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PREFACE

I feel great pleasure in presenting to the readers,the project report about the Barauni
Refinery.It includes information about the various units in the Production Department,
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the Production Department and the Barauni Expansion Project.The meaning and essence
of Total Productive Maintenance ,the need for TPM and its benefits.
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Indian Oil Corporation Ltd. is the only Indian company in FORTUNE’s “Global

5007 listing of the world’s largest industrial & service companies with a ranking of
232 for fiscal year 1999 and 170 for the year 2005 based on fiscal year 2004.Among
the petroleum refining companies it is ranked 16™ & 19™ place in sales and profit
respectively. Incorporated in 1959 as Indian Oil Comp. Ltd. it became a Corporation
in 1964 when Indian Refineries Ltd. (Estd. 1958) was merged with the company.
Indian oil owns & operates seven of the countries’ 14 refineries with a refining share
of over 46.4%. The eighth refinery in the east coast at Paradeep is under construction
and will be commissioned shortly.

Indian Oil has a 5762 km network of pipelines comparable with of any standard oil
company in any other part of the world for economical, reliable and eco friendly
transportation of crude oit & petroleum products. indian Oil is anly Indian company
chosen as one of the 15 most admired companies in the world in petrolenm refining
category as per the survey conducted by Hay Group Consultancy for FORTUNE
Magazine. Indian Oil meets 55% of the petroleum products consumption of India. It
is also the canalizing agency for import of crude oil major petroleum products. It’s
extensive network of over 18000 sales points covered the entire country and is
backed for supply By 184 terminals and depots, 43 LPG bottling plants and 92
Aviation fuel stations. Indian Oil has been ranked 2" among 14 national companies
in India. Indian Qil is only oil company in the country with ISO 9001/9002

accreditation for over 50 units which includes Refineries, Pipelines, Aviation, Fye]



station, Grease plants, Quality control laboratorics, LPG bottling plants and Indian
Oil Institute of Petroleum Management. By the end of 1997 all the eight refineries of
Indian oil were accredited ISO 14001 certification for environmental management
system. Indian Qil natures the vision of becoming an integrated & diversified global
energy corporation. It is augmenting infrastructure and expanding into explanation &
production of crude oil, petrochemicals, power generating LNG & fuel management.
It is globalizing it’s R&D, training & consultancy services and marketing lubricants.
‘Indiaw'n Oil is Public Sector undertaken (PSU) company registered under the
companies act 1956 and is managed by the Board of Directors who are appointe& by
the President of India. Indian Oil owns and operates seven of the countries’ fourteen

refineries which are as.follows :

UNIT \ CAPACITY
1. Barauni Refinery \ 06 .00 MMTPA.
2. Panipat Refinery 12.00 MMTPA.
3. Mathura Refinery 03.00 MMTPA.
4. Koyali Refinery 13.70 MMTPA
5. Guwahati Refinery 01.00 MMTPA. -
6. Haldia Refinery 9.60 MMTPA.
7. Digboi Refinery 00.65 MMTPA

*MMTPA = Million Metric Tones Per Annum

All the seven refineries attained a record crude throughput 33.1 million tones, surpa
sing the previous best of 32.4 million tones achieved in 1999-2000. All the tree
awards in the refining sector instituted by Minister of Power under National Energy

Conservation Award 2000 were bagged by IOCL Refineries which was the third

time in succession. S
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I0CL BARAUNI REFINERY - THE JEWEL OF

BIHAR

Barauni Refinery is the second public sector refinery of Indian Oil Corporation Ltd.

which was setup under the collaboration of erstwhile USSR and limited participation
of Romania. It is located near the northern bank of the river Ganga at Begusarai
District town of Bihar state. The refinery is strategically located on the crossroads of
two important national highways, NH-30 & NH-31 and two important railways,
Eastern railways & North Eastern railways. The river Ganga flows around § km

away from the refinery.
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The barauni refinery takes its crude oil from foreign countries through Barauni-
Haldia crude pipeline (BHCPL). Barauni refinery is one of the biggest size oil
refinery owned and managed by IOCL. The refinery is located about 8 km from the
town Begusarai and is surrounded by villages.

The construction activity of the refinery commenced in 1962 and it went on stream
in the vear 1964 facing insurmountable hurdles, heavy equipment, men and
machinery was moved into a predominantly agrarian district of Begusarai.

Barauni refinery was formally inaugurated by Prof. Humayun Kabir, the then union
minister of petroleum & chemicals, govt. of India on January 15, 1965. It started
with a refining capacity of processing 2 Million Metric Tones Per Annum of Assam
crude through the Nahar-Katiya-Barauni pipeline. The capacity was subsequently
enhanced to 3 Million Metric Tones Per Annum.

The refinery consists of three crude oil distillation units, two coker units, CRU, LRU
and BXP. The oil movement and storage section of refinery does the storage and

dispatch of all the products. An LPG boitling plant has also been provided which is



able to fill 3500 to 4000 cylinders per day. A captive Power plant has been provided
to meet the steam and power requirements of the refinery. Under the expansion
program following process units & facilities are put up :
o The Resid Fluidised Bed Catalytic Cracking Unit (RFCCU) yielding
LPG, Diesel and Petrol.
e Diesel Hydro Treater (DHDT) for improving Cetone no. and to meet the

Euro emission norms.

Primarily, the refining technology was sourced from the eastern countries like

Russia. Later as the refinery grew over the years, it drew upon technologies from rest
of the world. In February 16 1999the 498 km long Haldia-Barauni crude oil pipeline
commenced its crude supply position of the refinery, which was dependent on Assam
crude alone. At the beginning of the new millennium, Barauni refinery is poised to
touch stellar heights in modernizing its refining technology. Barauni refinery is

among the few refineries in the world to have scored the coveted ISO 9002

certification.

The reﬁ}lery processes imports the low sulphur and high sulphur crude oil to produce
the following : |

e Motor spirit (MS) Petrol

o Liquified Petroleum Gas (LPG)

o Naphtha

o Superior Kerosene Oil

o High Speed Diesel

o Light Oil Diesel ~

¢ Low Sulphur Heavy Stock

e Raw Petroleum Coke

e Sulphur



FIRE AND SAFETY

Introduction -
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Oil industry is on inherently hazardous industries where various

hazards chemical are used under varying process conditions. To meet the
operational requirements a high inventory of hazardous chemical is also

maintained in the refinery.

Safety is the key to keep various hazards and risks

under control by setting up standards, systems, procedure control measures
and implementation of some to run the refinery safety.

Personal protective equipment (PPE):-

1. safety shoes

rubber gumboots

PVC gum boots

Body protection

Rubber and plastic aprons.
leather aprons

proximity suit “Fire rescue suit ™
asbestos unit

. asbestos blanket

10. Aluminized suit

Work permit system:-
1. Hot work permit
2. Cold work permit

a. clearance certificate
b. Excavation/ dyke cutting permit
Road cutting and blockage permit

C.
. Vessel entry / vessel box —up

d
e.
f.

Permit for working at height
Radiation work permit.

General safety regulation:-

02
0'0
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Smoking is strictly prohibited in any part of the Refinery area except at

authorized smoking booths.
Hand rails should be used while climbing up and down the stairs

Check / inspect ladder before use.
All employees in Refinery must know the location and use of fire fighting

equipment use dry chemical ore co; extinguishers in fire around electrical

equipment and not water. |
Wears shoes in the Refinery wearing chapels and sandals is against safety

norms.
Only flame proof safety torches or hand lamps are allowed to be used in

refinery area.



< Goggles or shield must be used while doing grinding, chipping and sand
blasting etc. where there are possible eye hazards.

% Personal protective equipment are for safety. This should be used wherever
necessary to prevent injuries.

< Before starting any job, necessary permits and clearances must be obtained.

< Safety belt must be worn by persons working at elevated place where adequate
protection against falling is not available.

% Safety helmets must be worn by all employees working inside refinery units. It
is advisable to be used all the time inside refinery premises.

< Transporting or storing of petrol or any other light product or corrosive
chemicals in open containers is strictly prohibited.

& Cotton clothing should always be used on duty.

& Loose clothing are not permitted inside refinery.

Principle causes of accidents:-

Most of the accidents are caused because of unsafe practices and unsafe conditions,
Failure to warn or secure.

Non compliance of safety rules and norms.
Operating at improper speed.

Using defecting equipment

Improper loading or placement of materials.
Taking improper position.

Servicing equipment in motion.
Inadequate guards or protection.

. Defective tools , equipment , substance

10. Congested walk way.

11. In adequate warning system

12. Fire and explosion hazards

13. Substandard house keeping.

14. hazardous atmospheric conditions

15. Gases, dust, fumes, vapors.

16. Excessive noise.

17. Radiation exposure

18. In adequate illumination for ventilation

19. Horse play

20. Poor judgement

VPNV AW
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REFINING PROCESS AVU-11I & 111

Introduction :-
Crude oil, which comes from abroad via Haldia through pipelines is received in

tanks. After settling and water draining, it is taken to CRUDE DISTRILLATION UNIT,
where it is first heated in a heat exchanger train and then taken to desalter, for removal of
salt and residual water after further heating in another exchanger train it goes to
pretopping column to produce gas and unstabilizer gasoline. The gasoline goes to
stabilizer column is heated in a furnace and sent to atmospheric column for fractionation.
The top product is gasoline. Gas is used as refinery fuel and gasoline as feed stock of
CRU. The side streams are heavy Naphtha, straight run kerosene and gas oil. Gas oil goes
out as diesel component. The bottom product of atmospheric column is reduced crude,
which is further heated in the furnace and fractionated in vacuum column to produce
vacuum gas oil (Diesel component) and wide cut goes to phenol exiract and raffinate
processing. The bottom product is vacuum residue (Short Residue), which is used as
coking unit feed for production of middle distillates and Raw petroleum coke. Vacuum
wide cut obtained from crude distillation unit is subjected to aromatic removal by
extraction with phenol in phenol extract and raffinate is fed to solvent dewaxing unit for
production of slack wax by solvent extraction with toluene and methyl ethyl ketone
followed by chilling crystallization and filtering dewaxed oil is used as light Diesel oil
component of feed stock component for coking unit vacuum residue and a portion of |
reduced crude and dewaxed oil, are fed to coking units A & B to yield various cracked
products by thermal cracking. The products obtained after fractional of cracked stream
are gas unstabilized gasoline kerosene, gas oil and fuel oil. Gas and gasoline are sent to
LPG recovery unit for production of LPG and stabilized gasoline by compression of gas
followed by absorption / stripping. This ga§oline by compression of gas followed by
absorption stripping. This gasoline sold as mixed m_naphtha Coker kerosene is blended
in high speed diesel and Coker gas oil is blended in light diesel oil. R.aw petroleum coke
obtained from coking unit reactors is partly sold to other industries and the rest is
calcined in coke calcinations unit to produce calcined petroleum coke which is sold to
electrode manufacturing industries.

The gasoline from AVU is sent to CRU for enhancing the octane number.
This is achieved by converting the paraffins and Napthene to Aromatics in the Reformer
reactors reactors and octane number is increase from 72 to 95 unleaded gasoline from cry

is used as motor spirit.



ATMOSPHERIC & VACCUM DISTILLATION UNIT
I1& 11

Introduction :-
AVU is a mother unit of any refinery crude is first of all processed in this unit and
products formed are either stored or send to various other units as a feed.

Distillation is a method of separating the components of a soln
which depends on distribution of the substance between gas & liquid phases. Distillation
exploits and vapour pressure of different component i.e, relative volatility in creation of a
second phase by addition of heat. By appropriate manipulation of the process or by
repeated vaporization and condensation, it is possible to make a complete separation.

Phase differs in addition the new heat content, but heat s readily added or removed, in
distillation the feed is introduced, In distillation the feed is introduced more or less
centrally in vertical cascade of stages. Vapour rising in the section called the enriching or
rectification section is washed with liquid to remove or absorb the more volatile
component.
Since no extraneous material is added, condensing the vapour issuing from

the top, which is rich in more volatile component, provides washing liquid. The liquid
return to the top of the tower is called reflux and the material permanently removed is

called the distillate, which is a liquid rich in more volatile component.
In the section below the feed called the stripping or exhausting section the

liquid stripped of volatile component by vapour produced at the bottom by partial
vaporization of the removed rich in less volatile component is the residue.
In side the tower the liquids and vapours are always at their

abubble peirs or dew points respectively, so that the highest tempr is at the bottom and
the lowest tempr at the top. The entire device is called a fractionators. A

AVU AT BARAUNI REFINERY

There are three numbers of AVU in Barauni Refinery numbered as AVU-1, AVU-II and
AVU-III initially each was designed for 1.0 MMTPA crude processing by the Russians.
The revamping of furnaces in AVU-I and AVU-II was done in December 1086, by EIL.
Where in Russian cabin type furnaces of 72% efficiency where replaced by box type and
cylindrical type bottom fired heaters of 91% efficiency.

Crude processing capacity of both units AVU-I & AVU-II
where increased to 1.6 MMTPA by HETO project (Heat exchanger Train Optimization)
in 1990. The above modification HETO project job was designed by EIL. The units were
again revamped in 1998 (M & I) when capacity was expanded to 1.75 MMTPA in each
of the two units.



AVU -III was revamped to AVU-III in 2001 and crude processing capacity
enhanced to 3SMMTPA AVU-III can process low and high sulphur crude in blocked out

operation.
Through there units were designed on the basis of evaluation

data of Naharkatiya crude, the units have switched on to imported crude due to Non-
availability of Assam crude.

GENERAL DESCRIPTION :-
1. Capacity :-
AVU-1&1I 2.1 MMTPA each
AVU -1II 3.0 MMTPA.
2. Date of Commissioning :-
AVU -1 : 1964
AVU-1II : 1966
AVU -1II : 1969
CRUDE CHARACTERISTICS :-
TABLE -1. LIGHT ENDS.
Light Methane | Ethane |Propane |i-Butane |n-Butane |i pentane
Ends
Mirilite | Traces |0.01 0.15 0.15 0.40 0.44
Bonny | 0.005 0.02 0.25 0.30 0.63 0.75
Light
N pentane
0.60
1 0.69

TABLE -2 PHYSICAL PROPERTIES :-

PHYSICAL MIRILITE LUBUAN BONNY
 PROPERTIES LIGHT
| Density @ 15°% | 0.8697 0.8605 0.8480
Sulfur % °c (-D12 (-1)6 (-1)9
Pour Point, ‘¢ 3.60 4.022 3.43
Viscosity @ | 2.94 2.88 2.84
40°%, c*

Vis @ 500c, ¢ [2.94 2.88 2.84




RVP, PSI 2.6 4.5 52
TYPICAL YEILD PATTERN :-
PRODUCT YIELDY%
LPG 0.8
GASOLINE 14.5
KEROSENE 11.5
GAS OIL 37.0
First Cut + 35.0
Wide cut+
Short + Residue
Gases 0.3
Loss 0.9
UTILITIES AND CHEMICAL :-
CHEMICAL & UTILITIES ESTIMATED TARGET
10 ATA STEEM 36KG/MT OF CRUDE
CIRCULATING WATER 14M3 / MT OF CRUDE
| SRF 1.34%
POWER 6 KWH/MT OF CRUDE
| CAUSTIC (FOR GASOLINE) 305 gms / MT OF GASOLINE
CAUSTIC (FOR LPG) 6.25 kg/MT OF LPG
AMMONIA 3 gms / MT OF CRUDE
| AHURALAN 3 gms / MT OF CRUDE
| DEMULSIFIER 5 gm/ MT OF CRUDE
| MFA (LUBRIZOL) 85.8 gm / MT OF MS(NORMAL)
MFA (LUBRIZOL) 129 gm / MT OF MS (Premium)
PROCESS DESCRIPTION :-

Crude oil Received from Haldia by pipelines and is pumped from storage
tanks through heat exchangers after exchanging of approx. 120% — 130% after attaining
temperature of about 130% the two crude combine together and enters in Desalter for
separation and removal of water and salt. Inside the unit crude is pumped to desalter
through two parallel passes of predesalter heat exchanger train and heating is done using
various products streams from different columns. Both the passes combine in a single
header and inter the desalter from bottom through 2 separator nozzles after splitting,

DESALTER CIRCUIT :-

Desalter is placed just after first heat exchanger train in order to have maximum
absorption of salts, present in the water. Which is favorable at the existing tempr and




pressure of the crude water and demulsifier are mixed with the crude prior to entry to the
desalter. Salts in crude oils cause corrosion because they lead to evolution of Hcl in
distillation columns. The severe corrosion due to combination of sulfur compound (H2S)
with Hcl evolved from sats is caused by an oxidation reduction reaction the Hcl reacts
with iron to form iron chloride, which in turn reacts with H2S producing iron sulfide and
more Hcl. Salts in crude reduce charge rates, shorten runs, cause excessive down time
and increase labor cost and severely stain equipment necessity frequent repairs and
replacement. Efficient desalting ensure higher through put, more effective refinery
operations and lower operating cost and improved product quality desalter eliminates the
mpst ardlous tank of refinery maintenance cleaning of exchangers and furnace coil. The
minimize corrosion in the top section of the fractionators there by reducing costly

downtime and replacement.

CONTAMINANTS IN CRUDE :-

Chlorides, sodium, magnesium and calcium salts are present. Chloride is a source of Hecl
envolved during operation.

Carbonates and sulfates present in significant quantities, solubility of
calsium sulfate dimensions with tempr above 37° and it undergoes change in hydration

at 100°.
Sediments :- Sediments contain fine particles of sand, clay, volcanic ash, iron sulfide etc.

Organo-metal compounds :- They consist of hydrocarbon combinations with vanadium,
ni, cu and fe. These are poision to pt. catalyst.

BI-ELECTRIC DESALTER :-
A static mix valve and a control valve are provided for

mixing water and demulsifier with crude prior to entry into the desalter. The desalter

pressure is controlled through pressure control valves located on crude lines.
In electric desalting the electric field is powerful enough for

over coming the resistance of stabilizer films. The collision and coalescence of drops is

accomplished by an induced dipole attraction b/w them.
Bi-electric desalter has 3 electrodes between which dual streams of oi water system

is fed. The stream flowing out ward encounters optimal conditions for coalescence. The
bi-electric design increase water residence time by allowing a higher level and
environment which vertical flow desalter are unable to attain because of turbulence
desalted crude and brine water containing salts from two different layers because of being,,
attracted to two different poles.

The outgoing desalter brine heats the desalter injection water to a tempr of
around 1300c. The desalter brine is further cooled to around 450c in the brine cooler and
is let off to the ows (Oily Water Sewer). After desalter the crude to a tempr of around
2300c in order to limit the vaporization of the crude at his tempr the back pressure



controller which control pressure is provided. The desalted crude is pumped to
pretopping column k-I.

PRE — TOPPING COLUMN :-
As the name indicates the column is used before main fractionality column.

This is done for the increasing productivity of the process and making it more efficient.
The desalted crude at a tempr of 2300c enters the column and flashes into liquid and
vapour.

Inside the tower the liquids and vapours are always at their bubble
points or dew points respectively so highest tempr is at the bottom and lowest tempr is at

the top of the column.
Stripping steam is given in the bottom of the column which decreases

the partial pressure and thus the boiling point of the hydrocarbon inside the column and
there by strips out the lighter portion of the feed. It is also an alternative source of heat.

The over head vapour from the main fractionators is condensed and
cooled in the air condenser to 650c and further cooled in the trim cooler. The condensed
gasoline at a tempr of 450c collected in the 3-ways reflux vessel.

A part of the gasoline is sent as reflux to the column under flow
control for maintaining the tempr of the column top. The over part is pumped t naphtha
caustic wash. Sour water collected in the boot is drained under level control of the vessel.
Gases from the top of the reflux vessel are sent to the flare under control of the

hydrocarbon carbon level. .
The next side stream from the column of the kerosene a part of this kerosene

goes to the kero stripper where the lighter ends are stripped by steam. The vapour from

the stripper goes back to the main fractionating column.
The stripper bottom is sent to rundown via heat exchangers. The balance kerosene

is pumped as circulating reflux-exchanging heat exchangers for maintaining the tempr of -

the column. .
The next side stream is of LGO & LGO CR, LGO product is

condensed while the LGO CR is sent back to the column as circulating reflux.

HGO & HGO CR forms the next side steam. HGO product is condensed while the
HGO CR is sent back to the column as circulating reflux. The bottom product of the
column is RCO ( Reduced Crude Oil) which is pumped to the furnace for heating it to a
tempr of around 460c and is other flashed into the vacuum column.

Various Problems in Absence of Pre topping column are :-

More load on the main fractionating column.

Increase in the height of the main fractionating column which cause design
complications.

More cooperating cost.
Working will be more difficult with increase precautions.

Yield will be less.

Parameters.




AVU 111

Introduction :- The unit is designed for 3.0 MMTPA of crude processing.
The unit can process sweet crude as well as sour crude. The design of the
unit has considered Bonny light crude as sweet crude and arab mix as sour
crude. The design of the unit has considered Bonny light crude as sweet
crude and Arab mix as sour crude.

Original Technology - Russian
Date of commissioning - 1969

Plant capacity - 3 MMTPA
On stream factor - 8000 hr/ year
Turn down - 50%

The unit is designed for the following two cases :
CASE1 : High sulfur crude processing(50:50% wt) of arab heavy and arab

light crude.
CASE II : Sweet crude processing (100% wt) Bonny light.

PRODUCT CUT RANGES :-
STREAM TBP RANGE (%c)
Off Gas Cl1-C2
LPG C3-C4
Naphtha 1-160%
Kerosene 108 - 305%
Diesel 150 - 400°%
Heavy vacuum gas oil 340 - 600°%
Short residue 535 - 680%
PRODUCT ROUTING :-
STREAM DESTINATION
Off Gas | LRU/RGH / Flare
LPG Monded bullet / Horton Sphere
Gasoline CRU, OMS
Kerosene Kerosene storage tanke
MGO DHDT tank
HVGO Coker tank, FCC tank, FCCuni

SR Coker, FCC unit.



FEED :- Incoming crude to AVU — III is received at pressure and tempr
Conditions as bellow :-

Stream Normal Condition | Mech Design Source
pressure | Tempr O¢ | pressure | Tempr %
kg/cmz.g %

Crude 7.0 30 10 65 Crude
booster
pump

Crude 2.5 30 5.0 65 Crude
tanks

Outgoing streams from AVU —IIl are delivered from unit at pressure
and tempr condition as follows :-

Stream Normal Condition | Mech Design Destination
pressure | Tempr % gressure Tempr Oc
kg/cmz.g c

Off Gas 1.0 45 2.5 65 Unit fuel
gas
system/LRU

LPG 8.0 35.0 18.0 65 Mounded
bullet /
Horton
sphere

Nephtha | 6.0 40 6.0 200 Cruadoms

Kerosene | 6.0 40 11.7 90 OMS

Diesel 6.0 40 21 140 OMS

HVGO 6.0 90 18.2 140 OMS

Short + 16 90 33.6 140 OMS

Residue orFCC

CRUDE CHARACTERSSTICS :-

TABLE -1 LIGHT ENDS

LIGHT ENDS | ARAB LIGHT ARAB HEAVY |BONNY

LIGHT

Methane 0.0005 0.0005 0.0005

Ethane 0.01 0.04 0.03

Propane 0.27 0.43 0.31




i-Butane 0.17 0.20 0.35
n-Butane 0.85 0.93 0.71
x-Pentave 0.69 0.61 0.82
n-Pentave 1.28 0.93 0.73

OPERATING CONDITION FOR AVU - 111

FEED

Crude oil,

PRE TOPPING COLUMN

Pressure

Top tempr -
Feed tempr -
Bottom tempr -
Reflux ratio -
Heavy Naphtha drasaff -

= 1.5 MT/hr

1.5 kg/cm2g.
122%

233%

250%

0.56

164%

Heavy Naphtha vapour return tempr - 155%

Main Fractionator :

Pressure Top - 1.0 kg/cm2g
Top tempr - 133%
Kerosene draw off tempr - 204%
Kerosene CR return tempr- 124%
LGO draw off tempr - 302%
LGO CR return tempr - 152%
HGO draw off tempr - 335%
HGO CR return tempr - 155%
Bottom tempr - 354%
STABILISER COLUMN :

Pressure - 8.2 kg/cm’g

Top tempr - 61%

Reflux Ratio - 4.8

VACUUM COLUMN:

Feed - 131.3 MT/hr

Pree, mm of Hg. Top - 684
Top tempr - 75%
LVGO with drawal tempr-  148%




HVGO with drawal tempr- 56%

HVGO CR return tempr - 184%
Bottom tempr - 336°
USES OF PRODUCTS:

(A.)) LPG - Used as a deomestic cooking fuel, its 95% evaporation
tempr is kept at 2% (max).
(B.) E-I GASOLINE :-
The product is termed E-I gasoline because it is derived it is derived from
the reflux drum of k-I with name plate E-I. It is used to be one of the major

components of MS, commonly known as petrol.
However, as % specification (BIS) the AKI of MS must be 81.5,

which has now made mandatory that the RON of gasoline is raised in CRU.
Therefore E-I gasoline is now used as feed stream to CRU.
Quality Wise
(1) 10% distillation tempr should be below - 70°%
(2) FBP should be below 165% in addition RVP is kept as low as
possible to ensure maximum recovery of LPG. :

PROCESS DESCRIPTION

Crude Preheat :
Crude from crude booster pump station is pumped to desalter unit through

two parallel passes in pre-desalter heat exchanger. The exchanger has two
shells stacked on above another in such a fashion that both are kept in line,

in case of Bonny light crude and one exchanger is by passed in case of Arab

Mix crude.
Both the passes combine in a single

bottom.

header and enter the desaltér from

Desalter Circuit : .
A static mix valve and a control valve is provide for mixing water and

demulsifier with crude prior to entry into the desalter. The desalter pressure
is maintained at around 9 kg/cm2 (g). The desalted crude is pumped to the
pre-topping column. The outgoing desalter brine heats the desalter injection
water to a temperature of around 130%. The desalter brine is further cooled
to around 45% in the brine cooler and le off to the OWS. Demulsifier

chemical and caustic is injected at the suction of pump.

Pretopping Column :



The desalted crude at a temperature of 23 0°c enters the pre-topping column.
The overhead vapours from the column is concerned in the air Condensers to
65% and further cooled to 45° in trim cooler.

The condensed gasoline at 45% is collected in the reflux nessel. Part of te
overhead gasoline is pumped back to the column as reflux and the balance is

pumped to the stabilizer.

Heavy naphtha steam is withdrawn as a side draw, from below the packing
and led to the stripper column. The stripped product is pumped by heavy
naghtha R/D pumps to air coolers where it is cooled from around 142% to
65%. Part of the Heavy naphtha from the column is usec. As a circulating
reflux. The cooled CR at a temperature of around 90° is sent back to the

pretopping column.

Main Fractionator :
The main column is provided with:

Valve trays

KERO/LGO section
Structured packing in LGO/HGO Section

Bottom stripping section
Over flash section

apours are cooled/ condensed to 45%. The condensed
erature of 45% is collected in the reflux aessel. A part of
the gasoline is pumped as reflux to the column and rest sent to Naphtha
caustic wash. The next side stream kerosene is withdrawn from 10" tray and
sent KERO stripper. The balance kerosene is used as a circulating reflux.
L.GO and LGO CR is drawn from 19™ tray and LGO CR returns to 17" tray.

The overhead Vv
gasoline at a temp

HGO and HGO CR is drawn from the chimney tray below a structured
packing bed and returns to column above the HGO packing bed.
The column bottom (RCO) is sent t0 the vacuum distillation unit via the

furnace.

Stabilizer Section :
Part of the condensed overhead gasoline is sent to the stabilizer column. The

overhead vapours are condensed and collected in the reflux vessel. A part of
the LPG goes back to the column for controlling the temperature and rest



goes (’)to the LPG caustic wash. Stabilised naphtha from the bottom is cooled
to 40°c through heat exchangers.

LPG Caustic Wash Section :
LPG is washed with caustic solution and sent to caustic settler for settling of

the entrained caustic from LPG.

Vacuum Section:

The Vacuum column is provided with structured packing in
LVGO pump around section

LVGO/HVGO fractionation section

HVGO pump around section

Wash section
Valve trays in the bottom stripping section

The column is operated a top pressure of 70 mm Hg.

The overhead vapours are taken to pre-condenser. The non condensable are
sucked up by the Primary Ejectors and sent to the condensers. The

condensed liquid goes to the Hot-Well.

Fire first side stream drawn from the column is LVGO ahd CR. The product
LVGO joins the HSD stream. The second side stream drawn from the
column is HVGO and CR. The short residue from the bottom of the column

is pumped to run down via heat exchangers.

(C) E-2 GASOLINE :- It is a component of SR naphtha or Gas Turbine
feed in TPS. Used for manufacture of fertilizers and petrochemicals. E-2
Gasoline is also used as feed stream to CRU. Quality wise its end point

should be below 155%.

(D) SR KEROSENE :- It is used as a domestic fuel.

(i) FBP in the range of 240-250°c

(i) Flash point of 38% (min) for sk operation.
(E) SR GASOIL :- It is the major component of HSD manufactured by
Barauni Refinery and its %uality Requirements are :-

(i) Recovery at 350°c - 85% (v)

(ii) Recovery at 370° - 95%(V)

(iii) Colour - Around 1.5 ASTM



(iv) Pour point - 0% (winter)
- +  18% (Summer)
SR gas oil is routed to DHDT feed tanks along with other diesel is improved

to 48 as required by CPCB.

(F) First CR/LVGO :- Ist CR is a side stream of vaccum column. It is
termed so because this is the Ist circulating reflux of vacuum column, A part
of this also called light vacuum gas oil is son to DHDT feed tanks or OM &
S for LDO (Light Diesel Oil) operation it is also a component for LSHS (
Low Sulphur Heavy Stock) used as fuel in many industries.

(G) First Cut :- Ist cut is the 2™ side stream of vacuum column. This is sent
to OM & S for LDO operation. It is also a component for FO and LSHS.

(H) WIDE CUT / HVGO :- Wide cut was feed stock for phenol extraction

unit initially quality wise it should have

(i) Colour Around 6.0 ASTM

(ii) Flash point above 150%

(iii) Viscosity 48 to 50 red wood second.
The same cut is used as the feed stock second.

() SHORT RESIDUE :- This either goes to coking unit or to the
L.SH pool. Quality wise it should have flash point of above 150%
and as high density as possible (Since this confirms maximum

recovery of distillates)

There is provision to route the short residue to FCC with the name
vacuum residue (VR).




COKER - A
H,tTOduction -

. The Coker —A unit of Barauni Refinery is designed for processing 600000 MT per year
-f reduced crude from AVU’s. The unit can process vacuum residue from a wide variety of
fude oil including Bonny light & Arab mix crudes. It can also process a number of low value
reams such as extracts and dew axed oils from lube plants and decant oil from the bottom of
53(3 units in addition to the vacuum residues. The unit is designed to produce unsterilized

| Japhtha, LPG rich off gas, Raw petroleum coke (RPC) and components for HSD, LDO and
el 0il pools. The unit upgrades heavy residual oil converting it.is above products.

. Adelayed coker unit mainly consists of feed pre—heaf section, and furnace,. coke

t]‘aﬁlbers (Reactors) and fractionators. The associated facilities include coke cutting, handling

"d water re-use system.
APACITY:-

' Coker — A unit is designed to process 0.6 MMTPA of feed in 7200 on streams hours /
Lar,



é COKER -B

|

*’TRODUCTION:-
| The Coker-B unit of Barauni Refinery is designed for processing

|

?0,000MT per year of reduced crude oil (RCO) from crude distillation units processing
\ith.arkatiya — Lakwa- Rudrasagar crude mix in the weight ratio of 68:19:13 respectively,

®sides coke, the unit is designed to produce component for HSD, LDO, Fuel Oil and feed for
g) G recovery units namely fuel gas and cracked unsterilized naphtha. The unit upgrades the
tavy residual oil converting into above products.

. Coker — B unit consists mainly of a four-pass natural draft furnace, pair of coke

hambers, fractionators column and light ends recovery system. The associated facilities include

E‘ke Cutting/ handling, hydrocarbon recovery and water re-use system.

EiAPACITY:-

!E?nal feed capacity — 391,000MT/year
.t!re;gned feed capacity — 500,000 tonnes/year
1am days / year = 320 |
"M down ratio = 80%

EED ..
. Blended feed stock from the pool of AVU’s Residue/ Vacuum Residue / Decant oil from
"CCU for coker —B will have CCR 8.5% wt. max, with the following specification.

d
ROCESS DESCRIPTION:- N o |
Reduced crude is received in the Additional coking unit from offsite storage

_lilks by a 18” dia pipeline. The feed stock RCO from storage is preheated to 200°.c by heat
Scl}anger against coker products like kerosene heavy gas oil (HGO), coker fuel oil (CFO) and

Sidue fue] oil (RFO).

51( The preheated RCO is .
e ir furnace and fed to fractionators colu
&Ct‘ elow and the other above the vapour inlet
“onators bottom temperature.
ik The fed material along with th

“®r furnace at a temperature of 370-380°C. B

further heated to 240 in the pre heat section of the
Jumn this feed goes to the fractionators is at two levels,
nozzle. This facility is provided to control

th the cycle stock is pumped to the reaction coils of the
FW is injected at 1.1wt% of pass flow in each

SSUp stream of furnace to reduce the residence time of the furnace. The rr.late}‘ial is heated to
¥ Coking temperature of the stock 495-500°, which produce partial vaporization and mild
king The vapour liquid mixture then enters the coke chamber which is 1n coking service,
Lre the vapour experiences further cracking as it passes througl} the coke chamber and the
u eXperiences successive cracking and polymerization unit it i convertec! to vapour and
ke, The unit has two-coke chambers; one in coking service while the other is being decoked

ith 1
h high-pressure water jets. facti .
The coke chamber overhead vapors enter thle ac ;Z?ﬁ;snf;hatﬁl“mh
umi, a are

’ .
lumn at a temperature of about 425%. In the fractionators €O



btained as overhead products and kerosene; HGO and CFO as side draw off products.

werosene and HGO are steam stripped in the stripper columns, cooled prior to they are being
buted to their destinations. A heavy gas oil (HGO) circulating reflux stream is drawn and is
tilized for MP steam generation; part of this circulating reflux stream is utilized for providing
P reflux in the quench column and gas oil quench in the vapour line of the coke chambers.

1
|
916 residue from the bottom of quench column is sent to storage after further cooling in an
fonomizer exchanger and tempered water cooler.

The vapour from the fractionators overhead are cooled in air cooler and water condensers

Md then led to reflux drum where gas and liquid separate out. The gases from the fractionators

]ﬂux drum where gas and liquid separate out. The gases from the fractionators reflux drum

1tto LPG recovery unit of the refinery. Condensed naphtha from reflux drum is also routed to

1°LPG recovering unit for stabilization. A part of condensed naphtha sent back to fractionators

?lumns as top reflux.

: Coke from the cooled drained chamber is cut and cleared by

.[ydraUIic jets operating at a pressure of about 200 kg/cm2. Coke along with water falls to the

i?iund' The coke from the drop-out area is placed in intermediate storage area for de-watering

7 Storage,

. The de-coking water after clarification etc. is pumped back to the de-coking water storage

"k for refuse,
In this unit the main reaction mechanism involves the polymerization and condensation

Earomatics, grouping a large number of those compounds to such a degree the eventually coke

'1f0rmed.

focess Description are completed in following section.
1% preheat section

ﬁter furnace .

%€ chamber and quench section. Coker
,d_l"flulic decoking and blow down system.
T\ ities system.

[ ® handling section.

fractionators section

éed and - . d [
! d fication (coker —B) Feed : . . .
Blell)ll;l(;dugescf:g;k from gthe pool of Atmospheric Residue/vacuum residue / phenol

" finate for ACU will have CCR 8.5% wt max, will the following specification.



tharacteristics Atmospheric Residue Short Residue

P cut point, % 370 + 490-
fensity at 15°% 0.9596 0.9974
ﬂtnematlc Viscosity, cst at 85% 47.75 330.66

100°% 213.98 148.95
Our point, % 52 60
(R, % wt 6.6 12.3
lash point 220 230
face metal, PPM
d?nadium <1 <1
lickel 2.4 3.5
",k'oduct
.IJ\
; CTERISTI |FUE | UNSTABLISE [KER [LG [HG |CF |RF |GREE
L D NAPHTHA (O o ([0 (O |0 |N
GAS COKE
Bp 7 C5 — 140 230- | 320- | 400-
—— 320 |400 |480
“sity @ 5% 0.710 0.92
3
lash\()int, s 104
% 0.38
Scosity @ 507, cst 16.5 | 7.0
~ 3
b poing T, 39|51
CR weoy 0.09 [45

1

26.28
M 15.28

e wi% 4.17
%@EW% 9.29
Ro2ne wt% 2.29
7“an\ewt°4 7.68
gan% 8.56
~__ 11.12




LPG RECOVERY UNIT ( LRU)

Introduction:-
LPG Recovery unit is designed to process the gas and unstabilised Naphtha available

from Coker-A&B.
The function of the unit to recover the LPG from the hydrocarbon streams obtained from

Coker-A&B besides producing LPG, the unit also produces stabilized naptha feed from

Coker-A&B.
The designed through put of the LPG Recovery unit is 99000 T/Year of gases and

unstabilised naptha from Coker-B and 93696 T/ year of gases from Coker-A

CAPACITY :-

(a) Gas & unstabilised naphtha from Coker-B = 99000T/yr
(b) Gas from Coker-A = 93696 t/yr |
(¢) Unit turn down = 25%

FEED CHARACTERISTICS :-

FEED STOCK-

(a) Gas from Coker-B

COMPONENT wi%
Methane 26.28
Ethane 15.28
Propylene 4.17
i-Butane 24
n-Butane 7.68
Cis-trans Butane 8.56
Cs 11.12
(b) Unstabilised naphtha from Coker-B o
sp. gravity@15°C :
vapour pressure 22.0kg/cm2g

(c) Gases from Coker-A



COMPONENT Wi

Methane 25.7

Ethane/Ethylene 18.9

Propane 17.7

Propylene 8.6

i-Butane 1

n- Butane 9.7

i-Butane 23

n-Butane 4.0

cis butane 0.6

trans Butane

i-pentane

n-pentane

1-pentane&2- Methyl 1-Butene 2.8

CHEMICALS:-

Caustic soda 12.0tones/year
0.75tones/ year

Corrosion inhibiter

PROCESS DESCRIPTION :-
Gases from Coker-A&B, AVU-1,2,3 are compressed in a two stage steam turbine driven

compressor. Compressed gases at a pressure of 14.0kg/cmz.g along with unstabilised
naphtha from Coker-A&B are cooled at 40°C in air and water cooler successively and fed

to a discharge knock out pot where gas and condensate (mainly LPG ) are separated.
Gases from the knock out pot are passed through an absorber

column and flow counter to the naphtha & kerosene streamns in two separate sections

respectively. Naphtha absorbs any C3,C4 fractions present in the gas. Kerosene further
minimized the loss of naphtha entrained by the gases. Kero can be taken either from
Coker-A&B and Rich kerosene from this absorber is fed back to either the fractionating
column of Coker-Aor B. Rich naphtha from the lower zone of the absorber along with the
condensate obtained from the compressor discharge knock out drum is preheated by
Debutaniser bottom stream & pumped to stripper column where light ends (C1&C2) are
stripped off by reboiler vapour, fed back to the inlet of compressor discharge KO drum

(to Recover C3-C4, if any)
Fuel gas from the absorber top g0¢S to a knock out drum & fed to the refinery gas
mainly LPG & naphtha are fed to the Debutanizer

network. Stripper bottom containing
o tha. LPG is withdrawn from the top reflux drum &

column for separation of LPG & naph \ . X
stabilized naphtha from the bottom of the debutanizer column. A required part of this

stabilized naphtha is recycled back to the absorber as absorbing medium & rest of

stabilized naphtha goes as product. . -
P are further in caustic soda wash section

Both LPG & stabilized naphtha products
separately for removal of any HaS . Products are further passed through sand filters then

sent to the product storage tank.

PRODUCT CHARACTERISTICS:-



(@) LPG
Dryness
Boiling point
Vapour density
H2S
Total volatile solution
Volatility(95% vaporize @760mmHg)
Vapour pressure at 650C, kg/cm’g

(b) STABILISED NAPHTHA
TBP
15°C

HYDROCARBON
Saturates

Oleffins

Aromatics
Mercaptons

Cu strip corrosion
Butane(3hrs@50°C)
RVP, psig(max)

(c) FUEL GAS
Methane
Ethylene
Ethane
Propane

Cs

Propylene

1.5
Absent
0.02max.

4+2°C(max)

15

C5+140°C
0.7109

wt%

64.5
23.5
12.0
0.016

2a
10

wt%
45.23
7.2
25.5
11.70
2.77
7.60

No free entrained water




BARAUNI REFINERY EXPANSION

Introduction :-
The Barauni Refinery Expansion project was envisaged for

PROJECT (BXP)

augmenting crude processing capacity from 4.2 MMTPA to 6.0 MMTPA
along with matching secondary processing facilities. The main objective of
Barauni Refinery expansion project is to produce market oriented pattern of
environment friendly high value products like LPG, Diesel and motor spirit.

BXP launched at Barauni Refinery in 2002.

The project mainly consists of :-

& Residue Fluidized catalytic cracking unit (RFCCU)
& Diesel Hydro treating unit (DHDT)
< Hydrogen Generation unit (HGU)
& Sulfur Recovery unit (SRU)

< Amine Regeneration unit (ARU)

< Sour water stripping unit (SWSU)
& Catalytic Reforming unit (CRU)

UNIT FEED PRODUCT
RFCCU Blend of short Residue & HVGO | Fuel gas oil, LPG,
(heavy vacuum gas oil) gasoline, diesel, DCO
DHDTU High sulfur low cetane Diesel Low sulfur High cetane
Diesel
HGU Naphta Hydrogen (99.99%
pure)
SWSU Rich Amine containing high Lean Amine
amount of dissolved H2S from (containing less amount
DHDT / RFFCCU of dissolved H2S) to
DHDT, RFCCU Acid
gas of SRU.
SWSU Sour water (Containing high
amount of dissolved H2S from
DHDT, RFCCU AVU’s,
| COKERS
RFCCU 1.3 MMTPA Stone & Webster engg

corp. Ltd. USA




MERICHEM USA

* LPG 245000 T

Recovery

UNIT

*.

GASOLINE

TURBINE

UNIT

DHDT 2.2 MMTPA UOP, USA
SRU 2 X 40 TPD STORK, Netherlands
ARU 201 TPH UOP, USA
SWSU 93 TPH UOP USA
HGU 34000 TPA HTAS Denmark




RESIDUE FLUIDISED CATALYTIC
CRACKING UNIT ,




RISIDUE FLUDISED CATALYTIC
CRACKING UNIT (RFCCU)

RFCCU has been licensed by the stone & Webster Engg. Corporation
(SWEC) and the unit was constructed by Samsung Engg. Co. Ltd. (SECL).
This unit was commissioned in 2002. This unit is designed for the cracking
of the heavier Residues from the AVU into the lower carbon in the presence
O.f a catalyst catalytic cracking reactions are selective resulting in a
significantly lower production of C, gases. High octane no. of the gasoline
and low cetane quality of the gas oil fractions are typical of the catalytic

cracking process.

Capacity :-

Normal feed capacity - 1.3 MMTPA

Designed feed capacity - 1.309 MMTPA
1.432 MMTPA

ON steam factor .- 800 hrs / annum
50%

Turn down ratio -

FEED SPECIFICATION :-
Case I :- Maximum distillate / LPG mode operation processing a mixture of
the following stream at a rate of 1369 MTPA
CCR - 4.28 wt%
S content - 1.56 wt%
Feed Fluid Flow rate % Yield
Low s vacuum distillate | 736 MTPA 53.8
High s vacuum distillate | 277 MTPA 20.2
High s vacuum Residue | 234 MTPA RYA!
Fuel oil 122 MTPA 8.9

PG mode operation processing a mixture of

Case II :- Maximum distillate /
f 1436 MTP.

the following streams at a rate

Conradson carbon Residue (CCR) :- 3.79 wt%



Sulfur content - 2.54 wt %

Feed Fluid Flow rate % Yield
High s vacuumed 889 MTPA 61.9
istillate

High 182 MTPA 12.7
Foots oil 126 MTPA 8.8
Coker Heavy Gas Oil | 239 MTPA 16.6

Product Specification :-

1. LPG :- Vapour pressure @ 56°C :- Max 16.87 kg / cm?
Volatility :- Evaporation tempr for

95% vol @ 760 mm of Hg — 2°C

C, content in LPG - 0.5-1.0vol %

Cs content in LPG - 0.2 - 0.9 vol %

2. Motor Gasoline :-

Research octane No. (RON) 91 MM
Reid vapour pressure (RVP) 38°C 0.4kg/ cm’
stability

Recovery Evaporation Volume 2798 — 1971
For 120°C Target @ 760 MMHg Min 35 vol%

Total cycle oil (Tco : DIESEL)
Distillation @ 350'C Min 85 Vol%
Distillation @ 360°C Min 90 vol%
Distillation @ 370°C Min 95 vol%
Flash pt (Abel) P.M closed cup Min 36°C
4. DECANTED OIL (DCO) .

Flash point (Pensky Closed) —in 66°C
CATALYST :-

The catalyst used is silica-alumina based in amorphous from

and its trade name is ZSM.

RFCCU PROCESS PRINCIPLE :-
Feed stock contact with the circulating high temp" solid catalysts with

an average particle size of 60 Micron at the bottom of the reactor called a
Rise and after quick vaporization Tle catalytic reaction is achieved with




several seconds during on upward flow in the riser. The reaction tempr is in
the range of 490 — 540°C.

Coke produced in the cracking reaction is burned off in the
Regenerator and then the catalyst is Regenerated. When coke is burnt, the
catalyst bed tempr is increased due to the great heat generated. This
Regenerated hot catalyst can supply the heat needed for feed oil vaporization
and the catalyst cracking reaction (endothermic). The regeneration tempr is
in the range or 650 — 780°C. The overall equation for coke burning reaction

is ;-

C +0, -2> CO,

C+%0, --—-> CO

C+%0, -2 CO;

21 +% 0, ---2> HO;

S+ 02 -----> SO,

SO, + % 02 - SO3
In the Regenerator, partial combustion or complete combustion burns coke.
In the partial combustion mode flue gas containing co is with drown from

the Regenerator overhead and the co in down stream co incinerator.
As an option, a specific catalyst which has the function of sox

removal (MCO :- DeSox Catalyst) will be injected in to the Regenerator. In

this case the reaction for sox Removal is as follows.

MeO + SO3 ----> MeSO4 (Regenerator)
MeSO2 + 4H2 ----> MeO + H2S + 3H20 (Reactor)

Me stands for a basic metal.
The converted H2S is Recovered as elemental s is the down

stream. Refinery process unit. The catalyst is fluidized in both the reactor
and the Regenerator and is circulated continuously between these vessels

through standpipes like a liquid handled with pressure balance.

CATALYTIC CRACKING REACTION :-
The catalytic reaction is a reaction with intermediates of

carbenium sites which are produced on the acid sites of a catalyst surface.

The main reaction schemes of catalytic cracking progress with the following

Mechanism :-

(a) Initiation :-
R, “CH=CH-—R2+H2 - R, —~CH,-C+H-R,+Z
Carbenium ion

Branched Site
R]_CHz-CHz—R2+L+ 9 R]—CHZ"CH-R2+HZ



Lewis Site Carbenium ion.

(b) Production of carbenium ion :-
R1 —CHZ -+ CH3—R2=R1 —CHz‘—CH-Rz'*‘Hz

(c) Cracking —
R, - CH,-"CH3 -R2=R"+CH; -CH;-R;
(d) Isomerisation :-
CH;
| +
R] - CHZ - CHz - CH"CH3 = R- CHz -C- CH3
(e) Cyclisation :-
The following hydrogen transfer reactions is also
important to explain the results of high yields of aromatic
products.
(f) Hydrogen Transfer :-
3 C,Hon +CmHm=3cn H,n + 2 + cmHym — 6
Olefins  Naphtenes Paraffins Aromatics

The reaction (c) to (e) affect the properties of cracked products.
Such as the octane no. of gasoline or the cetane no. of creacked gas oil.

FUNCTION OF THE PLANT :-
The FCCU catalytically cracks the vacuum gas oil from

AVU, Hydrocraker bottom and vacuum Residue to various high priced
in following product in

hydrocarbons. The hydrocarbon vapour are separated
the fractionation & gas concentration section.

(1) Fuel gas

(2) LPG

(3) Gasoline of high octane Number
(4) HSD component

(5) Fuel oil component.

PROCESS DESCRIPTION :-
A modern designed fludised catalytic cracking unit consists of

the following section which operates in an integrated Manner.

(a) Catalyst Section
(b) Fractionation Section
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CATALYTIC CRACKING UNIT
(CRU)

PROCESS DESCRIPTION

Introduction

To get motor spirit 6f low lead and high octane number, the Catalytic Reformer Unit

is setup at Barauni Refinery in 1990. The plant is having following facilities:




1.  Naphtha Splitter Unit
Naphtha Hydro — Treater Unit

Catalytic Reformer Unit

2
3
4.  Feed and Hydro-Treated Naphtha Storage Facility

5 Circulating Water Facility.

6.  Compressed Air & PSA system

7.  Hydrogen Storage & Un-loading Facility.

8.  Flare System
The purpose of Reformer is to enhance the octane number by changing the
hydrocarbon structure in the presence of cafalyst and hydrogen. It is not
advantageous to operate reformer with lighter hydrocarbons. So splitter was required

to get suitable catalyst, but impurities / water act as catalyst — poison, so we need

hydro-Treater to remove impurities and water.

&

General Process Description
Catalytic Reforming Unit (CRU) imp

octane number or antiknock property.

roves the quality of MS (Petroi) by increasing it

The raw material / feed is (Gasoline) received from AVU’s column K-101 & K-102

to Tank no 250, 251 & 252 in CRU. From tanks through pump 41-PA-001A/B it is

fed to Naphtha splitter column 01
htha in routed to HGU as feed of the Unit and O M & S after

_CC-001. In column it is splited into two parts. Top

Portion i.e. light nap
caustic wash in AVU 1 & I through pump 01-PA-001A/B.

The bottom product i.e. heavy Naphtha is sent to Hydro Theater Unit (HTU) where

its organic impurities like Sulphur, N2, O2 are removed and stripped off from top of



-~

stripper column 02-CC-001. The bottom product of stripper column i.e. DSN (De
sulphurised Naphtha) is feed to CRU. |

In CRU, this DSN is aromatized / de-hydrogenated by catalyst in reactors 03-RB-001
/002 / 003 along with hydrogen. This hydrogen is recycled with compressor 03-KA-
001. The excess hydrogen produced is compressed by hydrogen Rich gas compressor

03-KA-002A/B.

The hyd-rocarbon from Reactor goes to L.P. separator 03-VV-001. The bottom of the
separator is naphtha and it is pumped to H.P. separator 03-VV-003 through pump 03-
PA-002A/B and the top of the L.P. Separator goes {0 compressor 03-KA-001 & 03-

KA-002 A/B.

The Bottom of the H.P. Separator is sent to LPG separator. After removing or

separating the LPG, the Naphtha is pumped to stabilizer column 03-CC-001 for

residual LPG removal. The LPG from top of the column are removed and the bottom

stabilized product is called reformate and sent to O.M & S as M.S. constituent.

PROCESS & PLANT DESCRIPTION

Naphtha Splitter Unit (NSU):

IBP-140 OC cut naphtha from storage (TK 250, 251, 252) is fed to splitter column
01-CC-001 under flow control by off site pump 41-PA-1A/B at tray No. 14. The feed

iIs heated up to 95 OC in splitter feed/bottom exchanger 01-EE-001 A/B against
splitter bottom stream before it enters the column.

The overhead vapors are totally condensed in air condensers 01-EA-001. The liquid
Collected is pumped by splitter reflux pump 01-PA-001 A/B and one part sent as top
reflux back to the column under flow control 02-FC-1102 to maintain the top




temperature. The balance, which constitutes the IBP-70 OC cut naphtha is sent to
HGU as their feed (bypassing 01EE002) and rest light naphtha is sent to storage
under reflux drum level control 01-LC-1101 after cooling in a water cooler 01-EE-
002. Reflux drum boot water is drained in OWS manually.

The pressure of splitter is controlled at reflux drum by passing a part of hot column
overhead vapors around the condenser or releasing the reflux vapors to flare through

a split range controller (01-PC-1101).

The splitter bottom product which constitutes 70-140 0C cut naphtha is pumped to
splitter feed/bottom exchanger 01-EE-001 A/B by hydro Treater feed pumps 01-PA-
003 A/B. The bottom product after exchanging heat with feed is split into two
streams. One is fed to the hydro Treater unit at a temp. of 65 0C and the other is sent
' storage under column level control 01-LC-1102 after being cooled in splitter

bottom column 01-EE-003.

The heat necessary for splitter reboiling is supplied by splitter reboiler furnace 01-
FF-001 and desired temperature maintained by controlling the fuel firing. Splitter
reboiler pumps 01-PA-002 A/B. provide the circulation through reboiler 01-FF-001
Is double pass vertical cylindrical furnace having four burners fired from the bottom.

It has soot-blowing facility for convection section.

Hydrotreater Unit (HTU):

A)  Reaction and Separation Section:

by a pump 01-PA-003 A/B. The feed flow is

Controlled by flow control valve 02-FC-1101. The feed then mixed with Rich
,Hydrogen Gas from HP separator of reformer. 02-FC-1202 controls the Rich
Hydrogen gas flow. Both the liquid naphtha and rich hydrogen gas are pre-heated in
2 series of exchangers 02-EE-001 A/B/C/D/EJF, which are feed/reactor effluent heat
xchangers. Then mixture is heated up to reaction temperature in a furnace 02-FF-
001 and fed to the reactor 02-RB-001. The furnace 02-FF-001 is four pass having
three burners fired from bottom. The furnace is having facility of soot blowing. The

- Teactor inlet temperature is maintained by 02-TC-1101 cascaded with either fuel ojl

- or fuel gas PC's. The furnace is provided with all safety shut down inter locks. It has

~ also provision of decoking.

The naphtha from NSU is fed to HTU




The desulphurisation and hydro treating reaction takes place in 02-RB-001 at almost
constant temperature since heat of reaction is quite negligible. The reactor is
provided with facility of steam and air for regeneration of catalyst. The catalyst for
reactor is HR-306. :

The reactor catalyst bed has been provided with five number of thermo couple points
at various location to get the bed temperature during regeneration of the catalyst.

The reactor effluent after having heat exchanged in 02-EE-001 series with feed goes
to air cooler 02-EA-001. The air cooler fans pitch is variable i.e. cooling load can be
adjusted as per situation requirement. After air cooler the effluent is cooled in a trim
cooler 02-EE-002. The product is collected in a separator vessel 02-VV-001. Sour
Water is drained from the separator drum boot manually. The separator drum
pressure is maintained by routing the gas to HGU compressor K-05 fully through 2-
PC-1201B and any excess gas can be routed to FG system through 02PC1201. In
event of emergency the separator excess pressure can be released to flare through an

on-off ¢/v HV-1201.

A line has been provided to feed the naphtha to stripper, during start up, bypassing
the reactjon/separation section.

B) STRIPPER SECTION:

The separator liquid is pumped by 02-PA-001A/B under flow control 02-FC-1201
cascaded with 02-L.C-1201 to stripper feed/bottom exchanger 02-EE-003 A/B/C

When it gets heat exchanged by hot stripper bottom stream. )

ts of 28 Nos. of valve trays one to eight number of trays
double pass. Feed coming from 02-EE-003 A/B/C

enters at 9th tray from two sides. The overhead vapors are cooled down in 02-EA-
002-air condenser and collected in 02-VV-002-stripper reflux drum. The fan load
can be adjusted. The condensed hydrocarbons are returned to column top by pump
02-PA-002A/B under flow control 02-FC-1301 cas:caded with .02-LC-1302. as reflux
to maintain the top temp. The water accumulated in the boot is sent for disposal as

Sour water. 02-PC- X
drum pressure. The facility is there to injec
005A,

The stripper column consis
are single pass and the rest

1301 releasing excess gas in the FG system maintains the reflux
t corrosion inhibitor by pump 02-PA-
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Corresponding saturated an
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| The hydrotreater unit is designe

- and reducing sulfur content to 0.2wt%.
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DIESEL HYDROTREATMENT UNIT
) (PHDT)

11 INTRODUCTION

Petroleum fraction contains various amount of naturally occurring contaminants
including organic sulfur, nitrogen, and metals compounds. These contaminants
may contribute to increase levels of air pollution, equipment corrosion, and
cause difficulties in the further processing the material. The Unionfining process
is a proprietary fixed-bed, catalytic process developed by UOP for hydro treating
a8 wide range of feedstocks. The process uses a catalytic hydrogenation method
to upgrade the quality of petroleum distillate fractions by decomposing the
contaminant with negligible effect on the boiling range of the feed. Unionfining
is designed primarily to remove sulfur and nitrogen. In addition, the process

does an excellent job of saturating olefinic and aromatic compounds while

reducing Conradson carbon and removing other contaminants such as
OXygenates and organometallic compounds.

The desired degree of hydro treating is obtained by processing the feedstock
Over a fixed bed of catalyst in the presence of large amounts of hydrogen at
temperatures and pressures dependent on the nature of the feed and the amount

of contaminant removal required.

d to improve the Diesel cetane number to
stability specification of 1.6 mg/100ml(max)
Future provisions are considered in this
£ cetane no.51 and further reduction of sulfur content to
reating Process and refining reactions. The

48-5(min) while meeting the diesel

Unit to produce HSD o
0.05wt%. The two features of Hydro t

- Tefining reactions are desulphurisation and denitrification. The mercaptides,
- Sulphides and disulphide. react in an atmosphere of hydrogen to form

d aromatics compounds, H2S and NH3. The
f Straight Run Kerosene II (SRK IT) and Coker

ydrotreater feed consists 0 :
nsisting of Straight Run Gas Oil from low

Kerosene 1 (CK-I) and Diesel mode co

| Sulphur jmported crude (SRGO-LS), Straight Run Gas Oil from high sulphur

- Imported crude (SRGO-

HS), Total Cycle Oil from FCCU (TCO) and Light
Coker Gas Oif (LCGO).

Unionﬁning units are designed for dependable, staple opera}tion. UOP's
selective, high-activity catalysts operate for long periods of time between

4



~ Of fuel,

- The Djesel is fed to the unit thro
- Particles suspended particle

- Cnter to high-pressure receiver
* ®Xchangers (E-06/04). The H2 from

04, The gaseous product (H2)

regenerations. Specific process objectives determine which UOP catalyst is best
§U1ted for a particular installation. The activity and selectivity of the catalyst is
influenced only to a slight extent by the type of feed processed. The same
catalyst in varying quantities can be used to hydrotreat straight run naphtha,
vacuum gas oil, and catalytically and thermally cracked distillates. The
widespread use of catalytic reforming units has made available large quantities
of excess hydrogen, making it feasible to hydrotreat many, or all, of the distillate

produced by the refinery.

This “Operation Manual” has been prepared to aid the personnel responsible for
the operation of the Diesel Hydro treating (DHDT) unit for the Barauni Refinery
Expansion Project of the Indian Oil Corporation Limited (IOCL), India.

The supervisory operating guidelines were prepared by UOP, and the operation
manual prepared by IOCL covers detailed operation procedure based on the

Supervisory operating guidelines.

General Process Description

The function of DHDTU is to improve the Diesel quality by removing the
Impurities like Sulphur, suspended particles and by the incregsipg the cetane
Number of Diesel. Increased cetane number help to improve the ignition property

ugh pump 702-P-01 A/B/C, removes water
s by feed coalscer (V-01) and feed filter (G-01) the
e feed to reactors from surge drum V-02 though feed
(F-01). In reactor the product react with H2 in
e cetane number of Diesel. The products then
V-04 after releasing temperature through
HGU through Compressors 702-K-02 A/B

®nters to the receiver (V-04). The liquid product from (V-04) bottoms enters to
Stripper column C3 via low-pressure flash drum (V-05) and Exchanger train E-
from V-04 enters to suction of Recycle gas
01) & enters to Reactors after gaining temperature from
05 & 07. The gaseous product from top of low-pressure
Amine absorber where H2S is absorbed in Amine.
m the bottom of the absorber. Sweet gas from the
Refinery.

Pump 702-P-02 A/B send th
Exchanger (E-03/06) and heater
Presence of catalyst and increase th

Compressor (702-K-
Xchanger Train E-02,
flash drum (V-05) is taken to

he Rich Amine is taken fro
t0p of the absorber is taken to Fuel gas header of
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*ROCESS & PLANT DESCRIPTION

The €Xact arrangement of lines, vessels, etc. may vary from upit to unit, but basically
W wnits wil] consist of @ reaction section and a fractionation section. These two

Sept: .
Ctions are described below 11 general terms.




REACTION SECTION

Fresh Feed System

The feed to the unit can be either cold (40deg C) or hot (100deg C). Feed obtained
~ from offsite storage tanks at 40deg C is pumped into a Feed coalescer (702-V-01) for

the removal of potential free water. The feed is further heated to 100deg c in a
Preheater exchanger (702-E-01). Hot feed is sent from offsite and pumped by Hot
feed pumps (702-P-08A/B). The combined feed is sent through a Feed Filter (702-G-
01) for removal of suspended solids to the feed surge drum (702-V-02), which is
lanked with nitrogen to prevent gum formation resulting in possible equipment

0u1ing.

The feed pumps (702-P02A/B) take suction from the feed surge drum (702-V-02)
- d Pump. the raw oil to reactor loops and the feed is preheated via process

 Shangers (702-E-06 and 702-E-03) with reactor cffluent |
- " feed pumps are high head machines capable of pumping large volumes of oil at
i Pressures of over 120 kg/cm2. The manufacturer’s instructions must be_consulted
“lore Operating the charge pumps since special care must be tak.en to avoid damgge
'€ to low flow, high temperatures, vibration, etc. Proper lgbrxcrintlon and coqhng
Lt be assured ,at all times both for the pump and its driver if serious damage 1s to

- Savoj i hould never be operated against a blocked discharge,
n Ided. This type of pump shou commended by the manufacturer. A spillback

2t flow m re
ates below the minimu mmenc )
he surge drum may be added to maintain minimum flow at reduce throughput.
' Fe
A Heat Exchange )
heme, the reactor charge is preheated by

. dmor eat recovery SC ;
!t ¢ commonly used b offluent exchangers before entering the reactor

¢ Teactor i ies of feed-
effluent series Ol 1€C .
:harge heater ’Lll";rils lertlt'caempts to recover as much heat as possible from the l;%‘;t EOf
Oe Ction, Liqus d is preheated separately with reactor-effluent e?cchanges (702-E-
6 anq - quid foed 15 Pr o is also preheated,

. and 707 fi mbining with the recycle gas, wh :
Wit -E03) before co g S 05 and 702-E-02). The combined

ired reactor inlet temperature
(g re i se heater to reach the desire . .
(340537 (;im enters a mlxedbphe:1 e e of more exchangers i used to provide
begy 0). A fresh feed byp

" Control of the charge heater outlet temperature.
\ Nitic ormally used i ttest heat exchange
X iti i d mn the hO S g rs.
Thete 1t stainless steel materlals are n lly S

austenitic stainless steel in DHDT are



N eeg C before it can enter the secon ee. 1
iy Istage suction from and make up suction ru(rin I?'refsirese
@ ISt stage discharge cooler (702-AC-03) and First stag

1) E08 A/B

2) E07

3) E0O6 A1/B 2 )
4) E05

5) E04 A/B

6) E03 A1/2/3 & B1/2/3

7) E02

8) FO1

to the corrosive atmosphere and severe

T : . .
hese materials provide the best resistance
ect to stress corrosion when exposed to

0 ; .ol .
af erating conditions. However, they are subj
I and moisture. This type of corrosion can be avoided by neutralizing the sulfide

Seale on the tube walls and by avoiding the condensation of moisture in the tubes.
Totection, of gustenitic steel equipment is described in detail in the Special

focedures section.

\MakeuE Hydrogen System

Ir\g:ge-up H2 is obtained from Hydrogen unit at a pressure of 19.5kg/cm2g. Since the
tor section pressure is 90-95 kg/cm2g, the make-up gas must be corflpres'sed
*ore it can join the system. The compression systerm consists of two identical
makeup compressors (702—K-02A/B). Reciprocating compressors are used to raise
® Pressure of the gas, with two stages of compression varying in accordax?ce with
¢ difference between the supply and reaction section pressures. From thef discharge
the last stage of compression, the makeup gas joins the recycle gas J}lSt before
uent condenser (702—AC—01). The point of entry into the peacfor circuit depends
" Whether or not a stage of compression can be saved by entering the c1rcu1t at a
Wer pressure Jocation.
must be cooled to about
gases, used to control the
also need to be cooled
discharge trim cooler

drum (702-V-07).

1 multj-gt ors the gas from the first stage
age compressors 1° d stage. The spillback

~E'IO) before being returned to the first suction
Recs i The manufacturer’
. “Clprocat; driven by electric motors. e urer’s
1 cating compressors are ri i .
nstﬂlctiOnS fg’ thmp nrtup shutdown and care of these units must be stufhed ar}d
e or i ° , Jose attention must be paid to the compression ratio
: charge temperatures. Excessive

tion and dis :
the suctio o high cylinder discharge

OSS e : 11 as
ach cylinder as W€ ed since they will lead t

Co
Pression ratios must be avoid



©lng
¢ he event that the unit is calling

|
i

- Ay, :
. Co Senses the decrease 111
- um -

ba Pressure controller and

 Whep L
Pre U this happens, the second sta

atures, rapid
, wear, low : . : . .
the drive. p , low compressol efficiency, and a possible overloading of

The cvli .

o i gl;g;ls; iileschagge temperatures give a very good indication of the performance

temperatures b an shoul.d be rec.orded on a re.gular basis. Higher than normal

compressor val ow that cylinder or interstage cqolmg may be inadequate, or that the

order to avoid ves are faulty. In such ?ases, quxc!< remedial action must be taken in

higher than d Qverheatmg ar.ld darr}agmg the cylinders. It must be remembered that
esign compression ratio and high molecular weight gases (as indicated

ya .. . iy .
. reduction in H2 purity) will increase the load on the driver..

Th
CO;S;‘:' of makeup gas through the compressor.and into the unit is controlled by a
Stage SuCtS.yStem of pressure conFrollers on the high pressure separator and the first
f gas as tI}?n drum. The basic phllospphy of the control scheme is to control the flow
Pressure e demand for hydroger.l dictates (as .determined by the pressure in the high
Pressure separator). /}s hydrogen 1s consume.d in .the reactors, the pressure in the high
y closinseparator will start to decrease. This vynll in turn call for more makeup gas
Setion 'Ighyhe Cfontrol valve in the spillback line from the final stage discharge to
. This will cause the suction pressure of the final stage to decrease, which

en :
meCIOSeS the spillback around the second stage of compression. This works in the
way back through each stage, with the gas is spilled back

u net result that less
gh each stage and more gas fows forward into the Process.

gas than is available (hydrogen

n . : :
esgmptmn is too high), the pressure control system essentially works In reverse.
Irst stage suction druimn pressure will start falling because there is not sufficient

823 gy
S S available from the hydrogen plant to replace what is being pumped out of the

d“ctlon drum. When this happens, the pressure controller on the first stage suction
pressure and, in order t0 protect the first stage of the
ompression ratio, overrides the second stage suction
e first stage spillback valve to open. This spills

uild the pressure back up.

tage suction drum to b '
n drum pressure starts falling and its

ge suctio :
e second stage spillback. The same thing happens to all
al result is that the high-pressure separator pressure
gnize that hydrogen

nt the operator will reco
must be reduced either by decreasing reactor

Alternatively, the hydrogen supply may be

for more makeup

I .
Pressor from excessive ©
forces th

ck
more gas back to the first s

8§
Sta e:re controller opens th
Wil Stof compression and the final’
“ongy art decreasing. At this pol
te perrnp tion is exceeding SUPPLY and
lncl‘easizlres or feed rate OF both.



11t is i
| ‘18 very important for opcrating personne

| The maxi
| Obtaimaxmum allowable compressor temperatures
ned from the manufacturer and pos

Afy :
er separation of the gas and liquid phases i

H Suct-
lon of the recycle gas comp

Inte
V)|
als. Whenever the compressor

|
|
|
[
|

} Das

cle gas befo

-

| to become familiar with the mode of

d the capability of the equipment may be avoided.
and compression ratios should be

ted in the control room or near the

con
trol used so that pressure beyon

Compressors.

R
2¢cycle Hydrogen System

n the high pressure separator (702-V-
e separator and flows to the
s K.O drum (702-C-01). The

H2S in the future.

e top of the high pressur
ressor via Recycle ga
ne scrubber to remove

4
) the gas leaves from th

Teg ” )
yele gas will be sent to an ami

No
. -Ccondensable gases aré removed from the condensate receiver by means of steam
ved from the receiver and pumped to the refinery

JEte
jectors. The condensate is remo
densate should never be

C()n
densate header or H2 Plant in
iously damage the rotor and other

alloyy

fowed to enter the turbine since i i

isouto ine casing drains should
d to keep the turbine

e
w kept open and sufficient steam flow should

arm,
Libe ,
inbe 0il circulation should also be maintained when the compressor 15 down, and
Y shut off when required for maintenance.

recycle gas will be split off the main
M for use as quench gas petween catalyst beds in the reactor- Separate quench
be Streams are used to reduce reactor interbed temperatures before each catalyst

oller cascaded from a temperature

ont Quench flow is regulated by 2 flow contr
oller at the top of the catalyst bed below the quench zone.

AR
er . )
Sty the recycle compressor discharge, some

re the recycle gas compressor in order for

. make . s
d up gas joins the 10 d. The combined makeup and refsycle gas
{low controlled into the combined feed

. Q) X
N divizup stage of compresst I
ed j i rmally 2 L
] ses go iIllrgltcz pgfses ,;;rvlhlc are no y 1eC o maintain equal gas
0 o the co ; .

Ove to each reactor charg® h A high rite to avoid
th 1‘heating the tubes. From this point gntil it returns to the h{gf} pressure separator,
s flows a10nge S\;,ith the liquid through the reactor circult 11 the same manner

Dl‘ev-
0usly described.
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HYDROGEN GENERATION UNI'Y
(HGU)

. Introduction

A Hydrogen Unit with a nominal capacity of 34,000 metric toncs per annum of

| hydmgeﬂ is included in the processing schenic of Barauni Refinery.

The primary objective of the Hydrogen Unit is 10 produce hydrogen of 99.9-vol %

Purity to meet the hydrogen requirement of the Hydro treating Unit. .

The process licensor :  Haldor Topsoe A/S, Denmark.

L8R Contractor : 1.&T Chiyoda

- Process Consultant: EIL

| G _
&heral Process Description

|

- MAIN $EeTIONS OF HGU ARE: -
J )

*  HDS SECTION

~+  REFORMER
MT SHIFT SECTION
PSA SECTION

\J
“‘

d to E-01 A/B feed vaporizer. FCC off
its pump discharge. Recycle hydrogen
orizer. Naphtha, FCC off gas and
rtheated to 266 0C

Nap-htha feed from surge drum V-04 is pumpe
is X 1S compressed & mixcd to naphtha feed at
l Mixed to combined feed stre

inygrogen mix after vaporization of
02 with Superheatcd HP steam.

naphtha feed in E-01, is supe

ation of organic S and Cl compoundfs‘, to H2S and
R-02 and H2S is absorbed 1N R-03A/B.

0cC. -
“Ulphurized feed and unutilized H2 comes out of R-03 at around 385 0C. The de

0C in E-11. Thi
SUlgh . : team and heated t0 490 VC is
St Phuriseq feed is mixed wlrt)hotile;gr: iontrolled reforming reactions change the

€a )
M goes to pre- reformer

The.. .
e it is sent to R-01 for hydrogenatl
l respectively. HCI is absorbed 11




It
| hn the deSUIphurization section the sulphur
| 'Ydrogenated to form HaS and HCI in th
1
 INthe absorbers, 703-R-02 (HCH) and 703

By
'thermore, the oletins presen

1 |
he hydmgen generation unit can be fede

fe :
ed to methane. The outlet of R-04 is heated in E-12 to 625 OC and passed through

reformer (F-01) tubes.

ig éeéorggrz, the reforming reaction takes place and the feed and steam is converted
unCOn,v o d, H2. The stearil .rcformcd gas outlet from reformer contains CO, O2, H2,
around ed CH4 & unutilized steam. The process £as at outlet of reformer is at

nd 930 OC, which is cooled to 200 0C in WHB and BFW preheaters and passed

] RN
hI'Ough MT shift converter R-05 & LT shift converter R-06.

noxide on reaction with steam gets converted to H2
down stream of R-06

H4, CO, CO2 and

In sh;

a ghlﬁ converters, the carbon mo

and CO2. The unutilized steam is condensed in step cooling,
Wd then the reformed gas is sent to PSA-1 to remove the C

Production of 99.9% pure hydrogen.

D )
LeSulphurisation Section

G
tneral Information

passcs i3 used as feed to the

Strajc
faight Run Naphtha alone or mixed with FCCU-off-

deg X
ulphurisation section.
and chlorine compounds are

e hydrogenator, 703-R-01, and are removed

_R-03 A/B (H:S).

tin the FCCU off-gas arc saturated with hydrogen in

ydrogenate.
Beeq
:ther by naphtha alone or naphtha mixed

sulphurization section controls the feed

W
th FCCU off-gas. The pressure in the de
703-R-03 A/B, gives 2 set point to the

fl
OWs. 703-P1C-1308 situated downstream

n
3Phtha feed flow controller 703-FIC-1102.




| na .
| phtha surge drum, 703-V-04. F'rom the naphtha su

- bythe naphtha feed pumps, 703

- 703- ,
- 'V3-PAL-1006) is given, and if

Naphtha

The liqui
liquid naphtha feedstock is supplied at low pressure, abou
rge drum the naphtha is pumped

{ 4 kg/em’g, to the

-P-01 A/B to the desulphurization section, the second

acﬁn)a- Crnmgen . .
g as spare. The pump discharge pressurc 1s about 36 kg/cng.

ICCU oft-Gas

The e : :
FCCU off-gas 13 supplied at low about 12.5 kg/em’g, and is

pressure,

compy .
mpressed in the feed compressol, 703-K-03 A/B, and mixed with the feed naphtha

-~ from 703.p-01 A/B.

If ¢ )
he suction pressure o 703-K-03 A/B becomes low, first a low passive alarm
the pressure continues to decrease an active

w controller,

inter
®rlock, 1-112, will ramp down the FCCU off-gas flow on flo
must manually

s back to normal, the operator

703.
FIC-1103. When the pressure 80€
(Note 1)

re
Set1-112 and take FCCU off-gas back in operation.
P

| ~2d Control
gas and 703-FIC-1102 for the

B

low controllers,
N

Phtha, contro] the feed flows: 703

¢
ontroller, 703-PIC-1308, keeping @ €0
ly by FIC-1102 (flow of naphtha) and

SectiOH F N . .
. FIC-1103 1s controlled indirect
FCCU oft-gas and naphtha. This control

s used as feedup to 2 maximum of 30% by
ated in Figure 1 is

703—FIC—1103 for the FCCU off-
_FIC-1102 acts in cascade with a pressure

nstant pressure in the desulphurization

HIC.
¢ 1102, which sets the ratio between

8
“fstem will ensure that all FCCU off885
®ight of the total feed. The cascade regulation principle as illustr

to
®nsure fast and stable regulation. (Note 2)




SULPHUR RECOVERY UNIT
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5 he Purpose of this unit is to recerve sour water

SULPHUR RECOVERY UNIT
(SRU)

L1 Introduction
Amine regeneration unit
The purpose of this unit is to receive rich amine (containing a high amount of

dissolved H2S) from DHDT and FCCU, remove the h2s from it and return the lean
“Mmine (containing very low H2S) back to DHDT and FCCU for further absorption.

The Hos thus released is sent to sulphur recovery unit.

§ )
~OUr water stripper unit

(containing a high amount of

dissolde H2S) from DHDT, FCCU, AVUs and remove the H2S from it and return

the Stripped water back to the units. The H2S thus released is sent to sulphur

reg A
Overy unit.

Su
\l%ecoverv unit

T . ;
ne Purpose of this unit is Lo receive FI2S
elemental Sulphur using clause reaction, followed by super claus

som ARU and SWS and convert it to
e reaction. This

ligy; | ‘
Wid Sulphyy js converted to solid form in the Sulphur yard.
consists of two trains

T ‘ |
" Sulphyr Recovery Unit (Unit 706) in Baraun! Rofinery
10 % design

7 ., . .
-1 (Train 1) & 706-2 (Train 2) of 40 MT/day capaces each with

Margin, |
% (or 13.3 MT/day) based on the design

Th | ,
¢ 8Uaranteed turndown for SRU is 30

N “ase feed gas rate (1 10 %) and12 composition as given 'below.
«Acid Gas ex ARU?” and the “Sour Gas ex

he feeq gas to SRU is a mixture of the

S -
WSU’,' Each train in designed for 2738 kg/ht of feed.




PRO
UCT YIELD AND SPECIFICATION

State: liquid sulphur

Colour : bri

y .Our : bright yellow (in solid state) L
1ty : min 99.9% wt, on dry basis

H28
content : 10 ppm wt max

Gen
er . .
2theral Process Description

Amj
<line Regeneration Unit:

Rich Amia
lesh%r;;?e l.e. more H2S. in Amine received from DHDT/RFCCU are taken in
exchange¥;17(07£4—\/~0}.) &;'zt pumps through 704-P-01A/B to column 704-C-0] via
s -E-0] to gain heat 11 Rich Amine to remove 128 from Rich Am ine.
to SRU/ Sour flare and Lean

S is X
Mine i:XtraCted from top of the column and sent
collected at bottom and sent to DHDT / RFCCU to adsorb H2S 1n the

S
$t0 become Rich Amine.

So
ur
Water Stripping Unit:

Hoq .

‘ SCdGSS;OIV_ed in water is known as
Vig exchlecewed in 705-V-01 goes 1o
Hpg . anger 705-E-01A/B/C 10 gain
83s and sent to SRU/ Sour flare. A

ater. Sour Water received from DHDT /
column 705-C-01 through pump 705-P-01A/B
Heat in Sour Water. Column tops contains
nd bottom product of column is stripped

our w

W
atep sent to RF
g CCU/ ETP.
]| h
\% .
very unit:
Pry
1 Main Combustion Chamber (MCC- 706-F-
igh tem peraturc

hur vapour form at h

heat boiler (706—E-101) to reduce
02) to form gaseous

via Sulphur lock.
02). The Sulphur

¢ of H25. This process &
youl' and then Sulphur
for Sulphur pit and

dy

) gtbﬂom ARU/SWSU is taken i
(1200 T H2S in controiied extent.
léeat and) and the process 2a% sent through
Sulp ur tthe.n process gas 8065 to Sulphur conl
1Ulph r io liquid Sulphur. This liquid Sulphur 00€s
s 'reSSt p umped to yard through gulphur pit pump (7
\’apsnt to iethe process gas which contains good amoun
e Sent ﬁCtol- 706-R-101 to convert 1125 to Sulphur vaj

to condenser 706-FE-10 for condensing Gulphur

Here sulp
waste
denser (706-E-1
to Sulphur pit
0(%]’-101/1



| 706-R-103. After 706-R-103 the process

£-103 goes {o reactor to continue the process up to
/tail gas with minimum (1%) qty of H2S is

yard. Process gas from tm of 06-

burnt in e
urnt in incinerator (706-E-102) at a Temp 726-785°C.

G .
General Information — SRU (Sulphur Recovery Unit)

gn, which is known as the Super
drogen sulphide (H2S) with a

in a correct quantily to

Th
€ sulphur recovery process applied in the desi
Cl : :

aus process, is based on the partial combustion of hy

rati . C . .
0 controlled flow of air, which 18 maintained automatically
acco : . .

mplish the complete oxidation of all hydrocarbons and ammonia present jn the

acj .
d gas feed and to obtain an H2S percentage of 0.5 — 0.7 vol % at the inlet of the

SuperclaUS Reactor.

In
he conventional Claus process the ‘Air to Acid Gas Ratio’ is maintained to
e burner effluent gases. This is known

s reaction. The Superclaus pr

rocess, the ‘air to acid gas’

Pr
t oduce an F28/SO?2 ratio of exactly 2:1 in th
0

be the optimum ratio of H2S/S02 for the Clau

0
Perateg -according to & different phi]OSOPhY- In thi

QCEeSS

s Pp
greater than 2.1 in the burner

latjg ; . .
10 1s adjusted to achieve an H2S/SO2 ratio of

ch a manner that the concentration of H2S in

Th
® Combustion air is controlled in su
0.5-0.7 vol % H2S.

the -
Process gas entering the Superclaus stage is in the range of

(I

31 Claus Section

*® main reaction in the main burner is :
st 113202 802 + HQO + heat




The major part of the residual H2S combines with the SO2 to form sulphur,

. according to the equilibrium reaction

2H2S +S502 «—» 3/2 82 + 2 H20 — heat

By this reaction, known as the Claus reaction, sulphur is formed in vapour phase in

the main burner and combustion chamber.
The primary function of the waste heat boiler is to remove the major portion of the

heat generated in the main burner and utilize it to produce IP Steam.

The process gas from the waste heat boiler is passcd into the 1st Sulphur condenser,

Where the formed sulphur is removed from the gas.
The procgss gas leaving the sulphur condenser still contains a considerable

Concentration of H2S and SO2, therefore the essential function of the following

®Quipment is to convert these components to sulphur.

In the 1st, 2nd and 3rd reactor stages, the H2S and SO2 react again to form sulphur,

but at 5 Jower temperature and in presence of a catalyst.

In the Superclaus stage, the remaining H2S is selectively oxidized to sulphur. For

~ this reason it is essential that the combustion in the main burner is such that at the

downstream of the 3rd Reactor stage the

amount of H2S is in the range of 0.5 - 0.7

- Vol % and the SO2 concentration is as low as possible.

‘ Before entering the 1st Reactor, the process gas

flow is heated by indirect steam

f H2S and SO2 to

Teheat to obtain the optimum temperature for a high conversion o
CS2 to H2S and

Slementa sulphur and simultaneously a high conversion of COS and

Coa.




QUALITY CONTROL

o . - wo e



QUALITY CONTROL

Introduction
. Quality control is the primary function of any industry. It is all the so more so in an oil
industry like our Barauni Refinery. A Refinery laboratory is an important service section and it
assists the production unit by supplying them quality control data on the product streams at
regular intervals, routine tests apart laboratory also handles investigation problems, analysis of
process chemicals and development of new products when required finally, it is responsible for
the satisfaction of the finished products produces and dispatched
Quality control of petroleum products is to be insured so as to obtain a satisfactory
performance of the product when used. Depending on the quality of each product, some
standard organization has drafted specifications and methods of tests. Indian standards
institution (IS1), Institute of petroleum (IP), American society for testing materials (ASTM),
Directorate engine research and development (DERD) are some of the organization engaged in
this work. There is an International standards organization(ISO) also for this purpose
A part from ISl specification, Central board of revenue have their own limits for certain
properties of products for the purpose of axis levy.
Barauni Refinery has well established quality control laboratory with latest equipments.
Barauni Refinery quality control laboratory has five men wing functions of work.
1. Routine control laboratory :- In this section solution testing is carried out round the
clock with a shift chemist in charge of each shift sample from production units( coker A
& B, AVU-I/1I/1ll and BXP), cooling water system and thermal power station are collected
at regular intervals and tested results are conveyed to the respective units on

telephone.
2. Finished product laboratory: - This section is responsible for sampling and testing of

finished product tanks and L.P.G. bullets samples are drawn by the trained laboratory
person from the tanks as per standard procedures laid down by ISl the quality control
manager certifies the suitability to the products only if they confirm to specifications is

all respects.

3. Analytical Researc
quality problems of refinery
development jobs being han

h Laboratory: - This section deal with day to day and long range

products. Investigation laboratory scale studies and

dled in this laboratory. Part of the routine analysis on water
samples, checking the quality of process chemical like lime ferrous sulphate, rock salt,
calcium chloride etc. are also done here. Sophisticated and precision type equipment
like chromatograph. TBP and spectrophotometer are housed in this lab.

4. The Engine Laboratory:- No petroleum laboratory will be completed without an
engine section. Our laboratory is having four engines two Russion and Two American for
RON testing of motor spirit and certain number of diesel fuel (HSD).

A part from the above this section operator and maintain the C.A.R.

5. Pollution Control laboratory: - In order to monitor the concentration of known
pollutants and to advice on remedial measures a pollution cell is being set up in this
laboratory. This section is fully equipped and will be able to cater to all the demands of

environmental problems.




Following are the test and significance of petroleum products:-

(1) Density

(2) Distillation

(3) Flash point

(4) Fire point

(5) Smoke point

(6) Pour point

(7) Octane number
(8) cetane number
(9) copper corrosion
(10) RNS Test

(11) Gas chromatography of petroleum gases

(12) Hzs test
(13) Caustic Analysis
(14) Kinematic viscosity
(15) BS&W

(16) Acid gas analysis
(17) Water Test
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8 - PILLARS

SHEQ
INTEGRATED MANAGEMENT

EARLY MANAGEMENT
DEVELOPMENT MANAGEMENT

PLANNED
MAINTENANCE

FOCUSED
IMPROVEMENT
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