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Development of Compact Processes for High
Efficiency Fabrication of Hard-to-Working Metals

XIE Jianxin
(Key Lab of Advanced Materials Processing( MOE) , University of Science and Technology Beijing, Beijing 100083, China)

Abstract; It is proposed that hard-to-working metals can be categorized into two types. One type originates from the intrin-
sical property of the metals, such as high brittleness or high melting point and high resistance to deformation. The other type
originates from the complicated processing technique and low product yield of the metals. Based on the work of the author’ s
research group in recent years, the development of compact processes for high efficiency fabrication of high silicon steel, pre-
cision copper pipe, heat exchanger BFel0-1-1 alloy( C70600) tube and high performance Cu-12% ( mass fraction) Al alloy
was introduced substantially. It is also proposed that accurately controlling microstructure, shape and dimension of the pro-
ducts can be achieved through accurately controlling the melt and solidification behavior, which serves as a significant app-
roach for the development of advanced compact process of metal processing.

Key words : hard-to-working material ; compact process; high silicon steel; heat exchanger tube; precision copper pipe

s o A L GO, MR PR %, T
Al & SRR RIER AR AN TR, BAEW
6 TR B B 4 . R

AEPEREAN B R M AR AT, SEBUM R R AR L (R
PR RE A SCHE I 28 o WFSETT e S o A il 48 I R

XET A REERRL . AR BERTA LRI AT, R B2 e v A R
AR PR RE S AT SEdE | bR SR T AU AT
WE X BRI UL SRR G RHS
REVR SR ) R, 30 D) BESRBE R A 7 1w PR BE L s AL
FIRICR | ARAS RS (=R PR 9 T 1 K
(FESCHRL LA, DR RERE R 5 I TR Wi %
PEE T RGR I T PR, RO PERE . macR . K

KR EH: 2010 -09 -30

E&TR: H%K 973 3k H (2006CB605205) ; [H5K [ A Rl2F 3k
43 H (50634010)

BIEES: WH, B, 1958 454, T, #4%

ARG AR I R A

HAT—Fp el Z L5 po il PR RE, (R0 4 55 0m Tk
JEWXER—ZRAPRE, FROAMEDN TAF R X 2 AR A
BT T EE A, Mb R A HOR ISR, &
BORATE, VG S BB o SR AN R R 4 R U
R R s THAR, 2B E NG Z H A

MEM AR T LGN 2 KIE . —FIE I T RAAE
PEREROMEIN TADRE, RIS BRI TR, g
2 % OMEVERRL, 2 JEPPRHEAR T B T8 i 25 1
T, RHRAEERAEAMNT, IR, £2JLTN
T, B R SO AR R, i A L T (Fe —
6.5S5i 54x) . WA 12% (B2 80 MR &R
FHAE; O/ R BRI RBIRRL, 22 RR N



2 Hh R R a2

$29 %

TREARE R, MELASEBURIN T, T TR i T
AR, MELVETE, Iy, sHAHG &, 55—
TR, IR T HG &I T T2 AR, A8 X
EREI AR, AR B B B B R R 2
PECINSEAR ) , Hh TR A= T ERE A b AL,
SRR . AR, RS . PO dR i A
SRR S IR SAGH S TR, 2
figp R T XTI T AR £ 25 A58 ) 4 o T I Y R A

ARCEEEAEH AT AR BT IE TAE, A4 1L
Ao S TR o A A ) RO e e 280 i B AR O AF S
JEEAE L o

2 SHEBEINZRSEBHEMT

BT (Fe-Si & 4) Z2HFHRESMEELS. B
RS RHLBL . HBIAL L B AR A R A S B i G
M RL . MR . LR AR IR TAER A fE &
PAFEL 18% ~20% Je A7 4 i F k8 sl 5 1 v 1) 2k 452 e
SRR . A PORHRIE, At AT TR SR 1 Al
W R 29 (AR R LB 2. 5% ~4.5% o #7HL T
HIERBAREAR 1 Wokg, 1t L TARGE A —4F 0] 15 HL 0. 88
. HAT, FRE A TR R T 400 5, PR A
1o v L AR R R B S BT RE AT T R

BE S IR E] 6. 5% (it 7340 (1S kL T 4K (Fe -

) Thickness
Si senser meter

6. 5Si &) 1Y R REPERETR AR = T H AT i Ak
N 3% ~4.5% (Bt o3 B0 B4R TN, g
FMREERE & 5 i T AR S50 T I BB FEAR 30% ~50% 5
T AL AN R BOLF %, R AR AR ™ A e
P, meEd THHTE I Bl AR S AT L
JAR 2 BT RE AR, R E PR EIEAE RIS K
JR B OGS T A R

H ik AR A A Rt R, S IR LT
2, MELIIN T R T ) AR (— 8k 0.05 ~0.30 mm)
TR R TN R RCE . Tol ks T T2, ZEER
PR HEG, S RA R HA NKK 287 (e
BIFR] JFE A7) IF AR CVD 12 (fe2 ST k) 56
BT R L TORHEHT B T AR R A 7 e 1B
R R4 TJR0.05 ~0.3 mm( 5 600 mm) | £k
PR AR (I, PO. 1/10k 8.2 W/kg, JE0. 1 mm) (TEHL
ik AN, BT 2R R R, XA, FRIE
FIE A P e ik i, TR s 1

CVD J5iEMRe s, 1 e R TR ML T 20K 5 e g T
W (Fe -=3Si G42) TR 0.3 mm PUF A4, AR5t
W E SARTIB DN Wi e T 2B ik, i Si p- Py & &k
#6.5% (Frim /380, FHEE Y BT SR, #%
TTEAE T2 WK I AHE | AR08 R, A
LA BB A 7 TR ] v A TS ]

Tension controller

=~
) \\<::) ~d I il

Bridle Cooling
zone

Coater Oven Shear

Bridle

Tension reel

Diffusion

CVD zone

Shear Welder
Cleaning section
Pay off reel

Gas flow
system

Heating zone
zone

1 CVD kil & ik v LA R 2
Fig. 1  CVD process of fabricating high silicon steel strip
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Fig. 2 Controlled solidification and controlled forming process for high silicon steel sheet: (a) fabrication process, (b)warm rolled

sheet, and (¢) cold rolled sheet
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Fig. 3 Metallurgical structures of copper pipe(¢$p16 mm x2 mm)
fabricated by continuous unidirectional solidification process:

(a) cross section and (b) longitudinal section
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Fig. 4  Compact process for precision copper pipe of ¢7.9 mm
x0.65 mm
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with thin wall and brightness surface
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Table 1 Comparison of mechanical properties between BFel0 -1 -1

alloys produced by continuous unidirectional solidification

and other solidification processes

Method Rm/MPa A/ % References
Sand casting 280 20 [19]
Centrifugal casting 280 25 [19]
Continuous casting 280 25 [19]
Horizontal continuous casting 254 39 [20]
Horizontal continuous casting 221 31 [21]

Continuous unidirectional

212 49 Author’ s work

solidification
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Fig. 6 Schematic drawing of horizontal continuous casting with Heating-

Cooling Combined Mold( HCCM casting)
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Fig. 7 BFelO-1-1 alloy pipe fabricated by CHCM casting process: (a)outer surface, (b)inner surface, (c)and(d)metallurgical structures

on longitudinal section
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Tensile Floneati Elastic Conductivit
Alloys Cast method strength 0;15/& M odulus jr;( ?;gsl ¥
/MPa ” /GPa §
QAl 9-2 Metal mold - 20 92 15.7
QAl 94 Metal mold 500 15 112 14.0
QA1 10-3-1.5 Metal mold 550 20 105 9.1
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QAl 11-6-6  Metal mold 600 8 - -
Continuous
Cu-12Al  unidirectional 302 20 168 22.2
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