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B e BRIAR R & BTN LR AR E AL H
AT AR L2 [ PR /K18 T2 e hia T3 &
SR A R ARGE .

BEXF R i), ARSCAEE IR 7RG A
(Heating-cooling combined mold, LA R fE#K HCCM)7K
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2y, BINLUEREIL R, Joms BLim S AL 3 n] BT K
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1.1 LM RIS

AR SEI AR A Cu-0.36Be-0.46Co &4:, JRH K
NHLARAE Cu(99.95%, i) Cu-3.5%Be(Jfi &)
Bl & e Al Ni(99.9%, JREN%), Bis
SN JE BUREEAT A 2 B o3, bR BG4y R0 43 A
SRR 1 Pos.

1 PSSR RSY
Table 1 Chemical compositions of beryllium copper alloy

(mass fraction, %)

Ni
0.10

Al Si
0.016 0.056

Pb
<0.01

Be
0.35

Co
0.46

Fe
0.20

K HCCM 7K P45 T 2546 %6 B 300 mm., &
% 10 mm ] Cu-0.36Be-0.46Co &4, E4s T2 )5
BUURBERWE L PR, BEHRBHERG(1~4). iR
RGU5 M 6)FIERS RG89+ 10+ 12 A 13l &
RGN ST E M ERNEG S, NRARARGR LS

NN 7

O00O0O0O0O0O00O0

13

1 AAEAERDKFERE T2 HE R

Fig. 1 Principle schematic of heating-cooling combined mold (HCCM) horizontal continuous casting for fabricating beryllium

copper platet™: 1—

Melting crucible; 2, 5, 9—Thermocouple; 3—Stopper; 4—Melted beryllium copper; 6—Holding crucible; 7—

Melted metal duct; 8—Induction heating device; 10—Crystallizer; 11—Beryllium copper plate; 12—Drawing device; 13—Graphite

casting mold; 14—Secondary cooling water; | —Heating mold part; II—Cooling mold part
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S5 RBRRGN &M IEIHMTHE. B, N
T RGBSR FE A &4 R G S ILIE RS X
T, RIGHTT ST BIMRE . HCCM /K FE% it 72 1
T SEEGHT, AR, STHAEA Cu(99.95%, i
HEH). Cu-3.5%Be H Al & &4l Co(99.9%, I
SEOMEM TR . B e AR A Cu(99.95%,
JR B EOTEISA I (D) F Ak, 2 e I B k3]
1150 CHF, [gprh N4l Co Biki, 4 Co ke 4:
FEALI B RN Cu-3.5Be Tl & 4. REE4E
IEARIE T SR E (D HENRRY 6)F, R s
MR FE R B B AR IR FERS, B35 HLEET HCCM
K 5 S

1.2 ITZE5#H
M HCCM /K PFESH N R EEA A S Eefm

BIBIR (T, AHEBONHGEEGEINHGEE, Tw-

£ 2 HCCM /K TES L B

P (v) LA S A B B — KRB HUK IR R (Q) 5 - R 22
PO HTE(DTA) M Cu-0.36Be-0.46Co 44 & 4= [
AH AU FE AR AR EE, 43 0 1020 'CAI 1070 Co
P TR0 A < 1) T s RIVRAH R 08, A A AR %
ik, FEUSMRENEEZE, AFT& &R ES,
LSRR S, G475 K Be niER, THITEE
o ER . BRIk, 276 IEHI G & T EHEAE &
BN FER, B A AL ¥ D 1200 °C, SR
FEARIREE 2N 1180 'C, FELEIT % Ty ve Q BL
FEfl A SRR E. HAh, BT, KA
A 0T B BRI A EAE R T, AR A 95
T3 AHREE S A AN 50, 5y AR L GAME RE AN 50 (1) Il
N, AR SRR 45 a4 1A 1K B 4 X 3 ) O
A, BB EA KRR T R A E KR, DA
P ARG SO 5 BETT IR BE Y 211 . HCCM
K LI ] 4 SR 2 B .

Table 2 Preparing parameters of HCCM horizontal continuous casting

Sample Mold heating temperature/C ~ Casting speed/(mm-min_") Cooling water flow rate/(L-h ")

=400, 04n=600, 0, =400

1 10805 50 Rt Q
Oi=400, 01, =600, 0;=400
=400, 0un=600, 0=400

2 11005 50 Qu=400, 0 o
On=400, 01,,=600, O=400
=400, 0un=600, 0=400

3 11205 50 Qu=400, 0 o
On=400, 0,,,=600, 0,=400
=400, 0un=600, 0, =400

4 114045 50 Q.~400, 0 e
On=400, 01,,=600, 0,=400
=300, 0, =500, 0, =300

5 11005 50 Qu=300, € @
Qll:3005 lezsooa er:300
=500, 0un=700, 0, =500

6 11005 50 Rt Q
Oi=500, 01,=700, 0;=500
=400, 0un=600, 0o=400

7 110045 25 Qu=400, 0 o
Oy=400, 01, =600, 0;=400
=400, 0un=600, 0, =400

8 11005 60 Q.~400, 0 e
0On=400, 01,,=600, 0,=400
=400, 0,,=600, 0,=400

9 11005 70 Q.~400, 0 e
0On=400, 01,,=600, 0,=400
=400, 0,,=600, 0,=400

10 11005 80 Qu400, € @

Qll:4005 le:600’ er:4'00

Note: Qu, Oum and Q,; are cooling water flow rate in left cavity, middle cavity and right cavity of upper part crystallizer, respectively;

O, Om and Qy, are cooling water flow rate in left cavity, middle cavity and right cavity of lower part crystallizer, respectively.
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1.3 ALSMHEES

K F RS R AL AS [6] ] 2 Z 2004 A T IR AROb
HHATRMESURSE, (4 TIME TR200 B %R 6 B
D B ASORE 3 T A RS FEE (USRS FE 0.01 pmy), KA
Image-Pro Plus #MGuit BTt & &Aop w8 7 ) (1)
KIS AL, BT S H00 G SO [ S TH AR
5 BRI .

KA EUNENENCEHE M TTUARE, MEAAEI
BISAMHHEL . HEIRELHE . . MbfER
H FeCl35 g+#h & 10 mL+7%1%7K 90 mL HVR & H IR
LIRS 25 B, R Nikon Eclipse LV150 %2
RAERAT SAH 1T . KA 100 mL H3PO,4+100
mL C,H;OH+50 mL CH;CH,CH,OH+250 mL H,O
SRS AN [R) L URAAE AR AT FRAR I, LA
WA 0.5 A, JUOGITTA] 10 s. ZERC & HLF 8 HUN
R4 (EBSD)#L 1) SUPRA 55 R4t s i3 b /0 ik
T (0 SR SR AN . SR A ZEISS EVO-18 Special
Edition 7 $9Hf B 4058 X0 1 B ARORA 12CRE A W 11
TESRBEAT 5347

Z 8 GB/T 228—2010 (&)@ Mkl = IR i 5256 )
Hl g PitrE . SR MTS J3 M RHRIGHL 40 M il
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B2 AFEFREIIHEE T HCCM 7KCF &8P &

SMM R T

WA R 32 RE S S AR MARE SR 200 0.05 mm/s, FE4L
FEARAESL 3 4, S RO PHfE .

2 ZERMTHE

2.1 HIFSHENEREGSESRMRERENFIT
21,1 BTN EIE FE 2 e

TEAR R R AR IR E (1180 °C) —IRAHIKIR
#(0,=400 L/h, Q=600 L/h, 0,=400 L/h, ;=400
L/h, 01,=600 L/h, 0,=400 L/h)F1H7 ¥R & (50 mm/min)
AN AT, AR N BOR O EAT
Cu-0.36Be-0.46Co 4G &Mk HCCM /K-F ik

B 2 BT A [ 2R 0 R B 25 A T o1 5 1 o )
B SR IR R o AN HGE A 1080 C
I, A AR RS A TR BT, B T IR [ 4 2k
BOPEL, AURER X 3 I IE R 7 M BRI, G 2(a)
B H4ARIMAGEIE N 1100 CHE, A& % 5
B, ARERCFE, WE 20)FR: AN
BESRE R 1120 CH, a8 R E b IER B

Fig. 2 Surface macrographs of beryllium copper plate produced by HCCM horizontal continuous casting with various mold heating

temperatures: (a) 1080 C; (b) 1100 C; (¢) 1120 C; (d) 1140 'C
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BELL, RIMBHMIRE, H 45Uy 77 175 i % i,
R AR X s AR RO, Wl 2(c)FR: 4k
RUINANIEFE Dk S 3 = 28 1140 CI, & E okt 22 1 B0
JE A AN 7 B R R A e, R IR KA, HA5 8%
LR, W 2R,

3 FTHI AN LI A B 2 A T ) 4% 1 B
A G R M I R TERLRS T . S 3B R E N
1080 ‘CAHl 1100 ‘CHJ, A &tbA fI A RS B2/,
A 2.4 pm AT 2.2 pm;  BEE ARG FE 36K,
M 1) 2 T REL s 5 P S 30 K, M BN AR E
1120 ‘CAHI 1140 CHY, HOM B THIRLRE 53 338 K
6.0 um 1 22 pm,

R 3 AR N AR RN A B I B BRORA ) 3 T A
HiE L
Table 3 Surface roughness of beryllium copper plate with

various mold heating temperatures

Mold heating temperature/’C  Surface roughness, R,/pm

1080 2.4
1100 22
1120 6.0
1140 22

2,12 —IRAHIKIR BRI

AR FFRR P S ARIR EE (1180 C). AT hnhJE FE
(1100 “C)ANFLERHE FE (50 mm/min) RAZ K461, HeAs
— KA HIKEHAT Cu-0.36Be-0.46Co Hi4H & &A1
HCCM 7K P55 525

B 3 B AN A — WA H KR 261 R o) 45
W& B B o 24— KRB HK IR R
B (Qu=300 L/h, Qu,=500 L/h, Q,=300 L/h, 0;=300
L/h, 0,=500 L/h, 0,=300 L/h), &4 H
DR B ELL, RIMBARS, H45 S ERAER 7
SR, WE 3R SR EUKREE XS
0.,=400 L/h. Q=600 L/h. 0,=400 L/h. Qy=400 L/h.
Oin=600 L/h. Q=400 L/h B, & S0 2 1 i 44T
SERARECT E; kKA HKILE, AERM %R
THI i AN B

4 FTHI AR — VA E AR B 4 T 45 1k
A SRS BOM R TRRERE . 29— IR HIKIE R
0.,=300 L/h. Q=500 L/h. 0,=300 L/h. 0y=300 L/h.
Oiwm=500 L/hy 0,=300 L/h i, & MR A 12 THOHDRE
R, N 8.0um; BHE KA EIKEIR, WA
RIMMREE T, 24— KA EIKRE N 0,~400 L/h.

25 mm|
Bl 3 AFE—AHKAE T HCCM KPR BT 7 B
CEOES R

Fig. 3

Surface macrographs of beryllium copper plate
produced by HCCM horizontal continuous casting with various
cooling water flow rates: (a) Qu=0,~=300 L/h, Q=500 L/h,
O1=0,=300 L/h, 0y,,=500 L/h; (b) Qu,=0.,~400 L/h, Q,,=600
L/h, Q=0=400 L/h, 0;,=600 L/h; (¢) Qu,=Q.=500 L/h,
Oun=700 L/h, 0;=0,=500 L/h, 0,,=700 L/h

=600 L/h. 0,=400 L/h. Q=400 L/h. 01, =600 L/h.
0,=400 L/h A 0,=500L/h Qun=700 L/h. Q=500 L/h.
0,y=500 L/h. 0;,=700 L/h. Q,=500 L/h I, #AFHIFE
THIREL AR 0 Sk /N 28 2.2 pm AT 2.5pm
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R 4 AFE—RA KR E KM PR & SR &
THIHH R
Table 4 Surface roughness of beryllium copper plate with

various cooling water flow rates

Cooling water flow rate/(L-h™' ) Surface roughness, R,/um

L1(300, 500, 300) 8.0
L2(400, 600, 400) 22
L3(500, 700, 500) 2.5

Note: L1(300, 500, 300) is 0u=0,=300 L/h, 0u=500 L/h,
0=0,=300 L/, 0,=500 L/h; L2(400, 600, 400) is
0u=0,=400 L/h, 0, =600 L/h, 0;=0,=400 L/h, 0},=600 L/h;
L3(500, 700, 500) is Qu=0,=500 L/, Qu=700 L/h,
0,=0,=500 L/h, 0,,;=700 L/h.

2.1.3 R R

TEARFF R B ARIR (1180 C) AT hn#hiE fE
(1100 “C)FI— XA HIK L & (Qu=400 L/h, Q0um=600
L/h, Q,=400L/h, Q=400 L/h, Q=600 L/h, Q,=400
L/h) A &1 %4 F, o A& R 3 3l R AT
Cu-0.36Be-0.46Co il & & M HCCM 7KV i%H%
SEHS

Bl 4 Bl AN Rl R BE 254 o 5 (R Bl A 4 42
TERERRA 1) R o MR E FE R 25 mm/min #1150
mm/min B, & &R R ERL, 450&8TE.
24 PRI E 1K 70 mm/min B, A 4eiOM R B
BRI PIHLL, RIBHRS, H45 &I E% 7 n
LRI, R I ES X AR RO bR
T AR SR A 80 mm/min I, & 4R I H IR
SO TR NG A 2 (IR o

5 FTHI AN IR R B A il 2% R B 5 4
G IR TEARE . BERIRRERE R, &
PR (2 RS P3G s bR BE A 25, 50 AT 60
mm/min I, RECHEEEZEDN, 5008 1.5~3.0 pm; 4k
SRR PR, SRTHDRE B2 R B K, S hr o B
9 70 mm/min A1 80 mm/min I, 2% TR 23 389 K
5.0 um AT 15.0 pm.

MR FaR SLaG 48 AN M AT R, S 3 A AR
N 1100 C . iR E R 25~50 mm/min F1— KA EI7K
WEN 0,=400 L/h. 0,,=600 L/h. 0,=400 L/h. Q=400
L/h. Q=600 L/h. Q=400 L/h i, HCCM 7K V&%
By A SO B R AR R, 3R M RS R
R=1.5~2.4 ym.

B4 AERIRELE T HCCM 7K P55 80 & S 1 R T B30
Fig. 4 Surface macrographs of beryllium copper plate produced by HCCM horizontal continuous casting with various casting
speeds: (a) 25 mm/min; (b) 50 mm/min; (¢) 70 mm/min; (d) 80 mm/min



30 B 20 SR, S5 il ZHO% HCCM K TR Cu-0.36Be-0.46Co B4 2 S HUM R I MLt ALVRIERE IS 251
RS IFIRLIRIE BT B BB 12 T AR N 1120 CHY, &R LU FRBURAIR G, IR

Table 5 Surface roughness of beryllium copper plate with

various casting speeds

Casting speed/(mm-min ') Surface roughness, R,/um

25 1.5
50 22
70 5.0
80 15.0

22 FIESHEEREE SEFHFRAALNEID
22.1  FAINHGE 5

Bl 5 BT N TECRFR ORI A A4 R (1180 C) —
WA HKIR B (0u=400 L/h, Qun=600 L/h, 0,=400 L/h,
0,=400 L/h, 01,=600 L/h, 0,=400 L/h)F1$; ¥R55 FF (50
mm/min) ANARE, AR IR DA B SRR A 1
& S 1 S AHZH 2.

HE S ATRUEH, SAAUINAIR N 1080 CHY,
B S HLUIRER 7 AR, B AERCEE,
S AR TR FE 2908 1500 um, i PN AETE BB AR &
WE SR 4RAIIRGRER 1100 CHE, &48R
MR S T J7 2 5~15° [ B i A kiR
B, TFHIERITE EEZ) 1000 um; 43T INHAGE B K

Casting direction

Thickness direction

mn 2B KT IR SR T I R AR 200400, HAE
MR TR AR OIR, YOS 2 500 pms 24 FR
n#hiﬁ;#%éi e A 1140 “CHE, A4 L7 5565 o
A, F1 PR ST 219 400 pm. iR 52645 B0,
Bﬁ%?ﬁ@ibmwﬁmﬂm, HCCM 7K P& 4 i & 4
B R TE SR KK VR 55 75 ) P BELAER
Bt —> X ARATTAR A IR s — S5 2l 5
222 —IRAHIKIFE R
6 FIm ATECRIFORIR ISR (1180 C). #4
A FGEEE (1100 C)ATH 3 FE (50 mm/min) ANARHF

AR — IRV FUR LR 2 T ) 25 (R R & e TE B A
IR EE A
HE 6 ATBLEH, 25— & JK G E BN

(0u=300 L/h, Qu=500L/h, 0,=300 L/h, Q=300 L/h,
Oin=500 L/h, 0,=300 L/h), &&RMEIREHL T
PISRLRSE 208 500 pum OSERSS, HRERA SN IE
BT AR GG SR A KR B K E 0,=400 L/h.
Qun=600 L/h. 0,=400 L/h. Q=400 L/h. 01, =600 L/h.
0,=400 L/h I, &M MEL NS IEETT 0 2
5O~15 R AR MR IR G s 4R EEIG KA KRR, &

SR RIS AAA ] B

&5 Tﬂﬁhibﬂﬁwmf“"l: HCCM K-Fi% %%ﬁ‘éﬂAﬁﬁﬁ E’Jﬁ?i‘ﬁéﬂ,/\

Fig. 5 Metallurgical structures of beryllium copper plate produced by HCCM horizontal continuous casting with various various
mold heating temperatures: (a) 1080 ‘C; (b) 1100 C; (¢) 1120 °C; (d) 1140 'C
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223 FuEREEE R Ouwn=0600 L/h, 0,=400 L/h, 0;=400L/h, Q,,,=600 L/h,
7 FiR RTE R FRRIE A AR (1180 C). #4 0,=400 L/)ANAEIT, B8 fir R B 2611 1) 4% 1)l 4
RUINHGRFE (1100 °C)F— R4 E K #(0,=400 L/h, G EIEHRM IS

Casting direction

(a)

Thickness direction

BEl6 ANE—AEIKAE T HCCM K
T B AR R B AR AL

Fig. 6 Metallurgical structures of beryllium
copper plate produced by HCCM horizontal
continuous casting with cooling water flow
rates: (a) Qu=0,=300L/h, Q,,=500 L/h,
Or=0,=300 L/h, 01,=500 L/h; (b) Qu=Qu=
400L/h, Q=600 L/h, O;=0,=400 L/h,
Oim=600 L/h; (¢) 0,=0,=500 L/h, Q,,=700
L/h, 0;=0,=500 L/h, 0},,=700 L/h

Casting direction

Thickness direction

B 7 AFRFREE T HCCM /K-8 4 80 & S (10 8 i 2H 21
Fig. 7 Metallurgical structure of beryllium copper plate produced by HCCM horizontal continuous casting with various casting
speeds: (a) 25 mm/min; (b) 50 mm/min; (¢) 70 mm/min; (d) 80 mm/min
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P 7 TLLEH, M4 A 25 mm/min i,
A& AR SRR HL b PO B, R AT 38 5
91200 pm, AR AR KT A I 5 R f R
0°~10°; MH PRI FEHE R E] 50 mm/min i, 2RI
REFEIR 35 % B2 U8R/ A 1000 pm,  [RIRFHRIR A K
J5 1 5IERE T M e FA 3 KR 5o~15°; MBI IE R
2] 70 mm/min B, TR T BURMTIR &b A0l g R TR
e ZH 2. gk ERI KR R 2 80 mm/min B, TR T
EENRAL, SPEIERLR T2 400 pm. PR SEEG 2
SRR, BEERIE RS, HCCM 7K1 1554 i
B S R SUAR AR WIS J7 PR K P BAE
R A SFRBURHE IR & — W ff— S i

B R SEaG g RN T AT N, AR AR
1080~1120 C .\ ¥ JH K 25~50 mm/min Fl— {74 %
JKIMEHN 0u=400 L/hy 0um=600 L/h. 0,=400 L/h.
0,=400 L/h. 0,,=600 L/h. 0,=400 L/h I}, HCCM 7K
ST ) A A B RN B I B 7 T RO R A
FEAR A2 2R

2.3 HCCM 7KEESHHEE SR REREFMERN

FE TR
2.3.1 il & SO G OM [E /5 T A B AT AR 1)

5

7E HCCM /K- PIERE It R, [/ S i B AE
RGO B [T ] (1 A ks . SO A0 524
RURROIRES A VIR R, AN IR AROM 25 T )53 20
BEZHZ. S4b, [T A B AR R B2 &S
Bitsem, Rk, G 0B 5T & S50 B E E AR
VARV INIE S

PR T B o R P A 4 /S T Ak T A R R A
Jis 5 AR ME LR LS AN SN B A 5 T A B AT AR 45
B, REF B TR 2 R SRR T — a3
RIS G [ i T B AVAR 1 735 BITE R — 4%
SRR MR, S ZE R AN
F(RIRLETE LA O)F, [R]Bf 7E 45 & 2% HE 1A B2 R AR
M BN S (BB A) SRR s 2 5 HL, d1 T2
SIATLAA) 457 L A5 3] /330 5 T 9 P R A T 0 s e )
RAS, T A 122 20 [ /3480 5 T T o 6 4 [ A S B A A
M BT YRR AT LR 45 2 IR 8 (R AT A A 2 [ A
FRITEAR), 4TI 2 R 1 v HH 485 St 2 6 P WL 5%
FERBCZ & S HOCAT T & W R TR, il
BALE A4 5 THIGARZ BRI E, H4h 6 45 s
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Fig. 8 Crystallization line shape along with width of beryllium copper plate with various mold heating temperatures: (a) 1080 C;

(b) 1100 C; (c) 1120 C; (d) 1140 C
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Fig. 12 Schematic diagram of solid-liquid interface position of plate(a) and corresponding surface macrographs((bl), (c1), (d1),
(e1)) and microstructures((b2), (c2), (d2), (€2)): (b1), (b2) Corresponding to D in (a); (c1), (c2) Corresponding to @ in (a); (d1), (d2)
Corresponding to @) in (a); (el), (e2) Corresponding to @ in (a)
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Fig. 13 EBSD images((a), (d), (g)), inverse pole figure((b), (e), (h)) and misorientation angle distribution((c), (f), (i)) of beryllium

copper plate: (a), (b), (¢c) Columnar grain; (d), (e), (f) Mixed grain; (g), (h), (i) Equiaxed grain
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Table 6 Mechanical properties of beryllium copper plate with

various microstructure

Yield Tensile

Grain strength/ strength/ Elonf/ation/
MPa MPa °

Columnar grain ~ 207-216 338-361 33.0-37.2

Mixed grain 213-219 360—380 25.0-27.0

Equiaxed grain ~ 219-223 386—391 22.0-23.0

1 338~361 MPa, TMKiEMEKERK, N 33.0%~
37.2%, LUl SO AR SR AR (A 2R 0 0 B8 vy
T 50%~61%A1 32%~38%.
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Fig. 14 SEM images of tensile fracture of beryllium copper plate: (a), (b) Columnar grain; (c), (d) Mixed grain; (e), (f) Equiaxed

grain
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Influences of preparing parameters on surface quality,
microstructure and mechanical properties of Cu-0.36Be-0.46Co
plate produced by HCCM horizontal continuous casting

JIANG Yan-bin"** ZHANG Tong-tong', LEI Yu', LIU Xin-hua"?, ZHAO Bing®, LI Yong-hua®,
YUE Li-juan®, XIE Jian-xin"?

(1. Key Laboratory for Advanced Materials Processing, Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China;
2. Beijing Laboratory of Metallic Materials and Processing for Modern Transportation,
University of Science and Technology Beijing, Beijing 100083, China;
3. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
4. China Nonferrous Metal Mining (Group), Ningxia Orient Group Co., Ltd., Shizuishan 753000, China)

Abstract: Cu-0.36%Be-0.46%Co (mass fraction) plate with width of 300 mm and thickness of 10 mm was produced by
HCCM horizontal continuous casting, the influences of preparing parameters on the solid-liquid interface position and
shape, surface quality and microstructure of alloy were studied. The results show that with the decreases of mold heating
temperature and casting speed as well as the increase of cooling water flow rate, the surface quality of the alloy improves.
With the increases of mold heating temperature and casting speed as well as the decrease of cooling water flow rate, the
position of the solid-liquid interface moves from the hot mold to the cool mold, the shape of solid-liquid interface along
the width of plate changes from the U-shape convex to solid phase to W-shape. With the increase of the convexity degree
to solid phase, the microstructure evolves as coarsen and straight columnar grains—slender symmetrically inclined
columnar grains—mixed grains—equiaxed grains. The reasonable preparing parameters are the mold heating temperature
1100 °C, the casting speed 50 mm/min and cooling water flow rate 400—600—400 L/h. The prepared alloy plate has good
surface quality and columnar grains along casting direction, with surface ronghness of R,=2.2 um, yield strength of 212
MPa, tensile strength of 353 MPa and elongation to failure of 35.0%, which can be directly used for cold rolling without
surface treatment.

Key words: beryllium copper plate; HCCM horizontal continuous casting; surface quality; microstructure; mechanical

properties
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