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Introduction

 The panorama of industrial valves is rapidly changing, with the
transition to solutions able to manage variable operating
conditions during extraction, transport and subsequent
treatments

 Due to high corrosivity, the use of corrosion-resistant alloys is
fundamental to grant system reliability and safety

 As valves are responsible for 60% of the so-called "Fugitive
emissions®, and their production has to meet specific standards
foreseen for chemical and petrochemical plants In order to
prevent losses of Volatile Organic Compounds (VOC).
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Introduction

* The design of control valves is rapidly moving to the production
of compact and complex geometries, difficult to be produced by
traditional processing technologies.

« Additive manufacturing is exploiting the market and even higher
amounts of parts is now available in automotive and aerospace
Industries.
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Introduction

« Qualification of the material, which plays a key role in the
accreditation of the production technology itself (performance
constraints, microstructural requirements, corrosion...)

» Certification
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Guidelines

Guidance Notes for the
Certification of Metallic Parts
made by Additive Manufacturing

DNV-GL

March 2017 CLASS GUIDELINE

DMNVGL-CG-0197 Edition November 2017

Additive manufacturing - quahlification and
certification process for materials and
components

TWI
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Section 3 Qualification and certification process.. . ... cousscmsscisoes -
B TR o o [T oo T, -
2 Cartification schamea for materials and components.......

3 Qualification and certification framework for additive

Guidelines

Appendix A Sequence of activities during an example MPQ process..

Appendix B Testing of additive manufacturing components........u..w

1 General overview of testing methodology for additive
M MUTACEU MM PAPES .1ttt vawtsbasbbsssonrsiasissass sobis sotssmmis smsis ins -

Appendix € Principles of technology qualification protess. ... ... ...
1 Process for technology qualfleation. . e e ieas e

CHANGES - MEEBOFIC ceetias i niis s sms sassss asbssnsin s smmsasns sassbs nbessmsbsmnsssns sas

DHV GL

ition in the Typical activity Feasibility Technology Manufacturing I,.I"
ue chain Study Qualification Assﬁsmmt Pmoedwe Manuiai:hier

Dﬁign of products for end-use or functionality

Ftaw material producer (powder/wire etc.) . . ] . .
Print 3D products using own printing facility . . . . .
Manufacturing support such as HT etc. . . . . .

Product manufacturer ™ . . . . .
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Magazines...2018...

With additive manufacturing in oil and
gas, the future starts now

May 21, 2018

By John Bolto, Specialist Advisor, Advisian, A WorleyParsons Group company
How should Oil and Gas Industry get into additive
manufacturing?

News from the 3D printing industry | 5 April 2018
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Nowadays

GE Additive ADDITIVE MANUFACTURING  CUSTOMER EXPERIENCE INDUSTRIES NEWS ABOUT CONTACT Q

3D Printing in the Oil and
Gas Industry i

Just as additive manufacturing (AM) is increasingly utilized in the healthcare and aerospace ind

too is it gaining acceptance in the oil and gas industry. A SmarTech report projects that AM oil and g
revenue will reach $450 million by 2021. Furthermore, analysts predict that such revenue in oil and g
will triple over the next few years, surging to $1.5 billion by 2025.
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Nowadays

AM Revenues in the Oil & Gas Industry (SUSM) 2016 - 2027

Hardware ™ Materials ™ Software M Services

$145

$84 r—

2017 PAONR:] 2019 2020 2021 2022 2023 2024 2025 PAOPAS

smartechanalysis.com
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Nowadays

ooy counana

I ndirect Additive m.

Basic Ra pid Manufacturing and Migh
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smartechanalysis.com
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Nowadays

Forthcoming  Lux Research,
MNozzles for downhole Advanced

cleanout tool ‘ materials

Liner hanger spikes
for E&P
Sand control screens ,,—-".

High-potential

4 Drill bits @'/ Subsea chemical stick
£ L . injection tool
€ Pipeline pigs g\_
) Offeh _ (Gas turbine nozzles
> gy
£ o
3 Proven use case
_‘E Perforated pup joints -—@
m . -
T:; Q Sealmg.ar:cessunes: Speculative use case
> V packing adapters
Sealing accessories:
3 rings —6‘
Lang-shot Futile
1 T 1 1

1 3 5
Suitability for being printed
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Aims

« Study of the mechanical and corrosion behaviour of 3D
printed nickel alloy (Alloy 625) produced by laser
powder bed fusion (SLM — Selective Laser Melting).

* Define role of microstructure and post processing heat
treatments In order to achieve both mechanical and
corrosion resistances, suitable for Oil&Gas applications

 Evaluate the corrosion and stress corrosion cracking
behaviors of 3D alloy compared to hot worked alloy
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Why Ni-Alloys?

Total Projected Share of AM Nickel Alloy Powders by End User Industry, All
Print Technologies and Regions, 2018 vs. 2027

2027

2018

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of AM Nickel Powder Shipments

smartechanalysis.com
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Project activities

* Functional prototype manufacturing

* Microstructure analysis (porosity, intermetallics and
second phases) of material produced by different
building strategy and heat treatments

 Mechanical and thermo-physical behaviours

 General and localized corrosion behaviours compared

to forgings

* Fracture toughness and stress corrosion cracking
evaluation
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Prototype

. . . Nb+T
C |'si | Mn | P | S| Cc | Mo | N Nb|Ti | Al | ColTalFe ":’ Cu
Hot worked 0.036 0.25 0.19 0.007 21.6 8.26 [61.92|3.6601(0.243(0.199 3.11| 3.67
Powder (AM) <0.1 |<0.50 | <0.50 |<0.015/<0.015 20-23 | 8-10 | 258 11155 <0.4 | <0.4| <1 |<0.05 <5 | -
Composition of Alloy
625 0.03- 20.00- 8.00- |=58.0 <5.0| 3.15-
<0.50 | <0.50 |<0.020|<0.015 <0.60(<0.40(<1.00 <0.50
2.4856 / NiCr22Mo9Nb | 0.10 23.00 | 10.00 | 0 0 | 4.15
EN 10095
UNS N06625
NACE MR 0175 <0.1 |<0.50 | <0.50 |<0.015/<0.015| 20.0-23.0 [8.0-10.0 resto | > 2" | <0.4 |<0.40 <5
1ISO15156- 4.15
3:2009+Cir.1:2011
ASME SB 564 <0.10 | <0.50 | <0.50 |<0.015|<0.015| 20.0-23.0 [8.0-10.0| >58.0 <0.40|<0.40| <1.0 <5.0 ‘11155
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Prototype

Material Area Fraction Porosity (%)
Alloy 625: Block 1 0.16
Alloy 625: Block 2 0.12
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Microstructure analisys — As built Alloy 625

100 pm

S S—
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Heat treatments

4y B 443 - 00 (2005)

TABLE 3 Room Temperature Tensile Properties and Heat Treatment
(All Thicknesses and Sizes Unless Otherwise Indicated)

Elonge-
Yiela
Tanslle Strangth e
Procuct Strengtn, min, (0.2 % Offsex), o o
ksl (MPa) min, ksl D
[“Pa} "-.-L '%ﬂ
Grage 1
_ UNS NDB625 (Annealad)® _
Coio-rolied sheet and Sinp 120 (&@7) 50 [@19) 0
Hot-rolled sheet and not-rolled plate up to 2.75 . (70 mm), Incl 110 (758) 56 (379) 20
Cold-rolied piate up to 0.375 In. (3.5 mm). Inc - 110 (758) 55 (379) 20
Grage 2
UNS NOEE2S (Solution Annaaled)”
Cold-rolied sheet and sinp, hot-roled sheet, cold-rolled plate,_and hot-roled 100 (680) 20 (276) 20
Al
UNS N0G219 (Solution Annealad)
All piate, sheat. and stip %6 (660) 8 (270) 50

“ Yiedd strangth requiraments do not apply 1o matenal undear 0.020 In. (0.508 mm) In thickness.
¥ Elongation requiremants do not apply 1 materal under 0.010 In. (0.254 mm) In thicknass.

¢ Annealed at 1600°F (871°C) minimum.

0 solution annealed at 2000°F (1083°C) minimum, with or without subsaguent stabllization anneal &t 1800°F (982°C) minimum 10 Increase reslstance to sensitization.
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Microstructure analisys — Heat treatments
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Microstructure analisys — Heat treatments

90 —

> ¥ J
v
70 |- | —
P
& 60 |- —
a X Annealing
-;:‘; - Temperature;
50 |— v 2000°F |
k= ——V¥ (1083°¢)
> o
'g 40 |- O S
900°F
et v(11033%)
2200°F
30 o 0(1204°cr
319945,
Ne P& — X 1700°F
20 |- oYX o o (927°C)+
x_—;-é aaoow
882 °C)
10 1 i i i

1200 1300 1400 1500 1600 1700
(649) (704) (760) (816) (871) {(927)

Sensltizing Treatment, °F { °C)
(1 hr Exposure)
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Tenslle tests

Stress (MPa)
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1200 -
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800
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Water quenching
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Hardness tests

360
340 Heat treatment duration: 2h
2 O
Limit of 35 HRC
300
%280
L

600 700 800 900 1000 1100 1200
Temperatura (°C)
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Corrosion tests

TFEFluorocarbon Cravics Washare— 12 Equally Spacad Skoig

_ '
it WT3a 1 R Lo . L
R~ e i
ERLAE g
b
i i i | b ket
'.H__.:_:.., il

I FE-Fluprocarbon Sipeve

Lik% W10276 Mut LUKS N10278 Bolt

UNS N10275 Flat Washer

Weight loss
« ASTM G31: Hydrochloric acid, sulphuric acid, phosphric acid
up to 20% at 20,40 e 60 °C
Pitting potential
« ASTM G5: 40°C in 35 g/l deaerated NaCl solution
Critical crevice temperature

« ASTM G48: seawater, initial temperature: 30°C
Crevice
ASTM G78 (

Intergranular corrosion @ ®
« ASTM G28: Boiling sulphuric acid and ferric sulphate for 120 h

SCC
« ASTM G30-36: Boiling magnesium chloride solution (45%) (155 °C)
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General corrosion

| LPBF — As-built
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Localised corrosion — ASTM G5 @nn,so,)

E (V vs SCE)
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Intergranular corrosion — ASTM G28

LPBF
As built
LPBF HT
HOT WORKED
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Sour tests — As built alloy (so 15156-3:2015)

900
800 e i Vs AlIr
"""""""""""""""" L ",
700
\
\
\
Wed May 1 2019 09:06:02
600 § ayszogs B1 \
SS1 - SS2 - SS3 - 554
i Sour
= 500 ,;
Iy .
2 1!
bvy] 400 z
300
200
100
. EETTTEEERT T EPTT T
O ' s
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Strain
A625-B1-551 AG25-B1-S52 = = = AG25-B1-553 = = = AG25-B1-554
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Concluding remarks

The results show:

 the mechanical and corrosion behaviour of 3D printed
alloy 625 produced by laser powder bed fusion.

 the role of microstructure optimisation during the
manufacturing process and post heat treatments to
achieve Dboth mechanical and corrosion resistance
suitable for Oill&Gas.

* the corrosion and stress corrosion cracking behavior of
AD alloy according to the main standards, compared
with hot worked alloy.
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Concluding remarks

 The correlation between unique microstructure of 3D
printed alloys and corrosion morphologies Is
addressed.

 The performances comparison between 3D printed and
traditional alloys evidences the need of accurate
material qualification procedures to grant both
performances and safety.
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Thank you!

Do you have questions?

Sergio Lorenzi
University of Bergamo
Department of Engineering and
Applied Sciences
Sergio.lorenzi@unibg.it
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