
Third Series: The First Pillar of 

Petrochemicals: Methane (2 of 10) 

In the first part of the third series we discussed Pillar # 1 (Methane) 
representing one of the basic building blocks of the petrochemicals/ chemicals 
industry. In this second part and remaining parts of this series, we will further 
discuss the other products derived from Methane and their manufacturing 
processes, sub derivatives and applications. These derivative products can be 
used in some cases directly in various consumer goods and/or as 
intermediates for further chemical and physical modification to yield consumer 
products. 

 

Continue derivatives of Nitric acid 

Tetryl  

Nitric Acid7: Tetryl  
 

Product Name Tetryl (2,4,6-
trinitrophenylmethylnitramine, Pyrenite)  

Chemical Formula C7H5N5O8 or C6H2(NO2)3NCH3NO2 
CAS N°: 479-45-8 

Properties Colorless solid, BP 187°C, MB 129°C 
Manufacturing process By reaction of dimethylaniline and  nitric acid: 

 
C6H5N(CH3)2 + 2HNO3 → C6H2(NO2)3NCH3NO2 
+ 2H2 
 
Raw Materials: 
Nitric Acid 
Dimethylaniline: (it will be discussed in next 
articles) 
 
Other processes: By alkylating 2,4-
dinitrochlorobenzene with methylamine 
followed by nitration. 

  
End-products & 
Applications 

The applications of tetryl are mainly on 
explosives products.  

 
 
PETN  
 

Nitric Acid8: PETN  



Product Name PETN (Pentaerythritol Tetranitate)  

Chemical Formula C5H8N4O12 or C(CH2ONO2)4  
CAS N°: 78-11-5 

Properties MB 141.3°C, Density 1.77 g/cm3 at 20 °C 
Manufacturing process By the reaction of pentaerythritol and nitric 

acid: 
  
C(CH2OH)4 + 4HNO3 → C(CH2ONO2)4 + 4H2O  
 
Raw Materials: 
Nitric Acid 
Pentaerythritol 

  
End-products & 
Applications 

The applications of PETN include explosives, 
blasting caps, medical (e.g. as a vasodilator), 
medicine.  

 
 

RDX  

Nitric Acid9: RDX 

Product Name RDX: Royal Demolition eXplosive 
(Cyclonite, 
Cyclotrimethylenetrinitramine,)  

Chemical Formula C3H6N6O6 
CAS N°: 121-82-4 

Properties White powder, BP 234°C, MB 205°C 
Manufacturing process By reaction of hexamine and nitric acid:  

 
(CH2)6N4 + 10HNO3 → (CH2-N-NO2)3 + 

3CH2(ONO2)2 + NH4NO3 + 3H2O  
 
Raw Materials: 
Nitric Acid 
Hexamine 
 
Other processes: By the reaction of 
hexamethylenetetramine (HMDA) (see Chapter 
5) and nitric acid.  

  
End-products & 
Applications 

The application of RDX is mainly on explosives 
products (nuclear weapons).  

 
 

Continue derivatives of Ammonia 

 



Ammonium Phosphates 
 
Ammonia2: Ammonium Phosphates 

Product Name Ammonium Phosphates (AP) 

Chemical Formula NH4H2PO4 (Monoammonium phosphates: 
MAP), (NH4)2HPO4 (Diammonium 
phosphates: DAP), (NH4)3PO4 (Triammonium 
phosphates: TAP) 
CAS N°: 7722-76-1 for MAP 
CAS N°: 7783-28-0 for DAP 
CAS N°: 10361-65-6 for TAP 
 

Properties MAP: White solid, MB 190°C 
DAP: White solid, MB 155°C 
TAP: White solid, BP 234°C, MB 205°C 

Manufacturing process By the reaction of ammonia and phosphoric 
acid: 
 
NH3 + H3PO4 → NH4H2PO4 (MAP)  

 
2NH3 + H3PO4 → (NH4)2HPO4 (DAP)  

 
NOTE: Production of both MAP and DAP 
depends on reactants ratio (NH3:H3PO4) 
which is 1:1 for MAP and 2:1 for DAP.  
 
Raw Materials: 
Ammonia: (refer to previous article) 
Phosphoric acid:  From the reaction of 
calcium phosphate ores with sulfuric acid 
(the wet process). 
 

  
End-products & 
Applications 

The applications of AP are mainly on 
fertilizers products (MAP, DAP, UAPs), fire 
retardants and nutrients (e.g. animal feeds). 

 
 

Urea  

Ammonia3: Urea 
 

Product Name Urea (Carbamide) 

Chemical Formula CH4N2O or H2NCONH2 
CAS N°: 57-13-6 

Properties White Solid, non flammable, MB 135°C 
Manufacturing process By the reaction of carbon dioxide and 



ammonia to form ammonium carbamate 
which is then decomposed to urea and water: 
  
CO2 + 2NH3 → NH2COONH4 

 
NH2COONH4 → H2NCONH2+ H2O 

 
Raw Materials: 
Ammonia: (refer to previous article) 
Carbon Dioxide: Recovered from various 
processes such as ammonia production, 
fermentation, coke burning, etc .  
 

Licensors Montedison, Mitsui, Stamicarbon BV, Toyo 
Eng Corp (TEC) 

End-products & 
Applications 

Urea can be used as direct application 
fertilizer. 
 
Manufacturing of various derivatives and end-
products include the following: 

 Melamine  

 Sulfamic acid  
 Urea- Formaldehyde resin (UF): used 

in adhesives, appliances and 
agriculture.   

 Urea-Ammonium nitrate (UAN)  

 Urea nitrate (Produced by using urea 
and nitric acid; and used in explosives)  

 
The applications of above products include 
fertilizers, adhesives, plastics, plastics, and 
others. 
 
Other applications of urea include non-
protein nitrogen (NPN), medical, deicing 
agents, NOx emissions control (e.g. fire 
heaters) and medical. 

 

Derivatives of Urea 

Melamine  

Urea1: Melamine 

Product Name Melamine (Cyanuramide) 

Chemical Formula C3H6N6 

CAS N°: 108-78-1 



Properties 
White Solid, MB 345°C 

Manufacturing process By condensation of urea (catalyzed gas-phase 
reaction, or high pressure liquid phase 
reaction) : 
 
6 (NH2)2CO → C3H6N6 + 6 NH3 + 3 CO2  

 
Raw Materials: 
Urea 

Licensors BASF, DSM,  
End-products & 
Applications 

Manufacturing of various derivatives and end-
products include the following: 

 Melamine-formaldehyde resin (MF): 
used in plastics, laminating, adhesives, 

surface coating and furniture. 

 Melamine-urea-formaldehyde resin 
(MUF): used in adhesives, 
coatings,..etc 

 Melamine poly-sulfonate: used as 
concrete plasticizer. 

 Sulfonated- melamine- formaldehyde 
resin: used as superplasticizers for 
concrete.  

 Melamine cyanurate: produced from 
melamine and cyanuric acid (CNOH)3; 
and used as a fire retardant. 

 
Other applications of melamine include 
pharma drugs and no-portion nitrogen (NPN) 
for cattle. 

 
 
Sulfamic acid 

 
Urea2: Sulfamic acid 

Product Name Sulfamic acid (Amidosulfonic acid) 

Chemical Formula H3NSO3 or HSO3NH2 

CAS N°: 5329-14-6 

Properties White solid, MB 205°C 
Manufacturing process By the reaction of urea, sulfuric acid and 

sulfuric anhydride. 

 
Raw Materials: 
Urea 
Sulfuric acid (H2SO4): by the contact process 
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(oxidation of sulfur). Sulfur is produced by 
the Claus process (oxidization of hydrogen 
sulfide recovered from petroleum and natural 
gas).  
Sulfuric anhydride (SO3): Produced by 
oxidation of sulfur dioxide formed by 
combustion of hydrogen sulfide recovered 
from petroleum and natural gas). 

  
End-products & 
Applications 

The applications of sulfamic acid include 
sweeteners, cleaning agent (for metals, 
ceramics and others), plasticizer, herbicide, 
textile and paper bleaching. 

 
 
 
Continue derivatives of Ammonia 

 
Ammonium Sulfate 
 
Ammonia4: Ammonium Sulfate 
 

Product Name Ammonium sulfate (AS) 

Chemical Formula (NH4)2SO4 

CAS N°: 7783-20-2 
Properties White solid, BP 86°C (decomp. At 455F), MB 

280°C 
Manufacturing process By the reaction of ammonia and sulfuric acid: 

  
2NH3 + H2SO4 → (NH4)2SO4 

 
Raw Materials: 
Ammonia: (refer to previous article) 
Sulfuric acid (H2SO4): by the contact process 
(oxidation of sulfur). Sulfur is produced by 
the Claus process (oxidization of hydrogen 
sulfide recovered from petroleum and natural 
gas).  
 
NOTE: AS can be also recovered from other 
chemical processes such as coke oven 
operation, coal gasification, caprolactam 
production, methyl methacrylate production, 
smelting and refining operation. 
 

  



End-products & 
Applications 

AS can be used as direct application fertilizer. 
 
Other applications of AS include fireproofing 
agent, leather tanning, photographic, NPN, 
pharmaceutical applications (antibiotics), 
food products, cellulose insulation , flame 
retardants, textile dyeing, electric dry cell 
batteries, water treatment..etc. 

 
 
 
Hexamine 
 
Ammonia4: Hexamine  
 

Product Name Hexamine (Hexa, Methenamine, 
Hexamethylene tetramine) 

Chemical Formula (CH2)6N4 
CAS N°: 100-97-0 

Properties White Solid, BP 280°C 
Manufacturing process By the reaction of ammonia and 

formaldehyde: 
 
4NH3 + 6HCH=O → (CH2)6N4 + 6H2O 
 
Raw Materials: 
Ammonia: (refer to previous article) 
Formaldehyde 

  
End-products & 
Applications 

Used in medicine, hardners for phenolic 
resins (e.g. phenol- formaldehyde resin, see 
Table 3.4A), accelerator for rubber, corrosion 
inhibitors, and manufacturing of synthetic 
resins, additives, explosives.  

 

 

Ammonium chloride 

Ammonia5: Ammonium chloride  

Product Name Ammonium chloride (Sal ammoniac) 

Chemical Formula NH4Cl 
CAS N°: 12125-02-9 

Properties White Solid, BB 520°C, MB 338°C 
Manufacturing process By the reaction of ammonia and hydrochloric 

acid: 
 



NH3 + HCl → NH4Cl  

 
Raw Materials: 
Ammonia: (refer to previous article) 
Hydrochloric acid: Produced by various 
methods such as the reaction of sodium 
chloride (salt) and sulfuric acid, combustion 
of hydrogen and chlorine, Hargreaves-type 
operations, chlorination of both aromatic and 
aliphatic hydrocarbon (e.g. Methane). 

  
End-products & 
Applications 

Used in dry cell batteries, fluxing agents for 
metals, fertilizers, personal care product 
formulations,..etc 

 
 
 
Ammonium picrate 

Ammonia6: Ammonium picrate 

Product Name Ammonium picrate (Explosive D) 

Chemical Formula C6H6N4O7 or C6H3N3O7H3N 
CAS N°: 131-74-8 

Properties Yellow Solid, MB 265°C 
Manufacturing process By the reaction of ammonia and picric acid 

(2,4,6-trinitrophenol). 
  
 
Raw Materials: 
Ammonia: (refer to previous article) 
Picric acid (2,4,6-trinitrophenol) 
 

  
End-products & 
Applications 

Used in explosives (armor-piercing shells as a 
bursting charge). 

 
 

In next series, we will continue the derivatives from Methane “The First Pillar 

of Petrochemicals”.  


