Course: INGE 4001 Sec. 040, 080

Title: Engineering Materials
Instructor: O. Marcelo Suarez
Web page: ece.uprm.edu/~msuarez/4001
Phone N° 832-4040 x 2350 / 3336 / 2398
Email: msuarez@ece.uprm.edu
Office: Stefani S-501
Lab: Stefani S-110, 311-312, 313-314

Office Hours: Monday & Wednesday: 11:30-noon; 1:30-2:30pm

Graduate Assistant

Glorimar Ramos
Office Hours: Mondays & Wednesdays 5-7pm
Office (Lab):. Stefani S-310
Lab phone: X 2086
Email: glorimar.ramosl@upr.edu




Final Grades

Final Grade Range Final Letter Grade
90 - 100 | A
80 - 89.9 B
70-79.9 C
60 - 69.9 D
0-59.9 F

Please refer to the Professor’'s Data Sheet in the *
the Web Page

syllabus” section of

Grades

Quizzes:

1st Mid-term Oct. 20, 7pm:
2"d Mid-term Nov. 19, 7pm:
Final Exam:

Team Assignments:

15 pts.
25 pts.
25 pts.
20 pts.
15 pts.

NO make-up exams, NO exams “replaced”.

Accept own responsibility for lack of time/energy/motivation

etc. to study.
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Textbook

The Science and
Engineering of
Materials
by
Donald R. Askeland and o
Pradeep P. Phulé T ENGINEERING OF MATERIALS

5t Edition
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Setting-up Teams

* Team up with one or two friends.

» Select another couple to form a group
with no more than 5.

« Name your group with the name of a
chemical element.

» Share all contact information necessary
among your group mates.




INGE 4001 - Engineering Materials

Working in Groups

 Leadership responsibility should change for
each team assignment.

e Living away from each other will be NO
excuse for not completing an assignment in
time.

« EVERYONE in each group is required to
work on ALL assignments.

* DO NOT include in your report the names of
those who did not participate!!
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MATERIALS

e A definition?

* Types of materials based E
on constitution and el 34
properties:
— Ceramics - B
— Metallic 't w7z e
~ Polymeric izt S
— Composites

* New materials
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THERMAL PROTECTION MATERIALS
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Each part of an engineered product is made of a materlal
with specific (by design) propertles” = PR ‘

This is the
fundamental
concept

The triangular base is
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Performance

Cost

* What is the strength-to-
density ratio?

* What is the formability?

* How does this relate to the
crashworthiness of the vehicle? ({89

* What is the cost of fabrication?

A: Compositions

* Iron-based?

* Aluminum-based?

* What alloying elements
should be used?

* What quantities?

needed in order to
optimize the material

B: Microstructure
* What features of the structure

limit the strength and formability?
* What controls the strength?

performance in service

C: Synthesis and processing

* How can the steelmaking be
controlled so as to provide a high
level of toughness and formability?

* How can aerodynamic car chassis

be formed?
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Materials Science and Engineering

Applied Materials

in Service

Basic Knowledge
of Materials

Knowledge
of Materials

Science Engineering

Table I. Median Annual Salaries for Engineers by Discipline (in Dollars)

Number of Years after B.S.

Discipline . 0 5 9-10 13-16 21-25 35+ Salary Survey
Aerospace Engineers — — 80,456 94,171 110,179 115,475
Computer Engineers — 76,760 88,719 99140 115330 115,085 (Source JOM,
Chemical Engineers — — 65,802 84,531 96,366 106,749
Civil Engineers 51,827 59,674 67,457 75,920 83,737 o003 Dec. 2008 P. 15)
Electrical Engineers 57,200 69,648 80,093 89,298 97,949 102,138
Environmental Engineers — — 77,981 82,456 97,433 103,641
General Engineers — 72,978 88,576 91,982 92,566 95,151
Ii i 5 — 69.417 81,052 85,513 98,416 99,767

Materials Engineers — — 80,399 91,774 109567 128,005 |

gchanical Engineers 56,208 59,500 81,180 97,210 106,523 715,521
Nuclear Engineers — — — 90,866 95,682 138,532
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Mathematics,

Chemistry Comptétiizoséc;ences

Materials
Science
and

Engineering Biomaterials

Nanotechnology
Smart Materials
Superconductors
Photonic materials,
etc.

Physics




Some Interesting Links

» The best online Periodic Table: webelements.com

 The impact of Materials Engineering on Humankind
http://materialmoments.org/

* Materials-related professional societies:
MATERIAL"
- MRS www.mrs.org Vi ADVANTAGE
— ASM International www.asminternational.org | o

- TMS www.tms.org

Material Advantage
www.materialadvantage.org

~ ACRIS Wy, CEraMicE O First student chapter in PR
— AIST www.aist.org
— ASTM www.astm.org
terials R h i
~ SAMPE Www.sampe.org %gh‘lateﬁaﬁ Gamm Soclety
— And dozens more... First university chapter in PR

formalized in Dec. 2008

Chapter 2

Atom Structure and Bonds
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Before we start review basic Chemistry concepts
«  atomic number, atomic (molecular) weight, gram-mol, moles

«  Avogadro’s number N,

« electrons: as waves and particles

«  Planck’s Equation: AE=hv=hc/A
« the electromagnetic spectrum

< more energetic wavelength less energetic
Tpm P A 1rarn 1m Tk
R e infra-red MM Crowayes racio long
garmma-ravs
hard soft |violet shart wave i
0 o - 7 -4 : 0 2 4
205 185 65 145 125 105 85 E5 45

|og wavelength [m)
log Frequenicy [Hz)
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Electrons in an atom are distributed according to the
Energy Level Diagram

Note how the energy increases with the
energy level. Also note how the energy
differences between two consecutive levels
vary.

This defines the quantum numbers:
n: principal quantum number
| : subsidiary (angular momentum) quantum number

m;: magnetic quantum number

n=w

5
n=4
J

i

n=1

Lyman

M. spin quantum number en:123456

Homework: Definition of each

°[:0,1,2,3,...n-1 labeled as: s, p, d, f

quantum number em;: 2| + 1 varies from -| through +l
*mg -%2 and ¥

=340V

=138 eV




General “filling” sequence of electron orbitals
1522522p®3523p°4523d194pb5s2
4d105p®6524f145d106pc7s25f14

6d107p¢ o Il
f
Memory arra> % f
%ﬂg 3d
S

Meaning of “Ground” State?

Example:
Fr (Z=87)
152 25°2p° 3523p°® 45°3d'1%4p°5524d1°5p°6524f145d1%6p°7s
LYJ J N
3 He
Y
NS Ne J
ne
N Ar =
~—
) Kr &,
~
Nk Xe 5. %%
e L

RN Recall the octet rule
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Period
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Valence (Outer Electron) Structure in the Periodic Table
Group

Example Ge (Z=32) in IVA group:
1522s22p63s23p©3d194s24p?

Core electrons

Valence electrons

1s]1IA IIA IVA VA VIAVIIA] 18
%IILB_IVB__V_B VIBVI!Bf—VJ-”—- IB_IIB Je +—P
,Té; | d _ | JP 4
s L LU T T [T L
g o | | L % | | | | ! 1;
1s ;________________d-g_____J _______ .
/S
# e
éf u\‘
9

p~3d
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A more interesting Periodic Table

| - Tabla periddica de los elementos :
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INGE 400] Heefron & pimase
Electron Eleciron
z El g z Element configuration
1 H 1s 53 I Krldd©5s2503
2 He 182 54 Xe Kr]dd'°5s25p°
. 3 Li He]2s 55 Cs Xelbs
4 Be He]2s? 56 Ba [Xe)6s? X
ectronic S F b 2N ke
b C He]2s22p2 58 Ce Xelar5dés?
7 N Hel2s?2p 5@ Pr Xejar2bs?
= . 8 o] Hel2s22p4 &0 Nd Xeldfi6s?
9 E He]2522p 61 Pm [Xelars6s?
onfigurations of 3 &+ E&E | & §
11 Na Ne]3s 63 Eu Xelaf7bs?
12 Mg Nej3s? &4 cd Xe)ar’5dés?
13 Al Ne]3s23p 65 b Xelar’6s?
14 Si Ne]3s23p? [l Dy Xelafros?
the Elements d B & b e
16 S Nel3s23p* 68 Er Xeldr?és?
17 Cl Ne]3523p*° &9 Tm Xeldar6s?
18 Ar Ne|3s23p® 70 Yb Xeldr4ss?
19 K Arlds 71 Lu Xelar<sdés?
20 Ca Arlds? 72 Hf Xelar5a?6s?
21 Sc Arl3ads? 73 Ta XelAf15d*6s?
22 Ti Arj3a?ds? 74 W [Xeldf15a6s?
23 v Ar]3g?4s? 75 Re Xe)af45d56s?
24 Cr Ar|3g®4s 76 Os Xe]4r*5a%6s?
] 25 Mn Arl3gc4s? 77 Ir Xel4f'6d?6s?
Wh at S th e bro b | em 26 Fo Arjacieds? 78 Pt Xe]ar“5cP6s
27 Co Arl3a74s? 79 Au Xeldrf*5d"06s
28 Ni Arj3a®4s* 80 Hg Xelar<5d6s?
K 29 Cu Arj3d™eas 81 m Xe)arasd06s26p
W|th C r? 30 Zn ArJ3ciods? 82 Pb Xelara5d6s26p?
- 31 Ga Ar]3dio4s24p 83 Bi Xelarsdes26p
32 Ce Ar]3d1 1945247 84 Po Xelar “5d'%6s26p
33 As Arj3do4s24p° 85 At Xeldr<5d°6s%6p°
34 Se Ar]3dodszqpe 86 Rn Xeldf6d9s26p®
35 Br Arl3dieds24ps 87 Fr Rn)7s
36 Kr Ar]3dids24pe 88 Ra Rn}7s
37 Rb Kr]5s 89 Ac Rn)6d7s2
38 Sr Kr]os2 <0 Th Rn]6a?7s?
39 Y Krlddbs? @1 Pa Rn]5r26d7s2
40 Zr Krldd25s 92 u RN]56d7s2
a1 Nb Krldd<5s Q3 Np RN}5r6d7s2
42 Mo Krl4ds5s Q4 Pu RN]5f7 52
43 Tc Krlad®5s 95 Am Rn}517 752
44 Ru Kr]ad”5s 96 Cm RN]576d75s2
45 Rh Krlad®5s 97 Bk Rn]5f°7s2
46 Pd Krjdd'© 98 cr Rn}5f19752
47 Ag Krj4a'°5s 99 Es RN}5f"7s2
48 Cd Krjdd'05s2 100 Fm Rn}5r27s2
49 In Krldd'®5s250 101 Md RN)51375
50 Sn Krlad?5525p02 102 No RN)5714752
51 Sb Krlad'©5s25p° 103 Lr RN]546d 752
52 Te Krjddtess25p4
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One more word on orbitals and electronic configuration

Remember:  The first three quantum numbers define an orbital.

The fourth quantum number m defines the suborbital where

an electron is located.
Suborbitals are “filled” as follows:

DENENR i

!

f

[

f

‘Incorrect arrangement of electrons
in d-orbitals

Correct arrangement of electrons in
d-orbitals

Hunds rule: Before an orbital will have two electrons, all orbitals of that
energy level will have one electron. The second electron will have spin that is

opposite of the first.

>
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Let's have a brief introduction to magnetism and magnetic

materials. Pages 726-737

Basic: Magnetic fields are formed as a result of moving electrical charges.

«—

Applied
magnetic field H T

current | —

n = total number of turns
= length of each turn

H=nl/7/

The simplest circulating charge is the electron around the nucleus in a

Orbitital momentum

hydrogen atom or an electron spinning:
Electron spin
Nucleus Nucleus - Q
.
N

Both contribute to one atom’s magnetlc moment

5

INGE 4001 -
The arrangement of (anti)spins imposed by the electronic configuration,

Engineering Materials

Pauli’s exclusion principle and Hind’s rule govern the magnetic properties

of elements

* Inspect the Periodic Table: ~ ™&E20-1

arrows indicating the direction of spin

transition metals, lanthanides,

=50 Metal 3d
and actinides .
« Partially filled nd and nf 4
orbitals! Cr

Mn
Fe
Co

» How those spins interactina i
crystal (with zillion atoms) “
defines the observed magnetic
behavior when an external field
H is applied

|
1 ! 1

I I |

| ! I 1
I B! [ |
1l | ! |
| ! B! 1

Parallel spins don’t necessary indicate
“collaborative” magnetic moments, e. g.
Cr (an antiferromagnetic element)

The electron spins in the 3d energy level in transition metals, with

4s
|
|
Il

|
I
1
|
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Externally Applied Field and Material Response

B magnetic inductance (flux density) induced by H in vacuum is:

By = HoH
In a material: B = pH
The magnification (or not) of

the field induced is
calculated as:

B=HyH+pM=pH

Inductance

How permeability u relates
to Y, defines the type of
material

B=uH
Y &
S
&“ HT B=uH
fo ..L A
Y =

Magnetic field
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Classification of materials in terms of their magnetic response
(behavior) and the effect of magnetic domain‘s‘bo

Note the orientation of the magnetic

moments in each material
Magnetic susceptibility is m

y Sl
%)

Homework: Classify the materials in

terms of their values of %,

1 P
OFerromagnetic [ Antiferromagnetic
1 Paramagnetic Diamagnetic TR EE
ilee P 2 W Diamag Blc|w|o|F |ue
1] 12 S e P e
Ia [y AL[SI|P |5 [C[Ar
18 |2 2t n | 2 | & & |2 b o e TE N (R el
K |Ca| Sc |Ti|¥ nMn Fe|Co|Mi [Cu|Zn|Ga|Ce|As|Se|Br | kr
BEREREEEEEREREER D e e
Rb[{Sr| ¥ |Zr [Mb[Mo|Tc|Ru|Rh|Pd|Ag|Cd|1n |5n |[Sh|Te| | |He
6 | 8 | &7 FRERED ey 0 el )
Cs|Balla| |Hf|Ta[w|Re|Os| Ir | Pt |Au|Hg [ TI[Pb| Bi|Pol At |Rn
g |8 @

Fr|Ra|Ac

Flux density or inductance

—
3/ eootH | \
A/ 000
§ 000
4 000 TH
:‘-?“ \}C\\ 000
£ r
§ ¢®
& o&\
,@}‘9
Qa& %%g TH
Paramagnetic (1> Ho) 006
— WoH
Diamagnetic (< pp) ®OO®
' ®®®TH

©0®

[ el e el o Byl e & imlve] o] Magnetic behavior of the elements at
room temperature
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Magnetization behavior
Hysteretical behavior, with a saturation Upon initial magnetization these magnetic

- P domains start aligning (parallel) until
level (M,),_a residual magne_tlz'atlon o
(remanescence M \a coercivity H.. ,
: )
M e O (S !
T:H.’. S I CRENTATONS
, LR AN et
M, e UL N IIEC o T ot
Hc l/ ,"‘,

i

H
S5 /\Hf\/

- Soft magnets have a slim hysteresi
loop and hard magnets have a fat loop.

Domains can be imaged. This image shows
the magnetization process of a steel grai

(92}
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Some uses of materials with specific magnetic properties

Recording medium " g

Signal [> J o ™
in Write Read =
Magnetic data storage

Note that magnetic data
recording is longitudinal in Magnet levitation in
nature. superconductors

Tramdtion to
Saparconductor ot




INGE 4001 - Engineering Materials

One word on superparamagnetism

* If domains are too small . M
(nanosized), in ferromagnets or reromagnel ——,
ferrimagnets, they can flip their «pParamagnet
magnetic moments with just
thermal oscillations * Superparamagnet =

 Superparamagnets can retain
high Mg but with no coercivity.

* There is a limitation on the
recording density in current
magnetic media: 0.15 Gbit/mm?

* Modern challenge: can we
increase it?

A ety ( Min Ty

* Investigate what the Néel-Arrhenius law is.




