e I

— T | o T

Chuck Young, Tricor Metals, Wooster, OH & Conroe, TX

-



2 \
3d°4s

2 \
3d°4s

g Overview *
T T

Titanium
47.867

Titanium
47.867

Titanium Grades used to prevent or minimize Corrosion
Designing with Titanium
Cost Comparison of Titanium with other CRAs
Anticipated Life Expectancy of Titanium
Applications where Titanium has been used successfully



Titanium Grades

* Grades 2/2H Commercially pure Titanium
* Grades 7/TH CP Titanium with 0.12- 0.25% Palladium

« Grade 9 Titanium alloy with 3% Al —2.5% V
* Grade 12 Titanium alloy with 0.3% Mo — 0.8% Ni
» Grade 16 CP Titanium with 0.04-0.08% Palladium

All are ASTM and ASME approved with UNS numbers in the
R5**** range

All have rough density of 0.163 Ib/in3 (4.54 g/cm3)



Titanium Mechanical Properties

Grades 2/2H, 7/7H and 16/16H UTS 50 ksi YS 40 ksi min
Grade 12 UTS 70 ksi YS 50 ksi min

Grade9 UTS 90 ksi YS 75 ksi min

All Titanium Alloys approved by ASME to 600 F

ASME Design Allowable (ksi)
vs Temperature °F
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Titanium Corrosion Resistance

Corrosion in Natural

or Polluted Seawater

Corrosion in Other Media

SRR 316 | 6MO | el |Incoloy| Inconel | Hastell
Mode of 6 Mo SS & Stainless | Stainless | ' onel | Incooy | Inconel | HasteloY | ritanium
f - . A Guide to Aqueous Corrosion| Steel Steel 400 825 625 C-276

Corrosion Cu based Alloys Duplex SS Titanium Alloys Reskbincs
General — T
Corrosion Resistant/Susceptible Resistant Resistant Organic Acids A A B ‘ A A A A

Alkalines & Salts B B A B A A A
Crevice Susceptible Resistant (<80C) or
Corrosion Susceptible (>25 C) (up to 200 C) Seawater B A A A A A A
Pitting Attack |Susceptible Resistant Immune Sulfuric Acid B B - A A A c
Stress Hydrochloric Acid D B c B A A D
Corrosion Susceptible Resistant Resistant
Corrosion Hydrofluoric Acid D c A B B A D
Fatigue Susceptible Suscetptible  Immune Phosphoric Acid c c D ‘ B A A c
Galvanic Attack |Susceptible Resistant Immune Nitric Acid c C D ‘ I8 B c B
MIC Corrosion [Susceptible Susceptible Immune Chiorine (wet) D D B ‘ c B A A
Weld/HAZ
Corrosion Susceptible Susceptible Resistant A = Excellent C = Acceptable
Erosion B = Good D = Not recommended
Corrosion Susceptible Resistant Resistant




Design Considerations

From Design to Quality Product
Mechanical design — Div 1 vs Div 2
Thermal design — don’t overdesign
Reputable experienced Fabricator
Welding — clean, purged
Quality assurance — design in
Final Inspection




Design Review

» Accurately determine design condition

 Consider material stress values at operatlng condltlons
avoid overdesign - use stiffener rings SEEEEDET
and carbon steel supports P

« Corrosion resistance must be evaluated
Proper selection of Titanium grade. =1
No corrosion allowance should be required.§

True for pressure vessels but also equally applles to towers,
columns, heat exchangers and piping systems as well.




anium Cost Comparison

Titanium - Affordable & Available Updated 2nd Quarter 2019

2205 316L Ti2 625 (€276 CuNigo-10 Til6 Ti7

Price/Sq Ft

Density | Yield i i
Metal Price/Ilb Price/5q Ft Normalizad

(Lbs/In®) Strength

$3.48

0.29 25,000 $3.18 $33 453

0.163 40,000 $13.34 578 578
0.305 55,000 $15.74 $173 $126
C276 0.32 41,000 $15.17 $175 5170
CuNi 90-10 0.323 15,000 $7.98 $93 5247
Tile 0.163 40,000 $49.35 5290 5290
Ti7 0.163 40,000 $73.35 $430 $430

il 0.234 30,000 $42.94 $362 5482



Life Expectancy for Titanium

Titanium
Nuclear Surface Condensers >50 yr life
Reaction Vessel Terepthalic Acid >50 yr life
Overhead Crude Exchgrs(no erosion) >20 years
Sour Water Strippers 20-30 years
Crude Distillation Columns >25 years
pH control to 250F
Grade 12 Crude Overhead Condensers
to 340F >20 years



Titanium Applications

Titanium vessels, tanks and heat
exchangers in various designs
are used in the Chemical Process
Industry
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Titanium Applications

Titanium Grade 2 tank in
Central US refinery

Replaced rubber-lined tank
due to high maintenance

3 section tank 100%
Titanium

Corrosives — Ferric Chloride
|Asphaltenes

In service for over 7 yrs with
no maintenance issues

Expect to last 30 years or
more




Titanium Applications

Titanium Condenser with
Grade 9 tubes

Tubes were % x 0.095” wall

High pressure application in
Terepthalic acid plant

In service now for over 6
years with no issues




Titanium Applications
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Dual Titanium Exchangers
with 2 exchanger bundles in
series

Titanium Grade 2 tubes

Dichloromethane Chemical
service

In service over 11 years with
no maintenance issues



Titanium Applications

Titanium Grade 2 Piping in
Southeast US

Terepthalic Acid plant
Expansion

Piping from 2” to 60”

Original plant had used
Titanium for over 30 years

Expansion in service for over
6 years with no issues




Thank you for listening.

Charles Young
Tricor Metals
Wooster, OH & Conroe, TX
www.tricormetals.com
Metallurgist & Business Development Mgr.
chuck@tricormetals.com
330-264-3299 x 2500
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TITANIUM - TANTALUM - ZIRCONIUM - HASTELLOY - DUPLEX STAINLESS STEEL

|

'—.lq--a-r
A
22985

i
AV

VA



