(PIM)
n ' 1950
PIM
PIM
(Sintering) (Corrosion
Resistance) PIM
1
2.1 409L
(Stainless steel) (Chemical
Composition) (Crystal Structure) (Mechanical Properties)
(Austenitic Stainless Steel) (Ferritic Stainless Steel)
(M artensitic Stainless Steel) (Duplex Stainless Steel)
Precipitation hardening (PH)
Face-centered cubic (FCC)
(Magnetic property)
(Corrosion resistance)
(Exhaust system)
430, 405,409, 409L, 434, 436, 442, 446

409L



HO [N

409L
(Low carbon, L)
0.01-0.02%
(Weldable grade) Sensitization
(Cr23C6)
(Chromium depleted zone)
Intergranular stress corrosion cracking
Sensitization (Nb)
(NbC)
1 m
2
409L
409L
2.1 2.2 Exhaust flanges Sensor bosses
(b)
manifold
- front p|pe heat shield

flex coupling

convertel

2.1 (Hot end)8

409L

304

2.3 (a)



resonator

(Cold end)®

2.2

2.3 409L 1

(a) Exhaust flanges (b) Sensorbosses

(PIM)

(Mixing)
(Compaction)
(Debinding)
(Sintering)
2.4



RAW MATERIALS

ELEMENTAL AND ALLOY
METAL POWDERS

ADDITIVES (DIE LUBRICANTS,
BINDERS, GRAPHITE)

METAL POWDERS

SINTERED PARTS

FINISHED PRODUCTS

24

PIM



2.2.1 (Mixing)
(Elemental metal powder) (Fe)
(Alloy metal powders) (Cr), (Mn), (Si), (),
(P) (N)
(Ni), (Mo), (Ti) (NDb)
(Binder)
(Lubricant)
2.2.2 (Compacting)
PIM

(Cold compaction)

(Low-alloy ferrous powders) 500
830 wraa (Green
strength)
Stearic acid
(Compactibility)
(Green density)
(Carbide)
(Tungsten carbide, wc)
2.2.3 (Debinding)
(Sintering)
(Debinding) (Organic binder)
(Melting point) (Decomposition
temperature) Zinc stearate 125°c
550°c Kenolube P-11 135°c

540°c



(M atrix)

Sensitization

224 (Sintering)

Dissociated ammonia,

(Vacuum) (Ferrous oxide)

(Oxidation reaction)
(Medium-density
stainless steels) 1120  1150°c[L (Elongation)
(Impact resistance) (Corrosion resistance)

1315°¢

(Sintered density),
(Shrinkage), (Yield strength), (Tensile strength)

(Hardness) (Elongation)

Dissociated ammonia

(75 volw H2+ 25 vol% N2

(Strength) (D uctility)

( 6.6 glcm3)

(Sizing)

Dew point



2.3 (Infiltration Technique)

PIM
(Cold compaction) (Porosity)

(Sintered density)

(Hot Isostatic Press, HIP)

(Heat treatment)
(Infiltration)

or Sintrating)

m
(Infiltrant)
(Capillary forces)
Infiltration sequence
infiltrant
porous compact

/{{;IIIIIIIIII/I,

starting
condition

partially
infiltrated

2.5

(Steam

10

(Forging)
treatment)

(Single-step process

(Double-step process)

50

(Porous compact) ‘2

25

fully
infiltrated



(Capillary-dip infiltration)

(Full immersion infiltration)

(Porous compact)

Porous body

(Infiltrant)

(Contact infiltration)

Solid metal

oé —
o4 Porous body
oh: T ALY //,/%/;
o~ o " “Ho
o o P o :
o o = - po 7
Metal bath Metal bath
Heat treating furnace
(@) (b) ©
2.6 il
(Infiltrants) (Porous

compactor Skeleton)
L.

(Fluidity)

(Open pores)

(Interconnected pores)

3.
4, (W etting angle)
2.7
5.
(Skeleton)

2.1



2.1

Infiltrants

Magnesium

Skeleton % s E g = 8 o = o
R PR EER-EER
Aluminum 0 0 .
Beryllium
Chromum o 0 0 o 0
Cobalt 0 0 0
Copper 0 - .
Iridium 0
Iron 0 0 0 0 O . .
Lead
Magnesium
Manganese 0
Molybdenum o 0 0 0 ) 0
Nickel 0 0 0
Nigbium 0 0
Platinum 0
Rhodium 0
Silicon 0 o O 0
Silver ‘
Tantalum 0 0 0
Titanum o
Titanium - 0 ‘
Carbice
Tungtn o o o o o o ° '
Tungsten 0 0
Carbice
Vanadium 0
Zinc 0 0

Zirconium 0 0

=

Mercury
Nickel
Silver

I
Zinc

o
Manganese
o
< Sodium
© Thallium

o

o O O



1175°%

13

vapor
/')Qﬁ\
Aliquid>
| i ]
good solid poor
wetting wetting
2.1
il
(Full density)
(Forging) (Rolling) (Extrusion)
(Layered products)
PIM
(Copper alloys)
F. Velasco 3
316L 304L
700 MPa 1330°¢c 30
(Heating rate) (Cooling rate) 5°c/min.
30 1100°¢c
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4%
(Porosity)
(Open pores) (Interconnected pores)
(% Elongation)
Solid solution strengthening (Stainless
steel matrix)
(Sulfuric
acid) (Hydrochloric acid) 10 v/o Lvlo
(Boiling)
24 (Liquid phase sintering, LPS)
2
(Premixed) (Base powders)

powders or Additives)

1-40 vol% [ 11

Cu-Co, W-Cu, W-Ni-Fe, W-Ag, Cu-Sn, Fe-Cu, WC-Co, TiC-Ni

(Liguid-phase-forming

Fe-Cu-P



Rearrangement or Liguid flow, Accommodation or Dissolution and reprecipitation,

Coalescence or Solid phase bonding20l

2.8
=0

oy

@

cC

3

2

® Stage 3: Solid-state sintering

° . -

~————————— Stage 2: Solution-precipitation
Stage 1: Rearrangement
Sintering time
2.8 m

238 (Rearrangement)
(Base powder)

Primary arrangement

ik
(Dissolution and reprecipitation)
Precipitate
(Solubility)
(Rearrangement)

(Solid phase bonding)

2.9

15



initial state
mixed powders

. solid state

fl%

.v;;

) ) o
Jg}ﬁ?f qué)% L&
0 /%/»'éi@“f‘fz%%

2.9 1 191

(Rearrangement) 35%

(Green density)

(Swelling)

(M aterial characteristics)

2.2

16



2.2

W
Y
17
131

= B Y S S L A S R S R~

2.2

Additives

n
A

O wm x= =

S x=E=A

17

(Solubility)

"

Solubility ratio,

0004
01
0001
4
002
1
007
001
3
|
00003
5

Additive
N

Sg/Sp> 1

densification

atom % Behavior
Suell
Suell
Suell
Shrink
Sell
Shrink
Suell
Suell
Shrink
Shrink
Suell
Shrink

Green compact

Base

\ SB/SA <1

swelling



2.3

2.3
a
Factor Swelling Shrinkage
Solid solubility in liquid Low High
Liquid solubility in solid High Low
Diffusivities Unequal Equal
Additive particle size Large Smll
Base particle size Large Smll
Green density High Low
Contact angle High Low
Dinedral angle High Low
Temperature Low High
Time Short Long
PIM
A. Sharon D. Itzhak1o
SAE 304L 1 %
900 MPa
1200°¢ 1
40°c/min.
4%
(-325 mesh)

(-100 mesh) 0.1-0.2 glem'1
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Open circuit potential test

(-325 mesh)

(-100 mesh)
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