Update on Ballot for Titanium Grade 12
NACE MR0175 /ISO 15156-3

Chris Wilson, Technical Director, Uniti Titanium
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Background

The International Titanium Association (ITA) sponsored a
project to remove restrictions on Grade 12 titanium within
the NACE MR0175 / I1SO 15156-3 Standard.

= The current standard has the following restrictions on hardness and
annealing:

UNS R53400 shall be in the annealed condition. Heat treatment shall be
annealing at (774+14)°C [(1,425+25)°F] for 2 h followed by air-cooling.
Maximum hardness shall be 92 HRB.
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=Continuous annealed product is currently not permitted.

=sHardness values greater than 92 HRB are not permitted.
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Ballot Results

FIRST BALLOT VOTE:
MRO0175 / I1SO 15156-3 Maintenance Panel meeting in Krakow Poland on September 3, 2018.
FAILED — (2 Positive votes / 10 Negative votes)

SECOND BALLOT VOTE:

Maintenance Panel vote in January 2019.
— (11 Positive votes / 3 Negative votes)

THIRD BALLOT VOTE:
TG299 Task Group vote in May 2019.
— (26 Positive / 7 negatives)

FINAL BALLOT VOTE:
MRO0175 / I1SO 15156-3 Maintenance Panel meeting in Seville Spain on September 6, 2019.
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Timeline of NACE MR0175 Project for Grade 12 Titanium

First ballot submitted to
the MR0O175/1SO 151563
Maintenance Panel at
Initial exploration of Krakow, Poland meeting.
project including lab Failed - (10 Neg. /2 Pos.)
inquiries for
corrosion testing. cjﬁ:jzn cjr?jsaizn . Eelllet s lbmiig i
testing began test complete 20 d.aycorrosmn UM
i testing complete. 15156-3 Maint.
Panel at Seville,
Ballot submitted Spain meeting.
Project funding d to the TG299 Passed.
approved by ITA U &y panel for vote.
Board of cqrrosmn Passed —
Directors. testingbegan (26 Pos. /7 Neg.)
——— } } } } } } } } } } } } } } } +—
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Received quote Autoclave retrofit AuiedEe wEnk Editorial
from lab for Grade 12 delay from completed . Corrosion testing Revised ballot modification
corrosion testing. Samples August 2016 - (13 Month Delay) results reviewed submittedto the made to ballotto
received at September 2017 with MRO175 Maintenance Panel address TG299
test lab committee. for asecond vote. negative votes.
Passed —
Samples (11 Pos. /3 Neg.) Ballot will be published
finished as aTechnical Circular
machining

of the next edition of

the 1ISO 15156 / NACE
MRO175 standard.

Balloting - 17 Months (Est. 2nd Qer 2020)

Testing Process - 23 Months

— —— =
m Time from Project Approvalto Ballot Approval=43 months
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Revised Wording

UNS R53400 shall be in the annealed condition.
Heat treatment shall be annealing at

wording |~ (774+14)°C [(1,425+25)°F] for 2 h followed by
air-cooling. Maximum hardness shall be 92
HRB.
New . -
Wording UNS R53400 shall be in the annealed condition.
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Table A.41 — Environmental and materials limits for titanium used for any equipment or component

Individual alloy Temperature Partial Chloride pH Sulfur- Remarks
UNS number pressure conc. resistant?
H,S
pH,S
max max max
CCC P kPa (psi) mg/1
R50250 See See See See Yes Any combination of temperature. pH,S, chloride
R50400 “Remarks” “Remarks” “Remarks” “Remarks” concentration, and in situ pH occurring in production
R56260 column column column column environments is acceptable.
R5340094€
R56323
R56403
R56404
R58640
R55400 288 (550) 3450 (500) 180 500 See “Remarks” column Yes? Any in situproduction environment pH is acceptable
for pCO, + PH,S <7 000 kPa (1 000 psi)
R53400‘1< 205 (401) 3450 (500 180 500 See “Remarks” column Yes? Any in situproduction environment pH is acceptable
for e, + Alips < 7 000 kPa (1 000 psi)
These materials shall also comply with the following:
a) UNSR50250and R50400 shall have a maximum hardness of 100 HRB;
b) UNS R56260 shall have a maximum hardness of 45 HRC and shall Be in one of the three following conditions: Grandfathered Grade 12 will remain in standard with no
1) annealed; - .
. restrictions on temperature and H2S concentration.
2) solution-annealed;

3) solution-annealed and aged.
¢) UNSR53400 shall be in the annealed condition. Heat treatment shll be annealing at (774 == 14) ° C [(1 425 = 25)° F] for 2 h followed by air-cooling. Maximum hardness shall be 92 HRB;

d) UNSR56323 shall be in the annealed condition and shall have a mIimum hardness of 32 HRC;

e) wrought UNS R56403 shall be in the annealed condition and shall §ave a maximum hardness of 36 HRC; Footnote i): New Grade 12 listing. No restriction on
f) UNSR56404 shall be in the annealed condition and shall have a ma3ximum hardness of 35 HRC; o T

g) UNSR58640 shall have a maximum hardness of 42 HRC; processing, however NACE Level 'VII limitations on
h) UNS R55400 shall be used in the Solution-Treat plus Age (STA) condition, and have a maximum hardness of 41 HRC. temperature and H2S concentration.
i) UNS R53400 shall be in the annealed condition.

2 Sulfur resistant as tested in accordance with Group 1 as defined in NACE Conference paper 95047 and EFC 17, Appendix S1.
Specific guidelines shall be followed for successful applications of each titanium alloy specified in this part of ISO 15156. For example, hydrogen embrittlement of titanium alloys can occur ifi
these alloys are galvanically coupled to certain active metals (e.g. carbon steel) in H,S-containing aqueous media at temperatures greater than 80 ° C (176 ° F). Some titanium alloys can be
susceptible to crevice corrosion and/or SSC in chloride environments. Hardness has not been shown to correlate with susceptibility to SSC/SCC. However, hardness has been included for alloys
with high strength to indicate the maximum testing levels at which failure ha_s not occurred.

Data from NACE MR-175 / ISO 15156-3 Ballot # 2018-06 R1



What does this mean?

= Removed Barriers for Grade 12 Titanium Producers

* |mproved Mechanical Properties over Grade 2 / 2H.
= |mproved Corrosion Resistance over Grade 2 / 2H.
= Potential Project Cost Savings over Grade 2 / 2H.
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CORROSION ADVANTAGES
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Crevice Corrosion

Temperature-pH Guidelines for Crevice Corrosion in Saturated NaCl Brines

14
, Hydrogen Pickup
1 -
10 -
Grades 1, 2, 2H
8 -
z Crevice Corrosion
6 - Below Grade Lines
4 -
Grade 12
2 -
0 = 1 T T
40 90 140 Temperatuég(; 0 240 290

—
TImNIUM Source: R.W. Schutz, Mater. Perform., Vol 24 (No. 1) Jan 1985, p 39-47 l II Iﬂ!}
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MECHANICAL PROPERTY ADVANTAGES
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NACE MR 0175 - Approved Ti Grad

€S

UNS Number Titanium Grade C (0] N H Fe Al \% Pd Ru Ni Mo Cr Zr Sn Ti
R50250 Grade 1 010 | 0.18 | 0.03 |0.015| 0.2 — — — — — — — | = | = | Ba.
R50400 Grade 2 0.10 | 0.25 | 0.03 | 0.015| 0.3 — — — — — — — | = | = | Ba.
R53400 Grade 12 008 | 025 | 0.03 |0.015| 0.3 = - = = 06109021004 — | — | — | Bal
R56403 (Ti-GAIG—E/dE i?j &Ni) 0.0 | 02 | 005 |0.015| 0.4 |55106.75|3.5 to 4.5|0.04 to 0.08 - 03t008| — — | — | Ba.
R56323 (Ti-3i|r-azé§vzi RU) 0.08 | 0.15 | 0.03 | 0.125 | 0.25 | 2510 3.5 |2.0t0 3.0 — 008t00.14| — — — | — | Ba.

Grade 29
R56404 (Ti-6AI-4V ELI + Ru) 008 | 013 | 003 | — | 025 |55t65 (351045 — 008t00.14| — — — | — | Ba.
R98640 | Betac (Ti—??Ar?—%(\el-ltSQCr-4Mo-4Zr) e 3 8 - - - 4 64| — |8
R56260 Ti-6246 — =] =1 =1 = 6 — — — — 6 — | a 2 | Bal

m
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Data from ANSI/NACE MR0175/1SO 15156-3:2015(E) Table D.11 l " I
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Mechanical Properties Requirement (ASME SB265)
NACE MR0175 /ISO 15156 Approved Grades

. Yield Strength, 0.2% L
UNS Number Titanium Grade Tensile Strength Offset Elongation in 2 in.
(ksi) (ksi) (%)
R50250 Grade 1 35 min. 20to 45 24 min.
R50400 Grade 2 50 min. 40 to 65 20 min.
R50400 Grade 2H 58 min. 40 to 65 20 min.
R53400 Grade 12 70 min. 50 min. 18 min. Sorted by
Increasing
Grade 28 . . .
R56323 (Ti-3A1-2.5V + Ru) 90 min. 70 min. 15 min. Tensile
Strength
Grade 19 . . .
R58640 Beta C (Ti-3AI-8V-6Cr-4Mo-42r) 115 min. 110 min. 15 min.
Grade 29
R56404 (Ti-6Al-4V ELI + Ru) 120 min. 110 min. 10 min.
Grade 25 . . .
R56403 (Ti-6AI-4V + Pd & Ni) 130 min. 120 min. 10 min.
R56260 Ti-6246 150 min. 140 min. 8 min.

- -
T I m N I U M Data from ASME SB 265 Mechanical Property Requirements l " Iltl
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Minimum Allowable Mechanical Properties
NACE MR0175 / ISO 15156 Approved Titanium Grades
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NACE MR0175 /ISO 15156 Approved Titanium Grades
Versus ASME Section VIII Division 1 Code Approved Titanium Grades

NACE MR0175/1SO 15156 ASME Section VIII Division 1
APPROVED TITANIUM GRADES Code Approved
R50250 Grade 1 Yes
R50400 Grade 2 / Grade 2H Yes
R53400 < Grade 12 > Yes
R56403 Grade 25 (Ti-6Al-4V + Pd & Ni) No
R56323 Grade 28 (Ti-3Al-2.5V + Ru) Yes
R56404 Grade 29 (Ti-6Al-4V ELI + Ru) No
R58640 Grade 19 Beta C (Ti-3Al-8V-6Cr-4Mo-4Zr) No
R56260 Ti-6246 No
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ASME Section VIII Division 1 Allowable Stress at Elevated Temperatures

Allowable Stress (ksi)
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Gap in allowable stress could result in opportunities for Grade 12
Gr2 Delta = 5.8 ksi avg. (62.5% Increase @ 400°F)
Gr2H Delta = 4.2 ksi avg. (36.9% Increase @ 400°F)

25

20 -

x\)\i Grade 28
15 ‘1’ ' Grade 12
1 i 1‘ =>e=Grade 2H
10 = N Grade 2
=li-Grade 1
5
0 . . . . . . . . . . .
RO R S S R R R Y O

Temperature (F)

Data from ASME Boiler and Pressure Vessel Code for Section VI, Division 1 Service.
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Grade 12 Titanium

COST FACTORS
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Material Cost Factor Equation
Normalized Against Grade 12 Titanium
for Density and Strength

Grade 12 Ti Yield

Material Strength (Ibs./in%)

Normalized ) . 144 in®
Alloy Density Thickness e
Cost = X 5 X ] X X
($ /1) Cost (Ibs. /in%) (0.250in) , Material Alloy
($/1b) fe Yield Strength

(Ibs./in2)

Normalized Cost
of Grade 12 Titanium
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Cost Table



				Metal		Cost
($ / lb)		Density 
(lbs. /in3)		Cost
($ / Sq. Ft.)		Yield Strength (lbs./in2)		Cost Normalized
($ / Sq. Ft.)		Multiplaction Factor

				2205		$3.48		0.29		$36		65,000		$22		0.29						$143,325,000.00		$22

				316L		$3.18		0.29		$33		25,000		$53		0.68								$53

				Ti-12		$14.95		0.163		$88		50,000		$70		0.90								$70

				Ti-2		$13.34		0.163		$78		40,000		$78		1.00								$78

				625		$15.74		0.305		$173		55,000		$126		1.61								$126

				C276		$15.17		0.32		$175		41,000		$170		2.18								$170

				CuNi
(90-10)		$7.98		0.323		$93		15,000		$247		3.16								$247						36.3312				36.3312

				Ti-16		$49.35		0.163		$290		40,000		$290		3.70								$290

				Ti-7		$73.35		0.163		$430		40,000		$430		5.50								$430

				Ti7

				2205						11.64

				316L						0.2843642612



						Yield Strength (lbs./in2)				Cost
($ / Sq. Ft.)		Cost Normalized
($ / Sq. Ft.)				$430.42				Normalized Cost
($ / ft2)		=		Material Alloy Cost
($ / lb)		x		Density 
(lbs. /in3)		x		Thickness
(0.250 in)		x		144 in2
------------------
ft2		x		Grade 12 Ti Yield Strength (lbs./in2)
--------------
Material Alloy Yield Strength (lbs./in2)



																								Normalized Cost
of Grade 12 Titanium

										2nd Qtr 2019

						Metal		Cost
($ / lb)		Cost
($ / lb)

						2507		$4.75		?

						6 Moly		$7.00		?

						Ti2		$12.70		$13.34

						CuNi (70-30)		$10.35		?

						Ti16		$18.50		$49.35

						AL Bronze		$9.96		?

						625		$19.35		$15.74

						C276		$22.50		$15.17

						CuNi (90-10)		$7.51		$7.98

						2205

						316L





Normalized Cost Chart



Normalized Cost Based upon 

Grade 2 Titanium  Market Price and Minimum Yield Strength

Multiplaction Factor	

2205	316L	Ti-12	Ti-2	625	C276	CuNi
(90-10)	Ti-16	Ti-7	0.28561462543857841	0.67858095492131232	0.89655172413793116	1	1.6056779195455255	2.1780520782553507	3.1610452442490415	3.6994002998500757	5.4985007496251868	Grade



Normalized Cost (Multiple of Grade 2 Titanium Cost)





ASME Table

																								NACE MR0175 APPROVED GRADES				ASME Section VIII Division 1 Approved

		ASME Section VIII Division 1 Allowable Stresses																						R50250 		Grade 1		Yes										ASME Approved Grades

		Date: September 10, 2019																						R50400 		Grade 2		Yes										R50250

		SB265																						R50400 		Grade 2H		Yes										R50400

																								R53400		Grade 12		Yes										R50550

																5.8090909091		4.1909090909						R56403 		Grade 25 (Ti-6Al-4V + Pd & Ni)		No										R52250

		Temperature (ºF)		Grade 1		Grade 2		Grade 2H		Grade 12		Grade 28												R56323 		Grade 28 (Ti-3Al-2.5V + Ru)		Yes										R52252

		100		10		14.3		16.6		20		25.7				5.7		3.4						R56404 		Grade 29 (Ti-6Al-4V ELI + Ru)		No										R52254

		150		9.3		13.7		15.9		20		25.7				6.3		4.1						R58640		Grade 19 Beta C (Ti-3Al-8V-6Cr-4Mo-4Zr)		No										R52400

		200		8.3		12.4		14.4		18.7		24.7				6.3		4.3						R56260 		Ti-6246		No										R52402

		250		7		11.3		13.1		17.4		23.7				6.1		4.3																				R52404

		300		7		10.3		12		16.2		22.6				5.9		4.2						316SS														R53400

		350		6		9.5		11.1		15.2		21.4				5.7		4.1						Alloy 625														R56320

		400		5.4		8.8		10		14.3		20.2				5.5		4.1																				R56323

		450		4.7		8.2		9.5		13.6		19				5.4		4.1

		500		4.2		7.6		8.8		13.1		18.1				5.5		4.3

		550		3.8		7		8.2		12.7		17.5				5.7		4.5

		600		3.5		6.5		7.6		12.3		17.2				5.8		4.7

				R50250		R50400		R50400		R50550		R52400		R52400		R56320		R52250		R53400		R52402		R52402		R52252		R52404		R52404		R52254		R56323

		Temperature		1		2		2H		3		7		7H		9		11		12		16		16H		17		26		26H		27		28

		Degrees F

		100		10000		14300		16600		18600		14300		16600		25700		10000		20000		14300		16600		10000		14300		16600		10000		25700

		150		9300		13700		15900		17500		13700		15900		25700		9300		20000		13700		15900		9300		13700		15900		9300		25700

		200		8300		12400		14400		15800		12400		14400		24700		8300		18700		12400		14400		8300		12400		14400		8300		24700

		250		7400		11300		13100		14200		11300		13100		23700		7400		17400		11300		13100		7400		11300		13100		7400		23700

		300		6600		10300		12000		12800		10300		12000		22600		6600		16200		10300		12000		6600		10300		12000		6600		22600

		350		6000		9500		11100		11500		9500		11100		21400		6000		15200		9500		11100		6000		9500		11100		6000		21400

		400		5400		8800		10200		10300		8800		10200		20200		5400		14300		8800		10200		5400		8800		10200		5400		20200

		450		4700		8200		9500		9300		8200		9500		19000		4700		13600		8200		9500		4700		8200		9500		4700		19000

		500		4200		7600		8800		8500		7600		8800		18100		4200		13100		7600		8800		4200		7600		8800		4200		18100

		550		3800		7000		8200		7900		7000		8200		17500		3800		12700		7000		8200		3800		7000		8200		3800		17500

		600		3500		6500		7600		7400		6500		7600		17200		3500		12300		6500		7600		3500		6500		7600		3500		17200

																						Comparison to Nickel Alloys

																						Grade 12 is less expensive than nickel alloys while offering equal or enhanced in service performance properties

														Grade		Temp		P		R		S		E		t

														2		300		230		70.5		10300		1		1.596

														2H		300		230		70.5		12000		1		1.367

														12		300		230		70.5		16200		1		1.010		0.3673266094

														2		300		212.4		70.5		10300		1		1.472

														2H		300		212.4		70.5		12000		1		1.261

														12		300		212.4		70.5		16200		1		0.932		0.3670852683

														2		240		212.4		70.5		11520		1		1.314

														2H		240		212.4		70.5		13360		1		1.132

														12		240		212.4		70.5		17660		1		0.854		0.3502055604



																						2		2H		12

																				200		12400		14400		18700

																				250		11300		13100		17400

																						11520		13360		17660

				Temperature (ºF)		1, 11, 17		2, 7, 16		2H, 7H, 16H		3		12		9

				100		10000		14300		16600		18600		20000		25700

				150		9300		13700		15900		17500		20000		25700

				200		8300		12400		14400		15800		18700		24700

				250		7400		11300		13100		14200		17400		23700

				300		6600		10300		12000		12800		16200		22600

				350		6000		9500		11100		11500		15200		21400

				400		5400		8800		10200		10300		14300		20200

				450		4700		8200		9500		9300		13600		19000

				500		4200		7600		8800		8500		13100		18100

				550		3800		7000		8200		7900		12700		17500

				600		3500		6500		7600		7400		12300		17200



• SAFETY FACTORS
• ASME Section VIII Division 1: 		Factor of Safety = 3.5 Staff P.E. not required
• ASME Section VIII Division 2, Class 1: 	Factor of Safety = 3.0 Staff P.E. not required
• ASME Section VIII Division 2, Class 2: 	Factor of Safety = 2.4 Staff P.E. Required

• The lower the factor of Safety; the higher the allowable stresses; the thinner the shells
• Based on Ultimate Tensile Strength

 

 

 



ASME Allowable Stresses



ASME Section VIII Division 1 Allowable Stresses 

at Elevated Temperatures

Grade 28	100	150	200	250	300	350	400	450	500	550	600	25.7	25.7	24.7	23.7	22.6	21.4	20.2	19	18.100000000000001	17.5	17.2	Grade 12	100	150	200	250	300	350	400	450	500	550	600	20	20	18.7	17.399999999999999	16.2	15.2	14.3	13.6	13.1	12.7	12.3	Grade 2H	100	150	200	250	300	350	400	450	500	550	600	16.600000000000001	15.9	14.4	13.1	12	11.1	10.199999999999999	9.5	8.8000000000000007	8.1999999999999993	7.6	Grade 2	100	150	200	250	300	350	400	450	500	550	600	14.3	13.7	12.4	11.3	10.3	9.5	8.8000000000000007	8.1999999999999993	7.6	7	6.5	Grade 1	100	150	200	250	300	350	400	450	500	550	600	10	9.3000000000000007	8.3000000000000007	7.4	6.6	6	5.4	4.7	4.2	3.8	3.5	Temperature (F)



Allowable Stress (ksi)





Time Line

		Date		Event Height and Direction		Event

		5/7/15		8		Inquiry to Element testing laboratories to explore corrosion testing and develop testing proposal.

		7/22/15		-4		Received initial quote from Element for corrosion testing received.   

		2/1/16		2		Project funding approved by ITA Board of Directors						Start 		End		Months		Years

		5/27/16		-8		Grade 12 Samples all received at Element Laboratory – Houston				Total Project		2/1/16		9/6/19		43		3.6

		8/2/16		-12		Samples finished machining				Testing		5/27/16		4/15/18		23		1.9

		8/15/16		8		30 day corrosion testing began				Ballot Process		4/15/18		9/6/19		17		1.4

		8/29/16		-4		Laboratory ran into delay with autoclave, which required a retrofit to add stirring capability for elemental sulfur 90 day corrosion test.  This retrofit caused a significant delay from August 2016 through September 2017.

		9/15/16		8		30 day corrosion testing completed.

		9/28/17		-4		Autoclave work completed.

		12/29/17		2		90 day corrosion testing began

		3/29/18		8		90 day corrosion testing completed.

		4/15/18		-6		Corrosion testing results reviewed with MRO175 committee.

		9/3/18		10		Ballot submitted to the MR0175/ISO 15156-3 Maintenance Panel for voting at the meeting in Krakow Poland.  Failed - (10 negatives / 2 positives)

		1/10/19		-6		Revised ballot submitted to the Maintenance Panel for a second vote.  Passed – (11 positive / 3 negatives) 

		5/8/19		2		Ballot submitted to the TG299 panel for vote..  Passed – (26 positive / 7 negative)

		7/20/19		-4		Editorial modification made to ballot data pack to address  the majority of the TG299 negative votes

		9/6/19		4		Ballot submitted to the MR0175/ISO 15156-3 Maintenance Panel for voting at the meeting in Seville Spain.  Ballot passed and is scheduled for publication on the first technical circular of the 2020 edition of the ISO 15156/NACE MR0175 standard.

		4/1/20		-10		Estimated publication date of technical circular.

						42095.00

						43983.00





Time Line Chart



Timeline of NACE MR0175 Project for Grade 12 Titanium
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Chemistry Table

		UNS Number		Titanium Grade		C		O		N		H		Fe		Al		V		Pd		Ru		Ni		Mo		Cr		Zr		Sn		Ti

		R50250 		Grade 1		0.10		0.18		0.03		0.015		0.2		—		—		—		—		—		—		—		—		—		Bal.

		R50400 		Grade 2		0.10		0.25		0.03		0.015		0.3		—		—		—		—		—		—		—		—		—		Bal.

		R53400		Grade 12		0.08		0.25		0.03		0.015		0.3		—		—		—		—		0.6 to 0.9		0.2 to 0.4		—		—		—		Bal.

		R56403 		Grade 25
(Ti-6Al-4V + Pd & Ni)		0.10		0.2		0.05		0.015		0.4		5.5 to 6.75		3.5 to 4.5		0.04 to 0.08		—		0.3 to 0.8		—				—		—		Bal.

		R56323 		Grade 28
(Ti-3Al-2.5V + Ru)		0.08		0.15		0.03		0.125		0.25		2.5 to 3.5		2.0 to 3.0		—		0.08 to 0.14		—		—				—		—		Bal.

		R56404 		Grade 29
(Ti-6Al-4V ELI + Ru)
		0.08		0.13		0.03		—		0.25		5.5 to 6.5		3.5 to 4.5		—		0.08 to 0.14		—		—				—		—		Bal.

		R58640		Grade 19
 Beta C (Ti-3Al-8V-6Cr-4Mo-4Zr)		—		—		—		—		—		3		8		—		—		—		4		6		4		—		Bal.

		R56260 		Ti-6246		—		—		—		—		—		6		—		—		—		—		6		—		4		2		Bal.





Mechanical Properties

		UNS Number		Titanium Grade		Tensile Strength		Yield Strength, 0.2% Offset		Elongation in 2 in.

						(ksi)		(ksi)		(%)

		R50250 		Grade 1		35 min.		20 to 45		24 min.

		R50400 		Grade 2		50 min.		40 to 65		20 min.

		R50400 		Grade 2H		58 min.		40 to 65		20 min.

		R53400		Grade 12		70 min.		50 min.		18 min.

		R56403 		Grade 25
(Ti-6Al-4V + Pd & Ni)		130 min.		120 min.		10 min.

		R56323 		Grade 28
(Ti-3Al-2.5V + Ru)		90 min.		70 min.		15 min.

		R56404 		Grade 29
(Ti-6Al-4V ELI + Ru)
		120 min.		110 min.		10 min.

		R58640		Grade 19
 Beta C (Ti-3Al-8V-6Cr-4Mo-4Zr)		115 min.		110 min.		15 min.

		R56260 		Ti-6246		150 min.		140 min.		8 min.



				Titanium Grade		Tensile Strength		Yield Strength		Elongation

				Grade 1		35		20		24

				Grade 2		50		40		20

				Grade 2H		58		40		20

				Grade 12		70		50		18

				Grade 28		90		70		15

				Grade 19 (Beta C)		115		110		15

				Grade 29		120		110		10

				Grade 25		130		120		10

				Ti-6246		150		140		8





Mechanical Properties Chart



Minimum Allowable Mechanical Properties

Tensile Strength	

Grade 1	Grade 2	Grade 2H	Grade 12	Grade 28	Grade 19 (Beta C)	Grade 29	Grade 25	Ti-6246	35	50	58	70	90	115	120	130	150	Yield Strength	

Grade 1	Grade 2	Grade 2H	Grade 12	Grade 28	Grade 19 (Beta C)	Grade 29	Grade 25	Ti-6246	20	40	40	50	70	110	110	120	140	Elongation	

Grade 1	Grade 2	Grade 2H	Grade 12	Grade 28	Grade 19 (Beta C)	Grade 29	Grade 25	Ti-6246	24	20	20	18	15	15	10	10	8	Titanium Grade



Strength (ksi)

Elongation (%)
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* For this example wall thickness is directly
proportional to cost

* Governing Equations for internal Pressure:

PR
t =—-—0.6P
SE
Where:
¢ t = thickness
%* P = Design Pressure
*%* R = Inside Radius
% S = Stress Value of Material
¢ E = Joint Ef ficency (1.0 For Titanium)
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Design Conditions: 230 PSIG at 300°F
1. Grade 2 Titanium

¢ s5=10,300 psi

¢ Shell thickness = 1.596"
2. Grade 2H Titanium

¢ s5=12,000 psi

¢ Shell thickness = 1.367"

3. Grade 12 Titanium

¢ s5=16,200 psi
¢ Shell thickness = 1.010"
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Yes: Original Design Pressure: 230 PSIG
Can be Reduced to 212 PSIG

May reduce thickness required

1. Grade 2 Titanium
* Shell thickness = 1.472" (Was 1.596"; reduced by 0.124")

2. Grade 2H Titanium
* Shell thickness = 1.261” (Was 1.367”; reduced by 0.106")

3. Grade 12 Titanium
* Shell thickness = 0.932” (Was 1.010”; reduced by 0.078”)
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Have Operating Conditions Changed:
Yes Original Design Temperature: 300 °F

Can be Reduced to 240°F

May reduce thickness required

1. Grade 2 Titanium
¢ Shell thickness =1.314" (Was 1.472"; reduced by 0.158”)

2. Grade 2H Titanium
¢ Shell thickness =1.132" (Was 1.261"; reduced by 0.129”)

3. Grade 12 Titanium
¢ Shell thickness = 0.854” (Was 0.932"; reduced by 0.078”)
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Normalized Cost Factor Based upon
Grade 12 Titanium Cost, Minimum Yield Strength and Density
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Summary

= Grade 12 Modifications will be included in the next
technical circular publication of the NACE MR0175 /
ISO 15156 standard.

. Expect document to be published in 2" Qtr 2019

. Key Benefits:

] Removed Barriers for Grade 12 Titanium Producers
= No restrictions on annealing cycle
= No maximum hardness requirement

= Increased supply availability for NACE MR0175 sour
service market.

] Improved Mechanical Properties over Grade 2 / 2H.
= Improved Corrosion Resistance over Grade 2 / 2H.
Ll Potential Project Cost Savings over Grade 2 / 2H.

m
TITANIUM

R Re e
USA€2012

Grade 12 is a viable and competitive option,
when all factors of the project scope are
considered, such as allowable stress at elevated
temperatures, density of material, cost of
material, and corrosion resistance.

Chris Wilson

Technical Director

Uniti Titanium
wilson@uniti-titanium.com
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