80 90 100
Displacement (nm)

DED &3 HIZH Stellite 6 BT BIHSHLIMS SX2| ¥z

(b)

3000+

2000+

Load (uN)

1000 1

0O 10 20 30 40 50 60 70 80 90
Displacement (nm)

(d)

3000+

2000+

Load (uN)

1000+

0

0O 10 20 30 40 50 60 70 80
Displacement (nm)

Fig. 11. Load-displacement curves and SPM images of DED Stellite 6 samples: (a) dendrite matrix and (b) M,C; carbide before HIP. (c)

matrix and (d) carbide after HIP.

Table 4. Nanohardness of matrix and M7C3 carbide of Stellite 6
before and after HIP

Samples Phases Nanohardness (GPa)
Before HIP Matrix 8.8+0.7

M,C,; carbide 11.1+0.1
After HIP Matrix 79+0.8

M,C; carbide 1203

3.4. U7 3% Hluw

XRD A¥ ZHE v R sin’ ¥-20 IHHZE 519 Fig. 12
of UEhA . Fig. 12(a, b= 242 25 AlE AlHT HIP $4
A9 sin® ¥-20 TR, pZto] tigt 20 (2theta)gtoll Histo]
A4 FH Q] Aol Yehd T

Fig. 12(a, b) FA1419] 241 9] = 212+ Eq (5), (6)2 2ot

https://doi.org/10.4150/jpm.2024.00066

Y=0.04X+75.138 5)
Y=-0.12X+75.358 6

Eq (5, 6)2] AA19] 71€7]= ZH2F 0.04, -0.120]™, o] 7]&7]9]
S A el didsto] #5t 2S5 A AHI} HIP FA7] 48
A9 77 S (0y) B2 212 79 MPa, -246 MPao|t}.

25 39 ol ¥ o 9% S8, Y o &
UEbH, o]= dRtH o2 F4 Awo] AF A= A 1%t
o] A= o] A9l Axet Fdstrt29, 30]. E
AIH= HIP T4 2] 2§ A] I 5 S8o] o= 5+
U SS B, 45 AR AlE Wio] 2Ask= 7183
#E2 HS AR sl DAY A FF S 25t o7
2o H 29, 30], HIP X2 & Boto I 35 20| 45 IR
S o= Wslstol| wet 7|3t ] F7HERl A 9 FE A
& WA oh=d Y vlH T TETH30, 311

Ay
oo
)

o
> 31

olo

)

lo >

U met ol o

LI
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MNZ=2 Q| DED M& MZE Stellite 6 22 G7tsUYdY SX2|

a b
(a) 75.20- ()
75.184 75.40 -
75.16-
= L
S 75.141 . - £ ]
Bl — . £ 17538 -
S 75.124 1
& &
75.104
75.08 75.36 1 . *
75.06 T T T T T T ] T T T 1
-0.3 -0.2 -0.1 0.0 -03 -0.2 -0.1 0.0
sin2y sin2y

Fig. 12. sin2¥-2 theta curve of DED Stellite 6 samples: (a) before and (b) after HIP.

Table 5. Structural parameters of DED Stellite 6

Sandies 20 (degrees) P(FWHM) D (nm) Dislocation Density (m?)
Before HIP 43.87 0.32 27.93 1.28x 10
44.69 478 1.88 2.84%x10"
50.99 0.67 13.74 529 %10
7521 0.55 19.18 2.72%10°
Av.7.34% 107
After HIP 4401 0.37 23.94 1.75x 10”
46.96 0.80 11.28 7.86x 10
51.14 0.39 23.06 1.88 x 10”
75.42 0.49 21.35 2.19% 107
Av. 342 x 10°

Table 6°] HIP A& AZ 0] 22987} A olo] #A S vyehy Table 6. Nanohardness of matrix and M,C, carbide of Stellite 6

oAt Qutdow Q4 145 Selu As} vl BACIm Ry, 32),  Peforeandafter HIP
O ZFS ZFL o} 2k S2lo] AL (ojA] HolWEE AL} Samples Residual stress (MPa)  Vickers hardness (HV ;)
ZrRITE A Y 478 okl ¢ 5 Qlrkas, 34, B oAy DM ” 21

After HIP -246 4229

9] Table 6014 HIP ¥4 AlHE #& 45 &F 392 7Hol
T 23 Az Al H]sto] Wobdl Fk ghe H3loH, o= HIP
SR QIS M.C, &2 e A4, AEH, 19 dxo 7
a7t B oz 483l Eos weEt ERF HIP $48 4. Conclusions
£ X3St DED Stellite 6= 9F 400 HV,,9 FX & 7=

tungsten inert gas welding [35], gas tungsten arc welding [36]2 2 Aol A= STS 304L 713 Ao Co- based Stellite 6 &2
2 AZE Stellite 62T+ 6% S71% 423 HV,, & 2 AE S < directed energy deposition (DED) S AxE &l AlES
7H B2 HIP+= DED % 4% 574 23S S0lHA 71& 34 FH[3E ¥ hot isostatic pressing (HIP) —?Ziﬂ% |0kl mA £
o= AFE Stellite 65T -3 B 54& Hol HIP A28 2 gl Fe 545 v Z45t] ot 22 23S Ik
DED Stellite 6+= latch arme]] 282 4 9152 HojErh. 1) DED Stellite 6 A[*H2] HIP o]3oli= Al# ol vAl o+
o] A5t om, 7|59 B 7|+ 59.1 pm, 715 E&2

H 7

0.23 %= A= HIP 38 & v]A| 4L AR
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7159 B 271 35.1 pm, E&2 0.03 %= Hd 2719}
& BT At

2) XRD®} EDS, TEM 34 uje 9] £4 A3} HIP A% F AJH
% FCC FXE 7|24 inter-dendrite W lamellar & Ef
9] orthorhombic 2 k= M,C, ©3H=2 o|F0]A 3o
™ HIP $4 2= A Waks do7]A] g2 AL gRIg 4= 3l
Aok E3HM,C, 32 Yol 22 #gFo 2 e = 4
SATO = QIoto] streakdt 3 AMH P UERAIT

3) HIPE 215t9] lamellar FE19] M,C, ©3HE0] 443} =3l
on o] 2 Qlste] &tshE #&°] 51.1 % A4St

4) STEM-EDS £4] A3} HIP 53¢ IHE 71X oA M,C, &3}
E& I g7t U SHhs oA, ©93Ee] 35
kA= 7171 9.9 %, 18.8 % S7F5HAT

5) DED Stellite 6 A9 24¥ A7]= HIP A% 27} 85.
umoOllAl 89.5 umel it Z717F & columnar 23 H 9] 7H
7} 2051 AAHCR TS Ui 28E A7) X
P Eelrh

6) Vickers hardness #t= HIP 374 & A% 217} 5214 +
149 HV,., 422.9 + 44 HV,.2 HIPZ 915} 18.9 % T4
=i}, 18] nanoindentation &7 23} HIPE (15to] &
UE 7]2442 8.8 + 0.7 GPa°lA 7.9 £ 0.8 GPaZ 10.2 %
D453 S22 11.1 + 0.1 GPa°lA] 12.0 + 0.3 GPa
2 8.1 % 37FetAth

7) A9 WEE HIP AF& 747 7.34 x 107 /m’olA] 3.42 x
107 /m’2 74314t} E3F DED & AR AlHoA =73
H 79 MPa2] 1% %57 -§82 HIP AR -246 MPa%]
U5 1 Y02 HIlskiTt

)}
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