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IKORC

TECHNICAL SPECIFICATIONS AND PROCUREMENT
CRITERIA TO SUPPLY 96" m®> CATALYST AND GUARDS

FOR CGH SHU (R-3201)

1. Definition

2. Introduction

3. Prequalification Criteria
4. Process Description
5. Feed Specification

6. Catalyst Performance
7. Operating Constraints
8. Scope of Services

. Evaluation Criteria
10. Guarantees

11. Penalties

o

Dl y5 peo Joo fodduigyd e Jowo




P axio o lod RND-0218050-MY :o,lois slal> 1o 90 ogoc wuadlo Sl

Section 1: Definition

e Buyer: shall mean Imam Khomeini Oil Refining Co. (hereinafter referred as IKORC),
incorporated and existing under the laws at Islamic Republic of Iran is located at
20Km.Broojerd Road-Arak-Iran.

e Supplier: shall mean any supplier/vendor who shall be responsible for supply catalyst.

e CGH: Cracked Gasoline Hydro-treating Unit was originally designed and licensed by
Axens with two sections and 3 reactors to process 50500 BBL/day of high sulfur
Gasoline contents 1.2 wt. % sulfur and guarantees outlet specification of 80 ppm.

e Purchase order (P.O): P.O means the binding agreement between buyer and catalyst
supplier for the supply of CGH catalyst and additional services as described in the
“Purchase order documents™.

Section 2: Introduction

= The technical specification is being released for procurement of suitable catalysts for
Cracked Gasoline Hydro-treating unit of Imam Khomein Oil Refinery.

= The feed basis, terms of reference, product yields & qualities, general description,
constraints definition, scope of supply & services, scope of work, performance
guarantees and penalties ete. follow in the subsequent sections of the document.

= The Product quality and yield pattern and Hydrogen consumption to be submitted
with the technical bid.

= Bidder is required to submit 1 KG sample of Main/Active Catalyst to IKORC. The
sample is required to be submitted before the due date of tender. Offer without the
sample is liable to be rejected.

Section 3: Pre-Qualification Criteria (PQC)
3.1 Technical Criteria

3.1.1 Supplier shall be a catalyst manufacturer and should have supplied catalyst(s) for
similar Cracked Gasoline Hydro-treating (CGH) unit to any refinery in Iran or any country
out of manufacturing plant in the immediate preceding 10 months from the date of this
tender. Reference details including the copy of the purchase order to be attached.

3.1.2 The catalyst supplier shall provide the references list concerns successful and
satisfactory performance of the offered catalyst(s) for the desired hydro-treatment in units
operating under similar conditions and same or better guaranteed performance in Iran or the
other countries out of manufacturing plant.
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The reference catalyst must have completed minimum one year successful operation and a
copy of the purchase order must be attached.

3.1.3 IKORC may seek the performance details of the supplier’s catalyst(s) at its discretion
from end users with similar plants which are using the same catalyst(s), have been offered to
IKORC. In the event of receipt of non-satisfactory performance, the catalyst(s) offered will
deem to be technically disqualified and this offer will not be considered for further
evaluation.

Section 4: Process Description

The cracked gasoline Hydro-treating unit has been licensed by Axens, This process has been
designed to treat 50,500 BPSD gasoline from the Residue Fluid Catalytic Cracking (RFCC)
unit.

Design objective of cracked gasoline Hydro-treating unit is to reduce combined gasoline
sulfur content, while minimizing octane loss through olefin hydrogenation. Sulfur content of
Light Cracked Gasoline (LFRCG) and Desulfurized Heavy Cracked Gasoline (HFRCG) to be
80 wppm or less and octane loss (RONC) is max.2.0.

Cracked Gasoline Hydro-treating unit utilizes AXENs' Prime G+ process. Prime G+ is a
process for hydro-desulfurization of cracked gasoline which includes the following major
sections:

e Selective Hydrogenation Unit (SHU) section: where di-olefins are selectively
hydrogenated and light sulfur compounds are converted into heavier sulfurs ones. The
hydrogenation reactions take place in a fixed- beds reactor at increased temperatures
ranging from 140°C to 217°C and elevated pressure 27 barg in the presence of a
alumina based catalyst.

e Splitter section: where the combined gasoline including light cut and heavy cut is split
into light cut with low sulfur and a heavy cut that needs further desulfurization.

e Hydro-desulfurization section (HDS): where the heavy cut is selectively Hydro-
desulfurized before being stabilized. The hydro-desulfurization reactions

take place in two series fixed-beds reactors at elevated pressure 22.9 barg in the presence of
two catalysts , one of them 1s alumina based with cobalt and molybdenum oxide and the other
one is alumina based with nickel oxide.

This unit is also designed for in-situ catalyst regeneration and activity of catalyst is recovered
by burning the coke formed on the catalyst by mixture of steam and air in SHU reactor and
mixture of nitrogen and air in HIDS reactors.

The aim of this “OPERATING MANUAL? is to provide Operation staff with the necessary
background and information to understand how the process works, how to prepare the unit for
start-up, how to operate it and shut it down, how to prevent or correct operation from upsets.
Special procedures for catalyst handling and treatment prior to start-up as well as the relevant
list of analyses and specific safety recommendations are also included.
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Section 5: Feed Specification:

5.1 Design case:

The supplied catalyst shall be capable for guaranteeing desirable performance to process
High sulfur gasoline having the following range of Specification.

Table — 1 (Feed Specification)

CGH Feed Properties Design Average of current year
Feed flow (m3/hr) 3325 340.000
SP.GR 60/60° C 0.7567 0.748
IBP °C 46 38.3
5% Rec °C 54 50.1
10% Rec °C 59 55.1
30% Rec ° C 73 72.7
50% Rec °C 102 100.1
70% Rec ° C 138 135.9
90% Rec °C 180 180.2
95% Rec ° C 193 194.8
FEBP *C 205 210.3
RSH PPMwt 200 45.6
Total Nitrogen PPMwt 40, Max60 46.6
Total Sulphur PPMWt 1000, Max 1200 700 max 900
Thiophene+Benzothiophene 673
PPMwt
MAV 20 or Diene2% 15 max20
Bromine.no gr Br/100 59.8
Exist.Gumsmg/100ml 3 2.3
RON 91.7 91.7
Oleffine VOL% 34.1 max 38 40
Aromatic VOL% 27.1 max32 27.5
Parafin VOL% 295 —_—
Naphttenic VOL% 9.3
Benzene Vol% <1 0.8
RVP Kpa 55 58.9
H2S PPM Free

v' Catalyst supplier to provide the impact on the guarantee on change in feed parameter
in the form of correlations and/or graph.
V' The feed properties which are not provided in this tender could be estimated by vendor

or be requested from buyer to be provided.
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5.2 Design and operating conditions of CGH

The unit is operating with three reactors having a total catalyst volume of approximately 320
m®. Since the purchase concerns R-3201, Vendor to offer minimum 96 m” of “active catalyst
plus guards™ for R-3201(refer to the figure shown in section 5-6). Furthermore, it should be
provided about 10% excess catalyst and 150% excess guards by seller. Any vendor not
quoting minimum 96 m” excluding spare quantity, their offer shall be rejected.

The design and present operating conditions of the unit is given below.

5.3 Unit Capacity:

Feed Rate: 334 m*/h
Turn Down Ratio: 50 % of design throughput
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5.4 Operating conditions:

Table-2(Operating Condition)

R-3201
7 Des| Guarantee
Parameter Unit SOR II:::I)R SOR EOR L
Fresh Feed Rate MeHr 334
R-3201 Catalyst & Guard Loading M a6
R-3201 LHSV 1Hr 3.88
*
SHU Section Hz/HC Ratio N sm® 9.7/11.3
SHU Section Make-up Gas NM3Hr 3456.4 / 4032.3
SHU sections Make-up Gas H: Purity Mol% 93.74
Quench Gas to Bed2 R-3201 NM3Hr 1728.1 1 2012.17
Reactor Feed M3 Hr 343.6
Reactor Inlet Pressure Bar(g) 27
Max Reactor Delta P bar 2
Deita P for Bed1 / Bed2 bar
Max. Catalyst bed Temperature °C
Reactor Inlet Temperature °c 160 / 200
Reactor Outlet Temperature °C 1821 217
Max. Reactor Delta T Lo 22
The Unit Turndown % 50
First Cycle Length
WABT for Bed1 / Bed2 °C

*Hz,f HC Ratio = [(I» rate (Nm’/h) / HC rate (m*)] =Ha. Purity
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5.5 Make-up gas quality:

SHU make-up Hydrogen is supplied by two sources which are PSA and OCT. The makeup

hydrogen qualities have been represented in the following table:

Table 3(make up Hydrogen)

Composition mol%

OCT Hydrogen PSA Hydrogen

H2 93.74 99.9

c1 2.37 Max 100 mol ppm
c2 2.22 0

c3 1.07 o

c4 0.43 0

C5+ 0.17 o

CO & COo2 60-70 ppm Max 25 mol ppm

DI S e Jxo
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Reactor Details
5.6 Reactor R-3201 Nechanical and Process details:

Shazand Arak Refinery Expansion and
Upgrading Project
Sy wn SEw
O Dnegn B SR Process Data Sheet
BAIEH  Comrmimca For R-T7.%
(Selective Hydrogenation Reactor) NIDEC

Originator Project Mo, : ATa. Cracked Gasoline Hydrotreater Unit |5 o vne - rir.
Documant Mo. : DS e | Rev. :-\ | Page Tol T*
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6. Catalyst performance:

6.1 Catalyst Requirement

Catalyst type and quantity must meet the following requirements:

1. Catalyst to handle fresh feed rate as mentioned in Section 5.

2. Catalyst offered should have proven commercial performance of minimum one

year in operation.

3. Vendor to ensure that the available Emergency depressurizing system in CGH

unit is capable to handle any runaway reaction.

4. Vendors to consider and supply extra 10% contingency quantity for catalyst. These
quantities are to be included while submitting the price bid.

5. Vendors should be to consider and supply extra 150% contingency quantity for guard,
these quantities are to be included while submitting the price bid if Supply of necessary
catalysts & graded bed as required .

6.2 Format for submission of yield pattern:

Vendors shall submit the yield pattemn figures strictly as per the following format in the
technical bid for design case.

Table — 4 (Product Yield pattern)

FEED STREAMS Design | SOR | EOR | PRODUCT STREAMS | Design SOR EOR
Wit% Wit% | Wit Wit% Wt% | Wit
Feed 99,77 Fuel gas H2S ppm 4]
SHU H2
Consumption, Wt% 0.23 Fuel gas NH3 ppm 0
Fuel gas 0.9
LCG 12.1
HCG 87
Total 100 | 100 | 100 Total 100 | 100 | 100
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6.3 Product Quality

Vendors shall submit the product qualities as per the following format in the technical bid for

design case.

6.3.1 Products limitation:

Table — 5 (product limitation)

Characteristics Amount
<2
MAV of HDS Feed
RSH of LCG (€5 - 65°C) <]

Regarding two products of LCG (C5-65°C) and HDS feed (65°C-221 °C) are separated in the

distillation column (V-3202) from R-3201 outlet based on std. D&6.
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6.3.2 Products Specification:

Table — 6 (Products Specification)

Product
quality SOR EOR | Guarantee
LCG (C5 - 65°C)D86
Density @15C Kg/m3
Sulfur ppm wt
Mercaptans ppm wt
RON
MAV b
Olefin Yowt
Aromatic Yowt
Bromine No mg/100
Total Nitrogen ppm wt
Existing Gum mg/100ml
FBP C
HDS Feed (65 - 221°C)D86
Density @15°C Kg/m3
Total sulphur ppm wt
Mercaptans ppm wt
RON
MAV o
Olefin Jewt
Aromatic Jewt
Bromine No mg/100
Total Nitrogen ppm wt
Existing Gum mg/100m|
FBP °C

6.4 First Cycle Catalyst Guarantee

6.4.1 The catalyst should be designed to meet the guaranteed quality, product yield and
specifications mentioned in section 10 for a minimum period of 4 years as first cycle of
operation while processing at feed specification mentioned in section 5 without regeneration.
Penalties mentioned in section 11 will be applicable if the above is not met.

6.4.2 However vendor has to specify and guarantee the estimated first cycle length.

6.4.3 The catalyst supplier has to guarantee MAV<2 for HDS feed and RSH<I for LCG
during the cycle length.

Dl y5 peo Joo fodiuig Y9 peo Joro




P axio o lod RND-0218050-MY :o,lois slal> 1o 90 ogoc wuadlo Sl

6.5 Ultimate cycle life Guarantee

6.5.1 Catalyst vendor has to give ultimate cycle life guarantee of minimum 8 years with one
in-situ regeneration. However vendor has to specify and guarantee the estimated ultimate
cycle length.

6.6 Performance Guarantee Test Run (PGTR)

6.6.1 For establishing the above performance guarantees, test runs will be conducted

either with design feed stock or feedstock having similar characteristics as those of

design feed stocks. The performance guarantee test run for catalyst will be conducted within
6 months from the date of injection of fresh feed after catalyst

loading.

6.6.2 The catalyst will be accepted by IKORC only if the guarantees specified by the vendor
& IKORC have been met in the PGTR. Otherwise penalties shall be applicable as per the
section 11.

6.6.3 Catalyst supplier shall provide details, any procedures, special conditions required for
conducting performance guarantee run. The analysis obtained from IKORC laboratory shall
be considered as final. These methods shall be in accordance with normal practice.

6.6.4 The test run commence when the units are operating under stable conditions and shall
be conducted for a period of 72 to 120 consecutive hours based on feed availability. Based on
mutually agreed and jointly collected measurements during the test run, Catalyst supplier and
IKORC shall evaluate the results of the test run to confirm conformity with the performance
guarantees.
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6.7 Catalyst Specification

Table7(catalyst specification)
CATALYST PHYSICAL PROPERTIES *

CATALYST HEIGHT IN REACTOR bed 1 mm
CATALYST CATALYST VOLUME bed 1 m3
QUANTITIES CATALYST HEIGHT IN REACTOR bed 2 mm
CATALYST VOLUME bed 1 m3
FORM
COLOR
DIAMETER mm
LENGTH mm
SURFACE AREA m2ig
PORE VOLUME em3ig
BULK DENSITY kg/m3
CRUSH STRENGTH Mpa
CATALYST CHEMICAL PROPERTIES *
witlh
Active Metal Content wit%
wi%
PPb wt%
CATALYST POISON
RESTRICTIONS pobwin
Ppb wit%
PPb wi%
{ max. limit values in feed)
PRb wit%h
TYPE OF LOADING
DMDS need for sulfiding
TOTAL LIFE, GUARANTEED year
FIRST CYCLE LIFE, GUARANTEED year
NO. OF REGEMERATION
TIME NEED FOR EACH REGENERATION hr
REGEMERATION GAS
REGENERATION PRESSURE AT HIGH-SEPARATOR bar
CONDITIONS MAX REACTOR INLET TEMP. ‘c
MAX BED TEMP. G
INLET REACTOR OXYGEN CONTENT vol%
ANALYSIS INSTRUMENT REQUIREMENTS
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during the start up and catalyst activation. Above services must include all the travels,
boarding, lodging, transport and miscellaneous allowances at vendor’s scope. Vendor shall
submit detailed catalyst loading, start-up/catalyst activation and PGTR reports immediate
after each activities. Time spent during transit will not be considered by IKORC.

v) In case IKORC requires more than 20 days vendor’s service for this activity,

vendor to quote per time rates in price bids for services needed at site, which will

not be considered for evaluation of offers.

vi) Vendor has to indicate stabilization period required to attain SOR condition after

Gasoline feed is taken & catalyst sulfiding.

vii) Vendor has to certify and sign various stage wise documentary clearances during catalyst
loading and reactor box up after inspection.

viii) Catalyst supplier shall also provide a certificate of worthiness after the successful
completion of the catalyst loading. (Prior to first start up with the catalyst).

1x) Vendor to specify in-situ regeneration recommended method / technique of each

proposed catalyst.

x) Vendor should provide operating parameters for other modes of operations (design &
check cases).

xi) Vendor shall provide periodic evaluation of catalyst performance on quarterly basis for
SHU unit and offer technical assistance for trouble shooting arising in the unit till the catalyst
is in use even after the guarantee period exceeds. Necessary data enabling the above will be
furnished by IKORC.

xii) Vendor shall provide necessary technical support in analyzing spent catalyst and

related subject as desired by IKORC within two months.

8.2 Data / Documents to be submitted with the offer

Following information shall be submitted as a part of the technical offer (through filling out
the tables 2. 4, 6, 7 and 8).

a. Minimum Information to be furnished in the Technical Proposal is defined in this

section. Metric system of units shall be followed for all information.

b. Catalyst wise : Name, Type, size, Density, Average bulk density, bed height, metal content
wt.%, crushing strength, surface area, pore volume, Catalyst Pore Size Distribution, Attrition
loss, Crushing Strength , Loss on Ignition @ °C. the properties of each catalyst with their
standard method of measurement.

¢. Vendor has to mention DMDS amount required for sulfiding in kg including contingency
quantity.

d. Catalyst supplier shall submit all the details and technical information including data with
respect to Process Guarantees, duly signed and complete in all respects, along with the offer.
e. Catalyst supplier to provide both the estimated values and guaranteed values at SOR and
EOR.
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v. Signed Statement of Deviations as per the Tender documents.

w. Vendor to note that catalyst will be loaded at a time determined by IKORC Guarantees
will hold from the time whenever feed is introduced for the first time.

X. Vendor to provide catalyst technical details/ Material Safety Data Sheet & manufacturers
specification with the bid documents / Manufacturers certificate of analyses incorporating all
properties given in the specifications for each batch supplied.

y. Catalyst / Catalyst support material to be packed suitably in air tight polyethylene

bags in good condition / steel drums / sacks and placed on heavy-duty pallets.

z. Spent catalyst generated after EOR should be safe for disposal as per international Safety
standards. Vendor shall specify the standard.

aa. Vendor to indicate the total H2 requirement for the feed composition and also indicate
Chemical Hydrogen consumption & Dissolved Hydrogen consumption separately.

bb. Vendor to indicate the estimated variation in inlet Temp. of Beds, WABT / H2
consumption / Product qualities with respect to change in design case feed properties.

ce. Vendor to provide their catalyst deactivation details/WABT curve with respect to time for
design case.

dd. Vendor to mention the list of documents required by vendor from IKORC at various
stages.

ee. Third party inspection certificate of the catalyst properties and delivery contents. The third
party company must be approved by the refinery (IKORC) and all the expenses of site visit,
sampling and catalyst tests, before delivery to be included in the catalyst price.

9. Evaluation Criteria
9.1 The commercially offer must be equal with the following formula

L= (100*C) / (100-(i* (100-1)))
L = equal price
C = offer price
t = technical privilege Base on table 7 (for accepted must be t = 70)

i = coefficient effect (for catalyst: i= 0.4)
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9.2 offer not meeting guarantees mentioned in the section 10 is liable to be rejected.

Table — 9 (technical privilege form)

Attached form: technical privilege
Obiective Effectiveness Sub.Objective Effectiveness
(%) on Objective (%) on SUB.Objective
R-3201 Inlet Temperature (SOR/EOR ) 40
Operating LHSV/WHSV 10
Cost 15 Chemical H2 Consumption 20
H2/HC ratio 30
Guaranteed Cycle Length (Total Life) 60
Catalyst Life 25
First cycle life 40
Total Sulfur 5
LCG RSH 30
Products 30 DIOLEFINE or MAV 5
HDS Feed DIOLEFINE or MAV 50
Fuel Gas H2S ppm 10
Performance Guarantee 30
TSES:;E:;?I 20 Technical Service 20
User Reference List 50
Surface Area 20
Physical Crushing Strength 15
Catalyst 10 Property | Bulk Density 15
Property Total Pore Volume 15
Chemical | Active Metal Content 25
Property | catalyst Poison 10

Dl 5 o Jowo fodilig S yeo Jowo




4o 0 )los RND-0218050-MY o Loy (lel> po 93 cogas duablio dlow!

10. Guarantees

Catalyst supplied by the vendor shall be subjected to the following guarantee conditions.
IKORC expects following guarantees to be met by the catalyst vendor for fresh feed rate of
340 M3/hr. Minimum guarantees to be met for any feed specification within range mentioned
in section 5.1.

Materals shall be guaranteed agamst manufacturing defects, materials, workmanship and
design for a period of first cycle life . Warranty for replacement of material / accessories
should be provided free of charges at our premises. The above guarantee/warranty will be
without prejudice to the certificate of inspection or material receipt note issued by us in
respect of the materials.

10.1 Minimum Product Quality Guarantees:

Product gasoline must meet following minimum requirement quality:
1) MAV of HDS feed <2

1) RHS of LCG <lppm

However vendor has to specify the estimated above qualities.

10.2 Turndown Guarantees:

The targeted guaranteed turndown ratio is 50% of design feed for the unit. The turndown test
run shall be for a period of 48 hours on continuous basis of operation while producing on-
specification products with design feedstock. As per IKORC prerogative, turndown capacity
test run or minimum possible capacity test run shall be carried out. However, it will be
carried out within 6 months of start up.

10.3 Pressure drop Guarantee:

1. Catalyst supplier has to provide the estimated pressure drop.

i1. Catalyst supplier has to give maximum Pressure drop guarantee in the Beds of reactor.
Guarantee includes reactor internals also.

10.4 Catalyst life/Cycle length Guarantees:

1) First cycle length shall be minimum 4 years at design feed.

Notes:
1. As the vendor will specify SOR / EOR inlet temperature, WABT temperature and pressure
drop across the reactor, they shall specify catalyst deactivation rate/curve at the design case.
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11. Penalties
Following penalties shall be applicable in the event of non-performance of the catalyst with
respect to guaranteed performance and guaranteed life of the catalyst.

11.1 Product Quality:

Guaranteed Product quality has to be met for the range of feed specification mentioned in the
section 5.1. In case of not meeting any of the gasoil product quality

as guaranteed, penalty will be as follows

i) For every 1 ppm increase in Mercaptan of LCG as guaranteed 0.5% of total catalyst cost
will be recovered.

ii) For every 0.1 increase in MAYV of HDS feed as guaranteed 1% of total catalyst cost will
be recovered

11.2 Pressure drop

Every 0.2 bar Pressure drop increase than guaranteed in any reactors 2% catalyst cost will be
recovered.

11.3 Turndown:

In case of not meeting turndown criteria, 5 % of total catalyst cost will be recovered.

11.4 Total Failure of Catalyst

For any one of the following reasons, the catalyst is treated as "total failure’,

1. SOR overall WABT 1s 5 Deg C higher than quoted by the vendor in the tender.

2. Individual reactor pressure drop attributable to catalyst is more than 1 bar than guaranteed.
3. MAYV of HDS feed >4 means the catalyst failure

4. Restricts the continued operation of the unit at 340 m3/hr reasons attributable to

catalyst.

This will be assessed during Performance Guarantee Test Run (PGTR). If the catalyst is
observed to be a “Total Failure’, Vendor will be given a maximum of one

month from the last date of PGTR to correct the failure. Vendor will be allowed one

more PGTR at the end of maximum one month to prove the performance of catalyst.

If second PGTR also proves to be unsuccessful and the catalyst 1s a “Total failure’,

vendor has to reimburse the CFR cost of entire catalyst in the form of credit note valid for a
period of one year which will be used for any purchase made by IKORC

from the same vendor during the period of validity. In case of no such purchase transaction
IKORC will encash the credit note.

]
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