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Operational Experience of De-hydrogen Reactor at GFGL

T'he phase-ll urea plant safety hazard mitigation due to potentiat of explosive
mixture formation has been made possibte by installation of De-hydrogen
Reactors. This paper describes the scenario of explosive gas mixture, potentiat
fire and explosion risk, iÍs mitigation with operation practices, instaltation of
De'hydrogen Reactor and its operational experience and troubleshooting.
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- Ltd (CFCL), the flagship company of
Znari-Chambal group is a leading
n i t r ogenous  fe r t i l i se r  p roduce r  i n  t he
pr ivate sector .  The CFCL cornplex at
Cadepan ,  Ko ta  has  two  i ndependen t
Arnmonia and Urea Plants with common
offsite facilities. Phase-l plants based on
Hal,Cor Topsoe Steam Reforming Ammonia
Techno logy  and  Snamproge f t i  U rea
Technology were commissioned in Jan'94.
Phase - I I  p l an t s  based  on  Ke l l ogg
Conventional Ammonia T'echnology and
Toyo Engineering Corporation's ACES
Urea Technology were commissioned in
October 1999.

Post Bhopal tragedy period generated
high safety awareness in community and
thr: Government started responding by
ena,cting newer statuary provisions for
higher safety standards in industries. It is
in this period significant improvements
tooli place in plant safety with up-gradation
and advancement of technology. CFCL
r igh t  f r om incep t i on  adop ted  g reen
technologies and took further init iatives
to get certif ied for both ISO 14001 and
OIJSAS I  8001  sys tems .  The  sa fe t y
management systems in line with guidelines
set by British Safety Council were adopted
subsequently.

PHASE-II UREA PLANT

Unce-II PLANT IS THE oNLY PLANT IN THE
country based on Toyo's state-of-the-art
ACES process.  ACES process is  wel l
known for its heat recovery and overall
prooess efficiency. The plant has been
runn ing  qu i t e  sa t i s fac to ry  s i nce
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commissioning. It has two parallel identical
streams called Train-A and Train-B with
ammonia receiving, prilling and Process
Condensate Treatrnent section as common
facility.

Synthesis section operating at lr75 kgl
cm2g consists of reactor, stripper (CO,
stripping),2 nos of carbamate condensers
and a scrubber. The solution outlet from
synthesis section goes to lower pressures
for  subsequent  decompos i t ions and
recovery in MP section and LP section
operating at 17 kg/ cm2g and 2.5 kg/cm'zg
respectively. The outlet solution from LP
sec t i on  i s  concen t ra ted  i n  vacuum
evaporators to achieve 99.7oÁ urea
solution for pri l l ing.

TFTE EXPLOSION HAZARD IN
UREA PROCESS

AoorNc oxycgN To rHE uREA pRocESS

has proven to be an effective and reliable
me thod  to  m in im ise  co r ros ion  o f  t he
stainless steel piping and equipments. In
ACES process 0.5 V% oxygen is added
with CO, feed. This oxygen is uti l ised for
pass i va t i on  o f  s i yn thes i s  p ip ing  and
equipments by forming protective layer.
CO, containing 0.76%o hydrogen is fed
to synthesis  sect ion through the
stripper. The oxygen, hydrogen and inerts,
mixed together along with ammonia and
COr, exits HP scrubber top and enter HP
section. Finally the gaseous mixture of
02 ,  H2  and  i ne r t s  a lmos t  devo id  o f
ammonia and CO, leaves washing column
and goes to atmosphere via vent stack.
Simplif ied process flow is shown in
Figure l .
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I t  i s  es tab l i shed  and  p roven  tha t  t he
gaseous mixtule of O, H, and inert Íbrms
exp los i ve  m ix tu re  a t  ce r ta in  range  o f
composi t ion.  The r isk associated wi th the
poss ib i l i t y  o f  exp los ion  and  subsequen t
large release of hazardous anrmonia gas
in to  t he  a tn rosphe re  ca l l s  f o r  spec ia l
attention in design and operation for safe
production. The risk of explosion can be
eliminated when mixed with large quarrtity
o f  o the r  gaseous  componen ts  such  as
a m m o n i a .  I n  A C E S  p r o c e s s ,  g a s e o u s
mixture of  O,  H" and iner t  pose threat
primarily at two locations. These are HP
s c r u b b e r  v a p o u r  s p a c e  a n d  w a s h i n g
column vapour exit up to vent stack.

EXPLOSION RISK IN HP
SCRUBBER VAPOUR SPACE

IN NonvaL,  opERATINC croNDrl roN,  fur l
gaseorrs mixture remaíns outside explosive
range and does not pose any risk. This is
represented by the t r iangular  d iagrarn,
F i g u r e  2 .  H o w e v e r  t h e r e  a r e  c e r t a i n
deviat ions which can shi f t  gaseous
mix tu re  con rpos i t i on  i n to  t he  exp los i ve
range. This situation arises when ammonia
content of scrubber off gases are low as
shown in the triangulal diagrarn. Figure 3.
These situations are described below :

a. Excess condensation and absorption in
scrubber: Condensation and absorption rate
in scrubber depends on top temperature. If
temperature is low, NH, gas absorption into
recycle carbamate is greatly promoted and
g a s e o u s  m i x t u r e  c o m p o s i t i o n  I n a y
approach flammable l imit It is represented
by the triangular diagram.

cornposltlon

@

b. During plant start-ups the
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Figure 1 - Process f low diagram of ACES Llrea plant showing inerts f low route

of gaseous mixture varies at evely
moment ti l l  the operation pafameters are
normal.

c. During plant shutdown and reactof
hold up condition the gaseous mixture of
O' H, and inert gets accumulated in the
scrubber top. When synthesis section is
f l ushed  w i th  wa te r ,  am lnon ia  gas  i s
a b s o l b e d  a n d  t h i s  g a s e o u s  m i x t u r e
approaches fl atnmab le range.

Recornmended counter measures by the
designer Toyo Engg. Corporation are :

i. Maintain scrubber top tempeÍature more
than 1450C (design temperature is 170"C).

i i .  To e l i rn inate the possib i l i ty  of  local
condensation of the gas, it is required to
keep scrubber top steam jacked charged.

iii. Keep sufficient gas flow Íiont reactor
t o  s c r u b b e r  w h i c h  i s  a c h i e v e d  b y
m a i n t a i n i n g  r e a c t o t '  t o p  t e l n p e r a t u r e
between l86oC to l90oC,

iv. Maintain sufflcient opening of scrubber
pressure control valve, PV I 101 (>30%) to
have  su f f i c i en t  gas  f l ow  so  tha t

continuously gasses are purged out in large
quantity.

v. During plant start-up add nitrogen with

CO, Íèed for dilution of scrubber off gases.

Also try to follow above steps i to iv to the

extent possible.

v i .  Du r i ng  reac to r  ho ld  up  cond i t i on ,

a lways  ven t  gases  du r i ng  f l ush ing  o f

sc rubbe r  t op  and  l<eep  s team iacke t
chalged with a steam pressure of l0 l<g/

cm2.

RISK OF FLAME XN WASHING
COLI-JMN VENT [,INE

THE cAst ious Mtxru l iE LEAVING

washing column and travell ing up to vent

stack exit at pri l l ing tower top is always

in  t he  exp los i ve  range  even  u t rde r  t he

n o r m a l  o p e r a t i n g  c o n d i t i o n s .  T h i s  i s

represented by the t r iangular  d iagram,

Figure 4. Following lreasures are taken to

avoid fire:

i. Downstream of washing colutnn pressure

control valves ale provided with steam

f lushing eontrect ion fo l  d i lu t ion of

gaseous lrlxtul 'e.

Flamnable gases

Location : ScrubbeL OffGases
Case : Notrnal operating conditiotts

Gas Cornpo{iit lon :
F l a r n r n a b l e G a s (  H r +  N H 1 + C I l 4  ) .  6 6 ] r %
A i r ( O 2  F N 2  ) .  1 2  l %
I n e | t s (  C O 2 + N 3 +  H .  ) :  2 1  8 %

Result : Operating point otrtside explostve area
l io existerrce of explosive condition

Location; ScrLrbbet'OffGases
Case : Abnormal operating conditions

( tnote atnmonia scrubbing )

Gas Cornposttion
Irlarnmable Gas ( H2 + NHr FCI{{ ) : 28 | %
A i r ( 0 2 + I I 2  ) :  4 8 4 %
Ine f l s (CO2+N2r  H? )  235Vo

ResLrlt : Operating point inside explosive area
Existence of explosive condition

Flamnrable gases

3 8 2

Figure  3
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ii. ,A flame arrestot' is provided near to the
ex.itl point of vent stack to stop back travel
oÍ' l ire in case it happens.

ii i . Later on nitrogen purging connection
als<l provided in vent stack for addition
dilution during l ightening"

NEED FOR DE-HY DROGEN RIIACTOR

THoucu  s rR ICr  op t r l {A loN  coN- fRoL
practices are adopted to avoid explosive
conditioÍI, some risk of forming explosive
mixture cannot be ruled out as modern urea
p lan ts  a re  dcs igned  to  g i ve  n rax imum
efficiency of ammonia/tonne urea. In l ine
with its comrnitment for high standards of
safi:ty and continual improvement, CFCL
mallagement took a conscious decision to
install De-hydrogen Reactor in both the
streams of urea plant - tl in the year 2004.

De-hydrogen reactor requires oxygen
for  burn ing of  H'  which is  suppl ied by
ac l c l i t i ona l  a i r  supp l y  i n to  CO, .  Many
opt ions were considerecl  to  locate De-
hyclrogen Reactor and CO, Compressor
2"d stage discharge was opted rlo be the
mo:st optimum location as shown in Figure
6. 

'l"he 
De-hydrogen reactor was designed,

erer;ted and commissioned byToyo (India)
on ILSTK basis. The reactor was Íabricated
by l\4/s Phils Engineering and calalyst was
procured flom M/s Engelhard. Total project
cost  was Rs.  216 lakhs.

FEATURES OF DE.-I{YDROGBN
REACTOR

De -nvnRocEN REACTOR rNSTAr.r-Er) AT 2nd
disr;harge of CO, compressor is designeci
to reduce H, fiom 0 .7 6%o tct I 00 ppm (max)
in COr.

' f he  
p rocess  o f  de -hyd rogena t i on  i s

carried out over a catalyst packed bed as
perr details given in Table l. T'fre packed
becl top and bottom layercontain alumina
balls of diffelent size as shown in
Fiig,ure 7. The flow of process gas is fi'om
top to bottom and design pressure drop
across the reactor is 0.5 kg/cm2. Outlet
t en lpe ra tu re  depends  upon  [ { ,
corrcentration at the inlet because removal
of hydrogen results in ternperature rise
dur: to exothermic reaction of H, burning.
l ' he  a l l owab le  des ign  tempe la tu re  o f
reactor outlet is 250 'C.

Washing ClolLrnrn Vent
Withou1 l)ehydr ogcn Reactor-
( Base / design case )

Location
Case :

Cas Conrposrtrorr
Flannrable Cas ( f l2 +
A i r ( O 2 r N 2  ) :
l n c r t s ( C O 2 + N r 1 t l ,

l2 5 9i,
69 0 0/o

8 5 0./o

Result :  Operatinl l  point inside explosive area,
Existence of explosive condition

Figure 4

Washing Colurnn Vent
With Dehydrogen Reactor
( Present case )

(ias C'omposition
F lamrrab lc  Gas (  I l ,  r  N f  l r  r ( ' f { r  ) 4 5 r "

(rl 4 9o
-14 I 9,0

Result :  Operating point outsidc explosive area
No Existence of explosive condit ion l 7

l 0 ?

5

Figure 5

OPERATINIG EXPERIENCE

TUB D l -uvDr {oc iEN Rra ,c lons  weno
commissioned in both the trains of ur'ea
plant - I l in May 2004. The operating
expe r i ence  o f  l as t  two  yea rs  p lus  i s
satisfactory. CO, received frorr ammonia
plant containing about 0.8 % H, is getting
removed quite el 'fectively and H" content

at outlet of De-hydrogen Reactor is less
than 100 ppm. The triangular diagrarn of
gaseous mixture analysis of scrubber off
gases and washing colunn vent gases are
plotted on rveekly basis. These diagrarrs
g i ve  good  i nd i ca t i on  o f  no  exp los i ve
condi t ions aud gaseous rn ix ture at  both
loca t i ons  has  been  found  ou t  o f
f l a u r r n a b l e  r a n g e  ( F i g u r e  5 ) .  

- l ' l r e

T ^ h t ^  I

0 3% Pt  on  A lumina Pe l le ts  /  Deoxor ,  Code 4755

Pellets, Cy l indr ica l  I  3  2  mmX 3  2  mm

Bulk density/quanl: i ty 1000k9/m3 |  1200k9

Catalyst packing ht/dia 900 mm / 1300mm

23996 Nm3/hFeed flow rate :

Feed Composit ion :

H, removal capabil i ty
Pressure, operai ing/design
Pressure drop :

Temp operating in/out

Design temperature

C O ,  =  9 3  9 9  % ,  N ,  =  3 , 5 1 o / o ,  O t 89%

H r = 0 7 6 o k , H r O = 1 4 7 %

Less than 1 00 ppm H, at outlel

B kg/cm2g / 36 kg/cm'g

0 5 kg/cm'

1 8 1  ' C  I  2 2 2 " C

2 5 0 ' C

I r l rmrnrble ga*s

Flamntable gascs
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temperature rise across the reactor gives
very good indication of H, concentration
in CO, feed which varies from volume 0.78%
- 1.10%t due to fluctuations in Benfield
Section of Ammonia Plant. However few

problems have been encountered which
had been successfully solved by suitable
r n o d i f i c a t i o n  a n d  s t l i c t l y  f o l l o w i n g
procedure as described below:

tr. At few instances it was observed that

high concentration of H, is received with
CO, feed from ammonia plant. This high H,
in in let  CO, st t 'eam of  urea p lant  De-
hydrogen unit results in run-away reaction
on p lat inum cata lyst  as O,  is  a l ready
present in excess at the inlet of Reactors,
The  De-hyd rogen  Reac to r  i s  i so la ted
manually Írom the field to avoid catalyst
run-away reaction as well as compressor
t r ipp ing f rom inter lock at  250'C out let
temperature. In original design total O,
requ ired for passivation was fed at 2"d stage
suction of compressor. A rnodification of
s p l i t  a i r  s u p p l y  t o  c o m p r e s s o r  w a s
conceived and implemented in April 2006.
Only stoichiometric air for burning about
0.8'yo Hz is fed at 2nd stage suction, so that
run-away reaction does not take place. The
additional air required for passivation is
fed at 3'd stage suction as shown in Figure
6. This high pressure air is supplied from
final discharge from processair compressor
of amrnonia plant.

2. The De-hydrogen Reactor is designed
for 0.5 kg/crn2g pressure drop. The pressure
drop had increased fi 'om init ial value of 0.2
kg/cm2g to 0.5 kg/cmzg after one year of
operation in both the trains, This increase
wás  because  o f  po tash  depos i t i on  on
catalyst bed which is carried along with
CO, feed f rom Benf ie ld sect ion.  This
problem was also resolved in consultation
with catalyst vendor. A procedure was
deve loped  fo r  De -hyd rogen  Reac to r
washing with DM water of 7.0 pH and I
micron conductivity and finally dried with
COr .  Th i s  i s  done  by  by -pass ing  the
Reactors during nolmal plant operation,
The procedure was found to be effective
and original pressure drop and H, removal
per formance was restored af te l  each
washing,

CONCLUSION

THE eLlNlrlATroN oF H, pRov CO, cns
has enabled to mitigate the risk of such
explosion hazard fi'om urea plant from both
the potent ia l  locat ions i .e .  HP scrubber
vapoul' space & washing column off gases
up  to  ven t  s tack  t op .  Th i s  he lps  t he
operators to maintain very high recovery
of  ammonia thereby improving ammonia
efficiency per ton urea and sti l l  maintaining
absolute safe conditions in the l lant. ;
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Passivation Aír
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Figure 6 - Instal lat ion of De-hydrogen Reactor in 2nd stage of CO,
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Figure 7 - De-hydrogenReactor
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