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Characteristics of High Corrosion Resistant Titanium Alloys and Its Applications

t o F A& Bl &R B (/S & A oKk —
Hideya KAMINAKA Masaru ABE Satoshi MATSUMOTO  Kinichi KIMURA
R & %
Hiroshi KAMIO

2 %

MeMTEE MEFIN AN EED 25 2> 82  TICOREX & & U SMIACE ™ (4t & B %A
IEDWTHRBA U7, B3 Ru 88T HHM7% Ti,(Ni Ru) P TBRERES EELFHBHLEEA2T
BY), BER PP ACEBLEAETHB. WTNbASKIRNET 5 KRBERCOEBEE
PASEBREBICEEL, TOREEEZET 5ADICENAHAMEREBT2bDEEL 5N 5,
MERBORIMA QS Ru EMRTRE T5 £ D@EMICENS », MNP TEES 5 /- BE
ENTICES 5V, —7, %EIZASE P HES LRI HE LGV EDBR B R L, &
IR OIMTHTTETH 5. HAMES ) L BEOHAEF 4 8L TVB2 LT, AROEHENY,
ERSNBMIMICH DU B EBFICIRET 52 ENTRETH 5. ERMWLERENS, BKRZ
BBEHRT—5—, WRET— bUL—TRERM, BETS b, REBRENCEIYERETHY,
S LEL HEAMRLA NG S N5,

Abstract

In this paper, the characteristics of TICOREX and SMIACE ™ which corrosion resistance is
enhanced by the addition of small amount of platinum group elements, and the applications of the
alloys to various corrosive environment are outlined. TICOREX is a fine Ti, (Ni, Ru ) phase
precipitated Ti alloy, and SMIACE ™ is a Pd solid solution alloy of the o-Ti phase. Both alloys
exhibit an excellent corrosion resistance because low hydrogen overpotential of platinum group
element makes alloy’s corrosion potential more noble and the surface passive film more stable.
TICOREX has an economical advantage due to addition of Ru, the cheapest platinum group
element, but are not suitable for severe processing due to precipitation of fine compounds. On the
other hand, SMIACE ™ has an excellent workability and processing into complex shapes, because
Pd is solid-soluted and the precipitates are not present. Two type corrosion-resistant titanium alloys
can be proposed appropriately depending on whether the use needs workability or economical
benefit. These alloys have been applied to heat exchange gas cooler of seawater, refining autoclave
inner wall materials, salt production plant, brine electrolyzer, etc., and the further expansion in
the future is expected.
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Chemical compositions of corrosion resistant titanium alloys

ASTM Chemical compositions (mass%)

; . Remarks
B265 N C H Fe O Ru Pd Ni Co Mo Ti
Gr.7 0.008 0.006 0.0018 0.07 0.109 - 0.14 - - Bal. -
Grl2 0.016 0.008 0.0044 0.11 0.145 - - 0.71 - 0.29 Bal. -
Gr.13 0.003 0.004 0.0010 0.03 0.040 0.054 - 0.52 - Bal. TICOREX
Gr.17 0.006 0.005 0.0013 0.03 0.033 - 0.06 - - - Bal. SMIACE™
Gr.30 0.007 0.006 0.0065 0.05 0.087 - 0.05 - 0.27 Bal. SMIACE™

N

platinum group metals addition

platinum group metals -Iron family elements compound additibh

Gr.17(SMIACE™)

Gr.13 (TICOREX) |

Gr.30(SMIACE™)

EE1

AEEEBRREALE - $EEARMEF 2 A4 (SMIACE™ & TICOREX) D#E#EE

(Gr13 H LU Gr.30 DIEBEERICEIR I N 3 2R Sy MM L&)
Typical microstructures of platinum group metals added and platinum group metals-lron family elements compound added
titanium alloys (typical microstructures of SMIACE ™ and TICOREX)
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Mechanical and forming properties of corrosion resistant titanium alloys

Alloy Mechanical properties * Forming property
ASTM Tensile strength 0.2% proof stress Elongation Erichsen cupping test (sheet thickness 1.0mm)
B265 (MPa) (MPa) (%) (mm)
Gr.2 421 333 36 9.8
Gr.7 490 410 30 -
Grl2 657 563 20 -
Gr.13 400 332 33 -
Gr.17 317 224 48 11.7
Gr.30 439 294 34 -
* Tensile direction : Transverse
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BAIER L TH D 2 LIRS % Lo Lads R S S LR
e - ° - Current density A/m
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NI ABRERE 2 RFF L TV 525, 7/ —F&ho
7B TR L 72 Ti 25K IS L D H 2R L,
BB O pH # KT 285 & &L ICELAMHMEEZHEO 720
Cl- A F DR Sk B LT L Ao pH D FATHEIZHEST
UIRANMEEL pH 122D E (pH=05 ~ L0 FREF TR T T
BT ENFANC L YR IN TS ) [HHHERISES D,
FTERFIBENEE, ETT 5,

X112, 427mol/I-NaCl, pH = 0.5 OsEREIEE LA
W CORBEBZ R #MiF %~ (Gr2) TiE, BEEM
A=0.8V vs. SCE fE DB fEAEZ /R T & & BIZ, Bl
D —0.6V vs. SCE $T G AR 2 7R3 ¥ — 7 BILATRED
bNbe ZIUIRTL, AEREZEHT S Gr.7, Gr.13, Gr.17,
Gr30 &4id, WINLBEBEBMIE ZEMINIKIRIZS
7 ML72-02Vvs. SCE LEICH Y, F72, IHMEHEEOE—
I ERIZAOSNTAEEILL T D, BEBEMOE{LIEE
X Pd EHEDL\ Gr.] BEHAKEL, Grl3, Grl7, Gr.30
BETIIRERERIIFBEOS NV,
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TEFEHMAI Gr.17 &0 £ )12 a HEAOMMZ 23
LR EAElEE, #kiETE (Ni,Co) BAWNIN Gr.13, Gr.30

#BZE) (4.27mol/I-NaCl, pH=0.5
0.02V/min)
Polarization curves of high corrosion resistant titanium
alloys (4.27mol/I-NaCl, pH=0.5, boiling)
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Temporal variation in corrosion potential of Gr.2,Gr.13 and
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Influence of immersion time on the corrosion-rate of

Gr.2,Gr.7 and Gr.17 titanium in boiling 3% HCI solution

(2FE-SEM image

5 #ME 3%HCI 96h

EEZOND, BEICEMIFTILL T HHGIE,
BRI L > TRIIREDPZIL L T L EfEEZRLTwh &
L2 HN5

BRI OIS SR DAL R ARIE T 5 5 & L Ciblisame
HICBI B EHEE XL, TORMZtZR3I1IRT,
MiF 5 2 (Gr2) FHREIIKAAE T —EOKRE LB EREY
IRTDITH LT, Pd ZEVE L Gr.17 4aidiFi & &b
JEEREIMET LT\ b, Z OGRS FEH & &
HICEMIREDZAL T A LICRALTWE EEZ 5N 5,

SIZBW T IBIRER AT AFIZ 96h 12 L 722D Gr.17
HFEIZOWT, Fu— R (GDOES) & T
KOS FANS Pd DU 2 MIE L7/ R 2 B 4108
Fo PBIBIRAR IR L QWb & Tl L CERIE R
O PAEENEHRERMTIIFIBZRL, RAPHES
10 9/ A— MVLUF OREMIZ Pd 2L L TV A IR %
FEFE L 725

BB IRIRIZEIZ L D Pd ANRAL L 723 @ FE-SEM 8%
& AES T L At~ v U R 2518, 7
370 A ZOIEFIMMZ Pd R TSI L, IS

. 10
o J&
® 8 ®
= Gr.17 immersed

. fo \ in boiling 3%HCI for 96h

S 6
TN
O a
“ ¥ 4
£9 '\.\
0 E
g 2 W
o Gr.17 (before immersiM
© 0

0 5 10 15
Depth from the surface nm
X4 #E 3%HCI 96h ZEEDKRE L SRS AEAD Pd

BEANFER (4mm BOFHIELR)
GDOES depth profile of Pd after immersion in boiling 3%
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Pd elemental mapping image by Auger Electron Spectroscopy after immersion in boiling 3%HCI for 96h
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(Pd solid solution)

(Pd solid solution ) (Pd solid solution )

a) Gr.13 Alloy

X6

(Crevice environment)

Atmospheric exposure =—> Active dissolution —)> Re-passivation

b) Gr.17 Alloy

WHRTEMAERET 2252 (Gr13) tALKEREMEF 2> 8% (Gr17) OMEMERELEXHZX L (#EXR)

Schematic illustration of mechanisms for high corrosion resistance in micro-precipitates type (Gr.13) and Pd solid solution type

(Gr.17)
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Effect of HCI concentration on corrosion rate of titanium
alloys (at boiling temperature for 20h)
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Crevice corrosion resistance of various titanium and its alloys

Test conditions

Alloy 40wt%-FeCl, 250g/1-NaCl Remarks

90T x 500h 150C x 500h
Gr.2 X X Pure titanium
Gr.7 o o Reference
Gr.12 X X Reference
Gr.13 o o TICOREX
Gr.17 o o SMIACE™
Gr.30 o o SMIACE™

Crevice : Alloy / PTFE, o : No corrosion, x : Crevice corroded

10?2

10

Corrosion rate mm/year
o

101

Concentration
™= of H,50,

102

Gr.2

Gr.7 Gr13 Gr.30

X9 MR EEREERER
Corrosion rate of pure titanium and titanium alloys in
boiling sulphuric acid solution for 20h
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WIENTEETH Y, Gr13 AT L7 Ni 2 &
A3 % Ti,(Ni, Ru ) ASH1EY — S L L7 0 L3
ELTW5,
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Corrosion rate of titanium alloys in the sodium hydroxide
solution (30 mass%-NaOH, 110°C X 20h)
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Oil gas coolers made of SMIACE™

BEH3 MRFL2LALEFEALIZyTIVEET T MIE
Nickel refining plant which applied corrosion-resistant
titanium alloy for its autoclaves

HTOLADRLENT WA I ED S\, HEkIL, 25858, &
MDD DY 2V B L OF 2 — 7 RIS 250 A 4 Fht
PELN T, L L, @HEERENRERICTEE
JEEDFET 2 72O\ E MBS AR 2 T A LTS
BHolze TOWHHELE FIF AL TF VAT —|2EDVT
% HBYT Gr.13, Gr.17 & & onsEs Hasciiss (BHEE
BLUOER PSRAIN TV,

34 RIBEMT 7> b

BIREMR 77 v M, BEKEBRGWTAILI2LD
HEY — % (NaOH), MZEH A, KEH A %4 5 %
Th b, (LRI, KPERWIETY -V BREEBI 2o
TV, ZNENKBZLTTANRA M V5720,
NEREDOFEE 2 BT A7, B TIEENO AL S 385
BENZBWTH A A+ VMBI TR ) 0D b By
MR L BHRE T A & U 3CHEE 4 A v F L7 KEE T
WENTZHE VD100 LIVIECEINZ T A VY =T L A S
N7-BIERETH Y, =L, BLRALFEISZELS Ay
YA BT TRAL, AR O BT REFT S PRk
BT Y AL TV,

Crevice between Titanium alloy and gasket

Corrosion resistant Titanium alloy,

Gasket(EPDM)

Operation condition
»250g/L-NaCl (Cl, saturated)
*Temp.; 80~90°C

lon exchange membrane

K11 AFKBEERIEEE TS MOBEIL X2

BRI
Structure of anode element composition of the ion
exchange membrane method electrolyzer for chlor alkali

A1 IR L 2 v MO E RS, A 4
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LAY PTIZM LB ENEET S, 207207 &%
JEEIE T BT B 72012, Gr13 4% Gr.lT E&N T A
ey NEBETAMICHHIN TV S, RIETIE, BERNE
DD 12O DML GBILIR SN ) DDOdH b, T
L A TOREIIRE FEH T 57201 BF 2N T2 A3
BFFZUNRDONDL, TDXD) BEREGTH AT S
YEEELTGLT BRI TWA,
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