Table Of Contents Author Index

The 6th Saudi Engineering Conference, KFUPM, Dhahran, December 2002 Vol. 5. 327

DEVELOPMENT OF API GRADE LINEPIPE STEELS
AT SAUDI IRON & STEEL COMPANY, HADEED

Tariqg Mehmood', S. Niaz Ahsan', Majid Al-Saif’, Khalid Cheema®

1:Metals Technology Section, SABIC Technology Center-Jubail.
2:Flat Rolled Product Department, Saudi Iron & Steel Company,Hadeed.

E-Mail: mehmoodtq@sabic.com

ABSTRACT

American Petroleum Institute (API) specifications for line pipes include several steel grades with wide
range of mechanical properties and chemical composition. Almost all, large diameter pipes produced
in the Kingdom conform to these specifications and the present demand of this market segment
reaches to about 300,000 tons annually.

Until recently, all material used in the Kingdom under these specification, was imported from the
international market. However with the commissioning of Flat Rolling Facilities at Saudi Iron & steel
Company, develop the manufacturing technology for these grades. A comprehensive product-
development program was therefore undertaken for commercial production of these grades with high
and consistant quality. Under this program, extensive experimental work was carried out to produce
the material conforming not only to the API specifications but also the customer specific requirements.
Today, Hadeed is able to meet most of the local market requirement of the high strength linepipe
material.
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1. INTRODUCTION

Pipelines are an efficient mean of mass transportation of fluids over long distances. Although
primarily they were designed for the transportation of basic energy sources like oil and gas,
over the years their use has been extended to the transportation of potable and industrial
water, chemical products, sewage and to even solid materials like coal and ores [Kalwa, G.,
etal., 1993].

For higher transportation efficiency, the trend in the pipeline design is to use larger diameters
with higher operating pressures. This results in a requirement for steels with high yield and
tensile strengths. The operation of pipelines in arctic regions, and/or the transportation of
liquid natural gas (LNG) also demand high material toughness at low operating temperatures.
A particularly important trend has been the exploitation of sour oils and gas reserves, which
has required the development of linepipe steels with resistance to hydrogen-induced cracking
(HIC). Thus in addition of higher strength and toughness, the pipeline technologies require
improved resistance to corrosion to be met with specific alloy additions and special control
over non-metallic inclusions [Llewllyn, D.T., et al, 1992].

Both welded and seamless pipes are used in pipeline construction, but as the welded pipes can
be made in larger diameters than the seamless pipes, the high capacity pipelines are essentially
made from the welded pipes. Both longitudinal and spirally welded pipes are used in the
linepipe industry. The welding operations thus require that the materials should be weldable
not only during pipe manufacturing process but also at the pipe laying sites where the control
over welding conditions becomes difficult.

All these requirements, over the years, are met through the provision of steels with
progressive increase in yield strength, high weldability and sufficient toughness to restrict
crack propagation particularly at low operating temperatures. While the selection of
appropriate chemical composition is important to meet the requirements, the thermo-
mechanical processing helps to achieve the specific property requirements. The bulk of high
strength linepipe steels are now supplied in the controlled rolled conditions.

Historically, the finished pipes were imported into the local market. However, with the
massive industrial development taken place in the recent past, the pipe manufacturing
technologies have also gradually been acquired. These pipe manufacturers initially, used the
imported hot rolled coils of different grades as their raw material but now with the
commissioning of Flat Rolled Product Facilities, Hadeed has also entered into this market
segment as a local supplier of high quality flat products.

The demand of linepipe material is project driven and therefore depends upon the economic
conditions of the region. The estimated annual demand of linepipe material in the region is
around 300,000 tons that includes the steel of various API grades in different thickness and
widths. The state of the art technologies acquired by Hadeed flat rolled product facilities make
it able to meet most of the market demand of the linepipe steels.
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2. SPECIFICATIONS AND PROPERTY REQUIREMENTS

The most popular document specifying the linepipe material is the American Petroleum
Institute (API) standard API 5L [API, 2000] that specifies steel grades with a range of
properties that cover both the high test linepipe and spiral weld linepipe steels.

The API specifications were introduced in 1948 and at that time included only one grade X-42
with yield strength of 42 ksi. Since that time higher strength steels have been developed and
the specification now include grades up to X80 with the yield strength of 80 ksi. The material
specification for various grades included in the specifications is shown in Table 1.

These specification give very broad requirements for chemical composition, specifying only
the maximum permitted levels of carbon, manganese, sulfur and phosphorus. On the other
hand, the customer specifications are much restrictive regarding chemical composition to
obtain high levels of toughness and weldability at a specific level of yield strength.

The weldability of the steel is governed by the carbon equivalent value that is calculated by
formula proposed by International Institute of Welding (ITW) [Bailly ,N. 1974].

N .
Ceq=%C+ A)16\/In+Cr+1\5/Io+V+Cu1;Nl

Table I: API Standard Material Requirements [API, 2000].

Chemical Composition % (max) Yield Tensile
Grade Strength Strength  Elongation % (min).
C Mn S P psi. (min) psi (min)
B 022 120 0030 0030 35000 60,000 The clongation e is
X42 022 130 0.030 0.030 42,000 60,000  calculated by  the
following formula
X46 0.22 1.40  0.030 0.030 46,000 63,000
02
X52 022 140 0030 0030 52,000 66,000 o %
X56 0.22 1.40  0.030 0.030 56,000 71,000 v
X60 0.22 1.40  0.030 0.030 60,000 75,000
X65 0.22 1.45  0.030 0.030 65,000 77,000
where A is the cross
X70 022 1.65 0.030 0.030 70,000 82,000  sectional  area  of
specimen and U is the
minimum specified
X80 022 1.85 0.030 0.030 80,000 90,000 tensile strength psi.

Note: Niobium, vanadium, titanium, or combinations thereof may be used by mutual agreement between customer
and the manufacturer.

However there is a general feeling that the IIW formula is not adequate to define the behavior
of modern steels with low carbon contents and hence the material cracking parameter Pcm is
sometimes preferred [Boniszewski, T., 1965].
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As indicated earlier, thermo-mechanical processing of steels has permitted to achieve high
strength with low carbon contents and this has contributed greatly to improve the weldability
in linepipe steels.

In Saudi Arabia, almost all pipeline systems for oil and gas transport are designed on the basis
of Saudi Aramco specifications that are themselves based on the API and ISO requirements.
The pipe manufacturers while following the Aramco specifications as a guideline, develop
their own input raw material specifications that are even more restrictive to ensure that their
finished product always meets the requirement of their end customers. A variety of parameters
like yield and tensile strength, yield ratio, elongation, impact values and the fracture
toughness behaviors are all covered into these specifications. Restrictions on microstructural
features are also frequently made as a part of specification. The most popular grades in
linepipe steels in the Kingdom are API 5SL-B, X-42, X-52, X-60, X-65 and X-70 grades.

3. STEEL COMPOSITIONS FOR LINEPIPE

The rapid developments in the manufacturing technologies of the steel making and processing
has turned the science of alloy development into more or less an art. Every steel producer thus
fine tunes the chemical composition and the processing parameters to achieve the required
properties. While Fig 1 describes the general guidelines for alloy selection, Table II gives the
typical chemical compositions used by various world producers of API steel grades [Otton,
J.P., etal., 1975].

Table II: Typical Chemical Compositions used by International Steel Producers [Otton, 1975].

Grade C% Si% Mn% P% S% Ni% Mo% Cu% Nb% V% Ti% B%

X65 0.02 0.14 1.59 0.018 0.003 0.04 0.017 0.001
X65 0.03 0.16 1.61 0.016 0.003 0.17 0.05 0.016 0.001
X65 0.06 1.35  0.025 0.005 0.25 033 0.04 0.07

X70 0.03 0.14 1.91 0.018 0.003 0.05 0.018 0.001
X70 0.08 1.60 0.04  0.07

X80 0.07 1.65 0.022  0.002 0.22 0.05  0.08

X80 0.02 0.26 1.95 0.003 028 031 0.04 0.019  0.001
X80 0.08 0.10 1.50 0.05  0.08

X80 0.04 0.10 1.60 035 0.29 0.06
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LINEPIPE STEELS
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Figure 1: Types of steel used for the production of high strength line pipes.

4. API STEEL PRODUCT DEVELOPMENT PROCESS AT HADEED

The product development process at Hadeed starts with the reciept of customer specifications.
These specifications are compared with the existing internal material qualities, to see whether
any of the product matches with customer specifications. If the experience is available for the

given product, it is included in the production plans and produced through the normal
production channels.
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However, the products that are either new to Hadeed’s production line or have non standard
specifications go through the plant trial process. Before the decision on the industrial trial is
made, extensive research work is carried out to define the suitable chemical composition and
to identify the operating parameters that may control the material properties and structural
integrity. The trial documetnts are prepared accordingly and the concerned departments are
notified to incorporate the suggestions in the process control computers in preparation for the
industrial trial.

If the trial production meets the requirements, the material is dispatched to the customers on
trial basis to have their processing feedback. Otherwise, the required changes are made into
the process parameters to finetune the required properties and other characteristics. Once the
product passes all the required parameters it is considered as a developed product and can be
committed to the customers.

Under continual product improvment program, customer feed back is obtained regularly on
the product performance for any other required fine-tuning. The product development loop
used at Hadeed is shown in Fig 2.

5. RESULTS OF API GRADE DEVELOPMENT PROGRAM

Over the last two years, Hadeed has successfully developed the API Grades B, X-42, X-52,
X-60, and X-65. These steel grades as produced in a range of strip thickness conform not only
to the standard specifications but also qualify the industrial manufacturing requirements of the
customers.

5.1 General Chemical Composition

For lower strength grades like API 5L-B, the normal choice is of C-Mn steels however with
increasing strength requirement, especially with limits on the shear area during impact testing,
micro alloying by either Nb, Ti, V individually or in combination becomes necessary. The
typical chemical compositions used at Hadeed for different grades are shown in Table II1.

Table I1I: Chemical Composition of API Steel Grades Developed at Hadeed

Chemical Composition %

Grade C Si Ti \Y Al
Mn Nb
max max max max. max.
X-42 0.12 0.25 1.10-120  0.008-0.015  0.018 0.06
X-52 0.12 0.30 1.10-1.35  0.012-0.028  0.020 0.06
X-60 0.12 0.35 1.25-135  0.045-0.055  0.020 0.06
X-65 0.10 0.30 1.25-135  0.033-0.038  0.020 0.05 0.06
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5.2 Carbon Equivalent Values

Figure 2. Product Development Loop used at Hadeed for API Steel Grades.

The API standard specifications limit a maximum carbon equivalent value of 0.42 while
customers' specifications limit these parameters to more restrictive levels. The carbon
equivalent (Ceq) and cold cracking parameters (Pcm) as required by the customers and those
internally specified by Hadeed are compared in Table IV.
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Table IV: Comparison of Weldability Parameters for Different API Grades

Customer Hadeed
Grade
Ceq Pem C,q (max) P (max)
X-42 0.40 0.20 0.32 0.19
X-52 0.40 0.20 0.34 0.19
X-60 0.40 0.20 0.35 0.19
X-65 0.41 0.25 0.33 0.18

It can be seen that the developed chemical composition meet the standard requirements as
well as customers specifications in respect of element content, carbon equivalent value and
cold cracking parameter (Pcm).

5.3 Mechanical Properties

The controlled rolling technique with effective control of thermal parameters are used to
obtain excellent mechanical properties to meet the customer requirements.

The strength of various line pipe steels developed at Hadeed is compared against the standard
as well as customer specifications in Table V. It can be seen that the achieved properties are
very well placed in the range specified by the customers.

Table V: Strength of Hadeed Steel in comparison with the Specifications.

API Specifications (min) ~ Customer Specifications Hadeed Typical
Grade ™ < Mpa)  TS(MPa)  YS(MPa)  TS(MPa)  YS(MPa) TS (MPa)
X-42 290 414 315-486 430-748 400 485
X-52 358 455 360-450 480-580 406 505
X-60 414 517 460-521 555-748 495 589
X-65 448 531 480-570 565-665 506 608
5.4 Customer Feedback

All the products during development stage were monitored under industrial trials at the pipe
manufacturing units. The feed back obtained during these trial runs was used to fine-tune the
properties to maximize the material utilization at the specific manufacturing unit.
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6. CONCLUSION

It is concluded that the professional approach adopted at Saudi Iron and Steel Company,
Hadeed, has effectively developed a value-added product of high importance with close
control over mechanical properties and chemical composition. These steel grades are
successfully being used by the pipe manufacturers to make the line pipes of various
diameters for domestic as well international projects.
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