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ROLLED ALLOYS, I N C  

Radiant hbes are wed extensively 
in many types of industrial furnaces 
because teey are an efficient means of 
hating, and contain the products of 
cambustion thus permitting the main- 
tenance of prepared atmm heres 
arowld tI~c work in p r m s .  Sue 71 pre- 
pared atmospl~eres may vary through 
the range of "inert", suuh as nitrogeni 
"neutral", such as a reacted hydrocar- 
boot atmosphere maintained in equi- 
librium to the carban conteat of the 
steel being heated; OF those intended 
to perform some defmite alloying on 
the work, r u d  as carbaizing ox 
nitridhg. 
The d qulpinent in which 

radiant tu es are used varies gready 
depending upon the work to be proe- 
essd, the material handling system 
desired by She WE, and the meal- 
JurgicaI function to be accamplishod. 
The tubes may be mounted vem'crtlly 
or horimntall~ and m q  be designed 
rts *Up, UQ", Wy, or straight-through 
m. 

For the past several ye=, there has 

a f owing acceptance of radiant 
tubes fa ricated of wrought materials. 
In the foUowhg paragraphs, the au- 
thors will discuss some of the poten- 
tid advanta es of wrought radiant 
tubes, and re f ate results of several in- 
stidlaions wherein they have h e n  
evaluated, bath in rwpect to wrought 
alloys versus each othi~,  such as M- 
333, RA-330, BA-ltWOF and RA-308, 
and a h  wrmght versus cast S ~ C -  
tures of simik cornpitiom, 

Probably the earliest land most ex- 
tensive use of fabricated radiant tubes 
has been in annealing equipment for 
the steel and aluminum industries. 
Performance of RA-309 has been con- 
sidered s~tisfacto~y~ and it has been 
widely used. 

Wrought tubes have been used a h  
with good success in the controlled 
atmosphere furnacnces utilizing sttaight- 
through tubes, which have h a m e  

i~rcreasingly popular during the past 
&teen years-, These are frequently 
multi-purpose furnaces operating aver 
a wide range of temperatures, and 
with various atmospheres, on succes- 
sive work loads. 

The wrought heat resisting &ys 
used for the straight -through hbes 
have been ?3A-600, RA-330, and to 
some lesser extent, RA-314. In en- 
em], all three materids appearc$ to 
have about equal service life, with one 
or another having some slight advan- 
tage in s mifie instaUations. Probably 
RA-330 Rss been used in greatest 
quantities based upan availability3 ini- 
tial cast wd ultimate performance. 

Although. wfought mdiant tubes 
.have k e n  successful in the Cwa types 
of equi ment described above, en- 

a t  trifug p east alloy, assembled by 
weldin to static cast return bends if 
other t i a a straight-through ~ e s i  , B have been usid far more extensive. . 
Depending opon the urvim mo2- 
tions, various alloys have been used, 
such as tbe Alloy Casting Institute5 
designations HT, HH, and HK, (Table 
I) as well as several poprietary allays 
developed and atented by individual 
heat resisting a f ay faundries. 

The predominance of cast radiant 
tubes may be attributable to seumI 
factors: - 

1. The initial cost of a cast product 
i s  generally less tban a similar item 
fabricated of wrought materials. 

2- It is recognized that cast heat 
resistin alloys possess greater csaep 
strend at operating tamperaturq 
than similar cornpositions in wrought 
form. 

3. There is quite a bit of faissez 
faire attitude in mankind, and cast 
alloys were produced and used ex- 
tensively for msny years before corn- 
parabla materials became available in 
&ought fom. 

From the above, it a pears that 
greater a e e i  strength in 8 s  only en- 
gineering a vantap offered by cask 
radiant tubs. 

The mccosl; of wrought mpnerials in 
the stni+t-throwgh tubesS thie avail- 
ability d newer wrbught alloys offfir- 
Ing &@raved re&tnnce to earh&a- 
eon aad ttwcwd w q  stwq@, a d  
no dm& tk caa~p%iti~e p r m r a  

for the development of improved 
praducts, have all combined to prompt 
censidsrafioa~ of wrought materials for 
more extc~~sive. use as r,diant tubes. 

An analysis af the potentid advan- 
tages &wed by wrought alloys might 
be of interest. 

Thin wan Canstruction: Any thick- 
ness d material enn be produd in 
m g h t  form, thtls permitting thimpf 
wdI constmction, In service, wall thick- 
nesses of %" to 3/1BH have proved sue 
d d  

N ~ a t  resisting days are &tively poor 
conductors of heat, Theoretically, a iowet 
thermnl hestd will exist on a tube with 
thinner wall, and since s b g t h  dink- 
i&es rapidly with inmcsshg tempera- 
ture, the strength requirements m y  be 
reduced if the &maI head of the ma- 
terial can 'be lowwed. 

An increme in the &&my of the 
radiant hlbes result a h  from &inner 
WE&. anrf sf corrrse, initial caat may be 
reduced proportionately. 

IJnihrm W d  Tfri-: A tube fab 
ricaied h m  sheet or plate offers a 
unifm wall thicbess tl~ra~ghaut its 
entire cross section and length. Nan- 
rlairorm cross sectio~s promote thermal 
&e.~ses wllich encourage di'5tortion and 
localized h6t spots, bath of whkh may 
detract severely from mdimt htbe life. 

Smwkh SurEacp;~: 711a smooth surfaces 
of wrwght materials may be adv- 
tageous in deaea- w b n  absorptian, 
and in reststha, the typical "*carbon at- 
tack" so frequently encountered in high 
metbane atmospheres. The moot6 suf- 
face should m m  easily sl~ed soot de- 

alloys mc .fine pained. Fine grained 
nmterials offer more banters to the 
a s i o n  of carbon and/or nitrogen, thus 
pmaa'loting regbtance to these dmttuctive 
atmospheres. 

Iri* Weightr In certain iwtalhliom, 
the ease of bam1Ung and instadking re- 
phcemm'at mdhnt t~~bes of lighter =- 



struckion is c o n s i d c ~  a vezy significant 
advantap. 

An analysis of tlrc operating conditions 
ltndcr wl~ich rdi; lnt  h~hcs must ~wrform 
suggests that tlic pro 'F of wrouglit 
marsrials lnentiond nE"dJf ;nay be quite 
advantageotzs. It n~ust be re~o~rll iwd, 
hrrwever, that many factors may in k uencc 
the LiEe of a radiant tube, beyond the 
matetiat selection. For rnalilple, imprepar 
combustion of thc btimer, or nlisali 
mant d the humn with the tube, so tci 
localized hot spob occur will materially 
reduce rdkmt tuhe service life. h pi- 
e d ,  the cyclic conditiom encountered 
in batch type equipment are more severe 
than those in continuons fi~rnaces, How- 
ever in continuous fumams, the radiant 
tubes at the char e end are usually on 
hlgh fue eastaniy, and thus operate 
with a greater t l~ermd head than those 
in the making or discharge zones. Con- 
sequently, h~be life at the charge end is 
inva*bly shorter rlmn in the other sec- 
tions. 
3n carbonaceous atmospheres, heavy 

w d n g  is a significant factor. As men- 
tioned briefly above, a soot deposit on 
the radiant tube becomes vm-y ehctive 
insulation, increasing the tube tempem- 

, hue substantially. InstaIIations are known 
whereia sooting occurs to the extent 
that some of the radiant tuber am com- 
pletely buried with s m t .  

The removal of soot da odts is very 
-entid on tub  ilfo. Qremovd by 

and if Lhis operatioa is 
under close control, ex- 

trerrreIy high I d i z c d  temperatures may - result on the alIoy t u k .  Such ldgh tem- 
peratures increase carbon absorption b 
the day, and in some cases may msu .r t 
in actual f o c a i i d  meltin of the tube. 
Sooting may be minimnized t y pro 
tml of f i e  f a r n x c  atmosphere. EcEi 
varies grently from one instahtion to 
another. 

Improper installation of the tube, so 
*.it it docs not liave freedom for expan- 
siotl and eontrsction, will result in e d  
and r d v e  distortion, and again local 
ized hot spots will result from tlie im- 
proper flow of the fuel-air mixture and 
products of combustioa 

The workload ucessed in the furnace 
has a definite in&eace on radiant tube 
life, and of course varies from plant to 
plant. 

It becomes obviolls then, that a com- 
p&n of materids from which radiant: 
tubes may be made must be obtained in 
rt specific furnace, oper~ting undex typicaI 
production condiiicms. FurtI~cr, tl*: re- 
salts should not be unttt~ly inf l i~c~~cud hy 
any of the above mentioned ct1nditii)ns 
which may promote al>nonnally sliart life. 
The following awe histories relate the 

results of evaluiition progrims conducted 
under such conditions. 

EVALUATION PROCRAMS 
CASE X: In one installation wherein 

a batch type furnace with ve~cally 
mortntd stmight-through tubes was uscd 
far cnrht~rizing mid carl,tt.nitriding at 
1500' to 1700" F, it wim decided to cpm- 
pare M-333 with tlre mnverrtlannl 
wwu 11t materials previously us&. A new 
sot dmdiant t u b  wiu installed in t l ~  
furnace, alternately, srtd corn oscd of 
P each of 5 different alloys. &e tubes 
were 2%" O.D, %" wall, and 80" long 
(Fie. 1). 

Kt kt report the conventional allays 
had been m a v e d  froill service after 7 
to 8 months' life, and the RA-333 was 
sZilI in service after 26 m o n k  

As the resuit of the pwformance of 
RA-333 t t ~ k  in this test program, tlir: 
user was prompt4 to specify the alloy 
as original equipment in a new furnace 
subsaquently purchmd. This second 
f u m  has been in cantin~~ous opera- 
tion for 17 months, without a t u b  re- 
p b e n t .  These tubs were also %" 
wall thickness. 

CASE 11: In a c o n u i i ~ i i d  heat treat- 
ing plant iri the mid-west two batch 
type controlled atmosphere furnaces with 
straight-through tubes are 11md for car- 
buridng, carbo-niMding, and c b n  bad- 
ening, at 1450' to 1700°F. Through the 
years, numerous alloys of hth urfwgl~t 
and centrifu Uy cast compositions had 
been used. % me of centrifugally eut 
HT alley had b e m o  more or Iess stand- 
ard, with an average life of about 18 
months, 

After an initial test instalIation of 
fahiceted RA-333 ~ k ,  they have been 
adopted as the standard for the two 
furnaces and sufficient experienm has 
b e n  obtained to iadicate a We ex- 
pectancy OE 24 to 33 months, with an 
average of 28 rnontbs. 

CASE UI: One of the earlier installa- 
t io t~s  of borizontaUy mounted fabricated 
ri~diant tubes, in a continuaus ~aburiz- 
ing furnace, was in a plant producing 
avtnmotive parts. Operafing temperature 
is 1700' to 1750°F. 

Original equipn~ent consisted of 5/16" 
tl~iuk ccnCri€uglIy cast tubes with static 
cast ratt~rn bends from which an average 
life of 6 to 9 mnths  was obtaind. A 
total of four ~UIMN.  have been nku,pped 

radi;lnt tubes fabricated of A 330 
alloy in rw~~jun~*iun with static cost )IT 
rctttm hends. The t u b s  were fabricated 
of 3/16'' phte, and are 4%" I.D. x 7'1" 
long (Fi 7 2). 

~lcrork have Iwcn kept which indicate 
scrvicc life in tlie Page af 18 ta 24 
111ant11s. Unc tube was mcentiy r e ~ w d  
after 26 nlarlths, and f w d  m be gill ia 
mrviceahle mrdittno. Life mmpisons 

wem made on h t k  installed in the same 
location within tl~e furnace. 

CASE: W: Similar tuba fabriated of 
HA330 in emjunction with cast HT re- 
h~rn brmtls Irnve been used successl~dly 
for several years in r'midwestern phnt 
carburizing tractor putsp in a cantinuo~u 
furnace operating at 1700°F. XR this in- 
stallation, horizontally mounted, RA-330 
"U" tubes have given an average increase 
of 50% service life. The tubes are fabki- 
c a t d  of 3/B" late, and the cast retam 
bends ore 5/18' thick. Sizes of tubes 
vary farm !%" to 6" O.D., and fram 
6% ft, to 7 ft. long. 

CASE V: A large mandachuer of oil- 
well drill bib. a p t e s  several continuous 
posher furnaces for J e e p =  carburking 
at 177S°F. Original centrifugally cad 
"U" tubes were 5/1W w d ,  with %" 
thick return herds. Life of the cast radi- 
ant hbes ranged from 8 to 12 months, 
and a conversion to fabriwtd R A m  
tubes was bgun approximately 3 
ago. n e e  t u k  w e n   corn&^^ 
wrought, having f m e d  and welded 
tubes with spun return bends 4" L a. 
on 8" mters, 6' lon all of 3/16" 
-333 plate (Fig. 3). &e w i g i d  t u b e s  
are s t d  in service at this writin . 

CASE VI: A somewhat unusu3 prob- 
lem w s  encauntered by a manufacturer 
of heavy duty gears, cabmizing in pit 

furnaces at 17!50eF. The radiant 

munted. wound the circumference of 
the furnace chamber. Although the cast 
tubes, with whfdl the furnaces were 
orighlIy eqttipped, did not fail from 
burnout until afier 5 years, they &? 
"rack" qt. deform suBcientIy that a corn- 
pIete rebrick of the f ~ ~ r n a w  was netes- 
sary about once a year. Completely fab- 
ricated "U" tubes of BA-333 have been 
instnlled in several furnaces, The oldest 
set has been in service 24 mnths, with 
no apparent si s of deterioration, and 
mast significsng no distortion. The user 

rts considerable advantage of the 
iter tubes in making replacement in- 5 

staIlation and anticipates appreciable re- 
duction In maintenance casts oa the 
furnace bricbrk, In this case the "U" 
tubes are %" walI, "stepped" from 34%" 
to 4%" O.D. x 88%" lung (Fs 4). 
WE Vll: operating ro&tions for 

radiant tubes in sfeel mill anmaling 
ftunaces, at first lance, do not appear 
to be very demn f ing. Control tempera- 
ture of the furnace laad is rclatIveIy low, 
and when the furnace utilkcs an inner 
wcr, the atmosphere oil tllc exterior of 
the radiant tubes is  only air, and unIy 
products nf colnbustion exist witl~in the 
tubes, neitltm of which arc mrtsidcrd 
partiruIarIy destructive to heat rcsiatitq 
dloys. l l l e  lt3 tn 27 laoms por tyclc k- 
s d t s  in lengthy life as rneastrrcd in IIOIIB 
or months, awn tllaugll the nrrrlthcr uf 



eyelea might be few. Ach~ally, of catme, 
rnaasurement of service Fife d items such 

T 

aa d i n t  tuba i s  much n m e  accurate 
if done in terms of c y d a  rather than 
ttrae. 

if consideration is given to fbe very 
, 

d v e  loads prooessed in such quip- 
ment however, and the long perid dw- 
big which the radiaat tubes are on bigh 
f i r e d t h u s a  a bigh thermal 
hd, it win lE that the rela- 
tkdy low wntrbl tempesabur~ of the 
wmkload can be rniskwhg in respect 
to the operating mrditions encountered 
by the &ant tubes. 

One h g ~  steel mill operating furnaces 
wiih "O" tubes rewgdmd tbe htgh cmt 
of their tube mainteanee and iniated 
a carefrrlly contraHed program to evdu- 
ate tubes af various mat&&, 

Several newly rebuilt furnaces were 
equipped with new radiant hibe of w- 
d mmpositions, including RA-309, 
RA330, RA-600, and RA-333. The 
"standard" Bk-309 tubes were mn- 
a b d a d  of 3/16" plate in the burner leg 
and W" sheet in the exhaust leg. All the 
o&er alloys were fabricated from W" 
sheet throughout (Rg. 51, Each cycle run 
Lm eaoh fmaco was rrarefully lo ed, go 

a rmplete r e d  of ihe tot3eYdes 
obtained on each t of radiant tube 
would be rvailable.~muse of the long 
qdes, this test progmm has been in 
process for almost four years. The most 
~ n o d d  material has yet ta be 
m l d ,  upon -on Q£ the it& pro- 
p, but dl d the &ys testsd were 
superior to RAmo u d  for so many 

P 

TABLE f 
NOMINAL COIIahOSITION OF HTZAT RESlSTING ALLOYS 

ACI CAST 
DESIGNATIONS WOUMZT ALLOYS 

HT 
Carbon . 0.50 
Nickel 35 .O 
Chromhrn 15.0 
Silicon 1.5 
MolyWmum - 
Tungatm - 
Cobalt - 

yeats. The KA-333 tubes are dl in sew 
ice after doubling the kt Me obtained 
on RA-30% 

SUMMARY 
The authms have attempted ta redew 

Ih;c instauations where rw&Uy con- 
z e d  tests bave established the merits 
of wrought fabticated radiant tubes* fix 
bolh veaicdy ;md horizmtally mounted 
a p p l i c p ~ ~ *  

Although only a Few ease bistortes are 
cited, compdle muI@ have been ~ e -  
ceiveJ in nunmus other plants. 

Cenerdl the tests were conducted ta 
es@blish $e merit. of RA330 and/or 
RA-333 alloy, stnd both have F O Y ~  suc- 
M?SS~CII in camparkon witk previously 
nsed materials. Almost with i t  exfeptioa:, 
when RA-333 has b~ corn red "" RA330, th farmer has prov etmnDmi- 

RA- 
333 
0.05 

45.0 
25.0 

1.25 
3.0 
3.0 
3.0 

cd ia spite of its higher iaitEaI cast 
It should be emphasized that each 

p h w  of equipment has its rrwn pecuuapi- 
ties in respect to operatin condltitms, 
and it emnot be M M C I ~ ~ J ~ I ~ ~  expezi- 
a c e  gained in ofie plant will necessarily 
IN dupIici~hd in moth. 

However, in v i w  of the increasing 
pressme to reduce maintenarm and o 

"T casts, tbe mbstmsal orpang 
hues or heat resiskg allays to maintain 
high temperature e uipmnt, and the 
high cost d laa p~u~tim d m g  shut- 
down for raplocement of failed parts, # i s  
believed &at aU usera af furnaces will be 
tntarxited in the mu1b of these evalua- 
eons and will want to give careful con- 
sideration to the possibility of ducing 
Uleir o m  maintmmce costs through W- 
hi pra8"11s. 

FA BRICA TED OF JEA3S3@AND RA330PP 
ARE SETTfNG ENDURANCE RECOUbS 

In Batch Type and Continuous Furnaces- 
Carbonitriding and Carbwrizing Atmospheres 

In Annealing and Malleablirrng Furnaces 
In Vertical and Horizontal Mountings 

45% Nlckel a Molybdenlrrn 
25% Chramium 3% Tungsten 
l%% Silimn 3% Cabal2 

0.08% Max. Carbon 

Consult Your <: Heat Resisting Alloy 
Specialist for further facts on the 
Advantages of Wrought RA 333 

and RA330 Tubes, or Write 


