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Table 1 Comparison of the physical properties 2.

Aluminum Iron Copper
It Unit Soft Hard
o M| e 1060118 | 3004138 | 7075-T6 | Pure iron | stainless | stainless | - bure | Gopper
steel steel
Atomic number - 13 26 29
Atomic weight - 26.982 55.847 63.546
Electron configuration - [Ne] 3s%3p! [Ar]) 3d%4s? [Ar] 3d'4s!
Crystal lattice - FCC BCC FCC
Lattice constant nm 0.404 0.286 0.361
Density  solid/liquid g/cm® | 2.70/2.35 2.70 272 230 7.87/7.01 7.90 790 8.93/7.90 8.90
Thermal capacitance
solid/liquid kJ/kg-K | 0.92/1.09 0.45/0.61 0.39/0.50
Thermal conductivity | v/ | 933/100 | 230 160 130 78/40 20 20 397/170 | 390
solid/liquid
Thermal diffusivity mm?/s 96 22 114
Melting point C 660 646-657 | 629-654 | 477-635 1536 1427-1471|1427-1471 1083 1065-1082
Latent heat kJ/mol 10.7 15 13
Necessary energy up to | 1y, ) 26.7 53.2 396
melting point
Electrical Cond““‘("zl(t)XC) IACS% | 65 61 42 33 24 21 100 100
Thermal expansion VK | 235x10° 121x10° 170x10°
coefficient
Young's modulus kN/mm? 70.6 2114 129.8
Shear modulus kN/mm? 26.2 81.6 48.3
Poisson's ratio - 0.33 0.29 0.34
Tensile strength N/mm? 130 285 570 618 1059 343
Yield stress N/mm? 12 250 505 275 858 309
Elongation % 6 5 11 55 15 6
Strength-to-weight ratio | kN-m/kg 48 105 204 78 134 39
Aluminum alloys used Hot working Cold working (H1n) Moderately softening (H2n)
’, for wrought products
Stabilization treatment (H3n)|
Non heat treatable alloys | | Heat treatable alloys |
—>| Annealing (0) Paint-baking (H4n)
Pure aluminum Al-Cu alloys
Non heat treatable all
(1000 series) (2000 series) (@ Non heat treatable alloys
Al-Mn alloys Al-Mg-Si al]oys Hot Working|——>| Cooling (T1) Cold working (T2) |—>| Artificial aging (T10)|
(3000 series) (6000 series)
ALSi alloys Al-Zn-Mg alloys Cold workmgl_ | Solution treatment (W) Cold working (T3) |
(4000 series) (7000 series) ‘|: - _
AL s o |
(5000 series)

Fig. 1 Series of aluminum alloys ?.
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Table 2 Temper designation system for wrought aluminum and aluminum alloys .

Temper Description
F As fabricated
(6] Annealed to obtain the lowest strength condition
Hln Strain hardened only
H2n Strain hardened more than desired amount and partially annealed
H3n Strain hardened and stabilized to improve ductility
H4n Strain hardened and laquered or painted
T1 Cooled from an elevated temperature shaping process and natuarally aged
T2 Cooled from an elevated temperature shaping process, cold worked, and naturally aged
T3 Solution heat treated, cold worked, and naturally aged
T4 Solution heat treated and naturally aged
T5 Cooled from an elevated temperature shaping process and artificially aged
T6 Solution heat treated and artificially aged
T7 Solution heat treated and artificially overaged
T8 Solution heat treated, cold worked, and artificially aged
T9 Solution heat treated, artificially aged, and cold worked
T10 Cooled from an elevated temperature shaping process, cold worked, and artificially aged

Fig. 3 Example of the aluminum products (cans, aircraft
and heat exchanger).
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Fig. 4 Manufacturing processes for aluminum sheet coils
and plates °.
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Fig. 9 Schematic illustration of hydrogen removal from
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§A1+HZO—>H2+§A1203 (3)
CORMOBEAT A FIEK (4) TEDbEND,
B b, B OKFEREL 0] cc/100 gAlEH LTI
GRS TUEBR I O R RAE D7 <, 20 L SIVER "Zﬂ - 3’;53’“ N, (4)
DI=DOFWNEETIZT v A, T xR LikA, Fig. 9
DX H A (ArB L UCD) 2 L TEIEMNIC
KFEAA L LT AF R TREREDTTDIS,

96 UACJ Technical Reports, Vol.3(1) (2016)



Phils X O LA E LR BRI 0T 97

K BNy O F) W =03 ppm, E & B R K
k=0.0005 m/s, ¥ % Ep=2300 kg/m®, % =
M=500 kg, W IR#E Eh=1m, WHEF A IKHEIK=
0=1 m%h, ﬁi@LﬁEEVZI.OZI@C:EQ%Lf_gitﬁ:
Tl&, Fig. 1013737 X 9 IS A 2 5705 r 23/
SWVIZEPAARRDPRELM ETHZ LD, X
> TEKTIIFig. 110 X 9 508 A KO bl
WA ALEEDA T4 Y THHNS,

WIZT VA Y 4)E (Na, Mg, CaZe &) DAFEEE LT,
Fig. 120 X 9 IZAI-Mg R A& Nad i ppm F7ET 5
EEBIEEICBVTHLENIEL S, TVH) R
DRAFIHA, B, 7F7 v 7 AR5 THY, BkE
LR O3E A A &R L CRORR 5) Tl 7 v
M) EREREEL TN D,

2Na+Cl, — 2NaCl 5)
Mg +2/3AICI, — MgCl, +3/2Al

LAL, EOBICREAT 21 (MgCl) 138 710C
PLECTHARE 72 5 72 DB O M E 2 B 5 W) i
FTY 7 MMEWE LTEHIICEAL, EEIIBWT
MRG58 S 260D 5o BRI 213 7
YA D B 7z OMRE T >~ 7 v & BRI HEBGE $ 5 & Kb
N E 2 RE) WS H 2O THETRETH
Bo LEOBIED?S, WHLHIZ B TS A &
BLOBHREOWEEEMITETSH 5.

RBRICNFER OAEMEE LT, MERHU R &R
METEE DT, I T O Rd X, B, Ehz
ErRFEEL, BhokEeay, M X )RR
WCHlb s &AM A — BIRREG) 2 T2 %0 STE
P23 Fig. BIRTRALWROMIZ, RIALWR KI
A K%, NTA KRB ENEHEL, Table 3ITRTE
BEEED 2, CNOONMERORERZT VI =Y
KBTI EHI) B X 2 AR5k
WCHEL Vo AMEMOF LI T B R (6)
KD BREERE BRI E FFNT S A &, Fig. 4O X
ANIRE & 2 LW LY) 5 01 B 7 By B 13/ NEAAE
Wiz &AMy 5, £, BERESBORAI
DVWTHHEDOZENE R 5,

2

:7”3,01fhzz=—:ﬂr3(P1—PA)g+6ﬂﬂr(W—Z’;) (6)
CIT, z, tBEXUOr3ENENAEROME, KB
SO, pr oA 3ATER B X OEG OB, w36
HOMYERE, WZEHOEETH %,

Lo L, EHERRZ RIS Z Li3EEoY 1 7L

—I—I Bubblrlradius 1I mm
—a— Bubble radius 5 mm
—o— Bubble radius 10 mm ||

Ny \
\\\

0.2
0.15
0.1

~—]
0.05 —L
0

S
\ N
\
\
\

0 100 200 300 400 500 600 700
Time/s

g
=3
a
<
2]
<
on
o
5]
on
S
~
=l
>
=
—
5]
=
=
3
g
=
3
Q
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Table 3 Morphological features of the typical inclusions in the molten aluminum '©.

Inclusion Figure by SEM ?ge/rgnlt%r Th(iff;n)ess Lfiflgh Observation by optical microscope
AlO;  |Film, Film aggregation 3.3~ 0.05~2 |10~ 2000 Black, Gray
Needle, Rectangle 3.98 1~10 3~50 |Gray, Transparency
Bulk, Distributed like particle 01~10 Black, Light gray, Transparency
o MgO Granular, Granular aggregation 3.58 02~1 Black, Gray, Yelowish at low magnification
5 Film, Thick membrane 05~5 | 5~100 [Black
°© Al:MgOs |Film, Plate like 36 1~20 | 5~500 |Blackish brown, Granular constituent particle
Global, Bulk, with crack 5~200 Blackish brown, Granular constituent particle
Fe:O03  |Bulk, Flake 51 1~50 3~200 |Dark gray
Refractory | Bulk, Rectangle, Global 10~ 200 Black, Gray, Transparency, Al,Os; SiO,, CaO
Carbon |Flake 2.25 1~20 | 3~100 |Black
2 ALCs  |Hexagon, Rectangle, Trapezoid 5.36 02~15 1~30 |Gray, Chemical reaction in atmosphere
g ALOC  |Bulk 05~10 Dark gray
“| ALOB |Needle, Rectangle 02~5 | 1~30
TiC Indeterminate form 0.1~50 Gray
AlB; Hexagon, Polygon, Rectangle 3.17 1~20 Yellowish gray
Needle, Rectangle 1~10 5~50 |Yellowish gray
g AlBiz  |Bulk, Bulk concatenation 2.60 2~30 Dark gray
é TiBe Bulk, Plygon, Rectangle 45 0.05~10 Beige-ish gray, Pinkish at low magnification
TiVB,
VB: 5.1 Particle of grain refiner is very small, but
others are relatively large.
AIN  |Thick membrane, Distributed like metal| 3.26 1~500 |20~2000|Gray, Complicated shape
AlP Hexagon, Triangle, Trapezoid 24 05~20 Gray, Hole is immediaetly generated by
N altenaternation in atmosphere
é,o AlOCl  |Global, Flake 1~20 Gray, Transparency
°© MgCl:  |Global, Reactangle, Polygon 1.98 05~10 Transparency, Hole is generated by polishing
with water
NaCl  |Hexagon 217

Sedimentation of the inclusions from the top surface

ALO, : 33~398 g/cm’
MgO : 358 g/cm?
ALMgO, : 36 g/cm?
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Fig. 13 Various types of the inclusions in the molten £ TN “
aluminum. g, \ N\
ETTN T
3, \ A N
QS; ~ ] .\. | — .
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20 TREHDA VT4 VI EEE R & Fig. 14 Efficiency of the inclusion removal by the
. . . gravitational sedimentation.
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CFF : ceramic foam filter
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CFF Ceramic tube filter
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Fig. 16 LiMCA system for detection of the inlusions in
the molten aluminum 2.

DBF : deep bed filter

Heater

Filter bed -

Fig. 15 Various types of inclusion filters. 7.
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Fig. 17 Schematic illustration of the DC casting system.
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Fig. 19 Prediction of the butt curl growth in the early
stage of the DC casting .
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Fig. 27 Various types of hot rolling line, A: one reversible
mill, B: two reversible mills, C: reversible mill and
4 tandem mill 9.
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Fig. 28 Layout of the hot rolling process .
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Table 4 Type of the strip shape .
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Fig. 38 Definition of the strip shape (flatness) %.

Fig. 39 Relationship between the strip crown and the

shape .
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Qe: Cooling by the air

Qw: Cooling by the coolant

Qr: Heat reduction by the work roll

Qf: Heat generation by the friction

Qp: Heat generation by the plastic deformation
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Fig. 42 Influencing factors on the strip temperature .
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Fig. 47 Experiment apparatus to evaluate the roll cooling .
(upper: roll and the spray nozzles, lower: coolant
tank)
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Fig. 48 Experiment parameters of the roll cooling
simulator .
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Fig. 49 Data flow of the roll cooling simulator .

Table 5 Specification of the experiment apparatus 2.

Items Specification
Size ¢ 675%660 mm (hollow ¢400mm)
Roll Material RP48 (Special forged steel)

Speed 0~ 360 mpm

Inner heating by the steam,

Heater Heat source max150C
Pressure 0~15 kg/cm?
Spray -
Flow rate 0~60 ¢ /min (per nozzle)
Column 3xXRow 4 = 12
Nozzle | Arrangement | Nozzle pitch, Nozzle type

Number, Impinging angle

Type Soluble coolant for the hot rolling

Lubricant | Temperature | 60C (Heating by steam)

Tank capacity | 2000 £

Pressure Pressure gauge
Flow rate Flowmeter
Sensor Thermocouple embeded in the roll
Temperature

(¢ 0.5 Sheathed thermocouple)

Data logger | Sampling pitch 100 ms

Roll surface

Roll surface
10 mm

20 mm
80 mm

38 mm

Fig. 50 Arrangement of the thermocouples in the roll .
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Fig. 51 Temperature variation due to coolant cooling

and air cooling during the roll revolution #.
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Fig. 55 Depedence of the average heat transfer coefficient
on the nozzle pitch %,
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Fig. 56 Peripheral boundary condition for roll temperature
model %,

Table 6 Input data of the roll temperature and the heat

crown calculation %,

Items Unit Value
Work roll diamter mm 725
Backup roll diameter mm 1530
Roll barrel length mm 2850
Density kg/m?® 7800
Thermal capacitance kJ/kg-K 0.46
Thermal conductivity W/m-K 46
Thermal .e)fpansion /K L14%10°
coefficient
Young's modulus N/m? 2.1x10"
Poisson's ratio - 0.3

Heat transfer coefficient

Coolant W/m%K 8000

Strip W/m*K 64000
Air W/m*K 10

Backup roll W/m%-K 1100

Boundary temperature

Coolant K 333
Strip K 593
Air K 323
Backup roll K 343
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