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& 2. VAR process operated in KIMS (80 kg/batch)

12 3. Computer simulation of the temperature distribution during the VAR melting process
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& 6. Operation process of the ISM located in the KIMS
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H 1. Comparison of different smelting processes of titanium waste recycling’™

Type of smelting process
Parameter VAR PAM EBCHM | PACHM
1. | Specific electricity consumption, KWh/t 1,100 1,760 3,000 3,000
2. | Consumed capacity. KVA 2,000 1,200 2,500 2,500
3. | Water consumption, litre/min 1,150 1,515 2,275 2,275
4. | Water loss litre /t — — — —
5. | Environment protection cost, US$/kg - - - -
6. | Scrap suitability for the process, % 80 70 50 62
7 Specific scrap content in the consumable 15 100 100 100
electrode, %
8. | Required number of remelting 2 1 1 1
g, | Outout of good product | 87.5/757 | 995 93.0 99.0
(Single remelting/ Double remelting)
10. | Number of operators 1 2 3-4 3
11. | Capital cost (VA—1.0) 1.0 1.5 2.5 2.1
12. | Cost of production US$/kg 1.2 1.4 3.3 2.4
H 2. Comparison of the various furnaces for melting of the titanium alloys”
Electrictity (kWh/kg) | Productivity (kg/h) | Capital cost (10°$) |Operating cost ($/kg)
VAR 1.1 320 1.5 0.55
Non—c. Arc 1.8 200 2.0 1.1
EB K3 200 3.0 2.0
Plasma arc 2.2 300 3.0 >1.5
Cold crucible 1.4 300 1.1 0.7
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# 3. Titanium Ingot Defects and Causes

Processing Origin of Defects Type of Defects
— Raw Materials
% Sponge Contamination Type | (LDI, HDI, HA)
% Recycled Titanium Type |, HDI (High Density Inclusion)
Materials % Matster Alloy Contamination Type |
* TIG Welding Type |, HDI
— Ingot
* Aggressive Grinding Type |
— Solidification
% Segregation Type Il (HAD) Beta fleck, Blocky Alpha
** Microstructure Large Dendrite
. * Shrinkage Shrinking Pipe, Porosity
Melting
— Processing
* Air leak, Water leak Type |
* Arc Power Level Variation Type Il Beta Fleck, Blocky Alpha
* Heating Process Alpha Case
* Microstructure Elongated Alpha
Forming * Strain rate SIP (Strain Induced Porosity)

* Oxide Inclusion
* Super Cooling

Fold (Alpha case Folding)
Crack in Corner

# 4. Defects and causes formed during the melting process

Defects Defects Cause Phenomena
— Mi k due to |
LDI (Low Density Inclusion) — Air/Water ddziiitorac uetotow
Type | | HID (High Interstitial Defect) | — Oxide, Nitride -
. — Lower Fatigue Strength
HA (Hard Alpha) — Porosity ) . .
— Multi — Melting Processing
—Al L Iti — Easy Fati k Initiati
Tyoell | HAD (High Aluminium Defect) , Sn Low meting asy Fatigue Grack Initiation
Alloying Elements — Lower Fatigue Strength
Blocky Aloha = AI', Sn ' — Local Transus temperature
Microsegregation Increase
— Melting Temperature
Beta Fleck — Fe, Cr, Ni, Mn, Cu Increase

— Beta Phase Segregation
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Defects Defects Cause Phenomena
St — Non uniform — Crack during processing
Dendrite solidification
Micro — Non uniform .
Shrink—age solidification p e
HDI — Recycled HD elements | — Microstructural In
WC, Mo, Ta, Nb homogenity

# 5. Defects produced during the melting and solution for the defects elimination

Processing Defects Reasons Solution
e | N.O Ezz;aterials Control, Triple
Type |l Solidification Shrinkage , ,
. e . Triple melt, Top Cutting
Blocky Alpha Micro solidification Segregation e i
e . ) Diffusion of the billet
Solidification | Beta Fleck Local Heating, Over Heating e .
. e Diffusion of the billet
Defects Dendrite In proper solidification ) .
) . e Equiaxed microstructure
Micro Shrinkage Local solidification } . .
) , Shrinkage Mechanical Welding
Micro Porosity G, 150 Raw material control
HDI W, Ta, WC, N
2 12, G, o Screening the HVMM
Alpha Case Oxidation Shot Blasting, Chemical Milling
, Elongated Alpha In Sufficient Recrystallization Sufficient Plastic deformation
Processing . ) . .
Defects SIP Non uniform Deformation Uniform microstructure
Fold Folding the Ingot Die Design
Corner Crack Local Cooling Edge cutting, Local Heating
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# 6. Defects produced during billet processing

Defects Causes Solution
Alpha Case Surface oxides Maching, Chemical milling
Elongated Alpha Insufficient deformation Microstructural inhomogeity
SIP Steain mdyced pore, local High temperature deformation
deformation
Fold Folded oxides Elimination of the oxides
Corner cracking Nonuniform cooling Corner rounding
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3 9lek ool theket -3l 7] el A3t A} vl o] o] 59 AN H]J—’L 3 Botet.
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