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Reactive Coating of Aluminide Intermetallic Compounds

Kiyotaka Matsuura™, T akayuki Koyanagi * Masayuki Kudoh *
Jang-Hwan Oh ™, Soshu Kirihara ™ and Yoshinari Miyamoto *

Two new different methods for coating aluminide intermetallic compounds on metals have been pro-
posed: one is based on exothermic reaction between droplets of aluminum liquid and metal powder, while
the other is based on arc surface alloying with aluminide forming metals. The feasibility of the former
method was experimentally investigated using NiAl and SUS 316L stainless steel as demonstration coat-
ing material and base material, respectively. As soon as an aluminum droplet was dropped onto the nickel
powder that had been placed on steel surface, the droplet and powder exothermically reacted and pro-
duced a superheated NiAl liquid bead on the steel surface, and the heat of the liquid bead melted the con-
tact surface of the steel. The superheated NiAl ligquid bead solidified on the steel surface, leading to NiAl
coating on the steel. On the other hand, the feasibility of the latter method was experimentally confirmed
by NbAl; coating on niobium. When tungsten arc was used to melt an aluminum sheet placed on a nio-
bium plate, the niobium surface was also melted and a melt pool of Al-Nb alloy was formed on the nio-
bium plate. The melt pool solidified into layers of niobium aluminides on the surface of the niobium plate,
forming a thick NbAlL layer on the top surface of the niobium aluminides layers.

Keywords : surface modification, arc surface alloying, coating, joining, NiAl, NbAlL
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Aluminide | Melting Point (K) | Density (Mg/m®) | Crystal Structure
NizAl 1670 7.4 L1
NiAl 1911 59 B2
- FeAl 1603 5.6 B2
TiAl 1753 3.8 Lig
TiAl 1615 3.4 D0,
NbAlL; 1880 4.5 D02
Nb;Al 2233 7.3 AlS
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Fig. 1 Schematic illustration of coating method
based on SHS reaction between powder and droplet.
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Fig. 2 Schematic illustrations of coating method
based on arc surface alloying {a), assembling of
materials for NiAl coating of Inconel 600 superalioy
(b} and NbAlL coating of niobium {(¢).
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Fig.3 Appearance of coated sample produced based
on SHS reaction between aluminum droplet and
nickel powder (8) and concentration profiles across
joint interface between coating layer and base mate-
rial of SUS 316L stainless steel (b}, Initial tempera-
tures: 773 K for nickel powder and base metal, 1278
K for aluminum droplet.
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Fig. 4 Appearance of coated sample produced based
on SHS reaction between aluminum droplet and
nickel powder (a) and concentration profiles across
joint interface between coating layer and base mate-
rial of SUS 316 L stainless steel (b). Initial tempera-
tures: 878 K for nickel powder and base metal, 1373 K
for aluminum droplet.
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Fig. 5 Microstructure of cross section of the
same sample as was shown in Fig. 4, indicating
position in NiAl coating layer 1 mm away from
interface between NiAl and base material of
SUS 316 L stainless steel (a), area including the
interface (b), and position in base material 1
mm away from interface (c).
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Fig. 6 Appearance of coated sample produced based
on SHS reaction between aluminum droplet and
nickel powder (a) and concentration profiles across
joint interface between coating layer and base mate-
rial of SUS 316 L stainless steel (b). Initial tempera-
tures: 873 K for nickel powder and base metal, 1473
K for aluminum droplet.
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Fig. 7 Microstructure of cross section of coated sam-
ple produced based on arc surface alloying of Inconel
600 superalloy with nickel and aluminum {(a) and
concentration profiles across the joint interface be-
tween coating layer and base material of Inconel 600
superalloy (b). Arc processing time was 5 s.
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Fig. 8 Microstructure of cross section of coated sam-
ple produced based on arc surface alloying of nio-
bium with aluminum (a), concentration profiles
across joint interface between coating layer and base
material of niobium (b), and magnified photograph
of upper part of Fig. 8 (a) indicated using white
square (¢). Arc processing time was 10 s.
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Fig. 10 Microstrueture of cross section of coated
sample produced based on arc surface alloying of nio-
bium with aluminum (a) and conceniration profiles
across joint interface between coating layer and base
material of niobium (b). Are processing time was 3 s.
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NbAL OB, ()3 NbALH & NbAL-Nb.Al Z it
ORI, 612 NbAL-Nb, Al Tt 5 0 SRR & il &
n35,

THbB, 7T HEREA 3s & LEEAsIRE, KE
BRI 10s O LN T4 TERMBHOBRES B/
BBy, TORE, RBEOKESEHNEY NbAL
THH LN, TOWEREEHEMORICIE, NbALNbAI
ROMBMBATER SN, WE R ERR N IS L.

4. ¥ B

T FA FREBEAHOSEIGEFAELTIN
2 eBEM LICERNET 2 FESRRS N, 2oE T
fEfEbUR AN, T4 b B, SUS3I6L 27 ¥ L R #liM
DRy y VBEKEBE, FIRTAI=Y AREER
FlLikln, WEVPRBEEEEILT, FLIERL
fo NIAIBUR SRR L, ZOBUc kb 27 v v A B AT
AARRL T, BRI R F v L R8RS NIAl 3B s e

Wiz, TOFET=F 7% NbAL #ET 3 2 & &3
Aty =& TORESE L < EVWW X I NbAL O AR
RIBRSET LStz 28T, =47 Ko bic7ry=
GADHEIRAEE, chAET7T—-7THEBLELEZA, =4
T ORI b ER L T Nb-Al ZOER 7~ VHERK L,
BEERIC = 4 7R NbALRE X h 12,
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