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Thesis Title Effect of Trace Elements on Microstructure and Rheological Behavior in

Semi-solid State of Al-Mg Alloys Grade AA5083 for Thixoforming Process

Thesis Credits 12

Candidate Mr. Tasaporn Ngernnate

Thesis Advisor Assoc. Prof. Dr. Chaowalit Limmaneevichitr
Program Master of Engineering

Field of Study Metallurgical Engineering

Department Production Engineering

Faculty Engineering

B.E. 2549

Abstract

This study aimed to study the effect of trace elements on microstructure and rheological behavior in
semi-solid state of Al-Mg alloys grade AAS5083 for Thixoforming process. The experiments were
added zirconium 0.04 and 0.08 percent by weight, strontium 0.02 and 0.04 percent by weight;
separatly and combine to Al-Mg alloys grade AAS5083 and feed stock manufacturing with the
cooling slope. For to study the effect of isothermal holding time on microstructure; reheat the billets
to semi-solid state at 610°C with 15, 30, 45 minute holding time and quench. The result show;
dendritic structure transformed to globular structure and coarse structure with long holding time.
For to study the effect of trace elements on microstructure; reheat the billets to semi-solid state at
610°C with 30 minute holding time and quench. The result show; small amount of zirconium and
strontium have not effect on microstructure; shape and size of alloys. For rheological test; reheat the
billets to semi-solid state at 610°C and compress with 21.6 N dead-weight with 10 minute holding
time. The result show; small amount of zirconium and strontium have not effect on rheological

behavior in semi-solid state of alloys.

Keywords : Al-Mg alloys AA5083 / Trace Elements / Thixoforming Process
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Properties RC TC SC HPDC LP casting
shrinkage porosity 3 3 2 1 2
blow hole 2 2 2 0 2
Segregation 2 2 1 2 2
mechanical properties 3 3 2 0 1
wrougth alloy application 3 2 1 0 2
hot tearing 3 3 1 0 2
metal fluidity 2 2 3 3 2
casting cycle time 2 2 1 3 2
die life 3 3 1 2 0
product cost 2 0 1 3 3
Total 25 22 15 13 17

Note : 3 = Excellent, 2 = Good, 1 = Some What Poor, 0 = Poor, RC = Rheocasting,
TC = Thixocasting, SC = Sand Casting, HPDC = High Pressure Die Casting,
LP casting = Low Pressure casting
M0 2.2 L‘]J?ﬂmﬁﬂuﬁﬂymzmaq§udauﬂ1uﬂuﬁﬁwaﬁﬁ’wﬁ%mm [2]
Master Break Cylinder Fuel Rails
manufacturing process PM SSM forming SF SSM forming
Annual production (millions/yr) 2.8 1.0
Part weight (Ibs) 1.7 0.98 1.5 0.735
Minimun wall thickness (mm) 6.3 3.2 5.1 3.8
Leak rate (%) 2 0 4 0.1
Machining steps 18 5 82 26

Note : PM = Permanent Mould, SF = Solid Forging, SSM = Semi Solid metal forming
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Cooling slope
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Table 4 Grain Size Relationships Computed for Uniform, Randomly Oriented, Equiaxed Grain

Grain N,:Grains/Unit Area A:Average Grain Area d:Average Diameter /1 :Mean Intercept N,
Size No/in.” No./mm’ mm’ lJ.m2 mm Hm mm Hm No./mm

No.G at 100X at 1X
00 0.25 3.88 0.2581 258064 0.5080 508.0 0.4525 452.5 2.21
0 0.50 7.75 0.1290 129032 0.3592 359.2 0.3200 320.0 3.12
0.5 0.71 10.96 0.0912 91239 0.3021 302.1 0.2691 269.1 3.72
1.0 1.00 15.50 0.0645 64516 0.2540 254.0 0.2263 226.3 4.42
1.5 1.41 21.92 0.0456 45620 0.2136 213.6 0.1903 190.3 5.26
2.0 2.00 31.00 0.0323 32258 0.1796 179.6 0.1600 160.0 6.25
2.5 2.83 43.84 0.0228 22810 0.1510 151.0 0.1345 134.5 7.43
3.0 4.00 62.00 0.0161 16129 0.1270 127.0 0.1131 113.1 8.84
3.5 5.66 87.68 0.0114 11405 0.1068 106.8 0.0951 95.1 10.51
4.0 8.00 124.00 0.00806 8065 0.0898 89.8 0.0800 80.0 12.50
4.5 11.31 175.36 0.00570 5703 0.0755 75.5 0.0673 67.3 14.87
5.0 16.00 248.00 0.00403 4032 0.0635 63.5 0.0566 56.6 17.68
5.5 22.63 350.73 0.00285 2851 0.0534 53.4 0.0476 47.6 21.02
6.0 32.00 496.00 0.00202 2016 0.0449 44.9 0.0400 40.0 25.00
6.5 45.25 701.45 0.00143 1426 0.0378 37.8 0.0336 33.62 9.73
7.0 64.00 992.00 0.00101 1008 0.0318 31.8 0.0283 28.3 35.36
7.5 90.51 1402.9 0.00071 713 0.0267 26.7 0.0238 23.8 42.04
8.0 128.00 1984.0 0.00050 504 0.0225 22.5 0.0200 20.0 50.00
8.5 181.02 2805.8 0.00036 356 0.0189 18.9 0.0168 16.8 59.46
9.0 256.00 3968.0 0.00025 252 0.0159 15.9 0.0141 14.1 70.71
9.5 362.04 5611.6 0.00018 178 0.0133 13.3 0.0119 11.9 84.09
10.0 512.00 7936.0 0.00013 126 0.0112 11.2 0.0100 10.0 100.0
10.5 724.08 11223.2 0.000089 89.1 0.0094 9.4 0.0084 8.4 118.9
11.0 1024.00 15872.0 0.000063 63.0 0.0079 7.9 0.0071 7.1 141.4
11.5 1448.15 22446.4 0.000045 44.6 0.0067 6.7 0.0060 5.9 168.2
12.0 2048.00 31744.1 0.000032 315 0.0056 5.6 0.0050 5.0 200.0
12.5 2896.31 44892.9 0.000022 22.3 0.0047 4.7 0.0042 4.2 237.8
13.0 4096.00 63488.1 0.000016 15.8 0.0040 4.0 0.0035 3.5 282.8
13.5 5792.62 89785.8 0.000011 11.1 0.0033 33 0.0030 3.0 336.4
14.0 8192.00 126976.3 0.000008 7.9 0.0028 2.8 0.0025 2.5 400.0




MANUIN U
9

AuranYed langduduy



v Y
M990 V.1 drunauved Tavsiudu

68

Elements Tavgnauriugay

%wt. 1 2 3 4 5 6 7 8 9
Al 9435910 | 9426930 | 94.30190 | 94.34650 | 9438090 | 94.34360 | 94.2822 | 9424920 | 94.28520
Si 0.06994 | 0.06668 | 0.06872 | 0.07526 | 0.06868 | 0.07096 | 0.07236 | 0.07140 | 0.07120
Mg 4.54346 4.56570 4.52435 4.54832 4.53334 4.52563 4.56288 | 4.54255 4.50078
7n 0.00550 0.00446 0.00621 0.00574 0.00589 0.00514 0.00413 0.00469 0.00503
Fe 0.20046 0.20100 0.19651 0.20270 0.20151 0.19721 0.20296 0.20067 0.20305
Mn 0.75223 0.76930 0.73801 0.74768 0.73597 0.73112 0.74177 0.76115 0.76196
Ni 0.00460 | 0.00517 | 0.00460 | 0.00434 | 0.00413 | 0.00610 | 0.00640 | 0.00488 | 0.00445
Ti 0.00470 | 0.00471 | 0.00473 | 0.00447 | 0.00462 | 0.00433 | 0.00477 | 0.00462 | 0.00462
Pb 0.00222 | 0.00168 | 0.00220 | 0.00287 | 0.00215 | 0.00134 | 0.00114 | 0.00294 | 0.00252
Sn 0.00223 0.00297 0.00478 0.00271 0.00287 0.00376 0.00322 0.00334 0.00297
Cr 0.00338 0.00338 0.00342 0.00339 0.00329 0.00347 0.00353 0.00364 0.00349
B 0.00098 0.00096 0.00093 0.00087 0.00093 0.00083 0.00088 0.00093 0.00091
Ca 0.00061 0.00066 0.00059 0.00043 0.00057 0.00062 0.00059 0.00052 0.00030
Na 0.00027 | 0.00035 | 0.00037 | 0.00020 | 0.00041 | 0.00030 | 0.00038 | 0.00040 | 0.00042
P 0.00092 | 0.00091 | 0.00093 | 0.00078 | 0.00083 | 0.00082 | 0.00081 | 0.00052 | 0.00090
b 0.00026 | 0.00035 | 0.00075 | 0.00077 | 0.00052 | 0.00043 | 0.00049 | 0.00028 | 0.00011
7r 0.00093 0.04182 0.08128 0.00072 0.00079 0.04693 0.04832 0.08276 0.08651
Ag 0.00005 0.00007 0.00002 0.00009 0.00016 0.00013 0.00025 0.00019 0.00022
Bi 0.00009 0.00015 0.00008 0.00013 0.00010 0.00019 0.00028 0.00009 0.00019
Be 0.00003 0.00007 0.00014 0.00005 0.00004 0.00006 0.00016 0.00004 0.00009
Cu - - - 0.00420 | 0.00034 | 0.00001 | 0.00291 | 0.00110 | 0.00290
Sr - - - 0.02073 | 0.04184 | 0.02798 | 0.04448 | 0.02423 | 0.04527
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