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RESUMO
Este trabalho descreve o crescimento e a caracterização de cristais de compostos semicondutores III-V, Ga1-xInxSb, através de método Bridgman Vertical. A distribuição do índio nos cristais, devido à segregação do antimoneto de índio para o líquido, foi determinada por EDS. A segregação em função da velocidade de solidificação, do formato inicial do cadinho e da concentração de inicial de dopantes mostra-se diferenciada ao longo do cristal.
PALAVRA-CHAVES: Ga1-xInxSb, Bridgman Vertical, Segregação.
INTRODUÇÃO
Compostos semicondutores III-V constituem a base de quase todos os dispositivos eletrônicos, optoeletrônicos, termofotovoltáicos e sensores utilizados atualmente em um dos setores que mais cresce no mundo. O antimoneto de gálio (GaSb) é um composto formados por elementos do grupo III (13A) e V (15A) da tabela periódica dos elementos, possui condutividade intrínseca tipo p, rede cristalina zinco blenda com parâmetro de rede de 6,095 Å e banda proibida de 0.68 eV, além disso, possui comprimento de onda na faixa do infravermelho. A inclusão do índio para formar a liga ternárias Ga1-xInxSb aumenta a possibilidades de compatibilidade com a maioria dos compostos semicondutores, pois o parâmetro de rede, o intervalo da banda e o comprimento de onda para emissão e absorção da luz variam respectivamente com a quantidade molar do índio (0≥ x ≤ 1)(1). O parâmetro de rede pode variar de 6.095 Å até 6.4782 Å, o intervalo da banda (Eg) pode variar de 0,17 eV até 0.73 eV e o intervalo espectral de 1,7 até 7µm(2). Esta compatibilidade tem impulsionado as pesquisa para a obtenção de lingotes desta liga, cujas aplicações incluem entre outras, LEDs, detectores de infravermelho, dispositivos super high-speed terahertz e termofotovoltáicos de ultima geração(3). Mas, obter lingotes monocristalinos destas ligas por processos convencionais de solidificação unidirecional é muito complexo, devido ao grande intervalo de temperatura de solidificação que se estabelece com o aumento da concentração do terceiro elemento, no caso o índio. A segregação do índio para o líquido favorece o superesfriamento constitucional que perturba a interface sólido/líquido, originado o crescimento de cristais policristalinos (4).
O atual estudo de arte nas pesquisas com o crescimento de lingotes ternários de Ga 1-xInxSb está restrito ao método Bridgman Vertical. Muitos autores vêm se dedicando em estabelecer parâmetros adequados para o crescimento de cristais homogêneos de Ga1-xInxSb modificando o método de crescimento Bridgman convencional através da injeção de vibração e campo magnético alternado(5;6;7;8;9). Porém, é importante conhecer o comportamento de impurezas selecionadas, incluídas no banho como dopantes, frente a segregação do índio, pois pouco se conhece sobre a influencia destes elementos na qualidade de cristais ternários. Neste contexto, foram crescido cristais de Ga1-xInxSb, levemente dopados com Alumínio (Al) e Cádmio (Cd), através do método Bridgman Vertical. O índio e os dopantes foram rastreados por EDS (espectrometria de energia dispersiva) aliada ao MEV (microscópio eletrônico de varredura).
MATERIAIS E MÉTODOS 

Cristais ternários de Antimoneto de Gálio e Índio (Ga1-xInxSb) com três composições diferentes de x, levemente dopados com Al e Cd, foram obtidos em um equipamento Bridgman desenvolvido no LAMETT-PUCRS para este fim (Fig. 1a). O sistema de crescimento consiste em sistema de puxamento, com um suporte onde é fixada uma ampola de quartzo selada sob vácuo. O perfil térmico do forno é mostrado na Fig. 1b.
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Figura 1. Em (a) sistema de crescimento pelo método Bridgman. Em (b) perfil térmico do forno.
Para os cristais 1, 2 e 3 foram utilizadas cargas ternárias, policristalinas, que foram seladas em ampolas de quartzo, sob vácuo e fundidas a 750(C, por 6 horas para homogeneizar o material e, então, solidificadas com velocidade de 18 mm/h. Posteriormente, para o processo de crescimento propriamente dito, as ampolas foram reaquecidas e mantidas por uma hora na temperatura de 750ºC para então, ser deslocada através do forno, cada uma com a velocidade indicada na Tab.1, dando inicio ao processo de solidificação. 
No caso do cristal 4, inicialmente foi feita a sintese da liga ternária a partir de GaSb e InSb. A carga foi fundida por 10h, na temperatura de 750ºC e deslocando-se através do forno com velocidade de 19,9 mm/h. Logo após, a carga solidificada foi reaquecida até fundir e mantinda por 1 hora na temperatura de 750ºC para então, ser deslocada através do forno dando inicio ao processo de solidificação.
As ampolas foram construidas com pontas cônicas ( Fig. 2a) para auxiliar a formação de um único grão através do processo seletivo de grãos que se instala devido a geormetria da ampola (Fig. 2b).
Tabela 1. Resumo dos quatros cristais obtidos.
	Cristal
	Composição inicial da Carga
	Dopantes em átomos/cm3 
	Velocidade de crescimento (mm/h)
	Ampola de quartzo



	1
	Ga0,992In0,008Sb
	Al (7,0312x 1020)
	18
	cônica

	
	
	Cd (4,3163x 1020)
	
	

	2
	Ga0,996In0,003Sb
	Al (1,3522x 1020)
	1,84; 8 e 12,3
	cônica

	
	
	Cd (3,0831x 1020)
	
	

	3
	Ga0,9In0,1Sb
	Al (1,00x 1020)


	2,41
	cônica

	4
	Ga0,9In0,1Sb
	Al (1,487x 1020)


	2,55
	conexidade dupla
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Figura 2. Em (a) sistema Bridgman Vertical. Em (b) ampolas com fundo cônico e de dupla conexidade.
Após ao crescimento, os cristais foram retirados das ampolas e cortados com disco diamantado. Em seguida, os cristais foram lixados e polidos, usando-se uma mistura de sílica coloidal com hipoclorito de sódio, para posterior caracterização por espectroscopia por dispersão de energia (EDS) com auxílio de um microscópio eletrônico de varredura. Na Fig. 3a são esquematizados os cortes realizados nos cristais obtidos e a Fig. 3b mostra a imagem do cristal 4.
Amostras retiradas da parte inicial, central e final dos cristais (corte B da Fig. 3b) foram utilizadas para a caracterização radial.
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Figura 3. Em (a) esquema dos cortes longitudinal e radial nos cristais e (b) imagem do cristal 4.
RESULTADOS E DISCUSSÕES
A distribuição do índio ao longo dos quatros cristais é apresentada na Fig. 4. Observa-se, comparando a Tab. 1 com os gráficos da Fig. 4 que os cristais obtidos com velocidades de deslocamento menores e, consequentemente, com taxas de solidificação menores apresentaram uma distribuição mais uniforme do índio, principalmente no inicio do cristal. Autores como Dutta(2) e Goza(3) encontraram resultados semelhantes para o método Bridgman convencional e, uma vez que o índio segrega para o líquido  durante a solidificação da liga GaInSb, apresentando coeficiente de segregação k<1. Os coeficientes de segregação efetivos do In encontrados para os cristais 1, 2, 3 e 4 a partir da equação de Pfann(5) (Eq. A) foram de 0,21; 0,19; 0,13 e 0,21, respectivamente.
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Comparando a distribuição do índio no cristal 3 (Fig. 4c) com a distribuição com cristal 4 (Fig 4d), ambos crescido com velocidades de deslocamento muito semelhantes, mesma composição e dopagem (Tab.1), observa-se que o formato da ampola pode ter influenciado na distribuição do In. A conexidade dupla não se mostrou efetiva para a redução dos grãos por competição e consequentemente na formação de uma interface plana, neste caso. Por outro lado, o cádmio aliado a taxas mais elevadas de solidificação pode ter contribuído, também, para a distribuição aleatória do índio (cristal 1 e 2).

[image: image7.png]40

20
Distancia (mm)




    
[image: image8.png].
2

o e
.

t S}
= 2
S o

n oo,

EE

0,6
0.2

(8 %) ul 3p ogSeIUBIUO)

Distancia (mm)





                                         (a)                                                                        (b)

[image: image9.png]*e 0o

DX

(e %)ul

60

40

20

Distancia (mm)




    
[image: image10.png].

0
PR3
t

4

60

40

20

50 -
3,0

o
<
%.

(re %) ura

0 7

%

oe3enuasuo)y

o
-

sz

Distancia (mm)





(c)                                                                      (d)
Figura 4. Distribuição do In ao longo dos cristais, (a) cristal 1, (b) cristal 2, (c) cristal 3 e (d) cristal 4.

Os resultados obtidos com as análises de EDS, realizadas nos cristais 3 e 4, no sentido radial, nas amostras retiradas do inicio, meio e fim (Fig. 3a) não apresentaram variações significativa no inicio, sendo que a distribuição do índio mostrou-se linear neste caso para os dois cristais analisados A Fig.5 mostra o comportamento radial do índio nos cristais 3 e 4. 
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Figura 5. Distribuição radial do In, (a) cristal no. 3 e (b) cristal n.o 4.
CONCLUSÕES
O índio, nos cristais de Ga1-xInxSb, independe do valor da velocidade de deslocamento da ampola no método Bridgman convencional,.apresenta coeficiente de distribuição k<1, segregando para o líquido em todos os casos, mesmo para concentrações de x e de dopantes (Al e Cd) distinto.
Cristais obtidos com taxas de solidificação mais baixas apresentaram distribuição mais uniforme do índio na direção do crescimento.
O formato inicial da ampola influência a distribuição do terceiro elemento em ligas ternarias do tipo Ga1-xInxSb. A ampola com formato inicial cônico mostrou-se mais eficiente. 
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Behavior in the Indium Segragational Ga1-xInxSb, Growth by Vertical Bridgman Method
This paper describes the growth and characterization of crystals of III-V compound semiconductors, Ga1-xInxSb through Vertical Bridgman method. The distribution of indium in the crystals, due the segregation of indium antimonide for the liquid, was determined by EDS. The segregation in function of solidification rate, of the initial shape of the crucible and the dopants concentration proves to be differentiated along the crystal.
Key-words: Ga1-xInxSb, Vertical Bridgman, Segregation.
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						Ga		Sb		In		Cd		Te		Fe		Al		N		O

						At%		At%		At%		At%		At%		At%		At%		At%		At%

		1		Ini1		39.03		36.51		0.13		1.10		0.00		0.30		0.50		18.59		3.84		100.00

		2		Ini2		38.32		36.09		0		1.03		0.00		0.26		0.56		20.25		3.50		100.01

		3		Ini3		38.19		36.52		0.24		1.28		0.00		0.45		0.38		18.58		4.35		99.99

		4		Ini4		38.71		35.36		0.17		1.23		0.00		0.31		0.27		19.61		4.33		99.99

		5		Ini5		39.1		34.81		0.13		1.12		0.00		0.61		0.00		19.63		4.60		100.00

		6		Ini6		38.06		35.87		0.07		1.07		0.00		0.42		0.39		19.91		4.22		100.01

		7		Ini7		39.16		37.07		0.22		1.24		0.00		0.48		0.55		18.14		3.15		100.01

		8		Ini8		38.81		35.76		0.29		0.99		0.00		0.00		0.80		19.21		4.14		100.00

		9		Ini9		39.56		36.99		0.10		1.16		0.00		0.64		0.35		17.52		3.72		100.04

		10		Ini10		37.35		36.67		0		1.11		0.00		0.26		0.69		19.82		4.11		100.01

		11		Ini11		37.77		36.26		0.14		1.24		0.00		0.55		0.62		19.22		4.20		100.00

		12		Ini12		38.47		37.73		0.26		1.10		0.00		0.34		0.19		18.20		3.71		100.00

		13		Me1-1		38.49		36.39		0.14		1.17		0.00		0.48		0.70		18.77		3.87		100.01

		14		Me1-2		38.93		34.81		0.13		1.00		0.00		0.33		0.78		19.95		4.08		100.01

		15		Me1-3		38.65		37.36		0.00		0.92		0.00		0.11		0.40		18.92		3.64		100.00

		16		Me1-4		38.26		36.65		0.08		1.30		0.00		0.41		0.48		18.74		4.09		100.01

		17		Me1-5		38.3		36.66		0.07		0.96		0.00		0.34		0.56		19.09		4.01		99.99

		18		Me1-6		39.08		37.38		0.09		1.11		0.00		0.31		0.41		18.17		3.45		100.00

		19		Me1-7		38.72		34.82		0.11		1.18		0.00		0.45		0.39		19.85		4.48		100.00

		20		Me2-1		36.65		36.69		0.21		1.05		0.00		0.46		0.00		20.70		4.25		100.01

		21		Me2-2		35.13		37.11		0.16		1.05		0.00		0.26		0.29		21.69		4.30		99.99

		22		Me2-3		38.72		35.63		0.23		1.05		0.00		0.49		0.22		19.86		3.78		99.98

		23		Me2-4		27.46		41.47		0.50		1.22		0.00		0.56		0.19		23.99		4.61		100.00

		24		Me2-5		38.63		37.07		0.15		1.20		0.00		0.33		0.48		18.45		3.69		100.00

		25		Me2-6		38.25		36.90		0.15		1.15		0.00		0.35		0.37		18.64		4.19		100.00

		26		Me2-7		40.07		35.05		0.27		1.19		0.00		0.25		0.43		18.76		3.99		100.01

		27		Me2-8		30.66		40.63		0.17		1.18		0.00		0.50		0.00		23.02		3.84		100.00

		28		Me2-9		36.4		38.14		0.12		1.26		0.00		0.39		0.38		19.39		3.94		100.02

		29		Me2-10		33.44		38.77		0.19		1.40		0.00		0.29		0.48		20.98		4.45		100.00

		30		Me2-11		26.69		43.04		0.32		1.26		0.00		0.49		0.38		23.57		4.25		100.00

		31		Me2-12		37.17		35.79		0.00		1.17		0.00		0.39		0.49		20.36		4.63		100.00

		32		Me2-13		37.01		37.10		0.22		1.11		0.00		0.51		0.40		19.40		4.25		100.00

		33		Fim1-1		38.33		36.48		0.28		1.18		0.00		0.29		0.44		19.71		3.28		99.99

		34		Fim1-2		38.48		37.03		0.15		1.22		0.00		0.43		0.56		18.42		3.72		100.01

		35		Fim1-3		29.45		39.00		0.12		1.31		0.00		0.71		0.53		24.04		4.84		100.00

		36		Fim1-4		32.02		38.73		0.45		1.28		0.00		0.19		0.26		22.57		4.50		100.00

		37		Fim1-5		31.82		39.36		0.38		1.22		0.00		0.49		0.38		22.08		4.28		100.01

		38		Fim1-6		39.03		36.68		0.26		1.28		0.00		0.38		0.29		18.20		3.87		99.99

		39		Fim1-7		37.8		35.38		0.00		0.93		0.00		0.31		0.22		20.46		4.91		100.01

		40		Fim1-8		34.23		39.30		0.21		1.37		0.00		0.52		0.25		20.00		4.13		100.01

		41		Fim1-9		34.99		39.79		0.37		1.16		0.00		0.17		0.2		18.97		4.35		100.00

		42		Fim1-10		38.95		37.30		0.11		0.94		0.00		0.35		0.53		17.82		4.00		100.00

		43		Fim2-1		38.95		37.30		0.11		0.94		0.00		0.35		0.53		17.82		4.00		100.00

		44		Fim2-2		35.22		36.68		0.15		1.26		0.00		0.49		0.17		21.61		4.41		99.99

		45		Fim2-3		38.32		36.10		0.10		1.09		0.00		0.44		0.00		19.97		3.98		100.00

		46		Fim2-4		40.14		35.63		0.09		1.06		0.00		0.77		0.41		18.25		3.65		100.00

		47		Fim2-5		38.77		35.50		0.00		1.04		0.00		0.30		0.00		19.65		4.73		99.99

		48		Fim2-6		38.37		35.57		0.08		1.17		0.00		0.45		0.59		19.50		4.27		100.00

		49		Fim2-7		37.72		36.00		0.13		1.35		0.00		0.34		0.67		19.55		4.24		100.00

		50		Fim2-8		38.2		36.80		0.26		1.30		0.00		0.21		0.17		19.01		4.06		100.01

		51		Fim2-9		38.04		33.44		0.09		1.00		0.00		0.40		0.34		21.76		4.94		100.01

		52		Fim2-10		36.77		35.32		0.14		1.28		0.00		0.27		0.00		20.84		5.38		100.00

		53		Fim2-11		38.16		35.79		0.09		1.29		0.00		0.38		0.25		19.7		4.34		100.00

		54		Fim2-12		37.01		37.10		0.22		1.11		0.00		0.51		0.40		19.40		4.25		100.00

		55		Fim2-13		22.19		25.01		0.09		0.84		0.00		0.22		0.68		11.76		23.83		15.39

				Média		36.7672727273		36.70		0.16		1.15		0.00		0.39		0.38		19.67		4.50		99.72

				Média		48.5334831302		48.4420418432		0.2145630201		1.5173013567				0.5109671921		0.5040070941						75.55

				Desvio padrão		3.6013785707		2.3461050464		0.1096495796		0.1269064716				0.1418746542		0.2045509165

						Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at

				Média de todo o cristal		48.53		48.44		0.21		1.52		0.50		0.51

				Desvio padrão		3.60		2.35		0.11		0.13		0.20		0.14





Longitudinal

		



Distância (mm)

Concentração de In (% at)



Segundo Cristal

		



Cd

Al

Distância (mm)

ConCentação (% at)



Inicio

		

				Ga0,996In0,003Sb Longitudinal

																																																										1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

				Ini1				Ini2				Ini3				in4				in5				in6				in7				in8				in9				in10				in11		i		in12								1		2		3		4		5		6		7		8		9		10		11		12		13		14		15		16		17		18		19		20		21		22		23		24		25		26		27		28		29		30		31		32

				Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%

		Ga		35.54		39.03		35.38		38.32		34.82		38.19		35.83		38.71		36.41		39.10		35.24		38.06		35.21		39.16		35.79		38.81		35.59		39.56		34.40		37.35		34.70		37.77		34.53		38.47

		Sb		58.06		36.51		58.20		36.09		58.15		36.52		57.17		35.36		56.61		34.81		58.00		35.87		58.21		37.07		57.58		35.76		58.11		36.99		58.98		36.67		58.19		36.26		59.13		37.73

		In		0.19		0.13		0.00		0.00		0.36		0.24		0.26		0.17		0.19		0.13		0.10		0.07		0.33		0.22		0.43		0.29		0.14		0.10		0.00		0.00		0.22		0.14		0.39		0.26

		Cd		1.61		1.10		1.53		1.03		1.88		1.28		1.84		1.23		1.68		1.12		1.60		1.07		1.80		1.24		1.48		0.99		1.63		1.16		1.65		1.11		1.83		1.24		1.60		1.10

		Te		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Fe		0.22		0.30		0.19		0.26		0.33		0.45		0.23		0.31		0.45		0.61		0.31		0.42		0.34		0.48		0.00		0.00		0.46		0.64		0.19		0.26		0.40		0.55		0.24		0.34

		Al		0.17		0.50		0.20		0.56		0.13		0.38		0.10		0.27		0.00		0.00		0.14		0.39		0.19		0.55		0.28		0.80		0.12		0.35		0.25		0.69		0.22		0.62		0.06		0.19

		N		3.40		18.59		3.76		20.25		3.40		18.58		3.65		19.61		3.57		19.63		3.70		19.91		3.28		18.14		3.56		19.21		3.17		17.52		3.67		19.82		3.55		19.22		3.28		18.20

		O		0.80		3.84		0.74		3.50		0.19		4.35		0.92		4.33		0.98		4.60		0.90		4.22		0.65		3.15		0.88		4.14		0.77		3.72		0.87		4.11		0.89		4.20		0.76		3.71

						1.00		2.00		3.00		4.00		5.00		6.00		7.00		8.00		9.00		10.00		11.00		12.00

						0.19		0.00		0.36		0.26		0.19		0.10		0.33		0.43		0.14		0.00		0.22		0.39

				Me1_1				Me1_2				Me1_3				Me1_4				Me1_5				Me1_6				Me1_7

				Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%

		Ga		35.17		38.49		36,37]		38.93		35.06		38.65		34.88		38.26		35.06		38.30		35.17		39.08		36.14		38.72

		Sb		58.05		36.39		56.78		34.81		59.17		37.36		58.35		36.65		58.60		36.66		58.73		37.38		56.75		34.82

		In		0.22		0.14		0.20		0.13		0.00		0.00		0.12		0.08		0.11		0.07		0.13		0.09		0.18		0.11

		Cd		1.72		1.17		1.51		1.00		1.35		0.92		1.91		1.30		1.42		0.96		1.61		1.11		1.78		1.18

		Te		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Fe		0.35		0.48		0.24		0.33		0.08		0.11		0.30		0.41		0.25		0.34		0.22		0.31		0.34		0.45

		Al		0.25		0.70		0.28		0.78		0.14		0.40		0.17		0.48		0.20		0.56		0.14		0.41		0.14		0.39

		N		3.44		18.77		3.74		19.95		3.45		18.92		3.43		18.74		3.51		19.09		3.28		18.17		3.72		19.85

		O		0.81		3.87		0.87		4.08		0.76		3.64		0.85		4.09		0.84		4.01		0.71		3.45		0.96		4.48

				Me2_1				Me2_2				Me2_3				Me2_4				Me2_5				Me2_6				Me2_7				Me2_8				Me2_9				Me2_10				Me2_11				Me2_12				Me2_13

				Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%

		Ga		33.86		36.65		32.66		35.13		35.73		38.72		25.18		27.46		34.95		38.63		34.80		38.25		36.87		40.07		27.95		30.66		32.95		36.40		30.58		33.44		24.12		26.69		34.67		37.17		33.84		37.01

		Sb		59.19		36.69		60.25		37.11		57.42		35.63		66.39		41.47		58.55		37.07		58.62		36.90		56.31		35.05		64.67		40.63		60.29		38.14		61.91		38.77		67.92		43.04		58.30		35.79		59.23		37.10

		In		0.32		0.21		0.25		0.16		0.35		0.23		0.76		0.50		0.22		0.15		0.22		0.15		0.41		0.27		0.25		0.17		0.17		0.12		0.28		0.19		0.47		0.32		0.00		0.00		0.33		0.22

		Cd		1.56		1.05		1.57		1.05		1.57		1.05		1.80		1.22		1.75		1.20		1.69		1.15		1.76		1.19		1.74		1.18		1.83		1.26		2.06		1.40		1.84		1.26		1.76		1.17		1.63		1.11

		Te		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		Fe		0.34		0.46		0.19		0.26		0.36		0.49		0.41		0.56		0.24		0.33		0.26		0.35		0.19		0.25		0.36		0.50		0.28		0.39		0.21		0.29		0.36		0.49		0.29		0.39		0.37		0.51

		Al		0.00		0.00		0.11		0.29		0.08		3.78		0.07		0.19		0.17		0.48		0.13		0.37		0.15		0.43		0.00		0.00		0.13		0.38		0.17		0.48		0.13		0.38		0.18		0.49		0.14		0.40

		N		3.84		20.70		4.05		21.69		3.68		19.86		4.42		23.99		3.35		18.45		3.41		18.64		3.47		18.76		4.22		23.02		3.53		19.39		3.85		20.98		4.28		23.57		3.81		20.36		3.56		19.40

		O		0.90		4.25		0.92		4.30		0.80		3.78		0.97		4.61		0.77		3.69		0.87		4.19		0.84		3.99		0.80		3.84		0.82		3.94		0.93		4.45		0.88		4.25		0.99		4.63		0.89		4.25

				Fim1_1				Fim1_2				Fim1_3				Fim1_4				Fim1_5				Fim1_6				Fim1_7				Fim1_8				Fim1_9				Fim1_10

				Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%

		Ga		35		38.33		34.83		38.48		27.63		29.45		29.57		32.02		29.17		31.82		35.31		39.03		35.44		37.8		30.87		34.23		31.24		34.99		35.16		38.95

		Sb		58.17		36.48		58.54		37.03		63.9		39		62.46		38.73		63		39.36		57.94		36.68		57.94		35.38		61.89		39.3		62.05		39.79		58.8		37.3

		In		0.42		0.28		0.23		0.15		0.19		0.12		0.69		0.45		0.57		0.38		0.39		0.26		0		0		0.31		0.21		0.55		0.37		0.17		0.11																																																																														0

		Cd		1.74		1.18		1.77		1.22		1.98		1.31		1.9		1.28		1.81		1.22		1.86		1.28		1.4		0.93		2		1.37		1.67		1.16		1.37		0.94																																																																														0

		Te		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Fe		0.21		0.29		0.31		0.43		0.53		0.71		0.14		0.19		0.36		0.49		0.28		0.38		0.23		0.31		0.37		0.52		0.13		0.17		0.25		0.35

		Al		0.16		0.44		0.19		0.56		0.19		0.53		0.09		0.26		0.13		0.38		0.1		0.29		0.08		0.22		0.09		0.25		0.07		0.2		0.18		0.53

		N		3.62		19.71		3.35		18.42		4.53		24.04		4.19		22.57		4.07		22.08		3.31		18.2		3.85		20.46		3.62		20		3.4		18.97		3.23		17.82

		O		0.69		3.28		0.77		3.72		1.04		4.84		0.95		4.5		0.9		4.28		0.8		3.87		1.06		4.91		0.85		4.13		0.89		4.35		0.83		4

				Fim2_1				Fim2_2				Fim2_3				Fim2_4				Fim2_5				Fim2_6				Fim2_7				Fim2_8				Fim2_9				Fim2_10				Fim2_11				Fim2_12				Fim2_13

				Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%		Wt%		At%

		Ga		35.16		38.95		32.8		35.22		35.3		38.32		36.65		40.14		36		38.77		35.54		38.37		34.8		37.72		34.74		38.2		36.53		38.04		34.56		36.77		35.25		38.16		33.84		37.01		27.12		22.19

		Sb		58.8		37.3		59.66		36.68		58.07		36.1		56.82		35.63		57.55		35.5		57.52		35.57		57.98		36		58.43		36.8		56.07		33.44		57.98		35.32		57.74		35.79		59.23		37.1		53.37		25.01

		In		0.17		0.11		0.23		0.15		0.16		0.1		0.14		0.09		0		0		0.12		0.08		0.2		0.13		0.39		0.26		0.15		0.09		0.22		0.14		0.14		0.09		0.33		0.22		0.18		0.09

		Cd		1.37		0.94		1.89		1.26		1.62		1.09		1.57		1.06		1.56		1.04		1.75		1.17		2		1.35		1.91		1.3		1.54		1		1.94		1.28		1.92		1.29		1.63		1.11		1.65		0.84

		Te		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		Fe		0.25		0.35		0.37		0.49		0.32		0.44		0.56		0.77		0.22		0.3		0.34		0.45		0.25		0.34		0.15		0.21		0.31		0.4		0.21		0.27		0.28		0.38		0.37		0.51		0.22		0.22

		Al		0.18		0.53		0.06		0.17		0		0		0.14		0.41		0		0		0.21		0.59		0.24		0.67		0.06		0.17		0.12		0.34		0		0		0.09		0.25		0.14		0.4		0.32		0.68

		N		3.23		17.82		4.04		21.61		3.69		19.97		3.35		18.25		3.67		19.65		3.63		19.5		3.62		19.55		3.47		19.01		4.2		21.76		3.93		20.84		3.66		19.7		3.56		19.4		2.89		11.76

		O		0.83		4		0.94		4.41		0.84		3.98		0.76		3.65		1.01		4.73		0.91		4.27		0.9		4.24		0.85		4.06		1.09		4.94		1.16		5.38		0.92		4.34		0.89		4.25		6.68		23.83





Meio

		

								Ga		Sb		In		Cd		Te		Fe		Al		N		O		Si		F

								At%		At%		At%		At%		At%		At%		At%		At%		At%		At%		At%

						Ini1		31.66		29.88		0.19		0.14		0		0.12		0.22		25.11		6.56		0.32		5.79		99.99

						Ini2		31.17		29.76		0.21		0.09		0.25		0.36		0.26		25.71		5.98		0.22		6.01		100.02

						Ini3		31.47		30.55		0.16		0.16		0.24		0.16		0		24.97		6.05		0.25		5.97		99.98

						Ini4		30.08		30.36		0.2		0.15		0		0.28		0.65		25.86		6.33		0.32		5.76		99.99

						Ini5		31.04		30.63		0.26		0.05		0.06		0.32		0.35		24.89		6.4		0.2		5.8		100

						Ini6		30.58		30.88		0.21		0.2		0.5		0.42		0.29		24.95		6.31		0.27		5.39		100

						Ini7		30.12		29.23		0.21		0.11		0.18		0.08		1.02		25.67		6.56		0.45		6.37		100

						Ini8		30.67		30.49		0.16		0.19		0.12		0.14		0		25.66		6.76		0.41		5.4		100

						Ini9		30.45		30.56		0.27		0.23		0.3		0.32		0		25.2		6.58		0.25		5.84		100

						Média		30.80		30.26		0.21		0.15		0.18		0.24		0.31		25.34		6.39		0.30		5.81		100.00

						Média		49.70		48.83		0.34		0.24				0.39		0.50										61.97

								0.5647369102		0.5260228132		0.0380058475		0.0567890835				0.121151879		0.1529375585

								Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at

						Média do inicio		49.70		48.83		0.34		0.24		0.50		0.39

						Média do meio		49.40		49.10		0.41		0.35		0.42		0.26

						Média do final		47.84		49.2		0.19		1.57		0.68		0.62

						Desvio padrão		1.00		0.19		0.11		0.74		0.13		0.18

								In

								At%

						1		0.19		0.24		0.14

						2		0.21		0.15		0.2

						3		0.16		0.36		0

						4		0.2		0.27		0.12

						5		0.26		0.34		0.14

						6		0.21		0.23		0.2

						7		0.21		0.13		0.21

						8		0.16		0.24		0.2

						9		0.27		0.34		0.07

								Cd		Al		Cd		Al		Cd		Al

								At%		At%		At%		At%		At%		At%

						1		0.14		0.22		0.22		0		1.28		0.38

						2		0.09		0.26		0.21		0		1.06		0.22

						3		0.16		0		0.26		0.2		1.33		1.48

						4		0.15		0.65		0.2		0		1.17		0.25

						5		0.05		0.35		0.33		0.12		1.18		0.36

						6		0.2		0.29		0.16		0.12		1.19		0.61

						7		0.11		1.02		0.16		0		1.05		0.53

						8		0.19		0		0.21		0.16		1.15		0.14

						9		0.23		0		0.22		1.79		1.09		0.61





Meio

		



inicio

meio

fim

Distância (mm)

Concentração (% at)



Fim

		



Cd inicio

Cd meio

Cd fim

Al inicio

Al meio

Al fim

Distância (mm)

Concentração (% at)



Keef In

		

								Ga		Sb		In		Cd		Te		Fe		Al		N		O		Si		F

								At%		At%		At%		At%		At%		At%		At%		At%		At%		At%		At%

						Me1		31.83		31.43		0.24		0.22		0.18		0.14		0		24.42		6.28		0.35		4.92		100.01

						Me2		30.87		30.89		0.15		0.21		0.11		0.13		0		24.88		6.42		0.32		6.02		100

						Me3		31.76		30.37		0.36		0.26		0.12		0.13		0.2		24.53		6.71		0.49		5.07		100

						Me4		30.78		30.67		0.27		0.2		0.14		0.16		0		24.68		6.8		0		6.31		100.01

						Me5		30.31		30.83		0.34		0.33		0.27		0.31		0.12		25.13		6.63		0.41		5.32		100

						Me6		32.07		31.25		0.23		0.16		0.15		0.24		0.12		24.26		6.51		0.13		4.88		100

						Me7		31.42		30.95		0.13		0.16		0.28		0.14		0		25.07		6.51		0.24		5.09		99.99

						Me8		30.23		30.52		0.24		0.21		0.3		0.12		0.16		25.48		6.78		0.41		5.56		100.01

						Me9		28.97		29.64		0.34		0.22		0		0.12		1.79		24.88		6.29		1.03		6.29		99.57

						Média		30.92		30.73		0.26		0.22		0.17		0.17		0.27		24.81		6.55		0.38		5.50		100.0

						Média		49.40		49.10		0.41		0.35				0.26		0.42										62.55

						desvio padrão		0.9860794987		0.5255658326		0.0817176711		0.051827706				0.0655955622		0.0382970843





Keef Cd Al

		

								Ga		Sb		In		Cd		Te		Fe		Al		N		O		Si		F

								At%		At%		At%		At%		At%		At%		At%		At%		At%		At%		At%

						Fim1		28.48		40.61		0.14		1.28		0		0.57		0.38		21.85		5.25		0.17		1.26		99.99

						Fim2		34.6		35.81		0.2		1.06		0		0.41		0.22		19.88		5.64		0		2.17		99.99

						Fim3		35.18		37.16		0		1.33		0		0.5		1.48		19.18		4.69		0.19		1.28		100.99

						Fim4		37.52		35.71		0.12		1.17		0		0.55		0.25		17.83		5.07		0.43		1.35		100

						Fim5		38.35		36.26		0.14		1.18		0		0.21		0.36		17.71		4.56		0.35		0.88		100

						Fim6		37.47		35.57		0.2		1.19		0		0.51		0.61		18.47		5.55		0.42		0		99.99

		Ga				Fim7		34.48		35.8		0.21		1.05		0		0.45		0.53		19.75		5.22		0.79		1.72		100

		Sb				Fim8		37.03		37.3		0.2		1.15		0		0.51		0.14		19.14		4.54		0		0		100.01

		In				Fim9		37.63		35.61		0.07		1.09		0		0.46		0.61		18.51		5.22		0.79		0		99.99

		Cd				Média		35.64		36.65		0.14		1.17				0.46		0.51		19.15		5.08		0.35		0.96		100.1

		Te				Média		47.84		49.20		0.19		1.57				0.62		0.68										74.57

		Fe				desvio padrão		3.0418735089		1.6231125791		0.0712000312		0.0944722181				0.1071214264		0.180614032

		Al

		N

		O

		Si

		F





		

						In						g		Cs		Cs cal

						At%						0		0		0

				1		0.13						0.25		0.15		0.1487118811

				2		0						0.5		0.09		0.2065283079

				3		0.24						0.75		0.21		0.3620877927

				4		0.17						0.9		0.17		0.7605806818

				5		0.13						C0		0.62

				6		0.07

				7		0.22

				8		0.29

				9		0.10

				10		0

				11		0.14

				12		0.26						Keff		log(Cs/C0) (y)		log(1-g) X

						0.15								-0.6163004304		-0.1249387366

				13		0.14								-0.8381491801		-0.3010299957

				14		0.13						0.19		-0.4701723948		-0.6020599913

				15		0.00								-0.5619427681		-1

				16		0.08

				17		0.07

				18		0.09

				19		0.11

						0.09

				20		0.21

				21		0.16

				22		0.23

				23		0.50

				24		0.15

				25		0.15																						keff=		0.347

				26		0.27																						keff=		0.466

				27		0.17

				28		0.12

				29		0.19

				30		0.32

				31		0.00

				32		0.22

						0.21

				33		0.28

				34		0.15

				35		0.12

				36		0.45

				37		0.38

				38		0.26

				39		0.00

				40		0.21

				41		0.37

				42		0.11

				43		0.11

				44		0.15

				45		0.10

				46		0.09

				47		0.00

				48		0.08

				49		0.13

				50		0.26

				51		0.09

				52		0.14

				53		0.09

				54		0.22

				55		0.09

						0.17





		



experimental

calculado

Fração solidificada - g

Concentraçaõ de In (% at)



		





		

						Cd		Al

						At%		At%						Cs Cd		Cs Al		g		CsCd		CsAl

				1		1.10		0.50						0		0		0		0		0

				2		1.03		0.56						1.14		0.44		0.25		1.3648372958		0.6162501337

				3		1.28		0.38						1.09		0.53		0.5		1.8574205172		0.8151921619

				4		1.23		0.27						1.18		0.32		0.75		3.145524232		1.3151360791

				5		1.12		0.00						1.16		0.34		0.9		6.3114252327		2.4748523743

				6		1.07		0.39				C0		4.57		1.63

				7		1.24		0.55

				8		0.99		0.80

				9		1.16		0.35

				10		1.11		0.69

				11		1.24		0.62						KeffCd		log(Cs/C0) (y) Cd		log(1-g) X Cd		log(Cs/C0) (y) Al		log(1-g) X Al		Keff Al

				12		1.10		0.19								-0.6030113487		-0.1249387366		-0.5687349279		-0.1249387366

						1.14		0.44								-0.6224897021		-0.3010299957		-0.4879117348		-0.3010299957

				13		1.17		0.70						0.24		-0.5880341928		-0.6020599913		-0.7070376261		-0.6020599913		0.31

				14		1.00		0.78								-0.5954582108		-1		-0.6807086874		-1

				15		0.92		0.40

				16		1.30		0.48

				17		0.96		0.56

				18		1.11		0.41

				19		1.18		0.39

						1.09		0.53

				20		1.05		0.00

				21		1.05		0.29

				22		1.05		0.22

				23		1.22		0.19

				24		1.20		0.48

				25		1.15		0.37

				26		1.19		0.43

				27		1.18		0.00

				28		1.26		0.38

				29		1.40		0.48

				30		1.26		0.38

				31		1.17		0.49

				32		1.11		0.40

						1.18		0.32

				33		1.18		0.44

				34		1.22		0.56																keff=		0.257

				35		1.31		0.53																keff=		0.265

				36		1.28		0.26

				37		1.22		0.38

				38		1.28		0.29

				39		0.93		0.22

				40		1.37		0.25

				41		1.16		0.2

				42		0.94		0.53

				43		0.94		0.53

				44		1.26		0.17

				45		1.09		0.00

				46		1.06		0.41

				47		1.04		0.00

				48		1.17		0.59

				49		1.35		0.67

				50		1.30		0.17

				51		1.00		0.34

				52		1.28		0.00

				53		1.29		0.25

				54		1.11		0.40																keff=		0.236

				55		0.84		0.68																keff=		0.179

						1.16		0.34





		



Cd

Al



		



Al1

al2



		



Cd experimental

Cd calculado

Al experimental

Al calculado

Fração solidificada - g

Concentração (% at)



C=kGo(1-g/""
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Longitudinal

		

										Ga		Sb		In		Cd		Al		Fe		TE		Si		N		O		F		Pb

										At %		At %		At %		At %		At %		At %				At %		At %		At %		At %		At %

						1		ini1		33.69		33.96		0.35		0		0		0.32		0		1.77		28.07		0		1.37		0.47		100

						2		in2		34.19		33.17		0.26		0.22		1.85		0.25		0.06		1.14		21.83		4.09		2.18		0.77		100.01

						3		in3		35.06		35.07		0.4		0.16		0		0.33		0.22		0		22.05		4.16		1.94		0.62		100.01

						4		in4		35.44		34.39		0.36		0		0		0.29		0.25		0		22.39		4.52		1.26		1.11		100.01

						5		in5		35		32.87		0.42		0		0.11		0.51		0		0.23		23.61		4.34		2.06		0.84		99.99

						6		in6		46.22		45.46		0.19		0.1		0		0.43		0.11		0		0		5.03		2.07		0.4		100.01

						7		me1		34.66		33.36		0.15		0.23		0		0.46		0		0.09		24.45		4.6		1.51		0.49		100

						8		me2		35.27		35.37		0.31		0		0		0.29		0.14		0		22.53		4.17		1.38		0.55		100.01

						9		me3		35.62		34.91		0.18		0.09		0		0.19		0		0		23.25		3.99		1.33		0.44		100

						10		me4		35.35		33.53		0.38		0.2		0.69		0.59		0.22		0		22.36		4.32		1.61		0.75		100

						11		me5		35.34		34.91		0.19		0.09		0		0.21		0.04		0.22		23.19		3.7		1.57		0.53		99.99

						12		me6		35.13		33.52		0.24		0.11		0.25		0.37		0		0.61		22.91		4.45		2.14		0.28		100.01

						13		me7		35.51		34.35		0.33		0.07		0		0.25		0		0		23.48		3.98		1.45		0.59		100.01

						14		me8		35.49		34.53		0.24		0.25		0		0.52		0.15		0		22.42		4.05		1.84		0.51		100

						15		me9		35.17		34.35		0.2		0.33		0		0.38		0.07		0.39		23.59		3.69		1.01		0.81		99.99

						16		me10		35.24		34.66		0.24		0.23		0		0.39		0		0.22		22.64		4.41		1.31		0.68		100.02

						17		me11		34.87		34.57		0.21		0.11		0.26		0.18		0		0.35		22.39		4.39		1.89		0.79		100.01

						18		me12		35.57		35.08		0.09		0.21		0.23		0.11		0.27		0.39		22.87		4.06		0.82		0.29		99.99

						19		me2.1		34.76		34.43		0.24		0.13		0.5		0.14		0		0.22		22.86		4.47		1.85		0.39		99.99

						20		me2.2		34.89		35.34		0		0.89		0.51		0.34		0		0.13		22.54		3.86		0.91		0.61		100.02

						21		me2.3		34.52		34.25		0.23		0.11		0.49		0.29		0.11		0.47		23.75		3.84		1.39		0.56		100.01

						22		me2.4		34.13		32.43		0.33		0.19		0.92		0.21		0		0.5		24.51		4.01		2.21		0.56		100

						23		me2.5		34.29		32.7		0.35		0.18		0.74		0.41		0.08		0.38		24.18		4.16		2.05		0.48		100

						24		me2.6		34.53		34.68		0.38		0.29		0.11		0.28		0		0.49		23.58		3.78		1.12		0.75		99.99

						25		fim1		33.58		34.23		0.38		0.16		0.17		0.31		0.17		0.34		23.42		4.75		1.86		0.62		99.99

						26		fim2		34.96		35.35		0.28		0.16		0		0.22		0		0.31		22.71		4.18		1.19		0.64		100

						27		fim3		34.86		34.46		0.35		0.19		0.13		0.49		0		0.62		22.77		4.23		1.26		0.63		100

						28		fim4		35.15		34.32		0.15		0.09		0.4		0.12		0		0		22.45		4.55		2.2		0.58		100.01

						29		fim5		34.15		35.55		0.39		0.12		0		0.3		0		0.38		23.46		4.05		1.23		0.37		100

						30		fim6		28.59		38.26		0.9		0.23		0		0.36		0		0.33		25.35		4.68		0.77		0.54		100.01

								Média		35.041		34.802		0.2906666667		0.1713333333		0.2453333333		0.318		0.063		0.3193333333		22.5203333333		4.0836666667		1.5593333333		0.5883333333		100.0

								Desvio padrão		2.4622422498		2.2859879023		0.1530366946		0.1604247236		0.4004371175		0.1221192182				0.3734230334								0.1766368442

								Média		48.82		48.49		0.40		0.24		0.34		0.44				0.44								0.82		71.776

								Média																										71.776

																																		70.6

								EDS		Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at		Si %at		Pb %at

								Média de todo  o Cristal		48.82		48.49		0.40		0.24		0.34		0.44		0.44		0.82

								Desvio padrão		±2,46		±2,29		±0,15		±0,16		±0,40		±0,12		±0,28		±0,18





Longitudinal

		



Distância (mm)

Conentração de In (% at)



Inicio

		



Cd

Al



Meio

		

								Ga		Sb		In		Cd		Al		Fe		TE		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						ini1		38.32		37.10		0.40		0.11		- 0		0.39		0		0.54		18.41		4.73		0.00		100

						in2		37.40		36.84		0.70		0.10		0.53		0.46		0.00		0.00		18.93		4.78		0.25		100

						in3		38.16		37.80		0.46		0.00		0.36		0.24		0		0.41		17.3		4.88		0.39		100

						in4		37.17		36.19		0.53		0.19		0.31		0.20		0.00		0.37		19.82		4.65		0.58		100

						in5		36.58		37.47		0.50		0.23		0.41		0.38		0		0.51		19.05		4.87		0.00		100

						in6		36.59		36.29		0.57		0.16		0.40		0.45		0		0.43		19.19		5.30		0.62		100

						ini7		37.76		37.93		0.57		0.20		0.35		0.45		0		0.36		17.78		4.60		0.00		100

						in8		37.46		36.45		0.64		0.32		0.22		0.59		0		0.16		18.04		5.40		0.71		100

						in9		36.61		36.55		0.58		0.35		0.30		0.43		0		0.67		18.72		5.33		0.46		100

						Média		37.34		36.96		0.55		0.18		0.32		0.40		0		0.38		18.58		4.95		0.33		100.00

						Média		49.0435297885		48.5429515794		0.7224087858		0.2422623403		0.4203105663		0.5239287961				0.5034970325								76.13

								0.6641807819		0.652931424		0.0906917857		0.1092143662		0.147478812		0.1181571458				0.2009975124

																						99.9988888889

		EDS		Ga%at		Sb%at		In %at		Cd%at		Al%at		Fe %at		Si %at

		Média do inico do cristal		49.04		48.54		0.72		0.24		0.42		0.52		0.50

		Média do meio do cristal		49.82		47.46		0.76		0.26		0.49		0.56		0.64

		Média do fim do cristal		49.09		48.11		0.96		0.24		0.37		0.61		0.63

		Desvio padrão		0.44		0.54		0.12		0.01		0.06		0.04		0.08

						In

						At %

				1		0.40		0.54		0.6

				2		0.70		0.77		0.59

				3		0.46		0.49		0.74

				4		0.53		0.59		1.01

				5		0.50		0.48		0.75

				6		0.57		0.74		0.7

				7		0.57		0.75		0.9

				8		0.64		0.45		0.89

				9		0.58		0.52		0.5

				Cd		Al

				At %		At %

		1		0.11		0		0.3		0.45		0.28		0.48

		2		0.10		0.53		0.29		0.22		0.14		0

		3		0.00		0.36		0		0.77		0.37		0.27

		4		0.19		0.31		0.18		0.48		0.19		0.37

		5		0.23		0.41		0.12		0.16		0.25		0.63

		6		0.16		0.4		0.16		0.26		0.07		0.51

		7		0.20		0.35		0.38		0.5		0.22		0.3

		8		0.32		0.22		0.41		0.25		0.15		0

		9		0.35		0.3		0		0.31		0		0





Meio

		



inicio

meio

fim

Distância (mm)

Concentração (% at)



Fim

		



Cd inicio

Cd meio

Cd fim

Al inicio

Al meio

Al fim

Distância (mm)

Concentração (% at)



Keef In

		

								Ga		Sb		In		Cd		Al		Fe		TE		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						me1		40.06		36.93		0.54		0.3		0.45		0.26		0		0.94		16.26		4.26		0		100

						me2		38.93		35.92		0.77		0.29		0.22		0.35		0		0.42		18.12		4.49		0.5		100

						me3		39.05		36.64		0.49		0		0.77		0.27		0		0.68		17.35		4.18		0.57		100

						me4		38.14		36.63		0.59		0.18		0.48		0.75		0		0.35		17.85		4.4		0.62		100

						me5		38.05		37		0.48		0.12		0.16		0.75		0		0.59		17.56		4.78		0.5		100

						me6		38.82		37.13		0.74		0.16		0.26		0.53		0		0.46		16.31		5.15		0.43		100

						me7		38.07		36.62		0.75		0.38		0.5		0.39		0		0.29		17.66		5.18		0.15		100

						me8		38.08		37.05		0.45		0.41		0.25		0.33		0		0.2		17.79		4.94		0.5		100

		Ga				me9		38.46		37.27		0.52		0		0.31		0.25		0		0.53		17.53		4.65		0.48		100

		Sb				Média		38.6288888889		36.7988888889		0.5922222222		0.2044444444		0.3777777778		0.4311111111		0		0.4955555556		17.3811111111		4.67		0.4166666667		100

		In				Média		49.82		47.46		0.76		0.26		0.49		0.56				0.64								78

		Cd						0.667915497		0.4047358535		0.1272573945		0.1511713524		0.1909042808		0.1999027541				0.2234452456		100.00

		Al

		Fe

		Te

		Si

		N

		O

		F

		Pb





Keef Al Cd

		

								Ga		Sb		In		Cd		Al		Fe		TE		Si		N		O		F		Pb

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %		At %

						fim1		39.06		35.79		0.6		0.28		0.48		0.51		0		0.75		17.08		4.95		0.51		100

						fim2		38.99		37.83		0.59		0.14		0		0.33		0		0.26		17		4.64		0.23		100

						fim3		38.07		37.3		0.74		0.37		0.27		0.45		0		0.25		17.91		4.14		0.52		100

						fim4		37.07		37.42		1.01		0.19		0.37		0.55		0		0.42		18.05		4.44		0.47		100

						fim5		37.05		37.63		0.75		0.25		0.63		0.27		0		0.31		18.35		4.51		0.26		100

						fim6		37.79		37.01		0.7		0.07		0.51		0.77		0		0.45		17.86		4.54		0.29		100

						fim7		39.45		38.42		0.9		0.22		0.3		0.39		0		0.45		15.14		4.18		0.54		100

						fim8		37.05		37.34		0.89		0.15		0		0.34		0		1		16.88		6.03		0.31		100

						fim9		38.72		37.65		0.5		0		0		0.67		0		0.52		16.97		4.5		0.46		100

						Média		38.1388888889		37.3766666667		0.7422222222		0.1855555556		0.2844444444		0.4755555556		0		0.49		17.2488888889		4.6588888889		0.3988888889		100

						Média		49.09		48.11		0.96		0.24		0.37		0.61				0.63								78

								0.9532765135		0.7153670387		0.1667166592		0.093110917		0.1377921139		0.1662160575				0.1634395913





		

						In % at

				1		0.35						desvio padra				Cs				Cs cal

				2		0.26								0		0		0		0

				3		0.4						0.0320555074		6		0.330		0.25		0.3134807094

				4		0.36						0.0294627825		17		0.243		0.5		0.4316649875

				5		0.42						0.0549186267		23		0.207		0.75		0.7458637337

				6		0.19						0.0843814092		30		0.404		0.9		1.5368594705

																0.2846666667

						0.33								C0		1.184

				7		0.15

				8		0.31														17

				9		0.18

				10		0.38

				11		0.19

				12		0.24

				13		0.33

				14		0.24

				15		0.2

				16		0.24								Keff		log(Cs/C0) (y)		log(1-g) X		Keff

				17		0.21										-0.5548377625		-0.1249387366

						0.2427272727										-0.6877454288		-0.3010299957

				18		0.09						Média		0.211		-0.7573813569		-0.6020599913

				19		0.24						devio				-0.4669703373		-1

				20		0

				21		0.23										0

				22		0.33

				23		0.35

						0.2066666667

				24		0.38																						Keff=		0.346

				25		0.38

				26		0.28

				27		0.35

				28		0.15

				29		0.39

				30		0.9

						0.4042857143

																														Keff=		0.0636





		





		





						0.0320555074		0.0320555074

						0.0294627825		0.0294627825

						0.0549186267		0.0549186267

						0.0843814092		0.0843814092



experimental

calculado

Fração solidificada-g

Concentração de In (% at)



		

						Cd		Al								Cs Cd		Cs Al				CsCd		CsAl

						At %		At %		desvio padrão Cd		desvio padrão Al		0		0		0		0		0		0

				1		0		0		0.0666448141		0.0337643488		6		0.08		0.327		0.25		0.1335125108		0.3554804962

				2		0.22		1.85		0.0136118055		0.1203849295		17		0.155		0.109		0.5		0.1884514717		0.4804537453

				3		0.16		0		0.078312076		0.2020557627		23		0.285		0.565		0.75		0.3396839522		0.804112605

				4		0		0		0.0019445436		0.115435182		30		0.177		0.116		0.9		0.7401573176		1.588496625

														Média		0.17425		0.27925

				5		0		0.11						C0		0.697		1.117

				6		0.1		0

						0.08		0.3266666667

				7		0.23		0						KeffCd		log(Cs/C0) (y) Cd		log(1-g) X Cd		log(Cs/C0) (y) Al		log(1-g) X Al		Keff Al

				8		0		0								-0.9401427911		-0.1249387366		-0.5335054205		-0.1249387366

				9		0.09		0								-0.6529010799		-0.3010299957		-1.0106266752		-0.3010299957

				10		0.2		0.69						0.15		-0.3883879181		-0.6020599913		-0.2960047253		-0.6020599913		0.257

				11		0.09		0								-0.5952595117		-1		-0.9835951839		-1

				12		0.11		0.25

				13		0.07		0

				14		0.25		0

				15		0.33		0

				16		0.23		0

				17		0.11		0.26

						0.1554545455		0.1090909091

				18		0.21		0.23

				19		0.13		0.5

				20		0.89		0.51

				21		0.11		0.49

				22		0.19		0.92

				23		0.18		0.74

						0.285		0.565

				24		0.29		0.11

				25		0.16		0.17

				26		0.16		0

				27		0.19		0.13										Keff=		0.072												Keff=		0.638

				28		0.09		0.4										Keff=		0.841												Keff=		5.55

				29		0.12		0

				30		0.23		0

						0.1771428571		0.1157142857

																								KeffCd=0,46





		



Cd



		



Al



										0.0666448141		0.0666448141		0.0337643488		0.0337643488

										0.0136118055		0.0136118055		0.1203849295		0.1203849295

										0.078312076		0.078312076		0.2020557627		0.2020557627

										0.0019445436		0.0019445436		0.115435182		0.115435182



Cd experimental

Cd calculado

Al experimental

Al calculado

Fração solidificada-g

Concentração (% at)



C=kGo(1-g/""
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Gráf1

		1		1		1
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meio

fim

Distância (mm)

Concentração  de In (% at)
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1.42
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Longitudinal

		

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

				1		ini1		34.28		35.06		1.00		1.07		0.00		0.29		0.00		0.28		19.97		4.74		3.30		99.99

				2		in2		35.48		36.17		1.07		1.12		0.75		0.19		0.00		0.46		18.97		4.43		1.37		100.01

				3		in3		36.55		35.76		0.64		1.07		0.17		0.49		0.00		0.46		19.36		3.88		1.63		100.01

				4		in4		36.10		36.03		0.91		1.03		0.70		0.34		0.00		0.00		19.05		4.23		1.62		100.01

				5		in5		37.46		38.31		0.95		0.96		0.00		0.63		0.00		0.38		18.42		2.90		0.00		100.01

				6		in6		34.48		35.67		0.78		1.29		0.69		0.45		0.00		0.71		20.26		4.56		1.10		99.99

				7		in7		37.73		38.66		0.86		1.09		0.16		0.35		0.00		0.00		18.25		2.91		0.00		100.01

				8		in8		37.03		34.96		0.72		1.21		0.72		0.80		0.00		0.83		18.40		4.39		0.92		99.98

				9		in9		36.70		36.37		0.87		1.15		0.00		0.52		0.00		0.00		18.72		4.53		1.13		99.99

				10		in10		37.24		38.28		0.94		1.24		0.41		0.30		0.00		0.53		17.42		3.64		0.00		100.00

				11		in11		37.02		37.76		1.32		1.24		0.39		0.48		0.00		0.64		17.52		3.62		0.00		99.99

				12		in12		35.26		35.46		1.24		1.23		0.27		0.38		0.00		0.24		19.86		4.55		1.51		100.00

				13		in13		35.22		36.14		1.04		1.17		0.00		0.29		0.00		0.00		19.93		4.67		1.53		99.99

				14		me1		35.37		35.00		1.11		1.00		0.54		0.57		0.00		0.71		20.30		4.69		0.70		99.99

				15		me2		34.42		35.53		1.16		1.15		0.38		0.57		0.00		0.35		20.81		4.39		1.25		100.01

				16		me3		35.76		36.38		1.05		1.20		0.35		0.50		0.00		0.40		19.94		4.41		0.00		99.99

				17		me4		37.86		35.83		1.05		0.97		0.35		0.43		0.00		1.05		18.42		4.04		0.00		100.00

				18		me5		36.27		35.33		0.97		1.14		0.15		0.45		0.00		0.40		20.11		4.64		0.54		100.00

				19		me6		35.31		35.54		0.91		1.38		0.47		0.41		0.00		0.86		19.18		4.47		1.45		99.98

				20		me7		36.76		37.28		1.16		1.21		0.42		0.25		0.00		0.00		18.71		4.21		0.00		100.00

				21		me8		35.79		34.72		1.10		0.94		0.40		0.43		0.00		0.78		19.35		4.69		1.81		100.01

				22		me9		35.75		35.82		1.07		1.16		0.00		0.00		0.00		0.63		18.93		4.53		2.11		100.00

				23		me10		35.83		35.55		1.09		1.22		0.44		0.38		0.00		0.78		19.33		4.21		1.18		100.01

				24		me11		33.91		34.80		1.27		1.10		0.16		0.36		0.00		0.00		20.19		4.92		3.29		100.00

				25		me12		34.46		35.38		1.40		1.09		0.30		0.35		0.00		0.37		19.84		4.50		2.32		100.01

				26		me13		36.16		34.95		1.48		1.03		0.44		0.59		0.00		0.51		20.04		4.18		0.00		99.38

				27		me14		34.60		35.64		1.94		0.89		0.00		0.42		0.00		0.32		20.12		4.61		1.45		99.99

				28		fim1		34.61		37.04		2.38		1.22		0.00		0.28		0.00		0.00		19.53		4.93		0.00		99.99

				29		fim2		35.55		36.58		3.65		0.97		0.44		0.53		0.00		0.75		18.25		3.27		0.00		99.99

				30		fim3		33.15		36.84		4.02		1.37		0.44		0.49		0.00		0.64		19.66		3.38		0.00		99.99

				31		fim4		33.85		37.47		3.32		1.26		0.49		0.35		0.00		0.78		18.18		4.31		0.00		100.01

				32		fim5		33.88		35.61		2.38		1.08		0.88		0.51		0.00		0.70		19.21		4.43		1.33		100.01

				33		fim6		32.48		35.60		3.72		0.89		0.15		0.46		0.00		0.50		19.42		5.07		1.70		99.99

				34		fim7		29.63		36.92		3.65		1.13		0.00		0.53		0.00		0.00		22.24		4.76		1.14		100.00

				35		fim8		30.44		37.37		3.21		0.99		0.22		0.46		0.00		0.57		21.60		5.14		0.00		100.00

				36		fim9		34.56		36.32		3.42		1.00		0.14		0.33		0.00		0.50		20.20		3.54		0.00		100.01

				37		fim10		33.03		34.72		3.40		1.05		0.41		0.43		0.00		0.62		20.89		4.57		0.89		100.01

				38		fim11		28.85		36.37		3.94		1.14		0.15		0.50		0.00		0.26		21.44		5.12		2.24		100.01

				39		fim12		34.53		36.20		2.38		1.18		0.29		0.33		0.00		0.32		29.33		4.26		1.19		110.01

				40		fim13		34.84		35.75		1.30		1.06		0.55		0.41		0.00		0.92		19.69		4.38		1.09		99.99

				41		fim14		35.58		36.08		2.37		1.23		0.00		0.44		0.00		0.31		18.40		4.44		1.14		99.99

				42		fim15		31.98		38.23		4.35		1.18		0.49		0.63		0.00		0.82		18.59		3.74		0.00		100.01

				43		fim16		32.22		34.83		3.12		1.17		0.64		0.46		0.00		0.30		20.57		4.52		2.19		100.02

				44		fim17		32.07		35.00		2.90		1.05		0.76		0.48		0.00		1.04		19.52		5.61		1.57		100.00

				45		fim18		33.51		35.99		2.33		1.25		0.47		0.39		0.00		0.60		18.56		4.87		2.02		99.99

						Média		34.75		36.12		1.89		1.12		0.34		0.43				0.47		19.70		4.35		1.04		100

						Média		46.35		48.18		2.52		1.50		0.45		0.57				0.63								75.11

						Desvio padrão		2.04		1.04		1.13		0.12		0.20		0.13				0.30

								Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at		Si %at

						Média de todo o cristal		46.35		48.18		2.52		1.50		0.45		0.57		0.63

						Desvio padrão		2.04		1.04		1.13		0.12		0.20		0.13		0.30





Longitudinal

		



Distância (mm)

Concentração de In (% at)



Inicio

		



Cd

Al

Distância (mm)

Concentração (% at)



Meio

		

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						ini1		39.45		39.02		1.36		0.26		0.22		0.50		0.00		0.93		14.11		4.14		0.00		99.99

						in2		39.00		38.31		1.33		0.45		0.00		0.24		0.00		0.00		15.23		5.17		0.28		100.01

						in3		39.26		38.03		1.41		0.38		0.41		0.27		0.00		0.26		15.27		4.70		0.00		99.99

						in4		38.48		37.88		1.36		0.27		0.22		0.37		0.00		0.72		15.07		5.16		0.49		100.02

						in5		39.12		37.70		1.46		0.37		0.00		0.65		0.00		0.41		15.49		4.81		0.00		100.01

						in6		38.17		38.29		1.18		0.00		0.45		0.50		0.00		0.71		16.02		4.69		0.00		100.01

						in7		40.03		38.40		1.35		0.23		0.27		0.18		0.00		0.18		15.22		4.14		0.00		100.00

						in8		38.63		37.63		1.24		0.28		0.64		0.11		0.00		0.37		16.21		4.59		0.29		99.99

						in9		38.21		36.77		1.31		0.11		0.44		0.68		0.00		0.75		16.35		5.08		0.30		100.00

						Média		38.93		38.00		1.33		0.26		0.29		0.39				0.48		15.44		4.72		0.15		100.00

						Média		48.8500976779		47.6900211468		1.6731873045		0.3276658471		0.3694955297		0.4880129638				0.6037417524								79.69

						desvio padrão		0.614283684		0.6260591026		0.0839642781		0.0989535439		0.1948213467		0.2048441142				0.2702611171

								Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at		Si %at

						Média do inicio do cristal		48.85		47.69		1.67		0.33		0.37		0.49		0.60

						Média do meio do cristal		48.67		48.00		1.73		0.35		0.23		0.58		0.45

						Média do final do cristal		43.30		49.55		5.32		0.36		0.32		0.6		0.54

						Desvio padrão		3.15		1.00		2.09		0.02		0.07		0.06		0.08

								In

								At %

						1		1.36		1.36		4.30

						2		1.33		1.45		3.98

						3		1.41		1.26		2.68

						4		1.36		1.47		4.06

						5		1.46		1.38		4.64

						6		1.18		1.21		3.78

						7		1.35		1.41		3.29

						8		1.24		1.42		3.61

						9		1.31		1.25		6.26

								Cd		Al		Cd		Al		Cd		Al

								At %		At %		At %		At %		At %		At %

						1		0.26		0.22		0.15		0.00		0.44		0.23

						2		0.45		0.00		0.20		0.44		0.11		0.00

						3		0.38		0.41		0.27		0.23		0.21		0.62

						4		0.27		0.22		0.36		0.00		0.14		0.18

						5		0.37		0.00		0.21		0.19		0.29		0.34

						6		0.00		0.45		0.10		0.00		0.46		0.00

						7		0.23		0.27		0.27		0.35		0.21		0.00

						8		0.28		0.64		0.43		0.22		0.06		0.39

						9		0.11		0.44		0.45		0.17		0.59		0.42





Meio

		



inicio

meio

fim

Distância (mm)

Cocentração (% at)



Fim

		



Cd inicio

Cd meio

Cd fim

Al inicio

Al meio

Al fim

Distância (mm)

Concentração (%at)



KeffIn

		

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						Me1		38.86		37.99		1.36		0.15		0.00		0.42		0.00		0.00		17.05		3.79		0.38		100.00

						Me2		37.86		37.27		1.45		0.20		0.44		0.47		0.00		0.16		17.56		4.10		0.49		100.00

						Me3		38.39		38.01		1.26		0.27		0.23		0.57		0.00		0.00		17.03		3.92		0.32		100.00

						Me4		37.67		37.65		1.47		0.36		0.00		0.46		0.00		0.00		17.59		4.30		0.50		100.00

						Me5		39.05		38.36		1.38		0.21		0.19		0.32		0.00		0.37		16.32		3.79		0.00		99.99

						Me6		38.75		37.60		1.21		0.10		0.00		0.53		0.00		0.77		17.45		3.58		0.00		99.99

						Me7		38.84		37.75		1.41		0.27		0.35		0.61		0.00		0.24		16.77		3.76		0.00		100.00

						Me8		37.52		37.43		1.42		0.43		0.22		0.32		0.00		0.49		17.45		3.98		0.74		100.00

						Me9		36.56		36.66		1.25		0.45		0.17		0.40		0.00		1.12		17.68		5.36		0.35		100.00

						Média		38.17		37.64		1.36		0.27		0.18		0.46				0.35		17.21		4.06		0.31		100.00

						Média		48.67		48.00		1.73		0.35		0.23		0.58				0.45								78.41

						desvio padrão		0.8249848483		0.4915310547		0.0943398113		0.1213923849		0.1055777754		0.1023610169				0.1452583905





keff Al Cd

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						Fim1		31.71		38.92		4.30		0.44		0.23		0.47		0.00		0.00		19.05		4.60		0.29		100.01

						Fim2		33.49		37.84		3.98		0.11		0.00		0.59		0.00		0.69		17.97		4.56		0.77		100.00

						Fim3		35.57		37.53		2.68		0.21		0.62		0.43		0.00		0.54		17.96		4.25		0.22		100.01

						Fim4		33.40		37.05		4.06		0.14		0.18		0.58		0.00		0.49		18.57		4.67		0.85		99.99

						Fim5		31.21		38.67		4.64		0.29		0.34		0.19		0.00		0.34		19.24		4.34		0.74		100.00

						Fim6		34.17		37.42		3.78		0.46		0.00		0.52		0.00		0.23		18.93		4.20		0.29		100.00

						Fim7		35.15		36.95		3.29		0.21		0.00		0.44		0.00		0.49		19.26		3.78		0.43		100.00

						Fim8		34.50		37.99		3.61		0.06		0.39		0.38		0.00		0.25		17.79		4.28		0.72		99.97

						Fim9		28.63		38.43		6.26		0.59		0.42		0.52		0.00		0.70		19.21		5.00		0.24		100.00

						Média		33.09		37.87		4.07		0.28		0.24		0.46				0.41		18.66		4.41		0.51		100.00

						Média		43.30		49.55		5.32		0.36		0.32		0.60				0.54								76.42

						desvio padrão		2.2117570944		0.6989456345		1.0011368538		0.1805854676		0.1560341843		0.1220427976				0.1811816374





		

						In						g		Cs		Cs cal

						At %						0		0		0

				1		1.00						0.33		0.95		0.9599262336

				2		1.07						0.66		1.2		1.7331289509

				3		0.64						0.9		3.1		5.0320971114

				4		0.91						C0		5.25

				5		0.95

				6		0.78

				7		0.86						Keff		log(Cs/C0) (y)		log(1-g) X

				8		0.72						0.129		-0.7424356981		-0.1739251973

				9		0.87								-0.6409780574		-0.468521083

				10		0.94								-0.2287976096		-1

				11		1.32

				12		1.24

				13		1.04

						0.95

				14		1.11

				15		1.16

				16		1.05

				17		1.05

				18		0.97

				19		0.91

				20		1.16

				21		1.10

				22		1.07

				23		1.09

				24		1.27

				25		1.40

				26		1.48

				27		1.94

						1.20

				28		2.38

				29		3.65

				30		4.02

				31		3.32

				32		2.38

				33		3.72

				34		3.65

				35		3.21

				36		3.42

				37		3.40

				38		3.94

				39		2.38

				40		1.30

				41		2.37

				42		4.35

				43		3.12

				44		2.90

				45		2.33

						3.10





		





		



experimental

calculado

Fraçaõ solidificada-g

Concentração de In (% at)



		

				Cd		Al						Cs Cd		Cs Al		g		CsCd		CsAl

												0		0		0		0		0

				At %		At %						1.14		0.33		0.33		1.492448824		0.4086674802

		1		1.07		0.00						1.11		0.31		0.66		2.3352465152		0.6525912419

		2		1.12		0.75						1.12		0.36		0.9		5.2373164766		1.51831434

		3		1.07		0.17						3.37		1

		4		1.03		0.70

		5		0.96		0.00

		6		1.29		0.69

		7		1.09		0.16						KeffCd		log(Cs/C0) (y) Cd		log(1-g) X Cd		log(Cs/C0) (y) Al		log(1-g) X Al		Keff Al

		8		1.21		0.72								-0.4707250495		-0.1739251973		-0.4814860601		-0.1739251973

		9		1.15		0.00								-0.4823069221		-0.468521083		-0.5086383062		-0.468521083

		10		1.24		0.41						0.34		-0.4784118782		-1		-0.4436974992		-1		0.31

		11		1.24		0.39

		12		1.23		0.27

		13		1.17		0.00

				1.14		0.33

		14		1.00		0.54

		15		1.15		0.38

		16		1.20		0.35

		17		0.97		0.35

		18		1.14		0.15

		19		1.38		0.47

		20		1.21		0.42

		21		0.94		0.40

		22		1.16		0.00

		23		1.22		0.44

		24		1.10		0.16

		25		1.09		0.30

		26		1.03		0.44

		27		0.89		0.00

				1.11		0.31

		28		1.22		0.00

		29		0.97		0.44

		30		1.37		0.44

		31		1.26		0.49

		32		1.08		0.88

		33		0.89		0.15

		34		1.13		0.00

		35		0.99		0.22

		36		1.00		0.14

		37		1.05		0.41

		38		1.14		0.15

		39		1.18		0.29

		40		1.06		0.55

		41		1.23		0.00

		42		1.18		0.49

		43		1.17		0.64

		44		1.05		0.76

		45		1.25		0.47

				1.12		0.36





		



Cd



		



Al



		



Cd experimental

Cd calculado

Al experimental

Al calculado

Fração solidificada-g

Concentração (% at)



C=kGo(1-g/""
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Longitudinal

		

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

				1		ini1		34.28		35.06		1.00		1.07		0.00		0.29		0.00		0.28		19.97		4.74		3.30		99.99

				2		in2		35.48		36.17		1.07		1.12		0.75		0.19		0.00		0.46		18.97		4.43		1.37		100.01

				3		in3		36.55		35.76		0.64		1.07		0.17		0.49		0.00		0.46		19.36		3.88		1.63		100.01

				4		in4		36.10		36.03		0.91		1.03		0.70		0.34		0.00		0.00		19.05		4.23		1.62		100.01

				5		in5		37.46		38.31		0.95		0.96		0.00		0.63		0.00		0.38		18.42		2.90		0.00		100.01

				6		in6		34.48		35.67		0.78		1.29		0.69		0.45		0.00		0.71		20.26		4.56		1.10		99.99

				7		in7		37.73		38.66		0.86		1.09		0.16		0.35		0.00		0.00		18.25		2.91		0.00		100.01

				8		in8		37.03		34.96		0.72		1.21		0.72		0.80		0.00		0.83		18.40		4.39		0.92		99.98

				9		in9		36.70		36.37		0.87		1.15		0.00		0.52		0.00		0.00		18.72		4.53		1.13		99.99

				10		in10		37.24		38.28		0.94		1.24		0.41		0.30		0.00		0.53		17.42		3.64		0.00		100.00

				11		in11		37.02		37.76		1.32		1.24		0.39		0.48		0.00		0.64		17.52		3.62		0.00		99.99

				12		in12		35.26		35.46		1.24		1.23		0.27		0.38		0.00		0.24		19.86		4.55		1.51		100.00

				13		in13		35.22		36.14		1.04		1.17		0.00		0.29		0.00		0.00		19.93		4.67		1.53		99.99

				14		me1		35.37		35.00		1.11		1.00		0.54		0.57		0.00		0.71		20.30		4.69		0.70		99.99

				15		me2		34.42		35.53		1.16		1.15		0.38		0.57		0.00		0.35		20.81		4.39		1.25		100.01

				16		me3		35.76		36.38		1.05		1.20		0.35		0.50		0.00		0.40		19.94		4.41		0.00		99.99

				17		me4		37.86		35.83		1.05		0.97		0.35		0.43		0.00		1.05		18.42		4.04		0.00		100.00

				18		me5		36.27		35.33		0.97		1.14		0.15		0.45		0.00		0.40		20.11		4.64		0.54		100.00

				19		me6		35.31		35.54		0.91		1.38		0.47		0.41		0.00		0.86		19.18		4.47		1.45		99.98

				20		me7		36.76		37.28		1.16		1.21		0.42		0.25		0.00		0.00		18.71		4.21		0.00		100.00

				21		me8		35.79		34.72		1.10		0.94		0.40		0.43		0.00		0.78		19.35		4.69		1.81		100.01

				22		me9		35.75		35.82		1.07		1.16		0.00		0.00		0.00		0.63		18.93		4.53		2.11		100.00

				23		me10		35.83		35.55		1.09		1.22		0.44		0.38		0.00		0.78		19.33		4.21		1.18		100.01

				24		me11		33.91		34.80		1.27		1.10		0.16		0.36		0.00		0.00		20.19		4.92		3.29		100.00

				25		me12		34.46		35.38		1.40		1.09		0.30		0.35		0.00		0.37		19.84		4.50		2.32		100.01

				26		me13		36.16		34.95		1.48		1.03		0.44		0.59		0.00		0.51		20.04		4.18		0.00		99.38

				27		me14		34.60		35.64		1.94		0.89		0.00		0.42		0.00		0.32		20.12		4.61		1.45		99.99

				28		fim1		34.61		37.04		2.38		1.22		0.00		0.28		0.00		0.00		19.53		4.93		0.00		99.99

				29		fim2		35.55		36.58		3.65		0.97		0.44		0.53		0.00		0.75		18.25		3.27		0.00		99.99

				30		fim3		33.15		36.84		4.02		1.37		0.44		0.49		0.00		0.64		19.66		3.38		0.00		99.99

				31		fim4		33.85		37.47		3.32		1.26		0.49		0.35		0.00		0.78		18.18		4.31		0.00		100.01

				32		fim5		33.88		35.61		2.38		1.08		0.88		0.51		0.00		0.70		19.21		4.43		1.33		100.01

				33		fim6		32.48		35.60		3.72		0.89		0.15		0.46		0.00		0.50		19.42		5.07		1.70		99.99

				34		fim7		29.63		36.92		3.65		1.13		0.00		0.53		0.00		0.00		22.24		4.76		1.14		100.00

				35		fim8		30.44		37.37		3.21		0.99		0.22		0.46		0.00		0.57		21.60		5.14		0.00		100.00

				36		fim9		34.56		36.32		3.42		1.00		0.14		0.33		0.00		0.50		20.20		3.54		0.00		100.01

				37		fim10		33.03		34.72		3.40		1.05		0.41		0.43		0.00		0.62		20.89		4.57		0.89		100.01

				38		fim11		28.85		36.37		3.94		1.14		0.15		0.50		0.00		0.26		21.44		5.12		2.24		100.01

				39		fim12		34.53		36.20		2.38		1.18		0.29		0.33		0.00		0.32		29.33		4.26		1.19		110.01

				40		fim13		34.84		35.75		1.30		1.06		0.55		0.41		0.00		0.92		19.69		4.38		1.09		99.99

				41		fim14		35.58		36.08		2.37		1.23		0.00		0.44		0.00		0.31		18.40		4.44		1.14		99.99

				42		fim15		31.98		38.23		4.35		1.18		0.49		0.63		0.00		0.82		18.59		3.74		0.00		100.01

				43		fim16		32.22		34.83		3.12		1.17		0.64		0.46		0.00		0.30		20.57		4.52		2.19		100.02

				44		fim17		32.07		35.00		2.90		1.05		0.76		0.48		0.00		1.04		19.52		5.61		1.57		100.00

				45		fim18		33.51		35.99		2.33		1.25		0.47		0.39		0.00		0.60		18.56		4.87		2.02		99.99

						Média		34.75		36.12		1.89		1.12		0.34		0.43				0.47		19.70		4.35		1.04		100

						Média		46.35		48.18		2.52		1.50		0.45		0.57				0.63								75.11

						Desvio padrão		2.04		1.04		1.13		0.12		0.20		0.13				0.30

								Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at		Si %at

						Média de todo o cristal		46.35		48.18		2.52		1.50		0.45		0.57		0.63

						Desvio padrão		2.04		1.04		1.13		0.12		0.20		0.13		0.30





Longitudinal

		



Distância (mm)

Concentração de In (% at)



Inicio

		



Cd

Al

Distância (mm)

Concentração (% at)



Meio

		

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						ini1		39.45		39.02		1.36		0.26		0.22		0.50		0.00		0.93		14.11		4.14		0.00		99.99

						in2		39.00		38.31		1.33		0.45		0.00		0.24		0.00		0.00		15.23		5.17		0.28		100.01

						in3		39.26		38.03		1.41		0.38		0.41		0.27		0.00		0.26		15.27		4.70		0.00		99.99

						in4		38.48		37.88		1.36		0.27		0.22		0.37		0.00		0.72		15.07		5.16		0.49		100.02

						in5		39.12		37.70		1.46		0.37		0.00		0.65		0.00		0.41		15.49		4.81		0.00		100.01

						in6		38.17		38.29		1.18		0.00		0.45		0.50		0.00		0.71		16.02		4.69		0.00		100.01

						in7		40.03		38.40		1.35		0.23		0.27		0.18		0.00		0.18		15.22		4.14		0.00		100.00

						in8		38.63		37.63		1.24		0.28		0.64		0.11		0.00		0.37		16.21		4.59		0.29		99.99

						in9		38.21		36.77		1.31		0.11		0.44		0.68		0.00		0.75		16.35		5.08		0.30		100.00

						Média		38.93		38.00		1.33		0.26		0.29		0.39				0.48		15.44		4.72		0.15		100.00

						Média		48.8500976779		47.6900211468		1.6731873045		0.3276658471		0.3694955297		0.4880129638				0.6037417524								79.69

						desvio padrão		0.614283684		0.6260591026		0.0839642781		0.0989535439		0.1948213467		0.2048441142				0.2702611171

								Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at		Si %at

						Média do inicio do cristal		48.85		47.69		1.67		0.33		0.37		0.49		0.60

						Média do meio do cristal		48.67		48.00		1.73		0.35		0.23		0.58		0.45

						Média do final do cristal		43.30		49.55		5.32		0.36		0.32		0.6		0.54

						Desvio padrão		3.15		1.00		2.09		0.02		0.07		0.06		0.08

								In

								At %

						1		1.36		1.36		4.30

						2		1.33		1.45		3.98

						3		1.41		1.26		2.68

						4		1.36		1.47		4.06

						5		1.46		1.38		4.64

						6		1.18		1.21		3.78

						7		1.35		1.41		3.29

						8		1.24		1.42		3.61

						9		1.31		1.25		6.26

								Cd		Al		Cd		Al		Cd		Al

								At %		At %		At %		At %		At %		At %

						1		0.26		0.22		0.15		0.00		0.44		0.23

						2		0.45		0.00		0.20		0.44		0.11		0.00

						3		0.38		0.41		0.27		0.23		0.21		0.62

						4		0.27		0.22		0.36		0.00		0.14		0.18

						5		0.37		0.00		0.21		0.19		0.29		0.34

						6		0.00		0.45		0.10		0.00		0.46		0.00

						7		0.23		0.27		0.27		0.35		0.21		0.00

						8		0.28		0.64		0.43		0.22		0.06		0.39

						9		0.11		0.44		0.45		0.17		0.59		0.42





Meio

		



inicio

meio

fim

Distância (mm)

Cocentração (% at)



Fim

		



Cd inicio

Cd meio

Cd fim

Al inicio

Al meio

Al fim

Distância (mm)

Concentração (%at)



KeffIn

		

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						Me1		38.86		37.99		1.36		0.15		0.00		0.42		0.00		0.00		17.05		3.79		0.38		100.00

						Me2		37.86		37.27		1.45		0.20		0.44		0.47		0.00		0.16		17.56		4.10		0.49		100.00

						Me3		38.39		38.01		1.26		0.27		0.23		0.57		0.00		0.00		17.03		3.92		0.32		100.00

						Me4		37.67		37.65		1.47		0.36		0.00		0.46		0.00		0.00		17.59		4.30		0.50		100.00

						Me5		39.05		38.36		1.38		0.21		0.19		0.32		0.00		0.37		16.32		3.79		0.00		99.99

						Me6		38.75		37.60		1.21		0.10		0.00		0.53		0.00		0.77		17.45		3.58		0.00		99.99

						Me7		38.84		37.75		1.41		0.27		0.35		0.61		0.00		0.24		16.77		3.76		0.00		100.00

						Me8		37.52		37.43		1.42		0.43		0.22		0.32		0.00		0.49		17.45		3.98		0.74		100.00

						Me9		36.56		36.66		1.25		0.45		0.17		0.40		0.00		1.12		17.68		5.36		0.35		100.00

						Média		38.17		37.64		1.36		0.27		0.18		0.46				0.35		17.21		4.06		0.31		100.00

						Média		48.67		48.00		1.73		0.35		0.23		0.58				0.45								78.41

						desvio padrão		0.8249848483		0.4915310547		0.0943398113		0.1213923849		0.1055777754		0.1023610169				0.1452583905





keff Al Cd

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %				At %		At %		At %		At %

						Fim1		31.71		38.92		4.30		0.44		0.23		0.47		0.00		0.00		19.05		4.60		0.29		100.01

						Fim2		33.49		37.84		3.98		0.11		0.00		0.59		0.00		0.69		17.97		4.56		0.77		100.00

						Fim3		35.57		37.53		2.68		0.21		0.62		0.43		0.00		0.54		17.96		4.25		0.22		100.01

						Fim4		33.40		37.05		4.06		0.14		0.18		0.58		0.00		0.49		18.57		4.67		0.85		99.99

						Fim5		31.21		38.67		4.64		0.29		0.34		0.19		0.00		0.34		19.24		4.34		0.74		100.00

						Fim6		34.17		37.42		3.78		0.46		0.00		0.52		0.00		0.23		18.93		4.20		0.29		100.00

						Fim7		35.15		36.95		3.29		0.21		0.00		0.44		0.00		0.49		19.26		3.78		0.43		100.00

						Fim8		34.50		37.99		3.61		0.06		0.39		0.38		0.00		0.25		17.79		4.28		0.72		99.97

						Fim9		28.63		38.43		6.26		0.59		0.42		0.52		0.00		0.70		19.21		5.00		0.24		100.00

						Média		33.09		37.87		4.07		0.28		0.24		0.46				0.41		18.66		4.41		0.51		100.00

						Média		43.30		49.55		5.32		0.36		0.32		0.60				0.54								76.42

						desvio padrão		2.2117570944		0.6989456345		1.0011368538		0.1805854676		0.1560341843		0.1220427976				0.1811816374





		

						In						g		Cs		Cs cal

						At %						0		0		0

				1		1.00						0.33		0.95		0.9599262336

				2		1.07						0.66		1.2		1.7331289509

				3		0.64						0.9		3.1		5.0320971114

				4		0.91						C0		5.25

				5		0.95

				6		0.78

				7		0.86						Keff		log(Cs/C0) (y)		log(1-g) X

				8		0.72						0.129		-0.7424356981		-0.1739251973

				9		0.87								-0.6409780574		-0.468521083

				10		0.94								-0.2287976096		-1

				11		1.32

				12		1.24

				13		1.04

						0.95

				14		1.11

				15		1.16

				16		1.05

				17		1.05

				18		0.97

				19		0.91

				20		1.16

				21		1.10

				22		1.07

				23		1.09

				24		1.27

				25		1.40

				26		1.48

				27		1.94

						1.20

				28		2.38

				29		3.65

				30		4.02

				31		3.32

				32		2.38

				33		3.72

				34		3.65

				35		3.21

				36		3.42

				37		3.40

				38		3.94

				39		2.38

				40		1.30

				41		2.37

				42		4.35

				43		3.12

				44		2.90

				45		2.33

						3.10





		





		



experimental

calculado

Fraçaõ solidificada-g

Concentração de In (% at)



		

				Cd		Al						Cs Cd		Cs Al		g		CsCd		CsAl

												0		0		0		0		0

				At %		At %						1.14		0.33		0.33		1.492448824		0.4086674802

		1		1.07		0.00						1.11		0.31		0.66		2.3352465152		0.6525912419

		2		1.12		0.75						1.12		0.36		0.9		5.2373164766		1.51831434

		3		1.07		0.17						3.37		1

		4		1.03		0.70

		5		0.96		0.00

		6		1.29		0.69

		7		1.09		0.16						KeffCd		log(Cs/C0) (y) Cd		log(1-g) X Cd		log(Cs/C0) (y) Al		log(1-g) X Al		Keff Al

		8		1.21		0.72								-0.4707250495		-0.1739251973		-0.4814860601		-0.1739251973

		9		1.15		0.00								-0.4823069221		-0.468521083		-0.5086383062		-0.468521083

		10		1.24		0.41						0.34		-0.4784118782		-1		-0.4436974992		-1		0.31

		11		1.24		0.39

		12		1.23		0.27

		13		1.17		0.00

				1.14		0.33

		14		1.00		0.54

		15		1.15		0.38

		16		1.20		0.35

		17		0.97		0.35

		18		1.14		0.15

		19		1.38		0.47

		20		1.21		0.42

		21		0.94		0.40

		22		1.16		0.00

		23		1.22		0.44

		24		1.10		0.16

		25		1.09		0.30

		26		1.03		0.44

		27		0.89		0.00

				1.11		0.31

		28		1.22		0.00

		29		0.97		0.44

		30		1.37		0.44

		31		1.26		0.49

		32		1.08		0.88

		33		0.89		0.15

		34		1.13		0.00

		35		0.99		0.22

		36		1.00		0.14

		37		1.05		0.41

		38		1.14		0.15

		39		1.18		0.29

		40		1.06		0.55

		41		1.23		0.00

		42		1.18		0.49

		43		1.17		0.64

		44		1.05		0.76

		45		1.25		0.47

				1.12		0.36





		



Cd



		



Al



		



Cd experimental

Cd calculado

Al experimental

Al calculado

Fração solidificada-g

Concentração (% at)



C=kGo(1-g/""
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Longitudinal

		

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %		At %		At %		At %		At %		At %

				1		ini1		36.77		36.67		1.22		0.97		0.55		0.38		0.00		0.26		18.72		4.15		0.30		99.99

				2		in2		37.83		36.86		1.12		1.32		0.17		0.25		0.00		0.23		16.69		4.18		1.36		100.01

				3		in3		37.00		36.61		1.00		1.06		0.36		0.28		0.00		0.58		16.64		4.12		2.35		100.00

				4		in4		38.12		37.23		1.19		1.27		0.34		0.37		0.00		0.18		17.33		3.97		0.00		100.00

				5		in5		38.46		35.23		0.83		1.08		0.31		0.56		0.00		0.48		18.28		3.80		0.97		100.00

				6		in6		38.64		37.53		1.07		1.22		0.00		0.62		0.00		0.16		16.35		3.26		1.15		100.00

				7		in7		36.63		35.97		1.02		1.06		0.49		0.31		0.00		0.56		18.14		4.42		1.40		100.00

				8		in8		36.78		36.24		1.06		1.49		0.43		0.32		0.00		0.22		17.67		4.25		1.53		99.99

				9		in9		37.50		36.40		1.29		1.21		0.24		0.47		0.00		0.00		18.67		4.23		0.00		100.01

				10		in10		35.75		34.04		0.91		0.95		0.42		0.55		0.00		0.68		18.71		4.81		3.18		100.00

				11		in11		37.18		37.05		1.18		1.02		0.30		0.45		0.00		0.55		17.91		4.06		0.30		100.00

				12		in12		36.32		36.11		1.02		1.07		0.55		0.33		0.00		0.93		18.43		4.08		1.18		100.02

				13		in13		37.44		37.00		1.57		1.05		0.25		0.42		0.00		0.00		16.87		3.66		1.75		100.01

				14		in14		36.90		36.82		1.75		1.33		0.23		0.29		0.00		0.79		17.72		4.18		0.00		100.01

				15		in15		36.87		36.66		1.89		1.11		0.22		0.28		0.00		0.00		18.09		3.87		1.00		99.99

				16		me1		38.65		38.86		1.85		1.00		0.00		0.45		0.00		0.20		16.41		2.58		0.00		100.00

				17		me2		36.59		37.47		1.88		1.33		0.42		0.22		0.00		0.57		16.92		4.03		0.57		100.00

				18		me3		36.80		37.33		1.94		1.19		0.00		0.52		0.00		0.59		17.17		4.46		0.00		100.00

				19		me4		35.13		35.42		2.42		1.04		0.51		0.48		0.00		1.04		17.62		4.97		1.36		99.99

				20		me5		34.28		35.51		2.73		0.94		0.29		0.59		0.00		0.43		19.01		4.51		1.71		100.00

				21		me6		35.69		35.85		1.80		1.18		0.32		0.49		0.00		0.00		18.30		4.75		1.62		100.00

				22		me7		34.74		36.37		2.12		1.17		0.70		0.55		0.00		0.53		17.63		4.57		1.62		100.00

				23		me8		35.23		36.53		2.24		1.27		0.30		0.45		0.00		0.72		17.41		4.69		1.16		100.00

				24		me9		36.44		36.42		2.65		1.42		0.18		0.46		0.00		0.21		16.87		4.21		1.15		100.01

				25		me10		34.34		35.83		3.00		1.24		0.52		0.57		0.00		0.79		19.29		4.42		0.00		100.00

				26		me11		35.75		37.05		2.31		1.35		0.00		0.39		0.00		0.23		17.52		4.29		1.12		100.01

				27		me12		34.42		34.83		2.48		1.19		0.44		0.46		0.00		0.70		18.86		4.65		1.99		100.02

				28		me13		35.80		37.26		2.11		1.08		0.42		0.75		0.00		0.78		17.77		4.04		0.00		100.01

				29		me14		34.80		35.32		2.74		0.85		0.29		0.49		0.00		0.69		18.34		4.75		1.73		100.00

				30		me15		35.85		35.52		1.69		1.22		0.25		0.40		0.00		0.40		19.29		4.49		0.89		100.00

				31		me16		34.43		37.15		3.14		0.93		0.33		0.30		0.00		0.19		18.88		4.12		0.53		100.00

				32		me17		34.79		37.80		3.34		1.26		0.68		0.40		0.00		0.48		17.23		4.03		0.00		100.01

				33		me18		32.77		33.43		1.73		1.13		0.48		0.24		0.00		3.78		14.28		11.08		1.10		100.02

				34		fim1		34.40		36.27		3.06		0.90		0.74		0.18		0.00		0.57		17.91		4.34		1.62		99.99

				35		fim2		35.80		36.48		2.32		1.14		0.43		0.24		0.00		0.47		19.26		3.87		0.00		100.01

				36		fim3		36.62		37.23		2.88		1.07		0.32		0.42		0.00		0.00		17.36		3.78		0.33		100.01

				37		fim4		35.54		36.90		3.20		0.95		0.42		0.22		0.00		0.58		18.06		3.53		0.61		100.01

				38		fim5		33.80		35.61		3.95		0.99		0.40		0.41		0.00		0.36		19.11		4.09		1.29		100.01

				39		fim6		33.01		36.98		4.12		0.93		0.25		0.26		0.00		0.58		18.55		3.85		1.47		100.00

				40		fim7		30.15		38.19		4.48		0.97		0.30		0.47		0.00		0.00		19.80		4.13		1.52		100.01

				41		fim8		33.46		36.59		3.69		1.23		0.33		0.35		0.00		0.50		18.74		3.86		1.25		100.00

				42		fim9		35.74		35.91		2.66		0.99		0.00		0.31		0.00		0.00		19.27		4.15		0.96		99.99

				43		fim10		35.69		36.52		2.16		1.24		0.35		0.49		0.00		0.31		18.14		3.77		1.33		100.00

				44		fim11		35.54		37.14		2.58		1.29		0.35		0.27		0.00		0.51		17.34		4.48		0.49		99.99

				45		fim12		33.48		36.58		3.48		1.17		0.32		0.50		0.00		0.41		18.78		4.15		1.14		100.01

				46		fim13		34.31		36.92		3.04		0.76		0.44		0.34		0.00		0.68		18.27		3.81		1.44		100.01

				47		fim14		34.87		35.57		3.15		0.88		0.69		0.60		0.00		0.26		18.42		4.08		1.47		99.99

				48		fim15		31.72		37.82		3.70		1.25		0.54		0.14		0.00		0.39		19.07		3.79		1.58		100.00

				49		fim16		36.02		37.92		2.21		0.96		0.24		0.30		0.00		0.37		17.20		4.46		0.30		99.98

				50		fim17		34.30		35.91		2.76		0.99		0.46		0.50		0.00		0.42		17.83		4.82		2.01		100.00

				51		fim18		34.68		35.98		2.77		1.02		0.52		0.38		0.00		0.71		18.47		4.54		0.92		99.99

				52		fim19		34.39		37.26		3.64		1.08		0.15		0.20		0.00		0.47		16.96		4.11		1.72		99.98

				53		fim20		33.15		37.19		4.76		1.07		0.41		0.33		0.00		0.21		17.05		4.49		1.34		100.00

				54		fim21		27.95		37.01		9.22		0.97		0.46		0.56		0.00		0.70		16.97		5.23		0.93		100.00

						Média		35.36		36.53		2.48		1.11		0.35		0.40				0.49		17.92		4.32		1.05		100.00

						Média		46.09		47.61		3.24		1.44		0.46		0.52				0.64								76.72

						Desvio padrão		2.00		0.98		0.61		0.16		0.18		0.13				0.54

						EDS		Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at		Si %at

						Média de todo o cristal		46.09		47.61		3.24		1.44		0.46		0.52		0.64

						Desvio padrão		2.00		0.98		0.61		0.16		0.18		0.13		0.54





Longitudinal

		



Distância (mm)

Concentração de In (% at)



Inicio

		



Cd

Al

Distância (mm)

Concentração (% at)



Meio

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %		At %		At %		At %		At %		At %

						ini1		30.60		30.53		0.35		0.83		0.32		0.07		0.00		0.54		24.96		6.12		5.68		100.00

						in2		30.13		30.30		0.64		0.75		0.31		0.14		0.00		0.26		25.05		6.08		6.23		99.89

						in3		29.35		30.24		0.66		0.94		0.00		0.28		0.00		0.47		25.54		6.31		6.12		99.91

						in4		29.43		30.79		0.66		0.92		0.00		0.27		0.00		0.37		26.02		5.89		5.66		100.01

						in5		29.42		30.21		0.74		0.90		0.16		0.13		0.15		0.45		26.40		5.69		5.76		100.01

						in6		29.19		29.84		0.62		0.91		0.27		0.33		0.41		0.37		26.94		5.67		5.46		100.01

						in7		29.95		30.10		0.57		0.81		0.37		0.14		0.28		0.32		25.79		5.82		5.85		100.00

						in8		28.02		28.95		0.60		0.76		1.18		0.40		0.37		0.44		26.61		6.05		6.62		100.00

						in9		28.75		29.23		0.51		1.01		0.72		0.30		0.27		0.31		26.05		6.27		6.57		99.99

						Média		29.43		30.02		0.59		0.87		0.37		0.23		0.16		0.39		25.93		5.99		5.99		100.0

						Média		47.53		48.49		0.96		1.41		0.60		0.37				0.63								61.90

						Desvio padrão		0.7183159317		0.5601278514		0.1118158208		0.0874642784		0.0411298756		0.111629347				0.0894116572

						EDS		Ga %at		Sb %at		In %at		Cd %at		Al %at		Fe %at		Si %at

						Média do inicio do cristal		47.53		48.49		0.96		1.41		0.60		0.37		0.63

						Média do meio do cristal		45.86		48.05		3.51		1.45		0.31		0.36		0.46

						Média do final do cristal		34.36		50.20		11.51		1.57		1.20		0.41		0.72

						Desvio padrão		7.17		1.14		5.50		0.09		0.45		0.03		0.13

								In

								At %

						1		0.35		3.11		2.98

						2		0.64		3.51		3.80

						3		0.66		3.01		5.36

						4		0.66		1.45		8.34

						5		0.74		2.06		5.17

						6		0.62		1.58		7.88

						7		0.57		1.54		9.08

						8		0.60		1.58		9.49

						9		0.51		3.01		14.12

								Cd		Al		Cd		Al		Cd		Al

								At %		At %		At %		At %		At %		At %

						1		0.83		0.32		1.12		0.00		0.96		1.13

						2		0.75		0.31		0.88		0.00		0.86		1.76

						3		0.94		0.00		0.96		0.00		1.02		1.18

						4		0.92		0.00		0.92		0.00		0.96		0.47

						5		0.90		0.16		1.06		0.40		1.00		0.55

						6		0.91		0.27		0.87		0.00		0.84		0.81

						7		0.81		0.37		0.97		0.42		1.16		0.29

						8		0.76		1.18		0.99		0.00		0.98		0.00

						9		1.01		0.72		0.85		1.03		1.25		0.74





Meio

		



Cd inicio

Cd meio

Cd fim

Al inicio

Al meio

Al fim

Distância (mm)

Concentração (% at)



Fim

		



inicio

meio

fim

Distância (mm)

Concentração de In (% at)



Keff In

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %		At %		At %		At %		At %		At %

						me1		30.39		31.63		3.11		1.12		0.00		0.34		0.12		0.37		22.78		5.42		4.73		100.01

						me2		29.22		31.67		3.51		0.88		0.00		0.09		0.00		0.34		24.24		5.48		4.57		100.00

						me3		29.19		31.74		3.01		0.96		0.00		0.26		0.11		0.26		24.02		5.62		4.84		100.01

						me4		30.93		31.70		1.45		0.92		0.00		0.23		0.25		0.25		22.84		6.24		5.19		100.00

						me5		29.88		31.73		2.06		1.06		0.40		0.28		0.28		0.00		23.48		5.81		5.01		99.99

						me6		30.50		31.26		1.58		0.87		0.00		0.14		0.40		0.30		24.28		5.40		5.28		100.01

						me7		31.56		32.28		1.54		0.97		0.42		0.30		0.20		0.40		22.68		5.25		4.39		99.99

						me8		31.77		31.95		1.58		0.99		0.00		0.22		0.25		0.38		23.15		5.15		4.56		100.00

						me9		28.79		31.25		3.01		0.85		1.03		0.26		0.00		0.44		22.62		5.84		5.91		100.00

						Média		30.25		31.69		2.32		0.96		0.21		0.24		0.18		0.30		23.34		5.58		4.94		100.00

						Média		45.86		48.05		3.51		1.45		0.31		0.36				0.46								65.96

						desvio padrão		1.0620708284		0.3167017524		0.8306924822		0.0899691305		0.0141421356		0.0597464882				0.0677706215





Keff CdAl

								Ga		Sb		In		Cd		Al		Fe		Te		Si		N		O		F

								At %		At %		At %		At %		At %		At %		At %		At %		At %		At %		At %

						fim1		29.69		31.25		2.98		0.96		1.13		0.17		0.09		0.51		23.07		5.13		5.03		100.01

						fim2		27.38		30.33		3.80		0.86		1.76		0.14		0.00		1.10		23.44		5.32		5.88		100.01

						fim3		24.70		31.74		5.36		1.02		1.18		0.26		0.09		0.77		24.14		5.05		5.69		100.00

						fim4		19.49		33.05		8.34		0.96		0.47		0.35		0.00		0.00		25.76		6.19		5.38		99.99

						fim5		22.33		33.89		5.17		1.00		0.55		0.23		0.00		0.14		25.63		5.48		5.58		100.00

						fim6		21.91		31.59		7.88		0.84		0.81		0.28		0.00		0.47		24.29		6.13		5.80		100.00

						fim7		19.09		31.96		9.08		1.16		0.29		0.21		0.00		0.30		25.96		6.23		5.72		100.00

						fim8		22.49		32.26		9.49		0.98		0.00		0.33		0.00		0.18		23.86		6.05		4.37		100.01

						fim9		10.54		32.69		14.12		1.25		0.74		0.38		0.00		0.69		25.92		8.08		5.60		100.01

						Média		21.96		32.08		7.36		1.00		0.77		0.26				0.46		24.67		5.96		5.45		100.0

						Média		34.36		50.20		11.51		1.57		1.20		0.41				0.72								63.90

						desvio padrão		3.1734082624		1.0453959909		2.2125755301		0.1309580085		0.3501904244		0.0819213715				0.1432945684





		

				In						g		Cs		Cs cal

				At %				1		0		0		0

		1		1.22				0.67		0.33		1.21		1.7317877872

		2		1.12				0.34		0.66		2.34		2.9595482332

		3		1.00						0.9		2.46		7.7820455185

		4		1.19								6.01

		5		0.83

		6		1.07						Keff		log(Cs/C0) (y)		log(1-g) X

		7		1.02								-0.6960891017		-0.1739251973

		8		1.06								-0.4096586146		-0.468521083

		9		1.29						0.21		-0.3879393649		-1

		10		0.91

		11		1.18

		12		1.02

		13		1.57

		14		1.75

		15		1.89

				1.21

		16		1.85

		17		1.88

		18		1.94

		19		2.42

		20		2.73

		21		1.80

		22		2.12

		23		2.24

		24		2.65

		25		3.00

		26		2.31

		27		2.48

		28		2.11

		29		2.74

		30		1.69

		31		3.14

		32		3.34

		33		1.73

				2.34

		34		3.06

		35		2.32

		36		2.88

		37		3.20

		38		3.95

		39		4.12

		40		4.48

		41		3.69

		42		2.66

		43		2.16

		44		2.58

		45		3.48

		46		3.04

		47		3.15

		48		3.70

		49		2.21

		50		2.76

		51		2.77

		52		3.64

		53		4.76

		54		9.22

				2.46





		





		



experimental

calculado

Fração solidificada-g

Concentração de In (% at)



		

				Cd		Al						Cs Cd		Cs Al		g		CsCd		CsAl

				At %		At %						0		0		0		0		0

		1		0.97		0.55						1.15		0.32		0.33		1.5509143357		0.4185724959

		2		1.32		0.17						1.16		0.34		0.66		2.3972778294		0.6661451487

		3		1.06		0.36						1.04		0.35		0.9		5.2592986584		1.5403943875

		4		1.27		0.34						3.35		1.01

		5		1.08		0.31

		6		1.22		0.00						KeffCd		log(Cs/C0) (y) Cd		log(1-g) X Cd		log(Cs/C0) (y) Al		log(1-g) X Al		Keff Al

		7		1.06		0.49								-0.4643469667		-0.1739251973		-0.4991713955		-0.1739251973

		8		1.49		0.43								-0.4605868178		-0.468521083		-0.4728424567		-0.468521083

		9		1.21		0.24						0.358		-0.5080114677		-1		-0.4602533294		-1		0.315

		10		0.95		0.42

		11		1.02		0.30

		12		1.07		0.55

		13		1.05		0.25

		14		1.33		0.23

		15		1.11		0.22

				1.15		0.32

		16		1.00		0.00

		17		1.33		0.42

		18		1.19		0.00

		19		1.04		0.51

		20		0.94		0.29

		21		1.18		0.32

		22		1.17		0.70

		23		1.27		0.30

		24		1.42		0.18

		25		1.24		0.52

		26		1.35		0.00

		27		1.19		0.44

		28		1.08		0.42

		29		0.85		0.29

		30		1.22		0.25

		31		0.93		0.33

		32		1.26		0.68

		33		1.13		0.48

				1.16		0.34

		34		0.90		0.74

		35		1.14		0.43

		36		1.07		0.32

		37		0.95		0.42

		38		0.99		0.40

		39		0.93		0.25

		40		0.97		0.30

		41		1.23		0.33

		42		0.99		0.00

		43		1.24		0.35

		44		1.29		0.35

		45		1.17		0.32

		46		0.76		0.44

		47		0.88		0.69

		48		1.25		0.54

		49		0.96		0.24

		50		0.99		0.46

		51		1.02		0.52

		52		1.08		0.15

		53		1.07		0.41

		54		0.97		0.46

				1.04		0.35





		



Cd

Al



		



Cd experimental

Cd calculado

Al experimental

Al calculado

Fraçãop solidificada-g

Concentração (% at)



C=kGo(1-g/""







