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APPENDIX A
EUQIPMENT DATA AND STREAM INFORMATION

Table A. 1Equipment cata
Unit operation Properties Size
Reactor Volume (ft.3 2458
Diameter(ft-) 6.80
Ammonia Column (Cl) Diameter(ft.) 2.19
Reflux drum area(ft.2 518
Reboiler area (ft.2 753
Total number Tray 12
Tray number feed ;
Product Column (C2) Diameter(f).) 247
Reflux drum area (ft.2 716
Reboiler area (ft.2 153
Total number Tray 22
Tray number feed 10
DIPA recycle Column (C3)  Diameter(f).) 4.26
Reflux drum area (ft.2 906
Rehoiler area (ft.2 479
Total number Tray 52
Tray number feed ¥
Vaporizer Area (ft.2 18
Q (10s Btu/hr,) 116
Heater (HX1) Area (ft.2 115
Q(10s Btu/hr.) 0.072
Cooler (HX2) Area (ft.2 532

Q(10s Btu/hr,) 203



Table A.2 Flow summary for the monoisopropylamine process shown in Figure 4.2

Stream name IPAfresh  NHsfresh TotalNHs  Topflow  Rn  Rut GasRecyce FI Dl

feed feed flow @ flow
Vaporizer

Temperature ( C) 60 60 60 1538 183 1743 60 00 60
Pressure (psia) 400 400 400 475 475 450 33H 3 30
Vapor fraction 0 0 0 1 1 1 1 0 0
Molar flow 45.36 4531 90.76 2129 2129 2729 1571 2026 90.76
(kgmole/hr,)
Composition mole
fraction
Isopropanol 1.000 0.000 0.000 0169 0169 0049 0.001 0.017 0.000
Ammonia 0.000 1.000 0.999 0538 0538 0404 0.458 0440  0.999
Di-isopropylamine 0.000 0.000 0.000 0249 0249 023 0.005 0.106 0.000
Water 0.000 0.000 0.000 0003 0003 .12 0.002 0198  0.000

Hydrogen 0.000 0.000 0.00000 0039 0039 0039 0.516 0.000 0.000



Table A.2 (Continued) Flow summary for the monoisopropylamine process shown in Figure 4.2

Stream name Vent flow Bl R B2 D2 F3 D3 B3
Temperature (°C) 60 1798 1737 1245 625 102.8 434 971
Pressure (psia) 300 358 318 1 R 3 5 1025
Vapor fraction 1 0 0 0 0 0.1206 0 0.0000
Molar flow 3.12 109.32 109.32 6151 45.30 6151 17.92 4540
(kgmole/hr.)

Composition mole

fraction

|sopropanol 0.000 0.030 0.030 0.044 0.000 0.044 0.012 0.000
Ammonia 0.950 0.001 0.001 0.000 0.001 0.000 0.000 0.000

Mono-isopropylamine  0.000 0.426 0.426 0.170 0.999 0.170 0.003 0.000
Di-isopropylamine 0.000 0.189 0.189 0.274 0.000 0.274 0.974 0.001
Water 0.000 0.353 0.353 0.512 0.000 0.512 0.010 0.999
Hydrogen 0.050 0.000 0.000 0.0000 0.000 0.000 0.000 0.000
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Table A.3 Show the temperature profile and composition profile
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Table A.3 (continuous) Show the temperature profile and composition profile
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APPENDIX B

TUNING PARAMETER OF CONTROL STRUCTURES

The relay-feedback testing is a simple method to find the dynamic parameters.
The results of the test are the ultimate gain and the ultimate frequency. This
information is sufficient to calculate tuning parameters of controllers as shown in
Table B.I.

Table B.| Tyreus-Luyben rule Controller type Tuning parameters

Controller type Tuning parameters
Ke X rd
Pl 03K 2.2PU -
PID 0.45KCU 2.2Pu Pu/6.3

Controller
h Output

| Ummate Period |
Ultimate Gain
4 Process
X 1 Variable
. ‘\ ]4(/

Figure B.| Show Tuning parametuers.




Table B.| Type of controllers and toning parameters of Base case

Equipment

Total ammonia
feed

IPA fresh feed
Vaporizer
Heater (HX1)
Cooler (HX2)
Hash tank

Ammonia column
(Cl)

Controller

FC

T1C

LC
LC

Controlled Variable

Ammonia /IPA ratio

flow rate

Flow rate

Level
Temperature outlet
Temperature outlet
Pressure

Level

Temperature average

(tray 7,8,9)
Reflux/feed ratio
Reboiler level
Reflux drum level
Top column

Manipulate Variable

Feed flow rate

Feed flow rate
Duty flow rate
Heat duty

Heat duty
Compressor work
Bottom flow rate
Reboiler duty

Reflux flow rate
Bottom flow rate
Distillate floe rate
Condenser duty

Type
Pl

P|

p
PID

PID
P!

PID

Action

Reverse

Reverse
Direct

Reverse
Reverse
Reverse
Direct

Reverse

Reverse
Direct
Direct
Reverse

Tuning parameters
Kec X Id
05 03
05 03
) _ i
145 188 031
190 25 0570
02254 1713 -
180 920 240
05 03
) i
2 -
171 0519

017



Table B.I (continue) Type of controllers and tuning parameters of Base case

Equipment  Controller ~ Controlled Variable ~ Manipulate Variable ~ Type  Action Tuning parameters

Kc P T

Product column ~ TC Temperature tray 9 Rehoiler duty PD Reverse 108 8% 19
(C2) FC Reflux/feed ratio Reflux flow rate Pl Reerse 05 03

LC Rehoiler level Bottom flow rate P Direct 2 -

LC Reflux drum level Distillate floe rate P Direct 2 -

PC Top column Condenser duty Pl Reverse 624 01%
DIPArecyce  TC Temperature tray 5 Reboiler duty PID  Reverse 49 114 0253
column (Cl) FC Reflux/feed ratio Reflux flow rate Pl Reverse 05 03

LC Reboiler level Bottom flow rate P Direct 2 -

LC Reflux drum level Distillate floe rate P Direct 2

PC Top column Condenser duty Pl Reverse 430 0.0%



Table B.2 Type of controllers and tuning parameters of CS1

Equipment

Total ammonia
feed

IPA fresh feed
Vaporizer
Heater (HX1)
Cooler (HX2)
Hash tank

Ammonia column
(Cl)

Controller

FC

FC
LC
1C
T1C
PC
T1C
1C

FC
LC
LC
PC

Controlled Variable

Ammonia /IPA ratio
flow rate

Flow rate

Level

Temperature outlet
Temperature outlet
Pressure

Level

Temperature average
(tray 7,8,9)
Reflux/feed ratio
Reboiler level
Reflux drum level
Top column

Manipulate Variable
Feed flow rate

Feed flow rate
Duty flow rate
Heat duty

Heat duty
Compressor work
Bottom flow rate
Rehoiler duty

Reflux flow rate
Bottom flow rate
Distillate floe rate
Condenser duty

Type
Pl

Pl

p
PID

PID
Pl
PID

P|

S R

Action

Reverse

Reverse
Direct

Reverse
Reverse
Reverse
Direct

Reverse

Reverse
Direct
Direct
Reverse

Tuning parameters
Kc T Td
05 03

05 03

? - -

140 1710 0379
1% 312 0693
112 302 -

2

15 742 16
05 03

2 -

? -

2 10



Table B.2 (continue) Type of controllers and tuning parameters of CS1

Equipment  Controller ~ Controlled Variable ~ Manipulate Variable — Type  Action Tuning parameters
Kc Ti T
Product column ~ TC Temperature tray 9 Reboiler duty PID  Reerse 132 138 0125
(C2) (Set point from cc
MIPA)

FC Reflux/feed ratio Reflux flow rate Pl Reverse 05 03

LC Reboiler level Bottom flow rate P Drect 2 -

LC Reflux drum level Distillate floe rate P Direct 2 :

PC Top column Condenser duty Pl Reverse 2 0 -
DIPArecycle  TC Temperature tray 5 Reboiler duty PID  Reverse 237 893 0023
column (C3) FC Reflux/feed ratio Reflux flow rate Pl Reverse 05 03

LC Rehoiler level Bottom flow rate P Direct 2 :

LC Reflux drum level Distillate floe rate P Direct 2

PC Top column Condenser duty Pl Reverse 430 0.0%



Table B.3 Type of controllers and toning parameters of CS2

Equipment

Total ammonia
feed

IPA fresh feed
Vaporizer
Heater (HX1)
Cooler (HX2)
Fash tank

Ammonia
column (Cl)

Controller

FC

Controlled Variable

Ammonia /IPA ratio
flow rate

Flow rate

Level

Temperature outlet
Temperature outlet
Pressure

Level

Temperature average
(tray 7,8,9)
Reflux/feed ratio
Reboiler level
Reflux drum level
Top column

Manipulate Variable
Feed flow rate

Feed flow rate
Duty flow rate
Heat duty

Heat duty
Compressor work
Bottom flow rate
Reboiler duty

Reflux flow rate
Bottom flow rate
Distillate floe rate
Condenser duty

Type
Pl
Pl
PID
PID
Pl
PID

P|

g ©

Action

Reverse

Reverse
Direct

Reverse
Reverse
Reverse
Direct

Reverse

Reverse
Direct
Direct
Reverse

Tuning parameters
Ke X Td
05 03
05 03
? - -

142 152 038
120 3371 0.749
2 0 -
? - -

147 820 465
05 03
2
? -
2 10

141!



Table B.3 (continue) Type of controllers and tuning parameters of CS2

Equpment  Controller ~ Controlled Variable ~ Manipulate Variable ~ Type  Action Tuning parameters

Kc Ti Td

Product column  TC Temperature tray 9 Reboiler duty PD  Reverse 132 138 0125
(C2) FC Reflux/feed ratio Reflux flow rate Pl Reverse 05 03

LC Rehoiler level Bottom flow rate P Direct 2 -

LC Reflux drum level Distillate floe rate P Direct 2 -

PC Top column Condenser duty Pl Reverse 2 0 -
DIPA recycle 1C Temperature tray 5 Rehoiler duty PD  Reverse 237 893 0023
column (C3) cc Composition DIPA Reflux flow rate Pl Reverse 05 03

LC Rehoiler level Bottom flow rate P Direct 2 -

LC Reflux drum level Distillate floe rate P Direct 2

PC Top column Condenser duty Pl Reverse 430  0.0%



Table B.4 Type of controllers and tuning parameters of CS3

Equpment ~ Controller ~ Controlled Variable ~ Manipulate Variable ~ Type  Action Tuning parameters
Ke Ti Td

Totalammonia ~ FC Ammonia/IPAratio  Feed flow rate Pl Reverse 05 03
feed flow rate
IPAfreshfeed  FC Flow rate Feed flow rate Pl Reverse 05 03
Vaporizer LC Level Duty flow rate P Direct 2 : -
Heater(HX1)  TC Temperature outlet Heat duty PD  Reverse 961 224 04%
Cooler (HX2)  TC Temperature outlet Heat duty PID  Reverse 180 3887 0197
Flash tank PC Pressure Compressor work P Reverse 2 0 -

1C Level Bottom flow rate P Direct 2 : -
Ammonia 1C Temperature average  Reboiler duty PD  Reverse 153 737 1¢4
column (Cl) (tray 7,89)

FC Reflux/feed ratio Reflux flow rate Pl Reverse 05 03

LC Reboiler level Bottom flow rate P Direct 2

LC Reflux drum level Distillate floe rate P Direct 2 :

PC Top column Condenser duty Pl Reverse 2 10

917



Table B.4 (continue) Type of controllers and tuning parameters of CS3

Equipment

Product column
(C2)

DIPA recycle
column (C3)

Heat exchanger
By-pass

Controller

TC
FC
LC
LC
PC
T1C
cc
LC
LC
PC
FC

Controlled Variable

Temperature tray 9
Reflux/feed ratio
Rehoiler level
Reflux drum level
Top column
Temperature tray 5
Composition DIPA
Rehoiler level
Reflux drum level
Top column
Temperature outlet

Manipulate Variable

Reboiler duty
Reflux flow rate
Bottom flow rate
Distillate floe rate
Condenser duty
Reboiler duty
Reflux flow rate
Bottom flow rate
Distillate floe rate
Condenser duty
By-pass flow rate

Type

PID
Pl

p

p
Pl

PID
Pl

p

p
Pl

Pl

Action

Reverse
Reverse
Direct
Direct
Reverse
Reverse
Reverse
Direct
Direct
Reverse
Direct

Tuning parameters
Ke Ti Td
(K] 132 0.8%
05 03 -
2
? - -
6% 0191 -
4.94 114 0469
05 03
2 -
? - -
430 0095 -
0008 025
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