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In this study, dilatometry examination was conducted on API X70 steel in a wide range of cooling
rates from 0.5 to 40 °C/s. The optical microscopy observation and microhardness measurement
were used to verify the observed microstructures. From the experimental results, the continuous
cooling transformation curves (CCT) were constructed for APl X70 pipeline steel. Different
microstructures including granular bainite, pearlite, acicular ferrite and bainitic ferrite were
observed depending on the cooling rate of tested samples. The obtained microstructure in 3.5 to
5 °C/s cooling rate was mainly granular bainitic ferrite and little pearlite. With increasing cooling
rate, the observed dominant microstructure in 5 and 7.5 °C/s cooling rate was acicular ferrite
(which is the desired microstructure in energy transportation pipeline steels) and the bainitic
ferrite microstructure in 10 °C/s and upper cooling rates predominantly observed at these
speeds. Thus, by carefully comparing of the observed microstructures with the studied steel
microstructure in the same micrograph direction, it concluded that the production of steel in
7.5 °C/s cooling rate has the highest microstructure proportion with the desired steel. These
results can be used to design the optimum thermo-mechanical control process (through the
selection of proper cooling rate) in domestic manufacturing of the AP1 X70 steel.
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High Strength Low Alloy Steels- HSLA

Low ductile to brittle transition temperature
American Petroleum Institute- API

Thermo Mechanical Processing- TMP
Morphology

Temperature of no recrystallization- Tnr
Continuous Heating Transformation- CHT

- Continuous Cooling Transformation- CCT

PRPAH @R

134



el i A 9 % s

Slad Sl 33,5 L HB 9 i JUaisl adg) 3Ygd HS diagay O3 S paw il HUS ) ()

[18] APIX70 o¥s8 sl oS 5 1 Jgus

Cu \ Cr Ni Ti Mo Cu

Nb Al S P Si Mn C

0/01 0/04 0/01 0/187  0/018 024 0/01

0/05 003  0/015  0/008 0/2 1/5 0/05

sae Sygar g el (008 100 1 cov badigas (i s,
U PR T NEN . SIS e P FIRC R T WREES
ghe &9y p gy b oolital (6 lgpm @S> oSisls 50)
55 5 latges 1 Sy o sy 5l (S50 ) Loiges e
aslllas 590 Y93 JLlai; )3 39250 Slajld wo)d (oS (e jokaie 4
S bl Blae (g ledalais jbg, 5l At 50,5 0w s w0
9y 2 bl 5l glasis 51 gy ol 5o el ool oolail ASTM E 562
B 3550 51 (5, 2 o 4D 5l (blE wo s 09h e odlitul pga
@ azg booghoe G ESlag, g0 B o] e a0y S e
sl labia 100 e Gl ol anlllae jo sl eie laalie
ol ol oolaiwl (6 e sladises dan o bl do S s

Cxgmb -3

ool oddline gl lislw iy, -1-3
2 el Sliglel plml Gl e ead samlie gla)bslog,
5 dayislagy ol 51 S e wlbiscsn ;) ol jen 4 i glace,u
el 0l oy e )

a3 35 32 1 05 Jols omb 505 o sloce,mw o
65 i o ol Baes Jol Jllugy, e o5 b
polie 4l ol F il az o 1 0/5 00,5 Sy Sy 5 Bk e
ol cla¥ sl ol p 05 00 0038 55 apitons U3 3o, iy (soS
Al e 9575 4 Cotions 5 b lojed Ay 5l AT el Coions g Cu
Sildl yolie YL polie ol cnalie BB opd S5y & pgal o s
boctys Colp Geizmed 5 Capd S5 5l 08 g inddee fJS e
3 G (nl )y ol esliiul (mly slace ju )3 (S 0l (pem> S
Syt sbslen; Gly esel Cass 4SS esgazme WS o Sl
sanlie Jlisluj; 3 IS8 0g it 5,505 220 6 210 oy (555 e
.mowdml)@uﬁd;&u@)m@ 955 O s S yao 53 00D

4 ﬂal)fsuba?)QO/S 0, Sy ey 0 SYg8 izl ) 3 S

2- Struers Duramin
3- Granular Bainitic ferrite (GB)
4- Pearlite (P)
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2- Austenite entrapment
3- Acicular Ferrite (AF)
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1- Bainitic Ferrite (BF)
2- Granule-like
3- Rod-like
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