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ä» ÉÙq� £o>�ª�� ÑÏ�ÐM� �̈·�aÜ« éÛ��̧ ð5�£� e�

1.1 5���� à�
ÃZ�

]�t Ãº_� ����o�� e����H ìøÍ6£x\�@/K�"f {9�&ñ
 ·ú�§4�\�"f l��©�, 1px�:r, e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f_�

����oÖ�¦ >�íß�

1.2 ��£� ÛÖS ÊÁn� B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�

1.3 %K�V� à�
ÃZ�

Di-tert-bytyl peroxide_� q���%i� ì�rK� ìøÍ6£xs� ·ú�§4� 	��� \O���H 1px�:r e�¦�QÕª âì2£§ ìøÍ6£xl�\�

"f {9�#Qèß���. s� ìøÍ6£x�̀¦ A → B + 2C�Ð ³ðl�ô�Ç��. /BN/åLÀÓ��H di-tert-bytyl peroxideü< Ô�¦

�Ö̧$í
_� |9��è�Ð ½̈$í
�)a��. ìøÍ6£xl�_� ÂÒx���H 200dm3s��¦, ìøÍ6£xl��Ð [þt#Q����H /BN/åL Ä»5Åq�Ér

100dm3/minÜ¼�Ð {9�&ñ
�>� Ä»t��)a��. s� 1	� ìøÍ6£x\� @/ô�Ç ìøÍ6£x5Åq�̧ �©�Ãº k��H ìøÍ6£xÓüt A\�¦

l�ï�rÜ¼�Ð �#� 0.08min−1s���.

0s� �©�\�"f æ¼s���H ³ðl�ZO�õ� d���Ér Fogler, H.S._� Elements of Chemical Reaction Engineering, 2nd ed.,

Englewood Cliffs, NJ: Prentice Hall, 1992\�¦ ���Ér��.
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2 ]j 8 �©� ìøÍ6£x/BN�<Æ

(a) 1.0 g-mole/dm3_� 0lx�̧\�¦ ��t���H í�HÃºô�Ç A_� /BN/åLÀÓ\� @/�#� ìøÍ6£xl� ÂÒx�_� �<ÊÃº

�Ð ����oÖ�¦�̀¦ ½̈��¦ �̧r����.

(b) 3A → B_� ìøÍ6£x\�"f ìøÍ6£xÓüt A\�¦ l�ï�rÜ¼�Ðô�Ç 5Åq�̧�©�Ãº�� (a)_� �â
Äºü< °ú �¦ ���Ér

�̧|	�[þt�Ér �̧¿º 1lx{9�ô�Ç �â
Äº\� @/�#� (a)\�¦ ��r� Û�¦#Q��.

(c) (a)ü< (b)_� ���õ�\�¦ ���¹כ��¦, 0lx�̧ü< ìøÍ6£x �ª��:rd��s� s� {9�	� ìøÍ6£x\� p�u���H %ò
�¾Ó\�

@/�#� �7H_����.

1.4 (ÉÙ&P��\�ê�>) B�

(a) e�¦�QÕª âì2£§ ìøÍ6£xl�\� @/�#� ]�téß�0A_� Óüt|9�Ãºt�d���Ér ��6£§õ� °ú ��.

dX

dV
=
−rA

FA0
(8.1)

#�l�"f 5Åq�̧ ZO�gË:�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

−rA = kCA (8.2)

�ª��:r�̀¦ �¦�9�#� ìøÍ6£xÓüt_� 0lx�̧\�¦ ��6£§õ� °ú s� �����·p��.

CA = CA0
(1−X)
(1 + εX)

P

P0

(
T0

T

)
(8.3)

#�l�"f

ε = yA0δ = yA0(3− 1) = 2yA0 (8.4)

s��¦

FA0 = CA0v0 (8.5)

s���.

ìøÍ6£x�Ér 1px�:r\�"f {9�#Q�� 9 ·ú�§4�	��� \O�l� M:ë�H\�, ·ú�§4�õ� �:r�̧_� q���H 1s� �)a��. ����

"f d�� (8.3)�Ér ��6£§õ� °ú s� ��r� æ¼#������.

CA = CA0
(1−X)
(1 + εX)

(8.6)

d�� (8.2)ü< d�� (8.4)\�"f (8.6)�̀¦ ��6 x���� d�� (8.1)�Ér ��6£§õ� °ú s� çß�|ÄÌ�o�)a��.

(8.7)
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ÕªaË> 8.1: í�HÃºô�Ç ìøÍ6£xÓüt_� �â
Äº\� @/ô�Ç ìøÍ6£xl� ÂÒx�\� ���Ér ����oÖ�¦.

#�l�"f�íl��̧|	��Ér V = 0{9�M: X = 0s���.þj7áx°úכ�Ér V = 200s���. ε_�°úכ�Érd�� (8.4)�ÐÂÒ

'� í�HÃºô�Ç A_� �â
Äº\���H ε = 2, ìøÍ6£xÓüts� 5%��� �â
Äº\���H ε = 0.1�Ð >�íß��)a��. d�� (8.4)�Ð

ÅÒ#Qt���H p�ì�r ~½Ó&ñ
d��_� Ãºu� &h�ì�r�Ér, í�HÃºô�Ç ìøÍ6£xÓüt_� �â
Äº\���H ��6£§\� ÅÒ#Qt���H d��[þt

�̀¦ ��6 x�#� MATLAB_� �©�p�ì�r ~½Ó&ñ
d�� K�ZO�Ü¼�Ð Û�¦#Q�����.

p801a1.m

clear all
V0=0;
X0=0;
Vf=200;
[V,X]=ode45(’p801af’,[V0,Vf],X0);
plot(V,X);
xlabel(’V’); ylabel(’X’);
axis([V0,Vf,X0,0.8]);

p801a1f.m

function dXdV=p801a1f(V,X)
k=0.08;
v0=10;
epsilon=2;
dXdV=k*(1-X)/(v0*(1+epsilon*X));

ìøÍ6£xl� ÂÒx�\� @/ô�Ç ����oÖ�¦_� �̧r���H ÕªaË> 8.1\� �Ðs���H ��õ	כ °ú s� ~1�>� %3�#Q�����. Óü��Ér

ìøÍ6£xÓüt_� �â
Äº\� @/ô�Ç K���H ~½Ó&ñ
d��[þt\�"f ε = 0.1�Ð ëß� ��Ë̈��� %3�#Q�����.
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(a)Ìø �  �P]� <J N�~×� MATLAB ©��=��®��e� CHAP8 ���Ý�~²��Ìø p801a1.mÅØ

p801a1f.m, p801a2.mÅØ p801a2f.mª�v² � �byÃW��.

Úr
ø��+ �¿ÐÏ��\� j�¬̈

s� ë�H]j\� @/ô�Ç K�ü< °ú s� q��§\�¦ 0A�#� "f�Ð ���Ér �â
Äº\� @/ô�Ç K�\�¦ �̧r�K� �Ð��H �	כ

s� ��|ÃÐf��½+É Ãº e����. y��y��_� �â
Äº\� '����\�¦ ÂÒ#���¦ �̧��H �â
Äº\�¦ 1lxr�\� Û�¦#Q"f q��§½+É

Ãº e����. s� ë�H]j_� (a)\� @/�#� ¿º ìøÍ6£xÓüt /BN/åLÀÓ\� í�HÃºô�Ç �â
Äº\� '���� 1, 5% /BN/åLÀÓ\�

'���� 2\�¦ ��6 x�#� q��§\�¦ 0Aô�Ç MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p801a3.m

clear all
V0=0;
X10=0;
X20=0;
Vf=200;
X0=[X10; X20];
[V,X]=ode45(’p801a3f’,[V0, Vf],X0);
plot(V,X(:,1),V,X(:,2),’--’);
xlabel(’V’); ylabel(’X’);
axis([V0,Vf,0,0.8]);

p801a3f.m

function dXdV=p801a3f(V,X)
dXdV=zeros(2,1);
k=0.08;
v0=10;
epsilon1=2;
epsilon2=0.1;
dXdV(1)=k*(1-X(1))/(v0*(1+epsilon1*X(1)));
dXdV(2)=k*(1-X(2))/(v0*(1+epsilon2*X(2)));

¿º �â
Äº_� ����oÖ�¦\� @/ô�Ç �̧d��&h� ���õ���H ÕªaË> 8.2\� Õª�94R e����. ����oÖ�¦\� @/ô�Ç 0lx�̧

_� ò́õ���H í�HÃºô�Ç ìøÍ6£xÓüt_� �â
Äº\�¦ 5% ìøÍ6£xÓüt_� �â
Äºü< q��§���� "î
Ñþ����. í�HÃºô�Ç ìøÍ6£x

Óüt\� @/�#� ]�t Ãº_� 7£x����H ÂÒx� Ä»5Åq�̀¦ ß¼>� 7£x��r�v� 9, ����"f 5% ìøÍ6£xÓüt_� �â
Äºü<

q��§½+É M: ìøÍ6£xl� ?/\�"f_� �̂ÀÓr�çß��̀¦ y���èr������. s���H í�HÃºô�Ç ìøÍ6£xÓüt_� �â
Äº\� ����o

Ö�¦�̀¦ b��#Qä¼�2;��.
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ÕªaË> 8.2: í�HÃºô�Ç /BN/åLÀÓ(X1)ü< 5% /BN/åLÀÓ(X2)_� �â
Äº\� @/ô�Ç ����oÖ�¦_� q��§

(a)Ìø ��s� �́í¥4<J N�~×� MATLAB ©��=��®��e� CHAP8 ���Ý�~²��Ìø p801a3.mÅØ

p801a3f.mª�v² � �byÃW��.

�¿Ø̧�ªÛÖS Úr
ø�

ë�H]j\� @/ô�Ç Ø�¦§4�_� z�́]j°úכs� ��H&÷̈½¹כ M:�� e����. z�́]j ����oÖ�¦[þt�̀¦ �̧³ð�o���H (a)_� ���

õ��Ð [O�"î
�)a��. s��Qô�Ç �â
Äº\���H MATLAB_� ���õ�\�¦ s�6 x�#� �̧³ð�o�)a ���õ�\�¦ %3���H��.

(a)_� ¿º �â
Äº\� @/�#� V _� 10>h 7£xì�r\� @/ô�Ç �̧³ð�o�)a ���õ��� ³ð 8.1\� ÅÒ#Q�����.
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³ð 8.1: ����oÖ�¦\� @/ô�Ç �̧³ð�o�)a ���õ�

V X1 X2

0 0 0

20 0.13153 0.14684

40 0.22783 0.27058

60 0.30434 0.37530

80 0.36778 0.46421

100 0.42183 0.53992

120 0.46873 0.60453

140 0.50999 0.65978

160 0.54666 0.70710

180 0.57951 0.74768

200 0.60915 0.78253

(b) s� ìøÍ6£x\� @/K�"f��H (a)\�"fü< °ú �Ér ~½Ó&ñ
d��s� ��6 x÷&�¦, ìøÍ6£x\�"f_� ����o��H ��6£§õ�

°ú s� ÅÒ#Q�����.

ε = yA0δ = yA0

(
1
3
− 1

)
= −2

3
yA0 (8.8)
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V� 2 â�
 �̈·�aÜ« éÛ��̧ ð5�£� e�Uc"� ð5�£� 	�ÊÁUc ��ÒR� ¦�>�ª	�·�+ £o>

�ª

2.1 5���� à�
ÃZ�

1px&h�, 1px�:r e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f ����oÖ�¦\� @/ô�Ç ìøÍ6£x 	�Ãº_� ò́õ�.

2.2 ��£� ÛÖS ÊÁn�B�ß��

�©�p�ì�r ~½Ó&ñ
d��_� K�

2.3 %K�V� à�
ÃZ�

ÂÒx��� 1.5dm3��� e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f ����oÖ�¦\� @/ô�Ç ìøÍ6£x 	�Ãº_� ò́õ�\�¦ �¦�9���.

q���%i� Ó�o�©� ìøÍ6£x A → B�� {9�#Qèß���. /BN/åLÀÓ_� 0lx�̧��H CA0 = 1.0 g-mole / dm3s��¦ ÂÒ

x� Ä»5Åq�Ér v = 0.9dm3/mins���. ���ª�ô�Ç ìøÍ6£x 	�Ãº\�"f, q��§\�¦ 0A�#� ìøÍ6£x 5Åq�̧ �©�Ãº��H

1.1�Ð �¦&ñ
÷& 9 éß�0A��H ·ú¡\�"f ���/åL�)a 0lx�̧ü< Ä»5Åq_� éß�0A\� ÂÒ½+Ëô�Ç��.

(a) ìøÍ6£xl�ÂÒx��� 1.5dm3���ìøÍ6£xl�\�"f 0	�, 1	�, 2	�x9� 3	�ìøÍ6£x\�@/�#�,ìøÍ6£xl�ÂÒ

x�_� �<ÊÃº�Ð ����oÖ�¦�̀¦ ½̈��¦ �̧r����.

(b) /BN/åLÀÓ_� 0lx�̧ CA0�� 0.5ü< 2.0 g-mole/dm3��� �â
Äº\� @/�#� (a)\�¦ ìøÍ4�¤���.

2.4 (ÉÙ&P��\�ê�>) B�

e�¦�QÕª âì2£§ ìøÍ6£xl�\� @/�#�, ìøÍ6£xÓüt A_� ����o\� @/ô�Ç p�ì�r ]�t Ãºt�\�¦ [jÄº��� ��6£§õ� °ú 

�Ér p�ì�r ~½Ó&ñ
d��s� �)a��.
dX

dV
=
−rA

FA0
(8.9)

#�l�"f 5Åq�̧ZO�gË:�Ér

−rA = kCα
A (8.10)

s��¦, ìøÍ6£x 	�Ãº\� ���� α = 0, 1, 2, 3 s���. d�� (8.9)\� @/ô�Ç :�x�©�&h���� �íl��̧|	��Ér V = 0

{9�M: X = 0Ü¼�ÐÅÒ#Qt���HìøÍ6£xl�{9�½̈\�"f����oÖ�¦s� 0s�����H�
s���.{9�&ñ	כ�:r�̧,·ú�§4�\�

"f �ª��:r&h���� �¦�9��H ìøÍ6£xÓüt A_� 0lx�̧\�¦ ����oÖ�¦�̀¦ ��6 x�#� ��6£§õ� °ú s� ������>� ô�Ç��.

CA = CA0(1− x) (8.11)
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0	� ìøÍ6£x\�"f��H ����oÖ�¦s� 1s� |̈c M:��t���H ìøÍ6£x5Åq�̧�� {9�&ñ
����� 0Ü¼�Ð ÷&l� M:ë�H\� :£¤

Z>�ô�Ç ÅÒ_��� .��a(��©{¹כ

(a) s� ë�H]j��H MATLAB �©�p�ì�r ~½Ó&ñ
d�� K�ZO�Ü¼�Ð ~1�>� Û�¦�9�����. 0	� ìøÍ6£x��� �â
Äº\� ¹כ

½̈÷&��H :£¤Z>�ô�Ç �7Ho�(logic)��H MATLAB_�“if ... else ... end”\�¦ s�6 xô�Ç��. ¢̧ô�Ç MATLAB

\�¦ s�6 xô�Ç K�\�"f ���õ�\�¦ �̧r��l� ~1�>� �̧��H ìøÍ6£x 	�Ãº\�¦ ô�Ç K��Ð �¦�9���H ��s	כ ¼#�o�

���. x0\�¦ 0	� ìøÍ6£x\� @/ô�Ç ����oÖ�¦, x1�̀¦ 1	� ìøÍ6£x\� @/ô�Ç ����oÖ�¦�Ð ����?/��H ��õ	כ °ú 

s� y�� ìøÍ6£x 	�Ãº\� ���Ér ����oÖ�¦�̀¦ &ñ
_����� 0Aü< °ú s� ½+É Ãº e����. s� ë�H]j_� (a)\� @/ô�Ç

MATLAB Û¼ß¼wn�àÔ[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

p802a.m

clear all
V0=0;
X10=0;
X20=0;
X30=0;
X40=0;
Vf=1.5;
X0=[X10; X20; X30; X40];
[V,X]=ode45(’p802af’,[V0, Vf],X0);
plot(V,X(:,1),V,X(:,2),’--’,V,X(:,3),’:’,V,X(:,4),’-.’);
xlabel(’V’); ylabel(’X’);
axis([V0,Vf,0,1]);

p802af.m

function dXdV=p802af(V,X)
dXdV=zeros(4,1);
k=1.1;
v0=0.9;
CA10=1;
CA20=1;
CA30=1;
CA40=1;
CA1=CA10*(1-X(1));
CA2=CA20*(1-X(2));
CA3=CA30*(1-X(3));
CA4=CA40*(1-X(4));
if(X(1)<=1.0)

dXdV(1)=k/(v0*CA10);
else

dXdV(1)=0;
end
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[h] (a)Ìø ��s� �́í¥4<J N�~×� MATLAB ©��=��®��e� CHAP8 ���Ý�~²��Ìø p802a.mÅØ

p802af.mª�v² � �byÃW��.
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ÕªaË> 8.3: #��Q ìøÍ6£x 	�Ãº °úכ[þt\�"f ÂÒx�\� @/ô�Ç ����oÖ�¦

dXdV(2)=k*CA2/(v0*CA20);
dXdV(3)=k*CA3^2/(v0*CA30);
dXdV(4)=k*CA4^3/(v0*CA40);

s� ë�H]j_� �̧d��&h� ���õ��� ÕªaË> 8.3\� ������ e����. s� ÕªaË>\�"f ����oÖ�¦\� @/ô�Ç ìøÍ6£x 	�Ãº

_� ò́õ��� "î
Ñþ�y� �Ð#������.
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V� 3 â�
 N±Õ�]� "�×��� ÑÏ�ÐM� ��»¦�>¥� ð5�£� e�Uc"��+ e�(�× ð5�£� 

3.1 5���� à�
ÃZ�

ìøÍ6£x ���Êê\� ]�t Ãº_� ����o�� e����H 1px�:r, l��©�, Ø�æ���8£x ìøÍ6£xl�\�"f ·ú�§4� y©�� x9� ����oÖ�¦ >�

íß�.

3.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��õ� �ª��<ÊÃº&h� @/Ãº ~½Ó&ñ
d��_� K�

3.3 %K�V� à�
ÃZ�

l��©� 8ú¤B� ìøÍ6£x A
k→ B�� 1px�:r �̧����_� Ø�æ���8£x ìøÍ6£xl�\�"f {9�#Qèß���. ìøÍ6£xÓüt�Ér 0lx�̧ 1

g-mole/ dm3_� í�HÃºô�Ç As��¦, {9�§4� ·ú�§4��Ér 25atm, {9�½̈ ÂÒx� Ä»5Åq�Ér 1dm3/mins���. ìøÍ

6£xÓüt A\�¦ l�ï�rÜ¼�Ðô�Ç 1	� ìøÍ6£x 5Åq�̧ �©�Ãº k��H 1dm3/ kg-cat·min s���.

(a) 1	� ìøÍ6£x\�"f ����oÖ�¦\� @/ô�Ç ·ú�§4� y©��_� ò́õ�\�¦ �¦¹1Ï���. "f�Ð ���Ér [j ·ú�§4� y©��

����� α\�"f����oÖ�¦ Xü<�©�@/·ú�§4� y\�¦Ø�æ���Áº>�W_��<ÊÃº�Ð �̧r����. (0.05kg−1 ≤
α ≤ 0.2kg−1)\�¦ �¦�9���. W�� 0\�"f Wmax = 2kg��� �â
Äº\� W\� @/�#� Xü< y\�¦

�̧r����.

(b) ìøÍ6£x ���Êê\� ]�t Ãº_� ����o�� e����H (δ > 0) 1	� ìøÍ6£x A → 3B\� @/�#� (a)\�¦ ìøÍ4�¤�

��.

(c) ìøÍ6£x ���Êê\� ]�t Ãº_� ����o�� e����H (δ < 0) 1	� ìøÍ6£x A → 1
3B\� @/�#� (a)\�¦ ìøÍ4�¤�

��.

(d) (a), (b), (c)_� ���õ�\�¦ ���¹כ���.

3.4 (ÉÙ&P��\�ê�>) B�

(a) s� ìøÍ6£xl�\� @/ô�Ç ]�t Ãºt�d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

dX

dW
=
−r′A
FA0

(8.12)

#�l�"f 1	� 5Åq�̧ ZO�gË:�Ér

−r′A = kCA (8.13)
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s��¦, �ª��:r�Ér ��6£§õ� °ú �Ér ���õ�\�¦ ï�r��.

CA = CA0
(1−X)
(1 + εX)

P

P0
(8.14)

]�t Ãº_� ����o�� \O�Ü¼Ù¼�Ð ε = 0s���. y = P/P0�� &ñ
_���¦ d�� (8.14)\� @/{9����� ��6£§ ���

õ�\�¦ %3���H��.

CA = CA0(1−X)y (8.15)

#�l�"f Ø�æ���8£x ìøÍ6£xl�\�"f_� ·ú�§4� y©����H Fogler [4]\� _��#� ��6£§õ� °ú s� ÅÒ#Q�����.

dy

dW
=
−α

2

(
1 + ε

y

)
(8.16)

V�ò5Ñ y�� �â
Äº\� ���Ér ����oÖ�¦ ���Ãº\�¦ ��6 x���H ë�H]j 8.2\�"f q��§\�¦ 0A�#� ��6 x�)a l�ZO�

s� s� ë�H]j\��̧ ~1�>� &h�6 x|̈c Ãº e����. s� ë�H]j\�"f ���Ér �©�@/ ·ú�§4��̧ %i�r� ��6 x÷&#Q�� ô�Ç

��.

(b) ε = yA0δ = yA0(3 − 1) = 2yA0 = 2�Ð ÅÒ#Qt���H ε °úכ_� ����o\�¦ ]jü@����, d�� (8.12),

(8.13), (8.14), (8.15) x9� (8.16)s� ��r� &h�6 x|̈c Ãº e����.

(c) K���H ε °úכs� ��6£§õ� °ú s� >�íß�÷&��H �¦̀�	כ ]jü@��¦��H (a)_� ���õ�ü< °ú ��.

ε = yA0δ = yA0

(
1
3
− 1

)
= −2yA0

3
= −2

3
(8.17)
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V� 4 â�
 ¥@́9� Ç̧Ð ð5�£� e�

4.1 5���� à�
ÃZ�

·ú�§4� y©���� e���¦ ²DGt� 5Åq�̧\� @/ô�Ç Óüt|9����²ú� _��>r$í
s� e����H }��\� _��#� Òqt$í
Óüts� ]j��

÷&��H 1px�:r 8ú¤B� ìøÍ6£xl�\�"f ìøÍ6£xÓütõ� Òqt$í
Óüt_� 0lx�̧ü< Ä»5Åq >�íß�

4.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��õ� �ª��<ÊÃº&h� @/Ãº ~½Ó&ñ
d��_� K�

4.3 %K�V� à�
ÃZ�

(l��í ìøÍ6£x���) �o½+ËÓüt_� »1ÏÃº�è ìøÍ6£xs� 1px�:r �̧|	�\�"f ���×þ�&h� }�� ìøÍ6£xl�\�"f {9�#Qèß���.

A = B +
1
2
C (8.18)

ìøÍ6£x�Ér ��%i� ìøÍ6£xs��¦, î̈
+þA �©�Ãº��H KCs���. ·ú¡_� ìøÍ6£xs� {9�#Q����H }�� ìøÍ6£xl��� ÕªaË>

8.4\� �Ð#������.

�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
�����������������������
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���������������������������

���������������������������
���������������������������
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���������������������������
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(H )

H2 Permeate Side

Inert Membrane

Catalyst Particles

Effluent

2

ÕªaË> 8.4: }��\� _�ô�Ç Òqt$í
Óüt_� ]j���� {9�#Q����H 8ú¤B� ìøÍ6£xl�(Fogler [4])

}��ìøÍ6£xl�\�¦��6 x���Hs�&h��Ér}���̀¦:�x�#�Òqt$í
Óüt×�æ_����\�¦���×þ�&h�Ü¼�ÐÈÒõ�r�(��Ü¼

�Ð+� ìøÍ6£x�̀¦ &ñ
ìøÍ6£x Aá¤Ü¼�Ð ]�t��°ú� Ãº e������H �.���s	כ s� �â
Äº\� Ãº�è�� }���̀¦ :�x�#� SX�

íß�÷&#Q ���̧Ù¼�Ð, ìøÍ6£xs� &ñ
ìøÍ6£x Aá¤Ü¼�Ð �8 ���'���)a��. 1px�:r �̧|	�s� ��&ñ
�)a��.

}���̀¦ ���Ðt�ØÔ��H Óüt|9����²ú� 5Åq�̧��H }�� ���̂_� $��½Ó ÷�rëß���m��� }��_� �ª�Aá¤_� �â
>�8£x\�

_�ô�Ç $��½Ó\� _��>rô�Ç��. }�� ³ð����̀¦ t�����H Ä»5Åqs� 7£x���<Ê\����� �â
>�8£x ¿ºa���H ·ûª��t��¦

$��½Ó�Ér ×�¦#Q��H��. ���õ�&h�Ü¼�Ð Óüt|9����²ú� >�Ãº��H 7£x��ô�Ç��. Ä»5Åq\� ���� kC�� 7£x�����H �â
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�¾Ó�Érâì2£§_�+þAI�\�_��>rô�Ç��.Óüt|9����²ú�>�Ãºü<5Åq�̧\�¦����'ar�v���H:�x�©�&h�����©��'a�'a>���H

��6£§õ� °ú ��.

kC(at v) = kC(at v0)
(

v

v0

)1/2

(8.19)

#�l�"f kC(at v0)��H ÂÒx� Ä»5Åq v0\�"f_� Óüt|9����²ú� >�Ãºs��¦, kC(at v)��H v\�"f_� Óüt|9����

²ú� >�Ãºs���. �t�ëß�, }���̀¦ :�xô�Ç ���²ú�s� Ö�¦5Åqéß�>�s���� Óüt|9����²ú� >�Ãº��H 5Åq�̧\� Áº�'a���.

s� ë�H]j\�"f 5Åq�̧\� @/ô�Ç Óüt|9����²ú� >�Ãº_� _��>r$í
�Ér ��6£§õ� °ú s� ÅÒ#Qt��¦,

kC = kC0

(
v

v0

)1/2

(8.20)

C_� ÈÒõ� 0lx�̧�� ±ú��̀¦ M:, }��\�"f_� C_� ���²ú��Ér kCaCC�Ð ÅÒ#Q�����. ��6£§_� ����� °úכ[þt�̀¦

&h�6 xô�Ç��.

k = 0.5
dm3

kg ·min
v0 = 50dm3/min (8.21)

P0 = 10atm FA0 = 10
kg ·mol

min
α = 0.002

atm
kg

(8.22)

kC0 = 0.1
dm
min

a = 2
dm2

kg
W = 200kg (8.23)

��6£§_� �â
Äº\� B_� ]�t Ä»5Åq, FB_� >�íß��)a Ø�¦§4� °ú̀�כ¦ q��§���.

(a) l��:r �â
Äº

(b) l��:r �â
Äº\�"f }���̀¦ :�xô�Ç ���²ú�s� \O��̀¦ M:

(c) l��:r �â
Äº\�"f ·ú�§4� y©���� \O��̀¦ M:

(d) l��:r �â
Äº\�"f }���̀¦ :�xô�Ç ���²ú�õ� ·ú�§4� y©���� \O��̀¦ M:

4.4 (ÉÙ&P�) B�

s� �â
Äº\� @/K�"f ��6£§_� d��[þt�̀¦ &h�6 x½+É Ãº e����.

 â· ÊÁm�ÐÏ�
dFA
dW = r′A

dFB
dW = −r′A

dFC
dW = −1

2r′A − kCaCC

(8.24)
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ð5�£� ¢4́�¿ÐÏ�

r′A = −k

(
CA −

CBC
1/2
C

KC

)
(8.25)

)�×Òeµ

CA =
FA

v
CB =

FB

v
CC =

FC

v
(8.26)

v = v0

(
FA + FB + FC

FA0

)
P0

P
= v0

(
FA + FB + FC

FA0

)
1
y

(8.27)

#�l�"f

y =
P

P0
(8.28)

s���.

N±Õ�]� "�×�

dy

dW
=
−α

(
FA+FB+FC

FA0

)

2y
(8.29)

�ä·��
¦�>I±Ó N�ÊÁ

kC = kC0

(
v

v0

)1/2

(8.30)
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V� 5 â�
 ���]� bËc(�× ð5�£� l� ��
#a��ÐM� ð5�m¬&P� ð5�£� e�

5.1 5���� à�
ÃZ�

î̈
+þA x9� Ö�¦5Åq ��&ñ
�\�"f ìøÍ�rì�r ìøÍ6£xl�\�"f {9�#Q����H 1px�:r Ó�o�©� ìøÍ6£x\�"f ����oÖ�¦ >�íß�

5.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��õ� �ª��<ÊÃº&h� @/Ãº ~½Ó&ñ
d��_� K�

5.3 %K�V� à�
ÃZ�

Butyl acetateü< ethanol�̀¦ Òqt$í
�l� 0A�#�, í�HÃºô�Ç ethyl acetate�� e����H ìøÍ�rì�r ìøÍ6£xl�

\� í�HÃºô�Ç butanol�̀¦ /BN/åLô�Ç��. ìøÍ6£x�Ér ��6£§õ� °ú s� ���'��÷& 9,

CH3COOC2H5 + C4H9OH = CH3COOC4H9 + C2H5OH (8.31)

��6£§õ� °ú s� ³ðl�÷&��H l��í ��%i� ìøÍ6£xs���.

A + B = C + D (8.32)

ìøÍ6£x�Ér 300K_� 1px�:r\�"f ���'���)a��. s� �:r�̧\�"f 0lx�̧\�¦ ��H���Ðô�Ç î̈
+þA�©�Ãº��H 1.08s��¦

ìøÍ6£x 5Åq�̧ �©�Ãº��H 9× 10−5dm3/g-mols���. �íl�\� ìøÍ6£xl�\���H 200dm3_� ethyl acetate��

e��%3��¦,ìøÍ6£xl��� �̧���÷&l�r����ô�ÇÊê 4000�í1lxîß� butanol�Ér 0.05dm3/s_�5Åq�̧�Ð/BN/åL�)a

��. Butanol_� /BN/åLs� =åQ�����, ìøÍ6£xl���H �rì�r ìøÍ6£xl� %�!3� �̧����)a��. ìøÍ6£xl�\�"f_� ethyl

acetate_� �íl� 0lx�̧��H 7.72 g-mole/dm3s��¦ /BN/åL butanol_� 0lx�̧��H 10.93 g-mole/dm3s�

��.
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(a) ìøÍ6£xl� �̧\O� 'Í	 5000�í 1lxîß�\� @/K�"f ìøÍ6£xl� ?/\�"f_� A, B, C, D_� 0lx�̧\�¦ >�íß�

��¦ �̧r����.

(b) ìøÍ6£x5Åq�̧�©�Ãº\�¦ 100C��<ÊÜ¼�Ð+� î̈
+þA�Ér�½Ó�©�Ä»t�÷&>���¦ (a)_¹כ�½̈���H>�íß�õ�

�̧r�\�¦ ìøÍ4�¤�#� ìøÍ6£xl� �̧����̀¦ �̧�����.

(c) ìøÍ6£xl� �̧\O� 'Í	 5000�í 1lxîß�\� @/K�"f (b)_� î̈
+þA ����oÖ�¦õ� (a)_� �̧|	��\�"f_� ���

�oÖ�¦�̀¦ q��§���.

(d) ëß���� ���5Åq÷&��H ��6£§ ìøÍ�rì�rd�� �̧\O� ��s�_� �̧\O� ×�æéß� r�çß��̀¦ 2000�í�� ����, butyl

acetate_� Òqtíß� 5Åq�̧\�¦ þj@/�Ð ���H ìøÍ6£xl� �̧\O�r�çß��̀¦ ½̈�#���.

5.4 (ÉÙ&P��\�ê�>) B�

ìøÍ�rì�rd�� ìøÍ6£xl�\� &h�6 x÷&��H ]�t Ãºt�d��, 5Åq�̧ ZO�gË: x9� �ª��:r d��[þt�Ér ��6£§õ� °ú ��.

 â· ÊÁm�ÐÏ�

dNA

dt
= rAV

dNB

dt
= rAV (8.33)

dNC

dt
= −rAV

dND

dt
= −rAV (8.34)

¢4́�¿ ß��ÓÏ�

−rA = k

(
CACB − CCCD

Ke

)
(8.35)

)�×Òeµ

CA =
NA

V
CB =

NB

V
(8.36)

CC =
NC

V
CD =

ND

V
(8.37)

¥@ y<� �ä·��
 ÊÁm�ÐÏ�

dV

dt
= v0 (8.38)

¦�>�ª	�·�+ Ça��+

xA =
NA0 −NA

NA0
(8.39)



]j 5 ]X� ��%i� Ó�o�©� ìøÍ6£xs� {9�#Q����H ìøÍ�rì�r ìøÍ6£xl� 17

Butyl acetate�+ �»jñ5Ñ ¢4́�¿ Ça��+

P =
NC

(tp + 2000)
(8.40)

î̈
+þA\�"f ·ú��� ìøÍ6£x 5Åq�̧��H 0 ¢̧��H rA = 0s���. p�ì�r ~½Ó&ñ
d��Ü¼�Ð l�Õüt�)a ë�H]j\�"f ·ú���

ìøÍ6£x5Åq�̧\�¦ 0Ü¼�Ð¿º��Hçß�¼#�ô�Ç~½ÓZO��Ér (b)\�"f]jr��)a��ü<°ú s�ìøÍ6£x5Åq�̧�©�Ãº\�¦	�H°úכ

Ü¼�Ð ÅÒ��H �.���s	כ

(a) (a)��� ë�H]j\�¦ Û�¦l� 0Aô�Ç MATLAB Û¼ß¼wn�àÔ [þt�Ér ��6£§õ� °ú ��. �̧\O�_� 'Í	 4000s 1lx

îß� ìøÍ6£xl��Ð [þt#Q����H butanol_� /BN/åL 5Åq�̧, v0\�¦ �̧{9��l� 0A�#� “if ... else ... end” ½̈

ë�Hs� ��6 x�)a����H ��\	כ ÅÒ3lq���.

p805a.m

clear all
ti=0;
Vi=200;
NAi=1544;
NBi=0;
NCi=0;
NDi=0;
tf=5000;
NA0=200*7.72;
Xi=[Vi; NAi; NBi; NCi; NDi; NAi; NBi; NCi; NDi]’;
[t,X]=ode45(’p805af’,[ti tf],Xi);
xA=(NA0-X(:,2))/NA0;
xAe=(NA0-X(:,6))/NA0;
plot(t,xA,t,xAe,’--’);
xlabel(’time(s)’);
ylabel(’Conversion of Ethyl Acetate’);
axis([ti,tf,0,0.7]);

p805af.m

function dXdt=p805af(t,X)
dXdt=zeros(9,1);
k=9e-5;
ke=100*k;
Ke=1.08;
CB0=10.93;
if(t<=4000)

v0=0.05;
else

v0=0;
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(a)<J N�~×� MATLAB ©��=��®��e� CHAP8 ���Ý�~²��Ìø p805a.mÅØ p805af.mª�v² � �b

yÃW��.

end
CA=X(2)/X(1);
CB=X(3)/X(1);
CC=X(4)/X(1);
CD=X(5)/X(1);
CAe=X(6)/X(1);
CBe=X(7)/X(1);
CCe=X(8)/X(1);
CDe=X(9)/X(1);
rA=-k*(CA*CB-CC*CD/Ke);
rAe=-ke*(CAe*CBe-CCe*CDe/Ke);
dXdt(1)=v0;
dXdt(2)=rA*X(1);
dXdt(3)=rA*X(1)+v0*CB0;
dXdt(4)=-rA*X(1);
dXdt(5)=-rA*X(1);
dXdt(6)=rAe*X(1);
dXdt(7)=rAe*X(1)+v0*CB0;
dXdt(8)=-rAe*X(1);
dXdt(9)=-rAe*X(1);
return

(c) 5Åq�̧ l�ï�r_� ����oÖ�¦õ� î̈
+þA l�ï�r_� ����oÖ�¦�Ér ÕªaË> 8.5\�"f �̂¦ Ãº e����. l�@/Ùþ¡~�� �	כ

õ� °ú s� �½Ó�©� î̈
+þA ����oÖ�¦s� 5Åq�̧ l�ï�r ����oÖ�¦ �Ð�� "î
Ñþ�y� ß¼��. s� ÕªA�áÔ��H (a)���_� �â


Äº��� 5Åq�̧ l�ï�r ����oÖ�¦õ� (b)���_� î̈
+þA l�ï�r ����oÖ�¦�̀¦ °ú �Ér MATLAB �<ÊÃº Û¼ß¼wn�àÔ\�

"f Û�¦#Q"f Õª�9|9� Ãº e����. �̧d��&h���� q��§\�¦ 0Aô�Ç s� Ä»6 xô�Ç ~½ÓZO��Ér ë�H]j 8.1\�"f�̧ &h�6 x

�)a �� e����.
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V� 6 â�
 ÒÏ�Ý~
¥o>Úr
ÛÖSTz5��+¥o>¢4́éÛ��̧ ¬̈ð5��ßjæ«ð5�£� e�(CSTR)

�+ �¿¼ÇÐ

6.1 5���� à�
ÃZ�

f��§4� �������)a [j >h_� 1px�:r Ó�o�©� CSTR\�"f &ñ
�©��©�I� x9� 1lx&h� ��1lx >�íß�

6.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��õ� �ª��<ÊÃº&h� @/Ãº ~½Ó&ñ
d��_� K�

6.3 %K�V� à�
ÃZ�

��6£§õ� °ú �Ér Ó�o�©� q���%i� l��í ìøÍ6£xs� ÕªaË> 8.6\� �Ðs���H ��õ	כ °ú �Ér f��§>= �������)a [j >h_�

CSTR\�"f ���'���)a��.

A + B → C (8.41)

$í
ì�r Aü< B��H'Í	���P: CSTR�Ð���Ð/BN/åL�)a��.y��âì2£§_�ÂÒx�Ä»5Åq�Ér 6dm3/mins���.y��

CSTR_�ÂÒx���H 200dm3s��¦y��ìøÍ6£xl���H�íl�\�Ô�¦�Ö̧$í
6 xB��ÐG�0>4Re����.ìøÍ6£xÓüt_��í

l� 0lx�̧��H CA0 = CB0 = 2.0g- mol/dm3s��¦, ìøÍ6£x 5Åq�̧ �©�Ãº��H k = 0.5dm3/g-mol·mins�

��.

CA1

CB1

CA0

CB0

CA2

CB2

CA3

CB3

2
v

1
v

3
v

CA3

CB3

ÕªaË> 8.6: [j CSTR_� f��§>= ������
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(a) [j ���P: ìøÍ6£xl�\�¦ *�����H �̧��H ìøÍ6£xÓüt_� &ñ
�©��©�I� 0lx�̧\�¦ >�íß����. ]jîß�: q�&ñ
�©�

�©�I� ìøÍ6£xl� �̧����̀¦ l�Õüt���H �©�p�ì�r ~½Ó&ñ
d��Ü¼�Ð s� ë�H]j\� @/ô�Ç ~½Ó&ñ
d���̀¦ [jÄº�¦,

0lx�̧�� �8 s��©� ����t� ·ú§��H(&ñ
�©��©�I�) r�çß���t� s� ~½Ó&ñ
d��[þt�̀¦ &h�ì�r���.

(b) ([j���P: ìøÍ6£xl�\�¦ ������H CA�� &ñ
�©��©�I� °úכ_� 99%�� ÷&��H) &ñ
�©��©�I�\� �̧²ú����H

r�çß��̀¦ ���&ñ
���.

(c) �̧\O� r����\�"f (b)���\�"f ���&ñ
�)a &ñ
�©��©�I� �̧²ú� r�çß���t� y�� ìøÍ6£xl�\�"f_� A_� 0lx

�̧\�¦ �̧r����.

(d) ìøÍ6£xÓüt B�� y�� ìøÍ6£xl��Ð ç�H1px�>� ��*'#Q4R [þt#Q����H �̧����̀¦ �¦�9���. s�M: (a),

(b) x9� (c)\�¦ ìøÍ4�¤���. (e) 8úx ÂÒx��� 600dm3��� e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f 1lx{9�ô�Ç /BN

/åL �̧|	�_� �â
Äº\� @/�#� (a)_� ���õ�ü< q��§���.

6.4 B�

(a)-(c) y�� ìøÍ6£xl� i\� @/�#� Óüt|9�Ãºt�\�¦ [jÖ�¦ Ãº e����. Ó�o�©� ìøÍ6£x\� @/�#� ìøÍ6£x ���Êê

_� ÂÒx� ����o��H Áºr��)a��. ����"f q�&ñ
�©��©�I� Ãºt�d���Ér ��6£§õ� °ú �Ér �©�p�ì�r ~½Ó&ñ
d��[þts�

�)a��.
dCA1

dt
= (v0ACA0 − v1CA1 − kCA1CB1V1)/V1 (8.42)

dCB1

dt
= (v0BCB0 − v1CB1 − kCA1CB1V1)/V1 (8.43)

dCA2

dt
= (v1CA1 − v2CA2 − kCA2CB2V2)/V2 (8.44)

dCB2

dt
= (v1CB1 − v2CA2 − kCA2CB2V2)/V2 (8.45)

dCA3

dt
= (v2CA2 − v3CA3 − kCA3CB3V3)/V3 (8.46)

dCB3

dt
= (v2CB2 − v1CA3 − kCA3CB1V3)/V3 (8.47)

#�l�"f

CA0 = CB0 = 2.0; k = 0.5; V1 = V2 = V3 = 200 (8.48)

s���.
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&ñ
�©��©�I� K�\�¦ ���&ñ
���H çß�¼#�ô�Ç ~½ÓZO��Ér p�ì�r ~½Ó&ñ
d��[þt�Ér �̧�<ÊÃº[þts� 0s�÷&��H |�� r�çß�

��t� &h�ì�r���H �.���s	כ ����"f s���H &ñ
�©��©�I� �̧\O�\� K�{©�ô�Ç��. ¢̧���Ér ~½ÓZO��Ér r�çß�\� @/

ô�Ç �̧�<ÊÃº\�¦ 0Ü¼�Ð¿º#Q"f%3�#Qt���Hq����+þA~½Ó&ñ
d��[þt�̀¦ÉÒ��H�
s���.{9�éß�&ñ	כ�©��©�I������

&ñ
÷&���, 1lx&h� ��1lx�Ér Ãºu�K��ÐÂÒ'� ���&ñ
�)a��.

(d) y�� ìøÍ6£xl�\� @/ô�Ç Óüt|9�Ãºt� d���Ér í�HÃºô�Ç B_� Dh�Ðî�r /BN/åL�̀¦ �í�<Ê�#� �¦5g4R�� ô�Ç

��. ����"f d�� (8.45)ü< (8.47)�Ér ��6£§õ� °ú s� �)a��.

dCB2
dt = (v0BCB0 + v1CB1 − v2CB2 − kCA2CB2V2)/V2

dCB3
dt = (v0BCB0 + v1CB1 − v2CB2 − kCA2CB2V2)/V2

(8.49)

ÂÒx� Ä»5Åq�Ér v0B = 2, v1 = 8, v2 = 10 x9� v3 = 12�Ð ��7#Q�� ô�Ç��.

(e) e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f y�� ìøÍ6£xÓüt_� 0lx�̧\� @/ô�Ç Óüt|9�Ãºt���H ��6£§õ� °ú �Ér �©�p�ì�r

~½Ó&ñ
d��s� �)a��. #�l�"f v0 = 12dm3/mins���. ìøÍ6£xl��Ð_� �D¥½+Ë�)a {9�§4��Ér CA0 = CB0 =

1.0 g-mol/dm3s� �)a��.
dCA

dV
= −kCACB

v0
(8.50)

dCB

dV
= −kCACB

v0
(8.51)

·ú¡_� p�ì�r ~½Ó&ñ
d���Ér V = 0\�"f V = 600dm3��t� &h�ì�r÷&#Q�� ô�Ç��.
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V� 7 â�
 m¬&P� ð5�£� e� ¢4́�¿ PLl�'a�+ i�&P�ß�� B��7�

7.1 5���� à�
ÃZ�

�rì�r ìøÍ6£xl�_� X<s�'�\� p�ì�rZO��̀¦ &h�6 x�#� ìøÍ6£x 	�Ãºü< ìøÍ6£x 5Åq�̧ �©�Ãº_� ���&ñ


7.2 ��£� ÛÖS ÊÁn�B�ß��

z�́+«> X<s�'�\�¦ ���½Ód�� Ü¼�Ð ú́�»¡§, ³ð�Ð ÅÒ#Q��� X<s�'�\�¦ p�ì�r, X<s�'�\�¦ @/Ãº&h� ³ð�&³Ü¼�Ð

_� ���+þA x9� q����+þA �r)ì�r$3�

7.3 %K�V� à�
ÃZ�

17oC\�"f xylene_� ÚÔ2�§�o ìøÍ6£x\� @/ô�Ç X<s�'��� Hill [5]\� _��#� �Ð�¦÷&%3���. s� ìøÍ6£x

�Ér �©�{©�y� õ�|¾Ó_� ìøÍ6£xÓüt xylene�̀¦ �í�<Ê���H �rì�rd�� ìøÍ6£xl�\� (8ú¤B��Ð) >ü¼×¹�̧כ �è|¾Ó_�

ìøÍ6£xÓüt ÚÔ2�§�̀¦ ÈÒ{9��#� ���½̈÷&%3���. ìøÍ6£x ���Êê\� ìøÍ6£xÓüt xyleneõ� 8ú¤B� �_¼×¹�̧כ 0lx�̧

��H ��H��&h�Ü¼�Ð {9�&ñ
���. �rì�r ìøÍ6£xl�\� @/ô�Ç Óüt|9�Ãºt���H ��6£§õ� °ú >��)a��.

dCBr2

dt
= −k(CBr2)n (8.52)

#�l�"f CBr2��H g-mol/dm3 éß�0A_� ÚÔ2�§_� 0lx�̧s��¦, k��H >ü¼×¹�̧כ xylene_� 0lx�̧\� _��>r

���H Ä»�� ìøÍ6£x 5Åq�̧ �©�Ãºs��¦, n�Ér ìøÍ6£x 	�Ãºs���. d�� (8.52)��H d��_� �ª����\� ����� �ÐÕª\�¦

2[���� ��6£§õ� °ú s� ~1�>� ���+þA�o �)a��.

ln
(
−dCBr2

dt

)
= ln k + n ln(CBr2) (8.53)

s� ³ð�&³�Ér kü< n�̀¦ ���&ñ
���H ���+þA �r)ì�r$3�\� ��6 x|̈c Ãº e����.

kü< n�̀¦ ���&ñ
�l� 0A�#� d�� (8.52)\� f��]X� q����+þA �r)ì�r$3��̀¦ &h�6 x½+É Ãº e����.

(a) ³ð 8.2\� ÅÒ#Q��� t\� @/ô�Ç CBr2_� X<s�'�\�¦ ����?/��H ���½Ód���̀¦ ½̈���.

(b) y�� z�́+«> X<s�'� &h�\�"f CBr2\� @/ô�Ç d(CBr2)/dt_� ³ð\�¦ ï�rq����.

(c) ���+þA�o�)a +þAI���� d�� (8.53)Ü¼�ÐÂÒ'� kü< n�̀¦ ���&ñ
���.

(d) q����+þA +þAI���� d�� (8.52)�ÐÂÒ'� q����+þA �r)ì�r$3��̀¦ ��6 x�#� kü< n�̀¦ ���&ñ
���.

(e) (c)ü< (d)_� ���õ�\�¦ q��§���. 	�s��� e��Ü¼��� �7H_����.
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³ð 8.2: r�çß�\� ���Ér 8£¤&ñ
�)a ÚÔ2�§_� 0lx�̧

r�çß� ÚÔ2�§0lx�̧ r�çß� ÚÔ2�§ 0lx�̧

min g-mol/dm3 min g-mol/dm3

0 0.3335 19.60 0.1429

2.25 0.2965 27.00 0.1160

4.50 0.2660 30.00 0.1053

6.33 0.2450 38.00 0.1053

8.00 0.2255 41.00 0.0767

10.25 0.2050 45.00 0.0705

12.00 0.1910 47.00 0.0678

13.50 0.1794 57.00 0.0553

15.60 0.1632 63.00 0.0482

17.85 0.1500

7.4 B�(V�ò5Ñ)

z�́+«> X<s�'�_� �r)ì�r$3��Ér 2�©�\�"f �7H_��%i���.

�� ì 4SJÌø 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p807.mat ��Qe7Ìø MATLAB data filev²

� �b$\ AUe��.
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V� 8 â�
 m¬&P� ð5�£� e� ¢4́�¿ PLl�'a�+ �\�&P�ß�� B��7�

8.1 5���� à�
ÃZ�

�rì�r ìøÍ6£xl�_� X<s�'�\� &h�ì�rZO��̀¦ &h�6 x�#� ìøÍ6£x 	�Ãºü< ìøÍ6£x 5Åq�̧ �©�Ãº_� ���&ñ


8.2 ��£� ÛÖS ÊÁn�B�ß��

z�́+«> X<s�'�\�¦ @/Ãº&h� ³ð�&³Ü¼�Ð_� ���+þA x9� q����+þA �r)ì�r$3�

8.3 %K�V� à�
ÃZ�

Dimethyl ether_� l��©� ì�rK� ìøÍ6£x�Ér Hinshelwoodü< Askey [8]\� _�K�"f 552oC_� {9�&ñ
 ÂÒ

x� �rì�rd�� ìøÍ6£xl�\�"f ���½̈÷&%3���.

CH3OCH3 → CH4 + CO + H2

z�́+«>�Érr�çß�\��������·ú�(total pressure)�̀¦8£¤&ñ
�#�"f'��K�&����.@/³ð&h�������õ���³ð8.3\�

ÅÒ#Q4R e����. �rì�r ìøÍ6£xl�\�"f 1	� ìøÍ6£x\� @/ô�Ç Óüt|9�Ãºt���H ��6£§õ� °ú ��.

ln
(

3P0 − P

2P0

)
= −kt (8.54)

#�l�"f P0��H �íl� ·ú�§4�, P��H 8£¤&ñ
�)a ·ú�§4�, k��H ìøÍ6£x 5Åq�̧ �©�Ãºs���.

(a) ³ð 8.3\� ÅÒ#Q��� X<s�'�\�¦ d�� (8.54)\�¦ ��6 x�#� f��]X� �r)ì�r$3��#� 1	� ìøÍ6£x 5Åq�̧

�©�Ãºü< ���ø@�̧ ½̈çß��̀¦ ���&ñ
���.

(b) d�� (8.54)\�¦ P\� @/�#� Û�¦�¦ q����+þA �r)ì�r$3��̀¦ ��6 x�#� 1	� ìøÍ6£x 5Åq�̧ �©�Ãºü<

95%_� ���ø@�̧ ½̈çß��̀¦ ���&ñ
���.

³ð 8.3: Dimethyl Ether_� ì�rK� ìøÍ6£x\�"f ���·ú�_� ����o

r�çß�, t ·ú�§4� r�çß�, t ·ú�§4�

s mmHg s mmHg

0 420 182 891

57 584 219 954
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85 662 261 1013

114 743 299 1054

145 815

�� ì 4SJÌø 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p808.mat ��Qe7Ìø MATLAB data filev²

� �b$\ AUe��.
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V� 9 â�
 m¬&P� ð5�£� e� ¢4́�¿ PLl�'a�+ �\�&P�ß�� B��7�-2&P��� ð5�£� 

9.1 5���� à�
ÃZ�

�rì�rd�� ìøÍ6£xl�_� X<s�'�\� &h�ì�rZO��̀¦ &h�6 x�#� ìøÍ6£x 	�Ãºü< ìøÍ6£x 5Åq�̧ �©�Ãº_� ���&ñ


9.2 ��£� ÛÖS ÊÁn�B�ß��

���8̈��)a X<s�'�_� ���+þA �r)ì�r$3�

9.3 %K�V� à�
ÃZ�

99%_� BjòøÍ�̀¦\�"f ehtylen dibromideü< �o¼×¹�̧כ ºú�µ¢§_� Ó�o�©� ìøÍ6£x�Ér R.T. Dillon [3]\�

_��#� 60oC\�"f ���½̈÷&%3���.

C2H4Br2 + 3KI → C2H4 + 2KBr + KI3

A + 3B → C + 2D + E

Ehtylen dibromide_� 0lx�̧��H �rì�r ìøÍ6£xl�\�"f r�çß�_� �<ÊÃº�Ð 8£¤&ñ
÷&%3���. X<s�'���H r�çß�

_� �<ÊÃº�Ð ehtylen dibromide_� 0lx�̧ CAü< >�íß��)a ����oÖ�¦ XA_� �½ÓÜ¼�Ð ³ð 8.4\� ÅÒ#Q&��

��. �íl� 0lx�̧��H CA0 = 0.02864 kg-mol/m3õ� CB0 = 0.1531kg-mol/m3 s���.

����oÖ�¦\� ��H���#� ìøÍ6£x 	�Ãºü< Õª\� K�{©����H 5Åq�̧ �©�Ãº\�¦ ���&ñ
�l� 0Aô�Ç ¼#�o�ô�Ç ~½Ó

ZO�s� Hill [5]\� _��#� �7H_�÷&%3���. �rì�rd�� ìøÍ6£xl�\�"f ����oÖ�¦�̀¦ ��6 x���H Óüt|9�Ãºt�d���Ér

��6£§õ� °ú ��.

(a) 0	� ìøÍ6£x

CA0XA = kt (8.55)

(b) A\� @/�#� 1	�, B\� @/�#� 0	� ìøÍ6£x

ln[1/(1−XA)] = kt (8.56)
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(c) Aü< B\� @/�#� 1	� ìøÍ6£x

1
(θB − 3)CA0

ln
(

1− 3XA/θB

1−XA

)
= kt (8.57)

#�l�"f t��H �í éß�0A_� r�çß�s� 9, k��H ìøÍ6£x 5Åq�̧ �©�Ãºs���. ìøÍ6£xÓüt_� �íl� 0lx�̧ q���H ��6£§

õ� °ú s� ÅÒ#Q�����.

θB =
CB0

CA0
(8.58)

(a) ³ð 8.4\�¦ d�� (8.55)\�"f (8.57)��t�\� ú́�2X"f ìøÍ6£x 	�Ãºü< &h�]X�ô�Ç ìøÍ6£x 5Åq�̧ �©�Ãº\�¦

���&ñ
���.

(b) �rì�rd��ìøÍ6£xl�\�"f_�Óüt|9�Ãºt�ü<ìøÍ6£x�ª��:r�̀¦&h�6 x�#�d�� (8.55)\�"f (8.57)��t�\�¦

Ä»�̧���.

³ð 8.4: Ethylen Dibromideü< �o¼×¹�̧כ ºú�µ¢§ ��s�_� ìøÍ6£x\�

@/ô�Ç ìøÍ6£x5Åq�̧

r�çß�, t(s) ����oÖ�¦, XA

0 0

29.7 0.2863

40.5 0.3630

47.7 0.4099

55.8 0.4572

62.1 0.4890

72.9 0.5396

83.7 0.5795

�� ì 4SJÌø 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p809.mat ��Qe7Ìø MATLAB data filev²

� �b$\ AUe��.
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V� 10 â�
 �ïe� ¢4́�¿ß�� PLl�'a B��7�

10.1 5���� à�
ÃZ�

�rì�rd�� ìøÍ6£xl�_� X<s�'��ÐÂÒ'� �íl� 5Åq�̧ZO��̀¦ ��6 x�#� ìøÍ6£x 	�Ãºü< ìøÍ6£x 5Åq�̧ �©�Ãº_�

���&ñ


10.2 ��£� ÛÖS ÊÁn�B�ß��

�̧4Sq_� B�>h�����\�¦ %3�l� 0Aô�Ç q����+þA �r)ì�r$3�

10.3 %K�V� à�
ÃZ�

³ð 8.5\�"f (−dPA/dt)�Ð ÅÒ#Q��� �íl� 5Åq�̧ X<s�'���H A + 2B → C_� l��©� ìøÍ6£x\� @/K�"f

���&ñ
�)a �.���s	כ 5Åq�̧d���Ér ��6£§õ� °ú �Ér +þAI�\�¦ °ú���H���¦ ��&ñ
÷&#Q �����.

−rA = k(PA)α(PB)β (8.59)

#�l�"f k��H ìøÍ6£x 5Åq�̧ �©�Ãº, α��H A_� ìøÍ6£x 	�Ãº, β��H B_� ìøÍ6£x 	�Ãºs���.

(a) q����+þA �r)ì�r$3��̀¦ ��6 x�#�, k, α, β _� Ãºu�°ú̀�כ¦ ½̈���.

(b) (a)���\�"f ½̈ô�Ç αü< β °úכ�Ér &ñ
Ãº�� çß�éß�ô�Ç ì�rÃº�Ð �¦&ñ
��¦, ���ø@�̧ ½̈çß� 95%\�"f

k_� °ú̀�כ¦ ½̈���.

³ð 8.5: �íl� ·ú�§4�\� @/ô�Ç �íl� 5Åq�̧ X<s�'�

PA PB −rA

r�l� torr torr torr/s

1 6 20 0.420

2 8 20 0.647

3 10 20 0.895

4 12 20 1.188

5 16 20 1.811

6 10 10 0.639
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7 10 20 0.895

8 10 40 1.265

9 10 60 1.550

10 10 100 2.021

�� ì 4SJÌø 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p810.mat ��Qe7Ìø MATLAB data filev²

� �b$\ AUe��.
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V� 11 â�
 ¢4́�¿ PLl�'a B��7��+ ð5�ḈÔe�ß��

11.1 5���� à�
ÃZ�

ìøÍy��l�ZO��̀¦ ��6 x�#� ìøÍ6£x 	�Ãº, ìøÍ6£x 5Åq�̧ �©�Ãº x9� �Ö̧$í
�o \��-t�_� ���&ñ


11.2 ��£� ÛÖS ÊÁn�B�ß��

X<s�'�_� ���8̈� x9� ��×�æ ���+þA �r)ì�r$3�

11.3 %K�V� à�
ÃZ�

Hinshelwoodü< Burk [6]��H ��6£§õ� °ú �Ér ìøÍ6£xs� {9�#Q����H {9�&ñ
 ÂÒx�_� �rì�r ìøÍ6£xl�\�"f

nitrous oxide_� \P�ì�rK� ìøÍ6£x�̀¦ ���½̈�%i���.

2N2O → 2N2 + O2

¢̧��H

2A → 2B + C

1px�:r(T=1055K) �̧|	�\�"f_� @/³ð&h���� ìøÍy��l� X<s�'���H ³ð 8.6\� ÅÒ#Q4R e���¦, q�1px�:r

�̧|	�\� @/ô�Ç X<s�'���H ³ð 8.7\� ÅÒ#Q4R e����.

³ð 8.6: 1055K\�"f ìøÍy��l� X<s�'�

ìøÍy��l�, t1/2 �:r�̧, T 0lx�̧, CA0

��� ñ s K g-mol/dm3 × 103

1 1048 1055 1.6334

2 919 1055 1.8616

3 704 1055 2.4315

4 537 1055 3.1533

5 474 1055 3.6092

6 409 1055 4.1031

7 382 1055 4.4830

8 340 1055 4.9769
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³ð 8.7: #��Q �:r�̧\�"f_� ìøÍy��l� X<s�'�

ìøÍy��l�, t1/2 �:r�̧, T 0lx�̧, CA0

��� ñ s K g-mol/dm3 × 103

1 1240 1060 1.2478

2 1352 975 2.5899

3 510 970 3.0250

4 918 1035 4.0495

5 455 1035 4.2599

6 318 1050 5.3060

Fogler [4]��H �rì�rd�� ìøÍ6£xl�\�"f 5Åq�̧d��s� −rA = kCα
A�Ð ÅÒ#Qt���H �â
Äº\� &h�ì�r�)a [O�>�

~½Ó&ñ
d���̀¦ ½̈Ùþ¡�¦, ìøÍy��l�_� �½ÓÜ¼�Ð ��6£§õ� °ú s� ����?/%3���.

t1/2 =
2α−1 − 1
k(α− 1)

(
1

Cα−1
A0

)
(8.60)

·ú¡ d���Ér �ª����\� ����� log\�¦ 2[���� ��6£§õ� °ú s� ���+þA �r)ì�r$3��̀¦ &h�6 x�l� &h�½+Ëô�Ç +þAI��Ð

���+þA�o �)a��.

ln t1/2 = ln
2α−1 − 1
k(α− 1)

+ (1− α) ln CA0 (8.61)

5Åq�̧ X<s�'�_� �:r�̧�� �������, 5Åq�̧ �©�Ãº\� @/ô�Ç �:r�̧_� ò́õ�\�¦ ����?/l� 0A�#� ��6£§

õ� °ú �Ér Arrhenius d��s� ��6 x�)a��.

k = A exp[−E/(RT )] (8.62)

#�l�"f T��H ]X�@/�:r�̧, R�Ér l��̂�©�Ãº (8.413kJ/g-mol· K), E��H (kJ/g-mol éß�0A_�) �Ö̧$í
�o

\��-t�, A��H ìøÍ6£x 5Åq�̧ �©�Ãº éß�0A_� ����̧ �����(frequency factor)s���. Arrhenius ³ð�&³�̀¦

d�� (8.60)\� @/{9����� ��6£§õ� °ú s� �)a��.

t1/2 =
2α−1 − 1

{A exp[−E/(RT )]}(α− 1)

(
1

Cα−1
A0

)
(8.63)

s� d���Ér q�1px�:r ìøÍy��l� X<s�'�\�¦ �©��'a|9���HX< ��6 x|̈c Ãº e����.



]j 11 ]X� 5Åq�̧ X<s�'� K�$3�_� ìøÍy��l�ZO� 33

d�� (8.63)_� ���+þA�o�)a +þAI���H ��6£§õ� °ú s� ÅÒ#Q�����.

ln t1/2 = ln
(

2α−1 − 1
α− 1

)
− ln A +

E

RT
+ (1− α) ln CA0 (8.64)

(a) s� ìøÍ6£x\� @/ô�Ç 5Åq�̧d���̀¦ −rA = kCα
A�� ��&ñ
��¦, ³ð 8.6_� X<s�'�\�¦ ��6 x�#�

1055K\�"f ìøÍ6£x	�Ãºü< ìøÍ6£x 5Åq�̧ �©�Ãº\�¦ ���&ñ
�l� 0A�#� d�� (8.61)\� ���+þA �r)ì�r

����̀¦ &h�6 x���.

(b) d�� (8.60)\�q����+þA�r)ì�r$3��̀¦&h�6 x��¦ (a)���_�Ãº§4��)a°úכ[þt�̀¦q����+þA�r)ì�r$3�\�

@/ô�Ç �íl� ÆÒ&ñ
u��Ð ��6 x�#� (a)����̀¦ ��r� Û�¦��.

(c) ³ð 8.6õ� 8.7_� X<s�'�ü< d�� (8.64)\� @/ô�Ç ���+þA �r)ì�r$3��̀¦ ��6 x�#�, ìøÍ6£x 	�Ãº, Õª

\� K�{©����H ����̧ ����� x9� kJ/g-mol éß�0A_� ìøÍ6£x 5Åq�̧ �©�Ãº\� @/ô�Ç �Ö̧$í
�o \��-t�

\�¦ \V8£¤���.

(d) d�� (8.63)\�q����+þA�r)ì�r$3��̀¦&h�6 x��¦ (c)���_�Ãº§4��)a���õ�\�¦q����+þA�r)ì�r$3�\�

@/ô�Ç �íl� ÆÒ&ñ
u��Ð ��6 x�#� (c)����̀¦ ��r� Û�¦��.

11.4 B�(V�ò5Ñ)

s� ë�H]j\�"f ��H&÷̈½¹כ ���+þA x9� q����+þA �r)ì�r$3��Ér MATLAB�̀¦ ��6 x�#� Ãº'��|̈c Ãº e��

��. X<s�'�_� ���+þA x9� q����+þA �r)ì�r$3��Ér 2�©�\�"f d���̧e��>� �7H_��%i���. ���©� ��[jô�Ç �7H

_���H ë�H]j 2.3õ� 2.8\�"f �̂¦ Ãº e����.

(aÌò bågW)ÅØ (cÌò dågW)<J N�~×� 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p811ab.matÌò

p811cd.mat ��Qe7Ìø MATLAB data filev² � �b$\ AUe��.
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V� 12 â�
 m¬&P� ð5�£� e�Uc"� ¢4́�¿ PLl�'a B��7�£�· �Dø5� ø�%�×ß��

12.1 5���� à�
ÃZ�

õ�|¾ÓZO��̀¦ ��6 x�#� ìøÍ6£x 	�Ãº, ìøÍ6£x 5Åq�̧ �©�Ãº_� ���&ñ


12.2 ��£� ÛÖS ÊÁn�B�ß��

z�́+«> X<s�'�\�¦ ���½Ód��Ü¼�Ð ú́�»¡§, ³ð�Ð ÅÒ#Q��� X<s�'�_� p�ì�rõ� ���+þA x9� q����+þA �r)ì�r$3�

12.3 %K�V� à�
ÃZ�

Dioxane 6 xÓ�o\�"f ��[jàÔ íß�õ� ��s�9þt�Ð Ùכ�íß��̀¦_� ìøÍ6£x�Ér S!�íß� 8ú¤B��\�"f {9�#Qèß���. s�

ìøÍ6£x�Ér �§ìøÍs� ú̧�÷&��H �rì�r ìøÍ6£xl�\�¦ ��6 x�#� 40oC\�"f ���½̈÷&%3���. ìøÍ6£x�Ér A + B →
C + D�Ð l�Õüt�)a��. �íl�\� CA0 = CB0 =2 g-mol/dm3_� °ú �Ér 0lx�̧\�¦ ��6 xô�Ç �â
Äº\� @/

�#�, A_� 0lx�̧��H ³ð 8.8\� ÅÒ#Q��� ��õ	כ °ú s� r�çß�\� ���� ���ô�Ç��. ���Ér z�́+«>�Ér CA0 =1

g-mol/dm3, CB0 =8g-mol/dm3�̀¦ ��6 x�#� ���'��÷&%3���. s� z�́+«>\� @/ô�Ç ���õ���H ³ð 8.9\�


Qe����.ÂÒx���{9�&ñ#&÷���¹כô�Ç�rì�rd��ìøÍ6£xl�\�"fìøÍ6£xÓüt A\�@/ô�ÇÓüt|9�Ãºt��ÐÂÒ'���6£§

õ� °ú s� ÅÒ#Qt���H ìøÍ6£x 5Åq�̧ x9� ìøÍ6£x 5Åq�̧d��õ� °ú �Ér r�çß�\� @/ô�Ç �̧�<ÊÃº\�¦ %3��̀¦ Ãº e����.

dCA

dt
= −kCα

ACβ
B (8.65)

#�l�"f t��H ì�r éß�0A_� r�çß�, k��H ìøÍ6£x 5Åq�̧ �©�Ãº, α��H CA\� @/ô�Ç ìøÍ6£x 	�Ãº, β��H CB\� @/

ô�Ç ìøÍ6£x 	�Ãºs���.
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(a) ³ð 8.8\�ÅÒ#Q���X<s�'�\�¦��6 x�#�ÅÒ#Q���z�́+«>r�çß�\�"f �̧�<ÊÃº dCA/dt�ÐÅÒ#Qt�

��H ìøÍ6£x 5Åq�̧\�¦ >�íß����. s� 5Åq�̧�ÐÂÒ'� ìøÍ6£x 5Åq�̧ �©�Ãºü< 8úxF�c ìøÍ6£x 	�Ãº α + β\�¦

>�íß����.

(b) ³ð 8.9\� ÅÒ#Q��� X<s�'�\�¦ ��6 x�#�, ÅÒ#Q��� z�́+«> r�çß�\�"f ìøÍ6£x 5Åq�̧\�¦ >�íß����.

s� z�́+«> �̧×�æ\� ��H ß¼>� ����t� ·ú§��H���¦ ��&ñ
�#�, $í
ì�r A\� @/ô�Ç ��H���)a ìøÍ6£x 	�

Ãº α\�¦ >�íß����.

(c) ìøÍ6£x �ª��:r�̀¦ ��6 x�#� ���ª�ô�Ç r�çß�\�"f CB\�¦ >�íß��#� (b)����̀¦ ��r� Û�¦��.

(d) (a)ü< (b)\�"f ���&ñ
�)a ìøÍ6£x 5Åq�̧\� q����+þA �r)ì�r$3��̀¦ &h�6 x�#�, k, α, β_� &ñ
SX�ô�Ç

°ú̀�כ¦ ���&ñ
���. (k\� @/ô�Ç þj7áx ���õ�\�¦ �Ð�¦�l� ���\� αü< β°ú̀�כ¦ &ñ
Ãº�� çß�éß�ô�Ç ì�r

Ãº�Ð �Ð&ñ
���.)

³ð 8.8: CA0 =2g-mol/dm3, CB0 =2 g-mol/dm3��� �â
Äº\� r�

çß�\� @/ô�Ç ��[jàÔ íß�_� 0lx�̧

r�çß�, t 0lx�̧, CA

��� ñ min g-mol/dm3 × 103

1 0 2.000

2 120 1.705

3 150 1.647

4 180 1.595

5 210 1.546

6 240 1.501

7 270 1.460

8 300 1.421
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³ð 8.9: CA0 =1g-mol/dm3, CB0 =8g-mol/dm3��� �â
Äº\� r�

çß�\� @/ô�Ç ��[jàÔ íß�_� 0lx�̧

r�çß�, t 0lx�̧, CA

��� ñ min g-mol/dm3 × 103

1 0 1.000

2 30 0.959

3 45 0.939

4 75 0.903

5 120 0.854

6 150 0.824

7 210 0.771

8 255 0.734

(a)Ìò (b)ågW<J N�~×� 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p812a.matÌò p812b.mat ��Qe7

Ìø MATLAB data filev² � �b$\ AUe��.
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V� 13 â�
 CSTR£�· �Dø5� ¢4́�¿ PLl�'a B��7�

13.1 5���� à�
ÃZ�

CSTR\�"f ���'��÷&��H l��©� q���%i� ìøÍ6£x\� @/ô�Ç ìøÍ6£x 	�Ãºü< s�\� K�{©����H ìøÍ6£x 5Åq�̧ �©�

Ãº_� ���&ñ


13.2 ��£� ÛÖS ÊÁn�B�ß��

@/Ãº&h� ³ð�&³_� �����\�¦ %3�l�0Aô�Ç X<s�'�_� �r)ì�r$3�

13.3 %K�V� à�
ÃZ�

�ª��:r �'a>��� A → B +2C�Ð ����?/#Qt���H ç�H|9� q���%i� l��©� ìøÍ6£xs� 300oC, 0.9125l�·ú�\�

"f 1dm3_� CSTR\�"f ���'���)a��. ìøÍ6£xl� {9�§4�s� í�HÃºô�Ç A��� ìøÍ6£xl� �̧|	�\�"f {9�§4� Ä»5Åq

v0\� @/ô�Ç ����oÖ�¦ XA�� ³ð 8.10\� Q#&÷���¹כ e����. CSTR\�"f A\� @/ô�Ç Óüt|9�Ãºt���H ��6£§

õ� °ú ��.

v0 =
V kCn

A0(1 + XA)n

CA0XA(1 + 2XA)n
=

V kCn
A0(1 + XA)n−1

XA(1 + 2XA)n
(8.66)

#�l�"f v0��H dm3/s éß�0A_� ÂÒx� Ä»5Åqs��¦, V��H dm3 éß�0A_� ìøÍ6£xl�_� ÂÒx�, k��H ìøÍ6£x 5Åq

�̧ �©�Ãº, CA0 =0.1942g-mol/dm3, n�Ér ìøÍ6£x 	�Ãºs���. ·ú¡_� d��\�"f ìøÍ6£x ���Êê_� ÂÒx� ���

�o\�¦ [O�"î
���H ����� 2�� ì�r�̧\� �í�<Ê÷&#Q e����H ��\	כ ÅÒ_����.

A\� @/ô�Ç ìøÍ6£x 	�Ãº(&ñ
Ãº °úכÜ¼�Ð)\�¦ ���&ñ
��¦ s�\� K�{©����H ìøÍ6£x 5Åq�̧ �©�Ãº\�¦ >�íß��

��.
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³ð 8.10: CSTR_� ����oÖ�¦ X<s�'�

v0 v0

dm3/s XA dm3/s XA

250 0.45 5 0.8587

100 0.5562 2.5 0.8838

50 0.6434 1 0.9125

25 0.7073 0.5 0.8587

10 0.7874

�� ì 4SJ<J N�~×� 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p813.mat ��Qe7Ìø MATLAB data

filev² � �b$\ AUe��.

0s� ë�H]j_� X<s�'�[þt�Ér McCrackenõ� Dickson [10]_� ���õ�\�¦ ��6 x�#� %3�#Q&����.
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V� 14 â�
 �̈·�aÜ« éÛ��̧ ð5�£� e� ¢4́�¿ PLl�'a�+ i�&P�ß�� B��7�

14.1 5���� à�
ÃZ�

e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f ���'��÷&��H Ó�o�©� ìøÍ6£x\� @/ô�Ç ìøÍ6£x 	�Ãºü< s�\� K�{©����H ìøÍ6£x 5Åq

�̧ �©�Ãº_� p�ì�rZO� K�$3�

14.2 ��£� ÛÖS ÊÁn�B�ß��

³ð�Ð ÅÒ#Q��� X<s�'�_� p�ì�r x9� ú́�»¡§, X<s�'�_� ���+þA ¢̧��H q����+þA �r)ì�r$3�

14.3 %K�V� à�
ÃZ�

íß��è��H ���/BN a�=Ó�o\� e����H K��̧/åJ�Ð���\� �í�<Ê÷&#Q ¶ú���e����H �̧f��Ü¼�Ð ���²ú�÷&�¦, �̧f��_�

�̧[j�'a�̀¦ :�x�#� y�� [j�í�Ð ���²ú��)a��. �̧[j�'a-[j�í �â
>�\�"f K��̧/åJ�Ð���_� »1Ïíß��è_� �í

l� éß�>���H q���%i�Ü¼�Ð ��&ñ
|̈c Ãº e��Ü¼ 9, ��6£§õ� °ú s� ����?/#Q �����.

HbO2 → Hb + O2

¢̧��H

A → B + C

s� »1Ïíß��è ìøÍ6£x_� 1lx§4��<Æ�Ér 0.158cm t�2£§_� e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f ���½̈÷&%3���. 1 ×
10−5g-mol/cm3 0lx�̧_� HbO2 6 xÓ�os� 19.60cm3/s_�5Åq�̧�ÐìøÍ6£xl��ÐÅÒ{9��)a��.íß��è_�0lx

�̧��H �'a_� U�́s�\�¦ ����"f 2.5cm çß����Ü¼�Ð Z�~#���� ����FGÜ¼�Ð 8£¤&ñ
�)a��. HbO2 6 xÓ�o_� {9�&ñ


ÅÒ{9� 5Åq�̧\� @/ô�Ç ô�Ç ���_� z�́'�� ���õ� X<s�'��� ³ð 8.11\� Q#&÷���¹כ e����.

s�e�¦�QÕªâì2£§ìøÍ6£xl�\�"fK��̧/åJ�Ð���\�@/ô�ÇÓüt|9�Ãºt�d���Érp�ì�r~½Ó&ñ
d��+þAI��Ð��6£§

õ� °ú s� ÅÒ#Q�����.
dXA

dV
=
−rA

FA0
(8.67)

#�l�"f XA��H HbO2_� ����oÖ�¦, V��H cm3 éß�0A_� ìøÍ6£xl� ÂÒx�, rA��H 0lx�̧_� éß�0A\�¦ g-

mol/cm3�Ð ��6 x���H 5Åq�̧d��, FA0��H g-mol/séß�0A_� ìøÍ6£xl��Ð_� A_� ÅÒ{9� 5Åq�̧s���.

0Fogler, H.S. Elements of Chemical Reaction Engineering, 1st ed., Englewood Cliff, NJ: Prentice Hall,

1986\�"f µ1ÏLY
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5Åq�̧ X<s�'� K�$3�_� p�ì�rZO��Ér p�ì�r ~½Ó&ñ
d�� +þAI�_� Óüt|9�Ãºt�d��(ìøÍ6£xl� [O�>� ~½Ó&ñ
d��)�̀¦

z�́+«> X<s�'�\� ú́�ÆÒ��H �.���s	כ s� �â
Äº\� d�� (8.67)\�¦ f��]X� ��6 x�l� 0AK�"f��H ìøÍ6£xl� ÂÒ

x�\� ���Ér ����oÖ�¦�ÐÂÒ'� �̧�<ÊÃº\� @/ô�Ç &ñ
�Ð�� ¹כ��9�>� �)a��.

(a) ³ð 8.11_� X<s�'�\�¦ ���½Ód��Ü¼�Ð ú́�ÆÒ�¦, #��Q ����FG 0Au�\�"f dXA/dV\�¦ ���&ñ
���.

(b) s� ìøÍ6£x\� @/ô�Ç 5Åq�̧d���̀¦ −rA = kCα
A�� ��&ñ
��¦, ìøÍ6£x	�Ãº α\�¦ &ñ
Ãº ¢̧��H çß�éß�ô�Ç

ì�rÃº�Ð ���&ñ
�l�0A�#� d�� (8.67)\� q����+þA �r)ì�r$3��̀¦ f��]X� ��6 x���.

(c) d�� (8.57)�̀¦ K�$3�&h�Ü¼�Ð &h�ì�r��¦ "é¶A�_� X<s�'��ÐÂÒ'� ���+þA �̧r�\�¦ %3��̀¦ Ãº e����

��H �¦̀�	כ �Ðe��Ü¼�Ð+� (b)���\�"f %3��Ér ìøÍ6£x 	�Ãº�� �̀�����H �¦̀�	כ {9�7£x���. "é¶A�_� X<

s�'�\�¦ ���çß� ���8̈����H ��s	כ É+½¹כ��9 t��̧ �̧�Ér��.

³ð 8.11: ìøÍ6£xl� {9�½̈�ÐÂÒ'�_� U�́s�_� �<ÊÃº�Ð ÅÒ#Q��� K��̧/åJ

�Ð���_� »1Ïíß��è�o

����FG 0Au� HbO2_� ����oÖ�¦

z (cm) XA

0.0 0.000

2.5 0.0096

5.0 0.0192

7.5 0.0286

10.0 0.0380

12.5 0.0472

15.0 0.0564

17.5 0.0655

�� ì 4SJ<J N�~×� 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p814.mat ��Qe7Ìø MATLAB data

filev² � �b$\ AUe��.
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V� 15 â�
 �̈·�aÜ« éÛ��̧ ð5�£� e� ¢4́�¿ PLl�'a�+ �\�&P�ß�� B��7�

15.1 5���� à�
ÃZ�

e�¦�QÕª âì2£§ ìøÍ6£xl�\�"f ���'��÷&��H l��©� ìøÍ6£x\� @/ô�Ç ìøÍ6£x 	�Ãºü< s�\� K�{©����H ìøÍ6£x 5Åq

�̧ �©�Ãº_� &h�ì�rZO� K�$3�

15.2 ��£� ÛÖS ÊÁn�B�ß��

³ð�Ð ÅÒ#Q��� X<s�'�_� p�ì�r x9� ú́�»¡§, X<s�'�_� ���+þA ¢̧��H q����+þA �r)ì�r$3�

15.3 %K�V� à�
ÃZ�

�¦�:r\�"f acetaldehyde��H ��6£§õ� °ú s� ì�rK��)a��.

CH3CHO → CH4 + CO

¢̧��H

A → C + D

z�́+«>\�"f í�HÃºô�Ç acetaldehyde 7£xl��� ÅÒ0A_� �̧(furnace)\�_��#� 510oC�Ð Ä»t�÷&��H

ìøÍ6£x �'a�̀¦ :�xõ�ô�Ç��. ìøÍ6£x�'a�Ér îß�Aá¤ t�2£§s� 2.5cm U�́s��� 50cms��¦, ·ú�§4��Ér @/l�·ú�s���.

z�́+«> ���õ��Ð %3�#Q��� #��Q Ä»5Åq\� @/ô�Ç ì�rK� 5Åq�̧�� ³ð 8.12\� Q#&÷���¹כ e����. ìøÍ6£xl� X<

s�'�_� &h�ì�rZO� K�$3�_� &h�6 x�Ér :£¤&ñ
 ìøÍ6£x 5Åq�̧d��\� @/ô�Ç ìøÍ6£xl� [O�>� ~½Ó&ñ
d��(Óüt|9�Ãºt�d��)

_� &h�ì�r�̀¦ �í�<Êô�Ç��. Acetaldehyde ì�rK� ìøÍ6£xõ� °ú �Ér �ª��:r �'a>�_� {9�ìøÍ&h���� 1	� l��©� ìøÍ

6£x\� @/�#�, ìøÍ6£x 5Åq�̧d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

rA = −kCA0
(1−XA)
(1 + XA)

(8.68)

#�l�"f CA0��H ìøÍ6£xl��Ð [þt#Q����H {9�§4� 0lx�̧s���.

1	� ìøÍ6£x\� @/ô�Ç [O�>� ~½Ó&ñ
d��_� &h�ì�r +þAI���H Fogler\� _��#� ��6£§õ� °ú s� ÅÒ#Q�����.

V = FA0

∫ XA

0

dXA

(−rA)
=

FA0

kCA0

∫ XA

0

(1 + XA)
(1−XA)

dXA (8.69)

0A d���̀¦ K�$3�&h�Ü¼�Ð &h�ì�r���� ��6£§õ� °ú s� �)a��.

V =
FA0

kCA0

{
2 ln

[
1

(1−XA)

]
−XA

}
(8.70)
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d�� (8.70)�̀¦ &ñ
o����� 5Åq�̧ �©�Ãº�� ���+þA �r)ì�r$3�Ü¼�Ð ���&ñ
|̈c Ãº e����H ]�téß�0A_� ÅÒ{9�5Åq

�̧ü< ����oÖ�¦õ�_� �'a>�\�¦ ÅÒ��H ��6£§õ� °ú �Ér çß�¼#�ô�Ç +þAI��Ð �)a��.

FA0 =
kCA0V{

2 ln
[

1
(1−XA)

]
−XA

} (8.71)

2	� ìøÍ6£x\� @/K�"f�̧ &h�ì�r����

V =
FA0

kCA02

[
4 ln(1−XA) + XA +

4XA

(1−XA)

]
(8.72)

ü< °ú �Ér d���̀¦ %3�Ü¼ 9, �r)ì�r$3��̀¦ 0Aô�Ç ��6£§õ� °ú �Ér +þAI��Ð F�C�\P� �)a��.

FA0 =
kC2

A0V[
4 ln(1−XA) + XA + 4XA

(1−XA)

] (8.73)

(a) ³ð 8.12_� X<s�'�\� ���+þA �r)ì�r$3��̀¦ &h�6 x�#� d�� (8.71)Ü¼�ÐÂÒ'� 1	� ìøÍ6£x 5Åq�̧ �©�

Ãºü< d�� (8.73)Ü¼�ÐÂÒ'� 2	� ìøÍ6£x 5Åq�̧ �©�Ãº\�¦ ÆÒíß����. éß�0A��H h, cm3, g-mol�̀¦ ��

6 x���.

(b) X<s�'�\�¦ ���©� ú̧� ����?/��H ìøÍ6£x 	�Ãºü< Õª\� K�{©����H ìøÍ6£x5Åq�̧ �©�Ãº\�¦ ���×þ����.

���×þ��̀¦ &ñ
{©��o���.

³ð 8.12: Acetaldehyde_� ì�rK� X<s�'�

��� ñ Ä»5Åq, FA0 (g-mol/h) ����oÖ�¦, XA ��� ñ Ä»5Åq, FA0 (g-mol/h) ����oÖ�¦, XA

1 9.09 0.524 5 4.55 0.652

2 2.05 0.775 6 3.27 0.705

3 0.909 0.871 7 2.68 0.738

4 1.73 0.797 8 0.682 0.894

�� ì 4SJ<J N�~×� 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e� p815.mat ��Qe7Ìø MATLAB data

filev² � �b$\ AUe��.
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V� 16 â�
 ¥@́9� ð5�£� Uc 7�ø5� ð5�£� ¢4́�¿ÐÏ� Úr
Ça�

16.1 5���� à�
ÃZ�

8ú¤B� ìøÍ6£x 5Åq�̧d��õ� z�́+«> X<s�'�_� q��§ î̈
��

16.2 ��£� ÛÖS ÊÁn�B�ß��

4�¤ú̧�ô�Çd��_�q����+þA�r)ì�r$3�õ����+þA�r)ì�r$3��̀¦&h�6 x�l����\�X<s�'�_����8̈�õ�4�¤ú̧�ô�Ç

d��_� ���+þA�o\�¦ �í�<Ê���H ��×�æ ���+þA �r)ì�r$3�

16.3 %K�V� à�
ÃZ�

Cutlipõ� Peters [2]��H 3	� ÂÒ�9� ·ú�c+t(A)s� isobutylene(B)õ� Óüt(W)�Ð ì�rK�÷&��H 8ú¤B� Ô�¦ç�H

{9� »1ÏÃº ìøÍ6£x�̀¦ �̧���%i���. ìøÍ6£x�Ér �©�·ú��\�"f #��Q �:r�̧\�"f ���½̈÷&%3���. 533.1K\�"f

ìøÍ6£xÓütõ� Òqt$í
Óüt_� #��Q ì�r·ú�\� @/ô�Ç �'a¹1Ï�)a ìøÍ6£x 5Åq�̧�� ³ð 8.13\� ÅÒ#Q4R e����.

ú́§�Ér "f�Ð ���Ér ìøÍ6£x Bj
�m�7£§õ� Ö�¦5Åq éß�>���H ìøÍ6£x 5Åq�̧\�¦ 24>h_� ì�r·ú�_� �<ÊÃº�Ð ³ð�&³

ô�Ç��. \Vq� éß�>�\�"f ����Q��� ��6£§ 4>h_� 5Åq�̧d��s� î̈
��K��̂¦ ��u��� e����.

�¿D�f 1

r =
kKAPA

1 + KAPA + KW PW
(8.74)

�¿D�f 2

r =
kKAPA

1 + KAPA + KW PW + KBPB
(8.75)

�¿D�f 3

r =
kKAPA

(1 + KAPA + KW PW )2
(8.76)

�¿D�f 4

r =
kKAPA

(1 + KAPA + KW PW + KBPB)2
(8.77)

#�l�"f

r = ìøÍ6£x 5Åq�̧, g-mol/h·g,



44 ]j 8 �©� ìøÍ6£x/BN�<Æ

k = ìøÍ6£x 5Åq�̧ �©�Ãº, g-mol/h·g PA, PW E, PB = y��y�� ·ú�c+t, Óüt, ÂÒ�9�E$�_� ì�r

·ú�, atm

KA, KW , KB = f�̈�ÃÌ �©�Ãº, atm−1

³ð 8.13: 533.1K\�"f ì�r·ú�_� �<ÊÃº�Ð ÅÒ#Q��� ìøÍ6£x 5Åq�̧

î̈
ç�H ì�r·ú� (atm)

��� ñ ·ú�c+t Óüt Buthylene ìøÍ6£x5Åq�̧ (g-mol/h·g)

1 0.7913 0.0177 0.0172 0.005047

2 0.6349 0.0159 0.0156 0.004409

3 0.4788 0.0149 0.0146 0.003857

4 0.3339 0.0157 0.0163 0.003048

5 0.6362 0.0146 0.1736 0.004464

6 0.4864 0.0128 0.3252 0.003671

7 0.3302 0.0135 0.4819 0.002716

8 0.651 0.1629 0.0104 0.004271

9 0.474 0.3374 0.0122 0.003244

10 0.3167 0.4982 0.01 0.002348

11 0.3506 0.0121 0.314 0.002841

12 0.3973 0.2705 0.0121 0.002903

13 0.3661 0.186 0.0083 0.002995

14 0.3219 0.0117 0.1819 0.002801

15 0.4757 0.0135 0.1821 0.003622

16 0.4857 0.1687 0.0089 0.003523

Cutlipõ� Peters [2]��H X<s�'�\�¦ �©��'ar�v�l� 0A�#� ��6£§õ� °ú �Ér �â
+«>&h���� ��[þv]jY�L +þA_�

5Åq�̧d���̧ �¦�9�%i���.

�¿D�f 5

r = k(PA)a(PW )w(PB)b (8.78)

#�l�"f a, w, b��H p�t�_� t�Ãºs���.
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(a) ³ð 8.13\� ÅÒ#Q��� X<s�'�\�¦ ú́�ÆÒl�0A�#� ��$Á	 �̧4Sq×�æ_� ���\�¦ ���×þ����. �̧4Sq_�

B�>h�����\�¦ ���&ñ
�l�0A�#� 5Åq�̧d��_� ���+þA�o�)a +þAI�\� ��×�æ ���+þA �r)ì�r$3��̀¦ &h�6 x

���.

(b) ���×þ��)a �̧4Sq\� °ú �Ér 5Åq�̧ X<s�'�\�¦ ��6 x�#� f��]X�&h���� q����+þA �r)ì�r$3��̀¦ &h�6 x�

��. �̧4Sq_� B�>h�����_� �íl� ��&ñ
u���H (a) ���_� B�>h�����s���. s� õ�&ñ
�Ér ���+þA �r)

ì�r$3����õ�\�¦q����+þA�r)ì�r$3�_��íl���&ñ
u�_�½+Ëo�&h����°úכÜ¼�Ð]j/BN�#�ï�r����H�	כ

\� ÅÒ3lq���.

(c) �� Qt� �̧4Sq\� @/K�"f�̧ (a)ü< (b)����̀¦ ìøÍ4�¤��¦, #��Q q����+þA �r)ì�r$3�_� ì�ríß��̀¦

���&ñ
���. ì�ríß�s� þj�è��� �̧4Sq�̀¦ þj&h� �̧4Sq�Ð ���×þ����.

(d) (c)_� ���õ�\�¦ Cutlipõ� Peters [2]_� ���õ�ü< q��§���.

16.4 B�(V�ò5Ñ ��� ÉÙ&P��\�ê�> B�)

(a) ���+þA x9� q����+þA �r)ì�r$3��Ér ë�H]j 2.3, 2.5, 2.6, 2.10, 2.11 x9� 2.12\�"f �7H_�÷&%3���. ��

×�æ ���+þA �r)ì�r$3��̀¦ s� 5Åq�̧d��\� &h�6 x�l� 0AK�"f��H, #��Q 5Åq�̧d��[þt�Ér ���+þA�o÷&#Q�� �

�¦, X<s�'��̧ &h�]X��>� ���8̈�÷&#Q�� ô�Ç��. �̧4Sq 1�̀¦ �¦�9���. s� �̧4Sq�Ér d�� (8.74)_� �ª����

_� %i��̀¦ 2[���� ���+þA�o�)a��.

1
r

=
1
k

+
1

kKAPA
+

KW PW

kKAPA
(8.79)

0A_� d���Ér ���+þA �r)ì�r$3�_� {9�ìøÍ&h���� +þAI��Ð ��6£§õ� °ú s� ³ð�&³|̈c Ãº e����.

y = a0 + a1x1 + a2x2 (8.80)

s� õ�&ñ
\�"f ��6£§õ� °ú �Ér ���8̈� �<ÊÃº[þts� ��6 x÷&%3���.

x1 = 1/PA x2 = PW /PA (8.81)

#�l�"f

a0 =
1
k

a1 =
1

kKA
a2 =

KW

kKA
(8.82)

s���.
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�̧4Sq 1\� @/ô�Ç ��×�æ ���+þA �r)ì�r$3��Ér a0, a1, a2 °ú̀�כ¦ ÅÒ�¦, d�� (8.82)\�¦ ��6 x���H çß�éß�

ô�Ç >�íß��̀¦ :�x�#� k = 0.01102g-mol/h·g, KA = 1.0575atm−1, KW = 0.49706atm−1_� °úכ

�̀¦ %3��̀¦ Ãº e����.

�¿D�f 3 �̧4Sq3_����+þA�o�)a+þAI���HÄº���d�� (8.76)_�%i�Ãº\�¦2[��¦]jY�L��H�̀¦2[������6£§

õ� °ú >��)a��.

1
r1/2

=
1

(kKA)1/2P
1/2
A

+
KAPA

(kKA)1/2P
1/2
A

+
KW PW

(kKA)1/2P
1/2
A

(8.83)

d�� (8.83)�̀¦ 0Aô�Ç &h�]X�ô�Ç ���8̈� �<ÊÃº[þt�Ér ��6£§õ� °ú ��.

y = 1/(r0.5)

x1 = 1/(P 0.5
A )

x2 = P 0.5
A

x3 = PW /(P 0.5
A )

(8.84)

#�l�"f ��×�æ ���+þA �<ÊÃº��H ��6£§õ� °ú ��.

y = a1x1 + a2x2 + a3x3 (8.85)

(c) þj&h�_� �̧4Sq ���×þ��̀¦ 0Aô�Ç :�x>�&h���� "é¶o�[þts� 2�©�õ� Constantinides [1]\� _��#� �7H

_�÷&%3���.

(a)Q¶6 �÷~×� åhW�=*U±6 �·G����e� �� ì 4SJ<J N�~×� 3̀��'��e� CHAP8 ���Ý�~²��<J AUe�e�

p816.mat ��Qe7Ìø MATLAB data filev² � �b$\ AUe��.
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V� 17 â�
 e�(�× ¥@́9� ð5�£� £�· �Dø5� ��»¦�>¥� ð5�£� e� à�
N�

17.1 5���� à�
ÃZ�

"f�Ð ���Ér 8ú¤B� ìøÍ6£x 5Åq�̧d�� x9� ·ú�§4� 	�_� 1px�:r Ø�æ���8£x 8ú¤B� ìøÍ6£xl�\�"f ����oÖ�¦ >�íß�

17.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�ZO�

17.3 %K�V� à�
ÃZ�

q���%i� l��©� 8ú¤B� ìøÍ6£x

A + B → C + D (8.86)

s� 4>h_� "f�Ð ���Ér 8ú¤B��Ð Ø�æ����)a Ø�æ���8£x ìøÍ6£xl�\�"f ���'���)a��. y�� 8ú¤B�\� @/K� ìøÍ6£x 5Åq

�̧d���Ér ��6£§õ� °ú s� "f�Ð ���Ér +þAI�\�¦ �������.

r′A1 =
kCACB

1 + KACA
(8.87)

r′A2 =
kCACB

1 + KACA + KCCC
(8.88)

r′A3 =
kCACB

(1 + KACA + KBCB)2
(8.89)

r′A4 =
kCACB

(1 + KACA + KBCBKCCC)2
(8.90)

A_� ]�t Ä»5Åq�Ér FA0=1.5g-mol/mins��¦, ìøÍ6£xÓüt[þt_� �íl� 0lx�̧��H ìøÍ6£xl� {9�½̈\�"f CA0 =

CB0 =1.0g-mol/dm3s���. ìøÍ6£xl�\���H 8úx W=2kg_� 8ú¤B��� ��6 x�)a��. ìøÍ6£x 5Åq�̧ �©�Ãºü<

#��Q 8ú¤B� 5Åq�̧ �����[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

k = 10dm6/kg ·min

KA = 1dm3/g −mol

KB = 2dm3/g −mol

KC = 20dm3/g −mol
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(a) ìøÍ6£xl� &ñ
·ú�\�"f î�r���|̈c M: y�� 8ú¤B� ìøÍ6£x 5Åq�̧d��\� @/�#� 8ú¤B� Áº>�{©�_� ����oÖ�¦�̀¦

>�íß���¦ �̧r����. l�@/÷&��H Ø�¦½̈ ����oÖ�¦�̀¦ ���¹כ���.

(b) ìøÍ6£xl� ?/\�"f_� ·ú�§4�q��� ��6£§õ� °ú s� ÅÒ#Q|9� M:, (a)����̀¦ ìøÍ4�¤���.

dy

dW
=
−α

2y
(8.91)

#�l�"f y = P/P0s��¦ α��H �©�Ãºs��� (α = 0.4).

17.4 B�(ÉÙ&P� B� ��� V�ò5Ñ�æ·)

(a) (a)���\� &h�6 x÷&��H d��[þt�Ér ��6£§õ� °ú ��.

 â· ÊÁm�

dX

dW
=
−r′A
FA0

(8.92)

)�×Òeµ

CA = CB = CA0(1−X)

CC = CD = CA0X
(8.93)

4>h_�����oÖ�¦�̀¦q��§�l�0A�#�ô�ÇÕªA�áÔ\� �̧r��l�0AK�"f��H 4��t��â
Äº\�¦1lxr�\�ÉÒ

��H ��s	כ ¼#�o����. s� ���|ÄÌ�Ér ë�H]j 8.2\�"f �7H_�÷&%3���. (a)���_� 4��t� �â
Äº��H MATLAB

Û¼ß¼wn�àÔ[þt\� _��#� &h�ì�r|̈c Ãº e����.

p817a.m

clear all
W0=0;
Wf=2;
XA10=0;
XA20=0;
XA30=0;
XA40=0;
[W,X]=ode45(’p817af’,[W0 Wf],[XA10 XA20 XA30 XA40]);
plot(W,X(:,1),W,X(:,2),’:’,W,X(:,3),’-.’,W,X(:,4),’--’)
xlabel(’Catalyset Weight’)
ylabel(’Conversion’)

p817af.m
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ÕªaË> 8.7: 4��t� "f�Ð ���Ér 8ú¤B�\� @/ô�Ç 8ú¤B� Áº>�\� ���� >�íß��)a ����oÖ�¦

function dXdW=p817af(W,X)
dXdW=zeros(4,1);
k=10;
FA0=1.5;
CA0=1;
KA=1;
KB=2;
KC=20;
dXdW(1)=(k/FA0)*(CA0*(1-X(1)))^2/(1+KA*CA0*(1-X(1)));
dXdW(2)=(k/FA0)*(CA0*(1-X(2)))^2/(1+KA*CA0*(1-X(2))+KC*CA0*X(2));
dXdW(3)=(k/FA0)*(CA0*(1-X(3)))^2/(1+KA*CA0*(1-X(3))+KB*CA0*(1-X(3)))^2;
dXdW(4)=(k/FA0)*(CA0*(1-X(4)))^2/(1+KA*CA0*(1-X(4))+KB*CA0*(1-X(4))...
+KC*CA0*X(4))^2;
return

8ú¤B�_� Áº>� W\� ���Ér ����oÖ�¦ �̧r��� ÕªaË> 8.7\� ÅÒ#Q�����.

(a)Q¶6 �Ê6���÷~×� ©��=��®�P±6"e� CHAP8 ���Ý�~²��<J p817a.mÅØ p817af.mv² � �b$\ AUe

��.

(b) ìøÍ6£xl� ?/\�"f ·ú�§4�s� ������H �â
Äº\���H, 0lx�̧ü< ����oÖ�¦�̀¦ ���������H �ª��:rd��[þts� ·ú�

§4�_� ����o\�¦ �í�<Ê�#� ��6£§õ� °ú s� ��7#Q4R�� ô�Ç��.

CA = CB = CA0(1−X)y

CC = CD = CA0Xy
(8.94)
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d�� (8.91)�Ð ÅÒ#Q��� ·ú�§4� y©��\� @/ô�Ç p�ì�r ~½Ó&ñ
d���̧ ����oÖ�¦\� @/ô�Ç p�ì�r ~½Ó&ñ
d��[þtõ� 1lx

r�\� Û�¦#Q4R�� ô�Ç��.
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V� 18 â�
 ÒÏ�Ý~
 ¥o>Úr
ÛÖS CSTR�× �¿D�fÿb�bCÐM� ��»¦�>¥� ð5�£� e�Uc"�

¥@́9��+ ḈÔfw

18.1 5���� à�
ÃZ�

·ú�§4� y©���� e���¦/\O���H f��§>= �������)a CSTR�Ð ��H��÷&��H Ø�æ���8£x ìøÍ6£xl�\�"f r�çß�\� ���Ér

ìøÍ6£xÓüt, Òqt$í
Óüt_� 0lx�̧ ����oü< 8ú¤B� �Ö̧$í
_� y��ûZ ���&ñ
.

18.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�ZO�

18.3 %K�V� à�
ÃZ�

l��©� 8ú¤B� ìøÍ6£x A → B�� 8ú¤B� �Ö̧$í
s� y��ûZ÷&��H Ø�æ���8£x ìøÍ6£xl�\�"f ���'���)a��. �Ö̧$í
_� y��

ûZ\�¦ �í�<Ê���H ìøÍ6£x 5Åq�̧d���Ér ��6£§õ� °ú s� ÅÒ#Q�����.

−rA = akCA (8.95)

#�l�"f a��H ��6£§_� y��ûZ 1lx%i��<Æ�̀¦ ��ØÔ��H 8ú¤B�_� �Ö̧$í
s���.

da

dt
= −kd1a (8.96)

¢̧��H

da

dt
= −kd2aCB (8.97)

Ø�æ���8£x ìøÍ6£xl���H ÕªaË> 8.8\� �Ðs���H ��ü< °ú s� [j >h_� f��§>= �������)a CSTR�Ð ��H���)a��.

y�� ìøÍ6£xl��Ð_� ÅÒ{9�÷&��H ÂÒx� Ä»5Åq�Ér v0s���. 'Í	 ���P: ìøÍ6£xl��Ð_� �̧{9�ÀÓ��H 0lx�̧ CA0_�

í�HÃºô�Ç As���. ·ú�§4� �<Hz�́�Ér Áºr�|̈cëß� ���. r�çß� 0\�"f ìøÍ6£xl�\���H Ô�¦�Ö̧$í
 l��̂ëß�s� 	�

e����. ��6£§õ� °ú �Ér B�>h����� °úכ[þts� ��6 x�)a��.

kd1 = 0.01min−1 kd2 =
1.0dm3

gmol ·min

k = 0.9
dm3

dm3(of catalyst) min

CA0 = 0.01
g −mol

dm3
V = 10dm3 v0 = 5

dm3

min
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21
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v0

V VV

ÕªaË> 8.8: f��§>= �������)a [j >h_� CSTR�Ð ��H���)a ìøÍ6£xl�

(a) [j ìøÍ6£xl�\�"f_� A_� 0lx�̧\�¦ d�� (8.96)_� �Ö̧$í
�̧ �<ÊÃº\�¦ ��6 x�#� r�çß�_� �<ÊÃº�Ð

60ì�r��t� �̧r����. [j ìøÍ6£xl�\�"f_� �Ö̧$í
�̧\� @/ô�Ç Z>�>h_� �̧r�\�¦ ���.

(b) d�� (8.97)�Ð ÅÒ#Q��� �Ö̧$í
�̧ �<ÊÃº\� @/�#� (a)����̀¦ ìøÍ4�¤���.

(c) �Ö̧$í
_�y��ûZ��e����H (a)���õ� (b)���_� 60ì�r\�"f_� A_�0lx�̧\�¦8ú¤B��Ö̧$í
_�y���W��\O�

��H e�¦�QÕª âì2£§ Ø�æ���8£x ìøÍ6£xl�(8úx ÂÒx� 30dm3ü< [j >h_� f��§>= �������)a CSTR\�"f_�

0lx�̧ü< q��§���.

18.4 ÉÙ&P� B�

'Í	 ���P: ìøÍ6£xl�\�"f Aü< B$í
ì�r\� @/ô�Ç Óüt|9� Ãºt���H y��y�� ��6£§õ� °ú �Ér p�ì�r ~½Ó&ñ
d��s� �)a

��. �'���� 1�Ér 'Í	 ���P: ìøÍ6£xl�\�"f_� 0lx�̧\�¦ �����·p��.

dCA1
dt = (CA0−CA1)v0

V + rA1

dCB1
dt = −CB1v0

V − rA1
(8.98)

i = 2, 3��� ¿º ���P:ü< [j ���P: ìøÍ6£xl�\�"f��H ��6£§õ� °ú s� �)a��.

dCAi
dt = (CA(i−1)−CA(i))v0

V + rAi

dCBi
dt = (CB(i−1)−CB(i))v0

V + rAi

(8.99)

d�� (8.95)ü< (8.96) ¢̧��H (8.97)õ� �<Êa� s� d���Ér s� ë�H]j\�"f 1lxr�\� Û�¦#Q�� ½+É ~½Ó&ñ
d��s� �)a

��.
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(a) s� ë�H]j\�¦ Û�¦l�0AK�"f��H d�� (8.95)ü< (8.96)\� ÂÒ���#� A\�¦ �í�<Ê���H Óüt|9�Ãºt�d��

ëß�s� ¹כ��9���. s� ë�H]j\�¦ Û�¦l�0Aô�Ç MATLAB Û¼ß¼wn�àÔ��H ��6£§õ� °ú ��.

p818a.m

clear all
t0=0;
tf=60;
a10=1;
a20=1;
a30=1;
CA10=0;
CA20=0;
CA30=0;
[t x]=ode45(’p818af’,[t0 tf],[a10 a20 a30 CA10 CA20 CA30]);
CA1=x(:,4);
CA2=x(:,5);
CA3=x(:,6);
plot(t,CA1,t,CA2,’:’,t,CA3,’--’)
xlabel(’Time [min]’)
ylabel(’Concentration [gmol/dm3]’)

p818af.m

function dxdz=p819af(z,x)
a=1;
dxdz=a*30*(1-x)/((1+5*0.2*(1-x))*8);
return

[j >h_� y�� ìøÍ6£xl�\�"f A_� 0lx�̧_� ÕªA�áÔ��H ÕªaË> 8.9\� ÅÒ#Q4R e����.

(b) $í
ì�rAü< B\�¦�í�<Ê���HÓüt|9�Ãºt�d��s�d�� (8.95)ü< (8.97)õ��<Êa��9¹כ����.d�� (8.97)�Ð

ÅÒ#Qt���H�Ö̧$í
_� B_�0lx�̧_�_��>r$í
M:ë�H\�y��ìøÍ6£xl�\�"f_��Ö̧$í
�Ér��ØÔ>��)a����H��\	כ

ÅÒ3lq���.
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ÕªaË> 8.9: y�� ìøÍ6£xl�\�"f A_� 0lx�̧

(a)Q¶6 �Ê6���÷~×� ©��=��®�P±6"e� CHAP8 ���Ý�~²��<J p818a.mÅØ p818af.mv² � �b$\ AUe

��.

V� 19 â�
 Straight-Through ð5�£� e�Uc"� ¥@́9� �̀ËÅ]� $���+ à�
N�

19.1 5���� à�
ÃZ�

8ú¤B�8£xs� ìøÍ6£xl� ?/\�¦ s�1lx���H straight-through s�1lx ìøÍ6£xl�\�"f 8ú¤B� l��©� ìøÍ6£x\� @/

ô�Ç #��Q +þAI�_� 8ú¤B� �Ö̧$í
 $��_� ò́õ�.

19.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�ZO�

19.3 %K�V� à�
ÃZ�

Salina �â
|9�Ä»_� l��©� ì�rK� ìøÍ6£x�Ér 7áx½+Ë&h���� ìøÍ6£x�̀¦ 8úxF�c���H ��6£§õ� °ú �Ér 8úxF�c ����� ìøÍ

6£x 1lx%i��<Æ �̧4Sq�Ð ����?/#Q �����.

Gas Oil(g) → P oduct(g) + coke(s)

s� ìøÍ6£x�Ér ��6£§õ� °ú �Ér l��©� ìøÍ6£xÜ¼�Ð ����?/#Q�����.

A → B (8.100)
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Gas Oil 
Feed

Catalyst
Regeneration

Fresh
Catalyst

Z

Z+  Z∆

Disengager-Stripper

ÕªaË> 8.10: Straight-Through s�1lx ìøÍ6£xl�

s��Qô�ÇìøÍ6£x�Ér@/³ð&h�Ü¼�Ð straight-throughs�1lxìøÍ6£xl�\�"f���'���)a��.òøÍ�ègË>&h�(coking)_�

���õ��Ð �Ö̧$í
s� y��ûZ���H 8ú¤B�\�¦ �í�<Ê���H s� ìøÍ6£xl���H ÕªaË> 8.10\� �Ð#������. 8ú¤B� {9���

��H u = 8.0m/s�Ð ÅÒ#Qt���H î̈
ç�H l��̂ 5Åq�̧�Ð ¹¡§f��s��¦ e�����¦ ��&ñ
ô�Ç��. ìøÍ6£x�Ér 750oF_�

{9�&ñ
 �:r�̧ ·ú�§4� �̧|	�\�"f ���'���)a��. A_� ÅÒ{9� 0lx�̧��H 0.2 kg-mol/m3s���. ìøÍ6£xl�_� U�́s�

��H 6ms���. s� ë�H]j\�"f ìøÍ6£x ���Êê_� ÂÒx� ����o, ·ú�§4� y©��, �:r�̧ ����o��H Áºr��)a��.

a�Ð ³ðr�÷&��H 8ú¤B�_� �Ö̧$í
�̧��H :�x�©�&h�Ü¼�Ð r�çß� t1lxîß�_� �Ö̧$í
 $��\�¦ ���2; 8ú¤B�\�"f_�

ìøÍ6£x 5Åq�̧ü< Dh�Ðî�r 8ú¤B�\�"f_� ìøÍ6£x 5Åq�̧_� q��Ð &ñ
_��)a��. e�¦�QÕª âì2£§ 5Åq�̧ u�Ð ìøÍ6£x

l� ?/\�¦ s�1lx���H 8ú¤B�_� s�1lx8£x\� @/�#�, 8ú¤B��� ìøÍ6£xl� Z�}s� z\� �̧²ú��%i��̀¦ M:_� r�

çß��Ér ��6£§õ� °ú s� ÅÒ#Q�����.

t =
z

u
(8.101)

s� ë�H]j\�"f [j��t� +þAI�_� 8ú¤B�_� �Ö̧$í
 $���� r�+«>�)a��. 'Í	 ���P:��H ��6£§õ� °ú �Ér +þAI�

�Ð ÅÒ#Qt���H 8ú¤B�_� òøÍ�è gË>&h�s���.

a1 =
1

1 + A′t1/2
(8.102)

#�l�"f A′�Ér òøÍ�è gË>&h� B�>h�����s���.
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¿º ���P: +þAI�_� 5Åq�̧d���Ér ��6£§õ� °ú s� ÅÒ#Qt���H �è���(sintering)\� _�ô�Ç �Ö̧$í
$��s���.

da2

dt
= −kd2a

2
2 (8.103)

[j ���P: +þAI���H x�1lq(poisoning)\� _�ô�Ç �Ö̧$í
 $��s���.

da3

dt
= −kd3acCB (8.104)

s� ë�H]j\�"f 8ú¤B�8£x_� éß�0A ÂÒx�{©�_� 8ú¤B� ìøÍ6£x 5Åq�̧��H éß�í�Hy� 8ú¤B� ìøÍ6£x 5Åq�̧d��\� :£¤

&ñ
ô�Ç �Ö̧$í
�̀¦ Y�Lô�Ç �Ü¼�Ð	כ ��6£§õ� °ú s� ����?/#Q �����.

−rA =
akCA

1 + KACA
(8.105)

#�l�"f k = 30s−1, KA = 5.0m3/ kg-mols���.

(a) 8ú¤B�_� �Ö̧$í
 $���� \O���H �â
Äº\� A_� ����oÖ�¦õ� 8ú¤B� �Ö̧$í
�̀¦ ìøÍ6£xl� U�́s� z\� @/�

#� �̧r����.

(b) [j��t� +þAI�_� �Ö̧$í
 $��_� �â
Äº\� (a)����̀¦ ìøÍ4�¤���. #�l�"f A′ = 12s−1/2, kd2 =

17.5s−1, kd3 = 140dm3/mol · ss���.

19.4 B�

��6£§_� ~½Ó&ñ
d��[þts� l��:r �â
Äº2£x 0A�#� ¹כ��9�>� �)a��. #�l�"f Ac��H ìøÍ6£xl�_� éß����&h�s�

��.

 â· ÊÁm� (����oÖ�¦ xA_� �½ÓÜ¼�Ð ����ÍÇr)

v0CA0
dxA

dz
= −rAAC (I.C. z = 0\�"f xA = 0) (8.106)

ð5�£� ¢4́�¿ÐÏ� (8ú¤B� �Ö̧$í
\� _��#� Ãº&ñ
H�d)

−rA =
akCA

1 + KACA
(8.107)
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(a)Q¶6 �Ê6���÷~×� ©��=��®�P±6"e� CHAP8 ���Ý�~²��<J p819a.mÅØ p819af.mv² � �b$\ AUe

��.

)�×ÒeµÐÏ� (ε = 0��� l��©� ìøÍ6£x\�"f)

v = v0

u = v0
AC

CA = CA0(1− xA)

CB = CA0xA

(8.108)

(a) �̀ËÅ]� $���� á�!£�̧ �Ö̧$í
$���� \O���H l��:r �â
Äº��H 0A_� ~½Ó&ñ
d��\� _��#� l�Õüt�)a��.

#�l�"f �Ö̧$í
�̧��H 1�Ð {9�&ñ
���. d�� (8.106)�Ér d�� (8.108)�ÐÂÒ'� u\�¦ ��6 x�#� F�&ñ
o�÷&#Q

��6£§õ� °ú s� �)a��.

dxA

dz
=

akCA

(1 + KACA)u
I.C. z=0\�"f xA = 0 (8.109)

s� ë�H]j\�¦ Û�¦l� 0Aô�Ç MATLAB Û¼ß¼wn�àÔ��H ��6£§õ� °ú s� ÅÒ#Q�����.

p819a.m

clear all
z0=0;
zf=6;
xA0=0;
[z xA]=ode45(’p819af’,[z0 zf],xA0);
plot(z,xA);
xlabel(’Reator Height [m]’)
ylabel(’Conversion’)

p819af.m

function dxdz=p819af(z,x)
a=1;
dxdz=a*30*(1-x)/((1+5*0.2*(1-x))*8);
return

19.5 (b) �̀ËÅ]� $��

ö5��¿ ÓÏ��\� d�� (8.101)�̀¦ d�� (8.102)\� @/{9�����, 8ú¤B� �Ö̧$í
s� ��6£§õ� °ú s� ìøÍ6£xl� U�́s�_�

�<ÊÃº�Ð ÅÒ#Q�����.

a1 =
1

1 +
(

A′
u1/2

)
z1/2

(8.110)
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#�l�"f �'���� 1�Ér òøÍ�è gË>&h�\� _�ô�Ç �Ö̧$í
 $��e���̀¦ �����·p��.

�¿Úr
 ��6£§õ� °ú �Ér d�� (8.101)_� �̧�<ÊÃº��H

dt =
dz

u
(8.111)

d�� (8.103)�̀¦ ��6£§õ� °ú s� ìøÍ6£xl� U�́s�_� �<ÊÃº�Ð jþt Ãº e��>� ô�Ç��.

da2

dz
=
−kd2a

2
2

u
(8.112)

#�l�"f �'���� 2�Ér �è���\� _�ô�Ç �Ö̧$í
 $��e���̀¦ �����·p��.

q��ấ d�� (8.104)�̧ z_� �½ÓÜ¼�Ð ��6£§õ� °ú s� ����èq Ãº e����.

da3

dz
=
−kd3a3CB

u
(8.113)

#�l�"f �'���� 3�Ér x�1lq\� _�ô�Ç �Ö̧$í
 $��e���̀¦ �����·p��.

MATLAB B� s� ë�H]j\�"f �¦�9÷&��H 8ú¤B� SX�$í
\� �'aô�Ç 4>h_� �̧4Sq �̧¿º\�¦ ·ú¡\�"f ���>h

ô�Ç �'���� ³ðl�ZO��̀¦ ��6 x�#� ���_� ~½Ó&ñ
d�� Óü�6£§Ü¼�Ð {9�§4����H ��s	כ ¼#�o����. s� ë�H]j

\�¦ Û�¦l� 0Aô�Ç MATLAB Û¼ß¼wn�àÔ��H ��6£§õ� °ú s� ÅÒ#Q�����.

p819b.m

clear all
z0=0;
zf=6;
xA0=0;
xA10=0;
xA20=0;
xA30=0;
a20=1;
a30=1;
[z x]=ode45(’p819bf’,[z0 zf],[xA0 xA10 xA20 xA30 a20 a30]);
xA=x(:,1);
xA1=x(:,2);
xA2=x(:,3);
xA3=x(:,4);
a2=x(:,5);
a3=x(:,6);
a=1;
a1=1./(1+(12./(8.^0.5))*z.^(0.5));
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ÕªaË> 8.11: ìøÍ6£xl� Z�}s�\� ���Ér ����oÖ�¦

figure(1)
plot(z,xA,z,xA1,’:’,z,xA2,’--’,z,xA3,’-.’);
xlabel(’Reator Height [m]’)
ylabel(’Conversion’)
figure(2)
plot(z,a,z,a1,’:’,z,a2,’--’,z,a3,’-.’);
xlabel(’Reactor Height [m]’)
ylabel(’Activity’)

p819bf.m

function dxdz=p819bf(z,x)
dxdz=zeros(6,1);
a=1;
a1=1./(1+(12./(8.^0.5))*z.^(0.5));
dxdz(1)=a*30*(1-x(1))/((1+5*0.2*(1-x(1)))*8);
dxdz(2)=a1*30*(1-x(2))/((1+5*0.2*(1-x(2)))*8);
dxdz(3)=x(5)*30*(1-x(3))/((1+5*0.2*(1-x(3)))*8);
dxdz(4)=x(6)*30*(1-x(4))/((1+5*0.2*(1-x(4)))*8);
dxdz(5)=-17.5*x(5)*x(5)/8;
dxdz(6)=-140*x(6)*(0.2*x(4))/8;
return

ìøÍ6£xl�Z�}s�\�@/ô�Ç����oÖ�¦ xA_�ÕªA�áÔ��HÕªaË> 8.11\�������e���¦,�Ö̧$í
�̧��HÕªaË> 8.12\�

ÅÒ#Q4R e����.
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ÕªaË> 8.12: ìøÍ6£xl� Z�}s�\� ���Ér �Ö̧$í
�̧ �����

(b)Q¶6 �Ê6���÷~×� ©��=��®�P±6"e� CHAP8 ���Ý�~²��<J p819b.mÅØ p819bf.mv² � �b$\ AUe

��.

V� 20 â�
 m¬&P� ð5�£� e�Uc"��+ ¹ô�¿ ð5�£� 

20.1 5���� à�
ÃZ�

ò́�è ìøÍ6£x 1lx%i��<Æ, ò́�è ìøÍ6£x\� @/ô�Ç �rì�rd�� ìøÍ6£xl� [O�>� ~½Ó&ñ
d��, Ä»�� &ñ
�©��©�I� ��&ñ
õ�

Õª 6£x6 x_� ��{©�$í
.

20.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�ZO�

20.3 %K�V� à�
ÃZ�

ò́�è8ú¤B�_����©�çß�éß�ô�Ç �̧4Sq×�æ_������l�|9� S(ìøÍ6£xÓüt)s� 2	���%i�&h�Ü¼�Ð ò́�è8ú¤B� E

ü< ���½+Ë�#� l�|9�-ò́�è 4�¤½+Ë�̂ E · S\�¦ +þA$í
��¦, s� 4�¤½+Ë�̂�� Òqt$í
Óüt P�Ð 1	� ìøÍ6£x 5Åq�̧

�:rÜ¼�Ð ì�rK�÷&�¦ ò́�è 8ú¤B� E�� F�Òqt$í
÷&��H �.���s	כ s� ò́�è 8ú¤B� ìøÍ6£x�Ér Ä»�� &ñ
�©��©�I�

��&ñ
�̀¦ ��6 x���� Michaelis-Menten 1lx%i��<ÆÜ¼�Ð �)a��. (7á§ �8 ��[jô�Ç ���½Ó�Ér Fogler [4]_�
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Õþ��̀¦ �ÃÐ�̧���.) ���5Åq&h���� ìøÍ6£x_� l��í éß�>���H ��6£§õ� °ú s� ÅÒ#Q�����.

S + E
k1=
k2

E · S k3→ E + P (8.114)

0A_�ìøÍ6£x\�@/ô�Ç{9�&ñ
ÂÒx��rì�rd��ìøÍ6£xl�\�"f_�Óüt|9�Ãºt�\�¦[jÖ�¦Ãºe����.�íl� ò́�è0lx

�̧ü< l�|9� 0lx�̧��H y��y�� CE0ü< CS0s���. �íl�\���H Òqt$í
Óüts� �>rF��t� ·ú§��H��. ����"f Óüt

|9�Ãºt�d���Ér ��6£§õ� °ú s� �)a��.

dCS

dt
= −k1CSCE + k2CE·S I.C. t = 0\�"f CS = CS0 (8.115)

dCE·S
dt

= k1CSCE − k2CE·S − k3CE·S I.C. t = 0\�"f CE·S = 0 (8.116)

dCP

dt
= k3CE·W I.C. t = 0\�"f CP = 0 (8.117)

CE0 = CE + CE·S (8.118)

�rì�r ìøÍ6£xl�\�"f_� �©� ñ ���6 x�̀¦ ����?/��H ·ú¡_� ~½Ó&ñ
d�� Óü�6£§�Ér K�$3�&h�Ü¼�Ð Û�¦ Ãº \O���.

ò́�è-l�|9� 4�¤½+Ë�̂��H ��ÅÒ ±ú��Ér 0lx�̧_� �Ö̧$í
 ×�æçß��̂�Ð �>rF���¦, s� 0lx�̧_� r�çß� �̧�<ÊÃº��H

0s�����H ��6£§õ� °ú s� ��&ñ
���H Ä»�� &ñ
�©��©�I� ��&ñ
(pseudo-steady-state hypothesis) (¢̧

��H ï�r &ñ
�©��©�I� ��&ñ
(quasi-steady-state assumption))s� :�x�©�&h�Ü¼�Ð ��6 x�)a��.

dCE·S
dt

= 0 (8.119)

·ú¡_� ~½Ó&ñ
d���Ér �rì�rd�� ìøÍ6£xl�\�"f Machaelis-Menton 5Åq�̧d���̀¦ ÅÒ��H Ä»�� &ñ
�©��©�I� ��&ñ


_� :�x�©�&h���� ��&ñ
s���.
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(a) Ä»�� &ñ
�©��©�I� ��&ñ
s� ��6£§õ� °ú �Ér �rì�rd�� ìøÍ6£xl�_� [O�>�d���̀¦ º¡§�̀¦ �Ð#���.

dCS

dt
=
−k3CE0CS

K + CS
= −dCP

dt
#�l�"f K =

k2 + k3

k1
(8.120)

(b) �rì�rd�� ìøÍ6£xl�\� @/ô�Ç ·ú¡_� d���̀¦ K�$3�&h�Ü¼�Ð &h�ì�r���� ��6£§õ� °ú �Ér ���õ�\�¦ %3�6£§�̀¦

�Ð#���.

k3CE0t = CS0 − CS + K ln
(

CS0

CS

)
(8.121)

(c) ò́�è ìøÍ6£x�̀¦ %3�x9��>� l�Õüt���H d�� (8.115)\�"f (8.118)��t�_� p�ì�r ~½Ó&ñ
d��õ� @/Ãº

~½Ó&ñ
d��_� ���wn� ~½Ó&ñ
d���̀¦ Ãºu�&h�Ü¼�Ð Û�¦#Q"f Ä»�� &ñ
�©��©�I� ��&ñ
_� ��{©�$í
�̀¦ {9�7£x

���. ��6£§_� �����[þt�̀¦ ��6 x���. CS0 = 1.0 g-mol/dm3, CE0 = 10−3 g-mol/dm3,

tfinal = 48.0 h, k1 = 2.0× 103dm3/g-mol·h, k2 = 3.0× 105h−1, k3 = 1.0× 104h−1. #�

�Qì�r_� ?/�2; ����:r\� @/�#� �7H_����.

20.4 B�(V�ò5Ñ�æ·)

(c) Ä»��&ñ
�©��©�I�K�ü<7á§�8%3�x9�ô�ÇK�_�q��§��H (a)���õ� (c)���_�¿ºÃºu�K�\�¦MATLAB

�©�p�~½Ó K�ZO��̀¦ s�6 x���H °ú �Ér Ãºu� �̧��\�¦ :�x�#� Ãº'���)a��.
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V� 21 â�
 ��
ä» ð5�£� £�· �Dø5� �� Öeµ m¬&P� ð5�£� e� à�
N�

21.1 5���� à�
ÃZ�

ú́§�Ér ìøÍ6£xs� 1lxr�\� {9�#Q����H 1px�:r {9�&ñ
 ÂÒx� �rì�rd�� ìøÍ6£xl�\�"f 0lx�̧ ì�r�í_� >�íß�.

21.2 ��£� ÛÖS ÊÁn�B�ß��

l�t�_� �íl��̧|	� �\�"f ���wn� �©�p�ì�r ~½Ó&ñ
d��_� Ãºu� &h�ì�r.

21.3 %K�V� à�
ÃZ�

1l�·ú� T = 298oC\�"f formaldehydeü< |9��è íß��oÓüts� ����'a�)a @/l��o�<Æ ìøÍ6£x�̀¦ l�Õüt���H

X<, Seinfeld [11]�� ]jîß�ô�Ç ��6£§õ� °ú �Ér 7éß�>�_� ìøÍ6£xl�½̈�� ��6 x|̈c Ãº e����. s� F�g�o�<Æ ìøÍ

6£x�Ér �̧�>r�̀¦ µ1ÏÒqtr������.

1 éß�>� NO2 + hν → NO + O k1 = 0.533min−1

2 éß�>� O + O2 + M → O3 + M k2 = 2.21× 10−5ppm−2min−1

3 éß�>� O3 + NO → NO2 + O2 k3 = 26.7ppm−1min−1

4aéß�>� HCHO + hν → 2HO2 ·+CO k4a = 1.6× 10−3min−1

4béß�>� HCHO + hν → H2 + CO k4b = 2.11× 10−3min−1

5 éß�>� HCHO + OH · → HO2 ·+CO + H2O k5 = 1.62× 104ppm−1min−1

6 éß�>� HO2 ·+NO → NO2 + OH· k6 = 1.22× 104ppm−1min−1

7 éß�>� OH ·+NO2 → HNO3 k7 = 1.62× 104ppm−1min−1

1, 4a, 4béß�>�_� F�gì�rK� ìøÍ6£x�Ér {9������H I��ª� 4�¤��_� ô�Ç±ú�_� °úכ�Ér kiMÜ¼�Ð {9�&ñ
���

�¦ ��&ñ
÷&��H �â
Äº\� æ¼#�&���¦, ÅÒ#Q��� 5Åq�̧ �©�Ãº °ú̀�כ¦ %3�%3���. 7á§ �8 ��[jô�Ç �̧4Sq�Ér y�� éß�

>�_� ìøÍ6£x 5Åq�̧ �©�Ãº��H ��6£§õ� °ú s� r�çß�\� ���� ������H �â
Äº�� |̈c �.���s	כ

sin
[

2π(t−6)
24

]
> 0��� �â
Äº\� ki = kiM sin

[
2π(t−6)

24

]

Õª s�ü@_� t°úכ\� @/�#�ki = 0
(8.122)

#�l�"f t��H 24r�çß�/�ÀÒ�Ð ÅÒ#Qt���H r�çß�s��¦, I��ª� 4�¤����H �̧��� 6r�\� r�����#� �̧Êê

6r�\� =åQèß���. �̧��H ìøÍ6£x�Ér l��í ìøÍ6£xÜ¼�Ð �¦�9�)a��. \V\�¦[þt#Q 2éß�>� ìøÍ6£x 5Åq�̧��H ��6£§õ�
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°ú s� ÅÒ#Q�����.

r2 = k2COCO2CM (8.123)

#�l�"f �̧��H 0lx�̧��H ppmÜ¼�Ð ÅÒ#Q�����. CM�Ér [j ���P: Óüt|9�[þt_� 0lx�̧�Ð 106ppm_� {9�&ñ


ô�Ç °ú̀�כ¦ °ú���H���¦ ��&ñ
÷&�¦, CO2��H íß��è_� 0lx�̧�Ð 2.1× 106ppm_� {9�&ñ
ô�Ç °ú̀�כ¦ °ú���H��.

ìøÍ6£x/BN�<Æ_� �̧r� Û¼�̧Õª �̧��\�_� ���©� çß�éß�ô�Ç 6£x6 x\�"f %i����8£x ��A�_� @/l���H {9�§4�

õ� Ø�¦§4�s� \O���H �rì�r ìøÍ6£xl��Ð �¦�9ô�Ç��. ìøÍ6£x l�½̈ �©�_� y�� �o�<Æ7áx[þt\� @/ô�Ç Óüt|9� Ãºt�

��H �©�p�ì�r ~½Ó&ñ
d��Ü¼�Ð ³ð�&³|̈c Ãº e����. ����"f �̧�>r_� �â
Äº\���H ��6£§õ� °ú s� �)a��.

dCO3

dt
= k2COCO2CM − k3CO3CNO (8.124)

��Ä» ��n�ºú��̀¦ �í�<Ê���H ���Ér ìøÍ6£x $í
ì�r\� @/K�"f�̧ q�5pwô�Ç Óüt|9� Ãºt�\�¦ [jÖ�¦ Ãº e����.

�̧��H ��Ä» ��n�ºú�\� @/ô�Ç ���+þA&h���� �íl� �̧|	��Ér 0lx�̧\�¦ 0Ü¼�Ð ¿º��H �.���s	כ

�í2£§ ·ú�X<y�×¼\� @/�#� 7éß�>��Ð ����?/#Qt���H F�g�o�<Æ&h� Û¼�̧Õª\� @/ô�Ç çß�|ÄÌ�o�)a �̧

4Sq�̀¦ �¦�9���.

(a) ÕªaË> 8.13\� ÅÒ#Q��� �íl��̧|	�õ� 1, 4a, 4b éß�>�\�"f ÅÒ#Q��� F�gì�rK� ìøÍ6£x 5Åq�̧ �©�Ãº

\� @/�#�, ÕªaË> 8.13\� ÅÒ#Q��� O3,NO2, NOü< HCHO\� @/ô�Ç 0lx�̧ ì�r�í_� ��{©�$í


�̀¦ {9�7£x���. q�5pwô�Ç ÕªaË>s� Seinfeld [11]\� _��#� ÅÒ#Q&����.

(b) (a)\�"f"fü< °ú �Ér �íl��̧|	��̀¦ ��6 x�#� ��&ñ
\�"f r�����#� 24r�çß� 1lxîß�\� @/�#�

(a)��� ë�H]j\�¦ ��r� Û�¦��. [j F�gì�rK� ìøÍ6£x 5Åq�̧��H d��(8.122)_� {9�ìøÍ&h���� �'a>�\� ����

���ô�Ç��.

(c) �̧�>r�̀¦×�¦s�l�0Aô�ÇÃºéß�Ü¼�Ðy©�§4�ô�Ç NOx]j#Q��]jîß�÷&%3���.#��Q���Ér�íl� NO_�

0lx�̧\�¦ ��6 xô�Ç #��Q ÆÒ��&h���� K�\�¦ ½̈ô�Ç Êê\� s� ]X���HZO�_� ��{©�$í
\� @/�#� ���/åL�

��.
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21.4 B�(V�ò5Ñ�æ·)

(a) �rì�rd�� ìøÍ6£xl�\� @/ô�Ç Óüt|9�Ãºt���H y�� ìøÍ6£xÓüt\� @/ô�Ç ��6£§õ� °ú �Ér �©�p�ì�r ~½Ó&ñ
d���̀¦

ï�r��.

dCNO2

dt
= −k1CNO2 + k3CO3CNO + k6CHO2·CNO − k7COH·CNO2 (8.125)

dCO3

dt
= k2COCO2CM − k3CO3CNO (8.126)

dCNO

dt
= k1CNO2 − k3CO3CNO − k6CHO2·CNO (8.127)

dCH2O·
dt

= 2k4aCHCHO + k5CHCHOCOH· − k6CH2O·CNO· (8.128)

dCOH·
dt

= −k5CHCHOCOH· + k6CHO2CNO − k7COH·CNO2 (8.129)

dCO

dt
= k1CNO2 − k2COCO2CM (8.130)

dCHCHO

dt
= −k4aCHCHO − k4bCHCHO − k5CHCHOCOH· (8.131)

MATLAB�©�p�~½Ó K�ZO�s�0A_�p�ì�r ~½Ó&ñ
d���̀¦ÉÒ��HX<��6 x|̈cÃºe����. ÅÒ#Q����íl��̧|	�

\�@/ô�Ç���õ���ÕªaË> 8.13\�ÅÒ#Q4Re����."î
r�÷&t�·ú§�Ér �̧��H�íl� �̧|	�°úכ[þt�Ér 0s���.s�

~½Ó&ñ
d�� Óü�6£§�Ér stiff K�|9� Ãº e��Ü¼Ù¼�Ð ”stiff” &h�ì�r ·ú��¦o�7£§��� ”ode15s”\�¦ ��6 xK��� ô�Ç��.

(b) r�çß�\� ���Ér ynC_� y©��̧_� ����o��H MATLAB ”if ... else ... end ...” ½̈ë�HÜ¼�Ð %�o�½+É

Ãº e����. r�çß�\� ���Ér k1_� ����o_� ½̈�&³�Ér ��6£§õ� °ú s� Ãº'���)a��.

if (sign(sin(2*3.1416*(t-6)/24))<=0)

tf=0;

else

tf=sin(2*pi/24*(t-6));

end

k1=k1M*tf;

#�l�"f ?/ÂÒ sign �<ÊÃº��H �<ÊÃº ������� �ª�, 0 ¢̧��H 6£§�����\� ���� +1, 0 ¢̧��H -1�Ð 6£x²ú�ô�Ç

��. 5Åq�̧ �©�Ãº��H �̧��� 6r�\�"f �̧Êê 6r���t�\�"fëß� °ú̀�כ¦ °ú��¦, s� s�ü@_� r�çß�\�"f��H 0s�

÷&��H ���õ��� �)a��. s�ü< °ú �Ér +þAI�s� ë�H�©��Ér I��ª� ynC\� _��>r���H ���Ér F�gì�rK� ìøÍ6£x\� @/

K�"f�̧ ��6 x|̈c Ãº e����.
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ÕªaË> 8.13: NO, NO2/BNl��D¥½+ËÓüt\�"f�í2£§·ú�X<y�×¼_�F�gíß��oìøÍ6£x. �íl��̧|	�[þt: CNO2 =

0.1ppm, CNO = 0.01ppm, CHCHO = 0.1ppm.

V� 22 â�
 m¬&P� ð5�£� e�Uc"� �ä·��
 ��� Uc�/m� ÊÁm�

22.1 5���� à�
ÃZ�

f�̈\P� ìøÍ6£xs� {9�#Q����H ��\P�÷&��H �rì�r ìøÍ6£xl�\�"f ����oÖ�¦ x9� �:r�̧ ì�r�í >�íß�

22.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�ZO�

22.3 %K�V� à�
ÃZ�

��6£§õ� °ú �Ér q���%i� f�̈\P�, l��í, Ó�o�©� ìøÍ6£xs�

A + B
k→ C (8.132)

ìøÍ6£xl� ü@ÂÒ\� e����H Ãº7£xl� jacket\� _��#� ��\P�÷&��H �§ìøÍ �rì�r ìøÍ6£xl�\�"f ���'���)a��.

�íl� 0lx�̧��H CA0 = 2.5g-mol/dm3, CB0 = 5g-mol/dm3, CC0 = 0s���. ìøÍ6£xl�_� ÂÒx���H

V = 1200dm3s��¦, ÅÒ0A jacket\� e����H Ãº7£xl�_� �:r�̧��H Tj = 150oC�Ð Ä»t��)a��. ÆÒ�� ��

«Ñ[þt�Ér ³ð 8.14\� ÅÒ#Q4R e����.
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(a) �íl� ìøÍ6£xl� �:r�̧�� T0 = 30oC\� @/�#�, 'Í	 ìøÍ6£x r�çß� 60ì�r 1lxîß�_� A_� ����oÖ�¦

xAü< ìøÍ6£xl�_� �:r�̧\�¦ �̧r����.

(b) �íl� ìøÍ6£xl� �:r�̧�� T0 = 30oC\� @/�#�, ìøÍ6£x r�çß� 60ì�r Êê\� xA = 0.99\�¦ SX�����

l� 0Aô�Ç þj�è ��\P� r�çß��̀¦ >�íß����.

³ð 8.14: ��\P� �rì�r ìøÍ6£xl�\� @/ô�Ç ÆÒ�� ��«Ñ

�Ö̧$í
�o \��-t� E= 83.6 kJ/gmol

5Åq�̧�©�Ãº k=0.001 dm3/g-mol · min at 27oC

273.13K\�"f_� ìøÍ6£x\P� ∆HR = 27.85 kJ/g-mol

î̈
ç�H \P�6 x|¾Ó C̃PA = 14 J/g-mol·K
C̃PB = 28 J/g-mol·K
C̃PC = 42 J/g-mol·K

\P����²ú� ���&h� A = 5m2

\P����²ú� >�Ãº U = 3.76kJ/min ·m2 ·K

22.4 B�(V�ò5Ñ�æ·)

s� >�\�¦ ����?/��H ~½Ó&ñ
d��[þt�Ér ��6£§õ� °ú s� ÅÒ#Q�����.

 â· ÊÁm� (����oÖ�¦ xA_� �½ÓÜ¼�Ð �����·p [O�>� ~½Ó&ñ
d��)

dxA

dt
=
−rA

CA0
(8.133)

Uc�/m� ÊÁm�

dT

dt
=

UA(Tj − T ) + rAV ∆HR

NA0(CPA + θBCPB)
(8.134)

¢4́�¿ÐÏ�

rA = −kC2
A0(1− xA)(θB − xA) (8.135)

k = 0.001 exp
[
−E

R

(
1
T
− 1

300

)]
(8.136)
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#�l�"f NA0��H NA0 = V CA0�ÐÂÒ'� >�íß��)a A_� �íl� ]�tÃºs��¦, xA��H A_� ����oÖ�¦, θB��H

CB0/CA0�Ð ÅÒ#Qt���H �íl� ]�tq�s��¦, T��H ]X�@/�:r�̧s���.

]jr��)a Ãºu� X<s�'�\�¦ s�6 x���H s� ~½Ó&ñ
d��[þt�Ér MATLAB �<ÊÃº Û¼ß¼wn�àÔ�Ð ½̈�&³½+É Ãº

e���¦, ]jr��)a r�çß� ½̈çß�\� @/K� Ãºu�K�\�¦ ½̈½+É Ãº e����. ~½Ó&ñ
d��[þt\�"f éß�0A[þt, :£¤y� ���ª�

ô�Ç �:r�̧[þt_� éß�0A[þts� {9�u����H��\� @/�#� ÅÒ_����.
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V� 23 â�
 �ÆjḈÐbCÐM� L±Óá~
 CSTR �¿¼ÇÐ

23.1 5���� à�
ÃZ�

Í�ty�� jackets� e���¦ µ1Ï\P� ìøÍ6£xs� {9�#Q����H CSTR\� @/ô�Ç Óüt|9� x9� \��-t� Ãºt�

23.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� q����+þA @/Ãº ~½Ó&ñ
d��_� K�, ���wn� ~½Ó&ñ
d���̀¦ ��×�æ &ñ
�©��©�I� K�\�¦ ¶ú�(R�Ðl� 0Aô�Ç ô�Ç ~½Ó

&ñ
d��Ü¼�Ð_� ���8̈�

23.3 %K�V� à�
ÃZ�

��%i� µ1Ï\P� ìøÍ6£x A → B�� ÕªaË> 8.14ü< °ú �Ér ¢-a��� �D¥½+Ë÷&��H CSTR\�"f ���'���)a��. ìøÍ6£x

�ÉrìøÍ6£xÓüt A\�@/�#� 1	�s��¦,ìøÍ6£xÓüt\�l��íô�ÇìøÍ6£x\P��Ér λ�ÐÅÒ#Q�����.\P��<Hz�́�ÉrÁºr�

÷&�¦ x9��̧��H {9�&ñ
����¦ ��&ñ
�)a��. ú̧� �D¥½+Ë÷&��H Í�ty�� jackets� ìøÍ6£x\P��̀¦ ]j���l� 0A�#�

ìøÍ6£xl�\�¦ y��øß���. Í�ty��Ãº�� {9�½̈ �:r�̧ Tj0�Ð Fj_� 5Åq�̧�Ð jacketÜ¼�Ð �Ð?/�����. ìøÍ6£xl� ?/

6 xÓüt_� ÂÒx� Vü< jacket\� e����H Óüt_� ÂÒx� Vj��H �̧¿º {9�&ñ
���. ìøÍ6£x5Åq�̧ �©�Ãº��H ��6£§õ�

°ú �Ér d��\� ���� �:r�̧_� �<ÊÃº�Ð ���ô�Ç��.

k = α exp(−E/RT ) (8.137)

F
C
T

F
C
T

F
T

F
T

A0

0

0

A

j0

j0

j

j

ÕªaË> 8.14: Í�ty��÷&��H µ1Ï\P� CSTR
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ìøÍ6£xÓüt_� /BN/åL Ä»5Åq F0ü< Í�ty��Ãº_� Ä»5Åq Fj��H {9�&ñ
���. jacket ?/_� Í�ty��Ãº��H ¢-a���y�

�D¥½+Ë�)a���¦ ��&ñ
ô�Ç��. ìøÍ6£xl�\�"f jacketÜ¼�Ð_� \P����²ú��Ér ��6£§ d��Ü¼�ÐÂÒ'� >�íß��)a��.

Q = UA(T − Tj) (8.138)

#�l�"f Q��H \P����²ú� 5Åq�̧, U��H 8úxF�c \P����²ú� >�Ãº, A��H \P����²ú� ���&h�s���. s� /BN&ñ
\� @/ô�Ç

��[jô�Ç X<s�'���H Luyben [7]Ü¼�ÐÂÒ'� ³ð 8.15ü< °ú s� ÅÒ#Q�����.

³ð 8.15: CSTR B�>h����� °úכ

FA0 40ft3/h U 150btu/h · ft2 · R
F 40ft3/h A 250ft2

CA0 0.55 lb-mol/ft3 Tj0 530R

V 48ft3 T0 530 R

Fj 49.9ft3/h λ -30,000 btu/lb-mol

CP 0.75 btu/lbm · R Cj 1.0 btu/lim · R
α 7.08× 1010h−1 E 30,000 btu/lb-mol

ρ 50lbm/ft3 ρj 62.3lbm/ft3

R 1.987 btu/lb-mol·R Vj 12ft3

(a) CSTRõ� Í�ty�� jacket\� &h�6 x½+É Ãº e����H Óüt|9� x9� \��-t� Ãºt�\�¦ ���$í
���.

(b) ³ð 8.15\� ÅÒ#Qt���H �̧\O� �̧|	�Ü¼�ÐÂÒ'� CA, Tjü< T_� &ñ
�©��©�I� °ú̀�כ¦ >�íß����.

(c) ��0pxô�Ç �̧��H &ñ
�©��©�I� �̧\O��̧|	�[þt�̀¦ ����?/#Q��. s� >���H ��×�æ &ñ
�©��©�I�\�¦ �Ð{9� Ãº

e����.

(d) ëß�{9� e��_�_� ��0pxô�Ç ��×�æ &ñ
�©��©�I��� Ô�¦îß�&ñ
ô�Çt� #�ÂÒ\�¦ ����l� 0A�#� q�&ñ
�©� �©�

I� Óüt|9� x9� \��-t� Ãºt�\�¦ Û�¦#Q��.

23.4 (ÉÙ&P�) B�

(a) ìøÍ6£xl�ü< Í�ty�� jacket\� @/�#� 3>h_� Ãºt�d��s� æ¼#�|9� Ãº e����. s� d��[þt\���H ìøÍ6£x

l�\�@/ô�ÇÓüt|9�Ãºt�,ìøÍ6£xl�\�@/ô�Ç\��-t�Ãºt�,Í�ty�� jacket\�@/ô�Ç\��-t�Ãºt�d��s��í

�<Ê�)a��.
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ð5�£� �ä· AUc 7�ø5� CSTRUc"��+  â· ÊÁm�

F0CA0 − FCA − V kCA = 0 (8.139)

ð5�£� e�Uc 7�ø5� Uc�/m� ÊÁm�

ρCρ(F0T0 − FT )− λV kCA − UA(T − Tj) = 0 (8.140)

�ÆjḈÐ jacketUc 7�ø5� Uc�/m� ÊÁm�

ρjCjFj(Tj0 − Tj) + UA(T − Tj) = 0 (8.141)

(b) B�>h�����_� Ãºu� °ú̀�כ¦ d�� (8.139), (8.140), (8.141)õ� (8.137)\� @/{9��#� ��6£§õ� °ú 

�Ér MATLAB Û¼ß¼wn�àÔ\�¦ ���$í
ô�Ç��.

p823b.m

clear all
CA0=0.55;
T0=530;
Tj0=530;
X=[CA0;T0; Tj0];
rerr1=1;
while(rerr1>1.e-10)

F=p823bf(X);
J=Jp823b(’p823bf’,X);
err=J\F;
X=X-err;
rerr=err./X;
rerr1=max(abs(rerr));

end

p823bf.m

function F=p823bf(X)
F=zeros(3,1);
CA=X(1);
T=X(2);
Tj=X(3);
k=7.08e10*exp(-30000./(1.9872*T));
F(1)=40*(0.55-CA)-48.*k*CA;
F(2)=50.*0.75*40*(530.-T)+30000.*48*k*CA-150.*250.*(T-Tj);
F(3)=62.3*1.0*49.9*(530-Tj)+150.*250.*(T-Tj);
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Jp823b.m

function J=Jp823b(p823bf,X);
J=zeros(3,3);
F=feval(’p823bf’,X)
eps=0.001;
for i=1:3;

X(i)=X(i)+eps;
F1=feval(p823bf,X);
J1=(F1-F)/eps;
X(i)=X(i)-eps;
if (i==1) J=J1;
else J=[J,J1];
end

end

½+Ëo�&h���� �íl� ��&ñ
�Ér ìøÍ6£xs� \O�����H �.���s	כ ����"f CA0 = 0.55, T0 = 530, Tj0 = 530Ü¼

�Ð é�H��. s�ü< °ú �Ér �íl� ÆÒ&ñ
u�\�¦ ��6 xô�Ç ���õ��� ³ð 8.16\� &ñ
o�÷&#Q e����.

³ð 8.16: CSTR\� @/ô�Ç &ñ
�©��©�I� �̧\O��̧|	�

K�

���Ãº °úכ f()

CA 0.52139 5.154e-14

T 537.851 -2.3029e-0

Tj 537.2334 1.0077e-9

k 0.0457263

(c) CSTR\�"f_� µ1Ï\P� ìøÍ6£x_� �â
Äº\���H Y>���t� ���Ér &ñ
�©��©�I��� ��0px���. s���� "f�Ð

���Ér &ñ
�©��©�I�\�¦ ���&ñ
���H ô�Ç��t� ~½ÓZO��Ér þj7áx K�\� @/ô�Ç ���Ér �íl��̧|	�Ü¼�Ð ���wn� q����

+þA ~½Ó&ñ
d���̀¦ ÉÒ��H �.���s	כ �t�ëß� s� ~½ÓZO��Ér ��ÅÒ &ñ
x9��t���H ·ú§t�ëß�, ��ÅÒ 4�¤ú̧�ô�Ç ���wn�

~½Ó&ñ
d��\���H Ä»6 x���.

¢̧ ���Ér ]X���HZO��Ér ���wn� ~½Ó&ñ
d���̀¦ ô�Ç ~½Ó&ñ
d��õ� Y>� >h_� �ª��<ÊÃº&h� ¢̧��H ÂÒ��&h���� ~½Ó&ñ
d��

Ü¼�Ð ��Ë̈��H �.���s	כ ({©����y�, s���� ~½ÓZO��Ér #Q�"� :£¤&ñ
 >��� K�\�¦ ���)� °ú�t� ·ú§��H����H �	כ

�̀¦ �Ðs���H a%~�Ér ~½ÓZO�s���.) s��Qô�Ç :£¤&ñ
ô�Ç �â
Äº\� d�� (8.139)_� Óüt|9�Ãºt���H ��6£§õ� °ú s�
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CA\� @/K� Û�¦�2;��.

CA =
F0CA0

F + V k
(8.142)

¢̧ô�Ç d�� (8.141)_� Í�ty�� jacket\� @/ô�Ç \��-t� Ãºt���H Tj\� @/K� ��6£§õ� °ú s� Û�¦�2;��.

Tj =
ρjCjFjTj0 + UAT

ρjCjFj + UA
(8.143)

����"fë�H]j��Hd�� (8.140)Ü¼�ÐÅÒ#Qt���Hq����+þA~½Ó&ñ
d��õ�d�� (8.137), (8.142)x9� (8.143)Ü¼

�Ð ÅÒ#Qt���H [j �ª��<ÊÃº&h� ~½Ó&ñ
d��[þt�Ð ½̈$í
�)a��. s� ë�H]j\�¦ �̧d��&h�Ü¼�Ð Û�¦l� 0Aô�Ç MAT-

LAB Û¼ß¼wn�àÔ��H ��6£§õ� °ú ��.

p823c.m

clear all
T=500:5:700;
T=T’;
n=size(T);
n=n(1,1);
for i=1:n

f(i)=p823cf(T(i));
end
f0=zeros(n,1);
plot(T,f, T,f0);
xlabel(’T’); ylabel(’f(T)’);
axis([500, 700, -1.2e5, 1.8e5]);

p823cf.m

function f=p823cf(T)
k=7.80e10*exp(-30000./(1.9872*T));
Tj=(62.3*1.0*49.9*530.+150.*250.*T)/(62.3*1.0*49.9+150.*250.);
CA=40.*0.55/(40.+48.*k);
f=50.*0.75*40.*(530.-T)+30000.*48.*k*CA-150.*250.*(T-Tj);

500 ≤ T ≤ 700_� #3�0A\�"f T\� @/�#� f(T )\�¦ �̧r�����, ÕªaË> 8.15\� �Ðs���H ��ü< °ú 

s� [j >h_� K��� "î
Ñþ�y� t�&ñ
�)a��. 'Í	 ���P: K���H ±ú��Ér �:r�̧\�"f_� K��Ð �íl�\� t�&ñ
�)a K�

s���.¿º���P:K���H×�æçß��:r�̧\�"f_�K�s��¦,[j���P:K���H�¦�:r\�"f_�K�s���.[j>h_�K�

��H ³ð 8.17\� Q#&÷���¹כ e����.

³ð 8.17: CSTR\� @/ô�Ç ��×�æ &ñ
�©��©�I� K�

K� ��� ñ

1 2 3
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500 520 540 560 580 600 620 640 660 680 700

−1

−0.5

0

0.5

1

1.5

x 10
5

T

f(
T

)

ÕªaË> 8.15: ��×�æ &ñ
�©��©�I� K�_� �̧d��&h� ³ðl�

(c)Q¶6 �Ê6���÷~×� MATLAB ©��=��®��e� CHAP8 ���Ý�~²��Ìø p823c.mÅØ p823cf.mª�v²

� �byÃW��.

T 537.86 590.35 671.28

CA 0.5214 0.3302 0.03542

Tj 537.25 585.73 660.46
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V� 24 â�
 ��»¦�>¥� ð5�£� e�Uc"� e�(�× ���]� L±Óá~
 ð5�£� 

24.1 5���� à�
ÃZ�

·ú�§4� y©���� e����H l��©� ��%i� µ1Ï\P� ìøÍ6£xs� ���'��÷&��H 8ú¤B� ìøÍ6£xl�_� [O�>�

24.2 ��£� ÛÖS ÊÁn�B�ß��

l�t�_� �íl��̧|	��̀¦ ��6 xô�Ç ���wn� �©�p�ì�r ~½Ó&ñ
d��_� &h�ì�r

24.3 %K�V� à�
ÃZ�

l��©� l��í ìøÍ6£x 2A = C�� Ø�æ���8£x ìøÍ6£xl�\�"f ���'���)a��. ìøÍ6£xl� ÑütYU\���H \P��§8̈�l��� e��

�¦, ÕªaË> 8.16\�"f �Ðs���H ��ü< °ú s� ìøÍ6£xl� U�́s�\�¦ ����"f ·ú�§4� y©���� e����.

F
T
A0

0

Ta q

X

T

ÕªaË> 8.16: Ø�æ���8£x 8ú¤B� ìøÍ6£xl�

s� ìøÍ6£xl� [O�>� ë�H]j\� @/ô�Ç #��Q B�>h �����[þts� ³ð 8.18\� Q#&÷���¹כ e����.

³ð 8.18: Ø�æ���8£x ìøÍ6£xl�\� @/ô�Ç B�>h����� °úכ[þt

CPA = 40.0 J/g-mol·K R = 8.314 J/g-mol·K
CPC = 80.0 J/g-mol·K FA0 =5g-mol/min

∆HR = -40,000J/g-mol Ua = 0.8J/kg·min·K
EA =41,800J/g-mol·K Ta =500K

k = 0.5dm6/kg ·min ·mol at 450K α = 0.015kg−1

KC =25,000dm3/g-mol at 450K P0 = 10 atm

CA0 = 0.271 g-mol/dm3 yA0 = 1.0 (í�HÃºô�Ç A {9�§4�)

T0 = 450K

hline
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(a) ����oÖ�¦, 8̈�íß� ·ú�§4�(y) �:r�̧ (T × 10−3)�̀¦ W = 0kg\�"f W = 20kg��t� 8ú¤B� Áº>�\�¦

����"f �̧r����.

(b) 8ú¤B� Áº>��� @/|ÄÌ 16kg&ñ
�̧\�"f ����oÖ�¦ ì�r�í\�"f ”knee”\�¦ µ1Ï|
��>� |̈c �.���s	כ �=

s� knee�� �������¦ #Q�"� B�>h������� knee\� %ò
�¾Ó�̀¦ ÅÒ��Ht�\�¦ [O�"î
���.

(c) ìøÍ6£xÓüt Aü< Òqt$í
Óüt C_� 0lx�̧ ì�r�í\�¦ W=0kg\�"f W=20kg��t� 8ú¤B� Áº>�\�¦ ����

"f �̧r����.

ÉÙ���\�ê�> Ça��×

#�l�"f��6 x÷&��H³ðl�ZO�õ�s�ë�H]j\�@/ô�Ç��6£§_�~½Ó&ñ
d��[þtõ��'a>�d��[þt�Ér Fogler [4]_�Õþ�

\�"f ��M®o��. s� ë�H]j��H 8ú¤B�8£x ?/_� e��_�_� 0Au�\�"f�̧ 0lx�̧ü< �:r�̧_� ìøÍ�â
 ~½Ó�¾Ó ½̈C���

\O�����H e�¦�QÕª âì2£§ ��&ñ
�\�"f Û�¦wn=�.���s	כ ìøÍ6£xl� [O�>���H 8ú¤B�_� Áº>� W\� _��#� t�

&ñ
÷&��H 8ú¤B�8£x ?/_� 0Au�_� �<ÊÃº��� X�Ð ³ðl�÷&��H A_� ����oÖ�¦õ� �:r�̧ T\�¦ ��6 x�>� �)a

��.

����oÖ�¦_� �½ÓÜ¼�Ð ÅÒ#Qt���H 8ú¤B� ìøÍ6£xl�\� @/ô�Ç {9�ìøÍ&h���� ìøÍ6£xl� [O�>� ³ð�&³�Ér ��6£§õ�

°ú s� ìøÍ6£xÓüt A_� ]�t Ãºt��Ð ÅÒ#Q�����.

FA0
dX

dW
= −r′A (8.144)

s� ��%i� ìøÍ6£x\� @/ô�Ç çß�éß�ô�Ç 8ú¤B� ìøÍ6£x 5Åq�̧d���Ér ��6£§õ� °ú ��.

−r′A = k

[
C2

A −
CC

KC

]
(8.145)

#�l�"f ìøÍ6£xÓüt A\� l�ï�rô�Ç ìøÍ6£x5Åq�̧ �©�Ãº��H ��6£§õ� °ú �Ér Arrhenius d���̀¦ ���Ér��.

k = (k atT = 450K) exp
EA

R

[
1

450
− 1

T

]
(8.146)

�:r�̧\� ���Ér î̈
+þA �©�Ãº_� ����o��H ∆C̃P = 0_� �̧|	��\�"f van’t Hoff_� d��\� _��#� ��6£§

õ� °ú s� ÅÒ#Q�����.

KC = (Kc atT = 450K) exp
∆HR

R

[
1

450
− 1

T

]
(8.147)
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2A ↔ C\� @/ô�Ç �ª��:r �'a>�ü< l��̂\� @/ô�Ç �ª��:r³ð\�¦ ��6 x���� ìøÍ6£x ���Êê\� ]�tÃº_� ����o

\� ���Ér ÂÒx�_� ����o\�¦ �¦�9����"f 0lx�̧\�¦ ����oÖ�¦õ� �:r�̧_� �<ÊÃº�Ð ³ð�&³½+É Ãº e����. ����

"f ��6£§õ� °ú �Ér �'a>�[þt�̀¦ %3��̀¦ Ãº e����.

CA = CA0

(
1−X

1 + εX

)
P

P0

T0

T
= CA0

(
1−X

1− 0.5X

)
y
T0

T
(8.148)

y = P
P0

CC =
(

0.5CA0X
1−0.5X

)
y T0

T

(8.149)

·ú�§4� y©����H ��6£§õ� °ú �Ér p�ì�r ~½Ó&ñ
d��Ü¼�Ð ³ð�&³|̈c Ãº e���� (Fogler [4]_� Õþ� �ÃÐ�̧).

d
(

P
P0

)

dW
=
−α(1 + εX)

2
P0

P

T

T0
(8.150)

¢̧��H

dy

dW
=
−α(1 + εX)

2y

T

T0
(8.151)

{9�ìøÍ&h���� \��-t� Ãºt�d���Ér ��6£§õ� °ú s� jþt Ãº e����.

dT

dW
=

Ua(Ta − T ) + r′A(∆HR)
FA0(

∑
θiCPi + X∆C̃P

(8.152)

ìøÍ6£xl� {9�½̈\�"f_� {9�§4�s� ìøÍ6£xÓüt Aëß�s� �>rF����H �â
Äº\���H ��6£§õ� °ú s� çß�|ÄÌ�o �)a��.

dT

dW
=

Ua(Ta − T ) + r′A(∆HR)
FA0(CPA)

(8.153)

((c)Q¶6 �Ê6���÷~×� MATLAB ©��=��®��e� CHAP8 ���Ý�~²��Ìø p823c.mÅØ p823cf.mª�v²

� �byÃW��.



78 ]j 8 �©� ìøÍ6£x/BN�<Æ

V� 25 â�
 L±Óá~
 ð5�£� ø� Áþ�\� �ÐM� Öeµ�¿ ¹ôø�

25.1 5���� à�
ÃZ�

���ª�ô�Ç s��©� ìøÍ6£xl�\�"f ���'��÷&��H ��%i� µ1Ï\P� ìøÍ6£x\� @/ô�Ç ìøÍ6£xl� [O�>�r�_� �¦�9 ���½Ó

25.2 ��£� ÛÖS ÊÁn�B�ß��

���wn� q����+þA @/Ãº ~½Ó&ñ
d��õ� ���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�ZO�

25.3 %K�V� à�
ÃZ�

��6£§õ� °ú �Ér ��%i� µ1Ï\P�, l��í Ó�o�©� ìøÍ6£x

A = B (8.154)

s� ���ª�ô�Ç ìøÍ6£xl�\�"f ���½̈�)a��. ìøÍ6£xl� ×�æ Y>�Y>��Ér éß�\P�s���. ìøÍ6£x 5Åq�̧d��õ� 5Åq�̧ �©�Ãº��H

��6£§õ� °ú s� ÅÒ#Q�����.

rA = −k1CA + k2CR

k1 = 5.2× 107e−
12000
RT min−1 and k2 = 2.8× 1018e−

30000
RT min−1

(8.155)

#�l�"f R = 1.9872cal/g-mol·K s��¦ T��H K éß�0A�Ð ÅÒ#Q�����.

l�ï�r_� �â
Äº\� ìøÍ6£xl� ÂÒx� V��H 12dm3, ÂÒx� Ä»5Åq v0 = 24dm3/mins���. A_� /BN/åL 0lx

�̧��H CA0 = 1 g-mol /dm3s���. A gmol{©�_� ìøÍ6£x �D¥½+ËÓüt_� \P� 6 x|¾Ó�Ér ��6£§õ� °ú s� &ñ
_�

�)a���¦ �¦�9���.

CP =
n∑

i=1

ΘiC̃pi (8.156)

s� °úכ�Ér {9�&ñ
���. ìøÍ6£x ���Êê_� \P� 6 x|¾Ó_� ����o��H 0s��¦,

∆C̃P = 0 (8.157)

ìøÍ6£x\P�õ� \P�6 x|¾Ó_� q���H ��6£§õ� °ú s� ÅÒ#Q�����.

∆HR,TR
/CP = −200oC (8.158)

·ú¡_� d��[þt\� @/ô�Ç ��[jô�Ç ���½Ó�Ér Fogler [4]_� Õþ�\�"f ¹1Ô���̂¦ Ãº e����.
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(a) {9�½̈ �:r�̧�� 60oC��� éß�\P� e�¦�QÕª âì2£§ ìøÍ6£xl�_� ÂÒx�\� @/�#� ����oÖ�¦õ� ìøÍ6£xl� �:r

�̧\�¦ >�íß���¦ �̧r����.

(b) {9�½̈ �:r�̧�� #Q�"� �â
Äº\� (a)\�"f ÅÒ#Q��� ����oÖ�¦s� þj@/�� ÷&��H t�\�¦ ���&ñ
���.

(c) (a)_�ìøÍ6£xl��� 60oC\�"f1px�:rÜ¼�Ðî�r����)a�����,����oÖ�¦�Ér\O��������? (d) (a)_�e�¦�Q

Õª âì2£§ ìøÍ6£xl��� (ìøÍ6£xl�_� �:r�̧�� 105oC\�¦ �Å�t�·ú§��H) þj&h� �:r�̧ ì�r�í\�¦ ����"f

î�r����)a����� ����oÖ�¦�Ér \O��������?

(e) (a)_� e�¦�QÕª âì2£§ ìøÍ6£xl��� f��§>= �������)a "é¶A� ìøÍ6£xl� ß¼l�_� 1/3��� éß�\P� CSTR [j

>h�Ð @/�̂�)a����� þj&h� Ø�¦½̈ ����oÖ�¦�̀¦ %3�l�0Aô�Ç y�� ìøÍ6£xl��Ð_� {9�½̈ �:r�̧��H? þj&h�

8úxF�c ����oÖ�¦�Ér \O��������?

(f) 20oC_� ÅÒ0A /BNl�\� _�ô�Ç ü@ÂÒ Í�ty�� 5Åq�̧�� "f�Ð ���Ér �â
Äº\� (a)\�"f ÅÒ#Q��� e�¦�Q

Õª âì2£§ ìøÍ6£xl�_� �ÀÓ�Ð �����"f /BNçß� r�çß�s� 0.5ì�r çß����Ü¼�Ð �:r�̧ x9� ����oÖ�¦ ì�r�í

\�¦ q��§���. Ua/CP�� 0.1, 0.5, 1.0 g-mol/dm3��� �â
Äº\�¦ �¦�9���. #�l�"f CP��H A

g-mol {©�_� �D¥½+ËÓüt_� \P� 6 x|¾ÓÜ¼�Ð {9�&ñ
���. #QÖ¼ �â
Äº_� \P����²ú� 5Åq�̧\�"f þj�©�_�

����oÖ�¦�̀¦ ÅÒ��H��? Õª s�Ä»��H?

(g) (a)_� éß�\P� e�¦�QÕª âì2£§ ìøÍ6£xl�_� �â
Äº\� ìøÍ6£x\P��̀¦ l�ï�r°úכ_� 1/4\�"f 1/2 ��t� ���

ô�Ç��.�:r�̧ü<����oÖ�¦�̀¦ìøÍ6£xl�/BNçß�r�çß�_��<ÊÃº�Ð 1.0min��t� �̧r����.�=ìøÍ6£x\P�

�̀¦ y���èr�v���� ����oÖ�¦s� &�t���H��?
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V� 26 â�
 �[Å«כ��� ¥@́9� �����Uc"� ��
ä» ð5�£� ø� ¥o>®̧�ÛÖS ��Èñ5Ñ

26.1 5���� à�
ÃZ�

�¦�̂ 8ú¤B�\�"f ���'��÷&��H ��×�æ ìøÍ6£x\�"f ���×þ��̧��H "f�Ð ���Ér �Ö̧1lx�̧(activity)ü< Ä»ò́ SX�

íß� >�Ãº_� ¿º��t� ¹�è�Ðכ ½̈$í
�)a��.

26.2 ��£� ÛÖS ÊÁn�B�ß��

ì�ro��)a �â
>��̧|	��\�"f_� ���wn� �©�p�ì�r ~½Ó&ñ
d��_� K�ZO�

26.3 %K�V� à�
ÃZ�

��Û¼Ä»(gas-oil) A_� ��_"t�2; B�Ð_� 8ú¤B� ì�rK� õ�&ñ
\� ��!9î�r l��̂, �ïß¼Û¼ü< �ïß¼Û¼_� ���

½̈Óüt|9�(precursor) C�� Òqt$í
�)a��. s� ìøÍ6£x>�_� @/|ÄÌ�̧�� ÕªaË> 8.17\� ÅÒ#Q4R e����. ÕªaË>

\�"f ÅÒ#Q��� ¿º ìøÍ6£x\�"f ìøÍ6£xÓüt A�� �'a#����H ìøÍ6£x�Ér 2	�ìøÍ6£xs��¦, B�� �'a#����H ìøÍ6£x

�Ér 1	� ìøÍ6£xs���. s� 8ú¤B� /BN&ñ
\� æ¼s���H @/³ð&h���� /BN\O�&h���� 8ú¤B���H z�́o�
�-·ú�ÀÒp��� B�

A B

C

r
1

r
2

r
3

ÕªaË> 8.17: 8ú¤B� ì�rK� ìøÍ6£x\� @/ô�Ç 8úxF�c B�>h����� �̧4Sq(lumped parameter model)\�

�'a#����H ìøÍ6£x[þt

|9� M\� e����H 5 ×�æ|¾Ó%_� ]j�̀¦��s�àÔ Z_� �D¥½+ËÓüts���. ]j�̀¦��s�àÔ 8ú¤B���H B�|9� �Ð�� 8ú¤

B� �Ö̧$í
s� a%~�¦, "é¶���H ��_"t�2; Òqt$í
Óüt\� @/ô�Ç ���×þ��̧�� a%~Ü¼��, Ä»ò́ SX�íß� >�Ãº�� �����.

Martin et al. [9]\�"f ���:r s� 8ú¤B� ìøÍ6£x>�\� @/ô�Ç @/³ð&h���� X<s�'��� ³ð 8.19\� ÅÒ#Q4R

e����. #Q�"� :£¤Z>�ô�Ç 6£x6 x\�"f, 8ú¤B� {9�����H (ë�H]j 3.9\�"f %�!3� ô�Ç ���s� �̧Ø�¦�)a) 8úx ¿ºa���

L��� î̈
óøÍÜ¼�Ð ��H��|̈c Ãº e����. s� 8ú¤B�\�"f ìøÍ6£x5Åq�̧ü< ���²ú� :£¤$í
�Ér Z�Ð [O�>��)a ]j�̀¦��

s�àÔü< MÜ¼�Ð [O�>��)a B�|9�_� ��×�æ î̈
ç�HÜ¼�Ð #���t����, ��6£§õ� °ú s� ÅÒ#Q�����.

DA,x = uDAZ + (1− u)DAM and DB,x = uDBZ + (1− u)DBM (8.159)

kix = ukiZ + (1− u)kiM for i=1,2 and 3 (8.160)
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#�l�"f u��H ]j�̀¦��s�àÔ_� ²DGt� |9�|¾Ó ì�rÖ�¦s���. ]j�̀¦��s�àÔ_� 8úx |9�|¾Ó ì�rÖ�¦�Ér �½Ó�©� 5%s�

 9, 8ú¤B� {9���_� #Q�"� ÂÒì�r\�"f�̧ 20%\�¦ �Å��̀¦ Ãº \O���. ����"f ��6£§õ� °ú �Ér �'a>��� $í
wn�

ô�Ç��.
1
L

∫ L

0
udx = 0.05 where u ≤ 0.2 (8.161)

8ú¤B� ×�æd��\�"f Óüt|9� e�¦!3�Û¼�� \O�����H �̧|	��Ér ��6£§õ� °ú s� ÅÒ#Qt��¦,

dCA

dx
=

dCB

dx
= 0 at x=0 (8.162)

{9��� ³ð���\�"f_� l��̂ 0lx�̧\� @/ô�Ç �â
>��̧|	��Ér ��6£§õ� °ú s� ÅÒ#Q�����.

CA = 1.6× 10−5 gmol/cm3 and CB = CC = 0 at x=L (8.163)

B_� ���×þ��̧��H x ~½Ó�¾ÓÜ¼�Ð_� B_� Óüt|9� e�¦!3�Û¼\�¦ ìøÍ@/ ~½Ó�¾ÓÜ¼�Ð_� A_� Óüt|9� e�¦!3�Û¼�Ð

��è�H �Ü¼�Ð	כ ��6£§õ� °ú s� �)a��.

SB =
−DBx(dCB/dx)
DAx(dCA/dx)

x=L\�"f >�íß�H�d (8.164)

ìøÍ6£xs� e����H SX�íß� ë�H]j\� @/ô�Ç &h�]X�ô�Ç p�ì�r ~½Ó&ñ
d���Ér ��6£§õ� °ú ��.

DAx
d2CA

dx2
= k3xC2

A + kaxC2
A (8.165)

DBx
d2CB

dx2
= k3xCB + kaxCB (8.166)

³ð 8.19: B�>h����� °úכ[þt

k1Z = 108cm3 /g-mol·s k1M = 107cm3 /g-mol·s
k2Z = 8× 102s−1 k2M = 102s−1

k3Z = 3× 106cm3/g-mol·s k3M = 8× 106cm3/g-mol·s
DAZ = 10−6cm2/s DAM = 10−3cm2/s

DBZ = 10−5cm2/s DBM = 10−2cm2/s

L= 0.002 cm
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(a) d�� (8.164), (8.165)ü< (8.166)�̀¦ Ä»�̧��¦ {9�7£x���.

(b) ]j�̀¦��s�àÔ8ú¤B���8ú¤B�{9���\�ç�H{9��>�ì�r�í���H�â
Äº\�@/�#� B_����×þ��̧\�¦���

&ñ
���HX< ¹ô�Çכ��9 �̧��H ~½Ó&ñ
d��[þt�̀¦ &ñ
o����.

(c) ]j�̀¦��s�àÔ�� 8ú¤B� {9��� ³ð���_� 20% %ò
%i�\�ëß� ì�r�í���H �â
Äº\� @/�#� (b)\�¦ ìøÍ4�¤

���.

(d) ³ð 8.19\� ÅÒ#Q��� °úכ[þt�̀¦ ��6 x�#� (b)_� �â
Äº\� @/ô�Ç ���×þ��̧\�¦ >�íß����.

(e) ³ð 8.19\� ÅÒ#Q��� °úכ[þt�̀¦ ��6 x�#� (c)_� �â
Äº\� @/ô�Ç ���×þ��̧\�¦ >�íß����.

(f) 8ú¤B� {9��� ³ð���\� ]j�̀¦��s�àÔ 8£x�̀¦ ¿º��H s�&h�\� @/�#� �7H_����.
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