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Decreasing Energy, Scrap, and Cost by means of
Melt Quality Assessment of Aluminum Alloy Melt

1. BAZEDOHMN Purpose of development

BT LD T NI =0 DB A G AL B A 0 2 F ) E B OF
Si% & A HHlE
The purpose was to develop a method of assessing effectiveness of

melt modification treatment and determination of Si content by
means of thermal analysis.

2. BAZEDOPE Content of development

BMTIC R DT NI =0 L 4 O VR BLAI B OV AL AL 3
AOBR  PIEZ OO TEG 2 MM L THIE T 25 8
HHOT NVIE & I E S B AL K O AL BE A AN
TOmAHBROHE T DAL (IR LHFH) ZETe 2 LI2Lb,
K BM OBRHEIC DD D,

The characteristics of cooling curves of aluminum alloy melts

before treatment, after modification, and after grain refiner addition
were carefully studied to accomplish the above purpose.

3. PHREDOMR Results of developmen

WG ERED 255 SR D05 LV G L ER % O 7 H) il 1 o0 FHEE L
DWNT, FEREDOMBEE 75%LL L. 85%LL . 95%LL |
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BHENTEDLERERASN T, SETLOEMEMEt, W5
AVER 5 {572 8 DREVIZ LD BT O E SR IR EE 5,
PLTFEBARTRLOEY,

The difference of cooling curves before and after melt treatment
were related to the properties of the castings made from the melts
using 255 melts, while using three different correlation levels: above
75%, above 85% and above 95%. As a result, it was found that the
effects of Si modification and grain refining in castings can be
estimated by observing melt cooling curves. It was also found that
minor adjustment in estimation is necessary, depending on different
melting conditions and melt treatments in different foundries. Details
of the experiments are described in the following.

3.1 BIEFEH A typical measurement setup
Melt RE DR temperature record
B AHBIRSH  cooling curve analysis

IS K BRIy T iR FER  displaying analysis
JIS:K thermocouple shell cup

STRAHIERE

3.2 Al-Si RIS

A typical cooling curve of hypo-eutectic Al-Si alloy

Si E [ BA 4 A (T1) ~EEEHE T 4 (Tt) E T A b BRIRRE X
A typical cooling curve between the solidification start Tl to solidifica-
tion end Tt.
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Examples of aluminum alloy cooling curves
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Cooling curve analysis of aluminum alloy melts is applied to different
kinds of alloys in different ways.

3.3.1 WA - SMAEAR

Alloys for sand mold and permanent mold
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Appropriate melt treatment can be

selected by adjusting the kind and amount

of grain refiner depending on the analysis AEE  ACL B (BEEASD)

results. An example of a cooling curve of
AC2B alloy (hypo-eutectic alloy).

3.32 94 HANEABE Alloys for die casting
FERE R R TIE, B A OB
INRe BRiE AL PRI 10 3 1 7 R 5 AL
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Appropriate melt treatment can be
selected such as adding grain refiner or

slag removal depending on the analysis
results.

BIER - ADC12

An example of a cooling curve of
ADCI2.




3.4 AIEREDHAD

Thermal analysis by a measuring setup
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Temperature change between start and end of solidification is
digitally converted and cooling curve is drawn.

OPRBSRBE  primary undercooling temperature
OHEEBESE eutectic undercooling
CUERE primary solidification temperature
@OHERE eutectic temperature
OHBERERFRE  cutectic solidification time

@RABEBIER liquidus solidification time

3.5 MAIHREAERIEIC XD DHHE

Items of determination by cooling curve analysis
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Primary and eutectic temperature and time of solidification are

measured for estimating secondary DAS, Si%, state of grain
refinement of eutectic Si, type of impurities, and grain structure.

3.6 Aoth &EEME % & DIERES

Relation between cooling curve and structural image

3.6.1 BT LEMEIROER

Relation between cooling curve and structural image.
@ L OMRREL KL Melt status and structure
BITE: EBMEE (X 200)  Observation by microscope (200 X )

_TTEm (IMIEﬁ L)
original melt before treatment

0

IR DAS
melt after treatment

corn@lation

refined structure

coarse structure

@ LR BEL AR Melt status and cooling curve

pUBES: Joy ]

TTis (IBEL)
melt after treatment

original melt before treatment

original melt

after treatment

Eutectic temperature

3.6.2 Al-Si RIREER & /S ENRAKR DAERES

Relation between Al-Si phase diagram and cooling curve
Al-Si RIRAER Feop Al

Al-Si phase diagram cooling curve
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3.7 PILZBEROINEEHKS

Performance of instruments for thermal analysis of aluminum alloy melts
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The system of instruments can be used for judging material quality
and refining effects of aluminum alloys in short time and with high
sensitivity and precision.

The system is made sufficiently robust to be used on the melting
floor and the determination can be made before pouring. Therefore,
in-situ adjustment of melt treatment is possible, thus contributing to

scrap rate
reduction in products manufactured by such processes as sand
casting, permanent mold casting and die casting.

3.8 ABMERHEDRE

Principle of melt quality determination

3.8.1 AIFEBZAIK Instruments

TNAR=T DA OREEBRIEHRK TET, IREE b2 Il
L. WHERERIE T,
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Using the instruments, cooling curves can be drawn by converting
the temperature data from the start to the end of solidification.

Fig.1 is a typical temperature change with time of an aluminum
alloy.The curve is called a cooling curve. Notation and symbols of
characteristic points are described in the figure.

WA X BITHORR K GRIR) 1 TRIEOBET 0°CTEER LK ([ )
L2%, ZOKICHZEENT L, 0CROBIRVVRE TRITIVTHEV D EE A,
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DHZRLFAILERT NI=V LB EOHELFAET,

Fo better understanding, let us consider an example of water. Pure
water liquid on cooling solidifies into solid at 0 degree C at 1
atmosphere. If some salt is dissolved into water, it begins to solidify
only at some temperature below 0 degree C, where temperature of start
and end of solidification varies with the amount of salt dissolved.
Similarly, solidification temperature of an aluminum alloy is varied

ith the amount of alloying element.

L &EE

primary solidification temperature
CRERERE

primary undercooling
HERE

eutectic temperature
CHEBSER

eutectic undercooling

L R ERR

liquidus solidification time

DRIBRERE R

eutectic solidification time

L 2EERE

total solidification time

| MR ERER R & SR BRI DR

- ratio of liquidus solidification time to

1 AXphESERERA Y ~ eutectic solidification time

Fig.1 Cooling curve and characteristic points
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When alloying elements such as Cu, Mg, or others are added to an
Al-Si binary alloy, primary and eutectic temperature as well as
solidification time are changed depending on the amount of addition,
making the solidification complicated.

A liquid aluminum alloy is cooled by extracting heat until
solidification temperature is reached, where solidification starts while
generating heat of solidification. Cooling of the liquid is arrested
there or somewhat raised and then arrested indicating the primary
solidification temperature (L). Then cooling is resumed while
releasing heat.

Eutectic reaction starts before reaching the end of solidification,
where even a larger heat release occurs, corresponding to the end of
solidification. As shown in Fig.1, the second temperature arrest
appears, which is the eutectic temperature (E). As seen in Fig.1, two
shallow valleys appear before reaching the primary temperature (L)
and eutectic temperature (E). This is phenomenon is called
recalescence and two valleys are called primary undercooling (CL)
and eutectic undercooling (CE), respectively. By identifying these
characteristic points in a cooling curve, the instrument performs
estimation of secondary DAS, Si%, degree of refining of eutectic Si,
and grain structure.

* Details of correlation are described later under each item.

3.8.2 AERAYS

Cup for measurement

BT OB T 20y 703, 7B G EVR
BT I Fe i 7 JIS-K ﬂ%%ﬁéﬂ%
ST AIBHRASICE LY — - ®2 Fig2
77‘/73?/«5( TR, WA B IR R SRR Sk AEAN Y THE
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a measurement cup
The thermocouple as the sensor for analysis is
JIS-K type that is suitable for aluminum melt
thermal analysis.
The sensor is attached to a cup in a form most
suitable for precise measurement to determine
primary undercooling, primary temperature, eutectic
undercooling, and eutectic temperature.

3.9 ZEHE Correlation
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3.9.2 AN EBBEGROEE

Correlation between thermal analysis and structure image

TOROEITHELL M AR MR E BRI, LT O&57
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The figures below illustrate the correlation between the thermal
analysis result of a melt and structures obtained from the melt. DAS in
the example 2) is smaller than that in the example 1), and hence, the

melt 2) is considered to be a more desirable melt.
Ex. 1) D/SHIERZH L e & E ORMER

Structure image obtained from the melt
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Structure image obtained from the melt
Ex. 2) that produced the cooling 2 curve 2).
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Fig.3 Al-Si phase diagram

3.9.3 ASDHEABEROIERS
Correlation between thermal analysis and structure image
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Grain size and nucleation of the initial crystallization of an
aluminum alloy melt are strongly affected by the cooling rate
between the start of primary solidification and the start of
eutectic solidification.

DAS 1E, K% R SOHE fl R 00 K& X & (2 3 i SR IR 12 i H
T AN EEEIIL, T ORE R TR E B AR D 45 5 BSOS &
TEWIZEAEESND,

DAS is governed mainly by the time between the start of
solidification and the end of cutectic solidification, while
nucleation and grain size as well as eutectic precipitation are also
related.

KD DAS 1, W EIRE N HL DIz o ThEL D,

DAS of a sample becomes smaller when the cooling rate is
larger.
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Therefore, the relation between DAS representing the state of the

structure and the rate of solidification should be studied for estimating
mechanical and physical properties of aluminum castings.

@ REMERE & DAS DEFf% Relation between cooling rate and DAS
MK 72203 M HEE L DAS (1, BLF O X572 40 B
DHBND,
The following relation between cooling rate and DAS has been
found, depending on the alloy type.

FRHELRE cooling rate('C/sec) DAS( L m)
AC1A 0.25 67.0
1.20 37.9
63.4
AC2A 0.25
1.37 47.2
AC4C 0.17 90.5
1.10 40.5
RA
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Relation between mechanical properties and DAS
MK 72573, DAS LAY E T FO L5728 B
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The following relation between cooling rate and mechanical
properties has been found, depending on the alloy type.

DAS 53R tensile strength % impact value

(um) (Kgf/mm2) (kgf/mm?)
AC1A 37.9 35.9 0.93

67.0 27.2 0.46
ACA 472 400 0.14

63.4 29.5 0.11
ACAC 40.5 26.4 0.70

90.5 237 0.48

=B
Table B

@ DAS SHEMRRIVEE (515R) O BIFR

Relation between DAS and mechanical properties (tensile strength).
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3.10 AIERBOREMNEFASGE

Effective applications of the instrument

3.10.1 ZILZEEthE OLERESR (M EESR)
Material checking of aluminum alloy stock (confirming alloy type)

M T NI=0 DB EOITAMERICEY  —RE eI
WESMELHEIMZIMNAT0, 2 Ta ZIRA e TH 7
HIENZL e o T&EI, o> TINDLDEMRINIZT VI=T L
HGHOMBRHEREITOFELELC MEEE COMSIEITD
(FLLTHER Si &a &L Hk§5),

B HTE., F18, SRR OREREEZR 1187,

For the purpose of raw material cost reduction in aluminum alloy
casting, the recent trend is to mix secondary melting stock or to use
secondary stock only. For this reason, checking of melting stock
before melting has become more important than before. Thermal
analysis using the instrument, depending mainly on Si content of
different alloys, can be a reliable tool for the purpose.

Table 1 describes major composition range, primary temperature,
and eutectic temperature for different alloys.

st i’ﬁo% S3HT{E composition range _ AERE njeasured tempe.rature
No |HET Cu Si i EEE;E?E e;:?fe%i;ﬁlem : ;‘%%Enclf
item primary temp. p.
1 | A-4%Si | 02l Forlessy 40 6325C 5714C 61.1C
2 AC3A | 0.2 LT orless|10.0 ~ 13.0 572.8C 572.8C 0C
3 | A-15%Si | 02 Forlessy 150 592.3C 572.7C 19.6C
4 AC2A 35~45 | 40~50 614.5C 5536C 60.9C
5 AC2B 20~40 | 50~70 599.8C 561.9C 379C
6 AC4B 20~40 |70~100 577.2C 565.5C 11.7C
7 ADC12 15~35 [105~120 567.2C 565.5C 1.7C
&1 Table |
1) 3Bk No.1 ~ 3 (£ No.2 ® AC3A #HLELT Si & ED

D7y No.l (4%Si) &SI EAHEDZ U No.3(15%Si) &k
BT,
No.2 is a standard alloy AC3A. No.1 is a specially prepared

sample with less Si than No.2. No.3 is a sample with more Si than
No.2.

B No.4 ~ 7 IZB B DT NI=y 2B EHE ML,
No. 4 to 7 are standard alloys.
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Fig.5 shows cooling curves of No.1 to 3 in the Table in reference to
the Al-Si phase diagram. The shifts of the measured results from the
solid lines of the base alloy were caused by alloying addition other
than the major two elements. Eutectic temperature is almost constant
within the range of =0.7 degree as seen in the Table if allying
elements other than Si are kept the same. Accordingly, only primary
temperature varies with the Si content.

Other alloys not listed in the Table can be handled with the same
idea. Each alloy has its specific primary and eutectic temperature.
Therefore, once they are known by measurement, raw material
control and management become possible.

As seen from Table 1, each alloy has ranges of alloying elements,
and hence, controlling range has to be established beforehand by
making cooling curve measurement of different element
concentrations.

3.10.2 H& Si ML AIE
Assessment of refining treatment of Si in eutectic

Al-Si B2 D304 Si ORI RALE T Na 55 OB
{EAIZ D Al-Si-Na @ =Jedkf o i ki s,

Al-Si oot kY Al-Si-Na =k HEUDji?ﬁ)A i i E 23 <
2%, ZOBGHHU BT (Na ERM) RIEITRF L, 3 i
MEDRRERE T LTy B kAl oz R brDd, i
DA RIS L | LR R A E CE DB TH D,

— AL AL LT Na O, St =2 Sb BB TNAHA,

(2 Na BEO St AL 7 BHO SR 22 L L2 RO A5 L | it
n,;\\&U&EkﬁﬁuM&}E?&@{EV%%% IRY, XENE
NORMAE I T 5, HE 1T AC4B (Cu3.5% Si9.3% Fe0.45%
Mn0.15% 1) IZ >V T AL,

Modification treatment of Al-Si alloys is often performed by adding
refiners such as Na to the melt, in which eutectic Si is refined by the
action of ternary eutectic precipitation of Al-Si-Na.

Eutectic temperature of ternary Al-Si-Na is lower than that of
binary Al-Si. For this reason, effectiveness of a refiner can be
assessed by measuring how much the eutectic temperature was
lowered by the treatment. This is the principle of determining refiner
effect from thermal analysis.

Na, Sr, and Sb are known to be used as refiner. Among them, Na
and Sr are taken up here and experimental results are shown. Thermal
analyses were performed on a melt at different stages of treatment:
the original melt before treatment, immediately after treatment, 10
minutes after treatment, and 30 minutes after treatment.
Corresponding structure images are also shown. Aluminum alloy
AC4B (Cu3.5%, Si9.3%, Fe0.45%, Mn0.15%, and others) was
melted for the test.

1) (Na JER) IR %L, 0.01 ~ 0.015% USHNALERL 7= 185 D
A RE A K 2 1R, SR A o BUBHIEL R A Pic.1 ~
Pic.4 [Z/RT,

Table 2 shows results of a test, where 0.01 to 0.015% Na was

used for refining. Microstructures at different stages are shown in
Pic.1 to Pic.4.

2) (SrALER) I ITKTL Sr % 0.02% WS INALER % L7218 3 O iR
ERFERERIICTT, XFAERFROREON 4 HOMME
Pic.5 ~ Pic.8 |\Z/”R T,

Table 3 shows the results where 0.02% Sr was used as refiner.
Microstructures are shown in Pic.5 to Pic.8.

@Na ZLFH Na treatment

No. W% DB )& primary HE cutectic JBAR R undercooling
Time after treatmentent T ZEdift | T F diff. | CL'C | # diff. | CEC | #= diff.
1| KRB beforereatment | 574 | — | 5640 | — 572 | — | 5640 | —
2 | B® immediately after| 575 1 5544 | 97 572 0 5540 | -10.0
3 104> 10 minutes 575 1 5558 | -83 573 1 554.8 | -9.2
4 3099 30 minutes 574 0 5598 | -43 572 0 558.7 | -53
R RAERUR D22 &R2 Table 2

“difference” is temperature difference from the original melt.

- Si fH{EIRE  Microstructure showing Si refining

Pic.1 x200 Pic.2 x200 Pic.3 x200 Pic.4 X200
: A m - .

b e D S RS e e
R WIBEE WNIEE 10 53 LIRS 30 5
Before treatment immediately after 10 minutes 30 minutes
@S /LB Na treatment
No IR DRERFRE )& primary & eutectic 385 AR undercooling
" | Time after treatmentent T Zdiff. | T 7= diff. | CL'C | Z= diff. | CE C | Z= diff.
1 RAIE before treatment | 576 — 566.0 — 573 — 566.0 —
2 304> 30 minutes 577 1 5572 | -88 575 2 555.4 | -10.8
3 12043 120 minutes 577 1 557.1 -8.9 575 2 555.0 | -11.0
4 24043 240 minutes 575 -1 556.9 | -10.0 573 0 554.8 | -11.2
K ORAEIEREL L O 7 3 Table 3

“difference” is temperature difference from the original melt.

* Si fHEIRIE  Microstructure showing Si refining

Pic.5 x200 Pic.6 x200 Pic.7 X200 Pic.8 X200
. e & 9 N —a e LT

ILIB 240

240 minutes

Eémoﬁ

120 minutes

ROE B30 %

Before treatment 30 minutes

K2, 3 DHRORUD IR TEET,

The following comments can be made by looking at Table 2 and 3.

1) Na B O Sr &b IR AL B i & AL B 4% C I 0] Gl TR B L %)
B RO BAIZIEEAE RSB0,
Only very small changes between before and after treatment are

found in the primary temperature and primary undercooling in
both Na and Sr treatment.

2) Na KOSt & ICW T DR MHICB W TH PR m & | 455
W B b ABL R T2y, (UCL£0.5C UCE£1.5C)
Almost no changes can be observed in primary undercooling and

eutectic undercooling (UCL £0.5 degree C, UCE £ 1.5 deg C) at
all the stages in both Na and Sr treatment.

3) Na L OF St & (AL BRSSO A~ AL B R o0 e ff il BE 13 R &<

B T LT 5, Na ZUER 7> 54 7 T & DRI L ER ) R0
Pic.4 [T < ME<7e B L IR E N EH 55,
Large decrease in eutectic temperature after treatment is observed
both in Na and Sr treatment. Eutectic temperature resumes rising
with time accompanied with reduced refining effect, an example
being Pic.4 of Na treatment.




4)

Na JOY Sr %
T ENENDE EHTDEND
DML E N CELEETRT,
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(Z & TG AL B 217D &
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For your reference, recommended pouring temperature ranges for
different alloys are listed in Table 5 below. The ranges were selected
so as detection of primary solidification possible, except in some
exceptional cases.

The finding that eutectic temperature is lowered by Na and Sr
treatment as accompanied with refined structure, and is raised

when the refining effect is faded suggests a possibility of HE EREE HHE ERRE
itoring of refinine treatment by measuring eutectic alloy pouring temperature alloy pouring temperature|
mont g g y g AC1A | 710C~750C AC4A | 660C~710C
temperature. AC1B | 720C~750C AC4B | 670T~720C
AC2A | 690C~740C AC4C | 670C~720C
|=NI=] N=| —
5) R 4 IZEME D Na, Sr LB L2 30 1B O B T iR EE & AC2B | 680C~730C AC4CH | 670C~720C
ﬂ‘o AC3A | 640C~690C AC4D | 690C~740C
) ) o AC5A | 720C~750C ACBA | 640C~690C
Table 4 shgws decreaseiln §utect1c temperature by refining ACTA | 720C~750C AcsB | 650C~700C
treatment using Na and Sr in different aluminum alloys. AC7B | 720C~750C ACSC | 660C~710C
ADC12 | 650C~700C
. HEREETE
e BVEHRIRE C decrease 1:Ecutccuc temperature
alloy original eutectic temperature
Na Sr =5
- Table 5
AC2A 553.6C 11T -7.9C
AC2B 561.9C 11T -8.7C - - N
AC3A 572.7C 8T 56T 3.10.3 RE&H 5 DHEH
AC4B 565.5C -10T -7.0C Conclusion of the experiment
ADC12 565.5C 13T -6.7C Iz ~_ Sy RISV S ~
- ESHTIZE DT N I=0 MG @GR E X, MBS 12T
Table 4 TR TEAZENRALHIC ST,

L BHE R Ay 7~ OEGIRE T FRLOEY
TEG IR E & KRB o %é\é’ﬁ%b‘f?ﬂaa{m&:%aaHjéiz“éi%bl%
C-YAQERI AN

alloys.

iR — b / Technical support

It was established that melt quality assessment by thermal analysis
can be a useful controlling tool on the melting floor of aluminum

SVRZ~F3E | Overall shape

TERBREL VYL SHERHAIVAX

Free rental of a demonstration set Customizing for each user

QWA T AL T L ZALT § BAEOMECEMICEDETZBRIEIS
TET. (HESMOT VAT IIHHE) | HAZSAR,

Free rental of demonstration set Free | We assist the user fo specific
rental with a cup stand for two weeks. customization

(Disposable cups are charged)

BRICIHUY I MARITAX | BERR

Software customization ALT-I temperature sensor

TarZ AOWEEN A (FHE) BEZ=vrOKIE, ISO DEEIC

The program can be customized to the W 61 7= EIHDVERL A RE ( H1E )

> . .
user s specification.

-k / Specification

Temperature calibration.
Paper preparation to conform to JIS.(to
be charged)

H360X W410XD140 mm

RirER

Technical note

RLEE JOFELSEERM L F2 2 MR,

A booklet is provided describing details of
countermeasures

{REE / Maintenance

MERHMAREI BT 14, T U B0 BHITAHIC
TITWET, M., BERICEDWE 7Sl -
EHE, BRI NSRS T HE L2 £,

Free maintenance for the initial one year. Paid
maintenance after the initial period.
Cost of repair of physical damages by accident must
be paid by the customer, even though it may be
within the period of free guarantee.

E=4 / monitor

154 VFFwFIXIL (BE

87530 ) / 15 inchi touchi panel (supersonic type)

(O]

Windows Embedded

{RTFEAR] /| preservation period

3£/ / Three years

AAIEIR | power source AC100-240V
JREEZEIRER | temperature sensor  JIS-K RITEEEE (0 ~ 1340 'C) / JIS-K range(0 to 1340 degC)
A5 —TI—2 | interface USB X1 RS232 X1 VGA X1 O E_&t/\—
- Z’j*) eV, onitor cover

HYTAH R [ cupstand 13 (5m) / one set s O HiEE LS
EE / weight 11kg Pedestal

O AR-cu

p




On-floor controlling tool for aluminum alloy melt

Evaluation tool of aluminum alloy melt characteristics by thermal analysis using cooling curves

o
= ot
L

Melt quality is
evaluated within 5 to 6
minutes after pouring.

@® Checking the alloy ingot grade

@ Determination of Si content in AlI-Si alloy systems

@® Judgment of modification treatment effect

@ Evaluation of melt quality: physical and mechanical properties
@ Featuring on-floor quick measurement

OK zone (acceptance zone) of cooling curve is constructed from measurement data sheet.

" ADC °C
NG ! NG !
OK Zone K Zone
NG | NG |
Sec Sec

%(//) NAKAYA M A 1

Co.,Ltd. #1l% 2008458
£9k 20164 17

AR T451-0066 ZHEMAEXIEE 3 T H37-22
Main Office Nagoya,Nishi-ku,Kodama 3-37-22
TEL.052-521-1171(ft%) FAX.052-521-1180
E-mail info@nakayama-meps.co.jp

Official Site http://www.nakayama-meps.co.jp/
BEHAREZER TEL.024-545-6588 FAX.024-544-6588
East Japan Office
BALT-IEZAY<+ http://kk-nakayama.com/




