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The Effect of Addition of Alloying Elements on the Crevice Corrosion
Resistance of Titanium in Hot Salt Solutions

Synopsis :

Shiroh KITAYAMA and Yoshiaki SHIDA

Effect of single and double addition of various alloying elements (Pd, Ni, Co, Mo, W, V, etc.) on the
crevice corrosion resistance of titanium in 1.03 or 4.27 mol/l NaCl solution with pH range of 2 to 6 test

conditions has been examined in high temperature salt solutions.

As a result, it was observed that most

effective element, addition of 0.05% Pd being sufficient to prevent crevice corrosion up to 473K.

Double addition of Pd and Co was further effective.

Relationship between the effect of alloying

elements on the crevice corrosion resistance and the acid corrosion resistance was also confirmed.
Reasons for those effects were discussed based on electrochemical measurements.
Key words : corrosion ; corrosion resistance ; crevice corrosion ; titanium base alloy.
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Table 1. Range of of test

specimens (mass%).

alloying addition

Single Pd{<0.15], Mo[< 1.7}, W< 1.0], V[<1.0]
addition Ni[<1.0], Col<0.5], Si[<0.2]

Ternar 0.8Ni-0.3 (Mo, W, V, Ta, Zr, Nb, Si)
0 Z 0.8C0-0.3 (Mo, W, V)
alloy Pd[ < 0.15]-(Ni, Co, Mo, W, V) [ < 1.0]

Impurity content : Fe=0.02~0.05% 0=0.10—0.20%

Button melting
t15 x %40(10~*m)
(0.08kg)
7 Nonconsumable arc melting
Remelting in Ar atmosphere
t15 x W75 x £95(107m)
(0.45kg)
[
|
Hot forging (at 1223K)
& hot rolling (at 1143K)
t4 x W60 x 2400107 *m)
| Machining |
Anneal
1023K x 30min in Vac.
r Polishing ]
F Degreasing I
[ Specimen ]
Fig. 1. Material preparation procedure.

FRAFyT—2ERL B ELTIIS2 S
% >, ASTM Grade 12 (JAF Gr. 12 & BT %) RO
ASTM Grade 7 (Ti-0.15Pd, LLF Gr. 7 £WET %) %
iRV A
22 KBREH#

2:2:1 T & IR

+ & FIEARBIZ, BE 423K » 5\ i 473K T,
NAFTOA C276 F7-3fiF ¥ 2WRB LA — b2
L— 7HTIr - 72, &, ERT1.03H5 0L 4.27
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Fastening torque : 0.98N-m

Length unit : 107 %m
Fig. 2. Test specimen for crevice corrosion test.
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Table 2 12 423K R U 473K 2B 75T 2 T AR
BERYRT. ERITEIBARBEHEBTRLTHA.
Pd ®mMiz+ 2 IBEFFILICH LBO THERTH Y,
0.02% DHEMTIETEIWELELZLIHILT HICER
+HTHBLDOD, 0.05% LLEDORMTT 2 THEAIE
ELELRLS BT

W, Vdo\vid Si BHREmMM o & S RAEKEHRE
A 100% Tdh - 7-DiZxF L, Ni, Co 5\ id Mo Bifh

Table 2. Results of crevice corrosion test for
Ti- (Pd, Ni, Co, Mo, W, V, Si) binary alloys
(frequency of crevice corrosion occurrence in 4
tested specimen surfaces, NaCl 4.27 mol/1, 500 h).
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DENBHENA, Ti-INi EHF 7 > LD BEEE
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DOBEEE IMF ¥ > X VBREES ML, HEDHR
EEEIIY (B3Il

Norn1na1 423K 473K 5% $EEE Tk, Ti-Pd &0 &% Pd RIME DKM
| (mss 2) pH=2 pH=6 pH=2 pH=6 LI AEE AR L, Ti-Ni, Ti-Co A& 33t
CP Ti n . < s
Tio.0d 3/ B . B RHEREAHML, WEtEsHEL 2.
Ti-0.05Pd none nope nope none DLEon X 52 Ni BU Co iﬁﬁbmi, &6&“2‘%&”&:1‘
Ti-0.10Pd none none nope none . o )
Ti-0.15Pd none none none none BRSO THitEEE* B s ¢ EHICHET 5 2 L2550
T1-0.5Ni — - - o7,
Ti-1Ni - —J e - . .
Ti-0.5C0 3 — - = 3-2 #@AeFRm
Ti-0.3Mo - - - UEomstcaADEsRo b Pd BLXULE
Ti-1M - - N — N
TM;M = y = = N Ni ® Co LifMN—21Z, BHETE & ORERMO
T1-0.5W - - RELYBRE L.
e = - 3-2-1 0.8Ni-0.3A (A= Mo, W, V, Ta, Zr, N, Si)
Ti-1v : . ard e KT 0.8Co-0.3B (B= Mo, W, V) MET#ER
Wi - = = 31 HOKR, BAEKEHRORD SR N, Co
0 4o 4jo 410 4 WHEBL, RIMEEZBOBD 0.8% ICEE L TE 25N
Number of tested planes . P . ~
none : no -crevice corrosion THEEDEETMOELE LT L.
-— : not tested ( 1 )m.@- X i}ﬁﬁﬁ
Pd, Si (mass %)
,0 0.1 0.20 0.1 0.20 0.1 0.2
g 10 i I 1 Ng T T CO v‘,' ‘ N3 T ' 4
B oaag__‘-'w—.': e --—A-
E b 1% HC1 _v_CQ_;XV Mo S’J W
8 v
£ 1 -V-:!!g/-——s—ll 3% HC1 - o
5 ! SN~
£ 10 PdMo | 7 & \\Pg 5% HCI
S M@dgﬁﬁﬁﬁy :
10-2 1 1 1 1 1 1
0 20 1 20 1 2

Mo, W, V, Ni, Co (mass %)
Immersion time : 22 h

Fig. 3. The effect of single alloying element on the corrosion rate in boiling HCI solutions.
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Table 3. Results of crevice corrosion test
for Ti-0.8Ni and Ti-0.8Co base alloys under
autoclave environment (frequency of crevice corro-
sion occurrence in 8tested specimen surfaces, 423
K X500 h).

Natl conc. 1 1.03 4.27

mol
Mate.
compo.mass pH 4 2 6

Ti-0.8Ni-0.3M0-0.40| —
Ti-0.8Ni-0.3W . - :
Ti-0.8Ni-0.3V none : ]
Ti-0.8Ni-0.3Ta
T§-0.8Ni-0.32Zr
Ti-0.8Ni-0.3Nb
Ti-0.8Ni-0.381
Ti-0.8C0-0.3Mo
Ti-0.8Co-0.3W none [—
Ti-0.8C0-0.3V none 1 [0

JIS class 2 CP Ti

ASTM Grade 12 N * .
(0.8Ni-0.3M0-0.150) I |

ASTM Grade 7 (0.15Pd){ none none none
0 8!0 80 8
Number of tested planes

none : no crevice corrosion
—— :not tested

L
-

U

J

LI }

Ti-0.8Ni-0.3A (A : Mo, W, V, Ta, Zr, Nb, Si) KO
Ti-0.8C0-0.3B (B: Mo, W, V) &0t % T IEARER
#iR % Table 3 IZ/RF. WHEIL, +o%2W¥+ %2E
BHTREVWLOD, #fiF sy Ik~ 5 AL
BOBAHROLN, SEBMIL5HTE TBEND
WEMRIBOONS. Gr. 7T BELTETBALEL
Lo o5, Gro 12 IIBMABEIED SR,

pH=16 KU NaCl i 1.07mol/l DX > %<4V F
BT, Ti-Ni-(Mo, W, V) 44 & U Ti-Co-(Mo,
W, V) 44 %% Ta, Zr, Nb, Si & DESEMEE L D
TIEWARERSENERLL. 22T, Ti-0.8
Ni-0.3(Mo, W, V) &4& & Ti-0.8 Co-0.3(Mo, W, V)
EE&LEFHBT S L, Ti-0.8Co-0.3(Mo, W, V) &4
DFHHTE ETFABETHES L%, W+ & TR
BB LR L 7.

(2)isEmk

Ti-0.8 Ni-0.3A (A = Mo, W, V, Ta, Zr, Nb, Si) &
" Ti-0.8Co-0.3B (B=Mo, W, V) &4 O I 15 i
FCORAEE % Fig. 4 IR$. 1% e cit, Ti-
0.8Ni-0.3 A B X U Ti-0.8C0-0.3B &4 4 0 i £ # ¥
BHF Y XA L, TR ES N 3%
WEE B X O 5% 1EEE Y Tt Ti-0.8Ni-0.3A B X O
Ti-0.8Co-0.3B A& D HEE X, MF & v DZh X
NHRELHD, FIROBEMEME FiECFhd b5

10°

102

-
o

p

Corrosion rate (mm/y)

B P ANNNNNNN\N\Y P 2
] ST

Fig. 4. Corrosion rates of Ti-0.8Ni base and
Ti-0.8Co base alloys in boiling HCI solutions.
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4.27mol/l, pH=2473K X500h D4 &5 $EARXER T
bRBROERLE7.
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Co Ni Mo W v
'l.O_ _' | ®— 4
- - [NaCl 4.27mo1/1, pH=2, 423K x 500h| -
n 0 5En ! F; - 5
7] (o] d
g ==Do : C
- N - N
- \ - L )
0 \ PSRV EEETS
0 0.05 0.10 0.05 0.10 0.05 0.10 0.05 0.1 0 0.05 0.1
Pd (mass %)

O No attack (P Slightly attacked @ Severely attacked
Fig. 5. Crevice corrosion resistance of Ti-Pd-X ternary alloys under autoclave environment.
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g - 0 o -
0: N
0 0.05 01 0 0.05 0.10 0.05 0.10 0.05 0.10 0.05 0.1
Pd (mass %)
O CR<0.lmm/y @ C.R.0.1~1mm/y @ C.R. >1mm/y.
Fig. 6. Corrosion rates of Ti-Pd-X ternary alloys in boiling HCI solution.
Co Ni Mo W v
1.0
» [
9 0.5:’
<
1 =4 -
C
0
0 0.05 0.1 0 0.05 0.10 0.05 010 0.05 0.10 0.05 0.1
Pd (mass %)
OC.R. <0.lmm/y @ C.R.0.1~1mm/y @ C.R. >1mm/y
Fig. 7. Corrosion rates of Ti-Pd-X ternary alloys in boiling HCI solution.
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Corrosion potential (V vs SCE)
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NaCl 4.27 mol/l pH=0.5 Boil
Fig. 8. The corrosion potential change of Ti-Pd-
(Co) alloys with time in acidic NaCl solution.
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KACTHRARN K O BRI ES I RITT Co D
FEERN TiAEOBAERE IR ITTRERM O
B Fig. 9 \O/RY. M Ti ORFAEE LR ERICHE
Bl —ETHADI LT, PdRIH T3 O
BE AL, BEEE I PdiRMEOHEME IR
A L7z, Ti-0.05Pd i Co 2 IMNT 5 &, BREEILS
S L.
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Co =002 4 2 @ +-erererrsrenctinaiiuiiisencninennnss (1)

E=Ey+(RT/nF)X In ((Co?*)/(Co)) =+ (2)
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E 10- R "\ \‘ O
£ A TTe— 0
3 /;\‘\__\
Ti-0.14Pd(Gr. 7) e
10-2

| I 1 1
0 20 40 60 80 100
Immersion time (h)
Fig. 9. The relationship between immersion time
and corrosion rate of Ti alloys in boiling 3%HCI
solution.

0.4
(1)—cP Ti
ool (2)—-— Ti-0.05pd
. (3)=——— Ti-0.05Pd-0.3Co
oL (4) —-—Ti-0.14Pd(Gr. 7)

Potential (V vs SCE)
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-3
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21.0 S| L 1 PO L 1
1073 10-2 10! 1 10
Current density (A/m?)

NaCl 4.27 mol/l pH=0.5 Boil = Sweep rate 0.02 V/min
Fig. 10. Polarization measurement of Ti-Pd-(Co)
alloys in acidic NaCl solution.

0.4 T
} (1) === CP Ti in_solution
0.2k ! with Co2*
| 3.0x107%mo1/1
}(2) — without Cozt
O |
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————
~~o
-~

Potential (V vs SCE)
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-
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-1.0 4 - L 1 {
10-2 10-2 10-1 10! 10
Current density (A/m?)

n

NaCl 4.27 mol/l pH=0.5 Boil Sweep rate 0.02 V/min
Fig. 11. Effect of Co ion addition on the polariza-
tion behavior of CP Ti in acidic NaCl solution.
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OABERFFEREE O TIERIC X » TERERE AT
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#W pH H6 DIFAEE, #0.45V OEMZEICHIET S
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t glE i Ti=  Ti-0.05Pd
g o5k &ls CPTi 5.05pd -0.3Co
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Fig. 12. The change in the E,,,, vs. pH for CP Ti
and Ti-Pd-(Co) alloy.

BEIIC K> T T EIBRFETTHEE LS.
AERIBREEBTOOOTH Y, BHERENS VIR
ECI S OIBERRELICL LT EIANOENAED
CHICEBSNGY, T4 AN S SICHX
THIENTFRINS.
4-3 W7 EFERM ETHERMEOBFRICOWVT
AEBRTRIAEAKTTOM S & TWAM & i, WHE
BHECOWTHHFNL., BFIHEAEEMO REGI, F
BEAER 0.1mm/y 5 i 0.05mm/y AT TH 5 H»
HATHESND, 22T ORETHELBAEE
EWTT A EEAME F B L. BEERERERR RSB
ATIEREME LT & TWAM L OBFR % Table 4 (2
NG
iy & IWABESBEITFCTH - 72D, Wbl 1% 5
TREEEES 0.1 mm/y RiliTH Y, #hiE 3% W
TOBEEFEED 1mm/y LT TH o7, REBRTHW
1% 358 pH 12 0.7 TH Y, 3% IEEED pH 1 0.27 T
bol. TEIBABEROTEXINpH BH 1 TH o
RIEFBE SR TWASY A, 4Eod & AR
R IEBRREBE R & OMER T B 1% ERE (pH
=0.8) CIHAEMFBRFTH- TOMWT 5 TEEE IS
FLLTDTREWRERE R 7. DX ) ITRERE
BT, 9 & EAMIIIERRIEE 3% COMRMBRM L2
MR I AHBRR RO H T,
RIMTEDRLETHERICHET AL, W 2hnE
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Table 4. Relationship between crevice corrosion resistance and corrosion resistance in boiling HCI solutions.

H CP Ti- Ti- Ti- Ti- Ti- 0.02Pd 0.02Pd- 0.05Pd- 0.02Pd- 0.05Pd- 0.8Ni-
P Ti 1Ni 0.5Co 1.7Mo 0.02Pd  0.05Pd : 0.3Co 0.3Co 0.2Ni 0.5Ni 0.3Mo
Crevice™®
corrosion 2 X X X X AN O AN O @) A O N
resistance
Corrosion*? 1% 0.70 | X O - O O O O O O O O O
resistance 3% 0.27 X % e X X D X YaN VAN A A X
in boiling ° :
HCI sol. 5% | —0.17 X X X X X X X X X X X X

*  Test condition NaCl 4.27mol/l 423K, 500h : O No corresion A Slightly corroded X Heavily corroded
*2 Test condition immersion time 22h Corrosion rate : O Less than 0.1 mm 2 Between 0.1 and 1mm/y X Greater than 1 mm/y

WAEES b TIEEEY T 1% R IC B VT N,
Mo DRI TR ENEATRD &N 7245, 3% FEEETid Ni
22 - Tt 2 BAL X ¢, Mo BEDEM 4
5. Pd EMIMEBRMTH > THHUERHEIFL <,
I REROETENSLZ &, BERMBE IOV TIE
Pd-Co, Pd-Ni, Pd-W HEUBHEFROON. —
H, it E FEAMICBVTIE, Pd, Ni, Co ikl A
ThbHZ L, HERNMHETIE Pd-Co (B THH
HREPFBOONLOAT, WM THELED R DD
Hh7z Pd-Ni, Pd-W TREAREDRI BOOLNL
VAR A

SO R L X TR QLT LR

WO LN L 0o o TSR CE LA
T Y HBRERCEDSNE -OBOEBEOMEHTR
TV L, TEIBAKBRCTRBEHRAA V05T &F
MBHRBRIES KE(EXHI LR Y, BOSBOME
HPEHEBRIIC WL LER DL LD LEZ LS.

5 =

F 5 O+ & THAICKIFTRMTEOR R,
WIMNE 2 mass% LT O#EHT, BBSIMOEE% Pd,
Mo, W, V, Ni, Co, Si iZ2W\WT, HERMOFEEL,
0.8 Ni-0.3 (Mo, W, V, Ta, Zr, Nb, Si), 0.8 Co-0.3
(Mo, W, V) K.7* Pd-(Co, Ni, Mo, W, V) iZ2 > THES
L7#H, UToRmeEs.

(1)Pd i CTER S & $EANNEDR
%R L, DT A 0.05 mass%Pd DRI T, #EEK D ASTM
Gr.7 (Ti-0.15Pd) & Atk 473K ¥ T o fafl &k A
TOTEEBERLYFIETEL L Ggh o7, ZOWRE
iz ASTM Gr. 12 X W ER TV 5.

(2)# Ti Wc~, Pd DAL o BMEM Tk Ni, Co
D AN, Pd DA O SEMTiE 0.8(Ni, Co)-0.3(Mo,
W, V) BERMTET O T & TBAEMREDHR IR
HoNH, TOHMRILTFTTHY, TEIFELRE
EFHIET BICEES ko 12, TERETEO S TIE N,

Mo I CIRIRFEIRRE T T ER R AR H /2%, Ni,
CoiMizb HEERIBELBAHE, Ao TELEH
7z,

(3)Pd-(Co, Ni, Mo, W, V) It Ofit 3 & AN
HEELTPdEFRICKAL E NS H, Pd-Co D [EIEF
WINTH 3 & TWEAMOWEUBFIDEIBO LN, i
FEPE Tt Co, Ni, W L DAY THEREDRIRD
2% (AN

(4)Pd M AKFEBETRETICL D Ti 2 REpREL
BRDLHEDSDHLHH, Co RmMD Pd RO ELH S
2 &, RUOABREFHBREEOBRIIEDS & 5 It
AL EECERODD N Gh o7

(5 )AREBRMEETIHE, WT 2 IWEEORKIEIL 3% 1E
B Comt ML T L 7.
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