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Aqueous process condensates (PC) amounting to 50-60 m3/h are formed in existing type 
KT-I combined plants for deep refining of petroleum. The main contaiminant in these con- 
densates is ammoniumsulfide with its content reaching 4000 mg/liter (on conversion to sulfur). 

A PC treatment unit was included as part of the KT-I plant in the Pavlodarsk refinery as 
envisaged by a project. This unit treats the PC by a method of blowing away the hydrogen 
sulfide and ammonia with hydrocarbon gas at 98~ temperature and i:i00 ratio by volume of 
PC to gas. 

Two years of operating experience with this unit showed that the required neutralization 
depth is not achieved. Concentration of residual sulfide sulfur is 500-3000mg/liter which is 
10-60 times more than its maximum permissible concentration for biological treatment plants 
(BTP). In view of this, it became necessary to replace the less efficient method of PC treat- 
ment as provided for by the project with the industrially approbated process of local cataly- 
tic oxidation treatment of effluents (LCOTE). Essentially, the LCOTE process consists in 
liquid-phase oxidation of toxic sulfides contained in effluents upto thiosulfate and sulfate 
with oxygen of the air in the presence of the heterogeneous catalyst KS-I [2]. 

Volumes of PC formed in different sections, and sulfide sulfur content in them, were 
determined from a study on the KT-I plant of the Pavlodarsk oil refinery (Table i). Data 
obtained show that it is inadvisable to treat PC from the vacuum distillation of atmospheric 
resid section since sulfide sulfur content here does not exceed the maximum permissible con- 
centration for the BTP. Taking into account the positive experience of using aqueous PC 
in electrical desalting unit-atmospheric vacuum tubestill unit [3], PC from this section can 
be recommended for use as circulating water in crude oil desalting. In this manner, the out- 
put of the PC neutralization unit using the LCOTE method is 20-25 m3/h. For this PC flow, 
the oxidation column of the project PC treatment unit facilitates the required condensate 
residence time in the reaction zone (more than one hour). 

Experience of three years in using the LCOTE process at the Moscow oil refinery for 
treatmens of a mixture of PC from the G-43-I07 plant and alkaline sulfurous effluents formed 
during alkylation of benzenes in vacuum-tubestill units shows that I h is adequate for neu- 
tralization of PC with 3000-4000mg/literinitialsulfidesulfur content [i]. The project PC 
treatment unit in the KT-I plant of the Pavlodarsk refinery was reconstructed in accordance 
with recommendations of the VNIIUS. The air pipe was led to the bottom of the oxidation co ~ 
lumnand a pipe was fitted for supply of the used up air to the furnace combustion chamber 
through a fire-screen. An efficient air distributor was fitted at the bottom part of the 
column. The packing (Raschig ring) was removed and in its place, three layers (each of 2.6 m 
height) of catalyst KS-I (2.5 t) were loaded in the form of 50 mm diameter Pallya rings. 

Condensate from the KT-I plant enters a buffer tank by gravity flow (see Fig. i) where 
it is safeguarded from the hydrocarbons and pump fed through a heat exchanger and steam pre- 
heater (up to 75-80~ to the top of the oxidation column. The neutralized PC is pumped out 
from the bottom of the column through a heat exchanger and air cooler to the BTP. Process 
air at 0.2 MPa pressure is supplied at the bottom of the oxidation column through the air 
distributor. The used up air from the column top is directed through the air cooler, separater, 
and fire-screen underneath the furnace combustion chamber for deodorization by heating. 

Results of operation of the PC treatment unit based on the LCOTE method are in Table 2. 
The PC flow during the investigation was -25 m3/h on the average and, sulfide sulfur content, 
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TABLE 1 

............................... PC vol- Sulfide .................... 
Section ume, sulfur con- 

........ m3/h Itent.z m~/liter 

Viscos. breaking of vacuum resid I 300--750 
Vacuum. distillatn, of atmospheric resid 30 7--35 
Hydrotreatment of gas oil 5 400--2000 
Catalytic crackingof gas oil 13 2000--4500 
PC collector 50 i 000--4000 

TABLE 2 

Sulfide 
TemD. at Flow, m3/h sulfur . pH of PC 
bottom of __. content,~' 
oxidatn, mg/liter Degre@ of 
CO luran ~ purli ica- 
~ I beforelafter Ibeforei~after tion, % (tel) 

PC air treat-ltreat- treat-~treat- 
......... r, I ment ~m,en~ ment llment , 

77 
65 
75 
80 
60 
69 
58 
59 
75 
70 

15--27 630 9900 Absen t  8,37 9,00 I00 
25--28 600 1230 120 8,80 9,15 88 
95-- 28 590 1070 Trace  8,84 9,16 I00 
25--30 590 1 2 4 7  Absent 8,75 9,25 I00 
25--30 630 1500 155 .. 8,55 9,15 90 

30 630 1700 T race  8,70 9,10 I00 
25--30 630 1063 107 - -  - -  90 
25--30 615 I085 180 - -  - -  84 
I0--20 430 926 A b s e n t  8,75 9,05 100 

, 22 540 1890 _ I02 8,63 9,20 95 

*Determined by the potentiometric titra- 
tion method in accordance with GOST 22985- 
78. 

Fig. i. Flow chart of unit for treatment of process con- 
densate from the KT-I plant: i) tank; 2) heat exchanger; 
3) oxidation column; 4) steam preheater; 5) separator; 
6) air cooler; 7) fire-screen; 8) furnace; I) PC; II) air; 
Ill) oxidized PC; IV) used up air; V) steam. 

930-2200 mg/liter. Reduction intemperature in the oxidation column to 70~ and below leads to, 
increase in residual sulfide sulfur content in the treated PC to 100-180 mg/liter, Thus, the 
optimum temperature in the oxidation column is 75~ and, air flow, 550-600 ma/h. The pH of 
the neutralized PC increases by 0.5 thus testifying to the formation of ammonium hydroxide. 
The main product of ammonium sulfide oxidation is ammonium thiosulfate. Hydrogen sulfide 
content in the outgoing air is ~5 g/m 3. 

Experience in operation of the PC neutralization unit based on the LCOTE method showed 
that the air cooler provides for adequate degree of cooling of the PC and air without a blower. 
Compared to the project solution for neutralization of sulfide containing PC, the LCOTE proc- 
ess introduced in the Pavlodarsk oil refinery is characterized by lower steam and electrical 
power consumption since the process takes place at a lower temperature (75~ instead of 98~ 
for the project) and does not require subsequent MEA treatment of the hydrocarbon containing 
g a s :  

Based on results of industrial tests, it was recommended that all type G-43-I07 and KT-I 
deep refining plants which had been constructed earlier, and redesigned, be equipped with units 
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for local catalytic oxidation of sulfur containing PC. Moreover, unlike plants operating 
in the Moscow and Pavlodarsk oil refineries, the type G-43-I07 and KT-I plants under construc- 
tion, and being designed, contain units for hot separation of the hydrogenate product. In 
the KT-I plant of the Mazheiksk oil refinery of similar design, the presence of such a unit 
leads to 1.5 to 2-fold increase in sulfide sulfur content in the PC. This should be taken 
into account in selecting PC treatment process equipment and systems in designs of new plants. 
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