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A. THERMO-MECHANICAL PROCESS 

ABSTRACT 

B e n e f i t s  f r om  thermo-mechanical p rocess ing  (TMP) of a u s t e n i t i c  s t a i n l e s s  

s t e e l  we1 dments, analogous t o  h o t  i s o s t a t i c  p r e s s i n g  (HIP) of cas t i ngs ,  most 

1  i k e l  y r e s u l t  f r om  compressive p l a s t i c  deformat ion,  inhanced d i f f u s i o n ,  and/or 

inc reased  d i s l o c a t i o n  d e n s i t y ;  TMP improves u l t r a s o n i c  i n s p e c t a b i l i t y  o f  

a u s t e n i t i c  s t a i n  less s t e e l  welds owing t o  ( a )  convers ion  of c a s t  d e n d r i t e s  

i n t o  equiaxed a u s t e n i t i c  g ra i ns ,  ( b )  r e d u c t i o n  i n  s i z e  and number o f  s t r i n g e r s  

and i nc l us i ons ,  and ( c )  r e d u c t i o n  o f  d e l t a  f e r r i t e  con ten t .  TMP induces 

s t r u c t u r a l  homogenizat ion and h e a l i n g  o f  vo i d - t ype  d e f e c t s  and thus 

c o n t r i b u t e s  t o  an inc rease  i n  e l onga t i on ,  impact s t r eng th ,  and f r a c t u r e  

toughness as w e l l  as a  s i g n i f i c a n t  r e d u c t i o n  i n  da ta  s c a t t e r  f o r  these  

p r o p e r t i e s .  An optimum temperature f o r  TMP o r  HIP o f  welds i s  one which 

causes n e g l i g i b l e  g r a i n  growth and an accep tab le  r e d u c t i o n  i n  y i e l d  s t r eng th ,  

and p e r m i t s  heal  i ng o f  p o r o s i t y .  

. . . . . . . , . , . . . 
' -, 

a. U. S. and f o r e i g n  p a t e n t s  a p p l i e d  for/.-by ,, USDOE. 



A. THERMO-MECHANICAL PROCESS 

FOR TREATMENT OF WELDS 

Methods o f  m i n i m i z i n g  weld d e f e c t s  i n  ma jo r  energy covers ion  systems, such 

as nuc lea r  r e a c t o r s ,  c o a l - g a s i f i c a t i o n  and f o s s i l - f u e l  p l a n t s ,  o r  

magnetohydrodynamic genera to rs  a re  c o n t i n u a l l y  be ing  sought t o  inc rease  system 

r e 1  i a b i  1  i t y  and s a f e t y  and reduce .mechanical p r o p e r t y  v a r i a t i o n .  
I 

Inhomogenei t ies ,  de fec ts  such as m i c ropo ros i  ty, c o l d  'laps, m i c r o f  issures,  and 

h o t  cracks;  and d i f f i c u l t  u l t r a s o n i c  i n s p e c t a b i  1  i t y  a re  of g r e a t  concern. 

A  method o f  r e c t i f y i n g  these problems i s  t o  s u b j e c t  completed welds t o  a  

thermo-mechanical t r ea tmen t .  T h i s  t rea tment ,  based on t h e  concept o f  h o t  

i s o s t a t i c  p rocess ing  (HIP) ,  uses e l eva ted  temperature and i s o s t a t i c  i n e r t - g a s  

p ressure  w i t h i n  an autoc lave. '  T h i s  process i s  i d e a l  i n  t h a t  i t s  

a p p l i c a t i o n  causes o n l y  n e g l i g i b l e  d imensional  change o r  m a t e r i a l  m ig ra t i on ,  

depending upon t y p e  o f  de fec t s .  A p p l i c a t i o n  o f  HIP f o r  de fec t  e l i m i n a t i o n  i n  

c a s t i n g s  o f  aluminum,2 ~ u ~ e r a l l o ~ s , ~ ' ~  t i t a n i u m  a l l o y s Y 3  and an 

18%-n icke l  maraging s t e e l 5  was p o s i t i v e  and r e s u l t e d  i n  a  marked decrease in 
mechanical  p r o p e r t y  v a r i a t i o n  as w e l l  as an i nc rease  i n  s t r e s s  r up tu re ,  

e l onga t i on ,  and f a t i g u e  p r o p e r t i e s .  I n  f a c t ,  HIP o f  c a s t i n g s  hav ing no 

de fec t s  d e t e c t a b l e  by n o n d e s t r u c t i v e  examinat ion (NDE) methods r e s u l t e d  i n  

n o t i c e a b l e  p r o p e r t y  improvements. 
1  

The c o l l a p s e  and h e a l i n g  o f  v o i d - t y p e  d e f e c t s  as w e l l  as increased 

homogeneity a re  due t o  one o r  rllore o f  t h e  f o l l o w i n g  mechanisms: 
1  

1. Creep 

2. Compressive p l a s t i c  de fo rmat ion  

3. D i f f u s i o n  bonding o f  v o i d  su r faces  



4. Vacat~cy d i f f u s i o n  f r om pore  su r faces  t o  g r a i n  boundar ies 

5. D i s l o c a t i o n  d e n s i t y  increases;  

A p p l i c a t i o n  o f  TMP t o  Type 304/308 s t a i n l e s s  s t e e l  welds should be e q u a l l y  

p o s i t i v e  s i nce  these  weldments have f u s i o n  zones c o n t a i n i n g  c a s t  d e n d r i t i c  

s t r u c t u r e s .  

Because HIP n o t i c e a b l y  reduces y i e l d  s t r eng th ,  methods t o  r eve rse  o r  
1 

reduce t h i s  e f f e c t  were s tud ied .  Recorrrrr~eridations inc' lude lower p rocess ing  

temperatures and add i t i o n s  o f  n i t r o g e n  and/ar columbium. 

A r e l a t e d  problem concerns we1 d  i nspecta'bi 1  i ty  by u l t r a s o n i c  techniques.  

As a  p a r t  o f  t h e  p resen t  e f f o r t ,  u l t r a s o n i c  amp l i tude  a t t e n u a t i o n  s t u d i e s  were 

conducted b e f o r e  and a f t e r  HIP, t o  e v a l u a t e  i t s  e f f e c t s  i n  th ' i s  respec t .  



2. PROCEDURE 

Both p l a t e  and p ipe welds of Type 304 aus ten i t i c  s ta in less s tee l  were 

selected because o f  t h e i r  extensive app l i ca t ion  i n  nuclear reactors  and other 

major energy production systems. P la te  specimens were 2.5 cm t h i c k  and pipe 

specimens had an outer diameter (OD) o f  14 cm and wall  thickness (WT) o f  

1.9 cm. Type 308 f i l l e r  wire was e i t he r  0.3 o r  0.8 cm i n  diameter. Double 

U-grooves w i th  75-degree bevels were used f o r  both sound and defect ive  welds 

(Figure 1). A l l  specimens were gas tungsten arc (GTA) welded. A few p l a t e  o r  

p ipe  welds having 10 t o  15% in ten t iona l  po ros i t y  were prepared by using 

moisture, o i l y  sur f  aces, o r  inadequate purging w i t h  argon. Surface porosi ty,  

as detected by e i t he r  v isua l  o r  l i q u i d  penetrant examinations, was sealed by 

GTA welding. A l l  welds were X-rayed. 

Fig. 1 Macrostructure (3.5X) o f  GTA-welded Type 3041308 plate,  2.5 cm 
(1.0 in.)  th ick ,  showing the double V- jo in t  w i th  75 degree bevel and the  
layers and d i rec t ions  o f  g ra in  growth i n  the f i l l e r  metal dur ing 
so l  i d i f  i ca t ion.  



A few t e s t  bars from ei ther  welded plate or welded pipe specimens were 
heat treated (HT) in argon a t  1310 K (1900°F) for  3 h or at 1365 K (2000°F) 
f o r  1 h. One-third of the weldments were retained i n  the as-welded condition, 
whereas the remaining two-thirds were HIPed in an autoclave having a hot zone 
of 18 cm diameter and 46 cm length. HIP parameters were (a)  temperatures of 
1230 t o  1365 K (1750-2000°F), (b) exposure times of 1 to  3 h ,  and (c)  argon 
gas pressure of 105 MPa (15 ksi) . 

We1 d s  and base metal were evaluated both before and af te r  HIP by NDE 

techniques (radiography, liquid penetrant, and 1 imitid ultrasonic C-scans) . 
chemical and metallographic analyses, and measurements of del ta  f e r r i t e  
content and mechanical properties ( tensi le ,  charpy V-notch, and instrumented 
drop-weight impact). ~en:i le  t e s t s  were conducted a t  both room temperature 
(RT)  and 590 K (600°F), while other t e s t s  were conducted only a t  RT. In 
addit ion, 1 imited evaluation was conducted of heat-treated welds by using 
met a i  lographic analyses and tens i le  tests. 



3. RESULTS 

Data showed that HIPed welds had improved structure, inspectabi 1 ity, and 

mechanical properties. 

3.1 Structural Changes 

a) Cold-lap or void-type defects were healed by HIP but not by HT (Figures 2 
and 3). 

b) Cast dendritic structures of the fusion zone were converted into equiaxed 

austenitic grains by HIP, resulting in homogenization. This conversion 

was not seen after HT (Figures 2 and 3). 

c) There was a reduction in size and number of stringers and inclusions after 

HIP but not after HT (Figure 4), possibly owing to breaking up and 

increased solubility of carbides, nitrides, or other intermetallic phases. 

d) Most of the delta ferrite was transformed into austenite, resulting in a 
decrease in the average ferrite number (FN) from 12.3 to 1.7 after HIP, 

the average FN for HT welds was 11 -1. Decreased ferrite content generally 

increases ducti 1 ity and creep life, reduces tensile yield or ultimate 

strength and improves impact strength of austenitic stainless steels, and 

their weldments. 6 

e) HIP at 1310 to 1365 K (1900-2000°F) for 1 h caused grain growth in pipes 

from ASTM size 5 to 3, and in plates from ASTM size 5 to 2; after HIP at 
1255 K (1800°F) for 3 h, there was negligible grain growth (Table 1). 

f )  HIP caused a reduction in the average microhardness values of welds from 

220 to 128 DPN (diamond pyramid number) and for the base metal from 191 to 

125 DPN, respectively (Table 1). 

3.2 Ultrasonic Response 

Ultrasonic beam attenuation and/or scatter in welds are due to variations 

in composition, sol idif ication patterns, and micro and macrostructures 

6 



Dendri t i  c structure 
and a defect (cold 
lap) in the fusion 
zone. The heat af- 
fected zone shows 
aus teni te (y) grains, 
anneal i ng twins and 
stringers of ferri te, 
carbides and other 
inclusions. 

The transformed 
equiaxed austehi t ic  
grain structure shows 
short dark streaks of 
the transformed fer- 
r i te  and stringers of 
Qncl usions , carbides , 
etc. in the fusion 
zone. The HAZ shows 
y grains ,. anneal i ng 
twins and stringers. 

+ Fig. 2 Microstructures (100X) o f  Type 3041308 GTA welds A) in the as-welded 
.,condition, and B )  after HIP, showing healing of the cold lap defect. 

1 _ 
m .  -,I 5 '  - 'J, ' 8 ,  .,k' ' I . '  8 n -  - iL .- . *,L - 8  . 

'I - .. 



Fig. 3 ~licrostructures (100X) in the fusion zone of Type 
before and after heat treatment (HT). The cold l a p  could n 

8 

As-welded dendrf t i c  
cast structure and 
cold lap. 

A f l a ~ "  +IT, a&-'la.tilj K 
(wmdU; - '3 hEr 
~ T r a ~ s f ~ m e d  . aus-$m- 
i t-IG ~ra9m; 41wple115 ng 
twins":  %&' @tegks of '',. 
del%i-f'6~3be, Gold + 

lap not elfrrj4nated. ' 

3041308 GTA vtelds, 
lot be healed by HT. 



(B) After HIP a t  1310 K 
. I 1900~~) - 3 h -105 MPa 

[is M). 

Fig. 4 Microstructure of Type 304 stainless stekl, before and after HI-P. 
( loox) .  ', 

9 



TABLE 1; ,GRAIN SIZE AND MIC.ROHARDNESS 'VALUES FOR TYPE 304 STAINLESS STEEL , 

AND TYPE 3041308 GTA WELDS 
. . . . . . . . . . . .  - .  . . . . .  - ,  . - .  . . . . . . . . - . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . .  

Average Microhardness 
ASTM Gra in  . . . . (D iamond Pyramid.No;) .  . . . - . .  . . . .  

S i ze  o f  Type 304 Fus ion 
Cond i t i on  . .  -Base .Meta l  . . . .  Base ,Met a1 - .HAZ. .  - .Zone. 

As-welded 5 191 225 '220 
HIP* 3  ( p i p e )  & 2  ( p l a t e )  123-128 123-130 124-1 3  
HT* 4  ( p i p e )  1  37 -1 52 135-153 143-14 
. . . . . . . . . . . . . . . . . . .  

*H IP .o r .HT i n  t h e  temperature range o f  1310-1365 K (1900-20000F) f o r  1 t o  
3  h and i s o s t a t i c  gas p ressure  o f  105 MPa (15 k s i )  f o r  HIP (no  p ressure  f o r  
HT) . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( i n c l u d i n g  coarse-g ra ined  dend r i t es ,  two-phase s t r u c t u r e s ,  i n c l u s i o n s ,  and 

s t r i n g e r s )  .7 The s t r u c t u r a l  homogenizat ion and hea l  i n g  o f  i n t e r n a l  vo i ds  

anddefects a f t e r  HIP ( S e c t i o n  3.1) makes welds more t r a n s p a r e n t  t o  u l t r asouhd .  

P r e l i m i n a r y  da ta  show t h a t  u l t r a s o n i c  t r ansm iss i on  i n  Type 3041308 welds 

and t h e  base meta l  increased hy 89 and 7%, r e s p e c t i v e l y  (Tab le  2 ) ,  a f t e r  HIP 

a t  1255 K (1800°F). HIP a t  1310 t o  1365 K (1900-2000°F) produced an i nc rease  

o f  47% i n  u l t r a s o n i c  t r ansm iss i on  i n  t h e  f u s i o n .  zone b u t  a  decrease o f  37% i n  

u l t r a s o n i c  t r ansm iss i on  i n  t h e  base meta l  ( F i g u r e  5 ) .  O v e r a l l  t h e r e  was a 25 

t o  30% r e d u c t i o n  i n  ampl i tude v a r i a t i o n  between t h e  base meta l  and f u s i o n  zone 

a f t e r  HIP a t  1310 t o  1365 K .(1900-2000°F). Th i s  more u n i f o r m  response of 

HIPed welds should  a l l o w  g r e a t e r  i n t e r r o g a t i v e  wave ampl i tudes f o r  u l t r a s o n i c  

i nspec t i ons  and consequen t l y  an improved c a p a c i t y  f o r  d e f e c t  de tec t i on .  

TABLE 2: ULTRASONIC SIGNAL FROM TYPE 3041308 WELD 
. . . . . . . . . . . . . . . . . . . . . .  . . 

S i gna l  From 
Cond i t i on  . Base Meta l  Fus ion Zone 

As-We1 ded 
HIP-1800 
. . . . .  . . -  
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3.3 T e n s i l e  P r o p e r t i e s  

E f f e c t s  o f  HIP o r  HT on t e n s i l e  p r o p e r t i e s  o f  welds a re  shown i n  F i gu res  

6, 7, and 8. 

E longa t i on  inc reases  owing t o  HIP of d e f e c t i v e  p i p e  o r  p l a t e  welds were 

140 t o  173% a t  RT and 233% a t  590 K (600")  and o f  nonde fec t i ve  welds were 26 

t o  36% (F igu res  6 and 7 ) .  The increased e l onga t  ion, s t r u c t u r e  homogenization, 

and h e a l i n g  o f  vo i d - t ype  de fec t s  d ~ m n n s t r a t e d  thc  p o t e n t  id1 uf HIP t o r  weld 

r e p a i r .  E l onga t i on  increase,  e s p e c i a l l y  near  t h e  d u c t i l i t y  minimum 

temperature o f  620 K (650°F) cou ld  m in im ize  o r  e l i m i n a t e  s t r a i n - a g e  c r a c k i n g  

o r  weld  e rnbr i t t l ement  d u r i n g  s e r v i c e  exposures around 620 K (650°F). 

There was an i nc rease  o f  up t o  10% i n  t h e  RT u l t i m a t e  s t r e n g t h  o f  

d e f e c t i v e  welds (F i gu res  6 and 7) ;  b u t  a decrease o f  up t o  8% i n  t h e  s t r e n g t h  

o f  sound welds ( F i g u r e  8) .  

T e n s i l e  p r o p e r t i e s  o f  sound welds a f t e r  HIP o r  HT (F i gu re  8)  a re  

summarized i n  Table  3. HIP produced w i t h  r espec t  t o  HT: 

o  17.5 t o  21.5% g r e a t e r  d u c t i l i t y  ( e l o n g a t i o n )  

o  up t o  4.5% lower y i e l d  s t r eng th ,  and 

o  ,a r e d u c t i o n  i n  t e n s i l e  p r o p e r t y  v a r i a t i o n  

Improvements i n  t e n s i l e  p r o p e r t i e s  o f  d e f e c t i v e  welds a re  even more. 

pronounced by 'HIP than  by  HT, as t h e  fo rmer  t r ea tmen t  can hea l  vo i d - t ype  

defects  such as c o l d  l aps  (F i gu res  2  and 3 ) .  

3.3.4 P rope r t y  Equiva lence a f t e r  HIP 

T e n s i l e  p r o p e r t i e s  o f  l o n g i t u d i n a l  welds and base meta l  a f t e r  HIP a t  RT 
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Fig. 8 Tensile properties of Type 304/338 GTA circumferential pipe welds 
' before and after HIP or HT. 



and 590 K (600°F) were n e a r l y  e q u i v a l e n t  (Tab le  4 ) .  Be fo re  HIP, Type 3041308 

welds had a  20% h i g h e r  y i e l d  s t r e n g t h  and a  23% lower  e l o n g a t i o n  than  Type 304 

base met a1. These d i f f e r e n c e s  were e s s e n t i  a1 l y  e l  im ina ted  by  HIP th rough  

s t r u c t u r a l  homogenizat ion ( S e c t i o n  3.1 ) .  

TABLE 3. TENSILE PROPERTIES OF TYPE 304/308 GTA WELDS AFTER HIP OR HT 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . .  . . .  . . . . . . . . . . . . . . . . .  

. - . . .  - . . .  ,Percen t  changea i n  T e n s i l e  P r o p e r t i e s  a t .  . . . . . . . . . . . .  

. . Fty . . F t u  % E longa t i on  F t y  . F t u  - % , E l o n g a t i o n  b  

a. Decrease i s  shown by  - s i g n  and inc rease  by  + s i gn .  
b. E l onga t i on  i n  3.56 cm gage 1eng.th. 

. . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . 

TABLE 4. RT TENSILE PROPERTIES OF TYPE 304 AND TYPE 3041308 
WELDS, BEFORE AND AFTER HIP 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

Type 304/308 
Type 3041308 Type 304 Weld, 

P rope r t y  ,Type 304 We1 d  B-HIP-1900 W-HIP-1900 

F t y  (O.Z%), 335 4 20 197 + 6  299 + 7 
E longa t ion ,  % 66 53.6 

. . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  
72.3 - + 3.5 72.7 - + 1.8 

. . 

3.3.5 F a i l u r e  Loca t i on  

A l l  t h i r t y  ( 30 )  t e n s i l e  t e s t  specimens from Type 304/308 GTA t r ansve rse  

( p l a t e  o r  p i p e )  welds a f t e r  HIP a t  1255 K (1800°F) f a i l e d  i n  t h e  base meta l  

d u r i n g  t e s t i n g  a t  e i t h e r  RT o r  590 K (600°F). The as-welded specimens o r  

welds a f t e r  HIP a t  e i t h e r  1310 K (1900°F) o r  1365 K (2000°F) f a i l e d  i n  e i t h e r  

t h e  HAZ o r  f u s i o n  zone. 

HIPed welds,showed n e a r l y  e q u i v a l e n t  t e n s i l e  p r o p e r t i e s  i n  bo th  

l o n g i t u d i n a l  and t r ansve rse  o r i e n t a t i o n s  ( F i g u r e  9 )  owing t o  s t r u c t u r a l  

16 



Tensile stress Elongation 

W HIP W HIP W HIP W HIP 

As-weldkd specimens failed in HAZ 

Welded specimens after HIP failed in base-metal 

F ig.  9 Tensi le  p rope r t i es  o f  Type 304/308 GTA p l a t e  welds, showing minimum 

o r i e n t a t i o n  e f fec ts  a f t e r  . H I P .  L - ~ o n g i t u d i n a l ,  T - Transverse. 
. . 



homogenizat ion (F i gu re  2 ) .  O r i e n t a t i o n  e f f e c t s  a re  more pronounced i n  t h e  

as-we1 ded c o n d i t i o n .  

3-3.7 Decrease i n  S c a t t e r  o f  T e n s i l e  Data 

T e n s i l e  p r o p e r t y  v a r i a t i o n s  were decreased b y  HIP f o r  almost a l l  weld 

specimens b y  as much as 90%, w i t h  d e f e c t i v e  welds e x h i b i t i n g  cons ide rab l y  

g r e a t e r  r e d u c t i o n  o f  s c a t t e r  than  sound welds. 

3:4 I m p a c t  S t reng th  ,and F r a c t u r e  toughness 

The RT impact s t r e n g t h  o f  Type 304 base metal  and Type 304/308 GTA welds 

was increased subs tan t i  a1 l y  b y  HIP (F i gu re  10) .  Welded and HIPed Charpy 

V-notch specimens would bend b u t  n o t  f a i l  when t e s t e d  a t  loads up t o  t h e  

machine l i m i t  of 325 J (240 f t - l b . ) ,  n e c e s s i t a t i n g  t h e  use o f  ins t rumented 

drop-weight  impact t e s t s .  (The Charpy specimens, pe r  ASTM E-23 design, were 

no t  f a t i  gue-precracked) . 

The inc rease  i n  V-notch impact. s t r e n g t h  a f t e r  HIP was 70% for the  base 

meta l ,  147% f o r  welds w i t h  notches i n  t h e  HAZIbase meta l ,  and 235% f o r  welds 

w i t h  notches i n  t h e  f u s i o n  zone. These inc reases  r e f l e c t  bo th  s t r u c t u r e  

homogenizat ion and an average f e r r i t e  number r e d u c t i o n  f rom 12.3 t o  1.7. 

HIP n o t  o n l y  increased impact s t r e n g t h  b u t  a l s o  improved f r a c t u r e  

toughness. The dynarrlic f r a c t u r e  toughness p lane  s t r e s s  e l a s t i c  equ i va l en t ,  

Kd' f o r  welded specimens w i t h  notches i n  t h e  f u s i o n  zone increased by  67% 

and specimens w i t h  notches i n  t h e  HAZ/base meta l  i nc reased  b y  42% a f t e r  HIP 

( F i g u r e  11 ) .  The K d  o f  weld m a t e r i a l  was g r e a t e r  f o r  specimens notched i n  

t h e  HAZIbase meta l  than  f o r  specimens notched i n  t h e  f u s i o n  zone, b o t h  b e f o r e  

and a f t e r  H IP . .  Th i s  cou ld  be due t o  g r e a t e r  hardness va lues  and more complex 

m i c r o s t r u c t u r e  i n  t h e  f u s i o n  zone t han  i n  t h e  HAZ/base meta l .  



Charpy V-notch impact tests INEL-A-13 437-1 

Instrumented drop weight .E8I impact tests 

F i g .  1.0 Impact strength of Type 304 s tainless  s teel  and Type 304/308 GTA 

transverse plate welds, before and af te r  HIP. 



400 
Notch in HAZIbase-metal I 

W W-H I P W W-HIP 
INEL-A-13 435-1 

F i g .  11 Dynamic f r a c t u r e  toughness (p l ane  s t r e s s  e l a s t i c  e q u i v a l e n t ,  Kd) 

f o r  Type 304/308 GTA welds b e f o r e  and a f t e r  H I P .  (Sub-s ize Charpy V-notch 

specimens, n o t  p rec racked)  . 



4. POTENTIAL PROBLEMS AND APPLICATIONS OF HIP WELDS 

4.1 P o t e n t i a l  Problems . w i t h  .HIP Welds 

P o t e n t i  a1 prob lem areas a re  ( a )  su r f  ace-connected p o r o s i t y ,  ( b )  y i e l d  

s t r e n g t h  r educ t i on ,  ( c )  a p p l i c a t i o n  t o  f i e l d  welds, and ( d )  cos ts .  

S l l r f a ~ e - ~ ~ n n ~ ~ t e d  pores do n o t  c l o s e  on HIP and, i n  f a c t ,  t h e  gas p ressure  

may even open them. These surface-cnnnected pores must t l- leu-efore be sealed by 

weld ing.  However, m i c ropo ros i t y ,  m i c r o f i s s u r e s ,  and l a c k  o f  f u s i o n  between 

weld bead and s l i bs t r a te  g e n e r a l l y  a r e  i n t e r n a l  de fec t s  and amenable t o  h e a l i n g  ., 

b y  HIP. 

4.1.2 Y i e l d . S t r e n g t h  Reduct ion 

The average F  a t  R I  o f  welds a f t e r  HIP a t  1310-1365 K (1900-2000°F) 
t Y  

was 216.5 MPa (31.4 k s i ) ,  which was o n l y  s l i y l ~ . l ; l y  g r e a t e r  t han  t he  minimum 

Code va lue  o f  207 MPa (30 k s i )  f o r  Type 304 base meta l .  Welds HIPed a t  1255 K 

(1800°F) had an average y i e l d  s t r e n g t h  o f  266 MPa (38.6 k s i ) .  

H igher  n i t r o g e n  and/or columbium con ten ts ,  b u t  s t i l l  w i t h i n  acceptab le  

A IS I  compos i t i on  l i m i t s ,  p r o v i d e  h i g h e r  y i e l d  and u l t i m a t e  s t r eng ths  i n  

s t a i n l e s s  s t e e l s .  For  example, an i nc rease  o f  0.12% i n  n i t r o g e n  con ten t  i n  

Type 304 s t a i n l e s s  s t e e l  r e s u l t e d  i n  ( a )  an inc rease  of 25 and 50% i n  Ftu 
7 and F r e s p e c t i v e l y ,  and ( b )  a  decrease o f  o n l y  10% i n  e l o n g a t i o n  . 

t y  ' 
The h i g h e r  c o r r o s i o n  r e s i s t a n c e  o f  h i g h e r  n i t r o g e n  mod i f i ca t i ons  such as 

Types 304N and 304LN was e s s e n t i a l l y  t h e  same as t h a t  of s tandard Type 304 

va lues .  Type 304LN has a  l o w  carbon con ten t  t o  av'oid s e n s i t i z a t i o n ,  and 

h i g h e r  n i t r o g e n  con ten t  t o  r e t a i n  s t r e n g t h  l e v e l s  a t  Type 304 va lues.  

Oak Ridge N a t i o n a l  Labo ra to r y  found  t h a t  a d d i t i o n s  o f  500 t o  1000 ppm 

columbium s i g n i f i c a n t l y  improved r e s i s t a n c e  t o  i n t e r g r a n u l a r  c o r r o s i o n  

( w i t h o u t  s imu l t aneous l y  i n t r o d u c i n g  h o t - c r a c k i n g  problems) and inc reased  creep 

and c reep - rup tu re  s t r e n g t h  va lues.  
8  



4.113 Application.To~Field.Welds. F i e l d  welds can n o t  be HIPed because 

i s o s t a t i c  p ressure  can no t  be r e a d i l y  app l i ed .    ow ever, ove r  70% o f  t h e  

weldments i n  n u c l e a r  r e a c t o r s  a re  in-shop f a b r i c a t e d .  

4.14 HIP.Costs .  A u s t e n i t i c  s t a i n l e s s  s t e e l  welded p a r t s  o f  va r i ous  s i z e s  

can be HIPed d u r i n g  t h e  same c y c l e  w i t h  t h e  on1.y q u a l i f i c a t i o n  be ing  au toc lave  

s i z e .  Thus, c o s t s  can be d i s t r i b u t e d  over  a  r e l a t i v e l y  l a r g e  number o f  

i tems.  T rea ted  welds have reduced r e p a i r  and NDE requi rements ,  l e a d i n g  t o  

s u b s t a n t i a l  c o s t  savings. I n  a d d i t i o n ,  scrap losses a re  reduced. L i k e  HIP o f  

cas t i ngs ,  n o  s p e c i a l  t o o l i n g  o r  canning i s  r e q u i r e  fdr t rea tment  o f  welds. I n  

f a c t ,  HIP i s  be ing  p r e s e n t l y  used by t h e  aerospace inrl1.1stry f o r  u p g r a d i r ~ y  

c a s t i n g s  on a  p r o d u c t i o n  bas is .  Costs f o r  HIP, w i t h  due c o n s i d e r a t i o n  f o r  

b e n e f i t s ,  c o u l d  be no more t han  f o r  pos twe ld  hea t - t rea tment .  

4.2 P o t e n t i a l . A D D l i c a t i o n s  o f .  HIP Welds 

A p p l i c a t i o n s  o f  HIPed welds a r e  numerous, w i t h  uses rang ing  across b o t h  

n u c l e a r  and non-nuc lear  a p p l i c a t i o n s .  Some of t h e  p o t e n t i a l  a p p l i c a t i o n s  are:  

( a )  Welding t h i c k  components, 

(b )  Weld r e p a i r  o f  c a s t i n g s  

( c )  Weld c l a d d i n g  of s u r f  aces 

( d )  T r a n s i t i o n s  o r  j o i n t s  between d i s s i m i l a r  meta ls  

( e )  Weld r e p a i r  w i t h o u t  remel t i n g  

( f )  Repai r  o f  weld d e f e c t s  i n  hard - to - reach  areas o f  components 

HIP o f  weld-depos i ted wea r - res i s t an t  coa t i ngs  on Type 316 p l ugs  and sea t s  

i n  nuc lea r  va l ves  i s  c u r r e n t l y  be ing  exp lo red  a t  t h e  Idaho Na t i ona l  

Eng ineer ing  Labo ra to r y  t o  improve homogenizat ion of s t r u c t u r e ,  adherence o f  

t h e  c o a t i n g  t o  t h e  subs t ra te ,  and i n s p e c t a b i  1  i t y  . 
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