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Abstract

A new semi-solid metal processing technique has been developed to produce
semi-solid slurry with more effectiveness and efficiency at lower costs for the rheocasting process.
This technique is called the Gas Induced Semi-Solid (GISS) process. The GISS process has been
successfully used in laboratory settings to process several aluminum alloys, including cast and
wrought alloys. However, to develop this technique for commercial applications in industrial
settings, it is important to determine the optimized processing conditions in order to control the
resulting solid fraction and microstructure of the alloys. In this work, the effects of rheocasting
times, rheocasting temperatures, diffuser surface area per melt volume (S/V Ratio), graphite
diffuser temperatures and metal weights on the resulting solid fraction and microstructure of A356
aluminum alloy were investigated. Results of experiments show the relationship of the processing
parameters rheocasting temperature, rheocasting time and amount of metal used in the GISS
process. In summary, the results indicate the suitable conditions of the GISS process are lower
rheocasting temperature and longer rheocasting time with the diffuser surface area per melt volume
is increased. These conditions result in the solid fraction is increased and the formation of fine and
uniform globular structure of the primary ¢ - Al phase. The primary « - Al presented in mean
particle diameter of 60 - 80 um and shape factor of 0.65 - 0.75, and by using semi-solid slurry
prepared by the GISS process with die casting component after T6 heat treatment can improve

mechanical properties such as ultimate tensile strength of 293.3 MPa and elongation of 10.2%.
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M5 0.1 naasauiani q vesezgiitlennauinsa A356-T6 TunurasuUURLNDIS

Description Unit Value
Physical Properties
Density g/cm3 2.68
Mechanical Properties
Hardness (500g load; 10 mm ball) Brinell 65.0-95.0
Ultimate Tensile Strength MPa > 228
Tensile Yield Strength MPa 2 152
Elongation at Break % Z 3.00
Modulus of Elasticity GPa 72.4
Compressive Yield Strength MPa 185
Poisson Ratio - 0.33
Fatigue Strength MPa 90.0 (of Cycles 5.00e+8)
Thermal Properties
Heat of Fusion Jg 389
Specific Heat Capacity J/g-°C 0.963
Thermal Conductivity W/m-K 151
Melting Point Temperature °C 5572 -612.8
Solidus Temperature °C 557.2
Liquidus Temperature °C 612.8
Processing Properties
Melting Temperature °C 667 — 816
Solution Temperature °C 535-540.6
Aging Temperature °C 152 - 157
Casting Temperature °C 677 — 788
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Description Unit Value
Components Properties

Aluminum, Al % 90.1-93.3
Copper, Cu % <0.25
Iron, Fe % S 0.60
Magnesium, Mg % 0.2-0.45
Manganese, Mn % S 0.35
Silicon, Si % 6.5-7.5
Titanium, Ti % <0.25
Zinc, Zn % <0.35
Other, each % <0.05
Other, total % <0.15

(ﬁm: http://www.matweb.com/search/DataSheet.aspx?MatID=9934)
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Scientific Equipment Center, Prince of Songkla University

e Central Academic Administrator Bld. Hat-Yai Campus, Songkhla 90110 Tel.0 7428 6904-7 Fax.0 7421 2813

F-RES-0031/E Rev. 5 29/05/52

Client Name and Address :

Test Request Form No.:

Test item(s) received Date :

Test Request Date :
Analyst :

Test performed Date :
Test Method Used :
Test Equipment :
Test Technique:

Test Condition :

. Test item(s) description :

Test Results :

No. 2218/52 Page 1/2
TEST REPORT
Dr.Jessada Wannasin
Department of Mining and Materials Engineering, Faculty of Engineering, PSU.
2369/52
August 31,2009
August 31,2009
Mr. Sutee Padungkul
September 2,2009
Refer to WI-RES-OES-001: Work Instruction of Optical Emission Spectrometer Operation
Optical Emission Spectrometer (ARL 3460)
Spark Optical Emission Vacuum Spectrometer in Argon
Vacuum 25 [Am of mercury or below.
Temperature 38 DC
Aluminium Quantity : 2 Samples
1. Primary alloy (AA236)

2. Secondary alloy (AA237)

Sample Concentration (%)
Si Fe Cu Mn Mg
Primary alloy
6.8559 0.0899 0.0382 0.0064 0.3807
Standard Deviation 0.0238 0.0023 0.0015 0.0001 0.0082
Zn Ti Ni Sr
Primary alloy
0.0037 0.1221 0.0056 0.0272
Standard Deviation 0.0001 0.0001 0.0001 0.0007

Remark This Test report is valid only for the tested sample.

This test report shall not be reproduced except in full, without written approval of the Scientific Equipment Center.
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s Central Academic Administrator Bld. Hat-Yai Campus, Songkhla 90110 Tel.0 7428 6904-7 Fax.0 7421 2813

F-RES-0031/E Rev. 5 29/05/52

No. 2218/52 Page 2/2

Sample Concentration (%)
Si Fe Cu Mn Mg
S dary alloy
6.9024 0.4149 0.0471 0.0414 0.4222
Standard Deviation 0.0703 0.0179 0.0001 0.0007 0.0010
Zn Ti Cr Ni Pb
Secondary alloy
0.0085 0.1023 0.004 0.0069 0.004
Standard Deviation 0.0001 0.0024 0.0001 0.0001 0.0001

- As shown as the detail document of each sample.

(Mrs. Roosanee Kulvijitra)

Inspector

Remark This Test report is valid only for the tested sample.

This test report shall not be reproduced excent in full, without written approval of the Scientific Equipment Center.



2/9/2009 10:28:2 Sample: AA236

Program:
Run Si4
1> 6.86387
2> 6.72763
3> 6.88372
4> 6.95331
5> 6.93543
Avg 6.87279
Ssd 0.08899
Sd% 1.29482
Nié
1> 0.00569
2> 0.00547
3> 0.00568
4> 0.00549
5> 0.00542
Avg 0.00555
sd 0.00012
Sd%  2.22184

ALSICU Task:

Fe7 - C
0.08955
0.08658
0.09041
0.08857
0.08625
0.08827
0.00182
2.06104

oo OoOO0O00oO0o

Pb6
0.00054
0.00032
0.00033
0.0001e

-0.00000
0.00027
0.00020

75.11918

ALSICU

u9 Mn3

.04327
.04064
.04043
.03682
.03520
.03927
.00323
.23297 0.

oo oo oo o

5
-0.00072
0.00098
0.00105
0.0012e
-0.00134
0.00107
0.00025
-22.89954

2/9/2009 10:32:28 Sample: AR236

Program:
Run Sid
1> 7.05813
2> 6.86693
3> 6.57865
4> 6.71181
5> 6.97986
Avg 6.83908
sd 0.19532
Sd% 2.85589
Nié
1> 0.00598
2> 0.00585
3> 0.00539
4> 0.00568
5> 0.00531
Avg 0.00564
Sd 0.00029
Sd% 5.10936

ALSICU Task:

Fel C
0.09409 0
0.09623 0
0.08648 0
.09090 O
.09005 0O
.09155 0
.00377 0
.11516 8

===l el ]

Pbé
0.00050
0.00050
0.00009
0.00034

(-0.00003
(0.00028
0.00024
85.97941

ALSICU

uf Mn3

.00655
.00653
.00626
.00647
.00639

.04047
.03867
.03593
.03782
.03257
.03709 0.
.00301 0.
.11997 1.

s NeNelele]

Snb

(-0.00086
(-0.00117
(-0.00124
(-0.00113
(-0.00162
(-0.00120

0.00028
-22.86718

1

= o oooo

70866

r

.02820
.02671
.02868
.02750
.02734
0.02769
0.00077
2.77086

cococoocw

00644
00012
84894

wooooooo

Sr

woooo oo

0.02832
.02588
.02680
.02658
.02600
.02671
.00097
.64952

Mgl
.00652 0.
.00640 0.
.00648
.00644
.00643
.00645
.00005

37319
36679

.38037
.38104
.37295
.37487
.00592
.57936 19.06810

AL%

coocoocococod

92.4591
92.6104
92.4342
92.3778
92.4067
92.4576

0.0906

0.0980

Mgl

.39201
.38914
.36023
.38411
.38062
.38122
.01253
.28802

AL%

.00523
.00372
.00401
.00354
.00331
.0039%e6
.00076

Zn5

0.00410
0.00383
0.
.00379
.00323
.00372
.00032
.59450

W o o oo

00364

92.2509
92.4430
92.7689
92.6078
92.3557
92.4853

0.2055

0.2222

T
0

Moo oo oo

Tid

0.12339
0.12416
0.12460
0.11843
0.12024
0.12217
0.00270
2.20685

id

.11756
.12239
.12664
.123e8
.11987
.12203
.00349
.86111

Crl

0.00221
0.00219
0.00212
.00221
.00212
.00217
.00005
.17031

Mo ooo

Crl

0.00220
0.00223
0.00219
0.00214
0.00210
0.00218
0.00005
2.37987



2/9/2009 10:37:16 Sample: AA237

Program: ALSICU Task: ALSICU

Run Si4 Fe7 - Cu? Mn3

1> 6.78841 0.39740 0.05078 0.04024
2> 6.93145 0.45038 0.04897 0.04297
3> 6.88675 0.42828 0.04631 0.04185
4> 7.01380 0.41567 0.04286 0.04078
5> 7.13985 0.44574 0.04674 0.04331
Avg 6.95205 0.42749 0.04713 0.04183
sd 0.13280 0.02181 0.00299 0.00133
Sd% 1.91030 5.10234 6.34699 3.18822

Nié Pb6 Sn5

1> 0.00750 0.00383 (-0.00083

2> 0.00682 0.00356 (-0.00071

3> 0.00717 0.00376 (-0.00113

4> 0.00573 0.00254 (-0.00124

5> 0.00737 0.00431 (-0.00096

Avg 0.00692 0.00360 (-0.00097

s5d 0.00071 0.00065 0.00022

Sd% 10.28831 18.17500 -22.06643

2/9/2009 10:41:8 Sample:
Task: ALSICU

Program: ALSICU
Run Si4 Fe7
1> 6.96561 0.40661
2> 6.88484 0.43458
3> 6.71734 0.36962
4> 7.03305 0.41111
5> 6.66243 0.38919
Avg 6.85265 0.40222
5d 0.15877 0.02438
5d% 2.31690 6.06254
Nié Pb6
1> 0.00655 0.00342
2> 0.00634 0.00309
3> 0.00635 0.00321
4> 0.00741 0.00397
5> 0.00733 0.00384
Avg 0.00679 0.00351
sd 0.00053 0.00039
8d% 7.82711 11.01697

Ccu9 Mn3

.05020 0.04097
.04688 0.04084
.04564 0.03949
.04549 0.04116
.04730 0.04063
.04710 0.04062
0.001%0 0.00066
4,03621 1.61615

oo oo oo

Snb
(-0.00078
(-0.00086
(-0.00111
(-0.00106
(-0.00107
(-0.00098

0.00015

-14.91548

AR237 2

1

Mgl

Sr

0.00016
6.87336

Zn5

0.43182 0.01006
0.42624 0.00858
0.42705 0.00814
0.37105 0.00761
0.45865 0.00828
0.42296 0.00854
0.03191 0.00093
7.54552 10.84172

AL%
0.00245 92
0.00231 91
0.00224 92
0.00204 91
0.00237 91
0.00228 91

Mgl

[=Nelelele]

Sr

0.00223
0.00210
0.00206
0.00222
0.00218
0.00216
0.00008
3.56412

AL%
92.
92.
92.
91.
92.
92.

0.

0.

.1608
.9755
.0417
.9951
.7461
.9838

0.1511
0.1643

Znb5

0.40634 0.00892
.38850 0.00843
.41039 0.00805
.44215 0.00823
.46030 0.00870
.42154 0.00847
0.02904 0.00035
6.88955 4.14492

0011
0748
2913
9029
2708
1082
1693
1838

Tid

0.10366
.10014
.10405
.10048
.09447
.10056
.00384
3.82015

oo oo OooO

Ti4

0.10515
0.10665
0.10398
0.09960
0.10466
0.10401
0.00265
2.55122

c
0
0

HOOOOoOOoO

85

Crl

0.00386
0.00378
0.00385
0.00364
0.00378
0.00378
0.00009
2.38337

rl

.00370
.00379
.00370
.00380
.00374
.00375
.00005
.25115
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