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Tha presant qrtiola daacribaa tha repeated and unusual 

occurrences of straaa corrosion failurea at the top 

inlet mata ri al componant» of tho primary  raf ornar 

furnaoa in an Ammonia Plant.    Experience in rapair 

and ramadiil  aotiona to  raduoa auoh inoidanoo of 

failura is alao diaouaaad in thia papar. 

INTRODUCTION 

«adras Fartilizara  Limitad,  India* oparataa a 750 HT/éay 

Ammonia Plant.    Catalytic reforming of ataam hydrocarbon 

mixtura is tha prooaaa adoptad for tha manufactura of 

ammonia*    Tha  rsformar furnaca is of Haldar Topsoa 

(Oanmark) design and has tuo radiant side-fired furnaaas. 

Tha ataam naphtha mixturas ara paaaad thru vertically 

kapt raf ormar tubas inaida tha raf ormar furnaoa. 

Caoh raf ormar furnaoa haa 120 raf ormar tubas - 6" 00Klt/1t* 

thick.    Tha raf ormar tubaa ara fad from inlat headars 

thru lnlat pigtails and tha raformod gaa lsavas thru out- 

lat pigtails connected to bottom coliaotora.    Ita am« 

naphtha mixtura (4 «S 11) antara tha raf ormar tuoaa at 

35 kg/aq.om and 450°C. 
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Riformir  furnaces  require  heat   resistant  high  alloy castings 

and urought  nickel-chromium alloys.     Centrifugally cast 

heat  resistant   alloy  Hk  40 is one   of  tha most  widely  used 

material   for  the  reformer tubes  operating upto  950 C. 

The  reformer  tubos  in Madras Fertilizers  Ltd.   are  mads 

of  centrif ugally   cast  HK  40  alloy   (25   Cr,   20  Ni,   0.4JÉ C). 

This material  has excellent  cruep   rupture  properties, 

good corrosion  resistance  against   attack by  furnace gases . 

and a difia'Jjte  economic  advantage   over similar wrought 

iron-chromium-nickel   alloys. 

In our ca3&  the   reformer tube terminates,  at  the  top,  in 

a HK-40  stub-end.    The   stub-end has   a loose  carbon steel 

flange  uhich   is  boltedto ths  inlet   hair-pin  tube   (fig.  1) 

The  inlet  hair  pin  tubu  extended«   in  the  original  arrange- 

ment,   about   18"  inside  the  reformer  tube.    The  inlet pig- 

tails  and  reformer top  stub-end«   are   outside  the   reformer 

furnace   roof. 

HISTORY   OF  FAILURES 

In 1974*   after 3 years of operation«   during pressure 

testing after neu catalyst loading«   ue observed leaks 

in some  of  the  reformer tube top  stub-end welds. 

Subsequent   inspection  revealed extensive cracking both 

longitudinal   and circumferential-in  the reformer tube 

stub onds   (HK-40)   and inlet  pigtail   (SS 321) weld cap 

welds.     Such  cracking  in  reformer  furnace components is 

considered  unusual   although similar  instances  of  failures 

have been experienced in  a feu steam-naphtha  reforming 

furnaces elsewhere,   in mid «60s  and early «70. 
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Detailod metallurgical   examinations uore   done   on  tho 

crackod  reformer  tubu   stub  und  (HK  úü)  and inlet, 

pigtail   (SS  321).     The   failud   stub end  and inlot   pigtail 
weld  cap exhibited  both   tranegranular  and intorgranular 

modo  of cracking  (fig.   2  and  3).     Both thu  lungitudinal 

(transverse)  and tho  ci reumfurenti al  cracks  originatüd 

at   tha  inside  surface   and   at   tho  heat  affected  zone   (HAZ) 
of  tha  parant  materials.     »*lany  of the longitudinal  cracks 

oxtondad to  both  sidos   of   thu   uold.    Tha  circumferential 

cracks  originated   at  thu   interface  of  tha  top uold layer 

and  HAZ  at  tha   I   D.i   and   propagated to tho top layer  of 

weld  in the  transarse   (thickness)  direction. 

Prédominent  transgranular  crackinq in both  the   reformer  tube 

•tub-end and  inlat   pigtail   ueld-cap led to  the   conclusion 

that  failure  uas  by   struas   corrosion  cracking.     Presence 

of   intorgranular  cmckimj   observad  along  uith  transgranular 

cracks  suggested  that   both   chloride   and  cauatic   stress 

corrosion cracking  could  be   thu mechanism for the  massive 

failures.     Small   tmces   of   chloride  and  alkali   proaont  in 

thu   steam entering  tho   reformer  furnace   was  considorod 

tho   possible  source   of   corrodent.     Residual   ueld  stress 

was  also the  cause   for  both  longitudinal   (transverse)  and 

circumforantial  cracking. 

Repair gelding  of   used   reformer components  is   often 

considered difficult  because   of the micro-structural 

chongos  associated  uith  high   temperature  operation   and 
also  because  those   changes  make   it   difficult   to   adopt   tho 

»amo   original  manufacturing   uolding  procedure.     In  our 
case 1   repair uulding u.is  done   using high nickel-chromium 

filiar uirí  and electrodes   (Inconul 82 and  Inconel   18?). 

float  of thu  cracked HK  4O  stubends uere   replaced uith 

L. 
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Incc iel-600  (72 Ni.,   16  "*,r.,  7 Fa.)   all   y   because of its 
known  resistance  tu  enleri <ie  stress  corrosion cracking 
end also due  tn  it3   ready   availabiiity . 

In  1976»  aftur  21   months  of  operation   since   repair welding 
and  replacing m03t   of  the  roformar tube   stub ends with 
Inconel-600,   ue experienced a similar   cracking problem 
in both the  HK-4Û tube  HAZ  and the   mlot   pigtnil ueld 
cap.    Repeated condensation,  concont rat ion  of high 
tamporaturo   chloride   and/or caustic,   in   the  enpty  zonns 
abov/o  the  ruf ormar  f urnncu  uas considurcd  the mechanism 
of the   9truas  corrosion  failures.    To   ov/arcome this,  tho 
inlot   pigtail   arrangement  was modified. 

Rotable  exception,   in  tho  1976 failure,   uas that the 
Inconol-600  stub ends  did not  duvulop   any   cracking,    lila, 
thurofore,   ruplacod ill  tho  remaining  HK-40 stub-'nds 
with  Inconel-600  adopting the  same   rupair  ueld procedure 
donu   in  1974. 

In January   1978 -  14 months  aftur  replacing the  stub end« 
in  all   24C  '.••-•'.    r   .,;t>   T-'-onc.l„6C10  ind  modifying the  inlet 
pigtail   assemblies,   wo  uxpuriencud  a  similar large  scalo 
longitudinal   and ciicumfurontinl   stress   corrosion cracking. 
This cricking,   however,   ua9 signifienntly   differont  from 
the  previous  failures  and uas  found  mostly  in the high 
nickel   Incunei   600  stubs  only.    Stress   corrosion cracking 
by  high temperature  ciustica  and high   loft-over gold stress 
uas considered the  mechanism for tho   Inconel  600 stub end 
failuro8, 

CORRECT l\lí WEftSURCS 

Having experienced three  similar failures  in 4 years with 
differont materials  and design modifications to the  top 
inlot   reformer components, uu considerad  sevo ral proposala 
to pre.vont  this occurence. 
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Several   quostions uhich   orosu  uorul- 

i.     Hou to  prevent   contact   of  uoldod  HK 40  and 
Inconjl-600 from  high  temperature  chlorides 
and  or caustics   present   in  steam  and uhat  methods  would 
bo   realistic  and  üconomically   justifinblu. 

ii,    Would stress  r^lwving  of  the  top  stub und 
uclds  (botueen   used  HK-4O tubu  and   Inconel- 
6OO/HK-4O stubs)   considerably  bring doun 
the   residual   stresses   and  reduce  the  chances 
of   strc9S  corrosion   cracking   and  if   so uhat 
aro  tho  practical   difficulties in  performing 
a high temperature   stress  relieve   annealing. 

iii.     Would  lowering  the   concentration   of  tho  cor- 
rodents by  procuss  improvemunts  reduce tho  risk 

of  such  failures. 

iv.    Uould  any  other  preventive  mothod  against  direct 
impinqemunt  of  the  corrodents in  tbe weld zonos 
bo   possible   and  the   relativ/-   success  of  such 

method. 

On  careful  examination   ef   these   .dternatives,   stross 
reliving the  ueld  areas heldout  much  promise  and uns 

adopted. 

High nickcl-chromium-iron  or iron-chromium-nickel   alloys 

are  not   routinely   subjected  to thermal   stress  relief   38 
o part   of the  manufacturing  procedure.     Insufficient 
service   data on th^   succuss  of   such  stress  relieved 
HK-40  and  Inconel   alloys  in   reformer  servicu  and tho 
practical  difficulties  involved in thu  heat  treatment 
discouraged us from  attempting this  alternative  during 
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tho   oarlior  failures.     Huuevor,  in  January   1978f   uu  ox- 

pg rimontali y   st ress-rul icved  sr ••>•«-•  je Id«    of   HK-40  and 

Inconul   600  at  870  C   and   installed  these   in   service. 

Those  experimentally   stress-relieved   rupair  uelds  did 

not   develop  any  cracking  in  savon month9  exposure   uhcn 

inspocttd  in  Septombor   1978,   uhareos  thu   as   repaired 

welds   developed  stress   cracks  similar  to  tho   threo  oarlior 

failures   (1974  -  78). 

Having  idontifiud  thu   rulo   of   rosiriujl   uold  strussos in 

the   severity   of   the   cracking,   uo  expuriment ally   studiod 

and  evaluated  the   offficts   of  various   huat   treatment   and 

Uüldinq   parameters.     Tiyurus  4   and  5   show  thu   yiuld  stross 

vs.   temperature   curvos   for  cast  HK-40  and   Inconel-82 filler 

wire.     Inconol-82  values   iro   similar  to   Inconol-600. 

From  those   curvos,   it   is   clear that   Inconcl-600  alloy 

has   higher  yiold  strength  than  HK-40.     For   our  deiign 

temperature   (450 C),   th..   residual  uold  stress  may   bucomu 

approximately  36,000  pai   (2530  kg/sq.cm)   for  HK«40  and 

apprr xi~iatoly   45,000  psi   (3760  kg/sq.cm)   for   Inconol-600. 

X-ray   stress   analysis   u.is   dorn.,   to  know  the   effect   of  hoat 

troatmont   for  different   heating  and  cooling   cyclus.     Maxi- 

mum   relief   in  residual   stresses  uas   attained  whun   hoat 

treated   at   980 C  with   slou  cooling.     Uo   also  ostimatod 

the   residual   stresses   in   the  machined  edge   of  thu  tubes 

prior  to  uulding.     To   our   surprise.,  the   machining   stresses 

due   to  grinding,   cutting,   turning  uu re   found  to  be   as  high 

as  40?6 of  the  yield  stress  of  the materials.     In  ordar 

to   safeguard   against   possible   chances   of   introducing 

excessive   machining   stresses,   thu machined   tube  onds 

woro   also mill-anncaluJ   at   980°C  prior  to  welding. 
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From our dxpurioncu  high  nickol   alloys liku   Inoonol   600 

(72 Nil   16 Cr)  did not  huvo   o significantly  highor  stross 

corrosion  rosistancu   against   attack by  novated tumporaturu 

caustics.     Thuruforu,   in  Suptembur  1978  uhon  wu  had to 

replaça  thu  stub unds  as  thu     oli)  onus had bucamo   short 

HUB  to   rupuatod  cutting  and   ruuulding  uu   ruvurtod  to 

HK-40  stub onds.     Thu  gold   zonu   on  thu   catalyst  tubu 

was hont  troatud at   980°C  prior to welding and  again, 

•ftar complution of the  uuldinq.     Tho  part  replaced 

tubus   aru  in  sorvica  for ovur tan  months. 

CONCLUSION 

Tho   ropeatod  stress corrosion failures experienced  at 

thu  inlet motu rial . portions  of  thu  ruformur tubos  in 

WL Ammonia  plant   and  tho  uxtunt   and sovurity  of  such 

cracking  nru   unusual  in the   history of  roformor operating 

plants  in  and  outsit   li. Jia.     C^nsidurablo experience has 

boon  gainod  from thh.sn  failures  and tho  subsequent 

metallurgical   studios.    High   rusiduai  uuld stross  at 

tho  stub ond  wold  rogion uns  identified  as primarily 

rosponsiblu  for thu  strusa  cracking,    Ropeatod  repairs 

occolerotud thu  timu-to-f niluro  ratu.    Huat treatment 

of  thu   stub  and ULIH  zonus  to mill.anneal  tofrperature 

(9B0X)1; is practical   nnr) would considurably  bring down 

tho  rusiduai   stro3su3.    Thu   rusirlual  strussus will  bo 

loss than  20JÉ of thu  yiuld  stress.    This  appoars to be 

an offootiv/e  muthol of  roducing thu incidonoo  of  stross 

corrosion failuros in future. 
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