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Corrosion resistance of porous NizAl intermetallics in
hydrochloric acid solution

WU Liang, DONG Hong-xing, HE Yue-hui

(State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: The porous NizAl intermetallics was fabricated using mixed Ni and Al powders as materials by P/M technique
of diffusing and reaction composing and sintering. The corrosion resistance of porous Ni;Al intermetallics in HCl
solution (pH=2 and 3 at room temperature (20 ), pH=2 at 90 ) was studied by corrosion kinetic curves, change of
port structure, surface morphology and Tafel polarization curves. The corrosion resistance of porous Ni;Al intermetallics
was compared with that of porous Ni. The results show that the mass loss of porous Ni;Al intermetallics is much lower
than that of porous Ni, and the NizAl porous configuration is stable in acid environment. The corrosion resistance of
porous Ni;Al materials is very high.
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2
[13-15] Al Table 2 Main porosity parameters of porous materials
) Maximum Permeability/ Open
[16-17] Material . P I .
pore size/um (mm “-s ‘kPa ') porosity/%
Porous NizAl 8~11 18~22 30
Porous Ni 3~4 11~15 19
1.2
(18] Ni;Al pH=2
NizAl pH=3 2 Ni;Al
Ni
NizAl 20
125h 5 5
h 25h
1
10 min
90 30 min
11
Ni Al - pH=2 90
- NizAl
Al 14% (SEM
Ni JSM—6360LV )
(d=26 mm ¢=2 mm) Ni;Al Ni
L pH=2 125h
1 (ICP PE, OP IMA 2000,USA)
Table 1 Main preparation parameters of porous materials
Powd Pressing Sineri 13
owder nterin .
Material i pressure/ g/ NizAl
t t t
granularity MPa emperature CHI660C
dNi 38 um N13A1
Porous Ni;Al 200 1 000 Ni
Al 38um
pH=2 pH=3
Porous Ni dyi 38um 200 900 90 pH=2
Tafel 1h
BTP- Tafel 10 mV/s  Tafel
[20]
’ 2
d=10mm oJ=1.5mm NizAl
Ni
0.785 cm’ 704 2.1
NizAl 1 20 pH=2 pH=3 90
30 min pH=2 Niz;Al
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S NizAl
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2 08fF . NizAl Ni
=
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%D pH=2 pH=3
S 04F
4
§ *—Ni 125 h
= =—NijAl
& B NizAl
L L L 1 L 1 0.2¢° Ni 579
0“7 20 40 60 80 100 120 140 o NI o
Time/h pH=2  NizAl
0.4 ) 20% pH 3 NizAl
S
§i I(c) 90
2
£
S 02-
) 125 h
g
£ NizAl
v
Z "—Ni 6.5% NizAl
= .
2 *—Ni;Al (0.8%)
0" 20 40 60 80 100 120 140 NizAl
Time/h Ni 42%
15
(c)
s
g 3 NisAl Ni
% 10+
s Table 3  Corrosion kinetic equations of porous Ni;Al
g;“ intermetallics and Ni in HCI solution
o
= L
by 3 - ) o _ Determinant
Z = NiAl Condition Material ~Corrosion kinetic equation )
= 13 coefficient
é *—Nij
, . . . . . NAL Am/m =0.019 88+0.011 561 0.988 14
i .
0 20 40 60. 80 100 120 140 pH=2 3 4.423 1710757
Time/h >
. . 20 = + -
1 NisAl Ni Ni Am/m=0.010 69+0.018 87¢ 0.989 12
8.403 71<107°¢
Fig.1 Corrosion kinetic curves of porous Ni;Al intermetallics Am/m=-0.011 33+0.002 93¢-
N _ Ni;Al s 0.986 15
and Ni in HCI solution: (a) pH=2, 20  ; (b) pH=3,20 ; (c) pH=3, 9.487 35>10 "t
pH=2,90 20 Am/m=0.044 2+0.005 52t
Ni 55 0.949 70
2.630 5310t
Ni 3
. ] Am/m=0.147 93+0.070 89z~
1(a) NizAl Ni;Al » 0.997 96
. pH=2, 1.672 73<107%
Ni
. 90 Am/m=0.467 22+0.1560 5¢—
NizAl Ni o 0.984 80
Ni 125 h 5262210
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2.2

2 20 90 pH 2 3 2(b) NizAl
NizAl Ni Ni pH=2
2(a)
NizAl 2(c)
Ni Ni NizAl
Ni
1.50 Ni 125 h
(a)
2 =—Nj NizAl 1.13
= *—Ni;Al
g 1251
2
o 4 125h
1.004
> . . 4 NizAl
5 Ni
Z 075)
z 0 pH=2
& Ni;Al Ni
0.50 I I L 1 1 I :
0 20 40 60 80 100 120 140 Ni
Time/h Hagen—Poiseuille [21]
201 b) n=Kd*0 (1)
= =—Nj
= *—NijAl d 0
g L5p 1
p K (M
2
s
o 1.0 . -
=0
2 1’\\'
S
2 o5t 4 125h
i‘j Table 4 Change of maximum pore sizes of different samples
. ! after being corroded for 125 h

0 20 40 60 80 100 120 140

Time/h Maximum pore size/um Change rate of
20 Condition Sample Before After maximum pore
© —Nj corrosion  corrosion size/%
= :
= *—Ni;Al pH=2,  Ni;Al 8.98 8.97 -0.11
g I.5F 20 Ni 3.45 3.32 -3.7
g pH=3, Ni;Al 8.2 8.52 0
s ) . . * 20 Ni 3.46 3.35 -3.17
g L
£ pH=2, Ni;Al  11.78 12.06 23
S 90 Ni 3.06 3.27 6.8
Z  05F
=
L .
[ Ti 316
0 20 40 60 80 100 120 140 90 pH=2  HCI 50 h
Time/h 40% 10%
2 NiAl Ni —L71% 8% =
Ni;Al

Fig.2 Relative change of permeability of porous Ni3Al and Ni

in HCI solution: (a) pH=2,20 ; (b) pH=3,20 ; (c) pH=2, 2.3
90 3 90
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3 NiAl 125h
Fig.3 Morphologies of pore structures of NizAl porous alloy before and after corrosion in HCI solution for 125 h: (a) Porous NizAl,

before corrosion; (b) Porous NizAl, 90 , pH=2; (c) Porous Ni, before corrosion; (d) Porous Ni, 90 , pH=2

125 h 3
NizAl 90
-5
Ni -6
90 g Porous Al Bulk Ni;Al
( 3 4 ) = -7t
_8-
( 3 B ) 207 06 05 04 03 02 01 0
@/V
24 4 Ni;Al 20 pH=2 Tafel
4 Ni;Al Fig.4 Tafel polarization curves of Niz;Al alloys in HCI
NizAl pH= Tafel 5 solution at 20 and pH=2
4
4
NizAl

Niz;Al
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Table 6 Electrochemical parameters for porous NizAl and
5 6 NizAl porous Ni in HCI solution
Ni Tafel Ni NizAl
6 6 Condition Jeor/ Jeor!
Ni oV maem®) P (mAvem?)
NizAl pH=2, .
Ni NizAl 20 —1.544 0.015 -0.399  6.6>x<10
5 NiAlL 20 pH=2 P 1481 00075 0384 0910
Table 5 Electrochemical parameters of NizAl in hydrochloric 20
acidat2) ,phi2 P2 1563 0054 0424 465%107
Sample Ocor! V Jcorr/(mA-cmﬂ) 90
Porous NizAl —0.399 6.60><107*
Bulk NisAl -0.315 4.89><107* Ni;Al Ni
25
NizAl Ni
20 pH=2 125h
< 7
7
Table 7 Change of ion concentration of solution before and
after corrosion
_I(ZO.T" -0|.6 -OI.S -Ol.él -0|.3 |

@/V

5 NizAl Tafel

Fig.5 Tafel polarization curves of porous Ni3Al alloys in HCI

solution

lg(/A)

| 1
-1.8 -1.7 -l6 -15 -14 -13
o/V

6 Ni Tafel

Fig.6 Tafel polarization curves of porous Ni in HCI solution

Ton concentration/(ug-mL™")

Ion

Before After corrosion,  After corrosion,
corrosion porous Ni porous NizAl
Ni? 0.50 2.65%<10° 1.2x<10°
AP* 0.35 - 299.5
7 Ni;Al
Ni
Ni 1/2 Ni
NELSON  ORIANI™!
Ni(OH)
NiO
Ni+Cl'— Ni(Cl),y —>Ni(Cl)+e 2)
Ni(Cl)+ ClI” —>NiCl,+e 3)
Ni(Cl)+ OH™ —=Ni(Cl)(OH)+e “4)

Ni;Al HCl
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