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c o n c e n t r a c l o . d o s  T o n s  C a
+

^ e m f u n c a o d o t e mp o .  

F o i  p r o j e t a d o e  mo n t a d o u r n e q u i p a m e n t o e m e s c a l a  l a b o 

r a t o r i o ;  c o m a  f i n a l i d a d e d e  p o s s i b i l i t a r  m e d i d a s  c i n e t i c a s  

d a  r e a g a o ,  e m c o n d i g o e s  i s o t e r m i c a s  e  d e  m i s t u r a  t o t a l  .  

F o r a m t e s t a d o s  mo d e l o s  c  i  n e t  i  c o s  d i f e r e n t e s  p a r a  a  r e a  

g a o ;  c h e g o u - s e  a  c o n c l u s a o d e  q u e  o mo d e l o c i n e t i c o c l a s s  i  

c o :  

r  = k C
A 

n a o e  r e p r e s e n t a t i v e d a  r e a g a o p a r a  t o d a  a  f a i x a d e  c o n v e r  

s o e  s  .  

P o i  t e s t a d o o mo d e l o d e  n u c l e a g a o :  

I n '  = k t
m 

• ( ' "
X

s )  

e  f o r a m c a l c u l a d o ^ s  a s  c o n s t a n t e s  m e  k ,  p o r  r e g r e s s a o l i  

n e a r ,  u s a n d o - s e  c o m p u t a d o r .  E s s e  mo d e l o c o n c o r d a  c o m o s  da _ 
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r e m e n t  i n i s o t h e r m i c  a n d c o m p l e t e  m i x t u r e  c o n d i t i o n s .  

D i f f e r e n t  k i n e t i c  mo d e l s  f o r  t h e  r e a c t i o n w e r e  t e s t e d 

a n d wa s  c o n c l u d e d t h a t  t h e  c l a s s i c a l  k i n e t i c  m o d e l :  

r  = k d o e s  n o t  r e p r e s e n t  t h e  r e a c t i o n f o r  c o m p l e t e  r a n 

g e  o f  c o n v e r s i o n .  

T h e  n u c l e a t i o n mo d e l  I n —\ j — = k t
m

,  wa s  t e s t e d a n d t h e  
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 1
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c o n s t a n t s  m a n d k w e r e  c a l c u l a t e d w i t h t h e  h e l p o f  c o mp u t o r ,  

u s i n g l i n e a r  r e g r e s s i o n m e t h o d .  T h i s  mo d e l  a g r e e d w i t h t h e  

e x p e r i m e n t a l  d a t a  f o r  t h e  c o m p l e t e  r a n g e  o f  s c h e e l i t e  c o n 

v e r s i o n .  

A 1 0 0 % c o n v e r s i o n o f  s c h e e l i t e  i n t o t u n g s t i c  a c i d wa s  

f o u n d f o r  t h e  a v e r a g e  p a r t i c l e  d i a m e t e r  e q u a l  t o 6 8 y zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( - 2 0 0 

t o 250 me s h )  i n f o u r  a n d h a l f  h o u r s  d u r a t i o n ,  w i t h a c i d 

c o n c e n t r a t i o n 6 M a n d t e m p e r a t u r e  8 0 ° C .  F o r  p a r t i c l e  s i z e  

g r e a t e r  t h a n 6 8 u t h e  r a t e  o f  r e a c t i o n g o t  r e d u c e d .  

T h e  v a r i a b l e  a c i d c o n c e n t r a t i o n s h o we d l e s s  p r o n o u n c e d 

e f f e c t  o n t h e  r e a c t i o n r a t e  i n c o m p a r i s i o n w i t h t h e  v a r i a  



b l e s  s i z e  o f  t h e  p a r t i c l e s  a n d t e m p e r a t u r e .  
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1 .  I NTRODUg AO 

A s c h e e l i t a  e  ur n m i n e r i o q u e  o c o r r e  n a  r e g i  a o N o r d e s  

t e ,  p r i n c i p a  1 me n t e  n o s  E s t a d o s  d o R i o G r a n d e  d o N o r t e  e  Pa  

r a f b a ,  c u j o v a l o r  e c o n o m i c o d e c o r r e  d a  p r e s e n c a  d e  t u n g s t e  

n i o o u w o l f r l m i o .  

Q u i m i c a m e n t e ,  a  s c h e e l i t a  e  u r n t u n g s t a t o d e  c a l c i o ,  

Ca WO^ ,  c o m o s  p e r c e n t u a i s  t e o r i c o s  d e  8 0 , 6 % P/ P d e  W0
3
 e  

1 9 , 4 % P/ P d e  Ca O,  r e s p e c t i v a m e n t e  .  C r i s t a l i z a  n o s i s t e m a  

t e t r a g o n a l  n a  f o r m a  b i p i r a m i d a l ;  t e r n b r i l h o e n t r e  v i  t r e o e  

a d a m a n t i n o e  d u r e z a  e n t r ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA h e  5 ;  s e u p e s o e s p e c f f i c o v a r i a  

d e  5 , 9 a  6 , 1 .  A c o r  d a  s c h e e l i t a  d o N o r d e s t e  e  m u i t o v a r i a  

d a :  b r a n c a ,  v e r d e ,  a m a r e l a ,  c i n z a ;  m a n i f e s t a  s o b r a d i a c a o 

u l t r a  v i o l e t a  f 1 u o r e s c e n c i a  b r a n c o - b r  i  1 h a n t e  a o b r a n c o -  a ma  

r e l o ,  e  a o a m a r e 1 o - b r i  1 h o s o c o m a u me n t o d o t e o r  d e  m o l i b d e  

n i o .  0 m o l i b d e n i o c o n s t i t u i  a  i m p u r e z a  q u e  ma i s  d e p r e c i a  o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 

v a l o r  d o s  c o n c e n t r a d o s  .  

D e v i d o a o a l t o p e s o e s p e c f f i c o ,  o s  c o n c e n t r a d o s  d e  

s c h e e l i t a  s a o o b t i d o s  p r i n c i p a  1 me n t e  p o r  p r o c e s s o s  g r a v i m e  

t r i c o s .  A f l o t a c a o e  t a mb e m f r e q u e n t e m e n t e  e mp r e g a d a  p a r a  a  

s e p a r a g l o d a  c a l c o p i r i t a ,  m o l i b d e n i t a  e  o u t r o s  s u l f a t o s  c o 
2

 »
 3

 -
mu me n t e  p r e s e n t e s  n o m i n e r i o .  0 g r a u d e  p u r i f i c a g a o e x j _ 

g i  d o d o s  c o n c e n t r a d o s  d e p e n d e  d i r e t a m e n t e  d o p r o c e s s o me t a _ 

l u r g i c o a  q u e  s e r l o s u b m e t i d o s  n a  f a s e  s u b s e q u e n t e .  Qu a n d o 

s i o r e q u e r i d o s  a l t o s  n f v e i s  d e  p u r e z a  n o p r o d u t o f i n a l  e m 

p r e g a m- s e  p r o c e s s o s  h i d r o m e t a 1 u r g i c o s .  

0 p r e s e n t e  t r a b a l h o f o i  e m p r e e n d i d o v i s a n d o a p r o f u n 

d a r  o s  c o n h e c i m e n t o s  s o b r e  a  c i n e t i c a  d a  t r a n s f o r m a c a o d a  
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s c h e e l i t a  e m a c i d o t u n g s t i c o ,  m e d i a n t e  a t a q u e  c o m a c i d o d o 

r  \  d r i  c o .  

E mb o r a  a  1 i  x i  v i  a  g a  o s e j a  r e a l i z a d a  a  n f v e l  i n d u s t r i a l ,  

t e r n s i d o p o u c o d i f u n d i d o s  e m d e t a l h e  d a d o s  r e l a t i v o s  a o c o m 

p o r t a m e n t o c  i  n e t  i  c o d a  r e a g a o ,  a s s i m c o mo mo d e l o s  q u e  d e s  

c r e v a m o s e u me c a n i s mo .  As  c a r a c t e r T s t i c a s  e s p e c f f i c a s ,  e n 

q u a n t o a  c o m p o s i g l o m i n e r a l o g i c a  e  o r i g e m d e  c a d a  c o n c e n t r a  

d o d e  s c h e e l i t a  n e c e s s a r i a  me n t e  h a v e r a o d e  i n f l u e n c i a r  n o 

c o m p o r t a m e n t o c  i  n e t  i  c o .  

0 p r e s e n t e  t r a b a l h o v i s a  t a mb e m t r a z e r  u ma  c o n t r i b u i  

g a o a o m e l h o r  a p r o v e i t a m e n t o d o s  m i n e r i o s  d e  t u n g s t e n i  o d a  

r e g i a o e  a o d e s e n v o 1 v i m e n t o d e  t e c n o l o g i a  e n d o g e n a  n o p r o 

c e s s a m e n t o q u f m i c o d o s  c o n c e n t r a d o s  d e  s c h e e l i t a  d o No r d e _ s  

t e  .  
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2 .  RE VI S AO B I B L I O G R A F I C A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 . 1 .  P r o c e s s a m e n t o h i d r o m e t a 1 u r g i c o d a  s c h e e l i t a  

Na  1 i  t e r a t u r a  e n c o n t r a m - s e  ,  e m p r i n c l p i o ,  t r e s  t i p o s  

d e  t r a t a m e n t o d e s c r i t o s  p o s t e r i o r m e n t e ,  q u e  s a o e mp r e g a d o s  

p a r a  l i x i v i a c a o d o s  c o n c e n t r a d o s  d a  s c h e e l i t a :  

f u s l o a l c a l i n a ,  d i g e s t l o a c i d a  e  t r a t a m e n t o c o m s o l u g l o a l  

c a 1 i  n a  d e  E DT A.  

2 . 1 . 1 .  F u s a o c o m c a r b o n a t o d e  s o d i o s e g u i d a  d e  d i s s o l u c i o 

4 

c o m a  g u a  

A s c h e e l i t a  p o d e  s e r  l i x i v i a d a  p e l o p r o c e s s o d e  f u s a o 

c o m c a r b o n a t o d e  s o d i o .  

N e s t e  c a s o ,  a  f u s l o o c o r r e  t a mb e m n o s e n t i d o d a  f o r m a  

g i o d e  t u n g s t a t o d e  s o d i o ( Na 2 WO^ ) :  

C

a
 W

° M s )
+ N 8 2 C

°
3

( a q ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA t

 N a

*
 W 0 |

* ( s )
+ C a  C

°
3

( s )
 ( 1 )  

D u r a n t e  a  d i s s o l u g a o c o m I g u a ,  p o d e  o c o r r e r  a  r e a g a o 

i n v e r s a ,  c o m a  r e p r e c i p i t a g a o d e  t u n g s t a t o d e  c a l c i o ,  q u e  e  

f u n g a o d a  c o n s t a n t e  d e  e q u i l T b r i o d a  r e a g l o ( 4 ) .  

We s s e l  e  Mc C l a i n
5

 a r g u me n t a m q u e  a  r e p r e c i p i t a g a o d o 

t u n g s t a t o d e  c l l c i o s o b a  f o r m a d e  s c h e e l i t a  s i n t e t i c a s e  

r i a  c o n s e q u e n c  i  a  d a  d i s s o c i a g a o t e r m i c a  d o c a r b o n a t o d e  e l l  

c i o ,  q u e  o c o r r e  e m t o r n o d e  8 9 8 ° C:  

898° C 

Ca  C 0
3 ( s )

 j  C a O
( s )

 + C 0
2 ( g )

 ( 2 )  
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CaO 
s )

 + H2 0 j  C a ( 0 H ) 2 ( a q ) ( 3 ) 

Co m a  l i b e r a g a o d o C 0
2

,  o r e s  i  d u o d e  o x i d o d e  c a l c i o 

h i d r a t a d o d u r a n t e  a  d i s s o l u g a o c o m a g u a  r e a g i r i a  c o m o t u n g s  

t a t o d e  s o d i o ,  d e  a c o r d o c o m a  r e a g a o :  

Ca  ( 0 H )
2

-  H-  Na
 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA WOzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAL ,  v -> 2 Na  OH ,  s  + Ca  W0

4 /
 v ( 4 )  

( a q )
 4

 ( a q )  ^ ( a q )
 4

 ( s  )  

P a r a  t o r n a r  a  r e a g l o ( l )  i r r e v e r s T v e 1 ,  a d i c i o n a - s e  a  

r e i a  d e  q u a t z o a  m i s t u r a  d e  s c h e e l  i  t a - c a r b o n a t o d e  s o d i o d u 

r a n t e  o p r o c e s s o d e  f u s l o .  0 o x i d o d e  c a l c i o c o mb i  n a - s e  c o m 

a  s T l i c a ,  f o r m a n d o u r n s i l i c a t o p r a t i c a m e n t e  i n s o l u v e l ,  c o n 

f o r m e a  r e a g a o ( 5 ) " '  '  

CaWOi w  v + Na
2

C 0
3

/  x + S i 0
2
 C a S i 0

3
,  v + Na 2 W 0 h ,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA N + 4

 ( s )
 / J

( s )  * •«•
 d

( s )
 1

 * ( a q )  

+
 C 0

2 ( g )
 ( 5 )  

2 . 1 . 2 .  T r a t a m e n t o c o m a c i d o c l o r T d r i c o 

0 a t a q u e  d a  s c h e e l i t a  p e l o a c i d o c l o r T d r i c o c o n d u z  

i n i c i a l m e n t e  a  s  o 1 u b i  1 i  z  a  g a o d o c a l c i o c o mo c l o r e t o d e  c a j _ 

8 » 9 

c i o f o r m a d o p e l a  r e a g l o ( 6 )  

Ca WOu ,  v + 2 HC1 ,  vzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA t C a C l
2

,  \  + H
 2
 WO L, / *  ( 6 )  4

( s )  ( a q )
 1

 ( a q )
 1 4

 ( s )  

0 p r e c i p i t a d o d e  a c i d o t u n g s t i c o e  s o l u b i l i z a d o p o r  

h i d r o x i d o d e  s o d i o o u a m o n i o ,  a p o s  s u a  s e p a r a g a o d a  s o l u g a o 

d e  c l o r e t o d e  c a l c i o p o r  d e c a n t a g a o o u f i l t r a g a o .  Co m e s t a  

s e g u n d a  o p e r a g a o ,  o t u n g s t e n i  o e  s o l u b i l i z a d o e ,  e m s e g u _ i _ 

d a ,  s e p a r a d o p o r  f i l t r a g a o d a s  i m p u r e z a s  n a o d i s s o l v i d a s  
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p e l o a c i d o c l o r T d r i c o .  

A s o 1 u b i  1 i z a g i o d o a c i d o t u n g s t i c o c o m o h i d r o x i d o d e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

8 ,  9 

a mo n i o s e  d a  a t r a v e s  d a  r e a g a o ( 7 )  

H 
2

W0
4 ( s )

 + 2 N H , 0 H
( a q )

 J  ( N H j
2

W0
4 ( a q )

 +
 2

H
2

0 ( 7 )  

D e p e n d e n d o d o g r a u d e  i m p u r e z a s  d o c o n c e n t r a d o ,  o p a  

r a t u n g s t a t o d e  a mo n i o p r e c i p i t a d o d e p o i s , p o r  n e u t r a 1 i z a g i o 

o u e v a p o r a g a o p r e c i s a  s e r  r e d i s s o l v i d o e  r e p r e c i p i t a d o v a  

r i a s  v e z e s .  .  

V e z i n a e G o w
1 0

 p r o p u s e r a m a  s o l u b i l i z a g i o d o a c i d o t u n g s  

t i c ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA por  h i d r o x i d o d e  s o d i o a t r a v e s  d a  r e a g l o :  

H
 2
 WO u /  v + 2 N a  0 H,  ,  * Na

2
W0 u ,  v + 2 H

2
0 ( 8 )  1 4

 ( s )  ( a q )  +
 z  4

 ( a q )
 z  

e ,  e m s e g u i d a ,  a  p u r i f i c a g i o d a  s o l u g a o d e  t u n g s t a t o d e  s o 

d i o p o r  t r o c a  i  o n i  c a  c o m u ma  r e s i n a  f o r m a d a  p o r  u r n c o m p o s t o 

q u a t e r n a r  i o d e  a m o n i o .  

D e p e n d e n d o d a  s e g u n d a  e t a p a ,  t e m- s e  o t u n g s t e n i o e m 

s o l u g i o s o b a  f o r m a d e  t u n g s t a t o d e  a mo n i o o u t u n g s t a t o d e  

s o d i o .  

2 . 1 . 3 -  T r a t a m e n t o c o m a c i d o s u l f u r i c o 

A d e c o m p o s i g i o d a  s c h e e l i t a  p e l o a c i d o s u l f u r i c o s e  

1 1 

d a d e  a c o r d o c o m a  r e a g a o ( 9 ) 

C a W O i , ^ +
 H

2
S

°
4

(
a

q )
 + 2 H 2

°  ^
 H 2 W

°
4

( s )
 + C a S O l

+ -

.  2 H
2

0
( s )

 ( 9 ) 
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A v a n t a g e m d e s t e  p r o c e s s o p r e n d e - s e  a o f a t o d o a c i d o 

s u l f u r i c o s e r  me n o s  v o l a t i l  e  c o r r o s i v o .  

No t r a t a m e n t o c o mzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA H C1 ,  a  v a n t a g e m e  q u e  o c l o r e t o d e  

c a l c i o f o r m a d o f i c a e m s o l u g l o e  p o d e  s e r  s e p a r a d o f a c i l m e n 

t e ,  e n q u a n t o q u e  n o t r a t a m e n t o c o m H2 S0i + o s u l f a t o d e  c a l  

c i o f o r m a d o p r e c i p i t a - s e  j u n t a m e n t e  c o m o a c i d o t u n g s t i c o .  

2 . 1 . 4 .  T r a t a m e n t o c o m s o l u c a o a l c a l i n a d e  EDTA 

Co m a  a d i c a o d o h i d r o x i d o d e  s o d i o ,  a  s o l u b i l i d a d e d o 

EDTA ( a c i d o e t i l e n o d i a m i n o t e t r a  a c e t i c o ) ,  e  g r a n d e m e n t e  

a  f e  t a  d a  .  

0 EDTA t e r n u ma  s o l u b i l i d a d e n a  a g u a  d ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 0 , 2 % , f o r m a n d o 

u ma  s o l u g a o d e  p H = 2 , 2
1 2

.  Co m a  a d i g l o d e  q u a t r o e q u i v a l e n 

t e s - g r a m a d e  h i d o x i d o d e  s o d i o ,  a  s o l u b i l i d a d e  a u me n t a  p a r a  

6 0 % e  o p H p a r a  1 0 , 0 .  

A l i x i v i a g a o d a  s c h e e l i t a  p o r  s o l u c a o a l c a l i n a d e  

EDTA f o i  p r o p o s t a  p o r  P a y n e
1 3

 e  b a s e i a - s e  n a s  s e ^ u i n t e s  r e a  

g o e s :  

HzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA [4 Y + 4 Na  OH ±  Na  4 Y + 4 H 2 0 ( 1 0 ) 

CaWOi,  + Na  L,  Y + Ca Na
2
Y + Na 2 WO l 4 ( 1 1 ) 

o n d e  Y
 4

 = C
1 0

 H
J 4

 0 8 N
2

4

 i n i o n e t i l e n o d i a m i n o t e t r a a c e t a  

t o e  t e m- s e  c o mo r e s u l t a d o ,  d e s t a  r e a g a o ,  o t u n g s t a t o d e  

s o d i o e m s o l u g l o .  0 c a l c i o e  e n t a o p r e c i p i t a d o s o b a  f o r m a  

d e  s u l f a t o e  o x a l a t o p e l a  a d i g a o d e  a c i d o s u l f u r i c o ,  H2 S0 i 4 ,  

e  a c i d o o x a l i c o a t e  u r n p H = 2 , 5 - 0 EDTA e  t a mb e m p r e c i p j _ 
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t a d o p e l a  a d i c a o d e  H
2

S 0
M
 a t e  u r n p H = 2 , 0 .  

2 . 2 .  V a r i a v e i s  q u e  i n f 1 u e n c i a m a  t a x a  d a  r e a g l o s c h e e l  i  t a -

-  HC 1 .  

S a o p o u c o s  o s  t r a b a l h o s  r e a l i z a d o s  s o b r e  o e s t u d o d a s  

v a r i a v e i s  q u e  i n f l u e n c i a m a  v e l o c i d a d e  d a  l i x i v i a g a o d a  

s c h e e l i t a  p o r  t r a t a m e n t o a c i d o o u a l c a l i n o .  

G.  A.  Me e r g o i  e  R. A.  P a b i o k
1 4

 t e r n e s t u d a d o o s  e f e i t o s  

d a  a g i t a g a o ,  e m mo i n h o d e  e s f e r a  c o m a q u e c i m e n t o ,  s o b r e  a  

d e c o m p o s i g l o d a  s c h e e l i t a  c o m a c i d o c l o r T d r i c o .  F o i  m o s t r a  

d o q u e  a  c o n v e r s a o d a  s c h e e l i t a  e m H
2
W0 i 4 a u me n t a  q u a n d o a  

t e m p e r a t u r a  v a r i a  d e  2 0 ° C p a r a  8 0 ° C .  

Os  e s t u d o s  c o m p a r a t i v o s  s o b r e  o s  r e n d i m e n t o s  d o t u n g s _ 

t e n i  o e x t r a i d o p e l o s  p r o c e s s o s  d e  d e c o m p o s i g l o d a  s c h e e l i t a  

c a n a d e n s e  c o m HC1 e  Na OH f o r a m i n v e s t i g a d o s  p o r  J . A.  V e z i n a  

e  W.  A.  Go w
1 5

 .  Mo s t r o u - s e  q u e  n a s  c o n d i g o e s  d e  t e m p e r a t u r a  

1 0 0 ° C ,  t e mp o d e  r e a g a o 3 h o r a s ,  c o m 37% P/ P d e  HC 1 ,  8 0 % d e  

t u n g s t e n i  o f o i  l i x i v i a d o ;  e n q u a n t o ,  c o m 4 , 4 g d e  Na OH/ g d e  

W n a  t e m p e r a t u r a  d e  1 0 6 ° C e  t e mp o d e  r e a g a o 5 h o r a s ;  8 6 , 3 % 

d e  t u n g s t e n i  o f o i  l i x i v i a d o .  

J o s e  F a r i a s  d e  O l i v e i r a
1 6

 r e a l i z o u ur n r e l e v a n t e  t r a  

b a l h o ,  t e n d o e s t u d a d o a  l i x i v i a g a o d a  s c h e e l i t a  d a  Mi  n a  B r e  

j u T ( R N ) .  N e s t e  t r a b a l h o f o i  m o s t r a d o q u e  p a r a  o s  c o n c e n t r a  

d o s  ( 7 0 , 1 % W0
3

) ,  a  - 1 0 0 m a l h a s ,  c o m HC1 1 M,  t e m p e r a t u r a  

1 0 0 ° C e  t e mp o d e  r e a g l o 3 , 5 h o r a s ,  a  c o n v e r s a o d a  s c h e e l j _ 

t a  a t i n g e o s  9 5% . A e n e r g i a  d e  a t i v a g a o f o i  d e t e r m i n a d a  
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e mzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 1 , 2 K c a 1 / mo l .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 .  D E T E R MI N A QA O E X P E R I ME N T A L DOS P A R A ME T R OS C I  NE T I  COS 

3 . 1 . R e a g l o o b j e t o d e  e s t u d o 

F o i  e s t u d a d a a  r e a g a o e n t r e  s c h e e l i t a e  HC1 ,  e s t e q u i o 

m e t r i c a m e n t e  r e p r e s e n t a d a p o r :  

Ca W
0 l ) ( s )  +

 2 HC1
 ( a q )

 j  H
2

W0 ,
( s )  +

 Ca  C l
2 ( a q )

 ( 1 2 )  

0 f a t o d e  s e r  o h^ WO^ p r o d u t o d e  r e a g l o s o l i d o ,  p o d e -

- s e  c o m p r o v a r  m e d i a n t e  d i f r a t o m e t r i a d e  r a i o s - X .  As  f i g u r a s  

( M e  ( 5 )  mo s t r a m d i f r a  t o g r a m a s  d a  s c h e e l i t a  a n t e s  e  d e p o i s  

d o a t a q u e c o m HC1 ;  v i s u a l  i z a - s e n a s  me s ma s  q u e  o u n i c o p r o 

d u t o d e  r e a g l o s o l  i d o e  me s mo ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA H 2 W O 4 . 

Os  r e a g e n t e s  u t i l i z a d o s  f o r a m :  

-  C o n c e n t r a d o d e  s c h e e l i t a d a  Mi n a  B r e j u T -  C u r r a i s  No v o s  

R i o G r a n d e  d o N o r t e ,  c o m 91% P/ P d e  T e o r  e m Ca WO^ .  

-  A c i d o c l o r T d r i c o c o n c e n t r a d o ma r c a  Me r c k 37% P/ P 

3 . 2 . P r o j e t o e  Mo n t a g e m d o e q u i  p a me n t o 

F o i  p r o j e t a d o e  mo n t a d o u r n e q u i p a m e n t o ,  e m e s c a l a  l a  

b o r a t o r i o ,  c o m a  f i n a l i d a d e d e  p o s s i b i l i t a r  a  me d i d a  d a  c o n 

v e r s a o e m f u n g a o d o t e mp o d e  r e a g a o ,  e m c o n d i g o e s  i s o t e r m _ i _ 

c a s  e  m i s t u r a  t o t a l .  
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B a s i c a m e n t e ,  o s i s t e m a  e x p e r i m e n t a l  ( f i g . l )  c o n s t o u 

d e :  

3 . 2 . 1 .  R e a t o r  d e  v i d r o 

3 . 2 . 2 .  S i s t e m a  d e  m i s t u r a  

3 . 2 . 3 .  S i s t e m a  d e  me d i d a  e  c o n t r o l e  d a  t e m p e r a t u r a  

3 . 2 . 4 .  S i s t e m a  d e  r e f l u x o d o a c i d o 

3 . 2 . 5 .  Me d i d o r  d e  t e mp o s  

3 . 2 . 6 .  E s t r u t u r a  s u p o r t e  

3 . 2 . 7 -  S i s t e m a  d e  a l i m e n t a g l o d o s  r e a g e n t e s  

3 . 2 . 8 .  S i s t e m a  d e  a mo s t r a g e m 

3 . 2 . 1 .  R e a t o r  d e  v i d r o ( f i g . 2 )  

U t i l i z o u - s e  u r n r e a t o r  d e  v i d r o d e  f o r m a  c i l T n d r i c a  me  

d i n d o 9 , 0 c m d e  c o m p r i m e n t o e  1 0 , 0 c m d e  d i i m e t r o i n t e r n o ,  

c o m c a m i s a  d e  v i d r o p a r a  p e r m i t i r  a  t e r m o s t a t i z a c a o d a  mi s  

t u r a  r e a g e n t e  m e d i a n t e  t r a n s f e r e n c  i  a  d e  c a l o r  c o m f l u x o d e  

a g u a .  A p a r t e  s u p e r i o r  c o m t r e s  o r i f T c i o s :  

-  o r i f T c i o c e n t r a l  p a r a  c o l o c a r  o a g i t a d o r ,  

-  o r i f T c i o l a t e r a l  p a r a  c o l o c a r  o c o n d e n s a d o r  d e  r e f l u x o ,  

-  o r i f T c i o l a t e r a l  p a r a  c o l o c a r  o t e r m o m e t r o e m c o n t a t o c o m 

a  m i s t u r a  r e a g e n t e .  

3 . 2 . 2 .  S i s t e m a  d e  m i s t u r a  ( f i g .  1 )  
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0 s i s t e ma d e  mi s t u r a  e  f o r ma d o p o r  mi s t u r a d o r  t  i  p o t u r b i n a ,  

c u j a s  h e l i c e s  me d e m 6 , 5 c m d e  c o m p r i m e n t o e  h a s t e  me d i n d o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 5 , 0 c m,  c o m m o t o r  ma r c a  F ANEM,  c a p a c i d a d e  d e  r o t a c l o 1. 100 

r . p . m.  0 m i s t u r a d o r  f u n c i o n o u n o r m a l m e n t e  a  u ma  v e l o c i d a d e  

d e  250 r . p . m. ,  me d i d a  c o m l a mp a d a  e s t r o b o s c o p i c a .  E s s a  v e  

l o c i d a d e f o i  r e g u l a d a  p o r  ur n a u t o t r a n s f o r m a d o r  ma r c a  P o we r s  

t a t ,  l i g a d o a  t o ma d a  d e  e n e r g i a  d o m o t o r .  

P a r a  g a r a n t . i  r  a  e  s  t  a  b i  1 i  d a  d e  d a  v o l t a g e m u t i l i z a d a d u 

r a n t e  a  r e a l i z a c a o d e  c a d a  e x p e r i m e n t o ,  u s o u - s e  e s t a b i l i  

z a d o r  a u t o m a t i c o d e  v o l t a g e m ma r c a  T e l e v o l t .  

0 m i s t u r a d o r  f o i  p r o j e t a d o p a r a  e v i t a r  a  f o r m a g a o d e  

g r a d i e n t e s  l o c a i s  d e  c o n c e n t r a g i o e  t e m p e r a t u r a  e ,  p o r t a n 

t o ,  s e  o b t e r  o mo d e l o d e  m i s t u r a  t o t a l .  

P a r a  c o m p r o v a r  o c u m p r i m e n t o d o mo d e l o d e  m i s t u r azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA t o_ 

t a l  f o r a m f e i t a s  r e t i r a d a s  d a  m i s t u r a  r e a g e n t e ,  a o l o n g o d a  

d i r e g a o a x i a l  d o r e a t o r ,  o b s e r v a n d o - s e  q u e  a  c o n c e n t r a g i o 

d e  s o l i d o s  e r a  i n d e p e n d e n t e  d a s  c o o r d e n a d a s .  

3 . 2 . 3 . S i s t e m a d e  me d i d a  e  c o n t r o l e  d a  t e m p e r a t u r a  ( f i g . 3 ) 

E s t e  s i s t e m a e  c o m p o s t o p o r :  

( i )  t e r m o m e t r o d e  n e r c u r i o n a  m i s t u r a  r e a g e n t e  c o m e s c a l a  

d e -  1 0 ° C/ 1 5 0 ° c  

( i i )  t e r m o s t a t o d e  c i r c u l a g a o ma r c a  T e r m o s t a t  c o m c o n t r o l  a  

d o r  d e  f l u x o e  t e r m o m e t r o d e  c o n t a t o e s c a l a  - 5 ° C/ 1 0 5 ° C.  

0 c o n t r o l e  d a  t e m p e r a t u r a  f o i  f e i t o a t r a v e s  d o t e _ r  
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m o s t a t o c o m f l u x o d e  a g u a  a q u e c i d a  e n t r a n d o e  s a i n d o p e l a  

c a m i s a  d e  v i d r o d o r e a t o r .  

D e v i d o a  t r a n s f e r e n c i a  d e  c a l o r  d a  a g u a  t e r m o s t a t i z a  

d a  p a r a  o a m b i e n t e ,  o r e g i m e  t e r m i c o e s t a c i o n a r i o e n t r e  a  

t e m p e r a t u r a  d e  m i s t u r a  r e a g e n t e  e  a  t e m p e r a t u r a  d a  a g u a  n o 

t e r m o s t a t o f o i  a t i n g i d o c o m u ma  d i f e r e n c a  d e  5 ° C .  Ou s e j a ,  

p a r a  g a r a n t i r - s e  a  t e m p e r a t u r a  d e  o p e r a c a o ,  f o i  n e c e s s a r i o 

g r a d u a r - s e  a  e s c a l a  d o t e r m o s t a t o e m me d i a  c o m + 5 ° C d a  t e r n 

p e r a t u r a  p r e e s t a  b e  1 e c i d a .  

3 . 2 . 4 .  S i s t e m a  d e  r e f l u x o d o a c i d o ( f i g . l )  

0 r e f l u x o d o a c i d o f o i  f e i t o a t r a v e s  d e  c o n d e n s a d o r  

d e  v i d r o t u b o r e t o ,  c o m f l u x o d e  a g u a  a  t e m p e r a t u r a  a mb i e n 

t e .  E s s e  c o n d e n s a d o r  f o i  c o n e c t a d o n u m d o s  o r i f f c i o s  l a t e  

r a i s  d a  p a r t e  s u p e r i o r  ( t a m p a )  d o r e a t o r .  

3 . 2 . 5 .  Me d i d o r  d e  t e mp o s  

As  me d i d a s  d e  t e mp o s  f o r a m f e i t a s  p o r  u r n m e d i d o r  d e  

t e mp o ma r c a  H e r w e g .  

3 . 2 . 6 .  E s t r u t u r a  s u p o r t e  d o s  a p a r e l h o s  

T o d o s  o s  c o mp o n e n t e s  d o s  e q u i p a m e n t o s  f o r a m mo n t a d o s  
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s o b r e  s u p o r t e s  d e  a c o f o r m a n d o u ma  e s t r u t u r a  t i p o " r a c h " .  

C o n s e g u i u - s e  d e s t a  m a n e i r a  o b t e r  u r n c o n j u n t o d e  f a c i l  ma n e  

j o p a r a  t r a b a l h a r  e  c o m p o s  s  i  b i  1 1 d a  d e  d e  f a c i l  d e s l o c a m e n t o 

d o me s mo .  

3 . 2 . 7 -  S i s t e m a d e  a l i m e n t a g a o d o s  r e a g e n t e s  

A a  1 i  me n t a c a o d o r e a t o r  e m c a d a  e x p e r i e n c i a  f o i  f e i  

t a  r e t  i  r a n d o - s e  a  t a mp a  e  c o l o c a n d o - s e  a  s o l u g l o d e  HC1 ;  

a p o s  s e r  a t i n g i d o o e q u i l f b r i o t e r m i  c o ,  c o l o c o u - s e  o c o n 

c e n t r a d o d e  s c h e e l i t a  e ,  i m e d i a t a m e n t e ,  p o s - s e  o s  i  s t e r n a  em 

f u n c i o n a m e n t o .  

3 . 2 . 8 .  S i s t e m a d e  a mo s t r a g e m 

F e z - s e  a  a mo s t r a g e m r e t  i  r a n d o - s e  a  1 [ q u o t a s  c o m v o l u 

me  p r e e s t a b e l e c i d o d a  m i s t u r a  r e a g e n t e  e  c o l o c a n d o - s e  i  me  

d i a t a m e n t e  s o b r e  u r n s i s t e m a d e  f i l t r a g a o .  

C o l  e t o u - s e  o f i l t r a d o ( f a s e  l f q u i d a )  e m t u b o s  d e  e n_ 

s a  i  o .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

k . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA D E T E R M1 N A C A O E X P E R I ME N T A L 

0 s i s t e m a  e x p e r i m e n t a l  p e r m i t i u o e s t u d o d a  i n f l u e n -

c i a d a  t e m p e r a t u r a ,  d i a m e t r o d a s  p a r t T c u l a s  e  c o n c e n t r a c a o 
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d e  a c i d o s o b r e  a  c o n v e r s a o d a  s c h e e l i t a  e m f u n g l o d o t e mp o 

d e  r e a g a o .  

4 . 1 .  D e s c r  i c a o d o Me t o d o e x p e r i m e n t a l  

A p a r t i r  d o c o n c e n t r a d o o r i g i n a l ,  u t  i 1 i  z a n d o - s e  a  

t e e n i  c a  d e  a mo s t r a g e m p o r  q u a r t e a m e n t o ,  f o r a m o b t i d a s  q u a  

t r o a m o s t r a s  d e  s c h e e l i t a  c o m p e s o s  a p r o x i m a d a  me n t e  d e  1 , 0 

k i l o g r a m a .  A p r i m e i r a  d e s t a s  f o i  u t i l i z a d a  n a s  a n a ' l  i  s e s  mi  

n e r a l o g i c a  e  q u T m i c a ,  c u j o s  r e s u l t a d o s  s  I  o a p r e s e n t a d o s  n o 

a p e n d i c e  (  A )
t
 t a b e l a s  6 e  7 ,  r e s p e c t i v a m e n t e .  As  a mo s  

t r a s  r e s t a n t e s  f o r a m mo T d a s  e  s e p a r a d a s  m e c a n i c a m e n t e  n u ma  

s e r  i  e  d e  p e n e i r a s  t y l e r  d e  8 0 a  4 0 0 m a l h a s .  F o r a m s e l e c i o 

n a d a s  p a r a  e s t e  t r a b a l h o a s  f r a g o e s  r e t i d a s  e n t r e  a s  p e n e i  

r a s  d e  - 8 0 / + 1 0 0 ,  - 1 0 0 / + 1 1 5 e  - 2 0 0 / + 2 5 0 m a l h a s .  

Ca d a  e x p e r i e n c i a  f o i  r e a l i z a d a  e m c o n d i g o e s  i  s o t e r  

m i c a s ; c a r r e g a v a - s e  n o r e a t o r  5 , 0 0 0 0 g d e  c o n c e n t r a d o d e  

s c h e e l i t a  c o m d i i m e t r o d e  p a r t T c u l a  p r e - e s t a b e l e c  i  d o e  

1 5 0 ml  d e  HC1 n a  c o n c e n t r a g a o d e s e j a d a .  A i n t e r v a l o s  r e g u _ 

l a r e s  d e  t e mp o e r a m t o ma d a s  a l T q u o t a s  d e  a p r o x i m a d a  me n t e  

5 ml  d a  m i s t u r a  r e a g e n t e ;  a  q u a l  e r a  i m e d i a t a  me n t e  f i l t r a d a ,  

d e  i  x a n d o - s e  a  s o l u g a o ( f i l t r a d o )  p a r a  p o s t e r i o r  d o s a g e m 

d o s  T o n s  Ca
 + 2

.  Em s e g u i d a ,  m e d i u - s e  e x a t a m e n t e  1 , 0 0 m l  d a  f a _ 

s e  l T q u i d a ,  d i l u i u - s e  p a r a  5 0 m l ,  c o n t r o l o u - s e  o p H d a  s o U 

g i o p a r a  g a r a n t i r  a  c o m p l e t a  c o m p l e x a g a o d o s  T o n s  C a
+

 .  

T i t u l o u - s e  c o m s o l u g l o d e  EDTA 0 , 0 2 5 N ,  u t i 1 i z a n d o - s e  mu r e  

x i d a  c o mo i n d i c a d o r .  E v i t o u - s e  a  i  n t e r f e r e n c  i  a  d e  a l g u n s  
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i o n s  t a i s  c o mo :  f e r r o ,  c o b r e ,  e t c ;  c o l o c a n d o - s e  n a  s o l u c a o 

a  s e r  t i t u l a d a ,  c o q u e t e l  d e  t r i e t a n o l a m i n a  e  c i a n e t o d e  

p o t a s s  i o azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 5 % . L o g o e r a  c a l c u l a d a  a  c o n v e r s l o Xs  ( v e j a  Ap e n 

d i c e  B ) .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4 . 2 . P r o g r a m a c a o d e  e x p e r i e n c i a s  

As  e x p e r i e n c i a s  f o r a m r e a l i z a d a s  s e g u n d o u ma  p r o g r a  

ma c a o f a t o r i a l ,  u t i  1 i z a n d o - s e  a s  v a r i a v e i s :  t e m p e r a t u r a ,  

d i a m e t r o d a s  p a r t T c u l a s  e  c o n c e n t r a c a o d o a c i d o ,  e m t r e s  n T 

v e i s .  C o n s e q u e n t e m e n t e ,  o b t i v e r a m - s e  3^ c o r r i d a s .  D e v i d o a o 

f a t o d e  q u e  c a d a  c o r r i d a  f o i  f e i t a  e m d u p l i c a t a , o b t e v e - s e ,  

p o r t a n t o ,  u r n t o t a l  d e  54 c o r r i d a s .  Em c a d a  e x p e r i e n c i a  f o 

r a m f e i t a s  8 me d i d a s  d e  c o n v e r s a o ,  t o t a 1 i z a n d o - s e  4 32 me d i  

d a s .  

Os  r e s u l t a d o s  d a s  me d i d a s  e x p e r i m e n t a i s  s a o a p r e s e n 

t a d o s  n a  t a b e l a  1. Ca d a  r e s u l t a d o c o r r e s p o n d e  a  me d i a  a r i t  

me t  i  c a  d e  d u a s  m e d i d a s .  

4 . 3 . Re  s u 1 t a d o s  

4 . 3 - 1 - E f e i t o d o d i a m e t r o d a s  p a r t T c u l a s  

Os  r e s u l t a d o s  d o s  e x p e r i m e n t o s  r e a l i z a d o s  c o m a s  a mo s  

t r a s  c u j o s  d i i m e t r o s  c o r r e s p o n d e m a  6 8 y , 1 1 5 v , e  1 6 3 p r e s p e c  

t i v a m e n t e ,  s a o a p r e s e n t a d o s  n a  t a b e l a  1 e  f i g u r a 6 . 
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Os  r e s u l t a d o s  mo s t r a m a  g r a n d e  i n f l u e n c i a  d o d i a me t r o 

d a s  p a r t T c u l a s ,  n a  t a x a  d a  r e a c a o .  

4 . 3 . 2 .  E f e i t o d a  t e mp e r a t u r a  

r e s u l t a d o s  d o s  e x p e r i me n t o s  r e a l  i  z a d o s  c o m a s  me s  

t r a s  d e s c r i t a s  n o f t e m a n t e r i o r  s a o a p r e s e n t a d o s  n a  

e  f i g u r a  7 ,  c o m t e mp e r a t u r a s  e m n f v e i s  d e  7 0 °  C ,  8 0° C 

a c o r d o c o m o s  r e s u l t a d o s  a p r e s e n t a d o s , o b s e r v o u - s e  

ma r c a n t e  i n f l u e n c i a  d a  t e mp e r a t u r a  n a  t a x a  d a  

4 . 3 . 3 .  E f e i t o d a  c o n c e n t r a c a o d o a c i d o 

Na  t a b e l a  1 e  f i g u r a  8 s a o a p r e s e n t a d o s  o s  r e s u l t a d o s  

d o s  e x p e r i me n t o s  r e a l i z a d o s  c o m a s  a mo s t r a s  d e s c r i t a s  a n t e  

r i o r m e n t e .  

Ob s e r v o u - s e  a  i n f l u e n c i a  d a  c o n c e n t r a c a o d o a c i d o c o m 

n f v e i s  c o r r e s p o n d e n t e s  a  2 , 4 e  6 Mo l a r ,  r e s p e c t i v a m e n t e ,  e  

v e r i f i c o u - s e  ur n me n o r  e f e i t o c o m r e s p e i t o a s  o u t r a s  v a  r  i a  

v e  i  s  .  

Os  

ma s  a mo s  

t a b e l a  1 

e  9 0 ° C.  

De  

t a mb e m a  

r e a g a o .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5 .  T R A T A ME N T O DOS R E S U L T A D O S E X P E R I ME N T A I S 
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5 . 1 .  T e s t e  d e  mo d e l o s  c i n e t i c o s  p a r a  a  r e a c a o 

5 . 1 . 1 .  Me t o d o d a s  c u r v a s  d e  r e f e r e n c i  

O b j e t i v a n d o - s e  e n c o n t r a r  o mo d e l o q u e  r e p r e s e n t e  a d e  

q u a d a me n t e  a  r e a g a o ,  d e c i d i u - s e  i n i c i a l m e n t e  t e s t a r  o me t o 

d o d a s  c u r v a s  d e  r e f e r e n c  i  .  

E s t e  me t o d o c o n s i s t e  e m v e r i f i c a r  s e  a  r e a g a o e m 

d e s t a q u e  p o s s u i  u ma  o r d e m q u e  p o d e  s e r  d e t e r m i n a d a  u t i l i z a n 

d o - s e  o mo d e l o c i n e t i c o c l a s s i c o :  

•  r  = k C
n

 ( 1 3 )  

A 

o n d e  r  e  a  t a x a  d e  r e a g a o ,  k e  a  v e l o c i d a d e  e s p e c f f i c a  d e  

r e a g a o ,  e  a  c o n c e n t r a g a o m o l a r  d o c o mp o n e n t e  A e  n e  a  

o r d e m d a  r e a g a o .  

T e o r i c a m e n t e  ,  a  r e p r e s e n t a g a o d o me t o d o a c i ma  m e n c i o 

d o e  f e i t a  p e l a s  e q u a g o e s :  

n

A o "
X

s
) 1

"
n

^ A o ) ' "
n

 d - X
s

)
1

-
n

- l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 9
 ( n

A o " ^ V )
1

^ ^ )
1

- " ( O J - )
1

- " - !  

;  n * 1 ( 1 4 )  

• E ^ S
 ;  n

 = 1 ( 1 5 )  

t

0 , 9zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ] n ( 1 0 )  

o n d e  t e o t e mp o d e  r e a g a o ,  t ^  ^ e  o t e mp o d e  r e a g a o p a r a  

90% d e  c o n v e r s a o ,  e  a  c o n v e r s a o e  n e  a  o r d e m d a  r e a g a o .  

A r e p r e s e n t a g i o g r a f i c a  d e  X^ v e r s u s  t / t g ^  g e r a  u ma  

f a m f l i a  d e  c u r v a s  a d i m e n s i o n a i s  t e o r i c a s  p a r a  d i  f e r e n t e s  
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v a l o r e s  d e  n .  

De  a c o r d o c o m e s t e  m o d e l o ,  o s  d a d o s  e x zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp e r 1 m e n t a i s  

s a o g r a f i c a d o s  d a  me s ma  m a n e i r a  e  n a  me s ma  e s c a l a .  

S u p e r p o n d o - s e  o s  d o i s  g r a f i c o s ,  s e r a  r e v e l a d a  a  o r  

d e m c o r r e t a  d a  r e a g a o ,  n a o h a v e n d o i n t e r s e g l o d a  c u r v a  e x 

p e r i m e n t a l  c o m a s  c u r v a s  t e o r i c a s .  

O b s e r v o u - s e  q u e  p a r a  o s  d a d o s  e x p e r i m e n t a i s  f i x a n d o 

- s e  a s  v a r i a v e i s :  t e m p e r a t u r a ,  d i i m e t r o d a s  p a r t T c u l a s e  

c o n c e n t r a g a o d o a c i d o ,  a  c u r v a  e x p e r i m e n t a l  o b t i d a  i n t e r  

c e p t a  a s  c u r v a s  t e o r i c a s  f i g .  ( 9 ) ,  p a r a  a l t o s  v a l o r e s  d e  

c o n v e  r s a o .  

5 . 1 . 2 .  T e s t e  d a  e q u a c l o d e  n u c l e a g a o 

C o n s i d e r a n d o o f a t o d e  que o c o n t r o l e  d e  v e l o c i d a d e  

d e  l i x i v i a g a o d a  s c h e e l i t a  ( u r n s o l i d o )  c o m u ma  s o l u g a o d e  

HC1 ( u r n l T q u i d o ) p o d e  d e p e n d e r  d e  u ma  d a s  e t a p a s  s e g u i r ^ 

t e  s  :  

( i )  d i f u s l o d e  T ons H
+

 p a r a  o s  s T t i o s a t i v o s  d a  s c h e  

e  1 i  t  a  

( i i )  a  n u c l e a g a o d o s  p r o d u t o s  

e  ( i i i )  a  h i d r a t a g a o e  d i f u s a o d o s  p r o d u t o s  n a  s o l u g a o ;  

f o i  d e c i d i d o t e s t a r  a  e q u a g a o d e  n u c l e a g a o .  A f o r m a  g e r a l  d a  

e q u a g a o d e  n u c l e a g a o d a d a  p o r  C h r i s t i a n e :  

1 n 1 / ( 1 -  X )  = k t
m

 ( 1 6 )  
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o n d e  e  c o n v e r s a o d a  s c h e e l i t a ,  t e o t e mp o d e  r e a g a o 

e  m e  o p a r a m e t r o r e l a c i o n a d o c o m o me c a n i s mo d a  r e a g l o ,  

t a ma n h o d a s  p a r t T c u l a s ,  m i s t u r a ,  c o n c e n t r a g a o ,  v e l o c i d a  

d e  d e  n u c l e a g a o e  v e l o c i d a d e  d e  d i f u s l o d o s  p r o d u t o s .  

G r a f i c a n d o - s e  o s  v a l o r e s  e x p e r i m e n t a i s  d e  a c o r d o c o m 

a  e q u a g a o d e  n u c l e a g a o ( 1 6 ) ;  I n I n 1 / ( 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- X )  v e r s u s  l n t  e ,  

r e s u l t a n d o n u ma  r e t a  c o m a  i n c l i n a g a o ' m'  e  p a r l m' e t r o 1 i  n e a  r  

1

 I n k
1

,  o mo d e l o p o d e  s e r  c o n s i d e r a d o c o mo u ma  p o s s T v e l  r e  

p r e s e n t a g a o d a  c  i  n e t  i  c a  d a  r e a g l o e m e s t u d o .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5 . 2 . C a l c u l ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA das c o n s t a n t e s k e  m p o r  r e g r e s s l o 

Os  d a d o s  o b t i d o s  c o m o s  e x p e r i m e n t o s  f o r a m t r a t a d o s  

n u m c o m p u t a d o r  o b j e t i v a n d o v e r i f i c a r  o g r a u d e  a j u s t e  c o m 

a  e q u a g a o d o mo d e l o d e  n u c l e a g a o ( 1 6 ) .  P a r a  i s s o u s o u - s e  o 

p r o g r a m a  S T A T I S T I C A L ANAL YS I S S YS TEM ( S AS 72 ) d a  N o r t h Ca_ 

r o l i n a  S t a t e  U n i v e r s i t y ,  r o d a n d o n o c o m p u t a d o r  I B M/ 3 7 0 ~ l 4 5 . 

E s s e  p r o g r a m a ,  S AS 7 2 ,  1 e  o s  d a d o s  d o s  e x p e r  i ' me n t o s  

e ,  p a r a  t o r n a ' - l  o s  f  a c t  i  v e  i  s  d e  a j u s t e  c o m mo d e l o s  d e  r e g r e s  

s a o 1 i n e a r ,  f a z  t  r a n s  f  o r ma g o e  s  n o s  me s mo s .  Os  d a d o s  e x p e r _ i _ 

m e n t a i s  j u n t o s  c o m o s  d a d o s  t r a n s f o r m a d o s  s a o a r m a z e n a d o s  

n o c o m p u t a d o r  e m f o r m a d e  ma  t  r  i  z  ,  o n d e  c a d a  l i n h a  r e p r e s e j i  

t a  u ma  o b s e r v a g a o o u c a s o e  c a d a  c o l u n a  e  u ma  i n f o r m a g a o 

( a t r i b u t o )  s o b r e  c a d a  o b s e r v a g a o .  

A s s i m ,  o c o m p u t a d o r  l e  o s  d a d o s  e x p e  r  i  me n t a  i  s  p e r f u _ 

r a d o s  e m c a r t a o ,  c a l c u l a  a s  t r a n s f o r m a g o e s  g e r a n d o n o v o s  

d a d o s  e ,  a r ma z e n a n d o t o d a s  a s  o b s e r v a g o e s  u ma  a  u ma ,  f o r n e  
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c e  u ma  l i s t a g e m c o m p l e t a  d o s  d a d o s  ( e x p e r i m e n t a i s  e  t r a n s  

f o r m a d o s ) .  Ca d a  a t r i b u t o r e c e b e  u r n n o me  d e  a t e  o i t o c a r a c  

t e r e s  .  

Co m o s  d a d o s  d i s p o s t o s  n a  m a t r i z ,  c a d a  c o l  u n a  p o d e  

s e r  c o n s i d e r a d a  u ma  v a r i a ' v e l  p a r a  o mo d e l o d e  r e g r e s s l o l i  

n e a r  ( s i m p l e s  o u m u l t i p l a ) .  0 c o m p u t a d o r  c a l c u l a  e  i mp r i me :  

i )  e s t a t  i  s t i c a s  d e s c r i t i v a s  p a r a  c a d a  v a r i a v e l ,  

i i )  o s  c o e f i c i e n t e s  d e  c o r r e l a c a o l i n e a r  e n t r e  t o d a s  a s  

v a r i a v e i s  i n c l u f d a s  n o s  mo d e l o s  s o l i c i t a d o s  e  a  s i £ 

n i f i c a n c i a  d e  c a d a  u r n d e s t e s  c o e f i c i e n t e s ,  

i i i )  o s  c o e f i c i e n t e s  d e  r e g r e s s a o d o s  mo d e l o s  s o l i c i t a d o s ,  

a  a n a  1 i  s e  d e  v a r i a n c i a  d o mo d e l o e  a  s i g n i f i c a n c i a  

d e  c a d a  c o e f i c i e n t e .  

P a r a  o c a l c u l o d o s  c o e f i c i e n t e s  d e  c o r r e l a c a o l i n e a r ,  

u s o u - s e  a  f o r m u l a  d e  P e a r s o n .  

Os  c o e f i c i e n t e s  d e  r e g r e s s a o s a o o b t i d o s  p e l o me t o d o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 8 

d o s  m i n i  mo s  q u a d r a d o s  

A a n a  1 i  s e  d e  v a r i a n c i a  d o mo d e l o e  f e i t a  u s a n d o a  

e s t a t  i  s t  i  c a  F e  a  s i g n i f i c a n c i a  d e  c a d a  c o e f i c i e n t e  d e  r e  

g r e s s l o e  f e i t a  u s a n d o o t e s t e  t .  

O b t i v e r a m - s e  2 7 v a l o r e s  d e  m e  I n k q u e  s l o a p r e s e n t a  

d o s  n a s  t a b e l a s  ( 2 )  . e  ( 3 ) .  

C o n f o r me  a  a n a l  i  s e  e s t a t i s t  i  c a  d o s  v a l o r e s  d e  m,  v e  

r  i  f  i  c o u - s e  q u e  e l e s  s e  a j u s t a m m u i t o b e m a  u ma  l i n h a  r e t a  

a o n f v e l  d e . i i S i  g n i  f  i  c a n e !  a  d e  ] % .  
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6 . D I S C U S S A O 

6 . 1 . E f e i t o do d i a m e t r o d a s p a r t i c u l a s 

O b s e r v o u - s e d o s r e s u l t a d o s e x p e r i m e n t a l s a p r e s e n t a d o s 

nas t a b e l a s ( 1 . 2 2 azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 . 2 4 ) e f i g . ( 6 ) , q u e o d i a m e t r o 6 8 y 

p r o d u z i u m a i o r e f e i t o na t a x a da r e a c l o , c o m p a r a d o com os 

d i a m e t r o s 1  1 5 u e 16zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 3 y , h a ve n d o p e q u e n a d i f e r e n c a e n t r e os 

e f e i t o s c a u s a d o s p e l o s d o i s u l t i m o s d i a m e t r o s . V e r i f i c o u - s e 

q u e d u r a n t e q u a t r o h o r a s e m e i a de r e a c a o a c o n v e r s i o p a r a 

o d i a m e t r o c o r r e s p o n d e n t e a 6 8 y c h e g o u a 1 0 0 % em a c i d o c l o 

r Td r i c o 6M e t e m p e r a t u r a de 8 0 ° C ; e n q u a n t o q u e , p a r a os 

d i a m e t r o s I 1 5 V e 1 6 3 y , nas mesmas c o n d i g o e s , a c o n v e r s i o 

c h e g o u a o s v a l o r e s 3 8 % ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA k2%, r e s p e c t i v a m e n t e . 

6 . 2 .  E f e i t o da t e m p e r a t u r a 

Como se o b s e r v o u n a s t a b e l a s ( 1 . 1 9 a 1 . 2 6 ) e f i g . ( 7 ) ,  

e s t e e f e i t o e p r o n u n c i a d o na t a x a da r e a c a o . Os e xp e r i m e j n 

t o s r e a l i z a d o s a 7 0 ° C , 8 0 ° C e 3 0 ° C m o s t r a m q u e , ao aumer^ 

t a r - s e a t e m p e r a t u r a de 7 0 ° C a 9 0 ° C , p a r a urn t e m p o de r e a 

gao de s e t e h o r a s a c o n v e r s i o a u m e n t o u de : 

- 27% p a r a ^ 3 %,  u t i 1 i z a n do - s e c o n c e n t r a d o com 1 6  3 p de d i a^ 

m e t r o e a c i d o c l o r T d r i c o 6 M , t a b e l a s ( 1 . 2 1 ; 1 . 2 4 ; 1 . 2 7 ) 

- 32% p a r a 6 3 %,  u t i 1 i za n d o - s e c o n c e n t r a d o com 1 1 5 u d e d i a_ 

m e t r o e a c i d o c l o r T d r i c o 6 M , f i g . ( 7 ) 
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- 9 8 % p a r a 1 0 0 %,  u t i 1 i z a n d o - s e c o n c e n t r a d o com 6 8 y de d i a 

m e t r o e a c i d o c l o r Td r i c o 6 M , t a b e l a s ( 1 . 1 9 ; 1 . 2 2 ; 1 . 2 5 ) . 

6 . 3 - E f e i t o da c o n c e n t r a g i o do a c i d o 

De a c o r d o com os r e s u l t a d o s a p r e s e n t a d o s f i g . ( 8 ) , v e 

r i f i c o u - s e p e q u e n o e f e i t o da c o n c e n t r a g a o d o a c i d o na 

t a x a d a r e a g i o , i s t o e ; 7 9 %,  8 3 % e 9 7 % com os n f v e i s c o r 

r e s p o n d e n t e s a 2 M , AM e 6 M , r e s p e c t i v a m e n t e , d u r a n t e o t ern 

po de r e a g a o d e s e i s h o r a s e m e i a , t e m p e r a t u r a i g u a l 7 0 ° C 

e c o n c e n t r a d o com d i a m e t r o m e d i o de p a r t f c u l a de 6 8 y . As 

m esm as c o n c l u s o e s sao t i r a d a s q u a n d o se o b s e r v o u e s s e e f e i 

t o a t e m p e r a t u r a d e 8 0 ° C e 9 0 ° C t a b e l a szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ( 1 . 4 ; 1 . 7 ; 1 . 1 3 ; 

1 . 1 6 ; 1 . 2 2 ; 1 , 2 5 ) 

6 . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk .  0  m o d e l o c i n e t i c o c l a s s i c o 

Te s t o u - s e o m e t o d o d a s c u r v a s d e r e f e r e n c i a , d e r i v a 

d o d o m o d e l o c i n e t i c o c l a s s i c o ( s e c . 5 . 1 . 1 ) 

r = kC^ ( 1 3 ) 

e v e r i f i c o u - s e de a c o r d o com a f i g . ( 9 ) , q u e a r e a g a o a f a £ 

t a - s e d o m o d e l o m e n c i o n a d o , q u a n d o a c o n v e r s a o u l t r a p a s s a 

urn d e t e r m i n a d o v a l o r , ap r o x i m a n d o - s e d o v a l o r n = 2 a ba_i_ 

xa s c o n ve r so e s . 
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6 . 5 . 0  m o d e l o de n u c l e a g i o 

A d m i t i n d o - s e q ue a r e a g a o d e l i x i v i a g a o da s c h e e l i t a 

com a c i d o c l o r T d r i c o n a o s e g u e o m o d e l o c i n e t i c o c l a s s i c o 

( 1 3 ) t e s t o u - s e o m o d e l o de n u c l e a g a o , c o n s i d e r a n d o - s e o ex 

p o s t o em 5 . 1 . 2 . 

6 . 6 . As c o n s t a n t e s m e k da e q u a g a o de n u c l e a g a o 

As c o n s t a n t e s m e k da e q u a g a o d e n u c l e a g a o f o r a m c a l 

c u l a d a s p o r r e g r e s s l o l i n e a r , u s a n d o - s e c o m p u t a d o r , c o n f o r 

me a s e x p l i c a g o e s de 5 - 2 . , c u j o s v a l o r e r e s t a o a p r e s e n t a d o s 

na t a b e l a ( 2 ) . 

Os v a l o r e s de m e s t a o c o m p r e e n d i d o s e n t r e 0 , 2  4 A e 

0 , 7 3 0 e os v a l o r e s de k e s t a o e n t r e 0 , 1 1 1 e 1 , 9 1 8 . 

Co n f o r m e p r o g r a m a de r e g r e s s a o l i n e a r m u l t i p l a e t a 

b e l a s ( 3 ) e (A) n a o ha d e p e n d e n c i a l i n e a r d e m com as t r e s 

v a r i a v e i s : t e m p e r a t u r a , d i a m e t r o das p a r t Tc u l a s e c o n c e n t r a 

ga o d o a c i d o ; i s t o t o r n a d i f T c i l a a n a 1 i se da d e p e n d e n c i a 

d e s s a s c o n s t a n t e s com as v a r i a v e i s m e n c i o n a d a s . 

No q u e d i z r e s p e i t o a c o n s t a n t s k , t a m b em n l o se ve 

r i f i c o u l i n e a r i d a d e em sua d e p e n d e n c i a com as t r e s v a r i a 

v e i s a c i m a m e n c i o n a d a s , t a b e l a s ( 3 ) e ( A ) . 

An a l i s o u - s e s e p a r a d a m e n t e a d e p e n d e n c i a d e k , com o 

i n v e r s o da t e m p e r a t u r a , b a s e a n d o - s e na e q u a g i o d e Ar r h e n i n s : 

k « k exP (-E/ RT) ( 1 7 ) 
o 
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o n d e k e a v e l o c i d a d e e s p e c i f i c a da r e a g a o , k Q f a t o r de 

f r e q u e n c i a , E a e n e r g i a d e a t i v a g a o da r e a g a o , R a c o n s t a n 

t e d o s g a s e s e T, a t e m p e r a t u r a t e r m o d i n a m i c a . 

A r e p r e s e n t a g a o g r a f i c a d e I n k v e r s u s 1/ T p r o d u z i u 

r e t a s d e i n c l i n a g a o - E/ R e p a r a m e t r o l i n e a r l n ^ Q » c u j o s r e 

s u l t a d o s e s t a o a p r e s e n t a d o s na t a b e l a ( 5 ) . 

Ve r i f i c o u - s e q u e a v e l o c i d a d e e s p e c Tf i c a d a r e a g a o em 

e s t u d o p o d e s e r e x p l i c a d a p e l a e q u a g a o de A r r h e n i u s ( 1 7 ) . , 

d e v i d o ao f a t o d e q u e h o u ve 1 i nea r i za c a o a c e i t a v e l de I n k 
r n 

com 1 / T. 

Os r e s u l t a d o s m o s t r a m q u e p a r a r 2 > , 0 , 9 6 o c o r r e m pe 

q u e n o s d e s v i o s em t o r n o d o v a l o r de E e m a i o r e s d e s v i o s 

em t o r n o do v a l o r de k ^ , p a r a os d i i m e t r o s de p a r t i c u l a s 

6 8 y , 1 15P e 163V ; c o n c e n t r a g a o do a c i d o 2 M , AM e 6 M . Como 

se o b s e r v a na t a b e l a ( 5 ) , os m a i o r e s d e s v i o s s o b r e k de 

o — 

ve m - s e ao e f e i t o d o d i a m e t r o da p a r t Tc u l a e c o n c e n t r a g a o 

d o a c i d o . 

6 . 7 - A e n e r g i a d e a t i v a g a o 

Com o s r e s u l t a d o s a p r e s e n t a d o s na t a b e l a ( 5 ) v e r i f y 

c o u - s e q u e p a r a r 2zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 5 , 0 , 9 6 ; a e n e r g i a de a t i v a g a o f o i ca j _ 

c u l a d a e se o b t e v e urn v a l o r m e d i o de 8 , 0 8 KCa 1 / m o 1 . 
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6 . 8 .zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA A o r d e m da r e a g a o 

As b a i x a s c o n v e r s o e s , o c o m p o r t a m e n t o c i n e t i c o da 

r e a g l o em e s t u d o , p o d e - s e a p r o x i m a r de uma e q u a g l o de o r 

dem n = 2 , com r e s p e i t o ao HC1 , c o n f o r m e f o i d e m o n s t r a d o 

na f i g u r a ( 9 ) . D e v i d o ao a f a s t a m e n t o da c u r v a e x p e r i m e n t a l 

p a r a c o n v e r s o e s a l t a s e , p e l o s t e s t e s r e a l i z a d o s , a e q u a g a o 

d e n u c l e a g l o e a q u e c o n c o r d a com os d a d o s e x p e r i m e n t a i s em 

t o d a a f a i xa de c o n ve r s o e s . . 

Os r e s u l t a d o s a p r e s e n t a d o s na t a b e l a ( 2 ) , f i g u r a s 

( 1 0 a 1 2 ) m o s t r a m q u e as r e p r e s e n t a g o e s g r a f i c a s de ve r 

su s l n t , p r o d u z i r a m r e t a s de i n c l i n a g a o m e p a r i m e t r o l i 

n e a r I n K , q ue se c u m p r i r a m com n i v e i s d e s i g n i f i c a n c i a a c e i 

t a - v e i s . D e v i d o a e s s e f a t o , a e q u a g l o de n u c l e a g a o ( 1 6 ) po 

de s e r c o n s i d e r a d a com o uma r e p r e s e n t a g a o da c i n e t i ca da 

r e a g l o em e s t u d o . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

7 . C O N C LU S O ES 

A p a r t i r d o s r e s u l t a d o s o b t i d o s p o d e - s e c o n c l u i r : 

A t a xa de c o n v e r s a o da s c h e e l i t a em a c i d o t u n g s t i c o 

a u m e n t a com a d i m i n u i g a o d o t a m a n h o d a s p a r t f c u l a s . 

0 t em p o n e c e s s a r i o p a r a c o n v e r s a o m a xi m a da s c h e e l i t a 

em a c i d o t u n g s t i c o d i m i n u i com o a u m e n t o da t e m p e r a t u r a . 

A v a r i a v e l q u e e x e r c e m e n o r i n f l u e n c i a s o b r e a t a x a 

da r e a g a o e a c o n c e n t r a g a o d o a c i d o c l o r T d r i c o . 

0 m o d e l o c i n e t i c o c l a s s i c o : r = k C^ , n a o e r e p r e s e n 
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t a t i v o da r e a g a o p a r a t o d a a f a i x a de c o n v e r s o e s . 

Ve r i f i c o u - s e q ue a e q u a g a o de n u c l e a g i o : 

In = k t m c o n c o r d a com os r e s u l t a d o s e x p e r i m e n t a i s 

(1 - x s ) 

o b t i d o s . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

8 . S M G ES TO ES PARA TR AB ALH O S F U TU R O S 

Urn a s p e c t o mu i t o i n t e r e s s a n t e s e r i a v e r i f i c a r , a n_T 

v e l d o s o l i d o , as m o d i f i c a g o e s e s t r u t u r a i s p r o d u z i d a s a me 

d i d a q u e a r e a g a o o c o r r e , e v e r i f i c a r com o se p r o d u z o 

c r e s c i m e n t o c r i s t a l i n o do a c i d o t u n g s t i c o f o r m a d o . 

O u t r o t r a b a l h o a t r a e n t e s e r a o e s t u d o d o c o m p o r t a m e n 

t o c i n e t i c o a d i i m e t r o s de p a r t Tc u l a s bem m e n o r e s e bem 

m a i o r e s d o q u e os e s t u d a d o s n e s t e t r a b a l h o , p a r a vi su a l _ i _ 

za r o c u m p r i m e n t o ou n a o d o m o d e l o d e n u c l e a g a o . 
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T a b e l a 1 

H s t a g e m d o s r e s u l t a d o s e x p e r i men t a « s 



Ta b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1. 1 

C0 NCACID= 2 TEM PSI ST=70 DIAM PA RT = 6 8 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 96 0 . 5 0 - 0 . 6 9 0 . 56 - . 1 9 

2 1 . 08 1 . 0 0 0 . 0 0 0 . 6 3 . 0 0 

3 1 . 2 0 2 . 0 0 0 . 6 9 0 . 7 0 . 1 9 

4 1 . 2 5 3 . 0 0 1 . 1 0 0 . 7 3 . 2 8 

5 1 . 3 0 A . 00 1 - 3 3 0 . 7 6 . 3 6 

6 1 . 3 5 5 . 0 0 1 . 6 1 0 . 7 9 . 4 5 

7 1 . 3 5 ' 6 . 00 0 . 7 9 0 . 7 9 . 4 5 

Ta b e1 a 1 . 2 

CONCAC D=2 TEMPS ST=70 DIAM PART = 1 1 5 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 2 0 0 . 5 0 - 0 . 6 9 0 . 1 2 - 2 . 06 

2 0 . 2 5 1 . 0 0 0 . 0 0 0 . 1 5 - 1 . 8 2 

3 0 . 2 8 2 . 0 0 0 . 6 9 0 . 1 7 - 1 . 6 9 

4 0 . 3 0 3 . 0 0 1 . 1 0 0 . 1 8 - 1 . 6 2 

5 0 . 3 3 4 . 0 0 1 . 3 9 0 . 2 0 - 1 . 5 1 

6 0 •  3 5 5 . 0 0 1 . 6 1 0 . 2 1 - 1 . 4A 

7 0 •  3 5 6 . 0 0 1 . 7 9 0 . 2 1 - 1 . 4 4 



2 8 

Ta b e l a 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 3 

C0 NCACID= 2 TEM PSIST= 7 0 D I AM PART=l 63 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 1 5 0 . 5 0 - 0 . 6 9 0 . 0 9 - 2 . 3 5 

2 0 . 1 7 1 . 0 0 0 . 0 0 0 . 1 0 - 2 . 2 2 

3 0 . 2 0 2 . 0 0 0 . 6 9 0 . 1 2 - 2 . 0 5 

4 0 . 2 3 3 - 0 0 1 . 1 0 0 . 1 4 - 1 . 9 0 

5 0 . 2 5  4 . 0 0 1 . 3 9 0 . 1 5 - 1 . 8 1 

6 0 . 2 6  5 . 0 0 1 . 6 1 0 . 1 6 - 1 . 7 6 

7 0 . 2 5 6 . 0 0  1 . 7 9 0 . 1 6 - 1  . 7 6 

Ta b e l a 1 . 4 

C0 NCACID = 2 TEM PSIST= 8 0 D I AMPART = 6 8 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 1 . 2 0 0 . 5 0 - 0 . 6 9  0 . 7 0 0 . 1 9 

2  1 . 3 2 1 . 0 0 0 . 0 0  0 . 7 7 0 . 3 9 

3 1 . 4 2 2 . 0 0 0 . 6 9  0 . 8 8 0 . 7 5 

4 1 . 5 0 3 . 0 0 1 . 1 0 0 . 9 1  0 . 8 7 

5 1 . 5 5 4 . 0 0  1 . 3 9 0 . 9 3 0 . 9 5 

6 1 . 5 8 5 . 0 0 1 . 6 1  0 . 9 3 0 . 9 5 

7 1 . 5 8 6 . 0 0 1 . 7 9 0 . 9 3  0 . 9 5 



Ta b ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 a 1 . 5 

C0 NCACID= 2 TEM PSIST= 8 0 DIAM PART=115 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 .  25 0 . 5 0 - 0 . 6 9 0 . 1 5 - 1 . 8 2 

2 0 .  30 1 . 0 0 0 . 0 0 0 . 1 8 - 1 . 6 2 

3 0 .  38 2 . 0 0 0 . 6 9 0 . 2 3 - 1 . 3 5 

4 0 .  45 3 . 0 0 1 . 1 0 0 . 2 7 - 1 . 1 6 

5 0 .  52 4 . 0 0 1 . 3 9 0 . 3 1 - 1 . 9 8 

6 0 .  56 5 . 0 0 1 . 6 1 0 . 3 4 - 0 . 8 9 

7 0 .  63 6 . 0 0 1 . 7 9 0 .  38 - 0 . 7 4 

8 0 .  65 7 . 0 0 1 . 9 5 0 . 3 9 - 0 . 7 0 

Ta be a 1 . 6 

CONCAC D=2 TEMPS ST = 80 DIAMPART = 163 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 o ,  17 0 . 5 0 - 0 . 6 9 0 . 1 0 - 2 . 22 

2 0 , 2 3 1 . 0 0 0 . 0 0 0 . 1 4 - 1 . 9 0 

3 0 .  26 2 . 0 0 0 . 6 9 0 . 1 6 - 1 . 7 6 

0 .  28 3 . 0 0 1 . 0 9 0 . 1 7 - 1 . 6 8 

5 0 .  33 4 . 0 0 1 . 3 9 0 . 2 0 - 1 . 5 0 

6 0 .  36 5 . 0 0 1 . 6 1 0 . 22 - 1 . 4 0 

7 0 .  37 6 . 0 0 1 . 7 9 0 . 2 2 - 1 . 3 7 

8 0 .  39 7 . 00 1 . 9 5 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA .2k zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- ! . 31 



Ta b e1 a 1 .7 

CONCAC1 D=2 TEM PSIST = 9 0 D1 AMPART = 6 8 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 . 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA . 3 2 0 . 5 0 - 0 . 6 9 0 . 7 7 0 3 9 

2 1 . 4 5 1 . 0 0 0 . 00 0 . 8 5 0 6 4 

3 1 . 5 3 2 . 0 0 0  . 6 9 0 . 9 0 0 8 2 

4 1 . 6 3 3 . 0 0 1 . 1 0 0 . 9 5 1 1 3  

5 1 . 6 8 4 . 0 0 1 . 3 9 0 . 9 8 1 4 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

-

Ta b e l a 1 . 8 

CONCAC 1 D =2 TEM PSIST= 9 0 D1 AMPA RT = 1 1 5  

OBS VOLEDTA TEMPO LTEMPO XS YS 

.1 0 . 4 3 0 . 5 0 - 0 . 6 9 0 . 2 6 - 1 . 21 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 0 . 5 5 1 . 0 0 0 . 0 0 0 . 3 3 - 0 . 91 

3 0 . 6 5 2 . 0 0 0 . 6 9 0 . 3 9 - 0 . 7 0 

4 0  . 8 3 3 . 0 0 1 . 1 0 0 . 5 0 - 0 . 3 7 

5 0 . 9 6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk .  00 1 . 3 9 0 . 5 8 - 0 . 1 5  

6 1 . 1 0 5 . 0 0 1 . 6 1 0 . 6 6 0 . 8 8 

7 1 . 2 0 6 . 0 0 1 - 7 9 0  . 7 2 0 . 2 4 

8 1 . 3 0 7 . 0 0 1 . 9 6 0 . 7 8 0 . 4 2 
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Ta b e l a 1 .9 

C0 NCACID= 2 TEM PSIST= 9 0 D I AM PART= l 6 3 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 2 4 0 . 5 0 - 0 . 6 9 0 . 1 5 - 1 . 8 5 

2 0 .3 A 1 .0  0 0 . 0  0 0 . 2  1 - 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA .kl  

3 0 . 4 0 2 . 0 0  0 . 6 9 0 . 2 4 - 1 . 2 8 

4 0 . 5 0 3 - 0 0  1 . 1 0 0 . 3 0 - 1 . 0 2 

5 0 . 6 2 4 . 0 0  1 . 3 9 0 . 3  8 - 0 . 7 5 

6 0 . 7 2 5 . 0 0 1 . 6 1 0 . 4 4 - 0 . 5 6 

7 0 . 8 6 6 . 0 0  1 . 7 9 0 . 5 2 - 0 . 3 0 

8  0 . 9 6 7 . 0 0  1 . 9 5 O. 58 - 0 . 1 4 

Ta b e l a 1 . 1 0 

CONCAC! D = 4 TEM PSIST = 70 DI AMPART = 68 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 9 0 0 . 5 0 - 0 . 6 9 0 . 5 3 - 0 . 2 9 

2 1 . 0 0 1 . 0 0 0 . 0 0 0 . 5 9 - 0 . 1 3 

3 1 . 2 0 2 . 0 0  0 . 6 9 0 . 7 0 0 . 2 0 

4 1 . 2 5 3 . 0 0 1 . 1 0 0 . 7 3 0 . 2 8 

5  1 . 3 0 4 . 0 0 1 . 3 9  0 . 7 6 0 . 3 6 

6 1 . 3 5 5 . 0 0 1 . 6 1  0 . 7 9 0 . 4 5 

7 1 .AO 6 . 0 0  1 . 7 9 0 . 8 2 0 . 5 A 

8 1 . 4 0 7 . 0 0 0 . 9 5 0 . 8 2 0 . 5 A 



Ta b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 . 1 1 

CONCAC zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAD=k TEMPS STzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA=70 DIAMPART = 1 1 5 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 1 5 0 . 5 0 - 0 . 6 9 0 .  09 - 2 •  36 

2 0 . 1 8 1 . 0 0 0 . 0 0 0 .  1 1 - 2 . 17 

3 0 . 2 0 2 . 0 0 0 . 6 9 0 .  1 2 - 2 . 06 

4 0 . 2 2 3 . 0 0 1 . 1 0 0 .  13 - 1 . 9 5 

5 0 . 2 5 4 . 0 0 1 . 3 9 0 .  1 6 - 1 •  77 

6 0 . 2 8 5.  00 1 . 61 0 .  17 - 1 . 6 9 

7 0 . 3 0 6 . 0 0 1 . 7 9 0 .  1 8 - 1 . 6 2 

8 0 . 3 5 7 . 0 0 1 . 9 5 0 .  2 1 - 1 . 4 4 

Ta b e l a 1 . 1 2 

C0 NCACID=4 TEM PSI ST=70 D I AM PART=l 63 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 1 1 0 .  50 - 0 . 6 9 0 .  04 - 2 . 6 7 

2 0 1 4 1 .  00 0 . 0 0 0 . 08 - 2 .zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA kl 

3 0 16 2 .  00 0 . 6 9 0 . 1 0 -2 . 2 8 

4 0 17 3 .  00 1 . 1 0 0 . 1 0 - 2 . 2 2 

5 0 18 4 .  00 1 . 3 9 0 . 1 0 - 2 . 1 6 

6 0 1 9 5 .  00 1 . 61 0 . 1 2 - 2 . 1 0 

7 0 20 6 .  00 1 . 7 9 0 . 1 2 - 2 . 0 5 

8 0 23 7 .  00 1 . 9 5 0 . 1 4 - 1 . 9 0 
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•  Ta b e l a 1 . 1 3 

CONCAC D=A TEM PSIST zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 8 0 DIAM PART = 6 8 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 1 . 0 5 0 . 50 - 0 . 6 9 0 . 6 2 - 0 . 0 5 

2 1 . 2 5 1 . 0 0 0 . 0 0 0 . 7 3 0 . 2 8 

3 1 . 3 5 2 . 0 0 0 . 6 9 0 . 7 9 0 . 4 5 

4 1 . 4 8 3 . 0 0 1 . 1 0 0 . 8 7 0 . 7 0 

5 1 . 5 8 4 . 0 0 1 . 3 9 0 . 9 3 0 . 9 5 

6 1 . 6 5 5 . 0 0 1 . 6 1 0 . 9 7 1 . 2 2 

7 1 . 6 8 6 . 00 1 . 7 9 0 . 9 8 1 . 4 2 

Ta b e l a 1 . 1 4 

CONCAC D = 4 TEM PSIST =8 0 DIAM PART = 1 1 5  

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 1 8 0 . 5 0 - 0 . 6 9 0 . 1 1 - 2 . 1 7 

2 0 . 2 1 1 . 0 0 0 . 0 0 0 . 1 3 - 2 . 0 0 

3 0 . 2 6 2 . 0 0 0 . 6 9 0 . 1 6 - 1 . 7 7 

0  . 3 2 3 . 0 0 1 . 1 0 0 . 1 9 - 1 . 5 4 

5 0 . 3 6 4 . 0 0 1 . 3 9 0 . 2 2 - 1 . 4 1 

6 0 . 4 0 5 . 0 0 1 . 6 1 0 . 2 4 - 1 . 2 9 

7 0 . 4 4 6 . 00 1 . 7 9 0 . 2 6 - 1 . 1 8 

8 0 . 5 1 7 . 0 0 1 . 9 5 0 . 3 1 - 1 . 0 1 
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Ta b e l a 1 . 1 5 

C0 NCACID= 4 TEM PSIST =zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 80 DI AM PART= 1 6 3 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 1 6 0 . 5 0 - 0 . 6 9 0 . 1 0 - 2 . 2 8 

2 0 . 1 8 1 . 0 0 0 . 0 0 0 . 1 1 - 2 . 1 6 

3 0 . 2 0 2 . 0 0  0 . 6 9 0 . 1 2 - 2 . 0 5 

*  0 . 2 5 3 . 0 0 1 . 1 0 0 . 1 5 - 1 . 8 1 

5 0 . 2 8 4 . 0 0  1 . 3 9 0 . 1 7 - 1 . 6 8 

6 0 . 3 3 5 . 0 0 1 . 6 1 0 . 2 0 - 1 . 5 0 

7  0 . 3 8 6 . 0 0  1 . 7 9 0 . 2 3 - 1  . 3 4 

8  0 . 4 4 7 . 0 0  1 . 9 5 0 . 2 7 - 1 . 1 7 

Ta b e l a 1 . 1 6 

CONCACID=4 TEM PSIST = 9 0 DI AMPART = 68 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 1 . 1 7 0 . 5 0 - 0 . 6 9 0 . 6 9 0 . 1 5 

2 1 . 3 5 1 . 0 0 0 . 0 0  0 . 7 9 0 . 4 5 

3  1 . 5 0 2 . 0 0  0 . 6 9 0 . 8 8  0 . 7 5 

4  1 . 5 7 3 . 0 0  l . i o 0 . 9 2 0 . 9 3 

5  1 . 6 5 4 . 0 0  1 . 3 9 0 . 9 7 1 . 2 2 

6  1 . 6 8 5 . 0 0 1 . 6 1  0 . 9 8 1 . 4 2 



Ta b e l a 1 . 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA J 

CONCAC ID= 4 TEM PSIST zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA=90 DIAM PART = 1 1 5 

DBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 2 4 0 . 5 0 - 0 . 69 0 . 1 4 - 1 . 8 6 

2 0 . 3 0 1 . 0 0 0 . 0 0 0 . 1 8 - 1 . 6 2 

3 0 . 4 4 2 . 0 0 0 . 6 9 0 . 2 6 - 1 . 1 8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

k 0 . 5 6 3 . 0 0 1 . 1 0 0 . 3 4 - 0 . 8 9 

5 0 . 7 3 4 . 0 0 1 - 3 9 0 . 4 4 - 0 . 5 5 

6 0 . 8 6 5 . 0 0 1 . 6 1 0 . 52 - 0 . 32 

7 0 . 9 6 6 . 0 0 1 - 7 9 0 . 5 8 - 0 . 1 5 

8 1 . 0 6 7 . 0 0 1 . 9 5 0 . 6 4 0 . 0 1 

Ta b e l a 1 . 18 

CONCAC1 D=4 TEM PSIST= 9 0 D1 AMPART = = 1 6 3 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 1 9 0 . 5 0 - 0 . 6 9 0 . 1 2 - 2 1 0  

2 0 . 2 5 1 . 0 0 0 . 0 0 0 . 1 5 - 1 8 1 

3 0 . 34 2 . 0 0 0 . 6 9 0 . 2 1 - 1 4 7 

4 0 . 4 6 3 . 00 1 . 1 0 0 . 2 8 - 1 1 2  

5 0 . 5 7 4 . 0 0 1 . 3 9 0 . 3 5 - 0 8 6 

6 0 . 6 7 5 . 0 0 1 . 6 1 0 . 4 1 - 0 6 5 

7 0 . 7 7 6 . 0 0 1 . 7 9 0 . 4 7 - 0 4 6 

8 0 . 7 9 7 . 0 0 1 . 9 5 0 . 4 8 - 0 4 3 



Ta b e l a 1 19 

CONCAC1D = 6 TEMPS 1 ST = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA=70 DIAMPART = 68 

OBS VOLEDTA TEMPO LTEMPO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAXS YS 

1 1 . 0 3 0 . 5 0 - 0 . 6 9 0 . 6 0 - 0 . 0 8 

2 1 . 2 2 1 . 0 0 0 . 0 0 0 . 7 1 0 . 2 3 

3 1 . 4 0 2 . 0 0 0 . 6 9 0 . 8 2 0 . 54 

4 1 . 5 0 3 . 00 1 . 1 0 0 . 8 8 0 . 7 5 

5 1 . 6 0 4 . 0 0 1 . 3 9 0 . 9 4 1 . 0 2 

6 1 . 6 3 5 . 0 0 1 . 6 1 0 . 9 5 1 . 1 3 

7 1 . 6 5 6 . 00 1 . 7 9 0 . 9 7 1 . 2 2 

8 1 . 6 8 7 . 0 0 1 . 9 5 0 . 9 8 1 . 4 2 

Ta b e l a 1 .  2 0 

CONCAC 1 D= • 6 TEM PSI ST = 7 0 DIAMPART--= 1 15 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 2 2 0 . 5 0 - 0 . 6 9 0 . 1 3 - 1 . 9 5 

2 0  . 2 7 1 . 0 0 0 . 0 0 0 . 1 6 - 1 . 7 3 

3 0 . 3 3 2 . 0 0 0 . 6 9 0 . 2 0 - 1 . 5 1 

0 . 3 8 3 . 0 0 1 . 1 0 0 . 2 3 - 1 . 3 5 

5 0 . 4 5 4 . 0 0 1 . 3 9 0  . 2 7 - 1 . 1 6 

6 0 . 5 2 5 . 0 0 1 . 6 1 0 . 3 1 - 0 . 9 8 

7 0 . 5 2 6 . 0 0 1 . 7 9 0 . 3 1 - 0 . 9 8 
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Ta b e1 a 1 . 2 1 

CONCAC D=6 TEMPS ST = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA70 DIAM PART = 1 6 3 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 1 7 0 . 5 0 - 0 . 6 9 0 . 1 0 - 2 . 2 2 

2 0 . 2 2 1 . 0 0 0 . 0 0 0 . 1 3 - 1 . 9 4 

3 0 . 3 0 2 . 0 0 0 . 6 9 0 . 1 8 - 1 . 6 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

k 0 . 3 3 3 . 0 0 1 . 1 0 0 . 2 0 - 1 . 5 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

5 0 . 3 7 4 . 0 0 1 . 3 9 0 . 2 2 - 1 •  37 

6 0 . 4 0 5 . 00 1 . 6 1 0 . 2 4 - 1 . 2 8 

7 0 . 4 0 6 . 0 0 1 . 7 9 0 . 2 4 . 2 8 

Ta b e l a 1 . 2 2 

CONCAC D=6 TEMPSI ST = 8 0 D 1 AMPART: = 6 8 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 1 . 2 3 0 . 5 0 - 0 . 6 9 0  . 7 2 0 . 2 4 

2 1 . 3 5 1 . 0 0 0 . 0 0 0 . 7 9 0 . 4 5 

3 1 . 5 0 2 . 0 0 0 . 69 0 . 8 8 0 . 7 5 

k 1 . 6 0 3 . 0 0 1 . 1 0 0 . 9 4 1 . 0 2 

5 1 . 6 5 4 . 00 1 . 3 9 0 . 9 7 1 . 2 2 



38 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Ta b e l a 1 •  23 

CONCAC1 D = 6 TEMPS 1 ST = 8 0 D1 AMPART=1 1 5 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 3 0 0 . 5 0 - 0 . 6 9 0 . 1 8 - 1 . 6 2 

2 0 . 3 5 1 . 0 0 0 . 0 0 0 . 2 1 - 1 . 4 4 

3 0 . 4 3 2 . 0 0 0 . 6 9 0 . 2 6 - 1 . 2 1 

4 0 . 5 3 3 . 0 0 1 . 1 0 0  . 3 2 - 0 . 9 6 

5 0 . 5 8 4 . 00 1 . 3 9 0 . 3 5 - 0 . 8 5 

6 0  . 6 3 5 . 0 0 1 . 6 1 0 . 3 8 - 0 . 7 4 

7 0 . 7 0 6 . 0 0 1 . 7 9 0 . 4 2 - 0 . 6 1 

8 0 . 7 3 7 . 00 1 . 9 5 0 . 4 4 - 0 . 5 5 

Ta b e l a 1 . 2 4 

CONCAC 1 D =6 TEM PSIST= 8 0 D 1 AMPART = 1 6 3 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 2 1 0 . 5 0 - 0 . 6 9 0 . 1 3 - 1 . 9 9 

2 0 . 2 8 1 . 0 0 0 : 0 0 0 . 1 7 - 1 . 6 8 

3 0 . 3 7 2 . 0 0 0 . 6 9 0  . 2 2 - 1 . 3 7 

0 . 4 2 3 . 0 0 1 . 1 0 0 . 2 5 - 1 . 2 2 

5 0 . 5 2 4 . 00 1 . 3 9 0  . 3 2 - 0 . 9 7 

6 0 . 5 8 5 . 0 0 1 . 6 1 0 . 3 5 - 0 . 8 4 
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Ta b e l a 1 . 2 5 

C0 NCACID=6 TEM PSIST = 90 D I AM PART = 68 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1

 1 - 2 8 0 . 5 0 - 0 . 6 9 0 . 7 6 0 . 3 3 

2 1

 1 . 0 0 0 . 0 0 0 . 8 3 0 . 5 6 

3 1 - 5 0 2 . 0 0 0 . 6 9 0 . 8 8 0 . 7 5 

*» 1 - 5 8 3 . 0 0 l . i o 0 . 9 3 0 . 9 5 

5 1 . 6 5 4 . 0 0 l  . 3 9 0 . 9 7 1 . 22 

Ta b e l a 1 . 2 6 

C0 NCACID= 6 TEM PSIST= 9 0 DIAM PART= 1 1 5 

OBS VOLEDTA TEMPO LTEMPO XS YS 

•  1 0 . 4 0 0 . 5 0 - 0 . 6 9 0 . 2 4 - 1 . 2 9 

2 0 . 4 8 1 . 0 0 0 . 0 0 0 . 2 4 - 1 . 0 8 

3 0 . 6 0 2 . 0 0 0 . 6 9 0 . 3 6 - 0 . 8 1 

4 0 . 7 7 3 . 0 0 1 . 1 0 0 . 4 6 - 0 . 4 8 

5 0 . 8 5 4 . 0 0 1 . 3 9 0 . 5 1 - 0 . 3 4 

6 0 .  92 5 . 0 0 1 . 6 1 0 . 5 5 - 0 . 2 2 

7 1 .  02 6 . 0 0 1 . 7 9 0 . 6 1 - 0 . 0 5 

8 1 . 05 7 . 0 0 1 . 9 6 0 . 6 3 - 0 . 0 0 



4o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Ta b e l a 1 . 2 7 

CONCACID=5 TEM PSI ST=90 D I AM PART=l 63 

OBS VOLEDTA TEMPO LTEMPO XS YS 

1 0 . 3 0 0 . 5 0 - 0 . 6 9 0 . 1 8 - 1 . 6 1 

2 0 . 4 0 1 . 0 0 0 . 0 0 0 . 2 4 - 1 . 2 8 

3 0 . 5 0 2 . 0 0 0 . 6 9 0 . 3 0 - 1 . 0 2 

4 0 . 6 0 3 . 0 0 l . i o 0 . 3 6 - 0 . 7 9 

5 0 . 7 0 4 . 0 0 1 . 3 9 0 . 4 2 - 0 . 5 9 

6 0 . 7 0 5 . 0 0 1 . 6 1 0 . 4 2 - 0 . 59 



T a be 1 a 

A n a l i s e e s t a t f s t i c a d e v a r i a n c i a 

t a b e l a 

2 

d a e q u a g a o de n u c l e a g a o da 

1 



Ta b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2 . 1 

S T A T I S T I C A L A N A L Y S I S S V S T E 1 

C 0 N C A C I D » 2 TEHPSI ST- 7 0 OI AM PART- 6 8 

AN A. YSI S 3 F V t ' I A N C : T\  3 LE , KE 3RE SSI ON COEFFICIENTS , A NO STATI STI CS OF FI T FOR OE' ENOENT VARI AB LE YS 

SLJRCE 

FE3 ? ESS IzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ON 

EPOF. 

CC1KECTE0  TOTAL 

OF 

I 

5  

6 

SUM OF SQUARES 

0 . 3 * 2 0 3 5 8 7 

0 . 0 0 1 5 2 * 7 3 

0 . 3 * 3 5 6 0 6 3 

MEAN S OU ARE 

0 . 3 * 2 0 3 5 8 7 

0 . 0 1 3 3 0 * 9 5 

F VALUE 

1 1 2 1 . 6 2 6 7 9 

P O B F 

0 . 0 0 0 1 

R-SQUARE 

0 . 9 9 5 5 6 1 9 7 

STO DEV 

0 . 0 1 7 * 6 2 7 1 

c.v. 

7 . 9 5 5 1 6 

YS MEAN 

0 . 2 1 9 5 1 

SOJRCC-

LTE-1 P0 

OF SEQUENTIAL SS 

0 . 3 * 2 0 3 5 8 7 

F VALUE 

m i . f t ? 6 ; : « 

PROB F 

fl.oapj 

PARTI AL SS r VALUE PROB F 

M M !  

SOJf'CC 

INTSRCEPT 

LTCi PO 

e VALUES 

- 0 . 0 0 1 7 2 5 3 0 
0 . 2 6 3 1 0 7 2 5 

T FOR Htf 0 «0 

- 0 . 1 8 * 7 6 

J3 . * ? 0 7 0 

PROO 

0 . 8 6 0 7 
0 . 3 0 3 1 

STO I M  3  

0 . 0 0 9 3 3 8 2 5 

0 . 0 0 7 8 5 6 1 3 

STO C VALUES 

0 .0  
0 . 9 9 7 7 7 8 5 2 

DBS 
NUMfJER 

I 
2  

3 
*  
5  
6 
7 
B 

OBSERVEO 

VALUE 

- 0 . 1 9 0 5 3 0 * 8 
0 . 0 0 1 5 5 3 8 8 
0 . 1 9 3 9 2 1 3 8 
0 . 2 7 5 9 8 7 5 2 
0 . 3 6 0 2 6 2 2 *  
0 . * * 7 7 5 3 0 2 
0 . * * 7 7 5 3 0 2 
0 . 0 

PF EDICTED 
VAL JE 

0 . 1 8 * 0 9 7 3 5 
0 . 3 3 1 7 2 5 3 0 
0 . 1 8 0 6 * 6 7 5 
0 . 2 9 7 3 2 7 5 6 
3 . 3 6 3 3 1 8 8 3 
0 , * 2 1 7 2 9 * 9 
0 . * 6 9 6 9 9 5 1 
0 . 5 1 0 2 5 7 7 8 

U S I 3 U A L 

• 0 . 0 0 6 5 3 3 1 3 
0 . 0 0 3 2 8 * 1 8 
0 . 0 1 3 2 7 * 6 3 

• 0 . 0 1 1 3 * 0 0 *  
• 0 . 0 0 2 7 5 6 5 7 

0 . 0 2 6 0 2 0 5 3 

• 0 . 0 2 1 9 * 9 6 0 
0 . 0 

SUM OF RESIDUALS 

SUM OF SOUAKED RESIDUALS 

SU M OF SQUARED RESIDUALS - ERROR SS 

FI RST ORDER AUTOCORRELATION OF RESIDUALS 

OUR ft I ' 1-WAT SON 3  

CIC T E NO STAPPEO 3 0 S: R VA T I ON WAS INCLUDEO I N THE REGRESSION. 

•  •  n £ l > r \ 1 C N T VI S - I A^ L 6 M I S S I N 3 . 

0 . 0 0 0 0 3 0 0 0 

0 . 0 0 1 5 2 * 7 3 

0 . 0 0 0 0 0 0 0 0 

• 0 . 5 9 5 2 1 0 7 6 

2 . 6 2 6 6 9 2 9 *  

-C-



Ta b e l a 2 . 2 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
I. I jM l i AT. 111* 2 T i : M P S I S T « 7 0 0 | A M P A M « 1 1 5 

ANALYSIS OF VARIANCE TA3 LE , REGRESSION COEFFI CI ENTS , AND STATI STI CS OF FI T FOR D E J EN DE M T VARI AB LE YS 

SOJRCF 

FC0 > E5 S1 DN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

EROA 

C3* ' ECTE0  TOTAL 

OF 

I 

5  

6 

SUM OF SQUARES 

0 . 2 9 5 2 1 1 0 7 

0 . 0 0 4 3 7 5 0 V 

0 . 2 9 9 5 8 6 1 1 

MEAN 5 QU ARE 

3 . 2 9 5 2 1 1 0 7 

0 . 0 0 0 8 7 5 0 1 

F VALUE 

3 3 7 . 3 8 0 6 9 

P* 3 9 F 

0 . 0 0 0 1 

R-SOUARE 

0 . 9 0 5 3 9 6 3 7 

STO DEV 

0 . 0 2 9 5 8 0 5 5 

C. V. 

I . 7 8 8 0 5 

YS MEAN 

- 1 . 6 5 * 3 *  

SOJRCE or 

I 

SEQUENTIAL SS 

0 . 2 9 5 2 U 0 7  

F VALUE 

3 3 7 . 1 3 0 6 9  

PROB F 

0 . 3 3 0 1  

PARTIAL SS 

0 . 2 9 3 2 1 1 0 7  

F VALUE 

3 3  7 . 3  8 0 6 9 

PROB F 

0 . 0 0 0 1  

SOJF.Ct 

INTEPCEPT 

LTE- PC 

A VALUES 

•  1 . 8 5 9 8 8 1 * 8 
0 . 2 * * * 3 * 9 6 

OBS 
NUMBER 

1 
2 
3 
*  
5  
6 
7 
8 

T FOR HO O O 

- 1 1 7 . 5 7 7 7 2 

I 3 . 3 5 7 9 3 

OBSFRVEO 
VALUE 

- 2 . 0 5 6 2 7 7 8 5 
- 1 . 8 1 6 1 9 7 5 5 
- 1 . 6 9 2 * 6 7 2 7 
• I . 6 1 6 * 3 5 d 7 
- I . 5 1 0 * 0 6 1 *  
• I . * * * 3 0 3 0 5 
• 1 . * * * 3 0 B O5 

0 . 0 

PROB 

0 . 0 3 3 1 
0 . 3 0 3 1 

PREDICTED 

/ A. UE 

' . 0 2 9 3 1 0 8 8 
. 8 5 9 8 8 U 8 
. 6 9 0 * 5 2 0 8 
. 5 9 1 3 * 2 2 3 
. 5 2 1 0 2 2 6 8 
. * 5 6 * 7 8 5 9 
. * 2 1 9 1 2 8 3 
. 3 8 * 2 3 3 0 2 

SUM OF Rb Sl OUALS 

SUM OF SQUARED RESIDUALS 

SUM OF SQUAREi) RESIOUALS - ERROR SS 

FI RST G^OER AUTOCORRELATION OF RESIOJALS 

DURBIN-WA T SON D 

STD ERR B 

0 . 0 1 5 8 1 8 3 2 
0 . 0 1 3 3 0 7 7 1 

* ESIOUAL 

• 0 . 0 2 6 9 6 6 9 7 
0 . 0 * 3 6 8 3 9 3 

• 0 . 0 0 2 0 1 5 1 9 

• 0 . 0 2 5 0 9 3 6 3 
0 . 0 1 0 6 1 6 5 *  
0 . 0 2 2 1 7 0 5 *  

• 0 . 0 2 2 3 9 5 2 2 
0 . 0 

• 0 . 0 0 0 0 0 0 0 0 

0 . 0 0 * 3 7 5 0 *  

0 . 0 0 0 0 0 0 0 0 

0 . * 6 3 6 9 9 8 2 

2 . 5 1 5 9 * 9 9 1 

STO B VALUES 

0 . 0 

0 . 9 9 2 6 7 1 3 3 

NOTE " 10 STARRED OBSERVATION WAS INCLUDED I N THE REGRESSION. 

• *  DEPENDENT VARIABLE " I S S I N G. 
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Ta b e1 a 2 . 4 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 

C 0 N C A C I D » 2 T 6 M P S I S T « 8 3 OI AM PAB T- 6 8 

ANALYSIS OF VARIANCE TA3 LE . REGRESSION COEFFI CI b NTS , AND STATI STI CS OF FI T F3 R DE' ENOENT VARI AB LE YS 

SCJRCE 

REGRESS 1 3 N 

EFR3 F 

CORRCCTC3 TOTAL 

SOJRCE 

LTE" " ( 

3F 

I 

i 5  

6 

OF 

1 

SUM OF SQUARES 

0 . 5 1 * 1 3 2 6 8 

0 . 0 0 * 7 5 7 3 8 

0 . 5 1 8 8 9 0 5 6 

SEQUENTIAL S3 

0 , S I M 3 2 6 8 

MEAN S OJARE 

3 . 5 1 * 1 3 2 6 8 

0 . 0 3 0 9 5 1 5 8 

F VALUE 

5 * 0 . 2 9 5 8 6 

PROS F 

0 . 0 0 0 1 

F VALJE PROB F 

1 4 0 ( l i f t *  O.OOOl 

' A R TU L SS 

O . M « l ) | 6 i j 

R-SOUAPE 

0 . 9 9 0 8 3 0 6 7 

STO Ot V 

0 . 0 3 0 8 * 7 6 3 

F VALUE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c. v. 

* . 6 0 0 9 7 

YS MEAS 

0 . 6 7 0 * 6 

PROBzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA F 

s o r c t n VAi .gfcS T FOR HO 3 » 0 PROB STO ERR B 5 T0 B VALUE? 

i N f EPCEPt 

LTEMPO 

0 .3 9 1 2 l?2 9  
0 . 3 2 2 5 7 7 8 ' '  

2 * . 2 3 0 7 1 
2 3 . 2 * * 2 7 

0 . 3 0 3 1 

0 . 3 3 3 1 
c o i o ^ s a ? 
0 . 0 1 3 8 7 7 7 *  

0 .0  
0 . 9 9 5 * 0 * 7 7 

0 3 S 
NUMOEA 

8 

OBSERVEO 
VALUE 

0 . 1 9 3 9 2 1 3 8 
0 . 3 9 * 8 0 5 5 5 
0 . 5 7 8 J 2 5 6 *  
0 . 7 * 6 6 0 8 5 *  
3 . 8 6 9 7 5 5 2 2 
3 . 9 5 * 8 9 8 2 2 
0 . 9 5 * 8 9 8 2 2 
3 . 0 

PREOICTED 
VA. JE 

0 . 1 7 5 6 1 8 2 9 
0 . 3 5 9 2 1 2 2 5 
0 . 6 2 2 9 3 6 2 0 
0 . 7 5 3 6 0 0 2 9 
0 . 8 * 6 * 0 0 1 6 
0 . 9 1 8 3 8 1 3 *  
0 . 9 7 7 1 9 * 2 *  
1 . 3 2 6 9 1 9 8 5 

RESIDUAL 

0 . 0 1 8 3 0 3 0 9 
• 0 . 0 0 * * 0 6 7 0 
• 0 . 0 * * * 8 0 5 6 
• 0 . 0 0 6 9 9 1 7 5 

0 . 0 2 3 3 5 5 0 5 
0 . 3 3 6 5 1 6 8 8 

• 0 . 0 2 2 2 9 6 0 2 
0 . 0 

' ICTC 

SUM C'F RESIDUALS 

SUM OF SQUARED RESIDUALS 

SUM OF SQUARE RESIDUALS - ERROR SS 

FI RST OROER AUTOCORRELATION OF RESIOJALS 

OUR B IN-WAT SON 0 

NC STARR t O OBSERVATION WAS INCLUDED I N THE REGRESSION. 

•  *  ->-" ' .• :->;• ; T VJRi APL!  M I S S I N ? . 

0 . 0 0 0 0 0 0 0 0 

0 . 0 0 * 7 5 7 8 8 

•  0 . 0 0 0 0 0 0 0 0 

0 . 0 6 9 5 0 6 6 8 

1 . 6 9 9 2 7 2 8 5 -e-
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Ta b e l a 2 . 6 

S T \  T I S T I C A L A N A L Y S I S S Y S T E M 

CONCACID- 2 T5.MPS t ST-BO 0-1 A M PA R T . 1 6 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Mlk.Yi, IS Jl V A «zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA IAHGI t i I LL , I L u ^ l S i l G N f . ULM I C I LNT5 , AND STATI STI CS 0 1 l i t F OK D t P t N 0 1 NT VAM Ar t Lf c YJ 

sc ip .cr DF SUM OF SOUARES MEAN SQUARE F VALUE PROB F R-SQUARE C. V. 

n",ntr.',iwzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 0 . 6 6 1 * 7 3 0 4 0 . 6 4 1 4 7 3 1 4 2 9 0 . 6 6 7 9 9 0 . 0 0 0 1 0 . 9 7 9 7 7 3 3 7 2 . 9 0 4 8 9 

ERROR 6 

CORRECTCO TOTAL 7 

0 . 0 1 3 6 5 4 2 1 3  . 0 0 2 2 7 5 7 0 

0 . 6 7 5 1 2 8 0 5 , 

STO OEV 

0 . 0 4 7 7 0 4 3 2 

YS MEAN 

- 1 . 6 4 2 2 1 

SOJRCE OF SEQUENTIAL SS F VALUE '  PROB F PARTI AL SS F VALUE PROB F 

Ll UM f ' t . 1  0 . 1 6 1 4 . 7 3 1 4zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA >• •  : . t.t. 1 ft*  p . u S Ol ! > , » M < . » } « 4 5 <"• >. o t  1 * H 

SOJUCt R VfcLUtS T F"QR HO B«0  PRQ8  T STO m  B STQ B VALUiS 

INTERCEPT - 1 . 9 6 7 0 1 2 1 4 

L TM P O 0 . 3 3 1 7 7 3 6 3 

- 7 7 . 3 0 6 2 4 0 . 3 0 0 1 

1 7 . 0 * 8 9 9 0 . 0 0 0 1 
0 . 0 2 5 * 4 4 4 2 

0 . C 1 9 4 6 0 0 2 
0 . 0 

0 . 9 8 9 8 3 6 0 3 

OBS OOSERVEO PREDICTED 

NUMBER VALUE VALUE 

RESIDUAL 

1 - 2 . 2 1 8 1 1 4 2 5 - 2 . 1 9 6 9 8 0 1 0 

2 - 1 . 8 9 5 5 7 1 1 1 - 1 . 9 6 7 0 1 2 1 *  

3 - 1 . 7 6 2 5 6 9 8 *  - 1 . 7 3 7 0 * * 1 8 

*  - 1 . 6 8 1 * 2 5 3 *  - 1 . 6 3 2 5 2 1 5 5 

5 - 1 . 4 9 9 1 5 1 0 8 - 1 . 5 0 7 0 7 6 2 3 

6 - 1 . 4 0 1 0 8 4 5 6 - 1 . 4 3 3 0 4 3 3 8 

7 - 1 . 3 6 9 9 5 3 2 5 - 1 . 3 7 2 5 5 3 5 9 

8 - 1 . 3 0 9 7 7 1 8 9 - 1 . 3 2 1 4 1 0 4 6 

- 0 . 0 2 1 1 3 4 1 6 

0 . 0 7 1 4 4 1 0 3 

- 0 . 0 2 5 5 2 5 6 6 

- 0 . 0 7 8 9 0 3 7 9 

0 . 0 0 7 9 2 5 1 5 

0 . 0 3 1 9 5 8 5 1 

0 . 0 0 2 6 0 0 3 4 

0 . 0 1 1 6 3 8 5 7 

SUM OF RESIOUALS - 0 .OOOOOOOO 

SUM OF SQUARED RESIDUALS 0 . 0 1 3 6 5 4 2 1 

SUM OF SQUARED RESI DJALS - ERROR SS 0 . 0 0 0 0 0 0 0 0 

FI RST OROER AUTOCORRELATION OF RESIDJALS - - 0 . 1 1 8 0 9 6 4 6 

OURBIN-WATSON D "  2 . 1 8 8 5 1 0 3 6 



Ta b e1 a 2 . 7 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 

C0 NCACID* 2 TEM PSI ST- 9 0 D I AM PART- 6 8 

AN A. YS I S 3 F VARIANCE TATLE , REGRESSION COEFFI CI ENTS , AND STATI STI CS DF FI T FOR DEPENDENT VARI AB LE YS 

SOURCE 

RECPESSION 

ERROR 

CORRECTED TOTAL 

OF 

1 

3 

4 

SUM OF SQUARES 

0 . 6 C 9 2 5 0 7 9 

0 . 0 4 5 5 8 5 8 *  

0 . 6 5 * 8 3 6 6 2 

MEAN S QUARE 

0 . 6 0 9 2 5 0 7 9 

0 . 0 1 5 1 9 5 2 8 

F VALUE 

* 3 . 0 9 * 7 *  

PROB F 

0 . 0 0 8 0 

R-SOUARE 

0 . 9 3 0 3 8 5 9 *  

STD OEV 

0 . 1 2 3 2 6 9 1 3 

C. V. 

1 3 . 9 9 2 3 8 

YS MEAN 

0 . 8 8 0 9 7 

SOJfcCE 

L T EMPT 

OF 

1 

SEQUENTIAL SS 

0 . 6 0 9 2 5 0 7 9 

F VALUE PROB F 

* 0 . 0 9 * 7 *  0 . 3 3 8 0 

PARTI AL SS F VALUE PROBzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f 

5 CJRCE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB VUUS5  T FUR HO 5 * 0 PROB STO ERR B STO B YALUES 

INTERCEPT 

LTEMPO 

0 . 6 5 1 3 8 1 6 0 

0 . * 6 1 9 7 3 1 0 
9 . 8 7 I 9 6 

5 . 3 3 2 0 *  

0 . 0 0 2 2 
0 . 0 3 3 0 

0 . 0 6 5 9 8 2 9 9 

0 . 0 7 2 9 5 8 0 1 
0 . 0  

0 . 9 6 * 5 6 5 1 6 

OB S 
NUMBER 

1 

2 
3 
*  
5  

6 • *  

7 

OBSERVED 

VALUE 

0 . 3 9 * 9 0 5 5 5 
0 . 6 3 8 * 0 7 0 1 

0 . 8 1 8 1 9 8 3 2 
1 . 1 3 1 0 3 3 7 *  
1 . * 2 2 * 2 3 * 0 
0 . 0 

0 . 0 
3 . 0 

PREDICTEO 
/  A. J E 

3 3 1 1 6 6 2 5 
6 5 1 3 8 1 6 3 
9 7 1 5 9 6 9 5 
1 5 8 9 1 0 9 2 
2 9 1 8 1 2 3 0 
3 9 * 8 9 8 6 1 

1 . 4 7 9 1 2 6 2 7 
1 . 5 5 3 3 3 9 7 3 

RESIDUAL 

0 . 0 6 3 6 3 9 3 0 
• 0 . 0 1 2 9 7 * 5 9 
• 0 . 1 5 3 3 9 8 6 3 
• 0 . 0 2 7 8 7 7 1 7 

0 . 1 3 0 6 1 1 1 0 

0 . 0 

0 . 0  

0 . 0 

NOTE 

SUM OF RE SIOUALS 

SUM OF SQUARED RESIDUALS 

SUM OF SQUAREO RESIDUALS - ERROR SS 

FI PS T ORDER AUTOCORRELATION OF RESI DJALS 

DURBIN-WATSON 0 

NO STARREO OBSERVATION WAS INCLUDED I N THE REGRESSION. 

0 . 0 0 0 0 0 0 0 0 

0 . 0 * 5 5 8 5 8 4 

• 0 . 0 0 0 0 0 0 0 0 

0 . 0 5 2 2 8 7 5 2 

1 . 4 5 7 9 6 9 6 9 

-e-

•  *  D C L: vl " >L' !T v r . R I i B LS M l SSI NG. 



Ta b e l a 2 . 8 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
CUNCACIU- 2 TCM PSIST- 9 D I) I A M PART « 1 1 5 

ANALYSIS DF VARIANCE TABLE , REGRESSION COEFFI CI ENTS , AND STATI STI CS OF FI T FOR OE' ENOEVT VARI AB LE YS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

SCJRCE 

F EC*  GSS U N 

ERROR 

CORRECTED TOTAL 

S O JR C E 

S O JR C F 

INTEFCEPT 

LTE< P3 

OF 

I 

6  

7 

DF 

SUM o r SQUARES 

2 . 2 2 8 2 3 2 1 *  

0 . 1 0 6 8 3 6 6 6 

2 . 3 3 7 0 6 8 7 9 

S EOU L NT I AL SS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

hmmu 

MEAN SOUARE 

2 . 2 2 8 2 3 2 1 4 

0 . 3  18 1 3 9 4 4 

F VALUE 

1 2 2 . 8 3 9 0 6 

F VALUE PROB F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

12? ill 398zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB 019381 

B VALUES 

• 0 . 9 2 2 8 0 8 1 1 
3 . 6 0 8 « 2 7 7 2 

T FOR HO B - 0 

- 1 2 . 8 4 5 9 0 
1 1 . 0 3 3 2 8 

PROB 

OBS OBSERVED 
NUMBER VALUE 

- 1 . 2 0 8 4 8 1 1 2 
• 0 . 9 1 4 2 3 3 3 0 
• 0 . 7 0 3 7 1 0 8 6 
- 0 . 3 7 1 2 7 6 8 6 
• 0 . 1 5 2 0 1 2 5 9 

3 . 0 7 7 1 2 3 5 1 
0 . 2 4 2 7 6 9 9 7 
0 . 4 1 6 4 8 6 6 4 

0 . 3 0 3 1 
0 . 3 3 3 1 

" REDICTGD 
/ ALUE 

• 1 . 3 4 4 8 8 4 6 4 

- 0 . 9 2 2 8 0 8 1 1 

• 0 . 5 3 0 7 3 1 5 7 

• 0 . 2 5 3 3 3 2 6 3 

• 0 . 0 7 8 6 5 5 3 4 

0 . 0 5 7 2 2 3 2 5 

0 . 1 6 8 2 * 3 9 0 

0 . 2 6 2 1 1 0 5 3 

SUM OF RESIDUALS 

SUM OF SQUARED RESIDUALS 

SUM OF SQUARED RESIDUALS - ERROR SS 

FI RST OROER AUTOCORRELATION OF RESIDUALS 

DURBIN-WATSON 0 

PROB F 

0 . 0 0 0 1 

PARTI AL SS 

STO ERR B 

0 . 0 7 1 8 3 6 7 6 
0 . 0 5 * 9 * 1 1 2 

R E S I D U A L 

0 . 1 3 6 * 0 3 5 1 
0 . 0 0 8 5 7 5 1 1 

• 0 . 2 0 2 9 7 9 2 8 
• 0 . 1 1 7 * * * 2 3 
• 0 . 0 7 3 3 5 7 5 5 

0 . 0 1 9 9 0 0 2 6 
0 . 0 7 * 5 2 6 0 6 
0 . 1 5 * 3 7 6 1 2 

•  0 . OOOOOOOO 

0 . 1 0 8 8 3 6 6 6 

• 0 . 0 0 0 0 0 0 0 0 

0 . 4 V 5 6 8 6 2 0 

0 . 8 1 2 3 3 9 1 0 

R-SOUARE 

0 . 9 5 3 4 3 0 2 7 

STO OEV 

0 . 1 3 4 6 8 2 7 5 

F VALUE 

112*8398* 

STD B VALUES 

c.v. 

4 1 . 2 2 9 4 3 

YS MEAN 

- 0 . 3 2 6 6 7 

PROB f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

626861 

0 . 0  
0 . 9 7 6 4 3 7 5 4 

-e-
U3 



Ta b e l a 2 . 9 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
COM CACIO" ? Tg M PS l ST- 9 0 D I AM PART. 1 6 3 

A' M .YS IS 3 F VAT I ANCE TABLE , 

REGRESSION COEFFI CI ENTSzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA AND STATI STI CS DF FIT 

'  FOR DEPENDENT VARI AB LE YS 

SOJRCE OF SUM OF SQUARES MEAN SOUARE F VALUE PROB F R-SQUARE C. V. 

M.." .ft. C5 5 I J' l 1 2 . 3 2 3 2 5 1 * 9 2 . 3 2 3 2 5 1 4 9 1 0 5 . 0 6 2 0 7 0 . 0 0 0 1 0 . 9 * 5 9 7 6 1 0 1 6 . 1 6 0 2 1 

C 3 R °  ECTEO TOTAL 

6 

7 

0 . 1 3 2 6 7 8 8 0 0  . 0 2 2 1 1 3 1 3 

2 . 4 5 5 9 3 0 2 9 
STO OEV 

0 . 1 * 8 7 0 * 8 5 

YS 

- 0 . 

MEAN 

9 2 0 1 9 

snipes 3 F SEQUENTIAL SS F VALUE PRQB F PARTIAL SS F VALUE PROB F 

LTEMPO I 2 . 3 2 3 2 5 1 4 9 1 0 5 . 0 6 2 0 7 0 . 3 0 0 1 2 . 3 2 3 2 5 1 * 9 1 0 5 . 0 6 2 0 7 0 . 0 0 0 1 

S0 J& CE B VALUES T FOR HO 8 » 0  PROS T STO ERR B STO 8 VALUES 

INTCRCERT - I 

LTEMPO 0 

. 5 2 3 9 1 0 6 6 
. 6 2 1 7 7 5 5 5 

- 1 9 . 2 7 6 2 3 0 . 0 0 0 1 
1 0 . 2 * 9 9 8 O. DOOl 

0 . 0 7 0 3 1 5 8 *  

0 . 0 6 C 6 6 1 1 5 
0 . 0  

0 . 9 7 2 6 1 3 0 6 

OBS OBSERVED PREDICTEO 
NUMBER VALUE VALUE 

RESIDUAL 

1 - 1 . 8 4 9 5 6 5 6 0 - 1 . 9 5 9 3 9 2 6 3 

2 - 1 . 4 6 5 6 3 6 3 9 - 1 . 5 2 9 9 1 0 6 6 
3 - 1 . 2 8 0 6 4 8 1 0 - 1 . 0 9 7 9 2 8 6 9 
4 - 1 . 0 1 7 9 9 2 2 8 - 0 . 8 * 5 8 2 0 * 0 

5 - 0 . 7 5 1 5 3 8 0 9 - 0 . 6 6 6 9 * 6 7 2 

6 - 0 . 5 5 5 3 1 5 0 1 - 0 . 5 2 3 2 0 1 5 1 
7 - 0 . 3 0 * 8 0 8 2 9 - 0 . * 1 * 8 3 8 * 3 

8 - 0 . 1 3 6 0 2 6 5 6 - 0 . 3 1 8 9 9 1 3 0 

0 . 1 1 0 3 2 7 0 2 
0 . 0 6 3 2 7 * 2 7 

- 0 . 1 8 2 7 1 9 * 2 
- 0 . 1 7 2 1 7 1 8 8 
- 0 . 0 8 4 5 9 1 3 7 
- 0 . 0 2 7 1 1 3 5 0 

0 . 1 1 0 0 3 0 1 4 
0 . 1 8 2 9 6 4 7 4 

SUM OF RESIOUALS - 0 . 0 0 0 0 0 0 0 0 

SUM OF SQUARED RESIDUALS 0 . 1 3 2 6 7 8 8 0 

SUM OF SQUARED RESIDUALS - ERROR SS •  0 . 0 0 0 0 0 0 0 0 

FI RST ORDER AUTOCORRELATION OF RESI DJALS - 0 . 5 5 6 8 5 3 4 9 

OUR BIN-WATSON 0 - 0 . 7 3 8 1 7 3 6 3 
" o 



Ta be 1 a 2 . 1 0 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
C O N C A C I D » 4 TEM PSI ST- 7 0 D I AM PART- 6 8 

ANALYSIS 0 F VARIANCE TABLE , FEGRE SSI ON COEFFI CI ENTS i AND STATI STI CS OF FI T FOR DEPENDENT V A R I A B L E YS 

SOJRCE 

REGRESSION 

ERROR 

CORRECTED TOTAL 

DF 

1 

6  

7 

SUM OF SQUARES 

0 . 6 4 8 2 1 1 * 6 

0 . 0 0 6 2 1 9 0 5 

0 . 6 5 4 4 3 0 5 0 

MEAN S OJARE 

0 . 6 4 9 2 1 1 4 6 

0 . 0 0 1 0 3 6 5 1 

F VALUE 

6 2 5 . 3 8 0 3 0 

PROB F 

0 . 0 0 0 1 

R-SQUARE 

0 . 9 9 0 4 9 7 0 1 

S TO DEV 

0 . 0 3 2 1 9 4 8 4 

C . V. 

1 3 . 2 5 8 4 3 

YS M EA N 

0 . 2 4 2 8 3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

SGJPCE 

L f M P O zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IP 

I 

S9QUCNTIAI. 5 5 

0 . 6 4 8 2 1 1 4 6 

F VU1 .I I !  

6 J9 . 0 0 OJC) o.oooi 

FM TI I L SS 

0 . 6 4 8 2 1 1 4 6 

f VALUE 

6 2 9 . 3 8 0 3 0 

PROB F 

0 . 0 0 0 1 

5 0 - PCE 

INTEPCEP T 

LTEMPO 

A VALUE8  

- 0 . 0 7 8 7 0 9 9 2 
0 . 3 2 8 4 3 0 3 0 

T FOR HQ OO 

- 4 . 5 8 3 5 6 

2 5 . 0 0 7 6 0 

PROB 

0 . 0 0 3 8 

0 . 0 0 0 1 

STO 6RR 9 

0 . 0 1 7 1 7 2 0 1 
0 . O L 3 1 3 3 2 4 

STO 6  VALUES 

0 . 0 

0 . 9 9 5 2 3 7 1 6 

OBS 

NUM3ER 

1 

2 
3 
4 

5 
6 
7 
8 

OBSERVEO 

VALUE 

0 . 2 8 8 7 7 8 5 9 
0 . 1 2 6 1 6 0 3 6 
0 . 1 9 3 9 2 1 3 8 
0 . 2 7 5 9 8 7 5 2 
0 . 3 6 0 2 6 2 2 4 
0 . 4 4 7 7 5 0 0 2 
0 . 5 3 9 8 1 0 5 6 
0 . 5 3 9 8 1 0 5 6 

PRE DICTED 

VA- JE 

• 0 . 3 0 6 3 5 9 3 1 
- 0 . 0 7 8 7 0 8 5 2 

0 . 1 4 8 9 4 1 9 6 
0 . 2 8 2 1 0 9 1 9 
0 . 3 7 6 5 9 2 8 5 
0 . 4 4 9 8 8 0 0 6 
0 . 5 0 9 7 6 0 0 8 
0 . 5 6 0 3 8 7 5 1 

RESIDUAL 

0 . 0 1 7 5 8 1 2 1 
0 . 0 4 7 4 5 1 4 4 
0 . 0 4 4 9 7 9 4 2 

• 0 . 0 0 6 1 2 1 6 7 
• 0 . 0 1 6 3 3 0 6 1 
• 0 . 0 0 2 1 3 0 0 4 

0 . 0 3 0 0 5 0 4 8 
• 0 . 0 2 0 5 7 7 3 5 

SUM OF RESIOUALS -

SUM OF SQUARED RESIDUALS 

SUM O c SQUARED RESIDUALS - ERROR SS •  

FI RST ORDER AUTOCORRELATION OF RES I DUALS •  

0 . 0 0 0 0 0 0 0 0 

0 . 0 0 6 2 1 9 0 5 

• 0 . 0 0 0 0 0 0 0 0 

• 0 . 6 4 7 8 5 1 6 2 

OURBIN-WATSON D 3 . 1 0 1 5 4 8 5 8 



Ta b e l a 2 . 1 1 

1 T A 1zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA I S T 1 C A L A N A L Y S I S S Y S T E M 

C ON C A C I O" A T5 M P S I S T - 7 0 0 I A M P A R T - 1 1 5 

A N A L Y S I S J F V A R I A N C E T * U E , R E G R E S S I O N C O E F F I C I E N T S , A N D S T A T I S T I C S OF Ft T FOR D E P E N D E N T V A R I A B L E YS 

Sb' JRCE 3 F S UM OF S QU A R ES M EA N S Q U A R E F V A L U E P R OB F R - S QU A R E C . V . 

REGRESS I O N I 0 . 6 1 6 0 9 9 3 7 0 . 6 1 6 0 9 9 3 7 9 2 . 1 5 4 3 1 0 . 0 0 0 1 0 . 9 3 8 8 7 1 7 6 4 . 3 4 1 7 1 

ERROR 

C O R R E C TE D TO TA L 

6 

7 

0* 04011311  0 . 0 0 6 6 8 5 5 2 

0 . 6 5 6 2 1 2 4 3 

S TD D E V 

0 . 0 8 1 7 6 5 0 2 

YS M EAN 

- 1 . 8 8 3 2 5 

S OU R C E DF S E Q U E N TI A L SS F V A L U E P R OB F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

. . . .  

P A R T I A L SS F V A L U E PROB F 

L* MMi zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi 0t6Ud99i.f ; § * ; l 5 4 5 tzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA b-.mi 8 .6 U6 9 9 3 7  9 2 .1 9 4 * 1 v.flOdt 

S O U R C E B V A L U E S T FOR HO 8 - 0 PROB T S TD ERR B S TD 8 V A L U E S 

i . 

I N TE R C E P T - 2 . 1 9 6 7 1 5 5 1 

L TEM P O 0 . 3 2 0 1 9 2 3 2 

- 5 0 . 3 6 9 9 5 0 . 3 0 0 1 

9 . 5 9 9 7 0 0 . 3 0 0 1 

0 . 0 4 3 6 1 1 6 3 

0 . 0 3 3 3 5 4 4 0 

0 . 0 

0 . 9 6 8 9 5 3 9 5 

i 

OBS O B S E R V E D P R E D I C TE D 

N U M B ER V A L U E / A . J E 

R E S I D U A L 

1 •  - 2 . 3 6 0 4 2 3 7 4 - 2 . 4 1 8 6 5 5 9 1 

2 - 2 . 1 6 3 2 7 9 0 4 - 2 . 1 ) 6 7 1 5 5 1 

3 - 2 . 0 5 6 2 7 7 8 5 - 1 . 9 7 4 7 7 5 1 1 

4 - 1 . 9 5 4 2 5 1 3 6 - 1 . 8 * 4 9 4 8 2 9 

5 - 1 . 7 7 3 5 3 0 1 1 - 1 . 7 5 2 8 3 4 7 0 

6 - 1 . 6 9 2 4 6 7 2 7 - 1 . 6 9 1 3 8 5 8 5 

7 - 1 . 6 1 6 4 3 5 8 7 - 1 . 6 2 3 0 0 7 8 9 

8 - 1 . 4 4 4 3 0 8 3 5 - 1 . 5 7 3 6 5 0 0 2 

0 . 0 5 8 2 3 2 1 7 

0 . 0 2 8 4 3 6 4 8 

- 0 . 0 8 1 5 0 2 7 4 

- 0 . 1 0 9 3 0 3 0 7 

- 0 . 0 2 0 6 9 5 4 1 

- 0 . 0 1 1 0 8 1 4 2 

0 . 0 0 6 5 7 2 0 2 

0 . 1 2 9 3 4 1 9 8 

SUM OF R E S I D U A L S - 0 . 0 0 0 0 0 0 0 0 

SUM OF S Q U A R ED R E S I D U A L S - 0 . 0 4 0 1 1 3 1 1 

SUM OF S Q U A R ED R E S I D U A L S - ERROR SS •  0 . 0 0 0 0 0 0 0 0 

F I R S T OR OER A U TO C O R R E L A TI O N OF R E S I D U A L S •  0 . 3 9 2 9 6 8 1 0 

D U R 8 1 N - W A T S ON 0 '  - 0 . 9 2 4 2 6 4 4 6 

CO 



Ta b e1 a 2 . 1 2 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
•  CONCACJ 0 - 4 TEMPS I S T- 7 0 D l AM PART- 1 6 3 

ANALYSISzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA jr. VAUAN Cs 1V i LE , REGRESSION COEFFI CI ENTS , A NO STATI STI CS OF FI T FOR DEPENDENT VARI AB LE YS 

SOJRCE 

K C I t l S ' . I ON 

ERR3R 

CORRECTED TOTAL 

DF 

1 

6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

7  

SUM OF SQUARES 

0 . 3 8 9 4 3 3 1 6 

0 . 0 1 4 2 9 2 6 3 

0 . 4 0 3 7 2 6 0 0 

MEAN S OJ ARE 

0 . 3 0 9 4 3 3 3 4 

3 . 0 0 2 3 0 2 1 1 

F VALUE PROB F 

1 6 3 . 4 8 2 0 4 0 . 0 0 0 1 

R-SQUARE 

0 . 9 6 4 5 9 8 1 9 

STO OEV 

0 . 0 4 8 8 0 6 8 2 

c.v. 

2 . 1 9 4 2 7 

YS MEAN 

- 2 . 2 2 4 2 9 

SO JRCC 

LTEMPO 

SOJRCE 

INTERCEPT 

LTEMPO 

OF 

1 

B VALUES 

• 2 . 4 7 3 5 0 8 2 8 
0 . 2 5 4 5 6 7 0 0 

SEQUENTIAL SS 

0 . 3 0 9 4 3 3 3 6 

r VALUP 

1 6 3 . ' . 5 2 0 4 

T FOR HO B" 0 

- 9 5 . 0 1 6 3 0 
1 2 . 7 9 6 0 4 

OBS 
NUMBER 

I 
2 
3 
4 
5 
6 
7 
8 

OBSERVED 

VALUE 

• 2 . 6 7 3 0 2 3 1 0 
• 2 . 4 2 2 1 4 6 5 7 
• 2 . 2 8 2 0 4 9 3 2 
• 2 . 2 1 8 1 1 4 2 5 
• 2 . 1 5 7 6 2 6 7 5 
• 2 . 1 0 0 2 1 1 5 8 
• 2 . 0 4 5 5 5 1 2 3 
• 1 . 8 9 5 5 7 1 1 I 

PROB F 

0 . 0 0 0 1 

PROB 

0 . 3 0 0 1 
0 . 3 0 3 I 

PREDICTEO 
/ AL JE 

• 2 . 6 4 9 9 6 0 6 8 
• 2 . 4 7 3 5 0 8 2 8 
• 2 . 2 9 7 0 5 5 8 9 
• 2 . 1 9 3 8 3 7 8 5 
• 2 . 1 2 3 6 0 3 4 9 
• 2 . 0 6 3 7 9 8 5 0 
• 2 . 0 1 7 3 8 5 4 5 
• 1 . 9 7 8 1 4 3 7 7 

SUM OF RESIDUALS 

SUM OF SQUARED RESIDUALS 

SUM OF SQUARED RESIDUALS - ERROR SS 

FI RST ORDER AUTOCORRELATION OF RESIDUALS 

OURBIN-WATSON 0 

PARTI AL SS 

0 . 3 8 9 4 3 3 3 6 

STD ERR B 

0 . 0 2 6 0 3 2 4 6 
0 . 0 1 9 9 0 9 7 6 

RESIDUAL 

• 0 . 0 2 3 0 6 2 4 1 

0 . 0 5 1 3 6 1 7 1 

0 . 0 1 5 0 0 6 5 7 

• 0 . 0 2 4 2 7 6 4 0 

• 0 . 0 3 7 0 2 3 2 7 

• 0 . 0 3 6 4 1 3 0 8 

• 0 . 0 2 8 1 6 5 7 8 

0 . 0 8 2 5 7 2 6 7 

• 0 . 0 0 0 0 0 0 0 0 

0 . 0 1 4 2 9 2 6 3 

0 . 0 0 0 0 0 0 0 0 

0 . 0 1 6 6 3 7 7 7 

1 . 4 6 2 1 2 9 2 1 

F VALUE 

1 6 3 . 4 82 8 4 

STO 6  VALUES 

0 . 0 

0 . 9 8 2 1 3 9 6 0 

PROB F 

0 . 0 0 0 1 



Ta b ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 a 2 . 1 3 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
C0 N CACI 0 - 4 TEM PSI ST. 8 0 D l AM PART- 6 8 

AN A. YS I S DF VARIANCE TA3 LE , REGRESSION COEFFI CI ENTS , AND STATI STI CS DF FI T FOR DEPENDENT VARI AB LE YS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

SCJRCE 

REGRESSION 

EPRDF 

CCRR ECTED TOTAL 

DF 

1 

5  

6 

SUM OF SQUARES 

1 . 5 5 0 1 1 2 2 2 

0 . 1 1 0 3 5 3 9 ? 

1 . 6 6 0 4 6 6 1 3 

MEAN S QUA RE 

1 . 5 5 3 1 1 2 2 2 

3 . 0 2 2 0 7 0 7 8 

F VALUE 

7 0 . 2 3 3 6 7 

PROB F 

0 . 0 0 3 4 

R-SQUARE 

0 . 9 3 3 5 4 0 4 0 

STD OEV 

0 . 1 4 8 5 6 2 3 9 

c. v. 

2 0 . 8 8 0 5 2 

YS H £ A N 

0 . 7 1 1 4 9 

SOJPCC 

LTM RI 7 

OF 

I 

SEQUENTIAL SS 

I . » 5 0 1 1 2 2 2 

F VALUE 

7 0 . 2 * 3 6 . 

PROB F 

p . 3 ; 3 Q4 

PARTI AL SS F VALUE PROB F 

JOUR en 

INTERCEPT 

LTEHP3 

B VALUBJ 

0 . 2 4 0 5 0 1 3 2 

0 . 5 6 0 1 1 6 7 6 

T FOR HO B»0  

3 . 0 2 7 2 9 

8 . 3 3 0 5 5 

PR0 8  

0 . 0 2 9 2 
0 . 3 0 0 4 

STO IRR 9  

0 . 0 7 9 4 4 4 3 3 
0 . 0 6 6 8 3 5 3 0 

STB 6  VALUES 

0 .0  
0 . 9 6 6 1 9 8 9 4 

OBS 
NUM5ER 

8 

OBSERVED 

VALUE 

0 . 0 4 6 2 3 0 7 5 
0 . 2 7 5 9 8 7 5 2 
0 . 4 4 7 7 5 0 0 2 
0 . 7 0 1 9 0 6 3 9 
0 . 9 5 4 8 9 8 2 2 
1 . 2 2 3 6 7 9 9 2 
1 . 4 2 2 4 2 3 4 0 
0 . 0 

PREDICTED 
VALUE 

• 0 . 1 4 7 7 4 2 0 4 

0 . 2 4 3 5 0 1 3 2 
0 . 6 2 8 7 4 4 5 7 
0 . 8 5 5 3 5 2 4 7 

1 . 0 1 6 9 8 8 3 2 
1 . 1 4 1 9 7 4 4 6 
1 . 2 4 4 0 9 5 8 2 
I . 3 3 0 4 3 8 2 0 

RE SIOUAL 

0 . 1 0 1 5 1 1 2 9 
0 . 0 3 5 4 8 6 2 1 

•  0 . 1 8 0 9 9 4 6 5 
• 0 . 1 5 3 9 4 6 0 8 
• 0 . 0 6 2 0 8 9 7 9 

0 . 0 8 1 7 0 5 4 5 
0 . 1 7 8 3 2 7 5 8 
0 . 0 

SUM OF RESIDUALS 

SUM OF SQUARED RESIDUALS 

'  SUM OF SQUARED REJI DUALS - ERROR SS 

FI RST ORDER AUTOCORRELATION OF PESIOUALS 

DURBIN-WAT SON 0 

0 . 0 0 0 0 0 0 0 0 

0 . 1 1 0 3 5 3 9 2 

• 0 . 0 0 0 0 0 0 0 0 

0 . 4 9 7 4 3 4 1 9 

0 . 8 1 9 2 3 1 2 8 
V-TI 

-c-

NOTE NO STARRED 0 3 S I RVA TI 0 N WAS INCLUOEO I N THE REGRESSION. 

* « n r n - « ; - . r « . i T V A « M A « l . E M I SSI NP. . 



Ta b e l a 2 . 1 4 

S T A T I S T I C A L A N A L Y S I S S Y S T E M zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
f .UNC AC I 0 " *  T H M P S I S T . 1 0 0 1 AH PAR T « I 1 5  

A N A L Y S I S H F VAR I TA B L E , R E G R E S S I O N C O E F F I C I E N T S i A N O S T A T I S T I C S OF FI T FOR DE' EN DENT V A R I A B L E YS 

SO I RCE OF S UM OF S Q U A R ES M EAN S Q U A R E F V A L U E PROB F R - S Q U A R E C. V. 

P C 3 R E S 5 1 0 N 1 1 . 1 1 3 4 0 4 2 6 1 . 1 1 3 4 0 4 2 6 1 5 3 . 8 0 8 6 5 0 . 0 0 0 1 0 . 9 6 3 8 1 3 7 1 5 . 3 9 2 3 8 

ER R 3 R 6 0 . 0 4 1 8 0 2 6 5 0 . 0 0 6 9 6 7 1 1 

STO OEV YS MEAN 
C 0 R P E C T E 3 TOTAL 7 1 . 1  5 5 2 0 6 9 1 

0 . 0 8 3 4 6 9 2 1 - 1 . 5 4 7 9 1 

S O ' RCF OF S E Q U E N TI A L SS F V A L U E PROS F P A R T I A L SS F V A L U E PRO 8  F 

L Tr J MD i 1 . 1 1 3 4 0 4 2 6 , 159.8dti&5  0 .0 3 0 1  1 .11340426  1  9 9 . 80669  0 .0 3 5 1  

SOJRCE D V A L U E S T FOR HO B « 0 PROB T STO ERR Ei STO B V A L U E S 

I N TE R C E P T - 1 . 9 6 9 3 1 1 7 6 - 4 4 . 2 3 3 7 1 0 . 0 0 0 1 0 . 0 4 4 5 2 0 6 1 0 . 0 

L TE M P O 0 . 4 3 0 4 3 9 3 5 1 2 . 6 4 1 5 4 0 . 3 3 3 1 0 . 0 3 4 0 4 9 5 9 0 . 9 8 1 7 4 0 1 4 

O B S O B S E R V E D P R E O I C TE D RE S I 3 U A L 

N U M B ER VA L U E / AL U E 

I - 2 . 1 6 8 2 7 9 0 4 - 2 . 2 6 7 6 6 9 5 9 0 . 0 9 9 3 9 0 5 4 

2 - 2 . 0 0 4 1 3 9 1 0 - 1 . 9 6 9 3 1 1 7 6 - 0 . 0 3 4 8 2 7 3 5 

3 - 1 . 7 7 3 5 3 0 1 1 - 1 . 6 7 0 9 5 3 9 3 - 0 . 1 0 2 5 7 6 1 8 

4 - 1 . 5 4 4 7 7 2 9 3 - 1 . 4 9 6 4 2 5 8 0 - 0 . 0 4 8 3 4 7 1 3 

5 - 1 . 4 1 2 4 7 4 1 0 - 1 . 3 7 2 5 9 6 1 1 - 0 . 0 3 9 8 7 7 9 9 

6 - 1 . 2 9 2 2 2 5 2 8 - 1 . 2 7 6 5 4 6 3 5 - 0 . 0 1 5 6 7 8 9 3 
•  7 - 1 . 1 8 1 6 3 2 8 8 - 1 . 1 9 8 0 6 7 9 7 0 . 0 1 6 4 3 5 1 0 

8 - 1 . 0 0 6 2 3 3 5 2 - 1 . 1 3 1 7 1 5 4 6 0 . 1 2 5 4 8 1 9 4 

S UM OF R E S I D U A L S - 0 . 0 0 0 0 0 0 0 0 

SUM or S Q U A R ED R E S I D U A L S 0 . 0 4 1 8 0 2 6 5 •  

S UM OF S Q U A R ED R E L ^ D U A L S - ERROR SS "  0 . 0 0 0 0 0 0 0 0 

F I R S T O R D ER A U TO C O R R E L A TI O N OF R E S I D U A L S •  0 . 3 2 6 8 8 9 5 7 

O U R B I N - W A T S O N 0 0 . 9 3 5 9 4 4 9 0 



Ta b e1 a 2 . 1 5 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 

CONCACID* *  TEM PSI ST- 8 0 0 I A M P A R T « 1 6 3 

» m izyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA v• . i • , ' i f v/ . > I AM' . 1. I A '11  1. , 11 . 1  M1. 5 S|  ON f U L l 1  I f. 1 LN' S i  AM ll STATI STI CSzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA lit  FIT r OR > C f »L N l > L VT V A A I A i a l VS 

S TJR C E DF SUM GF SOUARES MEAN SQUARE F VALUE PROB F R-SQUAFE C. V. 

F E M  GSS rDM  1 0 . 9 9 6 6 0 6 3 0 0 . 9 9 6 6 1 6 3 0 5 1 . 6 9 6 6 6 0 . 0 0 0 4 0 . 8 9 6 0 0 7 8 5 7 . 9 * 5 0 9 !  

EPP.3R 

CORRECTED TOTAL. 

6 

7 

0 . 1  1 5 6 6 7 7 7 3 . 0  19 2 7 7 9 6 

1 . 1  1 2 2 7 4 0 7 

STO DEV 

0 . 1 3 8 8 4 5 1 0 

YS MEAN 

- 1 . 7 4 7 5 6 

SCJRCE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. . .. .  3 p . . . 

SEQUENTIAL, SS F VALUE PROB F » M T J U SS F VALUE PROB f 

LU M PO 1 0 . 9 9 6 6 0 6 J0 S l . f . 9 6 6 6  0 . 0 3 0 4 0 . 9 9 6 6 0 6 ) 0 91  . 6 0 6 6 6  0 . 0 0 0 4  

SOJRCl n V- LUCS T FOR HO B «0  PROB T STD CUR 1  STO B VALUI8  

INTERCEPT 

LTE^PD 

- 2 . 1 4 6 2 4 4 2 6 
0 . 4 0 7 2 3 7 1 1 

- 2 8 . 9 8 1 0 3 0 . 3 0 0 1 

7 . 1 9 0 0 *  0 . 3 0 0 4 

0 . 0 7 4 0 5 6 8 7 

0 . 0 5 6 6 3 9 3 7 
0 . 0 

0 . 9 4 6 5 7 6 9 1 

OBS OBSERVED PREDICTED 

NUMBER VALUE VALUE 
RESIDUAL 

1 - 2 . 2 8 2 0 4 9 3 2 - 2 . 4 2 8 5 1 9 5 1 

2 - 2 . 1 5 7 6 2 6 7 5 - 2 . 1 4 6 2 4 * 2 6 

3 - 2 . 0 * 5 5 5 1 2 3 - 1 . 8 6 3 9 6 9 0 1 

*  - 1 . 8 0 5 2 7 7 3 8 - 1 . 6 9 8 8 * 8 5 7 

5 - 1 . 6 8 1 * 2 5 3 *  - 1 . 5 8 1 6 9 3 7 6 

6 - I . 4 9 9 1 5 1 0 8 - 1 . 4 9 3 8 2 1 4 3 

7 - 1 . 3 3 9 5 2 8 4 6 - 1 . 4 1 6 5 7 3 3 2 

8 - 1 . 1 6 9 8 5 7 7 4 - 1 . 3 5 3 7 9 7 4 5 

0 . 1 4 6 4 7 0 1 9 

- 0 . 0 1 1 3 3 2 4 9 

- 0 . 1 8 1 5 8 2 2 2 

- 0 . 1 0 6 4 2 8 8 1 

- 0 . 0 9 9 7 3 1 5 8 

- 0 . 0 0 8 3 2 9 6 5 

0 . 0 7 7 0 4 4 8 6 

0 . 1 8 3 9 3 9 7 1 

SUM OF RfcSl OUALS •  - 0 .OOOOOOOO 

SUM OF SQUARED RESIDUALS 0 . 11 5 6 6 7 7 7 

SUM OF SQUARED RESIDUALS - ERROR SS 0 . 0 0 0 0 0 0 0 0 

FI RST ORDER AUTOCORRELATION OF RESIDUALS •  0 . 5 0 9 0 7 7 3 5 

DURBIN-WATSON 0 0 . 7 4 9 1 1 0 4 4 



Ta b e l a 2 . 1 6 

S T A T I S T I C 4 L A N A L Y S I S S Y S T E M 
CUNCACI 0 - *  TEM PSl ST- 9 0 DIAM PART » 6 0 

M U' . YS I S OF VARIANCE T4 H E , REGRESSION COEFFI CI ENTS , ANO STATI STI CS OF FI T FOR DE ' ENDENT VARI AB LE YS 

SC' JPCE o r SUM OF SQUARES MEAN SQUARE F VALUE PROBzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA F R-SQUARE C . V . 

REGRESSION I 1 . 1 0 0 0 1 9 2 5 1 . 1 9 0 0 9 9 2 5 1 2 2 . 6 5 8 * 3 0 . 0 0 0 *  0 . 9 6 8 * 1 9 0 0 1 1 . 5 7 0 0 2 

ERROR *  

COPTECTET TOTAL 5 

0 . 0 3 5 8 7 5 2 1 0 . 0 0 8 9 6 8 8 0 

1 . 1 3 5 9 7 4 * 6 
STD DEV 

0 . 0 9 * 7 0 3 7 6 

YS MEAN 

0 . 8 1 8 5 J 

SOJPCE OF SEQUENTIAL SS F VALUE PROB F PARTI AL SS F VALUE PROBzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f 

LtEM p-C 1 1 . 1 0 C 0 9 9 2 5 1 2 2 . 6 5 9 * 3 0 . 0 0 0 4 1 . 1 0 0 0 9 9 2 5 1 2 2 . 6 5 8 * 3 0 . 0 0 0 4  

SO' JPCF B VALUES T FOR HO B" 0 PROB T STD ERR B STD 8 VALUES 

INTERCEPT 0 . * 5 5 4 5 1 6 5 

LTEMPO 0 . 5 3 2 0 6 3 0 1 
8 . 9 8 * 9 6 0 . 0 0 0 8 

1 1 . 0 7 5 1 3 O.DOO*  
0 . 0 5 0 6 9 0 * 6 

0 . 0 * 8 0 * 1 3 3 
0 . 0  

0 . 9 8 * 0 6 2 8 2 

OBS OBSERVED PREDICTED 
NUMBER VALUE VA. JE 

RE SIOUAL 

1 0 . 1 * 5 * 0 9 7 7 0 . 0 8 6 6 5 3 1 2 

2 0 . * * 7 7 5 0 0 2 0 . * 5 5 * 5 1 6 5 

3 0 . 7 * 6 6 0 8 5 *  0 . 8 2 * 2 5 0 1 8 
*  0 . 9 2 5 2 9 1 8 *  1 . 0 3 9 9 8 3 * 9 
5 1 . 2 2 3 6 7 9 9 2 1 . 1 9 3 0 * 8 7 2 

6 l . * 2 2 * 2 2 * 0 1 . 3 1 1 7 7 5 3 2 

7 0 . 0  l . * 0 8 7 8 2 0 3 

8 • *  0 . 0  1 . 4 9 0 8 0 0 3 3 

0 . 0 5 8 7 5 5 6 6 
- 0 . 0 0 7 7 0 1 6 3 
- 0 . 0 7 7 6 * 1 6 *  
- 0 . 1 1 * 6 9 1 6 5 

0 . 0 3 0 6 3 1 2 0 
0 . 1 1 0 6 * 8 0 7 

0 . 0 
0 . 0 

SUM OF RESIDUALS 0 . 0 0 0 0 0 0 0 0 

SUM OF SQUARED RESIDUALS 0 . 0 3 5 8 7 5 2 1 

SUM OF SQUARED RESIDUALS - ERROR SS - 0 . 0 0 0 0 0 0 0 0 

FI RST ORDER AUTOCORRELATION OF RESI DJALS - 0 . 3 2 2 * 7 7 7 1 

DURB IN- HA T SON D "  1 . 0 6 * 8 6 6 5 9 

NOTE NO STARRED OBSERVATION WAS INCLUDED I N THE REGRESSION. 

•  •  D ET' I l E' i T V' .R IA RLE M IS S I NG. 



Ta b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2 . 1 7 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
izyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. uM ' .Ai . l i i - 4 n i t " , i ' . r - ' » n r> i A r » 11 5 

ANALYSIS J /  V A R I M CE TABLE , PEGRESSICN COEFFI CI ENTS , ANO STATI STI CS OF FI T FOR DEPENDENT VARI AB LE YS 

OF SUM OF SQUARES MEAN SQUARE F VALUE PROB F R-SQUARE C. V. 

REGRESS ION I 3 . 2 0 2 2 1 8 5 0 3 . 2 0 2 2 1 8 5 0 1 7 1 . 9 2 6 3 6 0 . 0 0 0 1 0 . 9 6 6 2 7 0 1 8 1 6 . 6 * 1 6 5  

EPRDR 

C O P P C C TC O TOTAL 

6 

7 

0 . 1  1  1 7531  *  0  . 0  IB 6 2 5  52  

3 . 3 1 3 9 7 1 6 *  
STO OEV 

0 . 1 3 6 * 7 5 3 6  

YS MEAN 

- 0 . 8 2 0 0 8  

5 3 j » r t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAV "5U 0Uf. NTI AL SS f VALUE PRQB F PARTI AL SS F VALUE PROB f 

LTEMPO 1  3 . 2 0 2 2 1 9 5 0 1 7 1 . 9 2 6 3 6  0 . 0 3 0 1  3 . 2 0 2 2 1 8 5 0 1  7 1 . 9 2 6 3 6  0 . 0 0 0 1  

r,o J R C I 0 VALUES T FOR HO B - 0 PROB T STO ERR 0  STO B VALUES 

INTERCEPT - 1 . 5 3 4 7 3 * 9 2 

L T H p D 0 . 7 2 9 9 8 0 0 8 

- 2 1 . 0 8 3 5 8 0 . 0 0 0 1 
1 3 . 1 1 2 0 7 0 . 3 0 3 1 

0 . 0 7 2 7 9 2 9 0 
0 . 0 5 5 6 7 2 3 8 

0 . 0  

0 . 9 8 2 9 9 * 5 0  

OBS 0 3 SERVED PREDICTED 
NUMBER VALUE rfALUE 

RESI 3 UAL 

1 - 1 . 9 6 0 * * 6 1 5 - 2 . 0 * 0 7 1 8 5 6 

2 - 1 . 6 1 6 * 3 5 8 7 - 1 . 5 3 * 7 3 * 9 2 
3 - 1 . 1 8 1 6 3 2 8 8 - 1 . 0 2 8 7 5 1 2 9 
*  - 0 . 8 9 2 0 1 5 3 0 - 0 . 7 3 2 7 6 9 9 *  
5 - 0 . 5 5 0 2 5 6 9 8 - 0 . 5 2 2 7 6 7 5 5 
b -' - 3  . 3  1 9 6 2 6 5 5 - 0 . 3 5 9 8 7 7 3 1 

7 - 0 . 1 5 2 0 1 2 5 9 - 0 . 2 2 6 7 8 6 2 0 
8 0 . 0 1 1 7 6 1 2 7 - 0 . 1 1 * 2 5 9 2 8 

0 . 1 8 0 2 7 2 * 1 
- 0 . 0 8 1 7 0 0 9 *  
- 0 . 1 5 2 8 8 1 5 9 
- 0 . 1 5 9 2 * 5 * 7 
- 0 . 0 2 7 * 0 9 3 2 

0 . 0 * 0 2 5 0 7 5 
0 . 0 7 * 7 7 3 6 1 
0 . 1 2 6 0 2 0 5 *  

SUM OF RESIDUALS . » - 0 .OOOOOOOO 

SUM OF SOUARED RESIDUALS 0 . 1 1 1 7 5 3 1 *  

SUM OF SOUARED RESIDUALS - ERROR SS 0 . 0 0 0 0 0 0 0 0 

FI RST ORDER AUTOCORRELATION OF RESIDUALS •  0 . * 3 3 7 7 6 7 8 

OURBIN-WAT SON D - 0 . 8 9 0 3 8 8 3 5 



Ta b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2 . 1 8 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 

CONCAC I D* ' « TEM PSI ST- 9 0 D I A M P A R T « l 6 3 

AN A. YS I S DP VARIANCE TA3 LE , REGRESSION COEFFI CI ENTS , AND STATI STI CS OF FI T FOR DEPENDENT VARI AB LE YS 

SOJRCE 

REGRESSION 

ERR3 F 

CORRECTED TOTAL 

DF 

I 

6  

7 

SUM OF SQUARES 

2 . 6 8 2 5 6 1 1 0 

0 . 0 6 6 4 7 3 4 4 

2 . 7 4 9 0 3 * 5 4 

ME AN S OJARE 

2 . 6 8 2 5 6 1 1 0 

0 . 0 1 1 0 7 8 9 1 

F VALUE 

2 4 2 . 1 3 2 2 8 

PROB F 

0 . 0 0 0 1 

R-SQUARE 

0 . 9 7 5 8 1 9 3 5 

STD DEV 

0 . 1 0 5 2 5 6 3 9 

C . V. 

9 . 4 7 4 0 9 

YS MEAN 

- 1 . 1 1 0 9 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

itzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA it er 

LTC4 P0 

SIfq i j s HTI Al . SS 

2 . 6 8 2 5 6 1 1 0 

F VAL^' E 

2 4 2 . 1 1 2 2 H 

PROB F 

0 . 3 0 0 1 

PARTI AL SS 

8 . 6 8 2 5 6 1 1 0 

F VALUE 

3 2 2 a 

PROB F 

o.pgqi 

SOJRCI 

INTERCEPT 
LTEMPO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I V4 LUSS 

•  1 . 7 6 5 0 9 1 8 8 
0 . 6 6 3 t 2 9 0 3 

T FOP HP R* P 

- 3 1 . 4 4 0 1 1 

1 5 . 5 6 0 6 0 

RRgi i 

o.oool 

o . 0 0 0 1 

STO I M 9  

0 . 0 5 6 l 4 l 4 0 

0 . 0 4 2 9 3 7 2 3 

STP B VALUfcS 

0*  8  

0 . 9 8 7 8 3 5 6 9 

0 3 S 
NUM5ER 

1 

2 
3 
4 
5 
6 
7 
8 

OBSERVED 
VALUE 

• 2 . 1 0 0 2 1 1 5 8 
- 1 . 8 0 5 2 7 7 3 8 
- 1 . 4 6 5 6 3 6 3 9 
• 1 . 1  1 7 5 0 6 7 8 
• 0 . 8 5 7 5 8 3 0 8 
• 0 . 6 5 1 1 2 3 3 4 
• 0 . 4 6 3 2 6 6 0 9 
• 0 . 4 2 7 3 3 4 3 6 

PREUICTED 
VAuUE 

- 2 . 2 2 8 2 0 3 6 3 
• 1 . 7 6 5 0 9 1 8 3 
• 1 . 3 0 1 9 8 0 1 3 
• 1 . 0 3 1 0 7 7 1 2 
- 0 . 8 3 3 8 6 8 3 7 
• 0 . 6 8 9 7 7 9 6 9 
• 0 . 5 6 7 9 6 5 3 7 
• 0 . 4 6 4 9 7 2 3 2 

RESIOUAL 

0 . 1 2 7 9 9 2 0 5 
• 0 . 0 4 0 1 3 5 5 1 
• 0 . 1 6 3 6 5 6 2 7 
• 0 . 0 8 6 4 2 9 6 6 
• 0 . 0 1 8 7 1 4 7 0 
0 . 0 3 8 6 5 6 3 6 
0 . 1 0 4 6 9 9 2 7 
0 . 0 3 7 6 3 8 4 6 

SUM OF RESIDUALS 

SUM O p SQUAREO RESIDUALS 

SUM OF SQUARED RESIDUALS - ERROR SS 

FI RST ORDER AUTOCORRELATION OF RESI DJALS 

OUR B1 N-WA T SON D 

' 0 . 0 0 0 0 0 0 0 0 

0 . 0 6 6 4 7 3 4 4 

0 . 0 0 0 0 0 0 0 0 

0 . 4 2 8 4 7 7 9 5 

0 . 9 9 6 3 1 1 2 4 



Ta b e l a 2 . 1 9 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
C U N C A C I D « 6 T R M P S I S T « 7 0 D I AM PAPT- 6 8 

/ .' " a v ,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA r. i l l VA' '  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 A MCI I A I I 1. . Hi .' .M l - SSI ON ( . l i t H I t I t N I S i AND STATI STI CS OF I 1 TzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f OR Dt ' KM OBNT VAKl AHLfc YS 

SCJRCE DF SUM OF SQUARES MEAN SQUARE F VALUE PROB F R-SOUARE C. V. 

I 1 . 8 5 8 3 1 4 6 ? l . 0 S 8 3 3 * 6 2 3 3 8 . 0 * * 8 3 0 . 0 0 0 1 0 . 9 8 2 5 6 0 4 1 9 . 5 1 9 7 7 

ERRDR 

CCRRECTt O TOTAL 

A 

7 

0 . 0 3 2 9 8 3 8 1 0  . 0 0 5 * 9 7 3 0 

I . 9 9 1 3 1 8 * 4 
STO DEV 

0 . 0 7 4 1 4 3 7 9 

YS MEAN 

0 . 7 7 8 8 4 

SOJRCE DF SEQUENTIAL SS F VALUE PROB F ' A R TU L SS F VALUE PROB F 

1 T C' 4 f»0 1 1 . | |SM 13* 6 ? 3 3 0 . 0 * * 1 1 0 . 0 0 0 1 1 . 8 5 8 3 3 4 6 2 3 3 8 . 0 4 4 8 3 0 . 0 0 0 1 

SOJP CE D VALUES T FOR HO B" 0 PROB T STO ERR B STO B VALUES 

INTERCEP F 
L TE < » » 3 

0 . 2 3 * * 2 * 0 5 
0 . 5 * 6 0 9 3 0 8 

5 . 9 2 7 7 9 0 . 0 0 1 0 
1 8 . 3 8 6 0 0 0 . 3 3 3 1 

3 . 0 3 9 5 4 6 6 4 
0 . 0 3 0 2 4 5 4 7 

0 . 0 

0 . 9 9 1 2 * 1 8 5 

OBS OBSERVED PREDICTED 
NUMBER VALUE VALUE 

RESIDUAL 

1 - 0 . 0 7 8 1 * 1 3 0 - 0 . 1 5 1 0 3 0 3 0 

2 0 . 2 2 6 5 3 6 8 5 3 . 2 3 * * 2 * 3 5 

3 0 . 5 3 9 8 1 0 5 6 0 . 6 1 9 9 7 B ' . 0 
4 0 . 7 4 6 6 0 8 5 4 0 . 8 4 5 3 5 4 7 4 
5 1 . 0 1 8 7 6 9 5 8 1 . 0 3 5 3 3 2 7 5 

6 1 . 1 3 1 0 3 3 7 4 1 . 1 2 9 4 2 1 3 3 
7 1 . 2 2 3 6 7 9 9 2 1 . 2 3 0 8 0 9 3 9 
8 1 . 4 2 2 * 2 3 * 0 1 . 3 1 6 5 3 1 2 1 

0 . 0 7 2 8 0 8 9 9 
- 0 . 0 0 7 8 8 7 2 0 
- 0 . 0 8 0 0 6 7 8 5 
- 0 . 0 9 8 7 * 6 2 0 

0 . 0 1 3 4 3 6 8 3 
0 . 0 0 1 6 1 2 4 1 

- 0 . 0 0 7 1 2 9 1 7 

0 . 1 0 5 8 9 2 1 8 

SUM OF RESIDUALS 0 . 0 0 0 0 0 0 0 0 

SUM OF SOUARED RESIDUALS 0 . 0 3 2 9 8 3 8 1 

SUM OF SQUARED RESIDUALS - ERROR SS - 0 . 0 0 0 0 0 0 0 0 

FI RST ORDER AUTOCORRELATION OF RESIDUALS - 0 . 2 4 0 0 3 3 7 4 

•  
OUR BIN-WA T SON 0 •  1 . 1 4 1 7 3 6 1 2 
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"O C I C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
•  Vt • to -

a. 

o _ 

3 S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

o o 

OB TW -O 
- o r -

• r o o 

TM CD 
- » CO 

o o 

o o 
o o 

rg f*l <0 r g r -
O •© i n Cr- o r g co 

K K I C J f\J O 
C- o O IT . —• C f ~ 
o o» c - *  i n -«  
m o *3 r - o co — 

O O O O O O O O 

O O O O O O O O 

— • • c o o m c o m o -
-o~r» n» sj — m o o 

ee o r - - ^ r s i — o o o -

O 3  

eg i 

-O f - - t  <r rg o O 
rt  . ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA —- i n eg co co 

* \ j ga o m , o -o 

r g CC 
« g j 
r e eg 
•O o 
r g — 

o : 3  r g r" l O rg r - r~ 
o J _ i r g o — i n rg r g 
wo < «n r~i ~ i n * n co co 
c > o- e - m o — o o - o 

_ — c t  

i n CD 
e T  — i f M r i - J - i r . O f - c o 
O 3 



Ta b e 1 a 2 . 2 1 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
CUNCACIU-i TCMPSIST-73 OIAMPART-165 

ANALYSIS OF VARIANCE TA3LE , REGRESSION COEFFICIENTS , A NO STATISTICS OF FIT FOR DE'  EN DENT VARIABLE VS 

SOJRCE 

F FOR FT.S ION 

EF* DP. 

CPr.RECTED TOTAL 

OF 

1 

5 

6 

SUM OF SQUARES 

0 .7 6 0 4 3 3 3 2 

0 .0 0 6 6 7 9 3 3 

0 .7 6 7 1 1 2 6 4 

MEAN S OU ARE 

0 . 7 6 0 4 3 3 3 2 

0 . 0 0 1 3 3 5 8 7 

F VALUE 

5 6 9 . 2 4 4 1 1 

ROB F 

0 . 0 0 0 1 

R-SQUARE 

0 . 9 9 1 2 9 2 9 0 

STO DEV 

0 . 0 3 6 5 4 9 4 9 

C.V. 

2 . 2 8 4 9 0 

YS MEAN 

- 1 . 5 9 9 6 1 

SO'JRCC 

SOJRCE 

INTCRCLPT 
LTEiPO 

OF SEQUENTIAL SS 

0 .7 6 0 4 3 J3 2 

F VALUE PROO F 

5 6 9 1 .2 4 4 1 1 O.ODOt 

8 VALUES 

• 1 .9 2 9 4 9 1 6 5 
0 . ^ " 2 3 0 8 3 6 

T FOR HO R«0 

- 9 8 . 7 2 0 5 6 
2 3 . 9 5 8 8 4 

OnS 
NUMBER 

6 
7 
8 

OBSERVEO 
VALUE 

• 2 .2 1 9 1 1 4 2 5 
• 1 .9 4 3 4 4 8 6 8 
• 1 .6 0 5 3 1 0 2 7 
• 1 .4 9 9 1 5 1 0 8 
• 1 . 3 6 9 9 5 3 2 5 
• 1 .2 0 0 6 4 5 1 0 
• I . 2 8 0 6 4 8 1 0 
3 . 0 

PR08 

0 . D0 0 1 
0 . D0 3 1 

PREOICTEO 
VALJE 

• 2 .2 3 1 4 1 9 3 9 
• 1 . 9 2 9 4 9 1 6 5 
• I .6 5 7 5 6 4 2 2 
• 1 .4 9 9 4 9 6 8 6 
• t . 3 3 5 6 3 6 7 8 
• 1 .2 9 8 0 9 5 7 0 
• 1 . 2 2 6 5 6 9 4 3 
• 1 . 1 6 6 0 9 4 8 3 

SUM OF RESIDUALS 

SUM OF SQUARED RESIDUALS 

SUM OF SOUAREO RESIOUALS - EFROR SS 

FIRST ORDtk AUTOCORRELATION OF RESIDUALS 

DUR B I N-WA T SON 0 

PARTIAL SS 

0 . 7 6 0 4 3 3 3 2 

STD ERR 8 

0 . 0 1 9 5 4 4 9 8 
0 . 0 1 6 4 4 2 9 0 

HESI3 UAI 

• 0 .0 1 6 6 9 5 1 7 
• 0 .0 1 3 9 5 7 0 3 
0 . 0 5 2 2 5 3 9 5 

• 0 .0 0 0 6 5 4 2 I 
0 . 0 1 5 6 8 3 5 3 
0 . 0 1 7 4 4 7 6 0 

• 0 .0 5 4 0 7 8 6 7 
0 . 0 

• 0 .0 0 0 0 0 0 0 0 

0 . 0 0 6 6 7 9 3 3 

0 . 0 0 0 0 0 0 0 0 

0 . 2 4 6 9 5 1 3 2 

1 .8 B2 9 3 0 6 2 

F VALUE 

5 6 9 . 2 4 4 1 1 

STO B VALUES 

0 . 0 

0 . 9 9 5 6 3 6 9 3 

PROBzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f 

0 . 0 0 0 1 

r-o 

MOTE NO STARRED OBSERVATION WAS INCLUDED IN THE REGRESSION. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  •  rtJ-PENjOENI VARIABLE M ISSING. 



Ta b e l a 2 . 2 2 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
CONCAC ID-6 TEMPSIST-80 D1AMPART-68 

AMUV* . 11zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 'ItzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA V* y 1  M ir r H' l i r. , I' L '»• •  L '•  *  1 ONzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA met r ICI CMfS i AN) tTAT| * f| tS or ( I T rim fHrTNIJCNT v* M »nc< YJ 

SOURCE IF SUM OF SQUARES MEAN SQUARE F VALUE P* 03 F R-SQUARE c.v. 

PEGF.ESS ICN 1 0 .6 2 5 2 0 6 6 4 0 . 6 2 5 2 0 6 6 4 9 9 . 2 9 8 9 5 0 . 0 0 2 2 0 . 9 7 0 6 7 4 1 9 1 0 . 7 8 1 7 9 

ERR3R 

CCRRFCTED TOTAL 

3 

4 

0 .0 1 PP8 8 6 2 0 . 0 0 6 2 9 6 2 1 

0 .6 4 4 0 9 5 2 6 
STO DEV 

0 . 0 7 9 3 4 8 6 4 

YS MEAN 

0 . 7 3 5 9 5 

SOJRCE 3F SEQUENTIAL S S F VALUE PROB F PARTIAL SS F VALUE PROB F 

ltf* »b I o , 6 * »a o 6 t , 4 • .v.snmt 9 . n a n n. • it? <i« i-s »* . 1  ' " I' ll O.QOIJ 

SCJK.CI n VALUES T FQfl HQ 8 «Q PROR T STO m R STB 6  VALUE S 

IflTCFCCPT 
LTE1P3 

0 . 5 0 3 3 7 1 18 
0 . 4  67-70330 

1 1 . 8 5 1 4 5 0 . 3 3 1 3 
9 . 9 6 4 8 9 0 . 3 3 2 2 

0 .0 4 * 4 7 3 4 0 
0 . 0 4 6 9 6 3 2 5 

0 . 0 
0 . 9 0 5 2 2 7 9 9 

OBS OOSERVED PRED1 CTfcO 
NUMBER VALUE VALUE 

RESIDUAL 

1 0 . 2 4 2 9 4 3 8 7 0 . 1 7 8 9 9 0 3 3 
2 0 . 4 4 7 7 5 0 0 2 0 . 5 3 3 3 7 1 3 8 
3 0 . 7 4 6 6 0 8 5 4 0 . 8 2 7 7 5 2 7 4 
4 I . 0 1 8 7 6 9 5 8 1 .0 1 7 5 0 3 6 7 
5 1 .2 2 3 6 7 9 9 2 1 .1 5 2 1 3 4 1 0 
6  M  0 . 0  1 .2 5 6 5 6 1 5 7 
7 • *  0 . 0  1 .3 4 1 9 8 5 0 3 
8 0 . 0  1 .4 1 4 0 2 4 9 8 

0 . 0 6 3 9 5 3 8 4 
- 0 . 0 5 5 6 2 1 3 6 
- 0 . 0 8 1 1 4 4 2 0 

0 . 0 0 1 2 6 5 9 1 
0 . 0 7 1 5 4 5 8 2 
0 . 0 
0 . 0 
0 . 0 

SUM OF RESIDUALS 0 . 0 0 0 0 0 0 0 0 

SUM OF SQUARED RESIDUALS 0 . 0 1 8 8 8 8 6 2 

SUM OF SQUARED RESIOUALS - ERROR SS 0 . 0 0 0 0 0 0 0 0 

FIRST ORDER AUTOCORRELATION OF RESIDUALS •  0 .C6 6 1 3 0 0 7 

DURBIN-WATSON D 1 .4 1 2 5 0 8 6 9 

NOTE H3  STARRED OBSERVATION WAS INCLUDED IN THE REGRESSION. 

•  •  Dsrciot' n V I R I L E "  I SS I NG . 



Ta b e j a 2,23 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

S T A T I S T I C A L A N A L Y S I S S Y S T E M 
CONCACID-5 TEMPS IST-8 0 0 1 AMPART*  11,3 

ANALYSIS OF VARIANCC TA3LE , REGRESSION COEFFICIENTS i A NO STATISTICS OF FIT FOR DEPENDENT VARIABLE YS 

SOJRCC 

RES* ESS ION 

EFP.DP. 

CCRPECTED TOTAL 

OF 

1 

6 

7 

SUM OF SQUARES 

1 .0 4 6 7102 6 

0 . 0 2 1 3 5 7 9 ' . 

1 . 06BC682 0 

MEAN SOUARE 

1 . 0 4 6 7 1 0 2 6 

3 . 0 0 3 5 5 9 6 6 

F VALUE 

2 9 4 . 0 4 8 0 7 

PROB F 

0 . 0 0 0 1 

R-SQUARE 

0 . 9 8 0 0 0 3 2 0 

STD OEV 

0 . 0 5 9 6 6 2 8 6 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

C. V. 

5 . 9 8 2 7 7  

YS MEAN 

- 0 . 9 9 7 2 4 

SOURCE 

izyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA n. IPC 

3F SEQUENTIAL SS 

I . 04 671 026 

F VALUE PROB F 

294 . 1 4 9 0 '  0 * 0 3 0 1 

PARTIAL SS 

l.o* fr?ioa*  

F VALUE 

J9 4 . 0 4 8 0 7 

PROB F 

0 . 0 0 0 1 

SOJRCE 

INTERCEPT 
LTE<PO 

B VALUES 

• 1 .4 0 5 * 2 9 7 3 
0 . 4 1 7 3 4 8 4 2 

T FOR HO B »0 

- 4 4 . I f bib 
1 7 . 1 4 7 8 3 

PROB 

0 . 3 0 0 1 
0 . 0 0 3 1 

STO ERR 8 

0 .0 3 1 8 2 2 9 3 "  
O.0 2 4 3 3 B2 6 

STD B VALUES zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

e.e 
0 . 9 8 9 9 5 1 1 1 

OBS 
NUM3ER 

OBSERVED 
VALUE 

• I . 6 1 6 4 3 5 8 7 
• 1 . 4 4 4 3 0 9 3 5 
• 1 .2 0 9 4 8 1 1 2 
- 0 . 9 5 9 5 8 0 5 5 
• 0 .8 4 8 4 3 0 9 9 
• 0 .7 4 1 9 2 9 9 1 
• 3 .6 0 6 5 3 5 7 0 
• 0 .5 5 0 2 5 6 9 8 

PREOICTEO 
VALUE 

- 1 . 6 9 5 1 1361 
- 1 . 4 3 5 8 2 9 7 3 
- 1 . 1 1 6 5 4 5 8 6 
- 0 . 9 4 7 3 2 5 6 4 
- 0 . 8 2 7 2 6 1 9 8 
- 0 . 7 3 4 1 3 3 3 7 
- 0 . 6 5 8 0 4 1 7 6 
- 0 . 5 9 3 7 0 7 2 2 

SUM OF RESIDUALS 

SUM OF SQUARED RESIDUALS 

SUM OF SQUARED RESIOUALS - ERROR SS 

FIRST ORDER AUTOCDRR EL AT I ON OF RES IDJALS 

DURB1N-WAT SON 0 

RESIDUAL 

0 . 0 7 8 6 7 7 7 5 
• 0 .0 3 9 4 7 8 3 1 
• 0 .0 9 1 9 3 5 2 7 
• 0 .0 1 2 2 5 4 9 1 
• 0 .0 2 1 1 6 9 0 1 
• 0 .0 0 9 7 9 6 5 4 
0 . 0 5 1 5 0 6 0 6 
0 . 0 4 3 4 5 0 2 4 

• 0 .0 0 0 0 0 0 0 0 

0 . 0 2 1 3 5 7 9 4 

0 . 0 0 0 0 0 0 0 0 

0 . 2 2 3 2 7 6 8 7 

1 .2 6 2 4 7 4 0 5 

ON 
-c-



Ta b e 1 azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2  .2 h 

S T A T I S T I f . A L A N A L Y S I S S Y S T E H 
(.ijM(, AC I !>• '» t t M I ' SI S1 -H0 Ul AMPART*  163 

ANV.YSIS 0 F VARIANCE TA9LE , REGRESSION COEFFICIENTS , ANT STATISTICS OF FIT FOR OE ' E10ENT VARIABLE YS 

SOJr.CE OF SUM CP SCUARES MEAN SQUARE F VALUE PROB F R-SOUARE C. V. 

REGRESSION I 0 . 9 3 5 8 7 1 0 0 0 . 9 3 5 8 7 1 0 0 3 0 2 . 8 1 5 9 3 0 . 0 0 0 1 0 . 9 8 6 9 6 2 87 4 . 1 3 0 5 7 

ERPDR 4 

CC' fECT CD TOTAL 5 

0 . 0 1 2 3 6 2 2 4 0 . 0 0 3 0 9 0 5 6 

0 .9 4 8 2 3 3 2 4 
STO DEV 

0 . 0 5 5 5 9 2 8 1 

YS MEAN 

- 1 . 3 4 5 8 9 

SOJRCE OF SEQUENTIAL SS F VALUE PROB F PARTIAL SS F VALUE PROD F zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

LfMPOzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6153987188 3 8 * i M l 3 0 i 8 3 8 l 8 .93581180 3 8 2 . e i m 8 j 8 3 9 l 

SOURCE B VALUES T FOR MO B «0 PROB T STD ERR B STO B VALUES 

INTERCEPT - 1 . 6 8 0 7 0 6 5 9 
LTE4PD 0 . 4 9 0 7 4 4 8 9 

- 5 6 . 4 8 4 5 6 0 . 3 3 3 1 
1 7 . 4 0 1 6 1 0 . 3 0 3 1 

0 . 0 2 9 7 5 6 2 1 
0 . 0 2 8 2 0 1 1 2 

0 . 0 
0 . 9 9 3 4 6 0 0 5 

OBS OBSERVED PREOICTEO 
NUMBER VALUE VA.JE 

RESIDUAL 

1 - 1 . 9 9 3 3 7 4 6 7 - 2 . 0 2 0 9 2 5 0 3 
2  - 1 . 6 8 1 4 2 5 3 4 - 1 .6 T,0 7 6 6 5 9 
3 - 1 . 3 6 9 9 5 3 2 5 - 1 . 3 4 0 6 0 8 1 5 
4 - 1 . 2 2 4 1 6 9 8 5 - 1 . 1 4 1 6 2 8 2 3 
5 - 0 . " 7 0 5 3 0 8 8 - 1 . 0 3 0 4 4 9 7 2 
6 - 0 . 8 3 5 9 6 6 8 9 - 0 . 8 9 0 9 4 3 1 6 
7 • •  0 . 0  - 0 . 8 3 1 4 6 9 7 9 
8 * *  3 . 0  - 0 . 7 2 5 8 2 1 1 3 

0 . 0 2 7 5 5 0 3 6 
- 0 . 0 0 0 6 5 8 7 5 
- 0 . 0 2 9 3 4 5 1 0 
- 0 . 0 8 2 5 4 1 6 2 

0 . 0 2 9 9 1 8 8 4 
0 . 0 5 5 0 7 6 2 7 
0 . 0 
0 . 0 

SUM OF RESIOUALS - 0 . 0 0 0 0 0 0 0 0 

SUM OP SQUARED RESIDUALS 0 . 0 1 2 3 6 2 2 4 

SUM OF SQUARED RESIDUALS - ERROR SS 0 . 0 0 0 0 0 0 0 0 

FIRST ORDER AUTOCORRELATION OF RESIDUALS •  0 . 1 5 3 9 4 3 8 6 

DUPBIN-WAT SON D 1 . 4 3 4 1 0 7 2 7 

NOTE NO STARRED OBSERVATION WAS INCLUDED IN THE REGRESSION. 

+ •  DCP ENOEMT VAR IABLE HISSING. -



T a b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2.25 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 

C0 N CA CI D = 6 TcM PSIST-9 0 DlAM PART-6 8 

ANA' . V , I *. )l VAi- I A' « n u t . , i  L' I I i UN UH. M If. 1 LNTi , ANH sr A f i %r i c s or r i T r t in r > r . »CNr t (N i VA K I A H L E YS 

SOJRCE OF SUM OF SQUARES M EAN SQUARE F VALUE PROB F R-SQUARE c . v . 

peon p' .-. i T I 1 0 . 4 5 7 7 7 2 5 0 0 . 4 5 7 7 7 2 5 0 5 7 . 3 2 5 7 4 0 . 0 0 4 8 0 . 9 5 0 2 6 9 9 9 1 1 . 7 2 6 1 6 

EPR:R 

CORP ECTED TOTAL 

3 0 . 0 2 3 9 5 6 3 8 0 . 0 0 7 9 1 5 4 6 

4 0 . 4 8 1 7 2 8 8 9 

STO OEV 

0 . 0 8 9 3 6 1 4 1 

YS 

0 . 

M EAN 

7 6 2 0 7 

SOJPCE OF SEQUEN TI AL SS F VALUE PROB F P A RTI A L SS F VALUE PROB F 

1 P.AJ7 7 7 JI0  9 7 , 1 2 5 7 *  0 , 0 0 4 8 0 . 4 5 7 7 7 2 5 0 5 7 . 3 2 5 7 4 0 . 0048 

SOJRCE 1 VALUES T FOR HO B «O PRQO T ST3 ERR B STO B VALUES 

I NTERCEPT 

LTE1O0 
0 . 5 6 3 0 5 5 0 5 1 1 . 7 7 1 2 7 0 . 0 0 1 3 

0 . 4 0 0 4 4 5 5 6 '  7 . 5 7 1 3 8 0 . 3 3 4 8 

0 . 0 * 7 8 3 3 0 0 

0 . 0 5 2 8 8 9 4 0 
0 . 0 
0 . 9 7 4 8 1 7 9 2 

OBS OBSERVED PRED I CTED 

NUM BER VALUE VA.UE 
RES I D UAL 

1 0 . 3 2 6 2 2 9 1 8 0 . 2 8 5 4 8 7 3 4 

2 0 . 5 5 8 9 2 9 2 2 0 . 5 6 3 3 5 5 3 5 

3 0 . 7 4 6 6 0 8 5 4 0 . 8 4 0 6 2 2 7 6 

4 0 . 9 5 4 8 9 8 2 2 1 . 0 0 2 9 8 9 4 6 

5 1 . 2 2 3 6 7 9 9 2 1 . 1 1 8 1 9 0 4 7 

6 3 . 0  1 . 2 3 7 5 4 7 3 2 

7 0 . 0  1 . 2 8 0 5 5 7 1 f l 

8 0 . 0  1 . 3 4 2 2 8 6 1 3 

0 . 0 4 0 7 4 1 8 5 

- 0 . 0 0 4 1 2 5 8 2 

- 0 . 0 9 4 0 1 4 2 2 

- 0 . 0 4 8 0 9 1 2 4 

0 . 1 0 5 4 8 9 4 4 

0 . 0 

0 . 0 

0 . 0 

•  

•  

SUM OF RES I D U ALS •  0 . 0 0 0 0 0 0 0 0 

SUM OF SQUARED RES I OUALS 0 . 0 2 3 9 5 6 3 8 •  

SUM OF SQUARED RES I D UALS - ERRCR SS - 0 . 0 0 0 0 0 0 0 0 

F I R S T ORDER AUTOCORRELATI ON OF RES I D JA L S •  - 0 . 0 1 9 6 3 4 4 7 

0 U R8 1 N - WA TS 0 N D •  1 . 4 9 3 9 2 2 3 6 

NOTE NO STARRED OB SERVATI ON WAS I N CLUD ED I N THE REGRESSI ON. 

« » 9 EP A N I EN T VAR I A n t M I S S I N G . 



T a b e l a 2 . 2 6 

S T A T I S T I C A L A N A L Y S I S S Y S T E 
CONCACIO-6 TEMPS IST-9 0 01AMPARTzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-1 1 5  

"  

ANALYSIS OF VARIANCE TABLE , REGRESSION COEFFICIENTS , AND STATISTICS OF FIT FOR DEPENDENT VARIABLE YS 

SOJRCE DF SUM OF SQUARES HE AN SQUARE F VALUE \ ] PROB F R-SQUARE c . v. 

REGRESSION'  . ., .JzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA '  .. . 1 . . . .. '.'  1 .5 6 5 9 0 8 2 2 , _ . 1  •  5 6 5 9 0 8 22 2 8 6 . 8 1 0 0 7 I 0 . 0 0 0 1  0 . 9 7 9 5 0 8 9 0 1 3 . 8 5 1 6 2  

ERRDR |  6 0 . 0 3 2 7 5 8 4 4  0 . 0 0 5 4 5 9 7 4 

CORRECTCO TOTAL 7 '  1 .5 9 8 6 6 6 6 5 

vsvzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'r.\ •  

STO DEV 

0 . 0 7 3 8 9 0 0 5 

YS MEAN 

- 0 . 5 3 3 4 4  

SOURCE '  DF SEQUENTIAL SS F VALUE PROB F PARTIAL SS P VALUE PROB F 

LUM P"  1  1 . 5 6 5 9 0 B5 a 290 , H l - j r 0 . 0 0 0 1  I . 561' J.)M  1 1  1 1 6 . HOOT 0 * 0 0 9 1  

*  » *  

SOJrT.E R VALUES T FQR HQ B «0 PROD T § T0 SRR B 8TQ B VALUES 

t Nt ErCEPf »1 » 0 3 3 1 8<>03 - 2 6 . 2 1  555 O.OOOl 
LTÊ PO . 0 . 5 1 0 4 6 8 1 9 1 5 . 9 3 5 4 7 0 . 3 0 0 1 

0 . 0 3941  1 3 0  
0 . 0 3 0 1 4 1 9 6 

0 . 0  

0 . 9 8 9 7 0 1 4 2 

OBS OBSERVED PREOICTED 
NUMBER VALUE VALUE 

RESIDUAL •  •  . — -

1 - 1 . 2 9 2 2 2 5 2 8 - 1 . 3 8 7 0 1 8 6 1 
2 - 1 . 0 7 8 9 2 1 9 7 - 1 . 0 3 3 1 8 9 0 3 
3 - 0 . 8 0 5 9 0 6 8 1 - 0 . 6 7 9 3 5 9 4 5 
4 - 0 . 4 7 7 2 2 8 5 5 - 0 . 4 7 2 3 9 2 4 1 
5 - 0 . 3 3 6 7 5 7 5 1 - 0 . 3 2 5 5 2 9 8 6 
6 - 0 . 2 1 9 3 6 9 0 0 - 0 . 2 1 1 6 2 2 1 8 
7 - 0 . 0 5 3 5 4 8 8 8 - 0 . 1 1 8 5 5 2 3 2 
8 - 0 . 0 0 4 5 6 0 1 8 - 0 . 0 3 9 8 6 3 8 1 

0 . 0 9 4 7 9 3 3 3 
- 0 . 0 4 5 7 3 2 9 4 
- 0 . 1 2 6 5 4 7 3 6 
- 0 . 0 0 4 8 4 6 1 4 
- 0 . 0 1 1 2 2 7 6 4 
- 0 . 0 0 6 7 4 6 8 2 

0 . 0 6 5 0 0 3 9 4 
0 . 0 3 5 3 0 3 6 3 

•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. . . 

I 

SUM CF RESIDUALS - 0 . 0 0 0 0 0 0 0 0 •  

i SUM OF SQUARED RESIDUALS •  0 . 0 3 2 7 5 8 4 4 

SUM OF SOUARED RESIDUALS - ERROR SS •  0 . 0 0 0 0 0 0 0 0 

FIRST ORDER AUTOCORRELATION OF RESIDUALS - 0 . 1 4 8 0 4 2 1 1 

DURBIN-WA T SON 0 '  •  1 . 4 4 0 2 6 6 3 9 



Ta b e 1 azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 2.27 

S T A T I S T I C A L A N A L Y S I S S Y S T E M 

c u N C A r . i o « 6 rtMPS i S T- 9 0 o i A.M PAA? "  161 

A N A . YS I SzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA Or VARI AN CE TA3 LE , REGRESSI ON COEFFI CI EN TS r AND S TA TI S TI C S OF F I T FOR OE' ENDENT VA R I A B L E YS 

so jr cc 

REGRESSION 

ERPDR 

CORPECTCO TOTAL 

SOIPCE 

LTEMPO 

DF 

1 

4  

5 

nF 

l 

SUM OF SQUARES 

0 . 8 0 9 4 6 0 5 8 

0 . 0 0 7 5 8 7 9 9 

0 . 8 1 7 0 4 8 5 7 

SEQUEN TI AL SS 

0 . 8 0 9 4 6 0 5 9 

MEAN S QUARE 

0 . 8 0 9 4 6 0 5 8 

0 . 0 0 1 8 9 7 0 0 

F VALUE 

4 2 6 . 7 0 6 2 2 

F VALUE 

4 2 6 . 7 0 6 2 ? 

SOJF Ct 

I NTERCEPT 

L T EM PC 

B VALUES 

- 1  . 2 9 2 0 1 8 5 6 

0 . 4 5 6 4 0 0 0 1 

T FOR HO B* 0 

- 5 5 . 4 2 1 2 6 

2 0 . 6 5 6 8 7 

0 "  S 
NUM BER 

1 

2 

3 

4 

5 

6 

7 * •  

8 • *  

OBSERVED 
VALUE 

- I . 6 0 5 3 1 0 2 7 

• 1 . 2 8 0 6 4 8 1 0 

• 1 . 0 1 7 9 9 2 2 8 

- 0 . 7 9 3 2 1 5 7 1 

• 0 . 5 9 3 1 4 3 0 7 

• 0 . 5 9 3 1 4 3 0 7 

0 . 0 

0 . 0 

PROB F 

0 . 0 0 0 1 

PROB 

0 . 3 3 3 I 

0 . 3 3 3 1 

PREDICTEO 
VALUE 

- 1  . 6 3 8 3 7 0 9 4 

• 1 . 2 9 2 3 1 8 5 6 

• 0 . 9 7 5 6 6 6 1 9 

- 0 . 7 9 3 6 1 1 9 1 

• 0 . 6 5 9 3 1 3 8 1 

• 0 . 5 5 7 4 7 1 0 9 

• 0 . 4 7 4 2 5 9 5 3 

• 0 . 4 3 3 9 0 5 1 6 

SUM OF RES I D UALS "  

SUM OF SQUAREO RES I D U ALS 

SUM OF SOUARED RES I OUALS - ERROR SS 

r i FST ORDER AUTOCORRELATI ON OF RES I DUALS •  

OUR B I N - WAT SON D •  

NOTE NO STARRED OB SERVATI ON WAS I NCLUOED I N THE REGRESS I ON. 

• *  0 CP" ' . ' 1 E,| T VARI AB LE M I S S I N G . 

PR0 3 F 

0 . 0 0 0 1 

PARTI AL SS 

0 . 8 0 9 4 6 0 5 8 

STDzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ERR 8  

0 . 0 2 3 3 1 2 6 9 

0 . 0 2 2 0 9 4 3 5 

RE S I OUAL 

0 . 0 0 3 0 6 0 6 8 

0 . 0 1 1 3 7 0 4 6 

• 0 . 0 4 2 3 2 6 0 9 

0 . 0 0 2 6 0 3 8 0 

0 . 0 6 6 1 7 0 7 4 

0 . 0 3 5 6 7 1 9 8 

0 . 0 

0 . 0 

•  0 .OOOOOOOO 

0 . 0 0 7 5 8 7 9 9 

•  0 .OOOOOOOO 

• 0 . 4 1 4 6 9 6 7 8 

2 . 5 8 7 2 6 0 9 5 

R-SOUARE 

0 . 9 9 0 7 1 2 9 3 

STO OEV 

0 . 0 4 3 5 5 4 5 3 

F VALUE 

4 2 6 . 7 0 6 2 2 

STD B VALUES 

0 . 0 

0 . 9 9 5 3 4 5 6 3 

C. V. 

4 . 4 4 1 7 3  

YS MEAN 

- 0 . 9 8 0 5 8  

PROB F 

O.OOOl zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

CD 
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T a b e l a 3 - V a l o r e s d e m e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 n k , c a 1 c u 1 a d o s p o r r e g r e s s a o 1 i n e a r 

CONCAC1 D TEM PS 1 ST D1 AM PART m I n k 

2 70 68 . 2 6 3 1 0 7 -0 . 001 73 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

k 70 68 . 3 23 ^ 3 1 -0 . 07871 

6 70 68 . 5 5 6 0 9 3 -0 . 23442 

2 70 1 1 5  . 2 4 4 4 3 5 -1 . 8 59 8 8 

k •  70 1 1 5 . 320 19 2 -2 . 1 96 72 

6 70 1 1 5  .A 0 6 7 1 8  -1 . 72325 

2 7 0 1 6 3 . 25 6 6 8 0 -2 . 1 9291 

70 1 6 3 . 2 5 ^ 5 6 7 -2 . 4 7 3 5 1 

6 7 0 163 . 39 230 8 -1 . 9 29 4 9 

2 8 0 68 . 322578 -0 . 39 9 21 

. A 8 0 6 8 . 5 6 0 1 1 7 0 . 2 4 0 5 0 

6 80 6 8 . 4 6 7 9 8 3 0 . 5 03 3 7 

2 8 0 1 1 5 . ^ 3 5 9 ^ 9 1. 5 8 4 4 6 

* l 8 0 1 1 5 . ^ 3 0 M 3 9 - 1 . 9 6 9 3 1 

6 80 1 1 5  . k173^8 - 1 . 4 0 58 3 

2 80 163 .3 3 1 7 7 ^ - 1 . 9 6 70 1 

8 0 1 6 3 .H0 7237 -2 1 46 24 

6 8 0 1 6 3 . ^ 9 0 7^ 5 -1 6 8 077 

2 9 0 68 . 4 6 19 73 0 6 5138 

i» 90 68 . 5320 6 4 0 4 5 5 4 5 

6 90 6 8 . 4 0 0 4 4 6 0 563 0 6 

2 9 0 1 1 5  . 6 0 8 9 2 8 - 0 9 2 2 8 1 

k 9 0 1 1 5  . 7 2 9 9 8 0 -1 5 3 4 7 3 

6 9 0 1 1 5 . 5 10 4 6 8 -1 0 3 3 1 9 

2 9 0 1 6 3 . 6 2  17 7 6 -1 . 5 2 8 9 1 



70 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Ta b e l a 3 "  V a l o r e s d e m e 1 n k , c a 1 c u 1 a d o s p o r r e g r e s s a o l i n e a r 

CONCACID TEM PS I S T D I AM PART m I n k 

4 9 0 1 6 3 . 6 6 8 1 2 9 - 1 . 7 6 5 0 9 

6 9 0  1 6 3  . 4 5 6 4 0 0 - 1  . 29 20 2 



T a b e l azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 4 

N = 27 

m 

1 n k 

V a l o r e s d o s c o e f i c i e n t e s d e c o r r e 1a c i o d e m 

I n k . 

CONCACID 

0 . 19 59 8 0 

o .3272 

0 . 0 54 50 6 

0 .78 71 

TEM PS I ST 

0 . 6 9 9 4 55 

0 . 0 0 0 1 

0 . 254 8 9 8 

0 .19 9 4 

DI AM PART 

0 . 0 0 5228 

0 . 9 79 4 

0 . 8 719 6 5 

0 . 0 0 0 1 
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' a b ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1 a 5 - Va 1o r e s d o s p a r a m e t r o s k e E 
o 

d a e q u a g a o d e 

ARRHEN 1 US , c a 1c u 1 a d o s p o r r e g r e s s a o 1 i n e a r . 

H c l 
d p I n k 

o 
-E/ R E 

2 
r 

N T ve 1 

d e 

S i q n i f i c a n c i a 

2 6 8 1 1 , 8 9 6 - 4 0 7 3 , 5 8 . 1 4 7 , 0 0 , 9 9 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

7 .% 

4 6 8 9 , 6 4 6 - 3 3 3 0 , 6 6 . 6 6 1 , 2  0 , 9 9 e.% 

6 6 8 6 , 2 6 6 - 2 0 5 7 , 6 4 . 1 1 5 , 2 0 , 8 9 2 1 , 0% 

2 1 5 1 5 , 0 10 - 5 . 8 0 9 , 5 1 1 . 6 1 9 , 0 0 , 9 4 1 6 , 0 % 

1 5  9 , 7 4 3 - 4 . 10 7 , 8  8 . 2 1 5 , 6 0 . 9 6 1 2 , 4 % 

6 1 1 5  10 . 7 7 6 - 4 . 2 9 1 , 5  8 . 5 8 3 , 0 1, 0 0 4 , 0 % 

2 6 3 9 , 7 8 2 - 4 . 1 2 0 , 1 8 . 2 4 0 , 2 0 , 9 6 1 2 , 7 % 

4 1 6 3 10 , 3 6 0 - 4 . 4 0 5 , 9 8 . 8 1 1 , 8 1 , 0 0 3 , 8 % 

6 6 3 9 , 5 8 8 - 3 - 9 5 9 , 3 7 . 9 1 8 , 6 0 , 9 8 9 , 0 % 



F i g u r azyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA 1. S i s t e r n a e x p e r i m e n t a l 



F i g u r a 2 . R e a t o r d e v i d r o 
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•  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

i g u r a 3 . S i s t e r n a d e c o n t r o l e d a t e m p e r a t u r a 



UJ 
X 
o 
o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

M zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

6 S 64 6 3 6 2 61 6 0 5 9 58 57 56 5 5 54 5 3 5 2 51 5 0 4 9 48 4 7 4 6 4 5 4 4 4 3 4 2 41 4 0 3 9 38 37 3 6 3 5 3 4 3 3 3 2 31 30 2 9 2 8 2 7 2 6 2 5 24 

FIG. 4 - DIFRATOG RAM A DA SCHEELITA ANTES DO ATA QUE COM HCI . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

• 1̂  



LL 



FIG. 6 - EFEITO DO DIAMENTRO DAS PARTICULAS SOBRE A RELACAO X s " t 



1,0 

0 ,8 

LEGENDA 

C H C ) = 6 M 

dp = 115 JJ 

O 7 0 ° C 

A 8 0 ° C 

•  9 0 ° C 

2 0 0 2 5 0 3 0 0 3 5 0 4 0 0 4 5 0 

TEMPO (min.) 

. FIG. 7 - EFEITO DA TF.MPERATURA SOBRE A RELACAO XS ~  t 

5 0 0 



LEGENDA 

dp = 6 8 JJ 

0 ,0  *  1  1 1 1 I I I |_ 
5 0 100 150 2 0 0 2 5 0 3 0 0 3 5 0 4 0 0 

TEMPO (min 

FIG. 8 - EFEITO DA CONCENTRACAO DO ACIDO SOBRE A RELACAO X g - t 







1,0 h 

LEGENDA 

C H C ( = 6 M 

dp = I I 5  JJ 

O 7 0 ° C 

A 8 0 ° C 

•  9 0 ° C 

1,0 2 ,0 3 ,0 4 ,0 

FIG. I I - EFEITO DA TEMPERATURA SOBRE AzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA R ELA CA o Ys 
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Ap e n d i c ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA A 

A n a l i s e m i n e r a l o g i c a e q u f m i c a do c o n c e n t r a d o de s c h e e l i t a 
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T a b e l a 6 - C o m p o s i c a o q u Tm i c a d o c o n c e n t r a d o d e s c h e e l i t a 

u t i l i z a d o na l i x i v i a c a o c o m a c i d o c l o r f d r i c o . 

C o n s t i t u i n t e s zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA% 

WO^ ( o x i d o t u n g s t i c o ) *  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA72 , 7 5 

CaO ( o x i d o d e c a l c i o ) *  1 7 , 6 0 

S i 0 2 ( o x i d o d e s i l T c i o ) 0 , 4 5 

Mo (m o 1 i b d e n i o ) 0 , 5 6 

P ( f o s f o r o ) 0 , 0 3 

S ( e n x o f r e ) 0 , 5 0 

Fe ( f e r r o ) 0 , 7 8 

Cu ( c o b r e ) 0 , 0 8 

*  V a l o r m e d i o o b t i d o d o s c o n c e n t r a d o s d e s c h e e l i t a , c u j o s 

d i l m e t r o s c o r r e s p o n d e m a 6 8 y , 1  1 5  y , e l 6 3 v , r e s p e c t i va m en t e . 

T a b e l a 7 - C o m p o s i c a o m i n e r a l o g i c a a p r o x i m a d a d o c o n c e n t r a d o 

u t i l i z a d o na l i x i v i a c a o c o m a c i d o c l o r f d r i c o 1 6 

M i n e r a l s % 

. S c h e e l i t a 90 

. M o l i b d e n i t a 2 

. P i r o x e n i o zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-

. Ep i d o t o 5 

. G r a n a d a -

. Ma g n e t i t a 2 



Apend i ce B 

C a l c u l o da Co n v e r sa o 
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CALCULOzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA DA CON VERS AO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A c o n v e r s l o d a s c h e e l i t a f o i c a l c u l a d a c o m b a s e n a 

e q u a g a o e s t e q u i o m e t r i c a : 

C a W ° i , ( s ) + 2 H C ' ( a q )zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA t ¥ ° M s ) +
 C a C ,

2 ( a q ) ( 6 ) 

C a l c u l o d o n ? d e m o l e s d e s c h e e l i t a q u e r e a g i u , em 

f u n c a o d o v o l u m e d e EDTA 0 . 0 25N 

Da e q u a c i o e s t e q u i o m e t r i c a ( 6 ) : 

1 m o l d e CaWO^ e q u i v a l e a ' 2  M o l e s d e HC1 

1 M o l d e Ca r e a g e c o m 1 M o l d e EDTA, c o m p 1 e x o m e t r i c a m e n t e 

p e 1 a r e a c i o : 

Ca  + 2 + C,  n H .  L 0 ^ ~ k t Ca C l n H l L 0 p N ~ 2 , . , ( 1 8 ) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 0 1 H o 2  10 1 4 o 2  ( c o m p l e x o ) 

l OOOc c d e EDTA 0 , 0 2 5 N e q u i v a l e m a D, 02.5 e q u i va 1 e n t e s 

d e Ca 

8 0 0 0 0 c c d e EDTA 0 , 0 2 5 N e q u i v a 1 em a 1 Mo 1 d e Ca 

p o r t a n t o : l c c d e EDTA g a s t o n a t i t u l a c a o p a r a d o s a r To n s 

Ca  + 2 c o r r e s p o n d e a 1 , 25 X10 ^ m o l e s d e Ca 

0 v o l u m e d a m i s t u r a c o n t i d o no r e a t o r f o i d e 1 5 0 c c 

e , a p o s a f i l t r a c a o d e a l f q u o t a s r e t i r a d o s p a r a f a z e r a m o s 

t r a g e m , d i l u i u - s e l c c d a f a s e l T q u i d a ( f i l t r a d o ) , p a r a 5 0 c c 

e , t i t u l o u - s e e x a t a m e n t e l O c c d a f a s e l T q u i d a ( d i l u f d a ) ; 

o u s e j a ; 0 , 2 c c d a m i s t u r a r e a g e n t e f o r a m t i t u l a d o s . 

0 n ? r e a l d e m o l e s d e Ca q u e r e a g e c o m l c c d e EDTA 

0 , 0 2 5 N e : 1 , 2 5 X 1 0 " 5 X7 5 0 ; o u s e j a , l c c d e EDTA 0 , 0 25 

= 9 , 3 7 5 X 1 0 ~ 3 m o l e s d e Ca q u e r e a g i u o u 9 , 3 7 5 X 1 0 ~ 3 m o l e s d e 
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CaWO^ q u e f o i c o n v e r t i d o em a c i d o t u n g s t i c o . 

C a l c u l o d o n u m e r o i n i c i a l d e m o l e s d e s c h e e l i t a 

m X P/ P,zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA v 5 , 0 0 0 0 g X P / P , v 
n o  u _ _ szyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ( s i .  » U ) _  ( 1 9 ) 

5 M s 2 8 7 , 8 8 g / m o l 

Como f o r a m . u t i T i za d o s c o n c e n t r a d o s d e s c h e e l i t a c o m a s s e g u i n t e s 

P/ P e d p , r e s p e c t i v a m e n t e : 

P / P ( s j = 9 2 , 1 4 % ; d p = 6 8y 

P / P

 ( s ) = 8 9 » 9 0 *  ; d p = 1 1 5p 

P / P ( s 3 ) = 8 9 , 0 0 % ; d p = l63v> 

n ozyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA a 5 , 0 0 0 0 X 0 , 9 214 = l 6 j 0 0 3 x l n - 3 m o ] e s 

s l 28 7 , 8 8 

n o  m 5 , 0 0 00 X 0 , 8 9 9 0  = 1 5 > 6 U x 1 0 - 3 m o 1 e s 

s

2 28 7 , 8 8 

5 > 0 0 0 0 X ° ' 8 9 0 0 = 1 5 , 4 5 8 X 1 0 ' 3 m o l n °  = — — 
s

3 28 7 , 8 8 

C a l c u l o s d o f a t o r d e c o n v e r s a o d o n? d e m o l e s d e 

s c h e e l i t a q u e r e a g i u em m o l e s % 

n °  m o l e s f o i c o n v e r t i d o n m o l e s ; 
s s 

1 0 0 m o l e s f o i c o n v e r t i d o n^% m o l e s 

100 
n % = n zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

s O S 
n 

s 

n % - f /  v . n ( 2 0 ) 
s ( s ) s 

o n d ezyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA f> , =  - H 5 _ ( 2 1 ) 
( s ) 

s 

P a r a o s c o n c e n t r a d o s u t i l i z a d o s n e s t e t r a b a l h o , o b t e _ 

v e - s e o s s e g u i n t e s f a t o r e s d e c o n v e r s a o : 
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f 
) 0 0  1 0 0 

S l } n °  16 , 0 0 3 X 10 ~
3 

f /  x - 6 , 2 4 8 8 X 1 0 3 

f  1 0 0  1 0 0zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA ,  .  . 3 

( s ) "  ~ o  = = T~ = ^ , ^ 0 4 5 X1 O" 5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
K* 2 } n °  1 5 , 6 1 4 X 1 0  3  

5 2 

f = 1 0 0  1 0 0 

( S

3
} n °  1 5 , 4 5 8 X 1 0 " 3 

5 3 

f( v 6 , 4  6 9 1 X 1 0
 3 

{ S 3 ) 

C a l c u l o d o s m o l e s % 

S e n d o V ( c c ) , o v o l u m e d e EDTA 0 , 0 2 5 N g a s t o em c a d a 

t i t u l a g i o , o n? d e m o l e s d e s c h e e l i t a c o n v e r t i d a e o b t i d o 

p e 1 a e x p r e s s a o : 

n s = V ( c c ) X 9 , 3 7 5 X 1 0 " 3 ( 2 2 ) 

e o s m o l e s % s a o c a l c u l a d o s p e l a e x p r e s s a o : 

n s % = f ( s ) x V ( c c ) x 9 , 3 7 5 X 1 0 ~
3

 ( 2 3 ) 

p o r t a n t o , p a r a o s c o n c e n t r a d o s c o m d i a m e t r o s i g u a i s a 6 8 y , 

1 1 5 y e 1 6 3 n , t e r n - s e : 

n s ^ = 5 8 , 5 8 3 V ( c c ) ( 2 4 ) 

n % =  6 0 , 0 4 2 V ( c c ) ( 2 5 ) 
S 2 

n % = 6 0 , 6 4 8 V ( c c ) ( 2 6 ) 

S 3 
n % 

X q = — •  ( 2 7 ) 

1 0 0 
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