
Safe Burning of Explosive Offgas 

Based on operating experience at a BASF urea plant in Germany, the poten- 
tially explosive offgas can be successfully used as a fuel. 

Dietrich Lutzow and Gerd Hemmer, BASF Aktiengellshaft, Ludwigshafen, Germany. 

Due to the highly corrosive nature of the reactants and 
products of the urea synthesis, the reactors are always 
lined with protective materials, such as titanium or stain- 
less steel. Because the corrosion ofthese materials is much 
lower in an oxidizing atmosphere, carbon dioxide with a 
certain amount of oxygen is generally used by adding air to 
the carbon dioxide before the pressurizing. However this 
means that the offgases from the urea synthesis, containing 
the non-condensable amounts of the raw materials carbon 
dioxide and ammonia ( H,, CO, CH,) and the added air, are 
mostly in a flammable range. This could result in an ex- 
plosion in the offgas system if the gas is ignited by static 
electricity or lightning. 

In  our urea plant, the composition of the  non- 
condensable offgas released to the atmosphere from the 
17-bar-ammonia recovery system can fluctuate in the fol- 
lowing range: 

Offgas, vol. % 
Hz 23-42 
CH, 26-0 
co 0-6 
Ar 4-3 
N2 43-4 1 
0 2  4-8 

Flammability range in air 
HZ 4 - 75.6 V O ~ .  % 

co 12,5- 75 V O ~ .  % 
N HS 16 - 25 VOI. % 

C H I  5 - 15 vol. % 

The variations in quantity and composition of the offgas 
come about because CO, is supplied from different plants, 
i.e., from an ammonia plant or from a Texaco synthesis-gas 
plant, and because the liquid ammonia, mostly supplied 
directly from the ammonia plant under a ressure of 25 bar, 

surized, and is therefore without any dissolved gases (CH4, 
Hz, Nz). 

Therefore, various methods have been tried to avoid an 
explosion: 

1. The flammable expanded gas mixture is diluted with 
inert ases or vapors, such as carbon dioxide or steam; 

washing step, thus ensuring that the ignition limit is 
not reached; 

3. the amount of oxygen is reduced by a catalytic reac- 
tion with the hydrogen present in the offgas. 

In the BASF urea plant, we first used method 1; the 
flammable mixture of CH,, Hz, (CO), Nz, and O2 was di- 
luted with steam before reaching the atmosphere (Figure 
1). Later on, we used carbon dioxide as the diluting gas, 
available at a pressure of 5 bar from a distributing system. 
Additionally, the end of the offgas tube was fitted with a 
flame arrester to avoid flash back in the event of ignition 
by lightning. 

is sometimes pumped from a cold tank, w K ere it is not pres- 

2. the o ff gases are expanded before the last ammonia- 
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Figure 1 .  Offgos from NH,-recovery system. 

In 1980, there was such an ignition by lightning. During 
a thunderstorm an operator observed a long flame, burn- 
ing out of or on the offgas tube. The foreman was able to 
extinguish it by increasing the amount of carbon dioxide. 
Because of this event we think it would be well to install a 
temperature control with an alarm at the flame arrester. 
This is important if the velocity in the vent tube can be so 
low that backfiring is possible, because the flame arrester 
stops the backfiring for a limited time only. 

SAFE BURNING OF EXPLOSIVE OFFGAS 

In connection with the planning of an additional synthe- 
sis unit in 1975 we designed and tested a safe burning sys- 
tem for the offgas, mainly to recover energy and also to 
avoid air pollution. The offgas line from the urea plant to 
the burner is fitted with five safety installations against 
backfiring (Figure 2): 

1. A flame arrester directly after the pressure-control 

2. a flame arrester at the top of the offgas venting tube 

3. a water-seal drum, 
4. a flame arrester below the point of ignition in the 

5. a “velocity” section. 
The flame arrester consists of several layers of special 

wire gauze; the water-seal drum and the velocity section 
were designed by our technical development department. 
The whole safety system for burning the offgas has been 
proved satisfactory by experiments since 1980. 

The offgas is vented when troubles occur at different 
points in the burner plant (Figure 2):  

1. Troubles at the main burner, 
2. “low pressure” in the velocity sensor, which nor- 

valve of the ammonia-recovery system. 

in the urea plant, 

burner, and 
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mally means a low amount and also a low velocity of 
the offgas-air mixture, and therefore the danger of 
flash-back, 

3. breakdown in the supply of air for burning and for 
maintaining a safe velocit , 

means, the burning gas mixture has flashed back, 
5. “water level low” in the water-seal drum, 
6. “pressure high,” directly after the pressure-control 

valve for the 17-bar ammonia-recovery system, 
7. “pressure high” in the line between the urea plant 

and the burner in the neighborhood, perhaps because 
the valve before the water-seal drum was closed to 
protect the vessel. 

The offgas can go to the burner only if the operators of 
the “burner” plant are prepared to receive it. This is indi- 
cated by a light signal in the control rooms of both plants. 
During start-up or shut-down periods and other 
difficulties, personnel in the urea plant can vent the 
offgas. 

4. “high temperature” at t K e flame arrester, which 

There were some difficulties during the first year: 
1. Considerable pressure fluctuation in the offgas line, 

caused by slow response of the pressure-control 
valve(P1C 1164), which controls the 17-bar ammonia- 
recovery system. 

2.  Flash-back of the gas mixture to the first flame ar- 
rester (TIAS 520 high). This failure was caused by a 
variation in the composition of the offgas; the carbon 
dioxide was delivered by another plant and had a 
much higher hydrogen content. Some tests with the 
velocity tube showed that it was necessary to improve 
the shape of the tube to avoid low gas velocity and ac- 
commodate variations in as composition. 

Later on, we observed flash- % ack to the top of the air- 
tube (Figure 3),  the so-called velocity tube becoming red- 
hot. The reason for this phenomenon was a defect in the 
main burner, as a result of which the velocity tube was 
heated and the offgaslair mixture ignited inside. Because 
the gas velocity was high enough, there were only local 
ignitions causing gas pulsations in the velocity tube. This’ 
hindered the gas flow and reduced the velocity, without 
there being “pressure low” at that moment. So the offgas 
was not vented automatically in the urea plant, it burned 

on or over the air injector, and the tube became red-hot. To 
ensure that such difficulties did not occur again, the ve- 
locity tube was protected with a casing tube and cooled by 
a small amount of scavenging air. Additionally, we in- 
stalled a temperature control at the mouth of the air in- 
jector with automatic venting. 

Since the beginning of 1982, the offgas from the old syn- 
thesis unit has been combined with the offgas from the 
new unit; there were no difficulties in burning this dou- 
ble amount in the main burner and only a few additional 

air 

oifgas 

Figure 3. Improved velocity tube. 
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installations were necessary, namely those which were in- 
stalled at the offgas outlet of the new synthesis unit(Figure 
4): a three-way valve, a pressure control, and a flame 
arrester. 

All the control and safety installations, which are de- 
scribed above, now handle the offgas from both synthesis 
units. The operators in the neighboring plant can take over 
the offgas from each snythesis unit separately; similarly, 
urea operators can vent the offgas from each synthesis unit 

seEiE!Ky it is necessary to carefully ground all appara- 
tus of the ammonia-recovery system and to avoid the pres- 
ence of insulated parts inside the pieces of equipment, for 
example temperature- or level-control instruments, be- 
cause they can become charged by flowing solution and 
discharged by a spark, which would ignite the explosive 
offgas. 

This method of energy recovery by burning the offgas 
from two urea-s nthesis units with a production of 1,500 

calculated on the basis of energy prices for the 
Ludwigs hafen site. 

metric tons per d" ay means savings of DM350,OOO per year, 

DISCUSSION 
J. A. Oelers, Stamicarbon: If in a urea plant you try to scrub 
the off-gases completely, you automatically pass the explo- 
sion limits. Then the explosive gas mixture is resent from 

for an explosion then is an ignition source. You mentioned 
two but I believe there are more known and even more un- 
known which make it more dangerous. Your modification 
did not change anything to the composition. The composi- 
tion of the gas mixture which is one of the components that 
tells you somewhat about the heaviness of an explosion. 

With your modification, you just increased the volume 
ofthe explosive gas mixture, and I think you make it worse. 
Did you not consider to burn the components that finally 
lead to an explosive gas mixture in the feed line? 

the scrubber up to the vent valve. The only t R ing missing 

Dietrich Luetzow: You mean that we should reduce the 
off-gas volume of the urea plant, for example, by using 
depressurized ammonia. 
Oelers: No, in your paper you state that the components 
that finally lead to an explosive gas mixture are present in 
the COz feed. I agree with that. Why are you not burning 
them in the feed line and work without an explosive gas 
mixture? 
Luetzow: I think it is normal to work with COZ and ammo- 
nia that contain noncondensables, and it is not possible to 
have no hydrogen, methane and in our company also CO, 
present in the reactants to the urea plant. 
Oelers: It is a well-known technique which has been in op- 
eration already for many years at least in the Stamicarbon 
units. 
Luetzow: I know that it is possible. I have mentioned you 
can reduce the oxygen content in the CO, by catal tic reac- 

in the urea reactor. It is necessary to have an oxidizing 
atmosphere. 
Oelers: Sure, but you add a little more air in the feed and 
burn the hydrogen; then the air for passivation is left. 
Luetzow: Yes, it would be possible. You cannot, however, 
recover the energy of the gases. 
Noordijk, UKF, Holland: I have a question about the main 
burner. I think that you will mix our off-gas with natural 

and natural gas? 
Luetzow: NO, we do not mix with natural gas. We have a 
tube only for this additional explosive gas inside the 
burner and only on this tube is burning the explosive 
off-gas. 
Noordijk: So this gas will be burned in a separate burner. 
Luetzow: No, in the main burner is a separate tube for this 
explosive off-gas. It burns by itself. 
Mix Appl, BASF, West Germany: I did not quite under- 
stand the method mentioned by the gentleman from DSM. 
You mean that you are burning in your feed gas-in CO, 

tion but if you do that, it is not possible to protect t K e lining 

gas. What maximum ratio you can K ave between the off-gas 

Off9 
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v d r c i l y  tub. 

U 
Figure 4. Safety system for burning of explosive offgares from two urea 

plants. 
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and in ammonia-the residual inerts as far as they are com- 
bustible like H2 or methane; it can be done to the extent 
that leave no combustibles over and with only a small 
amount of excess air which you then can use for 
passivatingthe titanium which we use in the Mitsui Toatso 
process, You know this process is a little different from 
yours because you have a stainless-steel liner in your 
process. 
Oelers: Yes, we indeed burn with a platinum catalyst, we 
burn the hydrogen in the CO, feed line to the reactor. We 
add so much air that we end up with 0.6% in the COz. 
Max Appl: What measurements do you take for your am- 
monia? Do you take in this case only ammonia coming 
from -33°C which is degassed, because in case you use 

Dietrich Luetzow is manager of the urea plant at 
BASF AG, Ludwigshafen, Germany. He joined 
BASF in 1955 after receiving M.S. and Ph.D. de- 
grees in chemistry from Munich University. For 
the first fourteen years of his eriod of employ- 
ment he worked in research anias manager of dif- 
ferent fertilizer plants. 

pressurized ammonia of 25 bar you always do have some 
methane and some hydrogen in it? 
Oelers: It was said in your paper that there was no hydro- 
gen in the ammonia. 
Max Appl: No, he gave two reasons for the variations of his 
off-gas composition: 1. Using COP from two different 
sources, the one is the Texaco gasification unit and the 
others are two conventional steam reforming plants; and 2. 
We normally use ammonia which is coming directly from 
the synthesis plants at about 25 bar. Only in the case of 
shutdown of the ammonia plants, we take cold ammonia 
from -33"C, warm it up, and feed it to the plant. 
Oelers: For ammonia there is no solution presently, but we 
are doing research on that. 

G. Hemmer is chemical engineer in the technical 
research and development division of BASF- 
Ludwigshafen (W.-Germany). He holds a B.S. in 
mechanical engineering. He is now specialized on 
combustion and safety engineering. 

Corrosion of a C0,-Absorber Tower Wall 
It is demonstrated by industrial experience that a situation involving inade- 
quate wetting can exist for years before it suddenly results in dangerous 
corrosion. 

W. D. Verduijn, Exxon Chemical Co., Rozenburg, The Netherlands 

ESSO CHEMIE'S HOT-CARBONATE FACILITY 

Genorol Overview 

A picture of Esso Chemie's COz-removal facility is 
shown in Figure 1. Three towers are visible: one lean- 
solution regenerator, one semi-lean-solution regenerator, 
and one absorber. The latter tower consists of a bulk- 
removal section and a thinner clean-up section. Figure 2 
shows a flow diagram and some operating conditions. The 
solution itselfconsists of a mixture of potassium carbonate 
and potassium bicarbonate in water, to which a catalyst 
(DEA lus boric acid) and a corrosion inhibitor(vanadium) 
have E een added. Vanadium is kept in the active, 
corrosion-inhibiting pentavalent, rather than in the inac- 
tive quadruvalent, state through the continuous injection 
of a small air flow into the circulating solution. A typical 
anal sis of Esso Chemie's hot-carbonate solution shows 

KzC03 DEA H3B03 V4 VS Fe C1 
0.2 3.1 60 25 

the 8 ollowing composition. 

wt. POprietary) o wt.% wt.% g/liter g/liter wt.ppm mg/L 

A mechanical filter and activated carbon drum, like 
those illustrated in Figure 2, are used to clean up the solu- 
tion. 
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Absorber 

The absorber tower is a completely stress-relieved, 
carbon-steel vessel. 

The only stainless-steel arts are the gas distributor in 
the bottom and the was K trays in the top. The  gas- 
distributor nozzle is 304L stainless-steel-clad, as is the 
tower wall above the upper bed. 

The bottom section contains two large beds, packed 
with carbon-steel Pall rin s. The top section contains three 
smaller beds, packed wit a carbon-steel Pall rings as well; 
the upper 60 cm (2 ft) of Pall rings in the higher bed are 
stainless steel. In September, 1971, three years after com- 
missioning, the Pall rings of the two lower beds were re- 
moved. The bottom section was internally inspected and 
no abnormalities were found. In May, 1973, the Pall rings 
of the three upper beds were removed. The top section 
showed no abnormalities either. 

In February, 1975, the manholes of the washtray section, 
the cone area, and the bottom space (see Fi ure 2) were 
opened for inspection; the Pall rings were le g; in place. In 
both the top and middle arts no abnormalities were 
found. In the bottom space, [owever, light weld corrosion 
was found: all circumferential welds showed corrosion in 
the heat-affected zones up to 2 mm deep. Some weld mate- 
rial was also affected. 
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