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Reaction Conditions
Reaction Type:
Reactor outlet Temperature (C) :
Reactor Outlet Pressure:
Ammonia: phenol feed Mol ratio:
Liquid hourly space velocity(hj
Vapor hourly space velocity(hy
Conversion of Phenol:
Selectivity of nitrobenzene(%)
To Aniline
To diphenylamine
To High-boiling impurities
Dissociation of Ammonia(%)
Overall yield of aniline(%)
Based on Phenol
Based on ammonia
Catalyst
Aniline in Waste water

Adiabatic packed leattor
YAo

Yéo psig
Yo
.,'.1
Yéo
07

aA,Y
\,0

o)

A, Y
v,y
Silica- Alumina
Less than: ppm
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Reaction Type: Fludized-Bed reactor witleling bundles
Reactor outlet Temperature (C) : YVO
Reactor Outlet Pressure: Y- psig
H,:MNB feed Mol ratio: a:)
Gas SuperFicial Velocity(ft/sec): Y
Weight of Catalyst/feed Rate(lb/lbmole/hry:
Conversion of Nitrobenzene: 19,y %
Selectivity of nitrobenzene(%)
To Aniline 19,8
To Low-boiling impurities )
To High-boiling impurities Ay
Catalyst Copper On Silica
Catalyst Regeneration
Regeneration Frequency oWlss operating days
Time for regeneration v¢ hours
Burn-off temperatue(C) YO--YY-
Activation temperatue withC) Yo-
Aniline in Waste water Less than ppm
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ANILINE FROM NITROBENZENE BY VAPOR-PHASE REDUCTION

RAW MATERIAL AND UTILITY COST, US ¢/KG

UNIT COST CONSUMPTION/TONNE ¢IKG
RAW MATERIALS
CATALYST, Cu on Si02 1800 ¢/KG 0.0005 TONNE 0.90
HYDROGEN 22.9¢/NM3 T 871.58 NM3 19.96
NITROBENZENE 141 ¢/KG 1.3476 TONNE 180.01
GROSS RAW MATERIAL COST 210.87
UTILITIES
COOLING WATER 3.28¢/M3 70.936 M3 0.23
ELECTRICITY 7.98 ¢/KWH 39.683 KWH 0.32
PROCESS WATER 33.6 ¢/M3 0.2504 M3 0.01
STEAM 2580 ¢/TONNE =1.1 TONNE -2.84
TOTAL -2.28

PROCESS SUMMARY

This is the predominant process for aniline manufacture. The process is based on Cyanamid patents.
Nitrobenzene is reduced with hydrogen in the vapor phase over a copper/silica catalyst. The fiuid bed reactor
is operated at 35 psia and 275°C (527°F). The reactor effiuent is cooled to recover aniline, and the excess
hydrogen is recycled to the reactor. The conversion of nitrobenzene is practically 100% with a selectivity of
go+% toa e, obtained in an aqueous solution, is dried by distillation drying.

Yields on monenitrobenzene and hydrogen are 98.1% and 83.4%, respectively. The largest use for aniline
is in the manufacture of 4,4'-methylene diphenylene isocyanate (MDI), a polyurethane intermediate. Other
uses include rubber processing chemicals and agricultural products.

REFERENCE: PEP Report 76C, SEC 5 (MKG)

SRI CONSULTING
PEP YEARBOOK 2007

LOCATION : GERMANY

PEP COST INDEX-GERMANY : 616 (1US $ = 0.753 euro)
CAPACITY, THOUSAND TONNES/YR

INVESTMENT, US § MILLION

BATTERY LIMITS
OFF SITES

TOTAL FIXED CAPITAL
PRODUCTION COSTS, US ¢/KG
RAW MATERIALS
BY PRODUCT CREDITS
UTILITIES
VARIABLE COSTS
MAINTENANCE MATERIALS
OPERATING SUPPLIES
OPERATING LABOR ( 3/SHIFT)
MAINTENANCE LABOR
CONTROL LABORATORY
TOTAL DIRECT COSTS
PLANT OVERHEAD
TAXES AND INSURANCE
DEPRECIATION
PLANT GATE COST
G +A, SALES, RES,, 5%
PRODUCTION COSTS
AT 100% CAPACITY

AT 75% CAPACITY 2
AT 50% CAPACITY

36.40
15.80

52.30

245,95
258.10
282.40

(0.55)

PRODUCT VALUE (COST + 25 %/YR ROl BEFORE TAXES), US ¢/KG

AT 100% CAPACITY
AT 75% CAPACITY
AT 50% CAPACITY

274.75
296.50
340.00

ANILINE
PRICE: 125 ¢/KG

90.7 181
52,90 (0.62) 81.30
23.70 37.70
76.60 (0.63) 118.00

210.87 210.87

0.00 0.00

-2.28 -2.28
208.59 208.59

1.40 1.08

0.12 0.06

1.23 0.62

0.93 0.72

0.25 0.12

212,52 211.19

1.83 AT,

1.69 1.31

8.45 6.57

22459 220.24

12.83 12.46
237.52 232.70
246.86 240.43
265.54 255.90
258.63 249.14
275.01 262.35
307.76 288.78
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ANILINE FROM NITROBENZENE BY VAPOR-PHASE REDUCTION

RAW MATERIAL AND UTILITY COST, US ¢/KG

UNIT COST CONSUMPTION/TONNE ~ ¢/KG

RAW MATERIALS

CATALYST, Cu on Si02 1720 ¢/KG 0.0005 TONNE 0.86

HYDROGEN 21.9¢/NM3 T 871.58 NM3 18.09

NITROBENZENE 102 ¢/KG 1.3476 TONNE 137.46

GROSS RAW MATERIAL COST 157.41
UTILITIES

COOLING WATER 3.25¢/M3 70.936 M3 0.23

ELECTRICITY 8.26 ¢/KWH 39.683 KWH 0.33

PROCESS WATER 27.6 ¢/M3 0.2504 M3 0.01

STEAM 2130 ¢/TONNE -1.1 TONNE -2.34

TOTAL -1.77

PROCESS SUMMARY

This is the predominant process for aniline manufacture. The process is based on Cyanamid patents.
Nitrobenzene is reduced with hydrogen in the vapor phase over a copperisilica catalyst. The fluid bed reactor
is operated at 35 psia and 275°C (627°F). The reactor effluent is cooled to recover aniline, and the excess
hydrogen is recycled to the reactor. The conversion of nitrobenzene is practically 100% with a selectivity of
99+% to aniline. The aniline, abtained in an aqueous solution, is dried by distillation drying.

Yields on menonitrobenzene and hydrogen are 98.1% and 83.4%, respectively. The largest use for aniline
is in the manufacture of 4,4'-methylene diphenylene isocyanate (MDI), a polyurethane intermediate. Other
uses include rubber processing chemicals and agricultural products.

REFERENCE: PEP Report 76C, SEC 5 (MKG)

SRI CONSULTING
PEP YEARBOOK 2007

LOCATION : JAPAN

PEP COST INDEX-JAPAN : 411 (1US § = 120 ¥)
CAPACITY, THOUSAND TONNES/YR
INVESTMENT, US $ MILLION

BATTERY LIMITS
OFF SITES

TOTAL FIXED CAPITAL
PRODUCTION COSTS, US ¢/KG
RAW MATERIALS
BY PRODUCT CREDITS
UTILITIES
VARIABLE COSTS
MAINTENANCE MATERIALS
OPERATING SUPPLIES
OPERATING LABOR ( 3/SHIFT)
MAINTENANCE LABOR
CONTROL LABORATORY
TOTAL DIRECT COSTS
PLANT OVERHEAD
TAXES AND INSURANCE
DEPRECIATION
PLANT GATE COST
G +A, SALES, RES,, 5%
PRODUCTION COSTS
AT 100% CAPACITY
AT 75% CAPACITY
AT 50% CAPACITY
PRODUCT VALUE (COST + 25 %/YR ROl BEFORE TAXES),
AT 100% CAPACITY

AT 75% CAPACITY
AT 50% CAPACITY

32,00 (0.54)
14.00

46,00 (0.55)

157.41
0.00
-1.77

155,64

1.69
0.21
214
1.13

043

161.24
2.22
2.03

1013

176.62

10.58

186.20
196.15
216.05

US ¢/KG

46.50
20.90

67.40

178.15
186.75
201.85

187.73
211.52
239,11

ANILINE

" PRICE: 131 ¢/IKG

(0.62)

(0.63)

71.50
32.50

104,00

157.41
0.00
-1.77

155,64

0.95
0.05
0.54
0.63
0.11

157.92

1o
N
ot~

o]
o
0
@

o
~
iy

175.08
181.30
193.77

189.42
200.44
222.49
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ANILINE FROM NITROBENZENE BY VAPOR-PHASE REDUCTION

RAW MATERIAL AND UTILITY COST, US ¢/KG

UNIT COST CONSUMPTION/TONNE ¢/KG
RAW MATERIALS
CATALYST, Cu on Si02 1660 ¢/KG 0.0005 TONNE 0.83
HYDROGEN 21.8¢/NM3T 871.58 NM3 19.00
NITROBENZENE 123 ¢/KG 1.3476 TONNE 165.75
GROSS RAW MATERIAL COST 185.58
UTILITIES
COOLING WATER 2.87 ¢/IM3 70.836 M3 0.20
ELECTRICITY 6.2 ¢/KWH 39.683 KWH 0.25
PROCESS WATER 33.6 ¢/M3 0.2504 M3 0.01
STEAM 2320 ¢/TONNE -1.1 TONNE -2.55
TOTAL -2.09

PROCESS SUMMARY

This is the predominant process for a e manufacture. The process is based on Cyanamid patents.
Nitrobenzene is reduced with hydrogen in the vapor phase over a copper/silica catalyst. The fluid bed reactor
is operated at 35 psia and 275°C (527°F). The reactor effluent is cooled to recover aniline, and the excess
hydrogen is recycled to the reactor. The conversion of nitrobenzene is practically 100% with a selectivity of
89+% to aniline. The aniline, obtained in an aqueous solution, is dried by dis! on drying.

Yields on mononitrobenzene and hydrogen are 98.1% and 83.4%, respectively. The largest use for aniline
is in the manufacture of 4,4'-methylene diphenylene isocyanate (MDI), a polyurethane intermediate. Other
uses include rubber processing chemicals and agricultural products.

REFERENCE: PEP Report 76C, SEC 5 (MKG)

LOCATION : U.S.

PEP COST INDEX-U.S. : 768
CAPACITY, THOUSAND TONNES/YR
INVESTMENT, US § MILLION

BATTERY LIMITS
OFF SITES

TOTAL FIXED CAPITAL
PRODUCTION COSTS, US ¢/KG
RAW MATERIALS
BY PRODUCT CREDITS
UTILITIES
VARIABLE COSTS
MAINTENANCE MATERIALS
OPERATING SUPPLIES
OPERATING LABOR ( 3/SHIFT)
MAINTENANCE LABOR
CONTROL LABORATORY
TOTAL DIRECT COSTS
PLANT OVERHEAD
TAXES AND INSURANCE
DEPRECIATION
PLANT GATE COST
G +A, SALES, RES., 5%
PRODUCTION COSTS
AT 100% CAPACITY

AT 75% CAPACITY
AT 50% CAPACITY

SRI CONSULTING
PEP YEARBOOK 2007

29.10
12.80

41.90

185.58
0.00
-2.09

183.48

1.54
0.25
2.48
1.03

0.49

189.26

3.18
1.85
8.23

203.52

11.93

21545
225.82
246.57

(0.54)

(0.55)

PRODUCT VALUE (COST + 25 %/YR ROl BEFORE TAXES), US ¢/KG

AT 100% CAPACITY
AT 75% CAPACITY
AT 50% CAPACITY

238.52
256.58
292.71

ANILINE
PRICE: 134 ¢/KG

90.7 181
42.30 (0.62) 65.00
19.00 29.80
61.30 (0.63) 94,80
185.58 185.58
0.00 0.00
-2.08 -2.09
183.49 183.49
142 0.86
0.12 0.06
1.23 0.62
0.75 0.57
0.25 012
186.96 185.72
1.78 1.06
1.35 1.06
6.76 524
196.85 193.06
11.25 10.85
208,10 203.91
216.02 210.44
231.87 223,49
225,00 217.00
238.56 227.89
265.67 249,67
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> 40°C
Catalyst 25 psia
E-102 o
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T.103 E:103 E-104
Air
Steam (For Start-Up
208°C anlg)
250 psig
v-102
V-103
“““““ BFW ﬁ v
Steam
(For Start-Up Only) i)
Waste X
Catalyst
@ & 177°C
) T
* For Catalyst Regeneration. I
** Bypass for Control.
T-102 F-101 T-101 V-102 V-104 V-105
Waste Catalyst Blow-Back MNB Feed Tank  Steam Drum Discharge Suction
Silo Heater Drum Drum
R-101 V-103
T-103 C-101 Reactor BFW Vessel K-101 T-104
Catalyst ~ MNB Vaporizer Recycle Start-Up
Hopper K-103 Compressor Tank
Catalyst

Unloading Blower

V-101
Hydrogen
Separator

PURIFICATION SECTION
Vent to
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30 50
)
| @ Light e C-203
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| Incinerator 155°C
_ = >
| @ c-202
@) v
— E-212 —
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o7 Om_wﬁ_ @ e
Sludge 152°C E-207
90°C 8
Heavy Ends
150 @ ! E-204 1o Incinerator
Wastewater ﬁ GG 470
35°C
V-202 E.209
T-201A&B T-251A&B
V-201 V-202 V-204 T-201A&B V-203 E-208
Effluent Crude Product Light Ends Product Product Reflux ~ Product
Separator Vessel Separator Analysis Tanks Drum Condenser
T-202 M-201&202 C-202 T-251A&B C-203
Anlline-Water Steam Jet Drying Product Finishing
Tank Ejectors Column Storage Tanks Column

Figure 5.1

ANILINE BY VAPOR-PHASE CATALYTIC
REDUCTION OF NITROBENZENE
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Table 5.4
ANILINE BY VAPOR-PHASE CATALYTIC REDUCTION OF NITROBENZENE
MAJOR EQUIPMENT
CAPACITY: 200 MILLION LB/YR (91,000 T/YR)
ANILINE
AT 0.90 STREAM FACTOR
EQUIPMENT
NUMBER NAME SIZE MATERIAL OF CONSTRUCTION REMARKS
REAGTORS
R-101 REACTOR DIA: 125FT 316 88 WITH VERTICAL TUBE BUNDLES OF 7500 FT2
HEIGHT: 75 FT AND STAINLESS STEEL FILTERS
COLUMNS DIAMETER HEIGHT TRAYS/
(FT) (FD) SHELL PACKING
c-101 MNB VAPORIZER 65 25 316 S8 316 88 6 VALVE TRAYS, 24 INCH SPACING
c-201 ANILINE STRIPPER a0 §  CsS. STONEWARE 40 FT OF 1.5 INCH RING PACKING
C-202 DRYING COLUMN 25 60 304 88 316 88 30 VALVE TRAYS, 18 INCH SPACING
c-203 FINISHING COLUMN 80 120 3i6Ss atess 50 VALVE TRAYS, 26 INCH SPACING
COMPRESSORS (BHP)
Keto1 RECYCLE COMPRESSOR 750 cs.
K102 CAT. LOADING BLOWER 50 cs.
K103 CAT. UNLOADING BLOWER 50 cs.
HEAT EXCHANGERS AREA HEAT LOAD
(SAFT)  (MMBTUMA)  SHELL TuBES
E-101 MNB FEED HEATER 300 2.85 c.s. 316 88
E-102 HYDROGEN EXCHANGER 2,000 48t cs. 316 S8 FLOATING-HEAD TYPE
E-103 MNB FEED EXCHANGER 1,600 as7 at6 58 316 5 FLOATING-HEAD TYPE
E-104 EFFLUENT CONDENSER 4,300 17.27 C.Ss. 304 SS U-TUBE TYPE
E201 WASTEWATER EXCHANGER 650 1.72 cs. 30488
E202 ANILINESWATER HEATER 100 191 cs 304 55
E-203 STRIPPER CONDENSER 450 5.84 C.s. 304 S8
E-204 PRODUGT EXCHANGER 1,200 2.16 304 S8 304 S8
E-205 LIGHT ENDS CONDENSER 350 238 cs. 304 55
E-206 DRIER REBOILER 350 347 C.8. 316 5S
E-207 PRODUGT REBOILER 750 749 cs. 316 58
E-208 PRODUGT CONDENSER 6500 13.14 Gs. 31658 KETTLE TYPE
E-209 PRODUCT COOLER 350 0.8 cs. 304 55
E210 OVERHEADS COOLER 50 030 cs. 30488
E2t1 VACUUM AFTER-CONDENSER 50 0.45 cs. 30488
E212 ANILINE VAPORIZER 430 541 Gs. 31658 KETTLE TYPE
MISCELLANEOUS EQUIPMENT
M-201 STEAM JET EJECTOR SINGLE STAGE cs.
M-202 STEAM JET EJECTOR SINGLE STAGE cs.
PACKAGE UNITS
G201 INCINERATOR VARIOUS NOT SHOWN ON FLOW DIAGRAM
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(il Table 5.4 (Concluded)

ANILINE BY VAPOR-PHASE CATALYTIC REDUCTION OF NITROBENZENE

MAJOR EQUIPMENT

CAPACITY: 200 MILLION LB/YR (91,000 T/YR)
ANILINE
AT 0.90 STREAM FACTOR

EQUIPMENT
. NUMBER NAME SIZE MATERIAL OF CONSTRUCTION REMARKS
PRESSURE VESSELS VOLUME (GAL)
V101 HYDROGEN SEPARATOR 1,600 304 8§
v-102 STEAM DRUM 2,200 304 8§
v-103 BFW VESSEL 2,800 304 S5 WITH HEATING COIL FOR START-UP ONLY
Vv-104 DISCHARGE DRUM 1,300 CsS.
V105 SUCTION DRUM 1,300 c.8.
v-201 EFFLUENT SEPARATOR 20,000 304 5§
v-202 CRUDE PRODUCT VESSEL 6,500 304 S8
V203 PRODUCT REFLUX DRUM 3,000 304 S§
V204 LIGHT ENDS SEPARATOR 1,250 304 5§
PROCESS FURNACES HEAT LOAD
(MM BTU/HR)
101 BLOW-BACK HEATER 100 c.s.
.
| TANKS VOLUME (GAL)
T101 MNB FEED TANK 350,000 304 S8
T102 WASTE CATALYST SILO 10,000 ALUMINUM WITH BAG FILTER ON TOP
T103 GATALYST HOPPER 10,000 ALUMINUM
T104 START-UP TANK 4,500 304 88
T201AB  PRODUCT ANALYSIS TANKS 30,000 EA 304 88
T202 ANILINE-WATER TANK 2,500 304 58
T251AB  PRODUCT STORAGE TANKS 500,000 EA 304 S5
PUMPS
SECTION  OPERATING SPARES  OPERATING BHP
100 6 5 41
200 11 11 37
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