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Mare than 300000 t

of plates and slabs
for sour gas pipelines
in 1993

Cheap enargy is one of the very funda-
mental foundations that our industrialized
part of the world is based upon.

After a first decade of enthusiasm, at least
since Chernobyl 8 years ago, the acceptance
of nuclear power plants has drastically
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Fig. 1: Forecast of major gas exchanges (year 2020)
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Fig. 2: HIC bast results of MIOC XB5 sour
service steel plales
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Fig. 3: Yield strenglh distribution on pipe
base material
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decreasaed and does not seem 1o be the futu-
re solution to energy supply. Until renewable
energy, including hydrogen technology, will
be made cheaply available and in greater
guantities, energy production for industy and
individual usars will mainly rely on fossil fuels
- pil, gas and coal despite their contribution
to green house affect.

The most accessible oil and gas fizlds are
located in areas quite far away from consu-
mers requiring transportation as shown in
Fig. 1. For long distances tankers will be the
most economic transporta-
fion system, but up to some
1000 miles and for land cros-
sing pipelines are the most
reasonable solution to fill the
gap. Today 75% of all natural
gas is transported via hun-
dreds of thousands miles of
pipelines connecting us to
the energy resourcas and
keeping our way of life and
comforts.

Special  steels, special
plate processing, rolling and
welding were developed for large diameter
pipelines. To be able ta increasa pipe diame-
ters and pressures, the yield strength of the
steel was raised from X52 to X80 (AR 51) du-
ring the last 20 years and plates up to
S200mm wide are available. At the same
time toughness and weldability could be im-
proved by sophisticated steel making and
plate rolling procedures.

The developments in steel making and
plate ralling have also allowed for the pro-
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Fig. 4: Tensile strength distribution an pipe
base malerial

duction of pipes with
high resistance to
hydrogen  induced
cracking (HIC) per-
mitting safe transport
of media containing
H.5. Expensive stain-
less, cladded or du-
plex pipes can now
be restricted to severe corrosive media
where the cost can be justified.

The sour gas resistance of steel is mostly
tested according to NACE HIC- and SSCC
(sulphide stress corrosion cracking) proce-
dures and standards. Reduced carbon con-
tent, extremely low sulphur content and
extra low levels of inclusions associated
with a homogeneous structure are of the es-
sance to achieve steal with the best sour gas
resistance.

Two large deliveries of Dillinger Hitte (DH)
illustrate briefly our technical know how to
produce sour gas resistant plates for line
pipe:

B Tersile tesl requirements in fransverse direstion:

plita ipe
Y.5.05 A75-558 Mfmm®  448-510 MYmem?
M5 up o 538 Nmay
T&. = 330 Nimmz2 = 530 Mfmm?®
YS5M5 =053 = 0.50
EL 2" = 26% = 3.5%

B BOWTT raquiraments:
al 0 = 0% shear (single walus)

B Ch-¥ requirerents in transverse direction;
Ch-V at O0C =87 J (single valus)

B HIC-Tast accarding MACE TM 02-84 with soluticn
according MACE TID1-77 (pH=31
Criterium CSR < 2%

B SSCC- 4 point banding 1est with solution according
MACE T 01-TT:
Criterium  “no S5C-cracks®

W Vickers hardness:
max. 248HV10

Table 1: Requirement profile for
NIOC %65 HIC plates



M-steels with
@ thickness for
LSOur service pipes
by One challenging pro-
ject in the field of mo-
dem linepipe was for
X65, in 1993 for Iran.
130,000 mt of X65 for
sour service with wall thicknesses ranging
from 21.6 mm up to 31.8 mm were orderad
from DH.

The requirement profile for this steel is
illustrated in Table 1. To produce these pla-
tes with a combination of BDWTT-, HIC- and
SSCC- requiremants respectively, DH used a
4-stage TM-rolling combined with a 2-stage-
caoling both between rolling stage 3 and 4
and a final aceelerated cooling after rolling
stage 4.

The plates with the higher wall thicknesses
29.5 mm and 31.8 mm were formed into pipe
at the BERGROHR SIEGEN pipa mill.

The results illustrated in Fig. 2 to 5 show a
very consistent distribution of HIC and ma-
chanical properties respectively, indicaling a
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well defined balance between the steel treat-
ment in the steel plant and the sophisticated
rolling and cooling procedures in the plate
il

ChV-results on pipe have fulfilled the spe-
cified requirements as it shown in Fig. & both
for Baze Material (BM) and heat affected
zone (HAZ).

2. TM-steels for sour
service under extreme

arctic conditions

The know how to produce XBS5/XT70 steel
plates for artic conditions and sour service li-
nepipe stesls had to be combined for an
artic pipeling project.

The maximum wall thickness for this order
wag 16.3mm, with the main part of the order
howevar having a wall thickness of 12.7 mm.
The complete requirement profile is lllustra-
ted in Table 2.The type of chemistry for all
itemms is shewn in Table 3.

The requiremant was to perform the HIC-
tast in pH 5 test solution in accordance with
MACE TMO2-84. Typical CSR {CSR = Crack
Sensitivity Ratio) values of zero have bean

:‘; found. In addition to this official requirament,
= DH tested also the plates, for research pur-
n
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Fig. 7: Tensile properties of X70 plates
for sour service

poses, in pH 3 solution according to NACE
TMO1-77, which iz much mare severe, with
satistactory results.

The mechanical properties for tensile
testing and BDWTT are shown in Fig. 7 and 8
respectively. The lensile properlies exhibit a
very narrow scatter band and BOWTT-results
show excellent values lor shear area even
tested at -60°C.

As a next step we will try to realize HIC
and BDWTT requirements in X70 of increa-
sing plate thicknesses.

Dr. J. Baver (Research & Development),
Dr. F. Hanus (Welding Laboratory)
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Fig. 8: BDWTT - resulls on X70 sour

service steel

TS, AR5-590 Wimem’

TS z 531 Nmm?

Ch-V tranzverse {-46°C] 10051 10J
[single/avarage)
Bva5% shear
[singlefaversge)

BOWTT far 12.7 and 11.3mm at
-BOPG: = 85% shear
Tor 16.25mm at
SI0PC: 2 95% shear

HIC-12st HACE TM 02-84 CLA: 5%, CSR=1%

(pH: 5

Table 2: Requirements for X570
sour service steel plates
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Table 3: Type of chamistry for X770
s0ur service stesl



