
Urea
96/97S5

October 1997



96/97S5    C:\U\WPU\PERP\TOC\96S5-TOC.WPD

TABLE OF CONTENTS

Page

I SUMMARY 1
A. OVERVIEW 1
B. PROCESS CHEMISTRY 3
C. PROCESS TECHNOLOGY 5
D. CONCENTRATION AND FINISHING 8
E. ECONOMICS 10
F. COMMERCIAL APPLICATIONS 12

1. Fertilizer 12
2. Chemical Uses 12

(a) Pharmaceutical 12
(b) Resins 13

(1) Urea/Formaldehyde Resins 13
(2) Melamine/Formaldehyde Resins 14

3. Other 14
G. SUPPLY AND DEMAND 15

II INTRODUCTION 24
A. OVERVIEW 24
B. PROCESS CHEMISTRY 26
C. MATERIALS OF CONSTRUCTION 30
D. PROCESS IMPROVEMENTS 31

III TECHNOLOGY AND ECONOMICS 32
A. INTRODUCTION 32
B. UREA SYNTHESIS, DECOMPOSITION, AND RECOVERY 34

1. Stripping Processes 34
(a) Stamicarbon Urea 2000plus  CO  Stripping Process 34TM

2

(b) Snamprogetti’s Ammonia Stripping Process 38
(c) TEC Advanced Process for Cost and Energy Saving

 (ACES) 41



96/97S5    C:\U\WPU\PERP\TOC\96S5-TOC.WPD

TABLE OF CONTENTS
(Continued)

Page

2. Solution Recycle Process 44
3. Partial Recycle Process 49
4. Once-Through Process 49

C. CONCENTRATION AND FINISHING 50
1. Introduction 51

(a) Crush Strength 52
(b) Dusting Tendency 52
(c) Environmental 52
(d) Anticaking 53

2. Prilling 53
3. Granulation 55

(a) Pan Granulation 57
(b) Spouted Bed Granulation 57
(c) Fluidized Bed Granulation 57
(d) Drum Granulation 58

4. Crystallization with Remelting 59
D. WASTEWATER TREATMENT 59
E. RECENT PATENTS OF INTEREST 60
F. ECONOMICS 64

1. Basis 64
(a) Price 64
(b) Investment Basis 64
(c) Production Cost Basis 65

2. Ammonia and Carbon Dioxide 66
3. Urea 66

(a) Effect of Ammonia Value 66
(b) Scale Effects 67
(c) Granules versus Prilling 67

G. SUMMARY 73



96/97S5    C:\U\WPU\PERP\TOC\96S5-TOC.WPD

TABLE OF CONTENTS
(Continued)

Page

IV COMMERCIAL ANALYSIS 75
A. COMMERCIAL APPLICATIONS 75

1. Fertilizer 75
2. Chemical Uses 75

(a) Pharmaceutical 75
(b) Resins 76

(1) Urea/Formaldehyde Resins 76
(2) Melamine/Formaldehyde Resins 77

3. Other 77
B. UREA SUPPLY/DEMAND BALANCE 78

1. North America 78
2. Western Europe 79
3. Japan 80
4. Global Summary 80

REFERENCES 93

PERP TITLE INDEX 94



96/97S5    C:\U\WPU\PERP\TOC\96S5-TOC.WPD

TABLES

Page

Table I.C.1 Summary of Urea Processes 7
Table I.D.1 Urea Physical Property Comparison 10
Table I.G.1 Global Urea Supply/Demand Balance, 1993-2005 20-21

Table III.C.1 Urea Physical Property Comparison 52
Table III.F.1 Feedstock, Utility, and Labor Prices 64
Table III.F.2 Cost Estimate of Ammonia Production via Natural Gas Reforming 68
Table III.F.3 Cost Estimate of Granulated Urea Production (NH  at cash cost) 693

Table III.F.4 Cost Estimate of Granulated Urea Production (NH  at full cost) 703

Table III.F.5 Cost Estimate of Granulated Urea Production (large capacity) 71
Table III.F.6 Cost Estimate of Prilled Urea Production 72
Table III.G.1 Summary of Urea Processes 74

Table IV.B.1 North American Urea Supply/Demand Balance, 1993-2005 79
Table IV.B.2 West European Urea Supply/Demand Balance, 1993-2005 80
Table IV.B.3 Japanese Urea Supply/Demand Balance, 1993-2005 80
Table IV.B.4 Global Urea Demand, 1993-2005 82
Table IV.B.5 Global Urea Capacity, 1993-2005 84
Table IV.B.6 Global Urea Supply/Demand Balance, 1993-2005 88-89
Table IV.B.7 Global Urea Net Trade 91



96/97S5    C:\U\WPU\PERP\TOC\96S5-TOC.WPD

FIGURES

Page

Figure I.E.1 Urea Production Costs 11
Figure I.G.1 Global Urea Demand by Region, 1996 16
Figure I.G.2 Global Urea Capacity by Region, 1996 17
Figure I.G.3 Global Urea Trade Pattern by Region, 1996 23

Figure II.B.1 Urea Yield as a Function of NH /CO  Ratio 283 2

Figure II.B.2 Conversion of Carbon Dioxide to Urea at Different Temperatures 29

Figure III.B.1 Stamicarbon Urea 2000plus  Process 36TM

Figure III.B.2 Snamprogetti Ammonia Stripping Process 39
Figure III.B.3 Toyo ACES Process 42
Figure III.B.4 UTI Heat Recycle Process 45
Figure III.B.5 UTI Evaporation Section 46
Figure III.C.1 Prill Tower Scheme 54
Figure III.C.2 Granulation Plant Scheme 56

Figure IV.B.1 Global Urea Demand by Region, 1996 83
Figure IV.B.2 Global Urea Capacity by Region, 1996 85
Figure IV.B.3 Global Urea Trade Pattern 90
Figure IV.B.4 Urea Net Trade by Region, 1996 92


