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Upbringing
The petroleum products must always be free of mercaptans (a derivative of Sulphur compound as it furnishes foul odor whilst burning. Sweetening is a process of mercaptan conversion by the oxidation in the presence of alkali solution such as caustic soda (NaOH) or potassium hydroxide (KOH). This sweetening process is also better known in general by the patent name of Merox i.e. Mercaptan Oxidation.

Presence of hydrogen sulfide (H2S) and mercaptans reduce octane number and also cause corrosion with furnishing of bad smell. Only H2S and mercaptans present in hydrocarbon stock make it sour not other compounds of sulfur. Hydrogen sulfide & sulfur dioxide are the primary contributors to corrosion in refinery processing units. Other corrosive substances are elemental sulfur and mercaptans. Moreover, the corrosive sulfur compounds have the obnoxious odor. The combustion of petroleum products containing sulfur compounds produces undesirables such as hydrogen sulfide (H2S), sulfuric acid (H2SO4) and sulfur dioxide (SO2). Sweetening processes convert mercaptans to odorless disulfides whereas the extraction processes remove the sulfur compounds.

Sweetening of kerosene and naphtha are performed on Merox plant at Attock Refinery Limited by converting sulfur and its derivatives (most commonly mercaptans) in disulphide. Design capacity of Kerosene side is 1600 BPD and of naphtha side is 4400 BPD. It is applicable to the treatment of stocks having boiling points up to 600 – 650ºF (315 – 343 ​​oC). The catalyst used is iron chelate for the promotion of oxidation of mercaptans to disulphide, using air as the source of oxygen. Air injected is double of the theoretical air required but excess air will cause gum formation. This oxidation reaction is carried out in the presence of aqueous alkaline solution such as solution of NaOH. In processing kerosene, prewash of naphthenic acid and H2S is done with 2% of NaOH. Naphthenic acid is only present in kerosene because at naphtha draw off temperature, this acid does not form. Naphthenic acid and H2S deteriorate the catalyst.

Mercaptans are soluble in hydrocarbons. Following are the factors, which improve the extraction process

· Low temperature 

· Optimum concentration of caustic in reactor i.e. 7 – 10 %
Chemistry of ‘doctor sweetening’ Lead oxide solution brings about oxidation of the mercaptans to the corresponding organic disulphides, which are comparatively odourless. Lead oxide (litharge) will dissolve in reasonably concentrated solutions of sodium or potassium hydroxide owing to formation of a soluble compound, sodium plumbite (sometimes called sodium plumbate):

PbO
+
2NaOH
=
 Na2PbO2
+
H2O

When this alkaline solution is agitated with petroleum, the two liquids do not dissolve in each other, but any mercaptan in the oil will unite with an equivalent amount of the lead (which then passes into the petroleum) to form lead mercaptide, soluble in the oil, take place

2RSH 
+
Na2PbO2
= 
Pb (RS)2
+ 
2NaOH

If the mixture is now treated with some quantity of powder Sulphur, which has a high affinity for lead, a black suspension of lead sulphide forms, and conversion of the mercaptide into a so-called disulphide (which remains in the oil) takes place

 Pb  (RS)2   +    S = RS – SR     +      PbS

With no sulphur added, but in the presence of atmospheric oxygen, the same conversion occurs, but only slowly, and probably not completely:

Pb (RS)2 + 2NaOH + ½O2 = RS – SR + Na2PbO2 + H2O

A gasoline is described as ‘doctor sweet’ if, after shaking with powdered sulfur and sodium plumbite solutions, there is no formation of even slightly brown precipitate of lead sulphides.

Sweetening

Mercaptans enter the caustic solution and combine chemically with the caustic according to the following reaction.

RSH +
NaOH
= NaSR + H2O

When the mercaptan is in caustic solution, it is readily oxidized to disulphide in the presence of the catalyst (iron chelate). The reaction follows as 

NaSR + 1/4 H2O + ½O2 =
NaOH
+½RSSR

Disulphide formed is insoluble in caustic solution while soluble in oil.

The reaction rates are speeded up by 

· Raising the temperature

· Increasing the amount of air

· Increasing mixing rate

Catalyst concentration in normal operation cannot be increased. Sweetening process involves conversion of the mercaptan sulfur in a hydrocarbon stream to disulphide sulfur without actually reducing the sulfur content of the hydrocarbon stock. In sweetening, there is no reduction of sulfur. Sweetening should be contrasted with extraction in which mercaptan molecules actually are removed from the hydrocarbon stock. Sweetening process only converts the reactive H2S and mercaptans into unreactive disulphides, which are soluble in oil. In a sweet hydrocarbon stock, % of compounds (H2S & Mercaptans) should not be more than 10 ppm. Sweetening process at Merox plant results sweet products of –ive values i.e. mercaptans < 3 ppm.

The solid carrier (activated charcoal bed) for the Merox catalyst tends to absorb any traces constituents present in gasoline or kerosene such as phenol, naphthenic acid and basic nitrogen compounds. These materials interfere with the function of catalyst in converting mercaptans to disulphides. When caustic is circulated over the bed, it will tend to wash these materials away from the catalyst and would take a dark brown appearance and spent caustic should be drained and fresh caustic be filled.

If sweetening does not take place, it may be due to the following reasons:

· Insufficient air

· Insufficient contact of hydrocarbon stock with catalyst because of bed channeling/leakage

· Insufficient caustic circulation/circulation of expired NaOH etc

· Insufficient catalyst

Safety Precautions
Following safety equipments were used during impregnation of Merox kerosene side catalyst.

· Self breathing apparatus

· Gas mask

· Stair

· Goggles

· Rubber gloves

· Overall 

· Helmets & safety shoes 

Initial Procedure

· Kerosene drained from reactor and pumped into slop tank.

· Reactor steamed out for the complete removal of hydrocarbons.  Steam entered though air vent from top of rector and accumulated in it as drain valve kept closed. Then after 15 – 20 min bottom valve opened and drained condensate and resultantly exhaust steam from bottom of reactor. 

· Inlet and outlet lines blinded to isolate the reactor.

· Reactor was depressurized.

· Top manhole opened for charcoal bed checking and then it again was closed.

· Catalyst pot line to reactor blinded.

· 18 kg catalyst (Iron chelate) was taken from store. 

Hot Water Wash

When adjustment of the operating variables is no longer sufficient to maintain catalyst bed activity, the charcoal bed can be hot water washed to remove sundry organic compounds and caustic neutralization soaps which have been deposited in the charcoal pores or otherwise physically blocked off the active catalyst surface. Since many of these compounds are water soluble, catalyst bed activity will be restored when they are flushed from charcoal. Hot water washing is also necessary to remove sodium soaps and alkalinity from the charcoal prior to catalyst Reimpregnation. Hot water washing may also be affective in reducing or eliminating reactor bed pressure drop, which should not be allowed to exceed 10 psi (70 kPa). The water used for reactor washing should be either clean steam condensate or de ionized water that is free of dirt, suspended matters, hardness, excessive salts, and active chlorine as in hypo chlorite. Temperature of condensate applied for hot water wash should be around 190 oF.

The washing procedure is as follows:  

· Water (steam condensate) obtained from boiler house for reactor washing.

· Water (steam condensate) from condensate tank pumped through reciprocating pump.

· Passing through reboiler and then filter water, entered into the reactor from top via inlet distributor. Initially reactor drain valve kept close, when the reactor is liquid full, open the drain valve to sewer at a rate approximately equal to the rate at which hot fresh water entered into reactor.  

· During the initial stage of washing, the reactor effluent from drain line was highly discolored i.e. dark brown. Water passed through reactor got contaminated and drained.

· As washing proceeded, effluent water lightened in shade and eventually became clear.

· Washing continued until the pH reduced to between 8 and 9 or to a pH, which no longer seems to be dropping, to minimize the consumption of acetic acid in later stage.

Circulation
· Made water level up to the distributor of reactor by closing drain valve.

· Opened the suction valve of circulation pump and discharge valve towards reactor and started the pump.

· Water circulation started from the pump to reactor and then backed to pump.

Glacial Acetic Acid (CH3COOH) Injection into water

Acidification of the charcoal is important to assure liberation of sodium salts of organic acids, which were not removed during hot water washing procedure. Glacial acetic acid is recommended as it is much lesser corrosive than mineral acids. Acetic acid injection used to keep the water pH 6.5 or less.

· Glacial acetic acid (~ 2 gallons) was taken into acid pot.

· Reactor water (~ 2 buckets) is mixed into it to decrease its strength.

· Acid is injected into circulated water through eductor. When pressurized water from circulation pump discharge passed through eductor, velocity increased @ pressure and due to lower pressure in line, acid from the pot entered into the circulating water.

· Acid injection stopped because line from pump discharge to acid pot got leaky. After the replacement of damaged part of line, acid injection started again for one hour and 25 minutes to lower the pH of the reactor circulating water. After sufficient circulation, pH dropped to 5.2.

Ammonia Injection into water 

A minimum 0.2wt % ammonia concentration is required for good dispersion of the Merox reagent. Higher concentrations will not have adverse effects but may present an odor problem during reactor drainage.


· Anhydrous Ammonia injection started through the suction filter drain point in the circulating water.

· Ammonia injection stopped after 30 minutes.

· Water circulation continued for more 2 hours.

· Sample dispatched to laboratory for analyzing the ammonia % in water. The percentage was greater than 0.4%

Catalyst Impregnation

Catalyst impregnation is necessary when hot water washing is no longer effective in reactivating the catalyst to provide long period of satisfactory mercaptans oxidation. The interval between catalyst Reimpregnation is a function of proper Merox operation, Hydrocarbon feed mercaptan types, Crude source and feed impurities etc.

Catalyst Reimpregnation procedure is as follows:

1. Ammonical water was taken from drain point of reactor and filled to 50% volume in a drum. Taken 6 kg of catalyst and added in the drum. Catalyst mixed in water with wooden stick and solution added in the catalyst pot.

2. Injection of catalyst solution started by crack opening the catalyst pot outlet line valve and pinching the direct circulation valve in five hours.

3. The same procedure repeated again for 12 hours.

4. After 2nd batch of catalyst, manhole of the reactor opened to check the charcoal bed condition and undemandingly bed was visible instead of being dipped in liquid level.

5. To avoid the slippage of liquid solution to settler, blind inserted into reactor bottom line to settler, another blind given in outlet line of reactor to settler.

6. Cold condensate level made into reactor up to distributor.

7. Ammonia injection started for 15 minutes to maintain its percentage > 0.4

8. Third batch of 6 kg catalyst made with reactor water into catalyst pot.

9. Started catalyst slurry injection into circulating water and resumed circulation for 16 hours.  

10. During circulation the color of water checked time to time from inlet and outlet of rector.

11. With the passage of time during circulation the color of sample of water at reactor outlet faded from dark blue to light transparent blue.

Final Steps
After completion of circulation, reactor drained, both units before and after reactor i.e. prewash and settler washed with condensate and drained. Blinds were removed from outlet and inlet lines of the reactor and settler. 15% caustic soda solution was added in the settler and circulation started for two hours. 
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