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Fig. 1 Schematic diagram of heating-cooling combined
mold (HCCM) for horizontal continuous casting: 1, 12—
Temperature measuring device; 2—Stopper; 3—Alloy melt;
4—Melting crucible; 5—Holding crucible; 6 —Melted
metal duct; 7—Mold heating device; 8 — Water-cooled
copper sleeve; 9—Secondary cooling water; 10—Traction

device; 11—Tube
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Fig. 2 Pure aluminum tube blank prepared by HCCM
horizontal continuous casting (a) and schematic diagram of

sampling position for specimens (b)
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Fig. 3 Effect of continuous casting speeds on temperature

distribution of tube blank
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Fig. 4 Effect of heating-mold temperature on temperature

distribution of tube blank
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Fig. 6 Grain morphologies on external surface of tube blanks obtained by HCCM horizontal continuous casting at various

casting speeds
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Fig. 7 Microstructures of pure aluminum tubes in casting direction at various heating-mold temperatures



31 BE W

E5%, & ERLZSHNAEE RS J2E R IR R 2335

KA HCCM KPiEs T2 M & amEm, &
b G I 2 G R INCT T RIS B = bl il ]
HH AN ] AR AE A o [V S T AR TE AV B 5 A B B
ZAIF, BEERAGR R, —J7m, &JEER
BRI AL Z 2306 5 —J5T, [ T AT
TRFEREFERE R, PRAUEZH 2L AT 58 53R 1)l 1) B ) 4

24 IZ5¥XARELNZEMHEERFNT

Bl 8 Fram AT B #GR B 700 CL 720 C
B, AFEDESGEE FASRE RN =R R
ke 58 B BB i K 2R IR AR 2R . B A B R 1
BER, B AN R B IR O, AR R e
KIGIAN o

LIRS N 700 C, EFEHEE A 20 mm/min
N, PrhisRE N 47.5 MPa, JEARIEEE A 15.9 MPa,
Wr KRN 23.5%. MEHERZEMINE 40
mm/min i, HLAiERE A 51.5 MPa, JE RGN 18.7
MPa, Wi KN 25.3%, MIEHEZEINZE 60
mm/min i, FIHLREE A 56.5 MPa, JE RGN 19.3
MPa, WiZffKE N 26.1%. HEHHEE TR
A 0 43 4 i i 2 A AE B E A N A5 il AL 2R
T 7 S N et A i 2 AR AR 2 AN, DR 2R R
A, 24 EFAF 80 mm/min. 100 mm/min I,
ehr Rz 4> WA 63 MPa. 63.5 MPa, J AR 98 5 23 5l
N 21 MPa. 21.7 MPa, WiZ K518 23%.
19.1%. R AL ZUBE 0 S ) 2 M B 10 AR
1, FORAHS R E R EA RIS, S5

80

—=—Tensile strength at 720 C
——Tensile strength at 700 C

70 [ Yield strength at 720 ‘C 140

60 —e—Yield strength at 700 ‘C
£
= 50 * . 130
< ) g
on ~ =
g 40 5
= il g
A 3oL ~+— Elongation at 720 :C < 420 T

—<+Elongation at 700 C by
20+ ‘ ;
10 ; . L 10

20 40 60 80 100

Casting speed/(mm-min™")

El 8 TZSHRE ISP RERISEN
Fig. 8 Effect of process parameters on mechanical

properties

HEE IR BA R B om B e IRGEFE .

H I 8 AT, AHBLERERE S 720 C, iR
ANFEREE T ESIRPUhiRE . Rk WS
KRG i E . ABEERN 720 C. EHEE
N 60 mm/min i, FH HCCM 7K T4 A %
AL S I R AR 75 he, PLRiaRfE N
58.4 MPa, JEJR5EFEA 20.6 MPa, Wi)afiikxA
28.9%, NJEERAARTEIN TCELH . FLHR)FRAL T A
RIS

3 S

3.0 ITZ28¥HALMKRERENEN

KH HCCM /KFES T 2H&8E, 2ER
RO [ W A S TR R, f P R i IR b
iman L AT A S AR, B RN T b
AR, AT 2> S U PRk ] IR R 1) 4% AN K
5Y, IR AL RN 51 5 EUE IR 1) AN R R A A
WRETES . RSFJ5 THA7 A8 B fry 2 09, 48 S
6 Fi7Re

BRI [ A RV T BT ] T A
WA R T A AR, 2 M A A& AT I R
U = = A i S O 1K= M L0 i
MEFEILAI, EM T E I EHE R K T
PHUEE, FIR B ST R 5 R Al ) 2 R R A
(0=5°~42°) . T /KRR E MBI FRYE, B DU A4
EERFI R BRI B E AR I VT T IRAR S A
WK 6(a)s (b) (c)FTn. MIEFHHREE R R, &
EREaS AK= o LR i P M e S PR S
TIP3 T R 22 () S5 i, B A o M P v
[ AR, 4 MK, B R e A
T 1 e b 1S

MHADS O e AE I, 7 R 1 1 e [ -
TRFE A A RIS . v=20 mm/min Ff, [EH-
TS T A R B B B /)N s v=60 mm/min Fif, [ —
MR NN VR SN SN L s N GRS i
) PR e AR B IR /N s B el ) P AT AR i
41, G T H 80 mm/min B K F] 100 mm/min i,
]y SN BT B, & @ V2 B AR A |
EM LR ET, BRI IR

PRI B ) T v B v T YR D AT R



2336 hEA O RYR

2021 429 H

BRI, SREAZ S RAGER N, AR a5 55
IR AR 2, 8RB HT 17 9 T
BEM R, IR ERA R RIS, SR i 1) S £
Ko

It o 3 ) 08 AL AT U R v, -
VBT L 17 v T BLRE B o [ — YR T 9
I it PEE A P PO 482 i — 7 T T DA B o A <AL
KIRESRIEIE N R E IR, 51— T HEe TEM S
PR 2 B EE R, DRl U] T R i o vy BT
R A ZVE R

IR BE I AR PG SC IR 45 AR, [V 5 T
37 B 37 1) 2 AR BOMIA T B 22 TR AR i A 43T
JR R o SR B S BB RN i )
IRPERBIE, ARSI R AR, T2 B s R
EASMRIIER .

3.2 IZ8HXERHFHEERFEN

A HEE S T 254 HCCM 2854 AR 1] il
H R AHLUNAIR BECEE R SR . IR AR
T 60 mm/min K}, EIRHL N 55—z KM
(0=5°~42°) AR A 2L 2R, v D, B
BT RSN, IR ST A B R BRI ) v
BFR, MRS I AR ST S S
PRI fR o, BT A ST, IR S E
7] 5 A7 AFELE — 58 B A, PR 2 T (1) R A ek
/N, BRI ) 6 TR AR R AR, R R b
(LI R O A Pl L ER S v 4 NP ) s = % Y
A2 RIRAPAR .

RSN A 80 mm/min I, B R _EEAN
NIRRT RS AN AR
MIEGEEIAT] 100 mm/min B, BRI N
ez 2, R A R ECERETIE N . MRHE AR i R
W, (LEIE 352 ST AR RN, R SR
A6 dORE ER AR ol ) S A AR, SRR N, A7
SHE i SR AL % 2R AT, A5 A R L 5 R R IR
MRAEFERE K, W AP 2 Ak

4 g

1) FEFRBEIEIRE 750 C. B BUMAGEE
700~720 ‘C. ¥ EI/KFE 1000 L/h. EHHEE N

20~60 mm/min MIZ&AF T, AT LA A%t 2R TR A A
i EAVERER 7 a5 B A 2R R 2% 1 e )
iR IR,

2) FERALEEEH 700 CHEZE 720 C, B
P AP TAVREDRES B2 B A, o sm e o e AR P52 b
JE KA it .

3) FERIEE 720 C. #EJ¥ 60 mm/min K5
PE T ] I AR A R B RO SR T & R )
PERE, WAMRTHRRS B8/ T 1.6 pm, & IRBTH
[£4 58.4 MPa, J# k58 )y 20.6 MPa, W53
N 28.9%, AFITJEEA M,

REFERENCES

(11 B fi, skFEW, SHME, & SRS IE

MR EIRS&HD). FEEEMNT, 2017, 46(4):
13-16.
LIAO Jian, YAO Chun-ming, LI Wen-ping, et al. Present
situation and tendency of special aluminum and aluminum
alloy profiles and pipes[J]. Nonferrous Metals Processing,
2017, 46(4): 13—-16.

2] MR BEEE MR AR EEG TR EF D]
BAEITHAR, 2000, 28(7): 20-21.

DENG Xiao-min. Study of spot in wall defect of aluminum
alloy pipes during extrusion[J]. Light Alloy Fabrication
Technology, 2000, 28(7): 20—21.

[3] X2, WKkA, BEE. JLFEINTHERD]. #6548
ITHAR. 2017, 45(3): 6-18.

LIU lJing-an, XIE Shui-sheng, ZHAO Yun-lu. New
aluminum processing technology[J]. Light Alloy Fabrication
Technology, 2017, 45(3): 6-18.

[4] LI C, YANG H, ZHAN M, et al. Effects of process
parameters on numerical control bending process for large
diameter thin-walled aluminum alloy tubes[J]. Transactions
of Nonferrous Metals Society of China, 2009, 19(3):
668—673.

[5] ZHANG X, HUANG J, DENG K, et al. Solidification of
horizontally continuous casting of super-thin slab in stable
magnetic field and alternating current[J]. Transactions of
Nonferrous Metals Society of China, 2011, 21(1): 196—201.

[6] fAlMgss, xUihaz, WKAE. PRRERIN TR E R TR 5 B
FH[I]. $850L, 2016(6): 46—50.

HE Mei-qiong, LIU Jin-an, XIE Shui-sheng. Research and



31 BE W

E—K, & B LEZSEARERAR Y )RR

2337

(7]

(8]

[10]

[11]

[12]

development and application of two kinds of aluminum
processing technology[J]. Aluminum Fabrication, 2016(6):
46-50.

LIU Y, LIU X, FU H, et al. Effects of process parameters on
surface quality, composition segregation, microstructure and
properties of QSn6.5-0.1 alloy slabs fabricated by HCCM
horizontal continuous casting[J]. Journal of Iron and Steel
Research International, 2017, 24(3): 273-281.

MEI J, LIU X, JIANG Y, et al. Liquid-solid interface control
of BFel0-1-1 cupronickel alloy tubes during HCCM
horizontal continuous casting and its effect on the
microstructure and properties[J]. International Journal of
Minerals, Metallurgy, and Materials, 2013, 20(8): 748—758.
MEI J, LIU X, XIE J. Microstructure and mechanical
properties of BFelO cupronickel alloy tubes fabricated by a
horizontal continuous casting with heating-cooling combined
mold technology[J]. International Journal of Minerals,
Metallurgy, and Materials, 2012, 19(4): 339-347.

XHE, SR, BEE. & SE0 HCCM KFER4l
WA S Dy 2 RE I e (7] o A & R o 4R,
2018, 28(2): 213-222.

LIU Xin-hua, JIN Jian-xing, XIE Jian-xin. Effect of
preparation parameters of HCCM horizontal continuous
casting on microstructure and properties of pure copper
slab[J]. The Chinese Journal of Nonferrous Metals, 2018,
28(2): 213-222.

Mg AR, XUHTAE, R BFel0 HHE M AR H AR
IRV B 5 IR AR [D]. T A e A, 2012,
22(5): 1430—1439.

XIE Jian-Xin. Solidification

MEI Jun, LIU Xin-hua,

temperature field simulation of BFelO cupronickel tube

during heating-cooling combined mold continuous casting[J].

The Chinese Journal of Nonferrous Metals, 2012, 22(5):
1430—-1439.
MAHMOUDI J, NABATI H. An experimental study on

[13]

[14]

[15]

[16]

[17]

(18]

productivity and quality improvement of horizontal
continuous casting process[J]. International Journal of Green
Energy, 2006, 3: 185—199.

VERWIIS J P, WECKMAN D C. Influence of mold length
and mold heat transfer on horizontal continuous casting of
nonferrous alloy rods[J]. Metallurgical Transactions B, 1988,
19(2): 201-212.

WROBEL T, SZAJNAR J, BARTOCHA D, et al. The stand
of horizontal continuous casting of Al and its alloys[J].
Archives of Foundry Engineering, 2013, 13(3): 113—118.

SU Y, LIU X, WU Y, et al. Numerical simulation of
temperature field in horizontal core-filling continuous
casting for copper cladding aluminum rods[J]. International
journal of Minerals, Metallurgy and Materials, 2013, 20(7):
684—692.

WU L, KANG H, CHEN Z, et al. Horizontal continuous
casting process under electromagnetic field for preparing
AA3003/AA4045 clad composite hollow  billets[J].
Transactions of Nonferrous Metals Society of China, 2015,
25(8): 2675-2685.

ZHANG X, ZHANG H, KONG X, et al. Microstructure and
properties of Al-0.70Fe-0.24Cu alloy conductor prepared by
horizontal continuous casting and subsequent continuous
extrusion forming[J]. Transactions of Nonferrous Metals
Society of China, 2015, 25(6): 1763—1769.

L, XS, RANE, & A TIIABE M X HCCMK
B BFe10-1-1E b A [ 2L ZUR1 ) 24 PR A3 S PR S0 ]
i E A (4R AR, 2014, 24(9): 2322-2332.

JIANG Yan-bin, LIU Xian-gai, ZHANG Xiao-jun, et al.
Influences of thermal-resistance angle of cooling mold on
microstructure and mechanical property homogeneity of
BFel0-1-1 cupronickel tube produced by HCCM horizontal

continuous casting[J]. The Chinese Journal of Nonferrous

Metals, 2014(9): 2322-2332.



2338 o EA 4R AR 2021 49 A

Effect of process parameters of continuous casting on
microstructure and mechanical properties of pure aluminum tube

WANG Yi-xiao', LIU Xin-hua"?, XIE Jian-xin"?, TIAN Yu-xing’, ZHENG Zhi-kai’, MAO Xiao-dong’

(1. Institute for Advanced Materials and Technology, University of Science and Technology Beijing,
Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation, Beijing 100083, China;
3. Chinalco Material Applications Research Institute Co., Ltd., Beijing 102209, China)

Abstract: The pure aluminum tubes of d 70 mm X 5mm were fabricated by heating-cooling combined mold
(HCCM) continuous casting technology. The effect of process parameters on the surface quality, microstructure
and mechanical properties of tubes were analyzed. The results show that pure aluminum tubes can be continuously
and stably fabricated without defects on the internal and external surfaces, when casting temperature is 750 C,
mold heating temperature is 700-720 ‘C and cooling water flow rate is 1000 L/h. The microstructure of tubes
have strong axial orientation columnar-grains on external surface when the continuous casting speed is 20—60
mm/min, and the grain size gradually decreases with the increasing of casting speed. When the continuous casting
speed is 80—100 mm/min, the surface microstructure of tubes gradually transforms to equiaxed grains. When the
heating-mold temperature and the casting speed are 720 ‘C and 60 mm/min, the surface roughness value of pure
aluminum tubes fabricated is less than 1.6 pm, the tensile strength is 58.4 MPa, the yield strength is 20.6 MPa, and
the elongation is 28.9%. This shows that tubes can be directly cold machining without milling surface, which can
significantly shorten the production process.

Key words: pure aluminum tube; heating-cooling combined mold; horizontal continuous casting; columnar

crystals
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