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Most refinery sour water systems 
contain very little CO2, but H2S 
 levels can become quite high. This 

high capacity for H2S is a direct result of the 
weak acid-weak base reactivity between H2S 
and ammonia, and it can make sour water 
extremely foul. H2S removal from sour water 
to low values is mandatory to avoid unac-
ceptable pollution levels. In a similar vein, 
HCN being a weak acid, also reacts with 
ammonia and so is held in solution not just 
as a result of its physical solubility but also 
because of the alkaline environment. 

Sour water is generally classified as phe-
nolic and non-phenolic. Non-phenolic water 
contains almost exclusively NH3, H2S, and 
possibly a trace of CO2. It is generated by 
refinery hydro-treating (hydrodesulphurisa-
tion or HDS) units. When stripped of contam-
inants, non-phenolic water can typically be 
recycled for reuse in the HDS unit as wash 
water, or it can be used as makeup water 
to the crude desalting process. Phenolic (or 
more broadly, non-HDS) water typically con-
tains heat stable salts (HSSs), HCN, phe-
nols, and caustic. Coal derived gas can be 
quite high in both ammonia and hydrogen 
cyanide, and coke oven gas is especially 
high in these components. 

 Ammonia and hydrogen sulphide have 
almost unlimited solubility in water when 
they are present together. This is an inter-
esting consequence of the fact that the 
reactive component of the solvent, ammo-
nia, is volatile and, if present in the gas 
phase, it will continue to absorb as long 
as it can become protonated as a result of 
H2S co-absorption. Thus, it is conceivable 
that a particular sour water stream may be 
a lot more concentrated in ammonia and 

H2S than the solubility of either component 
alone might suggest.

Sour water stripping uses stripping 
vapour, either in the form of steam gener-
ated by a reboiler, directly injected steam, 
or even a hot hydrocarbon stripping gas to 
shift chemical reaction equilibria thermally. 
Stripping vapour supplies heat for vaporis-
ing ammonia, CO2, HCN and H2S. It also 
acts in the role of a “gaseous solvent” to 
carry the liberated ammonia, CO2, HCN 
and H2S out of the system. It functions by:
l heating the sour water feed to the boil-

ing point;
l reversing any chemical reactions;
l diluting and lowering the partial pres-

sure of the stripped gases by furnishing 
excess vapour.
Figure 1 shows a typical SWS column 

using live steam injection and capable of 
adding caustic soda onto any tray in the 
column. Typical energy usage in the strip-
ping process is in the range 0.1–0.2 kg of 
3.5 barg equivalent saturated steam per 
kg of sour water.

If an external reboiler is used to generate 
the stripping vapour, its surface area can be 
minimised by using much higher pressure 
(temperature) steam than is typical in an 
amine regenerator because amine thermal 
degradation is not a limiting factor. How-
ever, there is a practical limit of 200-230°C 
to avoid the coking of heavy hydrocarbons, 
which can lead to fouling and solids deposi-
tion in the reboiler. Furthermore, corrosion 
and vapour blanketing become of increasing 
concern at higher temperatures. 

Local regulatory requirements set 
stripped sour water specifications for NH3 
and H2S. Typical targets for NH3 are 30–80 

ppmw in the stripped water versus unde-
tectable to less than 0.1 ppmw for H2S. 
Publically operated water treatment plants 
generally do not accept influent exceeding 
0.5 ppmw HCN, thus limiting HCN in plant 
discharge. Typical recent installations1,2 

involve 35-45 actual trays.
Phenolic sour water commonly comes 

from refinery cracking units (FCCs and cok-
ers). It can contain organic and inorganic 
acid impurities from heat stable salt precur-
sors and, just as for amine units, ammonia 
partially in the protonated form. It cannot be 
thermally stripped fully because the HSSs 
responsible for permanently protonating 
ammonia are completely nonvolatile and 
cannot be removed by boiling them into the 
stripping steam. In such cases, it is quite 
common to inject a small amount of strong 
base (NaOH) to shift the pH into a range 
where ammonium ion (NH4

+) shifts back to 
NH3. Spent caustic from Merox-type units is 
commonly used for this purpose, but care 
must be taken to ensure that this is not 
the only way to dispose of spent caustic; 
otherwise, the tail will start to wag the dog.

Ammonia can be chemically freed from 
phenolic water by using caustic soda to 
adjust the pH of the water (as measured 
in the stripped, cooled water). The adjust-
ment is usually made by metered injection 
of caustic onto a tray far enough down the 
column that most of the H2S has already 
been stripped out and ammonia is the 
main remaining component. Caustic injec-
tion on a lower tray generally works better 
than injection directly into the SWS feed 
itself because the H2S concentration is 
already small on lower trays. However, 
pH is extremely responsive to caustic 
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In this article, R.H. Weiland, N.A. Hatcher and C.E. Jones of Optimized Gas Treating, Inc. 

show how a new mass transfer rate model is used to demonstrate (a) the effect of heat 

stable salts on stripping ammonia, H2S, and especially HCN, (b) where to inject caustic soda 

for remediation, and (c) what effect excess caustic injection has on stripper performance as 

measured by residual ammonia, H2S, and HCN levels in the stripped water.



Sour water Stripping

2� Sulphur  344 | January - February 2013

stripped
water
stripped
water

stripped
gas
stripped
gas

coolercooler

sour watersour water
X changerX changer

SWSSWS

88

99

caustic
injection
caustic
injection

live
steam
live
steam

Fig 1:  SWS using live steam and caustic injection
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Fig 2:  Effect of steam usage on stripped water quality – no HSSs

Temperature, °C 57

Pressure, bara 4.75

Total flow, kg/h 67 000

Water, mole % 96.4

Hydrogen sulphide, mole % 1.5

Carbon dioxide, mole % 0.1

Ammonia, mole % 2.0

Formate (ppmw) 200

Thiocyanate (ppmw) 100

Hydrogen cyanide (ppmw) 300

Table 1: Sour water feed conditions

addition, so the measuring and control 
elements should be as close together 
as feasibly possible to avoid large fluc-
tuations in pH. As we shall see, no more 
caustic than absolutely necessary should 
be injected because excess caustic can 
permanently bind H2S, CO2, and HCN into 
the solution, and eventually this will find 
its way into biological treatment ponds, 
either reducing the efficacy of the micro-
bial population, or unnecessarily increas-
ing the biological oxygen demand.

Traditionally, SWSs have been mod-
elled as a series of equilibrium stages with 
stage efficiencies being quoted anywhere 
in the range from 15% to 45%, i.e., ranging 
over a factor of three. However, since the 
mid to late 1980s the mass transfer rate-
based approach to simulating a wide range 
of distillation and absorption processes 
has seen very successful commercial use. 
The extension to sour water stripping is 
a natural progression and, in December, 
2011 a commercial mass transfer rate-
based sour water stripper model was 
added to the ProTreat® simulation soft-
ware. The remainder of this article uses 
the ProTreat® simulator’s SWS model to 
explore how HSSs affect the performance 
of SWSs, especially with regard to HCN 
removal, and how caustic addition aids the 
stripping of H2S, HCN, and ammonia from 
phenolic sour water.

Case study
Figure 1 shows the simplest possible 
configuration of a sour water stripper with 
caustic injection. For this case study, the 
same stripper as outlined previously by 
Weiland and Hatcher3 was used. It con-

tained 40 one-pass valve trays on 600-mm 
spacing with 50-mm weirs. Preheated sour 
water was fed at 113°C to Tray 6 (from 
the top), live steam saturated at 3.44 barg 
entered below the bottom tray, and in all 
cases the column was sized for 70% of jet 
and downcomer flood. Caustic could be 
injected on any tray in the column. Table 1 
gives the conditions of the sour water used 
for this case study.

Effect of heat stable salts on HCN in 
stripped water

Weiland and Hatcher3 have discussed in 
some detail the effect of stripping steam 
rate and the absence versus presence of 
300 ppmw HSSs (composition indicated in 
Table 1 on the simulated stripped water 
quality with respect to residual ammonia 
and H2S content. Because heat stable 
salts are mineral and organic acids that 
are stronger than H2S, they react with 
ammonia, thereby forcing the retention of 
a corresponding molar concentration of 
ammonia inclusive of the anion’s charge. 
No matter how much steam is injected 

into the stripper they found there was a 
residual ammonia level that simply could 
not be removed. Heat stable salts have 
a negative effect on ammonia stripping. 
However, they have a decidedly beneficial 
effect on H2S removal because they are 
generally stronger acids than H2S.

HCN is not a heat stable salt; although 
it is acidic.  It is also volatile so it can be 
steam stripped from sour water. Figure 2 
shows the effect of stripping steam usage 
on the residual levels of HCN, H2S, and 
ammonia in the stripped water in the 
absence of the HSSs thiocyanate and for-
mate. These simulation results correspond 
to the sour water shown in Table 1 and 
were obtained when HCN was treated as 
a mass transfer rate component, just like 
ammonia and hydrogen sulphide. In other 
words, these are the predictions of a full 
mass transfer rate model.

In this case, simulation shows that until 
a stripping steam to sour water ratio of 
about 0.13 kg/kg is reached, essentially 
no HCN is removed from the water at all. 
Ammonia removal is certainly not spec-
tacular either, although the residual H2S 
easily drops from 1.5 mole% to just under 
10 ppmw with a stripping steam ratio of 
0.13. Figure 3 shows the reason. 

 At a stripping steam ratio of 0.14 kg/
kg where the HCN starts to be stripped 
from the water, there is a substantial 
bulge in HCN concentration near mid-col-
umn. There is also a smaller HCN bulge 
at a steam ratio of 0.16 where HCN strip-
ping is quite significant. But at the small-
est steam ratio (0.115 kg/kg) there is no 
HCN bulge, and indeed, ammonia stripping 
is so poor that ammonia actually shows 
a broad mid-column concentration bulge. 
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Fig 3:  Effect of steam usage (kg steam/kg sour water) on H2S, NH3, and HCN 
profiles in the water flowing from tray to tray – no HSSs
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Fig 4:  Effect of steam usage (left) and % neutralisation of HSSs (right) on H2S, NH3, and HCN removal

Remembering that HCN and H2S are both 
acidic, the reason is as follows: because of 
its higher vapour pressure H2S is stripped 
first as the water descends through the 
trays, and this releases capacity for more 
of the weaker acid, HCN, to be held in the 
ammonia-bearing water. In other words, 
stripping H2S solubilises HCN. Thus the 
HCN concentration rises. But as ammonia 
is stripped still further down the column, 
the lower ammonia concentration shifts 
reaction equilibrium towards free HCN so 
HCN starts to strip out, too – its concentra-
tion in the water starts to fall. The effect is 
less pronounced at high stripping steam 
rates because ammonia strips out ear-
lier (closer to the top of the column) and 
the lack of an HCN bulge at a very lowest 
steam rate is because both the ammonia 
and H2S concentrations remain high and 
HCN neither solubilises nor desolubilises 
(and like NH3 and H2S, it also refuses to 
strip). Overall, ammonia solubilises HCN, 
but H2S desolubilises it.

When heat stable salts are present, 
the picture changes. As Figure 4 shows 
(caustic is being injected onto tray 10 
from the top of the column), free HSSs 
prevent ammonia being stripped below a 
certain (fairly high) level because the acidic 
HSSs react with and bind ammonia per-
manently in solution. On the other hand, 
HSSs help to push HCN (and H2S) from 
solution because the HSSs are stronger 
acids than either gas. Although not shown 
here, HSSs enhance H2S more than HCN 
stripping because HCN is the weaker acid 
of the two.

Figure 4 also shows that as the HSSs 
become fully neutralised with caustic soda 
(100%), HCN stripping weakens by as 
much as two orders of magnitude at the 
highest steam rate and ammonia stripping 
improves by four orders of magnitude. 
Over-neutralisation to 125% continues to 
improve ammonia release and hinder HCN 
stripping. This behaviour of HCN is very 
similar to what was shown for H2S by Wei-
land and Hatcher3 because of analogous 
acid-base chemistry. Neutralisation of 

HSSs to any degree has opposite effects 
on ammonia and HCN (or H2S). This sug-
gests that perhaps caustic addition should 
be delayed until the acid gases have been 
removed, and added only towards the bot-
tom end of the column to spring ammonia 
from the grip of the HSSs. Figure 5 shows 
the simulated effect of the injection tray 
location on the performance for stripping 
HCN and ammonia.

If one is going to try using caustic soda 
to spring ammonia from the sour water, 
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Summary
Perhaps this article’s most important mes-
sage is that genuine mass transfer rate-
based modeling allows the construction of 
a virtual plant on a computer. There is no 
reliance on estimated equipment perform-
ance parameters such as efficiencies to 
achieve agreement between calculations 
and reality. The power of the ProTreat

®
 sour 

water stripper model is its ability to analyse 
a given tower under specified conditions in 
such detail that the optimal caustic injection 
rate can be very accurately assessed before-
hand. This can go far in taking the guess-
work out of plant process optimisation.

A mass transfer rate-based sour water 
stripper model provides a virtual SWS on a 
computer. Engineers can now design, analyse 
and optimise SWS units with unprecedented 
accuracy and reliability. Plant operations per-
sonnel can answer a wide range of what-if 
questions to troubleshoot operations and 
to optimise existing units with considerably 
more confidence in the results. Some pos-
sibly valuable lessons of this work include:

The optimal caustic injection rate is pri-
marily dictated by the kind and concentra-
tion of heat stable salts in the sour water.

No matter how much caustic is injected 
to spring ammonia, it will have a deleteri-
ous effect on stripping hydrogen sulphide 
and hydrogen cyanide.

The tray selected for caustic injection is 
unimportant as long as it is far enough up 
the stripper that there are sufficient trays 
below the injection point to strip the addi-
tional ammonia.

As long as caustic is added to the sour 
water far enough up the column, the precise 
tray for injection is immaterial to the outcome 
as far as residual ammonia is concerned. In 
other words, even adding caustic directly to 
the feed water itself produces stripped water 
of the same quality vis à vis ammonia, as 
obtained by injection into the column. Some 
practitioners advise to add caustic to the 
feed water; others say always to add it to a 
tray. In fact it makes no difference, so one 
might as well save a feed nozzle.

If stripping HCN is a controlling factor, 
then it may be necessary to limit caustic 
injection to less than the stoichiometric 
amount needed to neutralise the HSSs.

In conclusion, this article has revealed 
several aspects of stripping phenolic sour 
water that do not seem to have been rec-
ognised heretofore because of prior limi-
tations that resulted from oversimplified 
models based upon tray efficiencies and 
theoretical stages. With the advent of gen-
uine mass transfer rate based simulation 
for sour water strippers, such oversimplifi-
cations are no longer necessary. n
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Fig 5:    How residual HCN and NH3 levels in stripped water depend on tray onto which caustic soda is injected.
Caustic rate corresponds to 100% HSS neutralisation

the best results are found with injection 
onto any tray above tray 30 from the col-
umn top. However, that is precisely where 
the most (constantly) negative effect on 
HCN removal is found. If maximum HCN 
removal is the goal, then no caustic at all 
should be used. But then ammonia strip-
ping will be at its poorest. Interestingly 
(and in contradiction to conventional wis-
dom…), for maximal ammonia removal 
caustic might as well be injected right into 
the sour water feed itself—there is no real 
benefit from injecting it onto a mid-tower 
tray! If maximal HCN or H2S removal is the 
goal, no caustic injection at all is called 
for.  Obviously, a balance is needed in 
which the steam rate and caustic addition 
must be matched with the degree of HSS 
neutralisation to achieve the desired levels 
of ammonia and HCN (and H2S) removal. 
But the injection point is not really a signifi-
cant parameter and adding caustic directly 
to the sour feed water is as efficacious as 
injection onto a tray.

In general, simulation is the most effi-
cient way to determine operating param-
eter values in a sour water stripper. With 
mass transfer rate-based simulation that 
is founded upon the real chemistry of the 
process and actual tower internals under 
real operating conditions, nothing is left 
to guess such as tray efficiencies or a 
residence time per theoretical stage. The 
ProTreat® mass transfer rate model is the 
closest digital approximation possible to 
a real plant. This virtual plant can permit 
details to be studied that would be impos-
sible or unsafe to test in actual operation.


