UNIVERSIDADE DE SAO PAULDO
Escola de Engenharia de Lorena — EEL

ESTUDO DE CASOS
UTILIZANDO

MEV + EDS/WDS

USP Lorena
Rodovia Itajuba-Lorena, Km 74,5 - Caixa Postal 116 Polo Urbo-Industrial Gleba Al-6 - Caixa Postal 116
CEP 12600-970 - Lorena - SP CEP 12600-970 - Lorena - SP
Fax (12) 3153-3133 Fax (12) 3153-3006

Tel. (Direto) (12) 3159-5007/3153-3209 www.eel.usp.br Tel. (PABX) (12) 3159-9900



Imagens MEV

_~ Carbis.com




wwgr eee‘erIx nAS  NSIN
187 14 wdy —




E4620541 (01DF)

Signal A = SE1

WD= 15mm

E4620541 (01DF) Signal A=QBSD WD= 15mm

Mag= 350X EHT=2000kv  DEMAR - FAENQUIL Mag= 350X EHT=2000kv  DEMAR - FAENQUIL
inclusac| Fe matriz]
Al
ca n
s
=]
cr
M
My
Fe
M
“ Fe
Ca ca " o, Fe
M
Fe Si Cr . n
cr hin Fe I ! cr or
o 1 2 3 4 & B 7 o 1 2 3 4 & B 7
Full Scale 9786 cts Cursor 5.007 ke (144 cts) ke Full Scale 21408 cts Cursor 2572 ket (525 cts) kel

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
O Si02 1-Jun-1999 12:00 AM
Mg MgO 1-Jun-1999 12:00 AM
Al AI203 1-Jun-1999 12:00 AM
Si Si02 1-Jun-1999 12:00 AM

S FeS2 1-Jun-1999 12:00 AM
Ca  Wollastonite 1-Jun-1999 12:00 AM
Cr Cr 1-Jun-1999 12:00 AM

Mn  Mn 1-Jun-1999 12:00 AM
Fe Fe 1-Jun-1999 12:00 AM

Element | Weight% _ Atomic
CK 16.91 2741
oK 3803 46.28
MgK | 458 367
AIK 1159 8.36
SiK 033 023

SK 7.40 4.49

CaK 15.92 773

Spectrum processing :
Peak possibly omitted : 12.811 keV'

Processing option : All elements analyzed (Normalised)
Number of iterations = 3

Standard :

C CaCO3 1-Jun-1999 12:00 AM
Si Si02 1-Jun-1999 12:00 AM
Cr Cr 1-Jun-1999 12:00 AM
Mn  Mn 1-Jun-1999 12:00 AM
Fe Fe 1-Jun-1999 12:00 AM

Element | Weight%  Atomic%
CK 1.69 7.39
SiK 0.31 0.58
Crk 0.13 0.13

Mn K 0.55 052
FeK 97.32 91.38

Totals
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TRATAMENTOS TERMICOS, DIFUSAO E FORMACAO DE FASES
EM SUPERCONDUTORES MULTIFILAMENTARES DE Cu+NbzAl

F. M. Negreiros, C. A. Rodrigues, D. Rodrigues Jr., CBECIMAT 2002, Natal, RN

(@)

Signal=BSD WD= 15mm
| | Mag= 119K X EHT=2000kv  DEMAR - FAENQUIL

(b)

3pm Signal A=0BSD WD= 15mm
Mag= 440K X EHT=20.00kv  DEMAR - FAENQUIL

Figura 2. Micrografia obtida em MEV do primeiro embutimento apés tratamento térmico a 800°C
durante 200 horas: (a) regido de filamentos, (b) identificacéo de fases relativas a Tabela I.

Tabelal. Resultados das medidas de composicdo por EDS das diferentes fases presentes no
primeiro embutimento tratado a 800°C por 200 horas (Figura 2).

Posicao Composicéo (%at) Identificac8o das fases
1 Nb 82,4
Al 17,6 NbsAl
Cu 1,0
2 Nb 47,8 Fase intermediéria de
Al 26,9 NbsAl + Nb,Al
Cu 253
3 Nb 62,1
Al 353 Nb,Al
Cu 26




TRATAMENTOS TERMICOS, DIFUSAO E FORMACAO DE FASES
EM SUPERCONDUTORES MULTIFILAMENTARES DE Cu+NbAl

F. M. Negreiros, C. A. Rodrigues, D. Rodrigues Jr., CBECIMAT 2002, Natal, RN

(@)

Nb-Al tratado a 1050°C/5min+800°C/S6h Signal A=0OBSD WD= 15mm
Mag= 2.00KX EHT=20.00kv  DEMAR - FAENQUIL

(b)

3y Nb-Al tratado a 1050°C/5min+800°C/86h Signal A=0OBSD WD= 15mm
| Mag = 10.00 KX EHT=2000kv DEMAR - FAENQUIL
Figura 3. Micrografia obtida em MEV do primeiro embutimento apds tratamento térmico a
1050°C/5min + 800°C/96horas: (a) regido de filamentos, (b) identificacdo de fases relativas
a Tabela ll.

Tabela ll. Resultados das medidas de composicdo por EDS das diferentes fases presentes no
primeiro embutimento tratado a 1050°C/5min + 800°C/96h (Figura 3).

Posicdo Composicéo (Yat) Identificacdo das fases

1 Nb 26,0
Al 729 NbAl;
Cu 11

2 Nb 40,6 Fase intermediéria de
Al 52,6 NbAl;+Nb,Al
Cu 6,38

3 Nb 67,7 Nb,Al (provavel)
Al 30,9 (Existe diferenca na composicao devido a pequena
Cu 13 dimenséo da fase)

4 Nb 100 Nb puro




1

Development, Heat Treatment Optimization and Microstructural Characterization of
NbsSn Superconductor Wire

C. A. Rodrigues, J. P. B. Machado, D. Rodrigues Jr.; IEEE Trans. Applied Superconductivity, June 2003.

Fig. 1.

TABLE | - HEAT TREATMENT PROFILES

1* Step 2° Step 3° Step 4° Step 5° Step

Temp /Time Temp iTime Temp./Time Temp /Time Temp /Time
Sample 1 360°CIS0h
Sample 2 480%C1500
Sample 3 575°C 500
Sample 4 575°CH000
Sample 5 220°C{100h  360°Cf50h
Sample & 220°C{100h  360°C{50h  480°C/ 50k
Sample 7 220°C{100h  360°C/S0h 480°CA0L  5T5CrA0H
Sample 8 360°C 100k TO0°C 1000
Sample 9 480°CIA0h TO0°C 1000
Satnple 10 ST5RCI50h TO0PC100h
Satnple 11 5751000 F00°C 1000
Satmple 12 220°C/100h  360°C/S0h  480%C/50h F00°CI100h
Satmple 13 220°C/100h  360°C/S0h  480%C/50h F00°CI1500
Sample 14 220°C/100h  360°C/50h  4B80°Cra0h T00°C 1500
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Mag= 100KX |

(a)

Microstructures formed after heat treatments for: (a) Sample 1; (b) Sample 5.

(b)

Formation of & phase.



Mag= 1.00KX

@) | (b)

Fig. 2. Microstructures formed after heat treatments for: (a) Sample 2; (b) Sample 6. Formation of § phase.

(b)
Fig. 3. Microstructures formed after heat treatments for: (a) Sample 3; (b) Sample 7. Eutectoid
decomposition of y phase.

CuNEbSn Signal A = QBSD -
lﬂm Mag= 1.13KX DEMAR - FAENQUIL DEMAR - FAENQUIL Mag= 500X —

(@) (b)

Fig. 4. Microstructures of sample 4 before (a) and after (b) heat treatment, showing the complete conversion

of the Sn cores into « phase.



Cu

DEMAR - FAENGUIL

(b)

Sn

© - (d)
Fig. 5. Microstructure and X-ray mapping found using SEM+EDS for sample 2. (a) SEM image using
backscattered electrons; (b) mapping of Cu; (c) mapping of Nb; (d) mapping of Sn.

Cu

DEMAR - FAENQUIL Mag= 3D0KX

Sn

©) o (d)
Fig. 6. Microstructure and X-ray mapping found using SEM+EDS for sample 4. (a) SEM image using
backscattered electrons; (b) mapping of Cu; (c) mapping of Nb; (d) mapping of Sn. It can be noted the better
homogenization of Sn compared to sample 2 (Fig. 5).



FATIGUE 2002

MICROSCOPIC FEATURES RELATED TO FATIGUE CRACK GROWTH IN
COMMERCIAL-PURITY TITANIUM

Luciana S. Rossino, Carlos A. R. P. Baptista, D. Rodrigues Jr., Fatigue 2002, Stockholm.

spacing = 0.099 pum

angle = 26°
1pm Ti01-07 - central line, a=7.5 mm Signal A = SE1 WD= 5mm
Mag = 40.00 K X EHT=25.00kv DEMAR - FAENQUIL

FIGURE 1 Representative SEM fractography of type A striation pattern
(sample tested with R = 0.5 and a = 7.5 mm).

spacing = 0.3
angle = 2
1um Ti03-14-central line, a=10,0 mm Signal A = SE1 WD= 6mm
Mag = 40.00 K X EHT=28.00kv DEMAR - FAENQUIL

FIGURE 2 Representative SEM fractography of type B striation pattern
(sample tested with R = 0.1 and a = 10.0 mm).



FATIGUE 2002

———z macro

micro

spacing = 0.303 pm
angle = 11,2°
1pm Ti07-01 - central line, a = 12.5 mm Signal A = SE1 WD= 5mm
Mag = 40.00 K X EHT=28.00kv DEMAR - FAENQUIL

FIGURE 3 Representative SEM fractography of type C striation pattern
(sample tested with R = 0.3 and a = 12.5 mm).
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FIGURE 4 Fatigue crack growth rates and striation spacing.



SURFACE ANALYSIS OF DECIDUOUS TEETH AFTER
SOFT DRINK ACTION

A. P.R. Alves; A. M. S. Lopes-Silva; D. Rodrigues Jr., MICROMAT 2002, Curitiba, PR.

Signal A=VPSE  WD= 12mm |21.|n Agua Signal A=VPSE  WD= 12mm
Mag= 41X EHT=2000kv  DEMAR - FAENQUIL Mag= 500X EHT=2000kv  DEMAR - FAENQUIL

(@) (b)

ma-wse WD= 12mm 20um Refrigerante A-WSE WD= 12mm
 — - [ -
Mag= 41X EHT=2000kv  DEMAR - FAENQUIL Mag= 500X EHT=2000kv  DEMAR - FAENQUIL

Signal A=VPSE  WD= 12mm
Mag= 41X EHT=2000kv  DEMAR - FAENQUIL

(€) ()

Grupo controle Signal A=VPSE  WD= 12mm
Mag= 500X EHT=2000kv  DEMAR - FAENQUIL

Zo0m
|_|

Figure 1. Teeth after storing and brushing in water, (a) 41X and (b) 500X; and in acid soft drink,
(c) 41X and (d) 500X. One control tooth is shown in (e) 41X and (f) 500X.



Signal A=SE1  WD= 8mm Signal A = SE1
EMT=2000kv  DEMAR - FAENQUIL H Mag= 1.00KX EHT=2000kv DEMAR - FAENQUIL

Folha “m Signal A = SE1 WD= 9mm 10pm Folha {Flar) Signal A = SE1 WD= 8mm
Mag= 500X EHT=2000kv  DEMAR - FAENGQUIL I I Mag= S00KX HT=2000kv DEMAR - FAENQUIL

Signal A=SE1  WD= 15mm
E DEMAR - FAENQUIL

Formiga Sauva Signal A=VPSE WD= 9mm . Formiga sauva “Signal A=\VPSE WD =
Mag= 51X EHT=2000kv DEMAR - FAENQUIL | |F————Jmag=" 400x EHT=2000kv  DEMAR - FAENQUIL

Laboratério de Microscopia Eletrdnica
Departamento de Engenharia de Materiais — FAENQUIL




de metita (por i ivlgn'm A'; VPSE |12_m ";28‘2‘1? 2000 i i de metita (por i ivlgn'm A'; VPSE |12_m ";281;? 2000
_ = mm ime 18 _ = mm ime :18:
Mag= S0X EHT=10.00kv__DEMAR - FAENQUIL Mg SRIno EHT=10.00kv _ DEMAR - FAENQUIL

de metita (por emulsi Signal A=VPSE  Date 22 May 2000
250 X WD = 10mm Time :18:28
EHT=1000kv DEMAR - FAENQUIL

de metila (por i Signal A=VPSE  Date :22 May 2000
Mag= 600X WD = 10mm Time :18:38
%9 = EHT =10.00kv DEMAR - FAENQUIL

=1 , 7o S 5 J . : y
100ym Argamassa com late: Signal A=SE1  WD= 18mm 20pm Argamassa com latex Signal A=SE1  WD= 18mm
i Mag= 250X EHT=2000kv DEMAR - FAENQUIL H Mag= 600X EHT=2000kv DEMAR - FAENQUIL

Laboratério de Microscopia Eletrdnica
Departamento de Engenharia de Materiais — FAENQUIL
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