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CALPHAD (viz kurs Dr. Kroupa)

* semiempiricka metoda, reSeni fazové rovnovahy pro
uzavreny systém
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Reseni fazové rovnovahy

Output from POLY-3, equilibrium = 1, label A0 , database: SOLDER
Conditions:

T=473, P=100000, N=1, W(PB)=1E-1

DEGREES OF FREEDOM 0

Temperature 473.00, Pressure 1.000000E+05

Number of moles of components 1.00000E+00, Mass 1.24006E+02

Total Gibbs energy -2.59971E+04, Enthalpy 7.62867E+03, [Volume 0.00000E+00

Component Moles  W-Fraction Activity Potential Ref.stat
PB 5.9848E-02 1.0000E-01 1.7267E-04 -3.4074E+04 SER
SN 9.4015E-01 9.0000E-01 1.5344E-03 -2.5483E+04 SER
BCT_A5 Status ENTERED  Driving force 0.0000E+00

Number of moles 6.7295E-01, Mass 8.0858E+01 Mass fractions:
PB 2.81641E-02 SN 9.71836E-01

Constitution:

PB 1.63324E-02 SN 9.83668E-01

LIQUID Status ENTERED Driving force 0.0000E+00
Number of moles 3.2705E-01, Mass 4.3148E+01 Mass fractions:
PB 2.34618E-01 SN 7.65382E-01

Constitution:

PB 1.49387E-01 SN 8.50613E-01
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Aplikace metody - fazove
diagramy
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Predikovany isotermni fez

fazovym diagramem soustavy
Sn-Ag-In pro 200°C.
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Predikovany isokoncentracni fez fazovym
diagramem soustavy Sn-1%Ag-0,5%Cu-
Bi. Zelena preruSovana ¢ara vyznacuje
sloZeni sledovane slitiny Sn-3.5%Ag-

0,7%Cu-1%Bi.
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Bilatom % (Ag) + (Bi)

Ag.Sn + pSn
(®) AgzSn + (Bi)

Figure 1 Comparison of the calculated vertical section diagrams of the Sn-Ag-Bi sys
with the DSC data at: (2) 10mol% Bi; and (b) 40 mol% Ag
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Figure 2 Comparison of the vertical section diagrams of: (a) Sn-Bi-Zmass%Ag; and
(b) Sn-Bi-2mass% Ag-0.7 mass% Cu alloys




Teplotni stabilita fazi
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Simulace signalu
DTA, pcDSC a hfDSC

DTA Kmi/mg)
Texo Peak: 494.0 °C

Peak: 496.0 °C

DTA_SbSnZn_7_B Onset: 377.6 °C
- - Peak: 495.0 °C

Onset: 3776 °C
Onset: 377.3°C

0.08

> Peak: 437.2°C
Peak: 389.5°C Peak: 436.7 °C
Peak 3898 °C Peak: 437.0 °C

300
Temperature °C
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Figure 2.2, DTA melting of a 211.6 mg of pure Ag at 10 Kimin. (a) Reference
thermocouple temperature T, and sample thermocouple temperature
T, 5a"P' vs. time. (b) Differential signal AT = T, 5% . T, ys. time (red),
vs. sample temperature (solid black), and vs. reference temperature (dashed
black). For this data, ihe reference temperature remains quite linear in time

as the sample melts, so that a linear sealing of the time axis makes the plots
with x-axes of time and reference temperature practically identical.
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Figure 2.6. Measured {a) temperature vs. time plots and (b) associated DTA
plots for melting of pure Sn, The instrument thermocouple readings are black
and the readings from a thermocouple immersed directly in the Sn in the sam-
Ple cup is red. Mass = 163.2 mg; heating rate = 5 K/min.
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Figure 3.15. Measured (a} temperature vs. time plois and (b} associated
DTA plots for the freezing of pure Sn. The instrument thermocouple readings
(sample and reference) are black and the readings from a thermocouple
immersed directly into the Sn in the sample cup are red. Significant
supercooling has occurred prior to freezing inducing the rapid temperature
rise upon solidification in (a) and the associated positive slope in (b);

mass = 163.2 mg; heating rate = 5 Kimin.




DTA binarnich slitin Klasickeé

vyhodnoceni
Cooling Heating
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Figure 3.1. Schematic DTA response on coooling and heating of pure A and B
and for other alloys superimposed on a simple eutectic phase diagram.
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Sample Enthalpy.
Hy
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Figure 2.5, Schematic a) enthalpy vs. temperature for a pure metal;
b} corresponding derivative dHg (Tg)/dT g curve; ¢) DTA signal for melting

(bottom) and freezing (top). The small difference in heat capacity of liquid
and solid leads to a small offset of the baseline before and after melting. The
onsets in the DTA curves are shown with a small deviation from the melting
point, Tyy , due io heat flow limitation in the DTA. This difference on melting

is adjusted to zero by the calibration procedure, at least for one heating rate.
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00 10 20 30 40 50 60 70 80 90 100
AgQ % Cu Cu

— — .
: - T00 200 900 1000
Figure 3.2. (a) Ag-Cu phase diagram; (b) Enthalpy vs. temperature curves Ts(°C)
Jor five Ag-Cu alloys (solid, equilibrium; dashed, Scheil); the curves have
been shifted vertically for clarity, only differences of enthalpy are relevent;
(¢) dHg ! dTs vs. T curves for equilibrium conditions for various Ag-Cu
alloys derived from the eguilibrium enthalpy curves (overleaf). The vertical

arrows at the eutectic temperature (779°C) represent delta functions of the /
indicated strength in klikg.
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Figure 3.8, Schemaric DTA plots showing error introduced by using the
extrapolation method for onset determination rather than the first detectable
departure from baseline.
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Figure 3.3. Experimental DTA melting scans for a series of Ag-Cu alloys at
three different heating rates, 5§ Kimin (blue), 10 Kimin (red) and 15 Kimin
(black). Note that the small signal for the eutectic melting is absent in the
Ag-5 % Cu alloy at the slower heating rates. Note also the absence of a
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Ag-15% Cu Figure 3.9. dHg ! dTsvs. Ty (top) and computed DTA scans for meliing and
freezing at 5 Kimin (bottom) for Ag- 15 % Cu using equilibrium enthalpy.
Features on the DTA scans are labeled with: § = important or » = kot
important.
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Figure 3.5. DTA signal for melting of Ag- 5 % Cu showing the effect of hold
time at 760°C and subsequent heating ai 15 Kimin.
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Figure 3.7. DTA signal for inconel 718 showing the effect of annealing time
[91Cac]. With annealing, the (Fe,Cr),Nb Laves phase dissolves and the onset

of melting increases from 1163°C to 1247°C.
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Figure 3.12. a) Normal DTA scan on heating for a small greezing range
Ni-base superally; b) Normal DTA scan on cooling. Supercooling has
occurred; c) Cyeling DTA to determine the liguidus temperature [00Wu].




Rovnovazny vypocet vs. Sheil-Gulliver

aprox.

Rovnovaha v kazdém Vylucovani tuhé faze
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Konc¢i v
eutektiku

Predpoklada jisté podchlazeni

Liquid+o

Scheme of Scheil solidification of a hypothetic Fe—C alloy. During solidification the actual liquid
phase, beginning with CO, is undercooled and solidifies according to the lever rule enriching the
liguid phase with solute atoms
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Figure 3.6. Computed DTA curve for an enthalpy vs. temperature relation
derived from a back diffusion model of solidification at 5 K/min of Ag 5 %
Cu is shown blue. Dg=1x 10" m’ |5, 4y = 3.8 x 10” m. The equilibrium
curve is black and the Scheil is red. The peak eutectic signal at approx.

780°C is intermediate between that for the Scheil and equilibrium cases but is
not as small as the measured eutectic signal with no annealing

in Fipure
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Figure 313 Comparison of two hypothetical alloys with identical heat of
fusion, Izqz{zdus and solidus temperatures but differing having k<1 and k>1].
a) Phase diagram, b) dH s/ dls for k<l (black) and k>1 (red), c} DTA for

If{f .:md a) DTA for k>1. For k<l, the latent keat is released higher in the
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Viceslozkove slitiny

Slitiny na bazi Sn
bez olova

Microstructura slitiny Sn-
3.5%Ag-0,7%Cu-1%Bi.
Svételna mikroskopie (b), SEM
().
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DSC /(mi/mg) Heating rate (K/min):

T exo 01 03

1.0 10

0.2
0.1
0.0
-0.1
-0.2
-0.3
-04
-0.5

AH /kJ mol!
[o2]
AHIT /kJ mol-oC’

70ml Ar/min

-0.6 Peak minimas

-—_ e . 123
220
Temperature /°C 180 200 220

temperature /°C




DSC /(mW/mg) Vacuum /%
T exo ! 2.2

0.2 heating: 10,5,2,1,0.3,and 0.1K/min [:5_]—_’//4

- 100

[1.3]02_12_VZ3_SnCulnAg_03K_01K.sss
- DSC
——— Vacuum
[1.7]02_12_VZ3_SnCulnAg_03K_01K.sss
— DsC
-~ Vacuum
[2.2] 07_02_08_VZ3SnCulnAg_DEOX_1K.sss
- DSC
— Vacuum
[3.2] 17_01_VZ3_SnAgCuln.dss
DsC
Vacuum
[4.2] 02_13_VZ3_SnCulnAg_03K_01K_opakovani.sss
Vacﬁﬁﬁ 1...liguid+gamma

[4.5] 02_13_VZS_SnCuIrE)/;%_03K_01K_opakovani.sss 2...quuid+garrma+eta

Vacuum 3...gamma+teta
17 3]
| [

200
Temperature /°C

7 ga1rma +eta+BCT_A5
5 10 15 2
WEIGHT_PERCENT AG




DTA AmW/mg) Vacuum /%

T exo Value: 469.0 °C, 0.02577 mW/img
DTA_SbSnZn_350_8_A.sss Value: 465.0 °C,/0.01994 mWipag | 100

0.06 Value: 464.0 °4, 0.01807#

0.05

0.04
alue: 197.0 °C, 0.003285 mWimg Onset: 224.6 °C

Peak: 197.2°C Value: 2{17.0 °C, 0.003567 mW/img
0.03 Peak: 197.2 °C

Peak: 197.2°C
0.02

0.01 A X
Value: 439.0 °C, 0.01067 mW/m

7 £ .
0.00 - ' u e w7 Peak: 3493 °C Value: 446.0 C 0.01699 mW/mg
Peak: 242.9°C % Y Peak: 348.3 °C Value: 438.0 °C, 0.01238 mW/m

Peak: 223.0 °C \ Peak: 242.4°C Value: 446.0 °C, 0.0128 mWimg |

0.01 i Peak: 3478 °C
e Peak: 223.0 °C Peak: 242.2 °C

Peak: 242.0°C
-0.02

300
Temperature /°C
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