Engr. 161 Final Exam Equation/Procedure Sheet

page 1 of 3

Ch. 2 Atomic Structure and Bonding

Net, Attractive, Repulsive Energies between two ions:

A B
EN =EA+ER =——+—; N~8
r rn
A= ;g = magnitude of net charge
4z (Ch)((h) q g g
Force between two ions
A B
FN = FA+ FR =+r—2— rn+1

2
% 1onic character ={1— e~ WHX=X2)" [y 100%

X = electronegativity

Chapt 12 Structure of Ceramics
Determined by ratio of ionic radii r¢/ra; electric charge.

Ch 4. Imperfections

Vacancies. Solid Solutions: substitutional, interstitial
Dislocations. Grain Boundaries, Interphase Bnds, Free Surfaces.
Voids, Inclusions, other Phases.

Number of vacancies: Ny =N exp( el ]

Chapt 3 Structure of Crystalline Solids

Lattice Parameter APF
FCC: a=22R 0.74
4
BCC: a=—R 0.68
3
HCP a=2R; c=1.633a 0.74
nv,
APF — volume of at.oms _ Wsph
volume of unit cell ~ Vg
Densi P nA
ensity: =0
VeenNa

_ number of atoms centered on direction vector

LD -
length of direction vector

PD - number of atoms centered on a plane

area of plane

Points: coordinates in terms of fractional distances of lattice
parameters

Naming Direction Vectors
1. Move tail to origin
2. Write point where direction leaves unit cell
3. Multiply by LCD to get integers
4. Enclose in square brackets [h k I]

Naming Planes

. Move plane off origin

. Write intercepts of plane with X-, y-, and z-axes
. Flip intercepts

. Multiply by LCD to get integers

. Enclose in parenthesis (h k I)

wnm A W~

Families of directions: same orientation and LD; < >
Families of planes: same orientation, and packing density; { }

Crystal Systems (systems that have only right-angles):
Cubic (3 sides equal)
Tetragonal (2 sides equal)
Orthogonal (no sides equal)

Stacking: FCC: ABCABCABC...; HCP: ABABABAB...

KT

Number of atomic sites N = (Na)p

per unit volume: A
Composition, wt% of c, = my % 100 Wt%

Element 1 my +m,

ny
iti y Ci = X 100 at?

Composition, at% T at%
Conversion ;L G4, o

wt% to at% = Ca, rca, < 100at%
Conversion _ CiA, o
at% to wt% Cl_Cl’A1+C2’A2 X 100 wt%
Concentration: b G 103

plg/em’] LG, G

C"[kg/m’] P1 P2
Average Density, two- _ 100

element solid- Pave = [

solution: P P2
Grain Size

ASTM Method: N = 271 =261
N = # of grains per in.? at 100%, n = G = grain-size number

Intersection Method (on photomicrograph magnified M times)

e draw ~7+ lines of same length L in random directions; the
lines should be as long as possible.

¢ determine average number of grains per line: g; OR the
average number grain boundaries intersected per line: p.

e divide line length by average number of grains per line (or
intersections per line) to give the grain size as seen in
picture: | = L/g (or di = L/p)

e divide by mag. M to give the grain diameter: D = [/M,
or the mean intercept length: ¢ = d;/M

Alternate: Take the total length of the lines Lt (e.g., Lt=7L)
divide by the total grains R covered by the lines, or the number
G.B. intersections, and divide again by the magnification M:
_lr 7ol
D= PM

Chapt 5 Diffusion

o M
Diffusion Flux J=—
At
Fick’s First Law: 3= —D£
C = concentration [kg/m?] - AX
Diffusion Coefficient _ _Qd
[m2/s] D =D, exp [_RT j
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Ch. 6 Mechanical Properties of Metals

Stress in Axial Bar: o= "
AO
Strain: =1, Al
L L,
Hooke’s Law: o=Ee
Young’s Modulus: E
Proportional Limit: op=P
Yield Strength (0.2% offset): oy
Tensile Strength: TS (UTS)
Resilience/Modulus of R. 1oy
Ug = ETa
Toughness: Area under o—¢ curve

Poisson’s Ratio:
V= S—x = — g—y = — ST = —
&z &z Edirect
Failure Strain (Ductility):
%EL = & = (£=2) x 100%; = final length
Reduction of Area (Ductility):
%RA = (%) X 100%; A= area at failure (neck)
Working Stress (Allowable Stress) ow; Factor of Safety:
9 _ 9%

g
Oy =—=—= ... FS=-=2
N FS ow

transverse strain

direct strain

Chapt 8 Failure

Fracture (Brittle Fracture/Fast Fracture)

Half Crack Length:
Stress Intensity Factor:

K; = Yovma

Y = geometric factor:

a (center crack 2a, edge crack a)

Center crack: 1.0

Edge crack:  1.12

Critical Stress Intensity Factor or Fracture Toughness
Kic - material property

Critical Stress (to cause fracture at crack size a)

KIC
YVa
Critical Crack Size (to cause fracture at applied stress o)
1 (K;\?

=2 (7%)

Maximum Crack Size to ensure yielding and not fracture

1K\
e =7 Yo,

O, =

Ch. 7 Dislocations and Strengthening Mechanisms

Slip System: Slip Plane and Slip Direction

Shear Stress 7 causes dislocations to move.

Hall-Petch Equation:

k
0y =0, + 777
Percent Cold Work:

%CW = (%) x 100%;

o

Ad= cross-sec. area at deformed length
Grain Growth:
d" —d} = Kt

Fatigue

Omax + Omin
Mean Stress Op = >

[ — Oy
Stress Amplitude Oq = U > —

O' .
R-ratio R=-—"T"%

Gmax

Constants

Avogadro’s Number
Na =6.022 x1023 atoms/mole, or:
Na =6.022 x1023 molecules/mole
Boltzman’s Constant:
k  =8.62 %1075 eV/atom-K
= 1.38 X10723 J/atom-K

Gas Constant:
R =8.31dJ/mol-K

Guide to Reading a Log-Scale:
A decade is roughly divided as shown:

<

10" 2x10" 3x10" 5x10"  10"1
Creep
Minimum Temperature for Creep ~0.4Tnm
Creep Rate
éS - K10'n
_Qc
& = Kyomex ( )
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Chapt 9 Phase Diagram

PHASE DIAGRAMS. Knowing system composition Co, and
Temperature T, you can find:

1. Phases present
2. Composition of each phase (end of tie-line)
3. Weight fraction (mass fraction) W, of each phase.

Draw microstructure of system when cooled from liquid.

Composition Cy, of
Element 1 (Eleml) in G =
system, wt%[Elem]1]

my
———— X 100 wt%|Elem1]
my +m,

Mass Fraction (Weight Lever Rule
Fraction) of Phase a
in o-p region (o on

left)

Mass Fraction (Weight Lever Rule
Fraction) of Phase 3 Co — Cq
in o-p region (o on
left)

Eutectic:
Eutectoid:

Loa+p
yo>a+p

Hypoeutectic: ~ System with composition below eutectic

composition Cg.

Hypereutectic:  System with composition above eutectic
composition Cg.

Eletrochemical Cell

Connecting two metals in an electrochemical cell (electrode of
metal in its own solution, connected electrically to another
electrode metal in its own solution), gives a voltage difference:

AVO = VZO - Vlo
If AV° >0, Metal 1 corrodes; if AV° <0, Metal 2 corrodes.

The metal that corrodes (loses material is the anode. The metal
that does not corroded is the cathode.

Galvanic Series

Galvanic Series rates metals resistance to corrosion in seawater.
The higher on the series, the more resistant to corrosion.

Corrosion: eight types

Remember your two favorite types of corrosion and be able to
describe them.

Corrosion Prevention

How do you prevent/impede corrosion?

Chapt 18 Electrical Properties

Material properties:

Chapt 17 Corrosion

Corrosion: Chemical Attack

Oxidation: metal electrode loses electrons ... goes into solution;
can bond with oxygen (oxidize). The anode.

Reduction: metal ion gains electrons to become solid. The
cathode.

Standard EMF Series

EMF Series rates metals from most chemically inert (most
cathodic) to most active (most anodic) by measuring the voltage
difference between a metal anode in 1 molar solution of its own
ion with respect to (w.r.t.) platinum anode in 1 molar solution of
H+ (standard hydrogen electrode). The electrodes are electrically
connected to each other, and the solutions are separated by a
membrane that only lets electric charge pass through.

The more positive V° (w.r.t. platinum electrode), the less likely
that metal is to corrode. The less positive V°, the more likely to
corrode.

Resistivity: p [Qem]

Conductivity: o= p ' [Qem]!

Ohm’s Law V=1IR

Resistance of wire R pl
Length |, cross-sect. A A

Semi-Conductors

Based on Column-IV elements (Si, Ge). Doped to increased
conductivity.

Conductors of electricity electrons (-) and holes (+)

n-type: dope with an element with more valence elections
(negative charge carrier)

p-type: dope with an element with less valence elections (positive
charge carrier)

Updated: 12/07/2015






USEFUL INFORMATION

The Standard emf Series

Constants FUI.‘theI‘ down the chart, electrodes become increasingly
- active.
Avogadro’s Number Standard
Na =6.022 x 1023 molecules/mole Electrode Reaction Potoential
V' (V
Boltzman’s Constant: Aut + 3¢ — Au +1_(42)0
k =8.62x 105 eV/atom-K 02+ 4H* + 4e- — 2H20 +1.229
=1.38x 1023 J/atom-K Pt + 2¢- — Pt +1.20
Agt + e — Ag +0.800
Ideal Gas Constant: Fe3* + 3¢ — Fe +0.771
R =8.31 J/mol-K 02+ 2H:0 + 4e- — 4(OH) +0.401
Cuzt + 2¢- — Cu +0.340
2H* + 2¢- — H2 +0.000
Guide to Reading a Log-Scale: Pb#* + 2e- — Pb —0.126
A decade is roughly divided as shown: Sn2* + 2¢e- — Sn —0.136
Niz+ + 2e- — N1 -0.250
| | | | Co?* + 2¢- — Co —0.277
< > Cdzt + 2¢- — Cd -0.403
10" 2x10" 3x10" 5x10"  10™* Fe* + 2e- — Fe —0.440
Cr3* + 3e- — Cr —0.744
Zn%t + 2¢e- — Zn -0.763
Al + 3e- — Al -1.662
Mgzt + 2¢- — Mg —2.363
The Three Moe s of Fracture Na* + e — Na —2.714
Kt +e — K —2.924

The Galvanic Series

Platinum

Gold

Graphite
T Titanium
Silver
Stainless Steel (passive)
Nickel (Passive)
Copper-Nickel alloys
Bronzes (Cu-Sn)
Copper
Brasses (Cu-Zn)
Nickel (active)
Tin
Lead
Stainless Steel (active)
Cast Iron
Iron and Steel

Increasingly
Inert

Increasingly

Active Aluminum Alloys
l Cadmium
Commercially pure Aluminum
Zinc
Magnesium Alloys
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