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5.1 � � � � �

K�F

_5�

; H�n�
���� Z "

\�� Gunn-Yamada
_

Z " Chueh-Prausnitz
_

Z H

�

`	�7¬ 9 e

_�

�

8�������K�F

_

T���8�0���"���� . T���L�" X .�� Gunn-Yamada
_

Z�8����(K-F

_��

;\H5Y�? ?���� 11� 12 e

_�
��

8��
�� �K�F�T���8

M-N

\!�

`	��L�" X ."� Gunn-Yamada
_

Z�8

�$#

U%����K-F

_9�

; H Chueh-Prausnitz
_

Z

H

�

`

�
&

���(K�F

_��

;CH	Y5?D?
���

5.1.1 Antoine ')(+*-,/.

Antoine 0$1�2

\

U�Z [6]

ln Pvp(T) = A �
B

T + C

��3

Pvp(T) = exp
�
A �

B
T + C

�
(5.1)

L

_

A � B � C
_�4

�5�


��

,�6$7	��8$9�`

�
:�; \���<=3

��>%?*)�?

_@4

�

'

5.1
_�A

�CB$� .�?D�!�

( L

_

Z�0

�

�E�GFIH5��J
KIL�� 10 mmHgM 1500mmHg 8ON	�P� ) ���EQ!R$S

T

� 14M 25 K 8

����U

������� �
V�W

�

� 19M 25 K 0E>�Q@FOHI8	N	���

L!Q�X�
5YE. 1 S

T

(760mmHg) 8OQ�Z$[ H

��#C��\

��"

760= exp
 
13:6333 �

164:9
TH2 + 3:19

!

TH2 =20:367 K

760= exp
 
13:2954 �

157:89
TD2

!

TD2 =23:700 K

(5.2)

LPQ

4

�5���EQPZ�[ 20.27K " J��

�^]

4*6

1
0 0.47%"`_�a
�

�

WPb�c�8

�d#

.�?

�

WI�PQ�8	�Pe�f�g �

]

���$h

��L
" �

U�i

�

j�k�l

A B C
f�g 13.6333 164.90 3.19

e�f�g 13.2954 157.89 0
'

5.1: Antoine Q�R5S

T

Z	m

�

 

4

[6]

1 j nporq � sutpq j
svtpq

� 100 w`xzy`{
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5.1.2 ���������
	 '���
����

�

FOQ��Cc H�Y�?

]

����m��5Wd�����d� Gunn-Yamada� Chueh-PrausnitzQ����

[6] 0�Nd��0I�@���

�

FIQ���c H�X��

h

� �5�$� Gunn-YmadaQ�!�" 0




+

4

�@Q

#%$

0'&)(�W5Q58	�����

�

F�Q���cIQPX���Z�� Gunn-YamadaQ*��� H,+-�

U�i

�

;'.

�*/ 5.2 Q

4

H�01" �

Tb Tc Pc Vc Zc ! � R TR M
H2 20.4 33.2 12.8 65.0 0.305 -0.22 0.071 20 2.016
D2 23.7 38.4 16.4 60.3 0.314 -0.13 0.165 22.7 4.032

/ 5.2: ���

�

F'�5cOQ�23�-�*��m�0�"

4

[6]

Tb : 4-5�Z5[ [K]
Tc : 6�798�c [K]
Tr : :)6�7385c

Pc : 6�7

T';

[atm]
Vc : 6�75 3<'= [cm3/g � mol]
Vs : �5�5 3<'= [cm3/g � mol]
Zc : 6�7

T?>'@

.

! : A-BDC�<

� R : TR
m

<9E

���5c [g/cm3]
TR : F5�38�c [K]
M :  '<

X

[g/mol]
i?GdU

� H

4

�*IOQ

A

m�X��

h

�!�

Tr =
T
Tc

Zc =
PcVc

RTc
: R S3J

;9.

! = � 1 � logPvpr : Pvpr � Tr = 0:7 m

<9E

� R$S

T

Vs =
M
� s

(5.3)

Gunn-Yamada K3LNM

:)6�798�c Tr �$��O':?85c5YQP

Tr =
T
Tc

R

X?�TSz? �!�
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�5�

�

JIQ� 9< = V �

Vs

VSC
= V(0)

r (Tr)(1 � ! � (Tr)

R

X3��S�?)�P� L�L

R

VSC � Tr = 0:6 m

< E

�

���

6����	�)C <

R

NI�P� 0:2 �
Tr � 0:8 Q�� V(0)

r (Tr) � � (Tr) �$�

V(0)
r (Tr) =0:33593� 0:33593Tr

+ 1:51941T2
r � 2:02512T3

r + 1:11422T4
r

(5.4)

� (Tr) = 0:29607� 0:09045Tr � 0:04842T2
r (5.5)

R

X?�

R�


��Q

R

�

�

JEQ�: 6*7985c
�����

U

�

� V(0)
r (TR

r ) � � (TR
r ) ���

#

�����

i

� / 5.2 YTP F���8�c TR
� F�����c � R

�����

U

�

X*�

h

���!>@?�PGQ����)�

3

�

���

6������-C�<����

h

�%�

Vs =
V(0)

r (Tr)[1 � ! � (Tr)]

V(0)
r (TR

r )[1 � ! � (TR
r )]

� VR [cm3=g � mol] (5.6)

��(

3

�����

h

���

R

���5 '<9=
0 �����!�
!#"

�

VS =
M
� s

Y�P����

�

J�Q �5c����

#

�!�

$

?Om�!

3

�

#

i&%�'

� 23.67K
R

101.325kPa Q��

� s = 0:162262[g/cm3]

� (

3

��(*) [6] Q

4

[0.1631g/cm3] �+��,

��].- 0.5% Q�/�0

U

Y�132

�

W�(5W��

5.1.3 �����
	 '���
����

Gunn-YamadaQ��N�	�!���

�

J�Q���c

U

Y4�

#

P�? (�W65d� Chueh-PrausnitzQ
�*�

R

X��

U

&

�5�

�

J�Q���c����

#

i

�

7�8

Q�9:!

3

�$�'��c � s �����

h

�)�@�

&

����;

�

Q ��cd�

� = � s

"
1 +

9ZcN(P � Pvp(T))
Pc

#1=9

(5.7)

��(I���

$�$

R

N � Antoine Y�P<�

#

i

��85c T
R

Q�R$S

T

Pvp(T) ��0	W5�

N =(1:0 � 0:89! )

� exp(6:9547� 76:2853Tr + 191:3060T2
r � 203:5478T3

r + 82:7631T4
r )

(5.8)

R

B�� P�? �!�
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5.1.4 ��	���,�� ' �����
	�� '��
	

8�c��

T';

Q�
���0��
Q��
c3�
cdm������@B5���GY����

]

"��

\

i

� 8�c 20K �

T ;

50 kPa �%8'5 �

U

�d��85cO�

T ;

0E>�? ��?�
!�

UCi

�




Q���cIQ�
!���"�

�

\

���

#

5.1 !

3

�

T-;


$�&%N�5cOmN:

U

� !���'(���!��)+*-, 20 K Q

�

J$e�f$gEQ

��c�0 1 %
!�

h

�Pm�%!,

- 0.64K 85c�0�
$�

U

(

E

?!. (%P�(5W0/

#

5.1: 85c�,

T';

Q���c!1	Q����

85c�
!��YTP ��c!1	Q���� %�N2��0(,

T ;


���YQP ��c!1	Q����&%'!"3�)OW

51



5.2 9 � � � �
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#

5.2: ��	6@�Q�85c�,
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Q�T'<
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85c�� �/W X

V
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OIW PYQ3Z�R$SC93��	6@�Z�[$W�/��$c�Z�
$�3\$%

$�$

ZGR�S

R/]

�

h

� /,P'Q�^

_

Z�W�% EMPTY RUN ( ���`2�LIa��3b

i

/

52



� ;��

P

�

J�Z�8���� �"���0� Z

R��
	

�

	

ZGR�S

R

�-;

Z/@ B����

�

����
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�����$Z������������

���

.

R

��� D

!

a�@ B����

���

/

#

5.3: ��	6@�Z

� ;

� 8�� Z�T'<

U �

%

7�!

Z#�����

R

X

�

%

�"!

Z �����

#

V

� ;

�%$ H�@�B % 55.55kPa, 55.71kPa ��(�"

�

/

&

V

8����%$ ��$�Z \$%

7�!

0.42K ,
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0.44K ��(�"

�

/
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#

5.3
#

!�5

$

Z���	�@
Z

� ;

%!,

P��� = 55:55� 0:5[kPa]

P� � = 55:71� 0:5[kPa]

� (2��/

�NG

a", H
-�.$Z

�';

Z

�

7����

�

<��$Z&0 9 1 kPa �3X (/Z

R

,</�0��
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* ��� ��" � � 0:5 kPa �Ga

�

/

$

Z����$Z
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Z�/40

�

P * � 8�� Z&/�0&%

0.01K ��X-(�Z

R
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�

$

�

�
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Z�/ 0�� )
	Ia��
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Z��

�

P
�
�

�

Z�9���0'b 8�� ( ��� ) �&�

�

� � ,

T��� = 21:74[K]

T� � = 21:75[K]
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R
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%9! 3 
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R
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� ��, � = 0.168[g/cm3
� (�"

�

/
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]
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t 5.5 v�� b:�%�Lb

���

�����+��b

���

��b

���

��b!x%$ �
	 *��

h �%[

�

�*�

*�
 5.3b 5.4 �
u �

[

x $ ��	CW]b

l'm+|

1 �%" �������

�
���

�

���

b

���

�

���+*:x�$ ��	

�

�

��[


 5.3b 5.4 �����

5

��� �

"�� � �+*
�

h

b

 5.5 �7u �

[

���

� ��!

�

[kPa]
���

!

�

[kPa]
� �

!

�

[kPa] x�$ ��	 [kPa]
1 50.64 51.77 49.93 1.83
2 50.26 52.18 49.84 2.33
3 49.92 50.03 49.78 0.25
4 49.52 49.62 49.44 0.18
5 49.39 49.52 49.23 0.28
6 49.23 49.28 49.18 0.10


 5.3:
�����

�
!

�

��


���

� �<� � [K]
�"�

��� [K]
�"�

��� [K] x%$ ��	 [K]
1 19.41 19.53 19.18 0.33
2 19.34 19.55 19.20 0.33
3 19.31 19.45 19.13 0.35
4 19.20 19.64 19.06 0.58
5 19.22 19.44 19.07 0.37
6 19.25 19.36 19.17 0.19


 5.4:
�����

����� ��


���

�"� �
�"� [g/cm3]
�"�

� � [g/cm3]
�"�

� � [g/cm3] #�� [%]
1 0.1741 0.1746 0.1737 +0:3

� 0:2

2 0.1742 0.1746 0.1736 +0:3
� 0:2

3 0.1742 0.1748 0.1739 +0:3
� 0:2

4 0.1746 0.1750 0.1734 +0:2
� 0:6

5 0.1745 0.1749 0.1739 +0:3
� 0:2

6 0.1744 0.1747 0.1741 +0:1
� 0:2


 5.5:
�����

� � � ��


57



l�m

*�)���S �*��# �*�"�CW�bTt 5.6 �����#� 0.1743g/cm3 �

�1U

�

b��'� �
	

W � 0:5 %
�

��"<"1b

� = 0:174[g/cm3] ( �������!��v%U #�� � 0:5[%]) ( �

"

# � � 0:5[%])

� �

U

[

$&%

"	�L9�
 1 %�('�"�b

l'm

**)
�
S+� �<~���� ��S�� U

�����

U�4

�

~]"ZY<U

[

t 5.6:
l'm�|

��� � (
�����

)
�

�

|

����S �T����b
!

�

�

5

� ��*
�

h

b�����x��Z*�� ��


[

t 5.7:
l'm�|

�

������!

� � � (
� �"�

)
�

�

|

�

������!

������b�!

�

�

5

� �+*
�

h

b�����x��+*#����


[

58



5.2.2 12 �������

12
�

�

l�m��

11
�

���

����xCyXU

�

b

l�m

~'�

�����

S �

�

�

�	��


�� 	
��

W �
� ����x�" �1U

[

���

1
�

2 b 2
�

3 ��•<W

l'm

. �
G%H�I ( K1/�M'N�O��1j )
~�Q�� 
���"���� ��


h��

.

[

��� �14
� �

5gl�m������

*\t 5.8 ��u �TS �1U�v+w	�<b 3  !�7x1y
S%z'{�*!�

"

w

[

t 5.8:
l'm�|

��#���b
!

�

����}

� $%#��&�k��• � $ !

�

����•

'

��(
)��+*-,�~

l'm�|

�+.�•

59



�����

" ��#��Lb
!

�

�Tx��Z*%b't 5.9 �7u��

[

t 5.9:
�����

" � #���b
!

�

���<}

�

~�!

�

"��'~!#����'N����T"��1U

[
	��

�

���
�

�

5

3 c�"����<"��LU

[

60



t 5.9 v�� b+#��Lb !

�

��������b��

�

��b��

�

��b!x � �
	 *��

h




[

x � �

	XW]b

l<mZ|

1 �
"

�

�"� � 


���

���

�

b��

�

� �
�Z*�x � ��	&����


[

� �

�Z* 
 5.6b 5.7 ��u��

[


 5.6b 5.7 �����

5

��� �

"���� �+*
�

h

b

 5.8 �7u��

[

���

� ��!

�

[kPa] �
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[kPa] �
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1 49.35 49.41 49.30 0.11
2 50.13 50.34 49.60 0.74
3 50.22 50.28 49.81 0.47
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� �!# � [K] �

�

#�� [K] �

�

#�� [K] x � ��	 [K]
1 19.25 19.35 19.15 0.19
2 19.46 19.70 19.30 0.40
3 19.36 19.57 19.10 0.47
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� � [g/cm3] �
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� � [g/cm3] #�� [%]
1 0.1744 0.1747 0.1742 +0:2

� 0:2

2 0.1739 0.1743 0.1732 +0:6
� 0:4

3 0.1741 0.1748 0.1736 +0:4
� 0:3
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