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Water Atomization

Py

- Gas Atomization

E443 73
Tap Density = &% Ad x| 35~45% AAx 9 65%
Hardness(Hv 0.1) 550~1100 750~1050
O, content(Annealed & Reduction) 1,000~ 3,000ppm (max,1000ppm) 500ppme] 3}
Applications Structural part Die compacting5 HIP, Extrusions
Meit
Water atomize Gas atomize
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|

Angular powder

Spherical powder
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Anneat Encapsulate (shape)
Cold press (shape) ————( HiP
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Vacuum sinter |
T | | |
: I Hot forge ] l Hot extrude l [ Hot rolt l |
| I T ¥ |
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Powder Nodified Direct
sintering Pow;irc::srsgmg e:l?:;‘g; HiP HIP
process - process process
a3 1. Bgoiadol oF 37 HEIIE
2. ITALE AxRVNE 3. FFAEEY 2L EHME
ZPHog ol4HE TIAETL BFY 3.1 T2AAZH(Vacuum Sintering Process)

(Atomization)dll <3 Azdh 71 @Wel AHE-
He £7Ee
% B84 tAET 8 (Inerter Gas Atomization) 9
g Azxdydd £ 548 ¥ 19 FdAL
AzAA NFeg 29 29 Jetdoh

" B

FEAHE 54 (Water Atomization) 3_1—3’—_/&@ 71ee AurEel
4% Aoz 3 3% 2ol
T3 %"M B4 oEURY 0% HEE
AEH Fo| 1,200~1,300C9 LT AN AFaE

$eoEIEe

TEAIZ AzxE £



Gas Atomization
{Horizontal}

Gas Atomization
{Vertical)

Water Atomization
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321259 M3 2F(Hot Isostatic
Pressing Process)

HIPAZZA L 19 49 Zo| 7t&EAET S
Ag3te] B9e Canningstz 300~500C 9l
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Water Atomization
powder

l

Vacuum Annealing
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Compaction
( Die or CIP)

]

Vacuum Sintering
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2} 3. vacuum Sintering Process
3.3 STAMP Process
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Hot Isostatic Pressing
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of can pressing

Gas Filing of
hﬂ\tsuhon steet can|

Stamp Process
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®QSSG | hgh pressue

Horizontal
gas atomisafion

Welding
of can

Hot mknj

T8l 4. HIP Process

¢

steel can|
12| 5. STAMP Process

3.4 2ototE=aX(Powder Extrusion Process)
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Extrusion
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pressing

12! 6. Powder Extrusion Process

3.5 2LCIxZX(Powder Forging Process)
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2odzrled 99t FREA8Y YoM 32
4%, IFEFE FFHOE FHZ HAFAA
Mg $453 e Zigoln

raazrle FRME 29 79 Zo|, FE
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P/M Processing

o YIURFLE AU YA (Preform) S AxT
g 1ZE 1000~1200CoA oj¥|24d & 3
du 228 AFL F7YEZ(10ton/cm’ o] ) ol
g3 HAF I4 AFES Axd}e 7leolth

3.6 CAP(Consolidation by Atmospheric
Pressure) Process

tEEAE o2 AZxE ETIF HBO,
Methanol &4& ARF EFste ETFELS
FE=d FYsT 300~500CTAA E7t2A
g3t} =7} 9 Granulated graphiteE #¢] 3
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CAP Process
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18] 7. Powder Forging Process

12| 8. CAP Process
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3.7 cSD(Controlled spray deposition)
Process

CSD Azwde 489 AHEAL o3 ¥
Aol Qe 1&x T4 Az H{FE wy
22 FAMaE 29 99 7

CSD Press
| = B
Gas Tempercture  Hot working
atomisation adjustment

2! 9. CSD Process
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B8l MMEE HEZZkg) | FBE UHAH =Y EX#E | MAHs(ton)
billets for 100 high d it
- igh spee specil
HIP subsequent hot gh spe pecialy very high 8,000
) 10,000 steel plants |-
working
forgi ¢ hich all forging plants,
: or| reforms allo
STAMP gln:mp . 50-2,500 ELAY | olling mills tor high 800
, e
- specialty steels o
preforms for hot superalloys | turbine production,
 CAP working or 10-300 high alloy forging, medium 900
: reHIP ping plants rolling mills :
) bars rods | steel extrusion
Extrusion - moderate -
L tubes 1. plants
structural
. ; powder A
Forging parts near - ‘ﬁ . moderate - -
forging shops
net shapes .
structural - . high ipeed ~
N S -
Sintering parts near 0.001—10 € sintering plants moderate | <1,000
net shapes .
- igh allo
forging hig y forging plants,
CSD -1 10-1,000 . . moderate | <1,000
| preforms .} rolling mills .
superalloys . .
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AFaA dF F174 ELorFAFE ARA
o AMEEHE YFELLE FEAEFEY (Water
Atomization) .2 A ZE EBE7I¥Ye EuS
AHE g &, YRS A Y Yrr} 55
~7g/cm’2 HEE 9vEe W7HEE (30~
50ton/in”) o]\t CIP(25~40ton/in’) WHd & o] &8
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(1) A7tdae 9%

297 UL QY W 2AE40 JgL
nAE A7tea .‘.=§o Graphit, lllcon Born 3
T 3 UEMHE 22T EY

(M|Z=&] A} : Powdrex)

8§ | s £ 4
Apparent density(g/cm’) 22
Tap density(g/cm®) 30
Flow rate 5 400s/50g
Sieve analysis(%) | (-100mesh)
-100+150 9
-150+200 19
-200+325 33
-325 39
Green density(g/cm’) 69
(60 tsi : Die wall lubricant)
Chemical composition 087C, 0.3Mn, 02Si, 62W,
(wt%) 50Mo, 40Cr 18V,
' 11000,(ppm),
250 N,(ppm)

AAY vl %S AHRE g3 2.

- Graphite®] 4938

77 2o A7t E¥Se Graphites 9Ab
2717} 07~2mo|H, F7tee ¥ 005~03wt%
2 B8HY Ut} oW Eidle WHLEE 4
o 37} 23} GraphiteE WA E¥F e
AFZ 3774 €25 et EFe

olAY FT+7 £l H7tE+= Graphitey 4
HAA o) Carbon lossE H3E Holuz ETUA
Z+ ARAM AFH FHEE ANA 2348 E
FUAIL A AELTE AFATE EA
Aot A2 YR 2717 HE 175m M2 £
T @ Graphited7tdl WE 2259 W3}
€ XA M2E %Y ¢ GraphiteE 005% 3718
A4 90T AxY ¥e 2xMNE A Ful
densityE 5% F A&l €A YL, G &
Aol F/HEFE JA ¥ 2xN 1UR3
7 He o2 A7hE 2 goh(ad 10 #=2)

- 71t 949 FF

985 BT XFH e Ahe 2N £
Tof 48 Carbons} ¥tg3le COE AT}

pry

-
1200 250 1300
Sintering Temperature,C

" Densification %

G000 0 120 1280 B0 0
Sintering Temperature C

b) M2 powder
T3 10. APRE} BARIIR ME AEUE
3t

44



5 8

olw 0.01%¢ 0,91 &3 0.01wt% 2 Carbon loss
7t AAHEE 48 B2 TREHe ALFS
AT Ao} sy BE O, §F
1,000ppm ©]32 2AW EHo| ¥5F SHS
dg F UdE Ao 4HA ok

9, Silicon(S)) 8 A7te ZAY §4& A3
AN 9422 o wt 2FLexr tid A3
N7le 98¢ $o2H Graphite H719} 22 &
FE d& & doy, Si L2AA 9 AL}
w7 gl 3 AU HrlHojoF dh

F3, Boron(B)9] A7t £ZAd £%9
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SEE AANIE 4TS 3y, old et &7
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o 4E F4do2 MR F o 9BCAN A
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Z 3YHo 2Z2: T7H1,200C AF)AA
g4 (Carbon) 9 &3t g 22 TS
o g3 BAE Hslso Y LFAARA FE
3o 244 AN e Ao ¢8A Yo

(2) 27 &= % NZY 3%

27 &= 2 A7 %L 29 1194 A
273 ex/t EoHSE B &2 A W 27
=38 gAY & e, 28 129X 2o &
A% ggold Az F7td wet @3E 4
A 2 ARY 27t Sk g 2FYEY
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V4
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/
s
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/
/

A -Maximum Allowable
Carbide Size

B-Minimum Allowable
Sintered Density

Sintering Temperature

Theoretical densiy
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>

=

@

c

&

o

o

5

= Sintering

A .. tume for time for Sintering time
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Tride natms - Constituent elements % o Hardness
o C Cr W Mo v Co 8 Other HRC
Cold-work tool steels
CPM 9V i 178 525 130 900 | - 003 53-55
CPM 10V 245 525 130 9.75 Do 007 60-62
CPM 15V 3.40 5.00 e 130 1450 see ] e 62-64
CPM 440V 215 1750 | e 0.50 575 oo RO 1 57-59
Vanadis 4 1.50 8.00 150 4.00 U 59-63
Vanadis 10 290 8.00 o 1.50 9.80 . 1.0Si, 0.5Mn 60-62
Hot-work tool steels
CPM HI13 0.40 5.00 130 1.05 . 42-48
CPM H19 040 425 425 040 2.10 425 W 44-52
CPM HIGV ™ | 080 | 425 | 425 | 040 | 400 | 425 | = =] '« 44-56

24 2 & A7t dodY. £8 84 £z

F779 dE vivdE §FE Bo FHE 4 g . g
gopz WomAye A Fddch FY &3 i L §
FZ 33 A%de HiELS A2 F 9 i :0 - — o
£ A7t 4% 209 o 7 23Y A% g L T D
97 2A4ATARAN 4A 2ol BT -
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7bsdt 19 139 29 Ue £9 &F2 3 - -
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Stk #2377 CPM 10VE vt ¥3ol o e e B A
$ g8 2424 B 3% ¥& Y3 E e S —— T A
B $48 WntRAYo) a7Ee #X s WY o . ‘]E .
%%3”]' Stampmg%?, %%?}%@%Sﬂﬂ g‘l % To::!"-;u:?;" ? r:? oc:‘ni oUW cruev ce ¢
g, 94 g 2398 I7 59 F2 290,

12| 14. CPM 9ve] LHOFRA H| R
I 5. CPM 440vQ] L{OIRA] U Z24%| H| T

Crossed-cylinder wear resistance Charpy C-notch toughness
Hardness 7 T

’ 10'MPa 10" psi J ft-1bf
CPM 440V 59 276 40 16.3 12
CPM 440v "5} 56 _ SO A & 16
Vanadis 4 55 -~} 28 4 T 353 = 26
Vanadis 10 59 28 4 31.2 23
CPM H13 60 : 517 7» 4 353 ' 26

% ' 27
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CPM 440Ve WwlRA 3 W24go] A9 &
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