
HAPPINESS IS ... 

This muhi-stack annealing furnace contains 
30 U type radiant tubes. 5-518 0.0. and 
4-1 /2 O.D. x 17 ft. long. 
Furnace I d s  rnnge up to 425 tons. 
Radiant tube temperatures may rewh 
19Oo0 F. 
Hsav)er wall t u b s  of w t  ACI HH alloy 
were r e p l d  with fabricat& R A 3 3 0  
tubes. The breakwen point on cost vs. 
number of cycles has been pagad. and 
much more- life Is expected. 

The llghter weight of the thln wall RA330  

ALL THE BEST HEAT RE51STING AUOY5 

tubes makes installation essier, and irn- 
pose& less weight on the supports. 

Maintenance due to breakage has been 
reduced; RA330 does not suffer ernbrit- 
tlement from sigms, and its low carbon 
content minimites carbide precipitation. 
The user is continuing to replace cast 
tubes with thln wall RA330 in other 
furnaces. 
Why not redwe your maintenan cost 
for radiant tubs7 Consult your 8 Heat 
Resisting Alloy Specialist for factual, caw 
history data. 

READY WHEN AND WHERE YOU NEED f H I  

GENERAL OFFltl? 
5311 CONCORD AVENUE DETROIT, MICHIGAN 48211 

Cracking in Type 309 High Tbmpsra+ure 
Fabrications and How to Combat It 

By BRUCE McLEOD, Staff Matallurgict 
Rol ld  Mow, I n k  Dmtrott, Mich. 

Part I 

AISI type SO9 heat rearistan: steel, 
which evolved to ib present com- 
position in the W s ,  in generally 
produced to a nomfnal23% chm 
mfum, 14% nickel e o m p ~ & & ~ ~  in 
&e Unfted States today. The ac 
tual chmnium d nkhl ranges 
obtheAIsIcom~ti011trrem24 
percent and B l 5  percent repee- 
tively. Most produrn attempt to 
keep the nickel content on the 
JWI side of the range to reduce 
the spsount oi deltn f m e  p m  
ent d d n g  hotworking and mbae 
quens p d b l e  sigma phase f m -  
tion in service. 

Type 309 was developed to im- 
prove on the scaling m&kme 
of the early 18-8 type awtenitic 
staialm steels at tempertitures 
from 1500 to 20OOmF, the d- 
mum tmpemhre suggested for 
this alloy. At temperatures below 
l£W"F, the scaling resistance of 
types 504 and $80 titmid6118 steels 
g e n e d y  WU suffice. 
Llkrafuru Ob~nmtionr  

Although both type 909 parent 
metal and weld deposits are sw 
ceptible to sigma phase ionnation, 
the weld metal iii both more rap 
idly and sevmely embrittled than 
the wrought materhL(l.oW Sigma 
may form from either f d t a  in 
d a p 1 % x structura of austenitic 
stainlws and heat resisting steels 
or from austedte, alone, in fully 
austenttie strudma.(8.4 Elec 
h d w  for welding type SOg are 
s o m e t h e  balanced so tbat the 
~ J i l n g  weld deposit contains a 
certain amount of deita ferrite 

b reduce hot crackjng siurrceptibib- 
ity on s W c a t i o a  The true, role. 
of ferrite is not fully understood. 
The most common theory pertab. 
ing to its ability to pmmmt hot 
cracking on sofldification during. 
welding concerns the -greater af- 
finity of the famitie structure for 
certain harmful impurities a&- 
ing hot cra&ing.(5) A 5 to 10% 
ferrite content in the deposited. 

i 
Wler m a  is generally consid-. 
ered to be the mount required 
to produck a mfcrostructure re 
m t  to hot cracldng on weld 
depoSit so11difieation.W 6) 

l k h m e l y  high ferrite contents 
in the weld nomdb are undesk- 
able. This b due to the @eat ten- 
dency for ferrite in a weld d%-. 
pogit to convert to sigma in el& 
vated temperature service. The, 
effect of varying ferrite content 
on the tendency for hot craclrlng ' , 

and embrittlemat to occur in type - 
347 was Investigated in 1950 and, 
at that time, it was found that 
the ferrite content should be jwt- 
enough , to  provide sound crack- 
free welds.m Three yeam later, 
Shedden and Pumphrey mentioned 
the need for ferrite control in a .  
general discussion of staiales W 
weldments and placed the uppw- 
U t  of 10% on delta ferrite to - 

minimize sigma phase embrittle 
ment.(B) Other recommendations on 
the maximum amount of ferrite- , 

that should be present in trpe 
347 stainless steel weldments have. 
been noted.@) 

Decreasing the amount of f e ~  
rite present in the deposited m-- 
er metal is an obvious way t@- 



k a a  the tendemq for s i g m a  
p h e  to occur. An early Etep in 
this dh&uon waB tbe devebpmnt 
a! the walled 1642 (Cr-Ni-Mo) 
h f m i b M ~ T h i s e k e  
trade waar deveioped for, among 
- u , t h e - O i t P P B  
50?dePtineaforbigb~perature 

Other notations have 
h o m  in the U h a h m  
~ a f u l l y a ~ t i c ~ t  
hm been employed in 
joining stahbarn ur heat resisting 
s b d ~ W  It, The W n  of n i b  
pcm andlor manganese M alleging 
alements fn filler metal bas been 
employed to achieve a near fully 
aWeaItlc weld mekl depodt!(11) 
-1 F8l l~m Ath'ibUfd t0 
%- In 909 Fmbrlea+iens 

Three common rrppUcatians for 
tJrps 309 material in the sigma 
p b  fomation range me: 

(1) innar covm for stack an- 
l l e a u  fwmacrn in st& mills; 
Ca) radiant t u k  wed ta hat  

aluminum i n g o t  r prior to hot- 
working; and 

(8) deem and saggem wed to 
bake carbon produetam 
Anmrllng Purmem Coven 

1 n t b e c a e e o f t y g e 8 0 9 p ~ G  

fba mehl weldmats in enned- 
ing covere, rulatively ram traw 
formation of ferrite to brittIn sfp 
m p h  may mur in the 1100 
to 1700°F twnperattm rang& rn 
suiting in rmm tempe~ature ma&- 
ing of the inner covers when thay 
are removed from or set &m 
upon amealjng basw. When sf- 
ther A W W  or 310 efechdm~ 
are used to repair weld crach, 
a d ~ i t h a l  girpna P- b 
mulung in new cmcb oc&umng 
as the cycle regeats i W i  
fa one me&&!  cover i n d -  

gated involving a m a x h m  tam- 
gerature of 17WmF wfth a normal 
opmting tmpmature of W ' P ,  
c r u c k s ~ ~ f ~ u n d t o a c m r r l a t h e  
parent metal at the weldmant- " 
p a r e n t  metal interface. It k 
surmised that these craw were 
mused by h m a l  stram set up 
on bating and caoling resnltinp~ 
in tarn, from a d&emncs in sec- 
tion behaen a 5/8" tbick weld 
buildup oa 3/16" thick parent ma- 
t& @oh m@. 1 and a. Thts 
bllildup war the result of repeat 
ed repair wdda Other factors 
which could have accelerated tbh 
cracking in the fusion zone m: 

GZ) the mw- of phase 
in the parent metal; and 
0 undercutting the parent meb 

a1 d m  welding, &thg in a 
&ea rafdng effect from which 
errtcba might propagate more read- 
Uy in the metal. 

Of in the mehlhpaph- 
ic invwzQgati011 that accompanied 
this iaiture waar the fact that the 
parent metal underr the weldmmt 
oontaitaea slightly 1- &ma phase 
than that noted in the parent me& 
a1 In locations well away hm the 
weldment area. This is thought b 
be due to the fact that ang sigma 
prmmlt fn the papent metal nn- 
der a weldment would have trans- 
formed, or pWkUy hwfomed, 
to auddte  as a result of beat 
ing during weld repair Wigs. 3 
and 4). 

at operating tempmatures. Tubt 
vibrations, particularly on #tartup 
tend to 9ropagate lp am 
embritared m a t b a d  area. Fig. 5 
shows a photomim$raph h m  a 
typical parent metal section of rn 
turn bend fKlm a type SO9 radiant 
tube wed in an rrluminum Ingot 
heating furnace (1850'F furna~a 
temperature) a f h r  four yews' op 
eration. Note the amount of sigma 
phase prasent. The wiginal weld- 
ment arerr showed at lemt one 
weld repair having been made ati- 
W g  tgpe 310 rod. 
Carbon Baking 

Typical operatla  in carbpn 
baglng utilize iraggers and shma 
made h m  3/16" and 5/16" thick 
type 308 plate. Failure is a@n 
due to mubittlemsnt, howavm, dd- 
rering from the prdoudy noted 

AJumlnvm Ingot Wing F u m w  examples, because in carbon bak- 
Cmckhlt of tme 80g radiant ins. embrittlemat has been found 

tnbes in humin& ingot heating to-be primarily cawed by carburi- 
hapam mually L iuitiated in the xation md not by the formation 
weldment zone. It b believed that d sfgma phase. Carbon conteuta 
such -king is the m d t  of trans- of ap to 6% have been n o w  in 
f-on of ferrite to sigma phase some failed typ 909 slew& 





carbon parent mutaL(1s) T U  fBD 
tor m a h  any subament cold 
- ~ ~ p t n s * w Q l d i n g  
m dttflwlt. The amount at dif-. 
flculty ellcountered is depmdent 
on the s d Q  at forminp and 
tha carbon conteat of the weld- 
mat. Tbh ww W e  in the caw 
of RA 930 a l l o y  which, when 
w U e d  with RA 3XMO elctrode 
cam c, OM a, lo ~ r ,  s NU, 
8ulW in dilution to about 0.40 C 
in the d d t e d  tillgr metal. 

Thus forming problem were 
me4 to be  tad w k  RA 
3SO plate and sheet m a M  was 
W a l d e d ~ s i P e l y ~ t h I i A ~  
electrodes. T h i s  &orteodng d 
the lU 3NMl comwtion caused 
W e d  All- IQc., tL distrlbu- 
torofRA#ottrrdRA89m,and 

the Bfcw -pany, the 
proaucers of BA mwl, to be#h 
wmhing for a rubetftate fm r 
g o d ~ o n d t h e ~ ~ t  
in the IW 3- el%etrm to 
overcome these dhdvantagea 

It was hown for some t h e  
that other s l e m e n t r  muld m 
dues hot m & n g  in high silicon 
alloys ddhr  in composition to 
RA 82#1.(121s) M e w  of the most 
lfltelg substltutm for carbon m& 
gated that m n m e s e  additba 
U the best chance d sue- 
in pmentinp h t  - M U  
expaimentation s h o w e d  that a 
fUer metal containing 0.20% c a ~  
boa and about 5% manganese had 
m m u c h ~ t o b o t ~  
rn ttie dglml ILA 930.80 weld , 
metal had. In addition, cold form- 

STRAP TENSILE 

Flp. 6 Weldmenis at RA 990 wrldrd wlth RA aShM-16 Illulfratl both sfwngth ol 
tkm wmm rn*a ~d d u c t ~ w  OI the warn11 w m L n + .  

i n s w a r - ~ p r o ~ ~  
e m l m n o t e d i n a y e . 6 . L b  
q m  rwedtsd in a 
~ r l l o y , ~ 8 8 0 0 1 , o f ~  
folZowinO rromkul comporition: 
O a o %  mbm, W% 
W S  Ebwmium, 85% nick& and 
0.80% silfcon. Bare wire and 
ed el-es of IIA SSM4 are 
avai labbinaiuUrangedsiza  
A H e w  af Ue -(m 

diagram m a l s  that thls filler 
m d  compoeitlw b W within 
the c d b m  of the fully a m -  
itic ragtoa The WUB qPsgbton 
ariswpatohowafuUyatutdtic 
~ m e t a l s u c b a s B A 9 S 0 4 L  
wouId work w h  used to join 
type 808 heat raking a t d  Can. 
~ u m t l y ,  the following inve&a- 
tion WM conducted: 
InWigrtlul. Proewlvn 

Pieces of 11 gauge type 509 
sheet, approx&matdy 6" x law, 

were welded together along th4 
longituaiw edge with 3/32" di&Iw 
eter AWS w 1 6  coated dactwdv, 
a/=" IUL 3W?&lS coated d e  
tmdq and 1/8" U 3S09L bme 
w i m  The chemical ob 
tbasre materials are shown in 
Table I. 

WeWng conditiom are summa- 
rized in TabIe II. 

The resulting 12" x l5" weld- 
mmk w m  cut h v e m d y  b 
abut one inch wide tenrile and 
bend teot a*-. llrsas nsae 
both the start and finish at wdd- 
ing were &carded+ Thrw - 
inch wide specimens &om soeh 
type weldment were then bald at 
14M'F for 1000 horn Specimens 
were tested in both the 8%wddd 
llnd heat beateti conditions. W 
~ p ~ e n s  were ground flwh prior 
b u  

(To be continued) 

TABLE I 'WELD1 NO PARAMRTERS 

AWS- RA- BA89004 
E k h d e  Electzade Wire 



Cracking in Type 309 High Temperahre 
-- Fabrications and How to Combat It 

By BRUCE McLEOD, Staff Mallurgiof 
Rollrd Alloys, Ine, Detrolt, Mieh, 

Pa* II 

CRACKtNG FALUBES attributed 
to the presence of sigma phase 
in type 309 fabricatiom, including 
radiant tubes in aluminum ingot 
heating furnaces and annealing fw 
nace covers, were explained in Part 
I. Also explained, were the metal- 
lurgical reasons for the deveIop- 
ment of new filler metal composi- 
ttons to avoid this type of cracking. 
Tats weIdmenb, for various weld- 
ing and heat treated conditions, 
utilizing the new filler metals, am 
disclosed in this final iutallment. 
Rmsults 
The results of these mechanical 

property determinations are shown 
in Table m. 

With the exception of the sig- 
matixed samples, all tension speci- 
mens ruptured through the weld- 
ments. All mch noted in bend 
specimen samples occurred in the 
weldments. The sigmatized samples 
showed a greater tensile &ength 
and a lesser elongation than their 
as-welded counterparts in all in- 
stances. I 

After sigmaking, the type 309 
parent metal-filler metal weldment 
fractured upon completion of only 
a 40' bend. Both of the RA 330-04 
sigmatized w eldmentr withstood 
180' of bending, again around a 
diameter equal to twice the thick- 
ness of the sheet, although the 

TABLE Ill-WELDMINT MECHANICAL PROPERTIES 

TRANSVERSE hsm Pm- 
0,1% O m s m  

YS A P P B a  BEND 
CONnCITON 0 @XU & ($1 OBSERVATIONS 

EL4 3 3 0 4  
{hare wire) 
RA 330.04 
(bare wire) 
Pr sperties 
fa 309 parent 
metal sheet 
(Hi 531197) 

As-wtdded M i l  49.1 34.0 180'-no cracks 
1400°F1000 hrs. 00.1 * 21.0 40n+omplete 

fracture 
As-welded 81.9 49.6 22.0 18O0~ingle crack 
1400'F-1000 hrs. 92.1 * 20.0 180'--deep crack 

entire width 
As-weIded 79.2 48.7 23.5 180'-no cracks 

1400'F-100 hrs. 88.6 * 15.0-180"-few smalI 
cracks 

Em 447 40.0 

Broke outside gwge Ie- 

bare wire weldment &owed a few 
light crach while the stick el* 
trode weldment showed deeper 
cracks upon completion of bend- 
ing. These may have been con- 
tributed ta by precipitated car- 
bides. 

Mehllographic examination was 
conduetea on (1) the deposited 
metal, 0 farsion zones, and @I 
the parent metal of all specimens. 
Photmlcrographs of b:se metal, 
fusion m e ,  and weld metal b 
the &welded and' sigmati?d con- 

ditions are shown in Figs. 7-11. 
Magne- Gage determinatiom re 
vealed a base metal ferrite con- 
tent jwt over 1% (Fig. 7A). Upon 
signmuzing, metallograpbic obser 
vaticms estimate a sigma content 
of about 20% in the 309 parent 
metal (Fig. 7B).  A considarable 
contrast in ferrite content can be 
not& between the RA 3 3 0 4  :.nd 
type 309 f i 11 er  metal deposrts 
(Right han& side of Figs. 8A and 
9A) in the =-welded condition. 
Again Magne-Gage determinatiom 

ICL am 
Fi . I Pushn Z M ~  bltwren W gm+ mH8f mad MP.16 wa4d drpodt nutrl I s  
w7d.d (U and dnr  ~ I ~ M X  r IW houn at  i w r  (8.1. MgnMapm mrmm 
contam drkrmlnallon o mlJ wlt motd 7%. Paran+ metal on 1eH h n d  rldm 

of mlcrograpkr. MngnltluP60n 93SX, Etchant, Vlltll& ( R l d w l d  lWl. 



revealed a 7% f d t e  content in Corsclus&m 
t h e W P e m d ~ a t m t d ( P Y O .  AcmpmisonoftypeXEIws16 
1QA) whUe the EaA 3 W  @o$t mmb j o l i n ~  with ItA mu14 d 
m a  * fmih the type 808 weldment l o i d  
1W- a 1mb hold at with type 908 till= m w  
1 w F ,  & bbe 880-014 the 
wm 8Un ltully wmuc mg. lm), 

*e fillrr (11 At room -1-9 * 
metQl In a  pea^ w e l d d  P~~ t h r d  lsv+lr 
er amant d d m  phm (about were l imb .  Ah the duetattfsl 
%%) m. lOBl than that notd'  w m  abut Wd. 
in the parent ED* W. I1B). (2)Mermp#umta 14m'Fdor 

Ft& 10 TVP. -11 Wmld QI slf W a r  in the rs.w.ldul d md In th. 
mrtlzed wndltlon (1011 and b, -vrl I. Mlpnlllrdtw { R e d u d  la 

otcn#a, ~IIEX 

w@=w=wfr-- 
o 2 W  b tldr h m e n d  r e f o h  
-mm--m 
i a a U d i w ~ ~  
aa-t. 'Else m d t k d  - 
t l W a & U ~ m a h i t l a r s #  
~ t o ~ a e d f B a n ~  
Uk n m d m l - ~ - ~  * 
sm ~llrbw. 

T b m m m 8 f o r t h e ~  
cdIU1mo~pprtypertOQwrr 
m w l g  ahd m: 
(1) - suim - = 

B e P ~ ~ t L Q n ~  
w h m  t- in excesm 
of 18QO'F prs m o b d  

m-wfrQsfQina*b 
Recent 

~ Q f W A ~ ~  
. dbr exponure to 1400°F far 

o r t e r ~ , 0 0 g l t ~ h a s ~ ~  
turn up ang trace uQ 
phase. Thin h fa eantraaf b 
-hfecbsnglls- 
i u ~ 8 0 9 w l r e n h e l d i n t 8 s  
-phase=ft- 

m O p e a t w ~ t a ~ -  
tfon at -tsd tmipmahm. 
TBo&essremfmdtocaprrsa 
mimrllaaan creep ratd d 0.@E% 
parhoarinttwlBOOtoW'F 
bmperature range for M 8SO 
ia almost twfee that mqdml 
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to produce the same minimum 
creap rate in tygie 309 at 1400' 
F and almcst four times this 
ltad at 1800*F.(l71 Thus KA W 
ig stronger in the sense that it 
mists deformation better under 
the same load at elevated tem- 
peratures than does type 309. 

(4) RA 330 possesses greater re- 
sistance to carburization than 
does type 309. The higher sili- 
eon content of RA 330 more 
than offsets the greater chro- 
mium content of type 309 in 
preventing carburization. Tests 
conducted a number of mars 
ago on castings of the geinerd 
35 Ni-15 Cr composition showed 
about a two- to three-fold in- 
crease in weight percent change 
for material  with a nominal 
O.W% Si content than for ma- 
terial with over one percent s& 
icon when subjected to carburiz- 
ing co nd i t i P n s. Metallographic 
examination revealed about the 
same ratio of increase in car 
bon deplh of penetration when 
0.33 % silicon content material 

The writer wish& to acknowl- 
edge the aid of Mmsrs. W Sauma- 
chowski and Harry Reid, Teledyne 
McKay Company for offering help 
ful comments in their remew of 
this paper and aiso for preparing 
the weldments. I should also like 
to acknowledge the helo of Gene 
Runddl of Simonds ~ t & l  Division, 
Wallace - Murray Corporation, and 
Messrs. W. W. Simpson and L. A. 
Pugliese of the Crucible Division 
of Colt Industries for nccomplish- 
ing the heat treatment, mechanical 
property determinations and metal- 
.lographic work without which this. 
investigation could hot have been 
undertaken. * 

--- 
(1 Her~ 0 H C o r n  M A and 
n L ,  Z? J.; *** P&+ rn.'~ua.  
teaitic S t a i n l e a s  Stwl Waldments" 
WELDING JOURNAL 34 (2,. ~essarcd 
S U D ~  7 h  to 81-8 1d55). 

hi KO.%,, -cbd--~lctd AmtenItlc S 

W A L  PROGRESS, 85, 1WlU (June: 
was compared with 1% silicon ly:nUBew, a A,, ,,St-Ru 
cortent metal.(18) ~tafnless sw and  do^ 

In c o n c l ~ o n ,  sigma phase, form- '5) ? w ~ ~ ~ ~ ~ ~ ~ w ,  
fng In the type 309 pmnt metal, rite on Hot cra of stdnha 

Sta" WELDING J O ~ ,  48 Re- may eventually cause fallwe re ,-' m~d-amt. 399.s40k 
- - *  , - -  - - - -  

g~dless of whether or not an em- (6) m n e ,  hf. 0 ,  "8igma and W8F 
britued filler mew A moe mb-~ment of ChromIum-Nickel Stain- 

1- S h i m  WING J0URN"f 46 (61 
economical approach, when cost per dupp~ement, 2.414 to -a. 
uuit of operating time is taken into 
account, would be to construct a 
fabrication, whose ultimate end use 
would be in the 1100'F to 1700'F 
temperature range, out of RA 380. 
This would (1) prevent the foFa- 
tfon of embrittling sigma phase in 
both the ~arent metf  and filler . . . . . . -. . . 

wldnent met sl, (2) increase resist- ,,#&%&ki;i; $;& w#i&!;; 
ance to carbmization. and (3) pro- METAL pIIOGRESS. 70. A70 (Novem. 
vide greater strew& at elevated k ~ l l ~ ~ ~  
temperature, thus intraducing the pmae 
possibility uf a thinner, less costly, f . . 
cross section. 
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