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Metallic and Ceramic

Materials Unit 22 R&D Activities

Our R&D activities focus on the development of high performance materials solutions, to obtain LIGHTWEIGHT/
RESISTANT materials and FUNCTIONAL SURFACESable to withstand severe mechanical and environmental
requirements.

ADVANCED ﬁ APart performance prediction

AEvaluation of mechanical damage
CHARACTERIZATION BEHAVIOUR APart performance assessment by NDT

ACold forming

ACutting technologies
AHot stamping
AHPDC of light alloys

AFatigue, fracture

/| ATribology
PROPERTIES ACorrosion

ACasting FORMING AFormability
AForging AMicromechanical
ATooling properties

MICROSTRUCTURE—
AAdvanced microstructural characterization (OM, FESEM, EDX, EBSD)

ASecond phase particles, microtextures, density of dislocations,
crystallography, recrystallization degree
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Metallic and Ceramic

Materials Unit A R&D Activities

Advanced Solutions for LIGHTWEIGHTINGand high MATERIALSPERFORMANCE

A Mechanical Behaviour,
Fracture and Fatigue

A New Processes for
Advanced Materials

A Light Alloys Casting

Customized FUNCTIONALSURFACE$or harsh environments

A Corrosion & Degradation
A Tribology : Wear, Friction
and Lubrication

A Surface Technology & Coatings
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R&D Activities

Tribology Research line

Wearresistance
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Tribologyis focuses on friction, wear &
and lubrication of interacting surfaces Eriction

in relative motion

Enhacemenof

Abrasives |
Sacrificiamaterials adhesion
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Analysis of
results

Industrial
Process
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Tribology Research line R&D Activities

Field test

Labtest design

HARDNESS
[GPa]
3115

2775
2436
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1757
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10.78
7.38
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Why fatigue wear Is
Important in mining and
mineral handling?
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Bucket shell

R &

Buttons

'BOLIDEN

eurecal

R&D Activities
Mining

: HARSHWORK
@ RawlViaterials
Optimizing raw material handling and processing under harsh workooegditions.

|dentification ofthe most relevant degradation mechanisnahdrelevant
mechanical propertiesubjected to severe wear conditions.

Obtainwear rates for different materialsas raw material handling processing and
urban waste management

A Field inspectiondamage characterization of components

Lab tests desigwear & friction testcontact fatigue
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N\ HARSHWORK Mining
@ RawlViaterials

Tribology Research line

A The main damage mechanisms

High-chromium white cast iron

T MR -

e Button microstructure

A Fe Cr carbides

A Martensite
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Buttons extracted from a bucket shell
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RawlViaterials

. _ r R&D Activities
Tribology Research line .
@HARSHWORK Mining
el

A The main damage mechanisms Buttons extracted from a bucket shell Crosssectioned view
Surface view

A ]

A Largecracks
A Chipping

A Micro-deformations {
dueto impacts

A Micro-spalling
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Tribology Research line .
HARSHWORK Mining
eIt ) RawlVIaterials
A The main damage mechanisms

Qurface crack initiation ~ Subsurface crack propagation Secondary crack initiation Propagation to spalling forms

[1]

Wear partide

[1] G. WStachowialand A. Batchelor, Engineering Tribology, Boston: Buttervi#ethemann, 2001 12
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Tribology Research line N R&D Activities
Mining
AContact fatigue (at different scales) “*Indenters: 20 um to 28 mm of diameter

A Sample size: less than 40 mm (diameter) or 40 x 40
A Different pressure levels

A No. of cycles: between 1 up to &l€ycles
A Maximum shear stress can be adapted as a function
applied load
Micro Meso Macro

Large carbides  Carbides + metal matrix Agglomerates

Monotonic tests Cyclic test

o
oad (gr)
)]
o O
o o o

40 41 42 43 44 45 46 47 48 49 50
No. of cycles

0 400
No. of cycles

0.01 (GPa) 8.11 0.03 (GPa) 2.16
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Mining

Tribology Research line

A Contact Fatigue a) Fn]
Monotonic tests Cyclic test /
0 30 s Pmax
20997 50 N/s 50 N/s

4000 +
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o 3000
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Servohidraulictesting machine

gv)

3

Circumferential cracks

Radial cracks Spalling/chipping
Spherical indenter: Frequency:
Diameter = 2.5 mm 20 Hz
Hardmetal Number of cycles: Samples extracted from components
1 cycle 40 x 40 mm
Load: 1 000 cycles
Pmax = 1000 N, 2500 N and 5000 N 10 000 cycles

100 000 cycles
14
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@ RawlViaterials M I nlng

A Lab tests desi ‘

High-chromium white cast iron

White castl White cas@
Monotonic 1 000 cycles 100 000 cycles Monotonic 1 000 cycles 10 000 cycles 100 000 cycles
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HARSHWORK 1N
@ RawlViaterials M I n I n g

Tribology Research line

A Lab tests design _ High-chromium white cast iron
White castl

White cas®
/_;\ a) Radial cracks b) Radial cracks
- = 500 500
400 400
%200 & 0
2 o~ 100N 2 27 I\ mio00N
\, g - ,’l \ #2500N 8207 7 N\ m2s00n
100 Pk S 4 } ~ |m=5000N 100 i il | }-5mou
| 1 I \
Radial cracks 0 — J 0 - i ' . J
Monotonic  ~«400Q V4 0004 N 100.000 y Monotonic 1.000 10.000 \wtmg V4
Cycles -~ Cycles

Broken carbides +
metal matrix crack
propagation

20 pm
— WD = 85 mm 10.00 KV S000N_100000_button_08.4f

- 10 pm 500X AsB eureca
eureca’ — WO = S6mm 10.00 KV 5000N_100000_HG_08.t¢ e 16
13 der 202, 3 de 02
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Mining
SEEODFIT

SMART GEOTHER

Tribology Research line

Downthe hole
(DTH)hammer

Adapt drilling techniques in geothermal based retrofitting in urban environment

Improvedrilling parameterstool performanceand selection ofmaterialsto reduce
tool damage and maintenance.

UNIVERSITY

() reducedrillingtimes
(i) improverate of penetration(ROP)

(i) improveabrasionand chipping/spallingesistanceof drill bit

1 Identify main damagingmechanisms(wear mechanismsand patterns) of
representativedrilling tools employedin industrialdrilling operations

1 Wear tests design at laboratory level in order to reproduce the same
identified wear mechanisms

I] catalanade
PERFORACIONS *

17
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Mining

Tribology Research line

GEOFIT

SMART GEOTHERM

A ldentify main damaging mechanisms

Drill bit
"

Segment of tricone

Button

I1 catalanade |

PERFORACIONS Hardmetal

wrl oo

5000 pm
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Tribology Research line

Mining
YGEEOFIT
. : . . (G-? SMART GEOTHERMA
A 1dentify main damaging mechanisms v |
Hardmetals
Drill buttons Tricone buttons A Cobasedbvinder
Properties  Drill bit buttons Triconebuttons | ] A WCcarbides
Hardness 1444+ 17 1162+ 23
(HV30)
Grain size 1.4+0.6 1.4+0.5
(kM)
Cobalt 7 6.6
content (wt
%)

o,

=5 um; Map5; Slep=, m; Grid11 7588 19




eurecat
R&D Activities

Tribology Research line .
Mining

A 1dentify main damaging mechanisms

(a) Micro-cracking (b) Detachment of | (c)Crushing reptile (d) Detachment of
grains skin fragments

[1]

Drill bit
button

Tricone

[1] Afonso Moura, C. F. (2009). Final Projddiechanical Engineering Master. Porto, Portugal: Universidade do Porto Facd&latgenharia.
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Mining
A Contact Fatigue
Monotonic tests Cyclic test

6000 .

%97 50 N/s 50 N/s
§ 30001 Drill buttons Sample 2

0 100 200

t(s) t (s)

Servohidraulictesting machine

Spherical indenter: Frequency:
Diameter = 2.5 mm 20 Hz
Hardmetal Number of cycles: Samples extracted from components
1 cycle 10 x 10 mm
Load: 100 000 cycles

Pmax = 400 N, 1000 N, 2000 N and 3600 N

21
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@ HARSHWORK Mlnlng

Tribology Research line

RawlViaterials

A Lab tests design  Hardmetals

400 N at 105cycles 1000 N at 10° cycles 2000 N at 105cycles

Drill Bit

A Contact fatigue test allowed to evaluate the susceptibility of the
Hardmetalgo cyclic loading conditions.

10 um

A Sample 1 seems to be no susceptible to Radial Cracks
appearance.

Tricone

B
3
Sample 2 | Sample 1

22
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Tribology Research line X R&D Activities

2 KIFa A a

Pin on Roller Test

A Roller on Roller test configurations is used for friction,
fatigue and wear testing of materials that experience rolling® @»
andsliding.

A High load units (1000 N)

A Speed up to 2000 rpm

A Lubricant cup (RT or 12)

A Pure rolling (100 % slip), sliding / rolling and pure sliding (0% slip).
A The experiments can be conducted in lubricated or dry state.

Pin holder

- Pin
.~ (Half button)

—

A Multifunctional system

\Hhh

Silestone

Lidm) Loi(m (synthetic granite)
Load (N) Load (N) = - 08 =
- |}

e/ _\j

™

Roller-on-roller Pin-on-roller Blockon-roller

23

Corotation Counterrotatipn
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Pelletscharacterization

A Damage mechanisms under
Industrial conditions

Fracture analy3|s

BB

A Compression test: Fracture
resistance of pellets

Compression test of pellet and material

transportation (.e.conveyors)

A Size & Morphology: Wear
Quantification

eurecat
R&D Activities

Mining

Multi -impact test

Morphology & Size after impact test

A Multi-impact test: Wear resistance . ‘ ‘ ‘ .

Initial 2 hrs 4 hrs 6hrs _ __ 18hrs

% 150 1
(D]
2 100 ' ~
50 I I
0 A |

7 8 9 10111213141516
Average diameter (mm)

Number of
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Mining

Tribology Research line

A Particles damage mechanisms

Fourmain damagemechanism®f particles [1]:
Direction of the Force

1. Fragmentation is fracture due to normal force. The local stresses 'v—~~N~0~r~m~a'~~~T-an-g~venft'a-l

generated beneath the contact area generatesthe splitting of the High force
granuleinto severalparts.

2. Chippingis fracture causedby tangential forces The granule loses Fracture
large fragmentsleadingto a rougher surface The declinein massis
lessdrasticthan the Fragmentatiormechanism | Fraamentation Chipping

3. Abrasionis wear causedby low magnitudetangentialforce. Shearing Low Force
of a granulatecausegshe generationof fine particlesand the mother
particlesbecomesphericalandsmootherwith time.

4. Attrition is wear causedby low magnitud normal forces acting on a Wear
particle, which resultsin the removalof sharpedges,producingmore | Attrition - Abrasion
sphericalshape

[1] W.J.B van den Bergh, B. Scarlett. Powder Technology, 6242317991. 5



Tribology Research line

eurecat
R&D Activities

Mining

A Damage mechanisms of iron ore pellets

AFragmentation

A Compression Test
(Monotonic &
Cyclic)

A Chipping
A Contact Fatigue

A Abrasion
A Multiple impact test

A Attrition
A Multiple impact test

26
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A Average diameter: 12.40.4

A Cyclic sinusoidal waveform

A Displacement control.

A Displacement amplitude:
A 10 mm

A Frequency: 15 Hz

Mining
AMultiple Impact Test
Parameters: _ W Pellats:
A Evaluated samples: 10 pellets (Lmtl?aeillsettaste)’;z (’A?g_«th@%

The number of impacts can be

calculated as: ' Video
2xtxf  [3]
t= time

f = frequency.

[3] R.Pitchumanj N. GuptaGIM. H.Meesters B. Scarlett. Part. Part. SySharact 20 (2003) 323 326
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Tribology Research line .
Mining

Alnitial and final pellets characterization

A Characterization of 100 pellets:

A Three images were acquired by stereoscopic
microscope.

A Particle analysis software to acquire:
a) Equivalent Diameter
b) FeretMax & Min 75000 ym |
c) Sphericity
d) Shape factor
e) Mean Diameter

a) b) C) 0.6 d) 1
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Mining
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eurecat
R&D Activities

Tribology Research line

Mining
AWhy multiple impact test?
A Relation of intrinsic defects with wear damage mechanisms
Particle with high grade of Particle with middle grade of Particle with poor grade of

sintering: Transgranularfracture sintering: Intergranular fracture sintering



