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Fig. 1. The mechanisms which contribute to stage 1
and stage 2 of densification during HIP treatment.”
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Fig. 2. HIP diagram of Ni;Al, calculated after compu-
ter program,” with partly modified materials data from
single particle dilatometer experiments.
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Fig. 3. A density/pressure map at 1473 K for alumina
with a particle diameter at 2.5 ym.”
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.Fig. 4, Microstructure of the AlLQ, specimen after
HIP treatment at 1800°C under 12 MPa for 1 h.”
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Fig. 5. Effect of gas impermeable layer during HIP
treatment.
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Fig. 6. Schematic illustration of the encapsulating pro-
cedure.'”
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Fig. 7. Relative density changes before and after HIP
treatment ALO,-TiC composite (sintered at 1923~
2123 K in vacuum and HIP treated at 1723 K, 150
MPa under Ar).

PAZ AHLES} 95% o1 4d 5 S AERE A
g4dg 24AE oA HIP Aol ¥ 23 7]t
247k 8o} AWE AAAE 98 4 gled
AAZ ALO,TiCH BGARZ 12} Ar 2917 2
o] olul AAst AHE HIP Helsld-g we 4
o= WEE AT AAE 27 7o FEIseh
ALz} 95% o]skel A HEL HIP A= Fox=
%A AYE7) o] FoA]A] g HbH 95% o)Akl
AFEL 13 22U el I glel Ao 43 243
2 7AE 8 7 Ik

o] sinter plus HIP ¥-& FAHFPe] glevws
net shapeZ 9L = ol AZe] A, 47}
A Al AAEZAR 95% o)Ak mddleie}
= v), GrAA e 4457} Zatsle A4 4
AA e e QaksFe] wlmA gotel sk, o]
AL A5 A AYE HEE e TRERE A
42 fake] dste] 2|F 4% AEhg pulEA "ok
AF & SN 22 AL ALO,, Y,0; 59 84
2AAAE AZEA fom AlbaAAd e A
HEE 0% o4 2717} A ks =2s
Holx 5% o]4kel fate] FHrl=]ojof &A|qk cap-
sule ol A3 A4 A8 Arbeba) e SiN,E
98% o]Ake] A 3}7} 7lested, 22 7FE = capsule

e s 2WsEAZ] pure SNJF A Jebdrh

3.3. Sin-HIP ghy

Sinter plus HIP ¥b§2 £2A¢ w3o] dojt
A ¢ near net shapeE Ag ¢ ledA® 3
wst rAe] 7158 AAe] slAwl 248 23] 4
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Fig. 8. Selection of HIP treatment method in regard to the required condition.
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Zole] 3954 F-2MDFVLR)eIA gt why
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3.4.3. Ceramic moldgd™
u)Z-2] CCMOA} ol A 7l by o 2 B-rt 3 AhS-
A vk B2 A3AE HIP A=218 of &850t
GFo)Fo g 134 e ® died HEX o7 waxE
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A7 { O & F4 T g5 S92 AT
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g}

o]t 7 iE7tx WPHE FolAl, HIP A=
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o7 Ash ¥w 2% 8% o] 8ok F glck
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4.1. HIPL| AL

HIP: 19554 =)=te] Battelle @ 74xef| A HdE
AL i A s HEx= aekd F, 1960
Jo zube] & <% cladding 9 portable power
reactor 58] AJabel AteiA o] go] A=Ak
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Table 1. Specification of the heating element employed
in HIP system

Material  Max. temp (C) Atmosphere T/C
Graphite 2200C N;*, Ar  W-Re
Platinum 14007 0, (20%) Pt-Rh
Molybdenum 1450C Ar W-Re
Zr0, 2000 0, (20%) W-Re
Fe-Cr-Al 1200C 0, (20%) Pt-Rh

*N,: 1. Cyanide (HCN) from reaction of N, and C.
(poisonous), 2. Deposition of volatile material.

HIPE o]4sle] AUdr} Hxz Axgd EUd
HgdF Belglon,? 7, F4, 285 YAl =2
we a)zo] syperalloy % HIPe) 28] 7]A1H
FE7E e 2R} AN Ze] FAHURY
ol 1980yt Zutell= LA 5% HIP &
§ Ah3r) A" 2 At SN, SiC, 28
Zr0,9)} e v FEABEFS AN ALE =
ol ko] AlGE Uy

4.2. HIP Ex|2 7HR

HIP #AA= A 34387|(vessel), A7 2 (fur-
nace), 4=7}(compressor), ZZ7|(controllen)® T
5 g glon o] woll WA, AFAA, skA
FFAR ol w2A Aok dHEI)= BE 200
MPa Ax 2] AL A& 5 glojof 3n=

B A 28] A= prestressed wire wounding ¥PH -2
AHa-3) 4] frame }A|ol compressive stress3 -]
gozd FHd ghyslelx ¢4HE7] A S
L PeE 7)7]5 ngisle] 717)9] AHE S
A2AF 7|12 gl

HIP #=]e) g8l 7l~v HIP #=2)9 Fu7}
Ag A8l 4238l Aoe dut 72 cylinder§
AMEEt . AAREQl tiEQl el A3 shx H
el 718715 HA Z18R 7)AE FEshed 1
qkel s AlEElz wvh 7hAe] - REke] wi- g
ocmg gakgql 3o HIP 7::}7]‘31]~: 7h-2 3
T 4AE =‘?'-7‘}*]7]"=] o]™ A e Fg=
729 o 70% AxF 3|ohed 7‘}]"}%251 ™ aloh

4&E7)= 7}%}12} B 7heE sF ?-‘-4%71 5
2 3 AL dted dw b
& o] 10~15MPa Axe] ¥z}l qk

cylinder#]
. HIP =]

Fig. 9. ‘Photograph of molybdenum furnace (left) and
graphite furnace (right) in HIP equipment.

o= H% 100~200 MPae] n9}8 873%ke g, 7}~
cylmderoﬂ/ﬂ 2EHE 7}AE ] siotetel 23
3= dd-2 gt} 8% diaphragm?] 2 stage hyd-
raulic oil compressor7} A&t}

HIP #vl= 347ter AMEE 9 3hde
Akazel] djw)Et7] A vesselo] Fo] Qe Wl
202 HkEHe] AR Fo]o} s}, HfE= ves-
sel& A3t widsks A-+% itk HIP Al
A8 7HE AF kA e slefo} sk A o] furnace
FEad, Abdste £97), AR AREE S o
2 2ol g2t furnaced A=Hdle]o} ok

4.3. Furnace®| &Y
1-& ARz Ao W furnaced 2F-F 49A
5]“9&‘\?‘:’" X% graphite WAA & AT 7o) A
da] ARET 2 eolfe &7kA] A7k
2] BPm By 435t7] wfolch ev} gra-
phite WA HE AL&3sl= 7 $-oll= +13lo] graphite
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contaminationS ¥7] 4194, Aite] WA}
71el dF FL wbzle] Arle 2AlA Se] gldh
Ao 4L A BAR] Y= Aol Tua
A%t 552 HIP A= g v B30 carhide &2]¢]
AR 27} gloem R EAld dgke] mA $£x 9]
4| 128 79l graphite *H4] molybdenum
oA 2 A3k Ae] o sk

Molybdenum A+ &3 A5 & opd
AEE 297 24o] 9= AAE AT 9o wedA
dutg ez 242 HIP =¥ =+ Molybdenum
HEAR ARSI, ol¥T}h ¥ 2EE STIE
Ceramic®] HIP A2]2 F%= graphite L9 A7} A}
45}

vk gl HIP ##= graphite 2 2y} molyb-
denum BGAZ FA wAY 5 IEE TUH
Wk AHA A3fo] MR w|2Ely] wjge] HEe
Az &3] ¢le] furnace part3t ¥} A vesselel
719 2-& 4 itk 23 9% graphite furnace®}: mo-
lybdenum furnaced] AtAle = &8 =27|7} Zds}
3L, ASel g4 FE 5 e TER FH S
E 5 qlrk o]|#A furnace’}t IA = furnace 5
2 g7 F= insulator= A LA =] o}
shed o)A ® A L FUMA £gA mAE
T itk

4.4, HIP 2| schedule

HIP A2iAel st 908 AAFE e
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Fig. 11. Weibull probabilities in strength of 2 mol%
Y,0,-PSZ (A) sintered at 1400°C for 2 h, and (B)
isostatically hot-pressed at 1400°C and 100 MPa for
0.5 h.

A 2gstel] Z2A ke v)Aed 23 102 de
M 4712 S - 29F scheduled #)A)shed0
o 7} cycleo] 9] B4 o}ga} 2ol

Cycle 1: €% 7}s17] o|&lel| A4 =& 7}
st Zolo] 2x9 e Tl F7MAE 9

el F4 AR Aeg Aok A Aol
A5l e AN JAslsle] ke,

Cycle 2: A4 <247 5 ¢He 7lsls 9y
el fr=lde) Aeg A3 AL feir) A
Fof oteg slateiofat Qo] MR AL WA
T 907) dEe o] wuhwe) ARE-H].

Cycle 3: 134502 447t Hu= 23F §F &
5 £2417)E el 3y ¢ 2w H
+EF gAY 7har)t BAEo A giye] Fot
et o] whe ¢7E X E F e FHx
gt ol4re] st o7 o) &3] Hech =
2 ¥(plastic deformation)e] <8 d=}e] 14
ARE 71 F 2xdi] gey|7] 43 ZHo
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Table 2. Effect of HIP on Rene 120 fatigue properties
(0~586 MPa, 871°C, 0.5 Hz)

Table 3. HIP treatment conditions for various mate-
rials

HIP 4 hrs, 103 MPa (15KSI)

As cast - —

1177¢C 12047

Cycles to 2487 8543 24919

failure 2300 10933 13052

773 13685 5723

N, 1853 11053 12077
=% Agd

Cycle 4: %=} 48& FAlo] 7171 94y
22 7P de) AHEE, 2201 FrhE A 7149
ARl A% s A Fald depvuz
7V ZAA <l wele). $4kA) 71 Ed 88 A
Ve FEAD £ gle AHe] ek

.5. HIP X2| &z}

HIP A8)x) 875 542 Folrohe s
H £ZAE grain growth gle] AxA} s} Zle)o)
Ahad Al2ddMes AFEEE Fold U
7V 2|5 o9} ti2o] grain growthz} e}
AdAo 2 2w 34 A H2 doA)A] ger.
v HIP AHPAlele 24ERs Eo)e Al
YHE TPz vlad g 254 2uslg
AAA 7L d)x)v, processing AN 4] defecte]
£qle g EAAF 4 9le macropore 52 ) AA)A
2 7 U= AAel sk welA HIP xMalgesy
catastrophic failure2] ¢¢le] B = ol defect Fo)
AASEZ Weibull modulus?} AT = )
g 2324 4 A 3k

sell A &0 29 72 sinter plus HIP #)2)4)
2H4YUET} Agss A BolFs), o)A HIP
Az Alde Ay FTTE Xil-ﬂ'f}‘ﬁ% o e
Hot press®l 7-¢-9} F587v}t o ol4bke] Axg
w3 slA Flo)

I 112 FEAs Zr0,§ Ahaadd s
HIP Az]8& 9] 2% =4 2 Weibull modulus
AN AW 7rws} oF 20% FrHE Bl o]z}
Weibull modulus® 106914 14.12 Z31=e] A1
Aol FEE AE & 5 vk

Purpose Material Fggl)p. PE;:;‘;; €
Consolidation High speed steel 1150 80
sus 316 1100 100
Rene 95 1120 100
Ti-6A1-4V 900 100
Defect healing WC-Co 1350 100
ALO-TiC 1400 100
Mrn-Zn Ferrite 1200 100
PZT 1100 90
Mo 1350 200
ALO, 1400 100
SN, (5% Y,0,) 1750 200
Al alloy (A 356) 500 80
Mg alloy (AZ 90) 370 80

Inconel 738 1180 100

£ 2% Rene 120 35¢ HIP A2)3¢ o] =20
W 7S B o8 F2F AT B 1853
el 4 =7} dejyt=|wt HIP 225 3}w $r3o)
A FrkEe A B 9 Utk 53] 07
Eo f sHFHE I dAsA Fae
ot

¢ HIP Hle XUl 7|ojshe oz A
gl 388 4 sl®

o] A ZEMELE FEHELA A 3
Al71 g3t S Flele] AApzhe) shaha-s
274 A7) diffusion bondingelt}. ol wje
53 ceramic7re] A3} Ao} v|Sd ol o
A A= 7Y F ded FZ 1) ceramic =
A9 S5 Y, 2) plasma spray¥ ceramic
) uba) F<4-0] A3 3) BA ceramicy) &) A
ool HEFHI 3ot obF de] ALshe 2 2
s glok '

6. HIP 0|2 o

A7 ol F-F EE Aages 24w g
A 270 27she e BEND S e
27} A=l ejof dic), HIPS o] 43w o)&x)4)
717 B Al AEE 9L 7o) Lolsr =),
2ARA 5& F7bele 487) AelA 3, AU
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Fig. 12. Relative density and strength of HIP treated
high speed steel for 30 min at various temperature
(SKH 55V).

Aol wls] g o] fojzich WA IUE,
Ze2 MRS HIP] A9 godzea A
45Ed 2 58 ¥ Ae:ALe ¥ 33

F2 o vwd e 9hE(100 MPa) ©]
stE® A AL} He, ALAAE eHx
=%, ceramic 5ol 97 ARk ofelME £
obg 2 HIPe] AH=Ele o4 oS 7hzkeld X
&ta} gk /

1, 22 35F 3R
22 slo] 27}k 74 gas atomized® LG ca-
psule® HESIT 2% 1000~~-1200C o} 50~150
MPaol| A 1~44]7t Aelsh= Zlo] 714 dubAqly),
HIP A=]gh AlHe] 2x g ZAq7pee] Wiz
= 129} 2o

o]2A HIP HalE® olile] EZopxjy Z72)
w30) 2 YA el Lok wob 82
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Fig. 13. Effect of HIP treatment of WC-Co materials.
O: after HIP treatment, @: before HIP treatment.
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6.2. =HEF
Qo HE 1971988 23T pr ﬁm%
Azstded 7 £ BAe ARAA ol &

Q;*_Tl_

AiEe dutd o2 capsuled 423} sin-
ter plus HIP X 2|n}do] ge] Ah&-=ch Ar 7k~E
GHe)AZ shel 1300~1350TC (A FZN A FAF
A2 T)oll 4 100 MPa HEe] ¢xlez HIP 3+
ghe}. o)wj HIP A=l 24§39 7he Wile 19
133} zvl HIP #2419 7kx Z7be 2735 ma-
trix®] 7ZF=7} Zr)shs 7o) olm )29 7o
71edske o] APH 2R glEHe] ginh

6.3. ALO;, SiC, SisN, Zr0, &
2

AlLO, SiC, SiN,, Zr0, 59 4958 F2A)
28 99gA2A 713 dy] Rolk AASqd],
2 25 HIP A2lg 3ledq X3} 9 A A&
el
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Fig. 14. Effect of HIP treatment of magnetic material
on the saturation magnetic flux density and permeabi-

lity.

7ol Al JgE ﬂﬂl v 2] A HEZ Z3he
3715 = AL W T2y 2oy 459 A
H4-¢ 4% 5+ WA EWr {714 Aozt
G pws] AAE Fold) AR AAE P
&l %ﬁ’r% A& gu|det. Ceramic 437 2
Azshed @ AHeg

S3hgo] ol¢ FL ARARE

6.4, XX =

A AT RZ A Mn-Zn ferriter} Ni-Zn ferrite=
HIP Azlste] x5} Azjoees, giadade o
AG & vk 2y UE ZHASUES) 45T
3 FAEE F7tste] AAREMY Feo] ¥
A4 A BT gt o) A EE 27}
F2 A8FoZ2 HIP A7) 29177} Aba¥-917]2)
Zel Fo} wela BdArL d=] AMEEE gra-
phitex} molybdenum ®dal= Fws}ix|7} ¢deh

A& 1100~1300Co A 342 Bot 12} A7 gk
% 1200T 1A 100 MPa2] o} e = HIP #z|3=d|
) A4 B9 7oA HIP A=ld 7-$dde AH
e Abar)l BE3A HEE Ede daem
AAsA A F7] FolA annealingdlte] Fe
7e]

6.5. A=

334 Ceramics= 98] AME-EHe EUd &
AR o] ohd thAA ceramicsol A 7| Feo] A
e 9 XYl 01%012%% st A AdAbe
A Aot A 5 ik Hot press®% PLZT
2o ceramic AAE ERALD A2 4L glo
v, AR e =)7) AR 3 B Ake] Babsl A ule HIP
27} AFpaolch

MgF, %8 AAlE 600~700Te) 4 100 MPa2]
Heg HIP Ao 2% 3~5um wpake] 224
Qﬂo )‘1 3114_26)

7.4 £

Erabold ®E ceramicsol|4] HIP AdE 7px
e xFo® AU} Y, ¢S AAE
<= 9.2, hot pressing ¥ell wls] B33t §4ke
AES AT 5 vk A i 2 ARgo]
Zd =z glck HIP #8)4] HEHe 7 vt s
AlRe) YA, AlHe] g7 B, Az uy & 2
#atel 7 Aukgt HIP A=) 248 A4
FE 2R Fopell A EAR A4 e =A 7
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