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12l 1. Schematic drawing showing the rolls cavity,
nozzle and solidifying strip.

28l 2. Typical grain structure of properly grain re-
fined strip. Castingconditions: tip setback ;
S=70mm, casting speed: 95m/min,, Liquid
metal temperature in the headbox ; 685—6838C.
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$3o] Zol7t 1.6mm F718-E F33A .

.3 & E0lAMe & (Defoarmation in the
rolling gap)
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22l 3. TEM micrograph showing the deformation
structure of as cast strip.
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12| 4..a: Variation in hardness across the strip thick-
ness, for as cast strip, Al—99.5w /0. b: work
hardening of the same material during cold
rolling after soft annealing.

(16)

b - -~ .' oy
r L ] ..‘. - * -
. . N " ‘. -t g - .
. - - , ...,‘. -
- . * - 1
N . "‘ . -~ -
r i - ',
-.. _.. . - oas - . ’
! . ., . . - ' -, ‘
(LY . _'
. 10um |
- 2 .}
a)
CELL
SPACINGH
CENTRE OF STRIP
pm] UPPER L OWER
SURFACE l SURFACE
0
gt O’ \ )
/7 o
/O
7 0,6

DISTANCE FROM YPPER SURFACE [mm]
b)
2l s.a: Typical solidification cell structure as
observed by light microscopy, longitudinal

cross section,0.5mm from the surface. b: Varn-
ation in cell spacing across the strip thickness:
Alloy Al—0.5w /o Fe—0.2w /o Si
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1.5 =32l 37| 2X(Size distribuution of pri-
mary constituents)

719 5bs} o] XA (cell size) 7} ZHo.
d 239 A7 AY L Fo 7189
DC T2 F G 4AF Age) vws) vA F

&3t 33E9] A7) IR694 Benret @01 5

“ﬂ’B‘E A4,

w53 313 Q] A 717} FolRH £33 AH
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AAS0072 YAAVE 1~5mE = HR 8 A7)
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1% 6. Size distributions of primary constituents., Al-
loy AA 3004 a: Strip cast, homogenized
24h /550, cold rolled to 2.5mm and soft an-
nealed. b: DC—cast, homogenized, hot and
warm rolled to 25mm followed by soft
annealing. (The quoted mean values are the
arithmetic means), |

(17)

¥ S50 SAFEY 2P ZAew, o
3 ~Ef (strip)& <& (drowing) ‘3.1 wall —
ironingB o2 7Z4%S AZXw FAAFA (susr-
face galling)”7} £% Jehdt}l FwAtdle 39
I #dd g& dAE oA d4FS FEIL
A2},

1.6 Z=&<2| SEH(Types of primary constituents)

SUEET FOH FRA A 3HE] A
8=7] 4ot fARE A4S DC—FF FdA
#&gd 5 Ao FH9 FAE 24 §u&
9] W3yt dojuty] W e FEL thEAte] A
Aso] &9 wie “AUF FY(fir~tree zo-
ne)”o] AN
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Aol W77 43 & WAEEIME beed
a— AlFeSi12 4w 3tA AT

1.7 228 A(Elements in solid solution)
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p= T2 ¥|A 3}, pawws 99.99w /0Al¢] B
A%, Cvge= Mgol 558 vt Q2 05 ¥
3.62 FAEFWNA FH3 Aol FAtE] o
AA30049] H7] BIAFE S-S A L8AF
o 0.92w /0¢] Fe+Mno] &S B AFr},

F<4 5= annealing?] Fe$t Mn9] 4 &0 o]
7] wiFo] QA= 7)(grain slze) Aol &-2}3)
A @42, ol BZAE ot de 7ed
Ho 2 dd3lAe] 2 flash—annealing*] ] 7}
At L Hx e FHLE AAHE AAA T =

o=2X, 7ZIAAHGAS] 4% temper—an-
nealed sheet #)Zo) v} & G213}

2. =& 27t FxAE(Structure In-
homogeneities and Casting Defects)

1 SA|M HA (Centerline Segregation)
F44 BHe a9 7904 nensigel #7
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1%| 7. Centerline segregates as observed by scanning
electron microscopy. Alloy AA3004.
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. ¥eth

2.2 UXI=Z| (Grain structure)
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2| 8. Unfavourable grain structure. a: Feather crys-
tal formation. b: Coarse grain structure,

2.3 Y™ (Level line)

13 9lA] DC—FZo A9t FAFsE #@ A (le-
vel line)olgtal 2 W BEadAe 24 ¢
t}. Nes?7l X F = o] ¥H EFdAdL F9
Jef o] oA fRto =z B4 glon, o AEgL
XA ut2 Peo] M E47E (cell spacing) 2] H3}
9} #&Ho] Ut} ojAL W JH7hE- FojA 9 &
I &7 F71H 08 Hiltke A 9ujdies A
ojt}, o] F71HQ 3 £x 9 Wil A S5
o] & (nozzle tip) & wWd w AA] Tl A
21 AsE bl F713Ql B E o7 i
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8 9. Typical level lines. The Sample is etched to
emphasize the effect.

o vehts Aol

2.4 M ZF|(Surface streaking)

XA AN SFHE FERAAN FF B + U
o} olg EFY= HA Yo Existe A 9
g A 3 obd RAx At

2.4.1 Z2EJ(strip)&ol] 22L& zte FTY
(streaks with underlying voids)

oA A4 FF(void) Q) 7F= 8 (stringer)
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= Ylolztar & 4 U
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=
=
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olE FANEE FA}= A F TF7T AU
=3
O =ZHEHoz EBeEo IFHY =F
(nozzle) & 9= A%

@ w=Z(nozzle) &7 7t HH&(Hz)o] &
As= 35

ZZE 13 F FR:%(casting nozzle)E& =&
AVt A3 ag110A Be vke) 7ol nozzle ¥
st slurry7b %2 A& & 4 Aok o] slurry
= FAF AR @viEoeR AR A LHEE B
ok oz} Tigk BS &3t dAke ©olg] ¢
& RG22 11b).

Mg 83t 28 (melt)e :=ZF(nozzle)&
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(c)

1% 10. Surface streaking with underlying voids. a: Transverse cross section
showing the grain structure and void. b: Appearance of the as cast
surface. c¢: Cracking after bend testing Al—0.6w /0 Mg—1.0w /0o Mn.
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TIP OF THE NOZZLE
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Alg(Mn, Fe) /
Aly03
AlTh e
AITIB T
A e
g
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(b)

8] 11. a: Longitudinal cross section of the material
inside the casting nozzle, Etched to reveal
the segregates at the bottom of the nozzlo
b: micrograph of the bottom layer showing
the various constituents which are present.
Alloy Al—0.6w /0 Mg—1.0w /o Mn,

o] = styrite B E 323} nozzleS ol H
al(errosion) A (spinel)S AP =&
(nozzle) 8] tt4 AXE WuldEL 4 mm T/
2 A3t F23F 943 (clogging) S ZH3HA
i21=3

FF d¥E e A8l HoEHE =44
B o 2 S JEl= Aol BFolt) 1
H109 A ZAFS 3= A8 H.sxe
0.20PPMo]t}. Low metal& AA3 A 7H)
A8 3t7] M= F2-83) 2 (casting furnace) &
=2 258 §AT oot v u2tM Hes s
S7FHA H1, 53 Mgs &fsle 892 He
Fol F71tA "ot A 3Hlaunder) Al9] A=
a9AQ E7tE FX7)F *e Hos=8 98 ¥
23

(20)

2.4.2 WA o3 ArlE EW ERY
S FYHoE FES FUsE ol E3F

st HAE Fggt
a8 12ax FX F9o BEE=F(nozle t1p)°1]/‘1«]
AA7IE B33 ot YR Ao}t ol F)
9] o] nozzle segment’} HLAH T YASE & F
A}, o] A= "371 1 F9e AEE S 2E
Hlstrip)ol EH EFHE IJAFsiAdEY. ¥
12be= %49} 4@%1 A A A (massive segre-
gation) S R oF31 Y}

2. 4.3 3|7} fle 54
oz ojwd Yy AFAE #|Ho] g AW
ZR47 24T 4 Q) o] ¥ Wi o
o o3 Y F gk o] E2FH = F2E(roll) ¢
EH 279 IRy w3l £ Alojy i§E F
o] ¥ & (deposite)l] &3 AAHETh

0.5 mm

(b)

212] 12.a: Close up view of the remnants of the tip
of the nozzle showing displacement of two ad-
jacent nozzle segments. b: Segregation of
Fe /Si caused by the distorted metal flow.
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2.5 E(roll)2] M Eoof olafl M= #H 4
&H(Surface defects caused by damaged roll
surfaces)

F2E AW B3 Aol 2EY(strip) BH
2 AgdEd. FZ2E(roll) A 7 dukF Oi
A7l &L E9E (thermal fatigue)ol] <))
AT, L8717 F2718 AHEEE FRE(roll)
FHol= #87 20 799 3z E g

(2)

Agd. mEtd SEY(strip) BH = S0t
pzo] AdA A, oj#F FEE(rll) BH LS
THA] Zolyjolgity. T1¥13av ME Zopd A9
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2l 13. Typical examples of good and bad strip sur face caused by changes in the
surface quality of the rolls. a: new rolls. b: After casting 450 metric tonnes,

2.6 =& MZBOHAM L2 lXtel 22l (Rolled—in
particles from the nozzle material)

SCAL JUMBO 3C CasterdlM F%3}7]) Ao
E(roll) & 28 nozzle tipS AEA|A nozzled 1
A AIY F2A] =Z(nozzle) 3 E(roll) Aol ]

AL w9 Folr Zo] Z2FY GHALE v&
(nozzie)® E(rol)S AR FAEZY & Q. =&
(nozzle)zﬁi% A1203-Si02’§‘19r9}' é@'z‘ﬂi ‘_r"”‘é‘
Hol Aoy A YA 2¥ 1adlA Be b}
o} o} EAE & Utk

21 14. SEM micrographs, a: Nozzle material, note the coarse particle embedded
in the fibrous matrix, b: Particle from the nozzle rolled into the surface of
as cast strip, c: Defects in 70um foil caused by the nozzle particles.



~380— dzoly HEFZA FU2EY 23 27 o A4 - 2494

E(roll)o] xZ(nozzle) ¥ 2 HE3H 49, (nozzle tip) & E(rol) 25 H del 45 Hyo
HA7E E(rol) EHO 2 Hojx FUAEJ (strip) | &} Fg AAgol FAH edge trim-
o2 Ady o WA QA7 2E Y (strip) T H I’Ilinge =R Qo= A #Es AAE

ubsi Al Joi(2g 14b). YES 4AS 3 1Y
l4coll A B+ uviel Zro] Aol A3k 485 o
07]1A) ¥t} x=ZE(nozzle)S F9 LA FAH3o

M ol A¥e FE Has AlE U o
gk EAE &H3 #{Astr] SsiMe =%
(nozzle) A EE 7MA3te Lol 4ol

2.7 7I8Xt2] ZLEY WXMZA (Edge cracking
and tearing)

AR E] FYLe BE FZ(twin roll cast) A
g2oA vehde 7PE gubAEgl EA- ol a9
15a8l| 4] #EE 24 3lon], o2 ZAFE AlEo
s g oA TG pattern) S HY F
At 215bolA & F QFol FEL F&0]
BRHog gudd HAEGe RS ¥ F<
Aolt},

33 o] & FFe AL @I W A
A #Eol WL F Yolud T EE

T’J‘ { ‘_n'

7hast -2 glth
2E g (strip) &} Z& 33| SH%E’_EW
7}'2]'7:}‘1] ﬁga -J—-E:"% ")T:
& muE 13 1529 722
g3t} olE FEL ~E
Ag % glom, 22 A A%
oA F Ut

7 z«lwa %

A3

i1

2.8 & EH E"*l"‘-ig?l(Stlckmg)
Z2z () &x 9 A3 E(ral) EHE F3
gelo 2 HE d& &= X o8 dHE
. B0 E(rol)g WA o7 Aol A3 &
AEHRA god e EQMESHA dd ey

AARE FX E(roll)g 28 Agste E o
g Aol dojdr}t B3] X2EF(strip)e] &
(roll) o] 3#3}A} (adhesion) €8t A

(sticking)ol] 9% FggFS et detEe B

b)

18] 15. a: Typical edge cracks which develop into an edge tearing.
b: Segregation pattern in the wvicinity of an edge crack.

(22)
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L E(ro)Fx7}t Fobdd wet AA 559 2
=7F wolgdl wt Frbsith 3 S 3o
W o] & A vE 2 717 9 4
t}, o] EatE = A (sticking problem)<+= B‘:%O]
F2o S84 (MgO, graphite)& A3 AY &
H(strip)ol FEE VEIFo 2N FaAd F ‘311
t}. BercoviciWol ¢)sbd 2EH(strip)ol] A3
&S Y9 7)]= macroscopic stickinge Z(roll)
Zyzbel) Aa)e %8 (driving force)S vlu L
2R dobdS lE microstickingd] &8 A3d
il Stoh o] A2 AMAHWS HAHF A]F]7]
Al AsA o] FA] (system) o] A o] &=L
Ao, olz]d AX|(system)= HEQLZE ALE
Hal YA Foh

J—

3. &E(concluding remarks)

A7IN FRI 23 E4LEH FE FFL o}
7] P33R @t FoE 83te oA A4
& AFSAT. A5HA 2EH(strip) FIHE
FSAA AE2 3vj2E 48 AAET ich
T3 Fx TEE FEAl= 74 AR *3%*}
ZlEAte] o3 usH g ook = A
AZS i, M HAF FA= A A\:L"“‘—f"—
il FHOoE FUdte A #FHo] AT =F
(nozzle) A £.9] sNdo] H4F el oty FH e
AARE 1A FT2E(roll) o] 9 Aol F
g3}y, 73k #EE gEEe A4S 78S
o7 olF I scrapFE FEF AN E(ra)F
ZHe AME A Uk
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