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Themainmotivationis: Materialdevelopmentfor the OIL & GAindustry

J-Layout
Welded Pipes Tan.:;[a:r Pipes
Solutions Wrapped
in Reel

Wiring
Accessories
and Curves

The Main Challenges are: —

_ _ ~ | Which request: Fatigue resistance,
(1) Highstrength material for deep water application collapse resistance, internal

pressure resistance

~——

(2) Corrosion resistance=.g., HS/CQ
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Common material used in the oil& gas industry today: Low CMn Steels

Positive aspects Negative aspects:
- Low cost; - Low corrosion resistance for
- Easy manufacturing; aggressive environment.

- Highstrength due to special alloying.

Noble material candidate for the oil& gas industNi-Based Alloys
Positive aspects: Negative aspects:
- High corrosion resistance for - High cost.
aggressive environment;

- Hightstrength material.

Structural strengths

LowGMn Steel

Hybrid Solution: == GMn steel

Ni-basedalloy Ni-basedalloy
Corrosion protection
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Specific Targets of this Project

1. Characterizatiomof the GMn steel APISCT

0.

2. Characterizatiomof GMn steel/Inconel 625 after

laserweldingCoating

3. Evaluationof different heat treatments of the G

Mn steel/Inconel625hybrid system
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heDepositionMethod of Inconelon GMn Steel
Surfacewas LaserWeldingCoating

Protection Gas Laser Beam Because

Nozzle It is a higkenergy process avoidir
~ large Heat Affected Zone (HAZ)
in the steel substrate.

Coverage Layer
‘ oA ' ‘ Powder
| Fusion Pool; o Deposition

Substrate Deposition Direction>

SourceY. S. LEEQ14.

SourceLOUKAS WELDINGS, 2016. 6



Materials and Methods ¥s FaSaR

Steel Used fsam\{bpmﬂle_machining
Seamlesgpipefrom GMn steel N -

accordingo the standard
APBCTGradel80 Typel.

Specifiedchemicalcomposition [ wt.%].

C Mn Si Cr Ni Mo Ti Cu B

043 1190 | 0450 | --- | 0,25 | --- --- 0,350

Coatingmaterial
INCONE1625

Specifiedchemicalcomposition [ wt.%].

Ni Cr Mo | Nb Al Ti Fe | Mn Si Co C

580 | 220 | 90 [ 36 | 04|04 (2505|0510 01
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heMicrostructural Analysis was done using
Scanindgelectron Microscopy SEM:

Threedifferent chemicalsolutionswere used

(1) Etching solution for theteel substrateNital 2%

(2) Etching solution foprior austenite grain sizef the steel within
the HAZ caused by laser welding Coatiregpol

(3) Etching solutiomicrostructureanalysis of thénconel625
welded Coating: Hacid

Etching solution Composition

Nital 2% 2ml of nitric acid + 98ml of etilic alcohol

50ml of ether + 80ml water + 2 drops of HCl + 3g of

2 el picric acid

Hypochoridirc acid + nitric acid + acetic acid: concentration:

Tri-acid 11-1
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Heat Treatment Routes
It was used 5 heat treatment conditions

TwoQuenching&Tempering
with different soaking times.
T[°C
'l“ 1 HT_ U
900
Quenching
+ in Water
620 /—\\COA(::‘NO
-»> - » )
20 20 t [min.]
T
900 Quenching
+ inWater
Air
620

[ \* Cooling
»> - »

430 960 t [min.]

Oneaustenitizingfollowed
by slowcolling

HT_3)

Slow cooling
in the oven

>
960 ¢ (min.]

Two tempering with
different soaking times.

T(°C] )
Y HT 4
900
Air
6201 /*\( Cooling

t [min.]

T'[’:’('] HT_S5)

900

620

Air

960 t [min.]
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Steel Pipe before Coating

Characterizatiorof the steel plpe used
Chemicatomposition[wt. %] |

C Mn Si Cr Ni Mo Ti Cu B

0.26 1.0 | 0.15 [ 0.30 | 0.02 | 0.03 | 0.04 0.06 0.0015

v

Medium Intentionallyadded

C-Mn steel to enhance
hardenability o il JominyTest
§43 *"*”\\;*
cdl x
; g
X3 - R

w
~

Theexcellenthardenability . UL
can be Shownln the Jomlny 00 50 100 150 i):so“i:di:t:?,c::,:m]wo 450 500 550
test forming 100%o0f Martensite
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Steel Pipe before Coating

Heattreatment of Quench& Temperingof the SteelPipe

TI°C
,[\ ] Mechanicalproperties Results

900

Quenching Yieldstrength 624 MPa
+  inWater

Ultimate tensilestrength 720MPa

620 Air
Cooling
/—\\ Hardness 230 HV1
%\
jgfnperedmar';ensﬂe* '
i . . . 1., ;
e a -t ¢ . 4

Martensne
- \// N3

2 //, e

U TN P I carbide
;’fj‘ ' PERER, o precipitation =

2 - " 3 ". (v
NG a8 KAUGS “' b
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As-Deposited: Steel + Coating = v e

Steel / Inonel625Coat|ng (macrograph)

The quality of deposition
was good .

Absence of porosity/voids
within the coating

2.5 mm

No defect in the
steel/coating
Interface was observed
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As-Deposited: Steel + Coating | Pt ot s

EDS measurement

—
100 B
] M_Fe
i e Mo
. e
80- i
The main elements
2 )
n are Fe in the steel.
c
_,q_,) 40
c . .
- ] Ni and Cr in
[ { . :
20 l the coating region.
0 500 1000 1500

Distance / pm

Inconel625Coating CMn steel
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