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IMPROVED ENERGY RECOVERY ON A SULPHURIC ACID PLANT TA/82/4

G B Whyte
Scottish Agricultural Industries PLC - U.K.

1. INTRODUCTION

Ssulphuric acid plants produce large guantlties of heat
and normally waste heat boilers recover about 55% of the
total heat released as steam. Thiszs can be used to drive
the blower on the plant, generate electricity or be exported
for process use on the site. The heat from coeoling of the
absorber and drying tower acid circulation systems which amounts
to about 35% of the total heat has in the past not usually
been racoverad. Cast iren serpentine coclers which aye
commonly used for this duty can give rise to many problems
particularly when seawater is used as the coolant.

wWith the ever increasing cost of energy and development
of heat exchange systems for sulphuric acid coeling the
recovery of heat particularly from the absorber tower circuit
has become increasingly attractive. This is particularly so
where thera is a use for low grade heat. In 1980 as part of
an enerqgy saving campalgn at Leith Pertiliser Works studies
were carried qut on the benefits to be achieved from the
recovery of heat from the acid cooling circuits of a 75,000
tonnes H,80,/year sulphuric acid plant, The economics of
installi%g.a heat recovery system on the absorber tower
circuit looked worthwhile and it was decided to replace ail
the existing serpentine coclers on the plant with plata heat
axchangers. The instgllation was commissioned in June 1981
and good operating experience had been obtained from the heat
exchangers/coclers. Reliable performance has also been
achieved from a shell and tube heat exchanger, without energy
racovery, on acld cooling duties on another sulphuric acid
rlant. :

This paper reviews design parameters, economics and
operating experience on the two installations.

2. BACKGROQUND

The SAIL Fertiliser Works at Leith manufactures a range of
ammonium nitrate based granular compound fertilisers, prilled
ammonium nitrate and powdered ammonium phosphate ('PhoSAIY).
The back-up production facilities incdlude nitric acid,
phosphoric acid.-and sulphuric acid plants. The two sulphuric
acid plants are of the sulphur burning contact type and their
waste heat boilers supply a large proportion of the process
steam demand for the site, Qil fired boilers make up kthe
deficit of the steam ragquirements.

No.l Plant was originally rated at 8,000 tonnes H,S50,/
year and No.2 Plant at 30,000 tonnes/year but their Du%pu%
has been progressively increased to the present level of around
115,000 tunnes‘H2504/year. Both plants had cast iron



serpentine acid coolers with seawater as the c¢oolant on the
absorber/drying tower acid circuits. The seawatex was
discharged to drain. The coolers were a source of significant
plant downtime, high maintenance costs and plant ocukput was
being limited due to the difficulty of maintaining effective
distribution of water over the coolers. There were therefore
other incentives apart from heat recovery in terms of potential
increased plant output and reduced maintenance costs to

replace the coolers.

The f£irst step was taken in 1979 when it was decided to
replace the existing coolers on the smaller plant (Ne.2) with
an anodically protected.shell and tube heat exchanger to cool
the acld for both the absorber and drying towers of the plant.
Following this in 1981 plate heat exchangers were installed
in the larger plant (No.1) to cool the separate absorber and
dryer tower acid c¢ircuits and recover heat from the absorber
acid circule. This heat is used to pre-heat boiler fesd
water for the waste heat boilers on both sulphuric acid plants
and the oil fired hoilers on the site so reducing the amount
of oil generated steam required for this purpose. There was
no justification for heat recovery on the dryer tower acid
circult which operates at lower temperatures.

3. ACID COOQLING WITH A SHELL AND TUBE HEAT EXCHANGER
; {No.2 PLANT) i '

In 1378 production from the two sulphuric acid plants at
Leith was insufficient to meet the company's acid requirements
and the shortfall had to be met Ly purchased sulphurie acid.
As the seawater cooled ¢ast iron serpentine coolers in No.2
Plant were restricting output it was decided to investigate
the possibility of their replacement with a modern heat
exchanger acid cooling system.

Chemetics, a subsidiary of Canadian Industries Limited,
had developed an all-welded high alloy stainless steel shell
and tube heat exchanger for sulphuric acid cooling. As is
well known the corrosion rate of stainless steels such as
304L and 316L when exposed to concentrated sulphuric acid
is very dependent upon the acid temperature. Relatively
small rises in temperature can increase the rate of corrosion
very markedly and failure of a shell could occur in a very
short time if some form of corrosion protection is not provided.
Chemetics by the use of anodic protection on the heat exchanger
shell keep the corrosion rate to a very low value so achieving
an extended shell life.

Generally the materials of construction used in thesa
exchangers are dictated by waterside considerations and not
by the acid side. The proposed installation at Leith proved
to be no exception because while there were a number of
sulphuric acid plants operating successfully with coolers of
this type the majority used freshwater for cocling purposes
with the water tubes constructed from 316L stainless steel.
There was only limited experience with seawater cooling on
Chemetics heat exchangers and there was concern about the
rate of corrosion and likely life of the water tubes when



when operating on seawater at Leith. Apart from assessing
the likely corrosion resistance of different alloys to
seawater particular attention was given t¢ the standard of
surface finish that could be achieved on the internal bore

of tubes as manufactured. Freedom from defects on the bore
of the tubes was very important because of the risk of depasits
of scale or marine growth forming in the defects which could
lead to crevice corrosion and eventual perforation of the
tubes. From experience in other locations using seawater it
was ¢considered that crevice corrosion would be the main
hazard and it was clear that rigorous quality control during
manufacture of the tubing would be ezsantial.

Having evaluated fully the corrosion resistance of varigus
alloys and standards of fabrication and inspection usad by
Chemetics it was decided to go ahead with installation of a
shell and tube cocoler to the following -specification:

Tubes - Avesta 254 SMO (a high molybdenum alloy specially
developed for seawater cooling applications. :
Analysis of 20% Cr, 18% Ni, 6.1% Mo, 0.7% Cu,

0.020% C)
Shell - 304L stainless stael
Tubesheets - S904L stainless steel
Shellside - Acid with anodic¢ protection
Tubeside - Seawater, 3 pass

A simplified flow diagram of the cooler installed on Leith
No.2 Plant is shown in Figqure 1. A single circulation tank
raceives acld from both the dryer and absorber towers and it is
then pumped through the acid cooler. The temperature of the
acid in the circulation tank is 85°C. 4 proporticon of the
total acid circulation is cooled down to the dryer inlet
temperature of 60°C while the acid required for the absorber
tower is mixed with the halance of the uncooled circulation
and enters the absorber tower at 75°C.

To Drver a0°cC
Y —"

tower ' —\
To Absorbker 75°¢C
tower el ‘ ~
From Dryer g85°¢c 4 A
and Absorber - : BO°C
towers 141 m? /hr
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85°C | ( ‘ ‘ #
- | S osssTnIIIITI I —
om = - = = induiuieluiniindels
e e LT oo
9 Chemetics Cooler Seawatar
98.7% 1,50, o
182 m?* /hr —
To drain 13°¢C

Figure 1 ~ Flow diagram of acid cooling system on
No.2 Sulphurie Acid Plant
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The new cooler (Figure 2) was installed with the minimum
of disturbance to operation of the Plant. Because of its
compactness (5 m long x 0.6 m diameter) it was possibhle to erxect
the heat exchanger adjacent to the existing acid cooler banks
while the plant was in production and it was commissioned during
a 24 hour shutdown.

The installed cost of the cooler etc was £85,000 in 1978.

o

e, s o e e s

Figure 2 - Zhell and tube cooler con No.2 Plant

(2} Design aspects
i] Pravention of corrosion :

In addition to anodic protection. on the acid side, steps
are taken to minimise corrosion on the seawater side. The unit
has a high velocity seawater flow through the tubes to minimise
formation of scale and marine growth which could lead to crevice
corrosion. In addition the high circulation rate of seawater
ensures that the tube wall temperatures are maintained as low
as possible. To maintain this high velocity at all times control
of acid temperature is by use of an acid bypass around the cooler
while maintaining full seawater flow. The seawater 1is
filtered and chlorinated for part of the vear in order to
minimise biological growth which could lead to fouling of tubes,
and hence slevated seawater temperaturss and corrosion problems.
Because of the need tc have high velocities through the tubes,
the seawater flow through the Chemetics cocler is double that
used previously on the serpentine acid coolers.

If the plant shuts down for any reason, seawater is
immediately drained from the cooler. The shell is then flushed
out with fresh water so that there is no possibility of having
stagnant seawater within the unit at elevated temperatures.



ill Leak detection

Acid pressure is maintained above seawater pressura so
that should a failure occur, the pH monitoring equipment in
the seawater system will give an alarm allowing remedial] action
to be taken immediately.

iii] Operating experience :

Since its installation in September 1979 operation of the
shell and tube acid coolex has been virtually troubile free.
The anodic protection unit has worked very effectively and there
is no evidence of corrosion on the acid sice. The tubes
handling seawater are also in good condition. As a direct
result of removing the acid cooling restrictions on the Flant
output has been increased by some 30% giving a pay-back in
less than one year after taking inte aceount the extra
operating costs for pumping seawater eta.

4., ACID COOLING AND ENERGY RECOVERY WITH PLATE HEAT EXCHANGERS
(No.1 PLANT)

The objectives in considering replacement of the existing
acid coolers with a cooling/enexgy recovary system were
threafold:-

i] To preheat boiler feed water for boiler plants on the
site up to a temperature of 80°C and so reduce the amcunt of
sSteam required for this purpose.

1i] To increase the acid cooling capacity of the plant.

31i] To reduce plant downtime and maintenance costs associated
with acid e¢ooling.

In any heat exchange system for pre-heating boiler feedwater
using neat from an acid coeling circuilt there is a risk of
contaminaticn of the boiler feed water with sulphuric acid.
In order to reduce this possibility to an absolute minimum it
was decided that the duties of acid cooling and pre-heating
of boller feed water should be carried out in separate heat
exchangers linked by a closed eircuit of softened water. In
this arrangement heated water from the acid coaler is used to
preheat the hoiller feed water in a secondary heat exchanger.
A trim heat exchanger with seawater cooling is also provided
in the closed circuit for temperature control purposes.

Three alternative cooling/heat recovery schemes using this
basic design concept were considered.. One used anodically
protected shell and tube heat exchangers similar to the unit
installed on Leith No.2 Sulphuric Acid Plant and two used plate
heat exchangers without anodic protection. Following detailed
examination of the altermative schemes it was decided to instal
the plate heat exchanger system developed by Alfa Laval.

Conventional plate heat exchangers were usaed and Figurs 3
shows an exploded view of a typical unit. Heat transfer occurs
in a pack of corrugated metal plates. Flow ports, at the
corners of each plate, are arranged sc that two ligquids flow
in alternative channels and heat transfer occurs through each
plate. Gaskets, bonded into grooves arqund the edges and the
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ports determine the flow pattern and seal the channels,

The plates are mounted between upper and lower carrier bars

and are compressed against a fixed cover by means of a moveable
end plate and horizontal tie bolts. Fluid connections
located on the fixed cover, As in all plate heat exchangers
the ¢ooling water and acid sides are esasily expased for
Cleaning and maintenance, all within the length of the

frame,
Jal A T
=
=
3
il
Gaskets -

Figure 3 - Exploded view of plate heat exchanger



Figure 4 shows the two acid coolers at Leith.

Absorber Acid
Plant coolers
on No.1 Plant




A simplified flow diagram of the plate heat exchanger
system as installed at Leith is shown in Figure 5. Acid
(98.7% H,580,) from the absorber tower discharges into a brick
lined tan rom where it is pumped through two plate heat
exchangers in parallel to cool the acid from $2°C to 70°C,

The plate exchangers are of Hastelloy C construction with
Viton gaskets. A proportion of the cocled acid bypasses

the absorber tower and is returned to the pumping tank in
order to limit the temperature of the acid going to the
coolers to 92°C. The absorber acid is cooled by an
intermediate loop of circulating softened water. From the
acid cooler the heated water flows through the boller feed
water heater which pre-heats feed water for the sulphuric acid
plant waste heat boilers and the 0il firad boilers on the site
frem 10°C to 80°C. The water heater is a single plate heat
exchanger with AISI 316 plates and athylene propylene rubber

gaskets. A further plate heat exchanger (trim cooler) with
seawater as the ccolantis provided in the circuit for temperature
control purposes. This iz to deal withany fluctuations in

the circulating water outlet temperature of the water heater
caused by changes in demand for boiler feed water preheating.
Temperature control to the required level for entry to the

acid caoler heat exchanger is achieved by means of an automatic
valve on a bypass around the cooler, The trim cooler is a
single plate heat exchanger with titanium plates and butyl

" gaskets. .

The heat exchange system was designed to pre-heat 33 MY/
rhour of boiler water from 10°C to 80°%C. If however boiler
feed water demand should peak above this level the additional
flow required bypasses the energy recovery heat exchanger.

If demand is below 33 M'/hour the excess preheated water
racycles through the feed pump hack to the inlet of the water
heater,.

Typical temperature conditicns for the system are given
below: '

Acid in - 70°C

Absorber tower -
- Acid out - 100°C
Absorber acid -~ Acid in - 92°C Water loop in 27°C
Coolers - Acid out = 70°C Water loop out 82°C
Water heater - Boiler water in - 10°C Water loop im 82°C
_ ~ Botler water out - 80°C Water loop out 54°C
Trim ¢ooler | - Seawater in =~ 15°C Water loop in 54°C
- Seawater out = 30°C Water loop in 27°C

Under these conditions approximately 2.5 mw is recovered from
the absorber circuit,

The acid on the drying tower circuit iz cooled from 50°C
to 40°C in a separate plate heat exchanger using seawater as
the coolant which discharges to drain. In this case Hastelloy C
_ bPlates with Viton gaskets are used.
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Figure 5 =~ Absorber Acid Cooling/Energy Recovery System
on Neo.1 Sulphuric Acid Zlant.
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The cooling/heat exchange system which is shown in
Figure 6 was partly erected off site in modular fashion.
The old cast iron serpentine coolers were then demolished
and the new heat exchangers erected in the same location.
The work was carried out during a five week shutdown of +he

plant.

The new plate heat exchangers are very compact and

occupy only a fraction of the space required for the oid

serpentine coolers.

The total cost of the installation in

1981 was £250,000 of which £95,000 was for the heat exchangers.

-

o

Absorber
acid
coolers

—

Access

Dryer acid
cooler

—

9 m :
P e’
Line of
original ‘ 1
cooling pond
New platform mounted
upon . the -support
pisrs for the
, 0ld cooling bhanks
Trim -
eooler -

o e

Boiler
water heater

— e

Water loop
girculation
pumps

17 m

Water loop
supply tank

Figure 6 -~ Plan of acid cooling area, No.1 Plant.
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(a) Design aspects

il Expected plate life

prior to the installation of plate heat exchangers the
acid temperature ex the absorber tower €O the serpentine
coolers was around 100°C and there were problems with acid
leaks from the pipes and joints. At this temperature the
corrosion rate on Hastelloy ¢ plate exchangers would be at
least 0.2mm/year in relation to a plate thickness of 0.7mm.
For the Leith installation the design acid inlet temperature
to the plate cooler was fixed at 22°C. This was a balance
between having a rsduced temperature for minimal corrosion
and extended plate lLife and a higher temperature for improved
energy recovery. The corrosion rates at 92°C are estimated
to be 0.1mm/year reducing to 0.07mm/year at the outlet section
of the cooler where the temperature ig 70°C. Each year by
reversal of the direction of fluid flow and by inter-changing
the channels through which the acid and water flow the higher
leval of corrosion due to acid at 92°C is spread more evenly
throughout the heat exchanger. Under these circumstances
the estimated average corxosion rate over a perlod of four
years is 0.11mm giving an expected plate life of over 12 years.
The changes in acid and water flows outlined above <an be
achieved without disturbing the plate pack or modifying the
pipework. Since failure of gaskets usually occurs due to the
inability to re-seal a disturbed jeint the rotation of the acid
and water port duties without dismantling the plant pack
should result in a gasket life of over four years.

ii] Prevention of contamination of boiler feed water :

As mentioned earlier the use of an intermediate heat
exchanger for preheating boiler feed water minimises the
possibility of contamination of boiler feed water with
sulphuric acid or seawater. Howevar to reduce the risk
even further the pressures in the various acid and water
circuits are arranged so that possible acid or seawater
leakage paths would flow away from boiler feed water.

This is indicated in Figures 7. In addition the intermediats
loop is monitored for pH changes and losses or gains in
fluid so that a leak would be detected gquickly.



Leakage via boiler
water heater

Inter-
mediate
water

loop Leakage via absorber

acid coolers

Leakage via
trim cooler

Seawataer

Figure 7 - Leakage paths in the event of plate
perforation.

iii] Beiler water preheat temperature :

The boiler water preheat temperature is maintained at 80°C
independent of plant lead. This is achieved by keeping the
acid temperature to the acid coolers at %2°C over a wide
range of plant outputs. Contrel is achleved with a bypass
on the intermediate water loop which alters the flow through
the trim cooler and hence the heat lost by it. Control
of seawater flow to the trim cooler was rejected as an
option since at low plant loads this would lead to the
seawater outlet temperaturs from the c¢oolers being in excess
of 45 = 50° and =scaling might occur.

iv] Protection against choking and fouling

Wwith the fine c¢learances between the plates in the heat
exchangers, steps have to bhe taken to minimise the possibility
of choking resulting from the ingress of debris for exampls
from degraded brick work from the absorption tower.
Backflushing arrangements are provided so that any debris
gaught in inlet ports <an be flushed out and discharged
through a separate return line. The acid is filtered before
raturning to the pumping tank. A backflushing arrangement
iz also provided on the seawater side of the trim cooler.
Seawater is c¢hlorinatad during part of the year to minimise
the possibility of marine growth and fouling of the heat
exchange surfaces.
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(b) Operating experience

Operation of the plate heat exchanger cooling system
which was commissioned in June 1981 has been virtually trouble
free. The problems associated with inadequate cooling
especially in summer have disappeared and it has been possible
to run the plant-at higher production rates for longer periads.
The number of plant shutdowns caused by acid cocler problems
has decreased dramatically and the cloud of steam which hung
over the 0ld coclers has disappeared. In addition the naw .
cooler system has led to improved start-ups of the plant as
optimum acid temperatures can be reached mere quickly than
with serpentine <¢oolers.

The design operating conditions have been achieved in
practice and boiler feed water is heated from 10°C to 80°C
reducing oil demand by 1700 tonnes/year. This gives a
reduction in ¢il consumption worth £200,000 per year - a pay
back in just over a year on the capital cost of £250,000.

In addition there are benefits in terms of higher plant qutput
and lower maintenance costs.

5. FURTHER DEVELOPMENTS

Since the installation of the plate heat exchanger system
at Leith welded plate heat exchangers with anodic protection
- for sulphuric acid cooling and heat récovery at elavated
temperatures have been developed. Welded plates have
replaced the Viton gaskets on the acid side which have in the
past been a limit on the temperature of operation and it is .
now possible to have acid. inlet temperatures in excess of
100°C. This is similar to the temperatures achieved with
shell and tube heat exchangers with anodic protection which
have been in operation for scme years. There are also
installations using Teflon heat exchangers either of the shell
and tube type or immersion ¢olls for sulphuric acid cooling
and heat recovery.

As well as recovering energy from the acid cooling circuits
of ‘a plant it is also important to look at the energy a plant

- consumes particularly through the main air blower which is of

course a reflection of the pressure resistance. through the = .
‘plant. At Leith it will be necessary to replace the absorber
tower on No.1 Plant in the near future and the opportunity will
be taken at that time to instal a new tower with a lower
pressure drop - so reducing the energy absorbed by the blower.

6. CONCLUSIONS

The replacement of the cast ireon serpentine coolers on the
two Sulphuric. Acid.Plants at Leith with shell /tube and plate
heat exchangers for acid cooling and. heat recovery has been
successful. The bhenefits are summarised below:

(2} Substantial savings in fuel have resulted from the
_ installation of a heat recovery system.

(b} Increased sulphuric acid output has been achieved as a
result of improved plant availability and increased
gooling capacity. ‘ :
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(¢) Maintenance costs on the acid coolers have been
raduced.

(d) Better control of acid temperatures has been possible
leading to ilmproved operation of the plants particularly
during start up periads.
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TR/82/4 Improved energy recovery on a sulphuriec acid plant, by G.B. WHYTE, Scottish

Agricultural Industries PLC, United Kingdom

DISCUSSION : (Rapporteur P. ORPHANIDES, PFI, Greece)

Q_

A -

Mr. A.M. HUNTER, Syricon Ltd, United Kingdom

Would Mr. Whyte tell us why SAI selected a Chemetics cooler for their N® 2 plant
and not plate exchangers, and for their N° 1 plant plate exchangersz and not a
Chemetics cocler?

The design studies we have undertaken and installations we have designed, utilizing
both types of exchanger, indicate that for a plant of the capacity of N°® 2 plant
plate exchangers would probably be a more aconomic choice. The shell and tube unit
would be more attractive at high plant capacities and particularly where heat reco-
very is involved.

While what Mr. Hunter says is probably correct as far as design studies are concer-
ned the situation at Leith was somewhat different.

Chemetics worked very closely with us on the installation of the Shell and tube
heat exchanger on N® 2 plant. They were interested in getting further experience
with a cooler operating sea water and the whole package they proposed for the coo-
ler system was very attractive to us. On hot plant we fully considered the alter-
natives of Shell and tube and plate heat exchangers taking into account limited
availability of sea water for cooling, the limitation of the absorber and tempera-
ture to around 92° C and capital costs ete... As you know we finally decided on
Alfa Laval plate heat exchangers.

I think that one cannot generalige on what should or should'nt be installed and
every proiect should be evaluated on its own merits.

Mr. L.J. HENDRIKS, UKF, MNetherlands

1. In many places in the world, the guality of the coeling water is for our purpo-
ses "too good" due to waste-water treatment, etc... (even for brackish-river
watar) .

Biological growth is becoming more and more an important disturbing factor.
To minimize this effect you chlorinated for a part of the year the sea-water,

Iz this operation continucus or interruptible?

Are vou starting this operation at a certain distinet sea-water temperature level?

2. In your paper is mentioned the use of Teflon-Spaghetti-Heat exchangers.

Why did you select plate-heat exchangers instead of Teflon Immersion-Coils?
Was the choice based on:

- Lower investment cost?
= Maintenance co=t?
- Production reliability?

Can you give an indicaticn of the project, hased on:
- Lower maintenance ang

— Better operation performance?

Excluded: Energy Saving!

I. After several years experience we have found that we require to chlorinate the
sea water during the period April to September each year, This i3 when the sea
water temperatures are higher and biological growth is prevalent but we do not
check the water temperatures hefore starting chlorination of the water,
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2. We selected Alfa Laval plate heat exchangers following an evaluation of alter-
native options taking inte account several factors including the plant opera-
ting conditions at Leith, experience of plate heat exchangers operating under
similayr copditions elsewhere, capital cost, etc... We did not evaluate Teflon
immersion coils but I would have reservations about their reliability when
operating under the conditions pertaining at Leith,

3. It may be possible to justify the installation of plate heat exchangers purely
on lower maintenance costs and better operational performance but this will
depend upon other limitating factors on a particular plant. For example the pres-
ure drop through the plant may be critical and to take full advantage of poten-
tial increased output a new blower would be necassary — but this would require
an economic evaluation.

Mr., E. GONTHIER, Prayvon-Rupel, Belgium
Why do yow usea by-pass after cooling the acid to keep the temperature at 32° C°

We feel that, as long as hydrodynamic flow conditions in the tower allow a fluctua-
tion, it is preferable to increase the acid flow in the tower and to adjust the
acid temperature in the pumping tank with the ocutlet temperature in the tower.

Thiz would hawve the following advantages:

- a lewer AT in the tower
~ limited variations arcund the optimum absorption conditions
- a uniform temperature at the pump aspiration.

I'am sure that the questioner purpose is correct hut we had limitaticns with egquip-
ment on an existing plant and we decided to limit the corrosion rate on the abzor—
ber cooler by controlling the acid inlet temperature to 92° C.

Mr. D. BHAGA, Chemetics, Canada

By using higher acid handling capability of anedically protected acid cooler it
would have been posszible to recover 20% more heat (10° ¢ to A% 95° €}, Why did
8AI ept for recovery heating boiler feed water only to 80° C7

Az L stated in my reply to Mr. Hunter we were concerned about running our N° 1
plant with acid from the absorber towsr at a temperature of ~ 100° C because of
corrosion problems throughout the plant. The heat recovery Inatallation in the
sulphuric acid plant is only part of an energy reduction programme throughout
the works and in the future we should have additional waste heat avaflahle from
a new plant we propose to install.

So hence another reasen for restricting energy recovery from this installation.

Mr. R. GUYARD, Chemetics, Canada

You mention a 0,11 mm/vear corrosion rate and a 12 vear plate life, What is the
thickness of the plates? We consider half thickness as the reasonable limit for
practical equipment lifa,

The estimated corrosion rate of 0.1 mm/year given In the paper is at a temperature

of 92° C. At 10° ¢ the aecid outlet temperaturs, the estimated corrosion rate. redo-
ces to 0.01 mm/year. By reversing the direction of fluid flow and by interchanging

the channels -through which the acid and water flow the eztimated average corrxosion

over four years is 0.11 mm giving a total corrosion less of 0.33 mm over 12 years.

The plate thicknesgs iz 0.7 mm so that the expected corrosion over 12 years iz

about half of the plate thickness.



