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Structure and Wear Resistance of Al-Cr-Cu Alloy Pipes Produced
by a Semi-Solid Centrifugal Casting Process

Tatsuya Ohmi, Yasuhiro Murota™® and Masayuki Kudoh
Division of Materials Science and Engineering, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628

The solidification structure, hardness and wear resistance of surface composite castings of an Al-Cr—Cu alloy produced by a
two—step process of stir-mix—quenching and centrifugal casting have been investigated. In this process, two kinds of molten
metals with different compositions are mixed with agitation in a mixing vessel to produce semi-solid slurry containing fine inter-
metallic crystals, and then the slurry is centrifugally cast. In the stir-mix—quenching experiments, a hypoeutectic Al-Cu alloy
melt was used for “the first melt”” which acts as a coolant, and a hyperperitectic Al-Cr alloy melt with a higher liquidus tempera-
ture was used for ‘‘the second melt,” which is rapidly quenched to precipitate numerous primary intermetallic crystals when it is
brought into contact with the first melt.

The structure, hardness and wear resistance of the specimen vary with the mass fraction of o—phase (aluminum solid solu-
tion) in the slurry. As the fraction of a—phase increases, the volume of macroscopic pores and hardness of the composite layer
decrease. On the other hand, the composite layer has good wear resistance when the slurry with proper amount of a-phase was
used. In such case, f—phase (Al,Cu) acts as an bonding material for the primary intermetallic crystals to form rigid network of
hard phases.
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Fig. 1 Schematic illustration of the experimental apparatus.
(a) Apparatus for sir-mix—quenching; (b) mold part of the ver-
tical centrifugal caster. (D first melt, @ second melt, @ stirrer,
@ thermocouple, & mold.

_L_L

Mix-Quenching® ) | ¢S L ICT 5. 755, BBRGE
IR 1 REBBORRE & L Cid, SR E 23 F5E
ATV —=mEZONBD, FEREAT Y —% AW PrEFic
DV Th, BLICEESERGE ALSI G0 [A5 ) — - &
BRAEE] EHL TG L T 5912,

SBE AR O Al-Cr & 4 Tl B O SOGH 753 I
J& (W HH + ALCr—>AL BB B TH 5720, ¥ F U v 7 Al
o M (AL B BHICR S, Lcd-T, G805
MW BB LA T OSMIREBIC L > THESI N S.
LT, BELHEEL HXIE Cueiminl 7A€ T
%, alHOBIOR EWR 0 M (ALCu) DEHIC L - TS
DM ERESE DT B[N 5. £ 2T, KB
Tid, BIPRAEZED BmOHFEEO R/ AT L - TAl-
Cr-Cu REESEEAIFE L, TOMK, W, ¥ LUMmERE
AL /2.

2. £ B H &
2.1 HBEERS

Fig. 1(a) 12, BHRAGEAHEICH W ICEREROBKX
oy, COEET, HPEE LMBNADPRORSERE
(NEE 60 mm, HF 85 mm, WE 10 mm) &2 LR SN T
W5 BREFGRAOGEORE LT =X 57 012 KK
S BesNBETFICERBE L. /2, BB TRELZT S 2
KON FILVEHLTW5.

1 RIBHITT L SAR O Al-4 mass % Cu &4, *7-2
R EIT I3 SR O Al-10 mass % Cr &4 & L 7-
(LI, REHASLO massk &% LWL T5). 1 IRBEH L 2
REGEOBEE]IZ3 1Lk ZOLE, BREROFY
T Al-2.5%Cr-3%Cu L 75 %.

Fig. 212, Al-Cr-Cu KREERI D Cr MK 2.5% 1Z 510 At
WE RS %2pRd. Zhicks s, Al-25%Cr-3%Cu 540
BEEBRE T LES 70 AT IVIFAFELTyHEB
HERBHO, FhgEERE T, 1)L+y, @QL+y+g, 3L
+8, W L+p+a, G)B+a+0, OIRICHBRPHERLS 5. -
720, BREIRHCHEMHZ @SS L5601, B EE & LTl
W 2aEEAD 5. ZHIBRERHKD Al-Cr Tt & 4
ICBWTAEETHD, LODIBREGEAETIE, 2Kk
BHITREGSHGHRICLOKREEAL, Wdh fH%ZHAH

2 3£(2002) ® 66 &
2. 5Cr 2. 5Cr
40.0Cu| Aluminum Conc., ¢y, (mass%) | 0.0Cu
57. 5Al 97. 5A1
60 70 80 90
I|II|I|III||||1|[T]
L+7r ’
1000
=
= _ L+8
- +
© 900 [~
=
S L+a+B
= \
S 800 'L+B+6
et +
= i a+B+60 a*rB-r
T00 -
IR N N SR TR T | [
90
1. 7Cr BO' 1. 3Cr
92 4cu| Afuminum Conc., cy; (mol%) | 0 0Cu
75. 9A1 98. 7AI

Fig. 2 Aluminum-side portion of the vertical cross section of
the Al-Cr-Cu phase diagram at 2.5 mass % Cr!%.

L : Liquid phase. o : Aluminum solid solution. 8 : Al;Cr'¥ or
AlsCrz. y @ Al1Cre!® or Al;Cr. 6 : Al,Cu.
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Fig. 3 Typical time-temperature curve measured during stir—
mix—quenching. Mass ratio of a—phase in the mixed alloy slurry
to the overall o—phase to be crystallized in the alloy, f,, was D f,,
=0, ® £,=0.035 or ® £,=0.085.

(a) No.1 — (b) No.2

(c) N. 3

SEVRENE OEFE N X D MEELL 72 Al-Cr-Cu & &E O & M EEREM: 539

BT 5L EH0C, RESHAPRIGEE» DR ZHIL,
SEM OHEFHEBIC LS I 7 ofREBIZE, vy h— AW
SPE, BLUOBHERRAYT- 7. BERBRTIY VA VT
4 A7 ROBEREABHEA AV, BEROMFM (7 A7) &L
TFC20 ghgka M L7z, Al (K V)I3EE 8 mm OFIfE
Hchv, @ApEZER S8 0.5 mm NSRS L 720k
RCTHBRICHEL 7= BRERRSMA L T3, BEREY 1.9
m/s, HfES% 0.5 MPa, fRFEEEEHEA 5km & L7,

3. BRBIUVER
3.1 BRAHHRIm O ~ 7 018

Fig. 4 ®(a) B XU (D)IT, TN ZHlHEE LM B LU
HEHAAROEEM O~ 7 ofiffamd. £/, (o)~(e)
CHEBREAA AT ) — AW ioEmOossEs (L, TSMQ
EOEEM | LT 5) O~ 7 iz Rd. Fig. 4(c)~(e)
OEHRFHL, ThZn Fig. 312K L 72O~Q DU HE B b O
AS Y —%EOEE L 72bDTH%. Fig. 4 DFKOWT N
ICHHEORL L 3BEOHEBABZEINS. KOHWHE
B3 & LT oMl bRs s, KEDFEIRIIENSEH
{CEWMPIFAET HHE, £/, BOBLARSIKBTSS.

Fig. 4 ORI OILBEOFE & LT, SR AeEREL
EWPEFRSALICEHEREAEET 5. MR OHEM (a)
T, IVA—H—ICHRSHALMEBBEEEWREE
IND. THICHL T, EEHALROEEM (D) B XU
SMQ iz 0O (c) ~ (o) DFRK OB B BREL &L, A
Rk cEmwvzEMmibtshTns. LaL, #ERE
OMBITEREHNT Lo TR - TED, (b)ORETIE, LI
ARENC 1 RIBBBRE R O—MPREMO T ETHEAL TV
%H. i, SMQEOHEEDOSE, a HEEHBLIAT U —
R L7 (d) B LT () DRETIE, FRO a HAEER
WIZBZESh 5. 72, A5 —FD a HfHHEEE f, 201
mdzizE, BERBNICBEINSR0R a HOEIE 5N
T5 LI, HEBOEIPEINT AEABR OGN S.

(d) No.4 (&) No.5

| €— direction of centrifugal force|

Fig. 4 Macrostructures showing the formation of the composite layer and pores in the tubular castings. Specimens : (a) No. 1
produced by the conventional centrifugal casting, (b) No. 2 produced by Centrifugal Duplex Casting, (¢) No. 3 produced by the cen-
trifugal casting of the mixed alloy slurry of f,=0, (d) No. 4 produced by the centrifugal casting of the slurry of ,=0.035, (e) No. 5

produced by the centrifugal casting of the slurry of f,=0.085.
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Fig. 5 Microstructures in the composite layer in the specimen
No. 1.
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Fig. 6 Microstructures in the composite layer in the speci-
mens No. 2 (a), No. 3 (b), No. 4 (¢) and No. 5 (d).
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Fig. 7 Magnified images of the microstructures shown in Fig.

6. Specimens : (a) No. 2, (b) No. 3, (¢c)No. 4, (d) No. 5.
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Fig. 8 Microstructures of the mixed alloy slurry of f,=0.085.
(a) Water—quenched slurry (specimen No. 6). (b) Air-cooled
slurry (specimen No. 7).
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load in the hardness tests was 49 N.

WS BEREME (TR ARFURE T, BERER B (BRI R B
3km)C, MALHEEBEILEHOWR 2% L TERA
KELSRBLAZD, ZORSTRBEEEL .

—77, HEHLARELEEM (No. 2) I LU SMQ .08
4 (No. 3~5) T, BESIZBIL Tid No. 2 5 XU No. 3 78
B <, No. b B b\, COBEMIBZEERBNICEKT % ok
REHDGFALIGITRIGL TE Y, o bRFEOEIEN S /b
FEBSNME T 5.

I, THEEREMEICEI L C Fig. 9 O#SE% B4 5 &, No.
4 B XU No. b IR SIEREHICEN TR D, BIOMHM &
FHRIGL TWisWE ERAFERSINS. RO L S1T, Al-
Cr Z RO G EEA R LEEEM OB &, TR S
DOWIMTHIEL T EF AEERAELN TV 575, Fig. 90
BRIIChEFRZZEREYTRL T05. COFRRFICOW
T, BEBICKT % 0 HOMMZEE) & WS BLEA» HLEE R
A5

Fig. 1013, f,=0.085 D A5 U —» LAEHLL 72 SMQ &
#iER (No. 5) B LU RSGHOBEBES 2EER TIERL 72
K@ (No. 6) & 22 BEER (No. 7) IOV T, o flRE



542 H A& & 8 % = 55(2002)

160 T ' .

140

120

100 I

5 6
Specimen Number

Hardness, H /HV0.1

~J

Fig. 10 Microhardness of the o—f-0 coexisting area in the
specimens No. 5, No. 6 and No. 7. The applied load in the
microhardness tests was 0.98 N.
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Fig. 11 Schematic illustration about the #-bonding effect on
the wear behavior.
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