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RECTIFICATION OF CATALYST SEPARATION COLUMN
AT HWP THAL

-R. PRAKASH
-H.BHASKARAN

1. Introduction :

Heavy water plant Thai, is based on the Monothermal Ammonia
Hydrogen process. Liquid Ammonia containing potassium amide
catalyst is contacted with the synthesis gas where- in
deuterium from hydrogen gets transferred to liquid phase.

There are two parallel streams A and B with a common Ammonia
synthesis unit.

The system is provided with an ammonia cracker and Ammonia
synthesiser for providing the reflux gas and liquid for the
enrichment process.

The ammonia cracking is done in a furnace having Inconnel
625 tubes filled with reduced iron catalyst. It is essen-
tial that the feed ammonia to cracker is free of the potas-
sium amide catalyst and the specification is 0.1 ppm K+.
The ammonia is separated by evaporation of the catalyst
solution and cleaned by scrubbing of the entrainment by
reflux ammonia. The basic flow sheet is given in sketch I.

2. Functioning of Unit:

The separation of ammonia is done in Unit 14 of the plant.
The unit has a 1.5 M diameter column 14C1 with a thermosy-
phon reboiler and water cooled condenser for ammonia.- The
scheme is shown in sketch 2.

The enriched ammonia from the high pressure section of plant
is taken in a buffer vessel after reducing the pressure.
Apart from the separation and purification of ammonia the
column removes the small quantities'of the dissolved synthe-
sis gas also. The separated and purified ammonia is taken to
another vessel from the mid portion of the column and is
pumped to the ammonia cracking unit.

The ammonia feed containing the potassium amide catalyst is
heated in a thermosyphon reboiler and the vapors after
separation of the liquid in the vessel 14C11 are fed to the
bottom portion of column 14C1. The separators provided at
the bottom section of the column further remove the liquid
coming with the vapors. The ammonia vapors are washed in a
sieve plate section containing six plates by the reflux
liquid ammonia flowing counter current to it.

The vapors further pass through a sieve plate section con-
taining eight plates where the clean ammonia vapors get
degassed by the counter flowing liquid. The vapors are
condfiir.cd in a water cooled condenser and the inert gas is
sent through a low temp, trap system.
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The degassed liquid is collected in the mid section and is
taken to the buffer vessel 14V3 . A part of this liquid is
returned to the bottom section of the column for the reflux.

3. Operation of the Column:

The liquid ammonia having catalyst is added to the inlet of
the thermosyphon reboiler 14H1 and is heated with steam. The
steam temp, is maintained around 80 degree C. [ vacuum on
steam side ] to avoid deposition of KNH2 and KOH [present as
undissolved impurity ] The vapor and the hot liquid is
separated partly in 14C11 and is fed to the column for
purification.

The column pressure is controlled at "24 kg/cm2 g by acting
on the cooling water to the condenser and the inert gas
removal valve. A reflux of around 2.5 to 3 te. per hr. is
fixed for the mid section.The steam condensate is pumped out
to the deaerator.

The column 14C1 in stream B of the HWP Thai has given fre-
quent disturbances resulting in amide carry over to the
ammonia cracking units a number of times.

The column was operating at higher pressure 25 to 26 kg/CM2
especially when the plant was running at higher loads and
necessitated a large opening of steam valve. The pressure
could not be brought down satisfactorily in spite of chemi-
cal cleaning of the condensers and also after opening the
bypass of the cooling water valves. [Control valve was
already in full open condition ] The unit was however
running and the amide carry over to cracker was eliminated
by allowing to trip the entire unit when the pressure is
more. This mode of operation though completely eliminated
amide carry over could not correct the basic fallacy of
differences in operating parameters of the column as com-
pared to those of stream A column.

4. Comparison with the Column in Stream A:

The operation of 14C1B necessitated, as mentioned above,
almost full opening of the steam valve and the condenser
cooling water valve. The situation deteriorated further
during the summer beginning of 1991 and the opening of the
bypass valve of the cooling water also did not help in
bringing down the pressure. The entire load had to be re-
duced to keep the plant running. The bad condition of the
condenser could not be anticipated as it was cleaned chemi-
cally only in the beginning of 1991.

Elimination of almost all external problems for the bad
performance of the unit indicated that there might be prob-
lems internal to the column. A comparison of the unit with
that stream A also indicates a possibility of the same.
This comparison is given in Table 1.
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The comparison indicates that :

i) More steam input to 14C1B and subsequently
more condensate removal.

ii) More q.V.outlet temp, in spite of higher
cooling water flow to 14C1B.

iii) More pressure in 14C1B and is out of control
in spite of lesser evaporation in 14C1A more
reflux remain in 14C1A.

iv) Cracker loads are comparable.

This together with the knowledge that no problem
exists in

a] inert removal system and

b] in cooling water flow,
indicates that internal problems, probably leakage
in seal pan of the intermediate down comer may
exist in 14C1B.

5. Mechanical Construction of the Colunn/Mid Portion
Down coiner

The column bottom section is provided with a separator for
the entrained liquid alongwith the ammonia vapors. The
column sections with six trays in bottom and eight trays in
top are separated with a very long down comer. The pure,
degassed liquid from 8th tray comes through a down comer of
1572 mm long x 1422 mm wide and gets collected in a seal
pan of the same size. The higher head thus available is
used for the gravity flow of the pure ammonia to the buffer
vessel 14V3.

The seal pan is made of vertical plates and bottom is cov-
ered. The vertical plate of the receiver are made of dif-
ferent plates and are connected with over lapping strips
with bolting. The bottom end plates are resting on an angle
section and leak tightness is not ensured.

After opening the column and taking dimensions, it was seen
that the plates and strips inter connecting it are having
varying gaps as high as 2 mm at some locations. Also the
down comer plates resting on the bottom angle section con-
stituting the seal pan were also having gaps resulting in
leakages of ammonia from the collector to the bottom sec-
tion .

After opening the system and analysing the faults it was
decided to rectify the gaps after seal welding for both the
plates and strips and also between the downcomer plate and
the bottom angle section. Other gaps arising out of the
welding of bottom angle to the equipment also seal welded.
The existing down comer / seal pan system was not dismantled
for the lear of proper fitment at site in the present
conditions.



6. Results of the Rectification:

The results of the rectification were excellent, and proved
the analysis of the internal leakages. The steam valve
opening Cropped as much as by 50 % and reduced the steam
consumption'by 5 te/hr. The operation of the column is
absolutely steady and have given no trouble in the last
eight months. The parameters of the unit before and after
the rectification are tabulated on table 2.

I
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DESCRIPTION PLANT "A" PLANT "B"

851 Steam val,ve opening 47

2 Column pressure kg/cm2 22.7

3 Cooling water flow Control valve
[valve position] 70 % open

Bypass fully

4 Reflux flow

5 Condensate valve
opening

close

4.3 te/hr

21.8 %

26/37.6

7 Cracker load [ F 80 ] 8.6

6 Cooling water temp,
in/out C

25.7

Control valve
full open
By pass 60 %
open.

2.3 te/hr.

51.5 %

26/39.4

9.0

TABLE II

Description Before
rectification

After
rectification

1 Column pressure.

2 Steam valve
opening

3 Reflux

4 Condensate valve
opening.

5 Cooling water
valve position

6 Steam input to
plant.

25 kg / cn>2

85 - 90 %

2.3 te/hr.

52 %

100 % + by pass
open

6-7 te/hr.

23 kg/cm2

45 - 50 %

3.4 te/hr.

29 %

70 % + bypass
close

1-2 te/hr

7 Cracking load 7-8 te/hr. 10-11 te/hr
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