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INCOLOY alloy 945 (UNS N09945) ...

... IS a precipitation strengthened, nickel-base
superalloy similar in its applications to

INCONEL alloy 718 & INCOLOY alloy 925.

SPECIAL

METALS

lw””lﬂ any




-
Why INCOLQY alloy 945 ?

* The corrosion resistance of alloy 925 is superior to alloy 718 in most
sour gas environments (ref. paper 59, NACE Corrosion 96). This is
largely due to the presence of copper and its higher chromium level
(20.5 versus 18.5)

* The minimum yield strength for alloy 925 is lower than that of alloy
718 (110 ksi versus 125 ksi)

 Alloy 945 is designed to exhibit corrosion resistance comparable to
alloy 925 and yield strength equivalent to alloy 718 (increased from
110 ksi to 125 ksi)

*Alloy 945 is not prone to detrimental phases like delta in alloy 718
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INCOLOQY alloy 945: Capabilities

1. Alloy 945 is annealed plus aged Ni-base alloy with
minimum Yyield strength of 125 ksi

2. Extensive testing have shown that alloy 945 has
excellent corrosion resistance. The alloy is ISO-15156-3
/ NACE approved level up to VIl and level VI at 450F.

3. Alloy 945 has excellent weldability by GTAW and P-
GMAW using 945 and 725 filler metals.

4. Alloy 945 can be easily cold worked.

5. 945 has the corrosion resistance better than 925 and
strength equivalent to 718.
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Potential Customers

® Major O&G Companies

Shell, BP, Chevron, Total E&P, StatoilHydro,
ExxonMobil, ConocoPhillips etc

®* Major Equipment Manufacturers

Halliburton, Baker Oil, Cameron, Weatherford, GE
Oil and Gas, Schlumberger, etc
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Various components of Oil Well. Commonly used I

Ni-base alloys for all the components except
downhole tubing are alloys 925 and 718.
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INCONEL 718 and INCOLOY 925

Alloy Fe Ni Cr Mo Cu Nb Ti Al
925 Bal43 21 3 2 0 2 O
/18 Bal 54 19 3 5 1 1

Material iIssue with alloys 925 and 718

Alloy 925 is 110 ksi min yield strength alloy but more and
more wells now require 125 ksi min due to deeper drilling

Alloy 718 is 125 ksi min yield strength alloy but it has
processing issues.
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Desired microstructure

a) Major failure reported by Total at
EuroCorr Conf in Sept 2008

b) Major failure reported by Shell in
2000 costing them billions of
dollars SPECIAL




Typical Chemical Composition of alloy 718

and delta phase

718 wt%
|
NI Cr Fe Nb | Mo Ti Al C Si
540|184 176 51 | 3.0] 0.91] 0.59 0.03 0.0
644 34 | 531|204 2.2 3.0, 0.8 - 0.1

Being an inter-metallic, Delta phase is too hard and

1
Delta atom %. It is roughly Ni;Nb

essentially devoid of Cr. It will have rather poor corrosion
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resistance. So, it makes delta a week link in the




Required characteristics of the new
alloy

® 125 ksi min yield strength

® Corrosion resistance at least as good as
alloy 718

®* Must not have tendency to form inter-
granular second phase as it degrades
agueous corrosion resistance

® Cheaper than alloy 718
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Research & Development Plan

e Maintain alloy 925 base composition — current levels
of Cr, Mo, and Cu result in good corrosion resistance

Maintain Ni content at or above 42% for resistance to
chloride-induced stress corrosion cracking

* Adjust hardening elements (Ti & Nb) to increase
strength

Alloy Fe Ni Cr Mo Cu Nb Ti Al C
925 Bal 43 205 3.3 2 03 22 02 0.01
945 Bal ? | 205 3.3 2 ? ? | 0.2 ] 0.01
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Chemical Composition

Alloy Fe NI Cr Mo Cu Nb Ti Al C
92t Bal 43 21 3.3 2 03 22 02 O
94t Bal 47 21 33 2 3 15 02 O
/18 Bal 54 19 3.3 5 1 06 O

Hardeners (Nb/Ti/Al) in alloy 945 results in the formation
of sub-micron gamma prime + gamma double prime,
which are responsible for increase in strength.

A special anneal and age is required to develop the
microstructure and properties. Alloy 945 is a true hybrid of
alloys 925 and 718.
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Age hardening response of alloys 945, 925, and 718
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Total variation in hardness for alloy 945 in the
temperature range of 675C to 760C is 34 + 1 Rc




Mechanical properties of annealed + aged material
produced from a 60,000 Ib (27000 Kg) mill heat
S. No| Diameter Tensile Properties Average Max Grain size,
ininches| YS, ksi UTS, ksi % El | %RA | Impact, | Hardness, ASTM #
Ft-Ibs Rc MR
1 1.0 133.4 173.2 27.8 | 48.0 76 40 2
136.2 174.8 26.1 | 46.1 63 40 3
2 2.0 132.5 170.2 28.2 | 47.6 70 40 3
136.7 174.3 25.7 | 40.1 55 40 3
3 3.5 136.3 174.2 24.9 39.5 57 40 2
135.5 172.0 25,5 | 40.5 58 43 2
4 4.5 134.2 168.6 28.6 | 46.7 62 42 2.5
134.8 169.9 26.6 | 45.6 62 39 2
5 6.0 138.8 171.7 23.7 35.9 68 40 2
141.0 176.0 22.0 | 34.6 55 42 2.5
6 12.0 142.3 171.7 26.3 | 43.6 61 40 2
7 14.0 140.3 169.2 26.6 | 30.7 77 39 2
Min Targets 125 150 18 25 40 42 max | 2 orfiner

Note : The impact for 3.5” and higher sizes were tested in the transverse
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orientation at -75F




Optical photographs of alloy 945

100X 500X
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Resistance to Stress Corrosion Cracking

C-ring testing Samples from three different commercial
heats, tested in triplicate, passed 90 days C-ring testing
iINn MRO175/1S0O 15156 NACE levels VIl and VI-450F
(232°C). In other words, no cracking was observed Iin
these testing. Samples were stressed to 100% yield
strength.

NACE level VII: 500 psia ( 3.5 MPa) H,S, 500
psi CO,, 150,000 mg/l Cl, 400°F (204°C),
strain rate 4 x 10° in/in/sec

NACE level VI: 500 psia H,S, 500 psi CO,,
120,000 mg/l Cl, 450F [350F (177<C)], strain
rate 4 x 10° in/in/sec
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NACE level VI -450F (232C)

HON # 10951 — 1-3 Heat #EX0019PY Lot 11
Modified NACE Level VI 90 Day Test Duration
200,000 mg/L NaCl / 500 psi H,S / 500 psi CO, / 450 F
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Alloy 945 Is NACE approved for level VII.

The alloy is NACE / 1SO15156-3 approved
for level VIl and level VI at 232°C (450 °F) on
meetings held at EuroCorr (Sep 2008)

Chloride levels tested is higher than the standard NACE
levels. Tested at 180,000 mg/l for level VII, the
requirement is 150,000 mg/L. Same way, 139,000 mg/I
versus 120,000 mg for level VI. It will be corrected early
next year.
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Commercial Processing

e Melting and remelting are similar to alloys 925 and
718.

*Alloy 945 was successfully processed using
combinations of melt / remelt methods.

Commercial heats weighing 45 to 60 thousand Ibs
each have been melted and processed to various
product forms.

 Rolling and forging are similar to alloy 718
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Forged 9 inch round of alloy 945
weighing about 5,000 Ibs (2300Kg)



Forged 14 inch round of alloy 945
weighing over 7,000 lbs (3200 Kg)



Tube products of alloy 945. The OD is 150 -178mm and wall
thickness is 15 -25 mm
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Yield strength, Corrosion resistance and Cost
comparison of Ni -base alloy

Alloy | Min YS, ksi Corrosion Resistance Approx
Cost
925 110 Approved for NACE level V300F 945 minus
(149C), 100 psi (0.7MPa) k5 + 4%
120,000 mg/L Cl + 200 psi (1.4 MPa)
Co,] and variations
718 125 Same as alloy 925 945plus
10 %
945 125 Approved for NACE level VII 400F | Base Price
(204C), 500 psi (3.5 MPa) k5 +
150,000 mg/L Cl + 500 psi Cg. Also
level VI at 450F (232C).
725 120 NACE approved for NACE level VII. | 945plus
Not approved for level VI-450F 38%
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TAKE AWAY

* Alloy 945 is annealed plus aged Ni -base alloy with minimum
yield strength of 125 ksi

» Extensive testing have shown that alloy 945 has exc  ellent
corrosion resistance. The alloy is ISO -15156-3 / NACE approved
level up to VIl and level VI at 450F.

» Several mill heats are processed to establish robus  t
processing

* Alloy 945 has excellent weldability by GTAWand P -GMAW
using 945 and 725 filler metals.

* Alloy 945 can be easily cold worked.

* Alloy 945 is not prone to detrimental phases liked eltainallo y
718
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INCOLOY alloy “945X”

Development of a 140 ksi Minimum Yield
Strength Grade of INCOLQY alloy 945



Chemical Compositions of alloys
945 and 945X

Alloy Fe Ni Cr Mo Cu Nb Ti Al C
945 Bal 47 205 3.3 2 3 1.5 0.2 0.01
945X Bal 54 205 3.3 2 4 1.5 0.2 0.02

Both alloys 945 and 945X are within UNS N09945
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Remarks on alloy 945X

® Officially, the alloy 945X is NACE approved for level VII
since chemical composition is covered in the UNS for
alloy 945

®* A 45,000 Ibs mill heat was processed to rod sizes 1 to 8.5
Inches to establish process parameters. All the products
satisfied 140 ksi min yield strength requirement.

® Sample are available in 3.5 inch diameter rod.

® Although one commercial heat has demonstrated 140
min YS and 42Rc max hardness, one heat within UNS
number is not enough to go commercial
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Summary

®* INCOLOY Alloy 945 is the latest
development of Nickel alloys by Special
Metals Corporation to meet specific
demands form the Oil & Gas industry.

* We are committed to continue our
Nickel alloy development program in
order to satisfy the ever increasing
requirements of the market.
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