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Research 
IssuesIssues

National Strategic: University of Indonesia (10 focus) :
1 IT Studies (ICT)

Climate change and biodiversity
Poor Tackling
Renewable Energy

1. IT Studies (ICT)
2. Poverty Alleviation, Child family 

and Community
3 Genom Studiesgy

Food Tenacity
Nutricient and Tropical Deseas
Mitigation and Disaster Management

3. Genom Studies
4. Governance, Democratization & 

Public/sosial Policy
5 Energy

Nation Integration, Social harmony and 
Culture 
Advanced Materials

5. Energy
6. Restoring the Earth’s natural 

Support System
7. Nano and Advance Technology

Territory Autonomy and dicentralisation
Art and Literature
Infrastructure (green) and Eco-
A hit t

7. Nano and Advance Technology
8. Culture
9. Indigeneous Studies
10.Urban Planning & Transportation.

Architecture
g p



Materials and Metallurgy Research Areas

Existing Research Areas Common Research 
Areas

1. Mineral Processing (Extractive Metallurgy 
and Recycling) upstream to downstream

2. Automotive Component Manufacturing2. Automotive Component Manufacturing
(Casting, Welding, Forming and Heat 
Treatment, Aluminium composites ballistic

3 Advanced Materials for Renewable Energy 3. Advanced Materials for Renewable Energy 
Sources (Nano-particles, Nano-rod, Nano-tube, 
Nano / Micro Composites for Solar and Fuel 

Eco-based Materials 
Design and Process

Cells, Li-ion battery), Transportation (Light 
Weight Metal Matrix Composites); 
Infrastructure (Rapid Geo-polymer Cement)( p p y )

4. Corrosion & Materials Selection
5. Aerospace materials??



Current Manufacture Materials 
Research Topics
• Development of nanoparticle in aluminum alloys
• Thermo-mechanical treatment on high-strength low alloy steel
• Advanced aluminum matrix composites for automotive application
• Residual stress and distortion in welded structures
• The fluidity of Al-Si alloy
• Die Soldering in Aluminum Die casting ProcessDie Soldering in Aluminum Die casting Process
• Improvement of Aluminum Melt Quality to Reduce Casting Defect
• Casting Design Simulation with Z-Cast Program
• Development of Squeeze Casting Aluminum Armour• Development of Squeeze Casting Aluminum Armour



Current Advanced Materials Research Topics
• Mg alloy as Hydrogen storage absorberg y y g g
• Composites Al-SiC and Al-Al2O3
• Polymer based composites for Fuel Cell Material
• Carbon-carbon compositesCarbon carbon composites
• Rapid-set cement geopolymer concrete
• Dye-Sensitized Solar Cell with Highly Organized Nanostructures of Oxide 

Semiconductors
• Natural fiber for Polymer Electrolyte Membrane Fuel Cell (PEMFC)
• Nanofluid synthesis through wet mechanical-chemical process
• Development of advanced polymersDevelopment of advanced polymers
• Battery Reseach (Hibah LPDP, Ministry of Finance)
• Al6061 reinforced Al2O3 for seamless pipe (PUPT, Ministry of Higher 

Education)

5 nm 

Education)
• Al356 (Al4C) reinforced Al2O3 / SiC for train brake shoe (MP3EI, Ministry of 

Higher Education)
• Biopolymers (PUPT Ministry of Higher Education)Biopolymers (PUPT, Ministry of Higher Education)
• Zinc Oxide nano rod for DSSC (PUPT, Ministry of Higher Education)
• CZT Sulfide for solar cells (PUPT, Ministry of Higher Education)
• Reserach Cluster of Renewable energy Univeristas Indonesia)• Reserach Cluster of Renewable energy Univeristas Indonesia)



Current Mineral Processing, Corrosion and 
Material Selection Research TopicsMaterial Selection Research Topics
• Reduction of Indonesia titanious iron sand to sponge iron
• Agglomerization of lateritic Indonesia Nickel Ore• Agglomerization of lateritic Indonesia Nickel Ore
• Charbothermic Reduction of lateritic Indonesia Nickel Ore
• Charbothermic Reaction and Direct Reduction of low cost 

of Indonesia lateritic Iron Oreof Indonesia lateritic Iron Ore
• Rare Metal Extraction from waste Tin (Sn) production
• Corrosion on steel-strengthened concrete
• Control of sea water corrosion by green inhibitor
• Corrosion study on Suramadu bridge



Research Facilities

• Chemical Metallurgy LaboratoryChemical Metallurgy Laboratory
• Physical Metallurgy Laboratory 
• Mechanical Metallurgy Laboratory 
• Processing Metallurgy Laboratory 
• Corrosion and Metal Protection Laboratory 

Metallographic and Heat Surface Treatment Laboratory• Metallographic and Heat-Surface Treatment Laboratory
• Non Destructive Test Laboratory
• Advanced Material LaboratoryAdvanced Material Laboratory
• Advanced Characterisation lab :
Scanning Electron Microscope (SEM) coupled with EDX, FESEM, 

STA BET UV Vi X R Diff ti TEMSTA, BET, UV-Vis, X-Ray Diffraction, TEM
Chemical Composition: AAS, OES



1. Higher Education (Ministry of National Education Republic of Indonesia) 
P t G d t G t (Hib h P )

Research Fund
• Post Graduate Grants (Hibah Pasca)
• Competency Grants (Hibah Kompetensi)
• Competition Grant (Hibah Bersaing, MP3EI, RAPID, PUPT)
• Fundamental Grant• Fundamental Grant
• Research community fund (Hibah Pengabdian Masyarakat)
• National and International Collaboration

2. University of Indonesia :
• Research Cluster Fund
• PUPT Hibah PascaPUPT, Hibah Pasca
• International Collaboration

3. Ministry of Finance (LPDP)y ( )

4. Ministry of Research and Technology 

5. International Funding
• Toray Foundation (Japan)
• KITECH-Korea

6. Others/Industries



C it d it li tiComposites and its application
in Aerospacein Aerospace



What is composites?What is composites?
•• AA CompositeComposite materialmaterial isis aa materialmaterial systemsystem composedcomposed ofof

twotwo oror moremore macromacro constituentsconstituents thatthat differdiffer inin shapeshape andand
chemicalchemical compositioncomposition andand whichwhich areare insolubleinsoluble inin eacheachchemicalchemical compositioncomposition andand whichwhich areare insolubleinsoluble inin eacheach
otherother.. TheThe historyhistory ofof compositecomposite materialsmaterials datesdates backback toto
earlyearly 2020thth centurycentury.. InIn 19401940,, fiberfiber glassglass waswas firstfirst usedused totoyy yy ,, gg
reinforcereinforce epoxyepoxy..

•• ApplicationsApplications::
–– AerospaceAerospace industryindustry
–– SportingSporting GoodsGoods IndustryIndustry

A t tiA t ti I d tI d t–– AutomotiveAutomotive IndustryIndustry
–– HomeHome ApplianceAppliance IndustryIndustry



WHY COMPOSITES ?

STRENGTH
REDUCE

S

ELECTRICAL
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IMPROVEMENT
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Compositesp

Fibers

Matrix materials



Alternative matrix materials
Metal 
(MMCs)

Polymer
(PMCs)

Ceramic
(CMCs)

Fibre:  SiC; alumina; 
SiN

(MMCs) (PMCs) (CMCs)
Fibre:  boron; Borsic; 
carbon (graphite);

Matrix:  SiC;
alumina;

carbon (graphite); 
SiC; alumina (Al2O3)

M t i l i i

thermoplastic

thermoset
Tough; high 
melt viscosity; glass-ceramic;

SiN
Fibres improve 

Matrix: aluminium; 
magnesium; titanium; 
copper

thermosetmelt viscosity; 
‘recyclable’

Brittle; low 
viscosity p

toughnessFibres improve high 
temp creep; thermal 
expansion Strength

y
before cure; 
not recyclable

expansion. Strength, 
stiffness

The matrix material largely determines the processing methodThe matrix material largely determines the processing method…



Composites – Metal Matrix
The metal matrix composites offer higher modulus of elasticity, 
ductility, and resistance to elevated temperature than polymer matrix 
composites But they are heavier and more difficult to processcomposites. But, they are heavier and more difficult to process.





BackgroundBackground

Reduce weight  of armor materials for military tank



Background :
Research Sienas

1. High specific stregth
2 High specific modulus2. High specific modulus
3. High fatigue strength
4. High temperature 

resistanceresistance
Roket Fins-168 LAPAN 
Steel S45C (courtecy 
LAPAN)LAPAN)

Composites

B d T b R k t RX 420Body Tube Rocket-RX.420 
LAPAN, Steel S45C



Rocket Principles
• High pressure/temperature/velocity 

exhaust gases provided through 
combustion and expansion through 
nozzle of suitable fuel and oxidiser 
mixturemixture.

• A rocket carries both the fuel and• A rocket carries both the fuel and 
oxidiser onboard the vehicle 
whereas an air-breather enginewhereas an air breather engine 
takes in its oxygen supply from the 
atmosphere.



ObjectiveObjective
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tube
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Composites

Al2O3

and
Mg

Treatment tube 

Stir casting
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Our Research (UI LAPAN)Our Research (UI-LAPAN)

Development of lighter body tube (casing) rocket with high strength 
and high temperature of  Al6061/Al2O3

(Sienas Funding (2011-2014) Lilis Mariani as a Team Leader)(S e as u d g ( 0 0 ) s a a as a ea eade )
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Metal Matrix CompositesMetal Matrix Composites

Billet Al2O3Billet
Al.6061

Al2O3

ReinforcedMatrix

Magnesium

Wetting AgentWetting Agent

Aluminium
Compositesp



Stir Casting ProcessStir Casting Process

Preheat Alumina dan cetakan 
5000C Stirr & Degassing

Stir casting

Degassing PouringPenambahan Al2 O3 & Mg

Stir casting 

Molten Al
Single 
blade 
ti

Tensile 
stirerr Test 

sample



Microstructure of Al composites reinforced with 65µm Al2O3p µ 2 3

as-cast T6



Microstructure of Al composites reinforced with 80nm Al2O3p 2 3

as-cast T6



Al6061/Al2O3 Metal Matrix Composites2 3 p



Tube PrototypeTube Prototype

Preheat Alumina 5000C Pengecoran adukPreheat Cetakan Tabung

Centrifugal Castingg g

Prototipe 
tabung

Putaran 300 rpmPembongkaran  
Cetakan Penuangan Cairan



Cortesy : Pindad



C l iConclussions
Increasing Vf Al2O3 and Mg generated higher  tensile 
strength, stiffness and hardness but reduced the 
elongation of composites the optimum composition ofelongation of composites, the optimum composition of 
this composites found  at 10Vf% for micro Al2O3 with 10 
wt% Mg and 3 Vf% for nano Al2O3 with 3 wt% Mg% g % 2 3 % g

Tube composites can be made by centrifugal casting butTube composites can be made by centrifugal casting but 
the strengthis  still need to improve by  extrusion 
technique.q




