
 

Green Sustainable Chemistry in the Production of Nicotinates 

R. Chuck, Lonza AG, Lonzastrasse, 3930 Visp, Switzerland 

A brief discussion is given for the fulfilment of the requirements for a green process, 

together with the importance of the nicotinate Vitamin B3. Lonza’s contribution to 

Green Chemistry is then illustrated by a its processes for producing nicotinates. The 

current niacinamide process running is China employs no fewer than 6 basic principles 

of green-sustainable chemistry. 

A. Requirements for Green Processes 
The acceptability of a process should not be governed solely by its cost. An economic process 

is not necessarily green, especially if waste treatment is ignored or neglected. An industrial 

process may contravene one or more green principles, and yet still make money, even if 

complex waste treatment adds to the costs and diminishes economic viability. But the cost of 

energy today is still low, considering the fact that our present utilisable energy resources are 

limited. Thus for a given product, the following guide-lines should govern the choice of route: 

1. Choice of feed-stock (costs are relevant of course, but also total resources, energy, 

waste, etc. in the manufacture of the given feed-stock are important factors) 

2. Choice of reaction path (minimise energy requirements by use of selective catalysts) 

3. Choice of catalyst (efficiency, separation and recycling of catalyst) 

4. Down-stream processing/unit operations (minimising the number of stages necessary 

to obtain the product in the state desired by the customer) 

5. Minimising not only the amount pollutants, but also the volume of waste streams 

(effluent/ off-gases and solid waste) 

6. Recycling of auxiliary, side-, and intermediate products into the process. 

7. Avoidance of hazardous or toxic materials wherever possible 
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B. Significance of Niacin 
Co-enzyme I (nicotinamide-adenine dinucleotide NAD) and Co-enzyme II (nicotinamide-

adenine dinucleotide phosphate NADP) are required by all living cells. They enable both the 

conversion of carbohydrates into energy as well as the metabolism of proteins and fats. Both 

nicotinamide and nicotinic acid are building blocks for these co-enzymes. The common name 

for the vitamin is niacin, and strictly speaking, refers only to nicotinic acid: 

 

Since the human body produces neither nicotinic acid nor the amide, it is dependent on intake 

via foodstuffs. Although niacin is found in a bound form naturally in wheat, yeast and pork and 

beef liver, the majority of niacin today is produced synthetically by chemical oxidation of alkyl 

pyridines. To demonstrate the economic significance of this, in 1995 world-wide a total of 

22000 metric tonnes of niacin and niacinamide were produced. Today between 35000 and 

40000 tonnes are produced and the demand for nicotinates is rising. Thus both economic and 

ecological factors play a significant role. 

C. Green Principles in the Manufacture of Niacin 
1 Choice of feed-stock  

3-Alkylated pyridines such as 3-picoline, 3(5)-ethyl pyridine and 2-methyl-5-ethyl-pyridine 

(MEP) are the natural choice as starting materials for the nicotinates. The choice of alkyl 

pyridine is governed by their availability and the process being used. 

Pyridine bases such as 3-picoline and MEP are predominantly manufactured by the 

Chichibabin reaction, where a mixture of aldehydes or ketones is reacted with ammonia. Thus 

N N

COOH CONH2

Nicotinic Acid (Niacin)    and    Nicotinamide (Niacinamide)
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formaldehyde, acetaldehyde and ammonia react in the gas phase to produce a mixture of 

pyridine and 3-picoline. By choosing the appropriate aldehyde or ketone, the catalyst and the 

phase (liquid or gas phase), the composition of the mixture can be varied at will, depending on 

the desired end product. In the gas phase silica alumina catalysts are often used, and in the 

liquid phase acid catalysts based on phosphoric or acetic acid are employed. In the 1990s, 

Reilly patented MFI- and BEA-based zeolite catalyst compositions for ammonia-aldehyde 

conversions to pyridine, picolines, and alkyl pyridines. 

From the chemical standpoint, 3-picoline is the ideal starting-material for nicotinic acid or 

amide: the methyl group can be selectively and readily oxidised to the carboxyl derivative with 

few by-products or pollutants. High selectivity coupled with the low molecular weight ratio 

(1:1.3) compared to the end-products make picoline an attractive industrial starting-material for 

the production of nicotinic derivatives.  

3-Picoline is obtained, typically in a 1:2 ratio along with the main product pyridine, by the gas-

phase reaction of acetaldehyde, formaldehyde and ammonia. The lack of selectivity of this 

reaction to either pyridine or picoline has hitherto meant that the economy of the major product 

(pyridine) has determined the price and availability of picoline. Thus producers of pyridine have 

been able to control the quantity and prices of picoline on the market. This situation has led to 

the search for alternative feedstock and manufacturing processes for picoline. 

2-Methyl-5-ethyl-pyridine (MEP) is used as a starting material for the high temperature and 

pressure liquid-phase oxidation with nitric acid. The reasons for this apparently unlikely choice 

of starting material are many. MEP can be made in the liquid phase from acetaldehyde and 

ammonia selectively (around 70%) compared to picoline (20 - 40%) from the traditional 

picoline/pyridine process. It is thus considerably cheaper to produce than picoline. The 

reaction of MEP with nitric acid is also surprisingly selective (>80%). The resulting nitric oxide 

gases are recycled and reacted with air and water to reconstitute nitric acid. This process has 

been utilised for nearly forty years by Lonza for producing niacin. 
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As mentioned above, the bulk of picoline is produced today by the condensation of 

acetaldehyde, formaldehyde and ammonia in the gas-phase, which simultaneously produces 

large quantities of pyridine. A selective and suitable alternative method starting from these or 

similar simple molecules has yet to be developed. Given the thermodynamic properties of the 

molecules and reactions involved, it does not seem likely to expect a selective process for 3-

picoline in the near future following this strategy, although shape-selective catalysts may hold 

a key. 

2 Reaction Paths for producing Niacin  

2.1 Liquid-phase oxidation of nicotine with permanganate, chromic acid etc. 

The classic method of preparing nicotinic acid was by oxidising nicotine with potassium 

dichromate. This was discovered over a hundred years ago. Although no longer relevant 

today, this reaction serves as an excellent example when considering green technology.  

N

N
H

N

COOH

Nicotine

2*162

+ 22 CrO3

+ 8 CO2  + 2 NO2 + 9 H2O

   8*44        2*46      9*18

             + 11 Cr2O3
2 C10H14N2

2 C6H5NO2

2*123

Nicotinic Acid

22

22*100

"Chromic Acid" Chromium (III) Oxide

11*152

The original chromic acid oxidation of Nicotine to Nicotinic Acid

 

Chromic acid (CrO3) is carcinogenic and environmentally threatening. Chromic (III) oxide, on 

the other hand, is extensively used in the tanning industry, and has a higher present value on 

the market than its precursor. Assuming an ideal chemical reaction (100% yield!), the above 

reaction gives the following figures: 
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Nicotine /tonne nicotinic acid: 1.32 tonnes 

Chromic acid: 9.02 tonnes 

CO2 produced: 1.43 tonnes 

NOx (calculated as NO2): 0.37 tonnes 

Chromic oxide: 6.80 tonnes 

Thus almost 9 tonnes of by-product are produced for 1 tonne of desired product.  

2.2 Liquid-phase oxidation of 3-picoline with permanganate, chromic acid, or nitric acid 

The oxidation of picoline with permanganate or chromic acid suffers from the same drawback, 

albeit in a lesser form, as nicotine.  

N N

3-Picoline

93.12

+ 2MnO4
-     +     2H+

COOH

123.11

Nicotinic Acid

+ 2MnO2 + 2H2O + salt
3(O)

2*158              98

(as KMnO4) (as H2SO4)

2*86.9     2*18     174

(as K2SO4)

The Permanganate oxidation of 3-Picoline

 

For 1 tonne of nicotinic acid, 2.8 tonnes of inorganic material are produced as waste. With 

chromium trioxide (neglecting any inorganic acid involved to produce the required chromic 

acid), 1.24 tonnes of Cr2O3 are produced/tonne of nicotinic acid. This assumes stoichiometric 

quantities of oxidant and quantitative yields, both of which in practice are unrealistic. A 

stoichiometric excess of 50 to 100% oxidant is usual, and molar yields of 80-90% are generally 

not exceeded. Thus the inorganic waste for the permanganate process would probably lie 

around 4 tonnes/tonne of niacin produced, and for chromium between 1.7 and 2.0 

tonnes/tonne. Clearly from an ecological standpoint, this situation is untenable. Even though 

chromium (III) sulfate can be utilised in the leather industry as a tanning agent, there are 

several factors which argue against this type of process, even if the process appears on the 

surface to be economically attractive: 
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1. The combining of two economies in one process requires that both end products (here 

chromic oxide and nicotinic acid) can be sold. Thus the success of the process is 

dependent on the demand for both products being sustained. A collapse of one leg will 

invariably lead to the process as a whole being unsustainable. The dependence of picoline 

on pyridine illustrates this point. 

2. The energy required for the production of chromic acid (or permanganate) is considerable. 

(Chromite ore is roasted with sodium carbonate at temperatures around 1000°C to produce 

the common starting-material for most chromium compounds, namely sodium chromate) 

3. The environmental problems in the leather industry due to chromium pollution can be 

solved, but are expensive and the alternatives are not without their own problems (4). 

Niacin is used as a feed and food additive. The presence of even small quantities of chromium, 

however beneficial this may be in practice (chromium is an essential trace metal in the human 

metabolism), is not likely to be accepted by either today’s stringent legislation, nor by buyers 

who are geared to high-quality supplies. Removal of last traces of impurity is possible by 

recrystallisation, but this increases the number of unit operations, is therefore expensive and 

energy consuming, and the problem remains as to what to do with the chromium-containing 

mother liquors. 
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2.3 Liquid-phase Oxidation of MEP with Nitric Acid 

N N

COOH

N N

COOH

Traditional Lonza Process for Preparation of Nicotinic Acid >15000 tons/year 

+ 9[O] + 2 CO2 + 3 H2O

2-methyl-5-ethylpyridine Nicotinic Acid, 3-pyridine carboxylic acid

+ 4CO2 + 15H2O + 9NO2 + 9NO+18 HNO3

b. Oxidation of MEP with Nitric Acid

c. Regeneration of Nitric Acid

3NO2 + H2O 2HNO3 + NO

a. Overall reaction: Oxidation of Methylethylpyridine (MEP)

2 2

NO + [O]  NO2

 (approximate representation)

 

This process has been running for the past 40 years in LONZA’s plant in Visp Switzerland and 

is surprisingly selective. Continuous development and improvement of this process over the 

years have led to a high-quality product, and to LONZA’s ability to maintain their position as 

the world leader in niacin manufacture. 

But however many improvements and developments have been made to this process, it  

intrinsically holds some disadvantages, when considered from the  “green” stand-point:  

1. Safety: using nitric acid at high temperatures and pressures requires a well-conceived and 

continually executed safety concept, using advanced reaction technology.  

2. Ecology (carbon dioxide and nitric oxides): although nitric oxide fumes can be largely 

regenerated to nitric acid, some nitric oxide (NO) is invariably present in the off-gases, 

which then have to be catalytically treated to remove the last traces of NOx. Carbon 

dioxide, however, cannot readily be recycled, and this is vented to the atmosphere. In 
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today’s process (including deep oxidation of the starting-material), as can be readily 

calculated from the reaction equation, over 1 tonne of CO2 is produced per tonne of niacin. 

3. Downstream processing: in order to produce a product quality acceptable to today’s 

standards, extensive processing in the form of recrystallisation and decolourising is 

necessary. As mentioned above, recrystallisation is an energy and labour intensive 

process. 

4. Starting-material: although MEP is produced from cheap starting-materials (ammonia and 

paraldehyde), the process itself produces considerable quantities of by-products and/or 

waste material, which have to be separated and suitably treated to avoid environmental 

pollution. Additionally, the carbon efficiency of the MEP conversion to niacin is at best only 

0.75 (2 carbon atoms are burnt off during oxidation), so that from the green standpoint, 

MEP is not the ideal starting material. 

2.4 Direct Oxidation of 3- Picoline to Niacin 

N

CHO

N

COOH

N

CH3

N

+ CO2
3-Picoline

total oxidation
Pyridine

Nicotinic Acid

Pyridine-3-carbaldehyde

selective oxidation selective oxidation

decarboxylation

NH3 + CO2 + H2O

Reactions in the gas-phase oxidation of picoline to nicotinic acid

catalyst catalyst

  

Direct oxidation of 3-picoline with oxygen or air offers the most logical route to nicotinic acid 

although the reaction technology is not as simple as the ammoxidation. For this reason there is 

as yet no known industrial plant operating with direct oxidation. However, under controlled 

conditions and a careful design of catalyst, high selectivity and throughput can be achieved on 

a semi-commercial scale.  

The “green” advantages of the direct oxidation process can be summarised as follows: 
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1. Use of air as oxidant instead of stoichiometric quantities of chemical oxidising agents 

2. Use of catalysts to promote reaction 

3. Reaction carried out at atmospheric pressure 

4. Gas-phase reaction means that catalyst does not have to be recovered from solution 

5. Energy from exothermic reaction can be recuperated 

6. There are few unit operations necessary to obtain the pure product 

7. The only solvent used is water 

8. Waste is minimised by a highly selective reaction 

9. Conversion is high, leading to an efficient use of equipment, energy and material 

10. Throughput is acceptable for a commercial process  

3 Choice of catalyst (efficiency, separation, recycling) 

The above examples using stoichiometric or excess quantities of chemical oxidants are 

contrary to the principles of today’s green chemistry. The use of carefully designed catalysts 

enables to reaction to be carried out in the gas phase in a fixed or fluidised bed with air or 

oxygen as the oxidising reagent. Gas-phase technology eliminates any catalyst separation or 

recycling procedures that are necessary in liquid-phase operations. Fixed- and fluidised-bed 

oxidation catalysts are usually relatively simple in chemical composition, but the development 

of a robust and selective catalyst is a complex task, often requiring years of patient research 

and development. Beside the requirement of high selectivity at high throughput, fixed-bed 

catalysts should possess a long lifetime, since changing the catalyst in a multi-tubular reactor 

with anything from 5000 to 25000 tubes is not a trivial undertaking. 

4 Down-stream processing/unit operations  

Goal: to minimise the number of stages necessary to obtain the product in the state desired by 

the customer. 

Separation techniques such as crystallisation, distillation and drying generally involve some 

losses of product and consume considerable amounts of energy, but are usually necessary at 

some stage, as 100% selectivity is unusual outside bio-chemical and biological processes. 
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However, the more selective the reaction, the purer the end-product will be and thus require 

fewer steps or less energy to meet the quality required. The direct oxidation method produces 

few by-products and the reaction solution has already in a high degree of purity. 

5 Minimisation of pollutants and waste stream volume 

Since no other materials are involved in the direct oxidation than picoline water and air or 

oxygen, any pollutants arising must be by-products of the reaction. It therefore follows that the 

higher the selectivity, the fewer the potential pollutants and the smaller the waste streams. In 

the direct-oxidation process, the major side-reaction is deep oxidation, so that the major 

pollutant is carbon dioxide. Green principles dictate here that efforts should continue to be 

made to further reduce the CO2 emission by increasing selectivity. 

6 Recycling of auxiliary, side-, and intermediate products 

In selective gas-phase oxidation processes the conversion often does not reach 100%, in 

order to reduce total oxidation. This means that some starting material and/or intermediate 

products are present in the reaction mixture.  Following separation, these may be recycled into 

the reaction to avoid yield losses. Although the above may seem obvious, an economical and 

efficient recycling procedure is not always simple, depending on the volatility of the 

components involved and the concentration of any unwanted by-products. In practice, a purge 

is included in the recycle to maintain an equilibrium concentration of by-products. 
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D. Green Principles in LONZA’s Niacinamide Process (5000 mtpa) 
LONZA’s production of Niacinamide in China incorporates aspects of practically all elements of 

green chemistry outlined above. 

NH2 NH2

N N

CN

N

CONH2

MPDA

3-Picoline 3-Cyanopyridine Nicotinamide1. Ring closure
2. Dehydrogenation

ammoxidation
enzymatic
hydrolysis

catalyst catalyst
catalyst

catalyst

side-reactions (<10%)
oxidation/denox

2 catalysts
N2 + CO2 + H2O

Lonza's Nicotinamide Process (Guangzhou China)

 

The advantages of 3-picoline as a starting material and the disadvantages of the main 

manufacturing method have been described above. In order to avoid the latter, Lonza has 

developed a viable 2-stage alternative starting from 2-methylpentanediamine (MPDA). MPDA 

is readily obtained by hydrogenating 2-methylglutaronitrile, the major by-product in the 

adiponitrile process and, as such, a readily available starting-material (~105 mtpa). In the first 

stage MPDA is cyclised to methyl piperidine, which is then dehydrogenated to 3-picoline. 
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N
H

N

NH2H2N

1,5-Diamino-2-Methylpentane

Exothermic 
280-360°C

Si/Al2O3

+ NH3

3-Methylpiperidine

Endothermic
290-310°C

Pd-Si/Al2O3
3-Picoline

+ H23

 Alternative process for picoline manufacture

2-Methylpentanediamine (MPDA)

 

Although this route has the same fundamental weakness of being coupled to another product 

(adiponitrile), the foreseeable future of nylon 6,6 and the route to its manufacture (hydrogen 

cyanide addition to butadiene) seem assured for the next 10 to 20 years or so. Several 

advantages relevant to green chemistry are apparent in this route: 

1. The 3-picoline produced has a very high isomeric purity  

2. Picoline is produced in a 2-stage catalytic process which is practically energetically neutral: 

an endothermic (ring closure) and an exothermic (dehydrogenation) reaction. 

3. Ammonia is liberated during the ring closure which can be utilised in a following process  

4. Utilisation of a waste-product (2-methylglutaronitrile can be used as a co-monomer in the 

production of other polyamides, but the end-product niacin has an intrinsically much higher 

value) 
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N N

CN

N

CN

N

CONH2

N

COOH

+ NH3 + O21.5 + 3 H2O

3-Cyanopyridine

pH > 7

Ammoxidation of 3-picoline and  hydrolysis of cyanopyridine to niacinamide and niacin 

pH > 7
[OH-] [OH-]

+ NH3

catalyst

 

The advantages of the alternative picoline process are described above. It also illustrates that 

in order to reduce the amount of waste produced in reaction, a starting material of the highest 

quality is desirable, since any by-products in the latter would have to be removed later in the 

process. 

For the ammonia set free in the cyclization step of MPDA is utilised in the ammoxidation step. 

This is an example of recycling a by-product that would otherwise require disposal. 

The ammoxidation step utilises a catalyst which selectively converts picoline in the presence of 

oxygen and ammonia to 3-cyanopyridine. Even at elevated reaction temperatures deep 

oxidation is slight and the heat generated by the reaction is recuperated and utilised elsewhere 

in the process. 

Cyanopyridine generated by the ammoxidation is hydrolysed using an enzymatic catalyst with 

practically quantitative yields. This efficient procedure avoids the consecutive hydrolysis 

reaction to nicotinic acid (here a by-product!). 

Starting from MPDA an overall yield for the process of around 90% is obtained, which means 

that the carbon efficiency (ratio of carbon in product to reactants) and overall atom efficiency 

(yield ratio of molecular weight of product to reactant) are 90% and 99% respectively. The 

waste and any toxic by-products generated from the process are catalytically treated to give 

nitrogen, water and low quantities of carbon dioxide (about 200 kg/ ton nicotinamide).  
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The energy-neutral picoline route and the resourceful recuperation and reutilisation of energy 

in the exothermic ammoxidation contribute to low-energy requirements in the process. 

Thus the green principles observed in the process can be effectively summarised as follows: 

1. Waste is prevented by a highly selective process over 4 chemical or bio-chemical steps 

2. The atom and carbon efficiencies are high (90 -100%) 

3. The reagents used (3-picoline, water, air) are not particularly toxic (picoline LD50 = 420 

mg/kg). The ammonia necessary for the ammoxidation is predominantly obtained as a 

by-product in the production of 3-picoline. Any toxic by-products are catalytically 

converted to benign material. 

4. Benign solvents are used (water and toluene for extraction of cyanopyridine). Toluene 

is practically 100% recycled. 

5. The energy requirements are largely covered by the exothermic nature of the main 

reaction. 

6. Catalysis is used in every step to increase efficiency of reaction and reduce energy 

requirements. No fewer than 6 catalysts are employed in the process. 

7. Hazardous materials are avoided. Apart from a relatively small quantity of carbon 

dioxide there is no environmental waste. 

 

I would like to thank Lonza AG for permission to present this talk 

 

R. Chuck 

21-Sep-06 





How green are the routes to the Nicotinates?
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What are Nicotinates?

� Niacin and Niacinamide = vitamin B3 (Nicotinic acid 
vitamin amide)

� Chemically they are quite simple molecules
� When pure are white crystalline solids

N N

COOH CONH2

Nicotinic Acid (Niacin)    and    Nicotinamide (Niacinamide)
(Vitamin B3, Vitamin PP)
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Significance of Niacin

� Co-enzyme I and II (nicotinamide-adenine dinucleotide 
NAD and phosphate NADP) required by all living cells for 
� converting carbohydrates into energy 
� metabolism of proteins and fats. 

� Nicotinamide / nicotinic acid are completely equivalent 
building blocks for these co-enzymes

� Human body does not produce niacin – relies on outside 
sources 

� Majority of niacin produced synthetically (35000 – 40000 
mtpa worldwide)

� With this magnitude of production adherence or otherwise 
to green principles is a relevant issue
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Guidelines for Green Processes (e.g. Armor 1999)

� Choice of feed-stock (energy of production, waste, carbon 
efficiency etc.)

� Choice of reaction path (selectivity, energy optimisation)
� Choice of catalyst (efficiency, separation, recycling, lifetime)
� Down-stream processing/unit operations
� Minimising not only the amount of pollutants, but also the 

volume of waste streams
� Recycling of auxiliary, side-, and intermediate products into 

the process.
� Avoidance of hazardous or toxic materials wherever 

possible
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Choice of feed-stock for Niacin

� 3-Picoline (chemically ideal but difficult to manufacture 
selectively: 20 - 40% as by-product in pyridine manufacture)

� Lonza has developed a selective alternative route for 3-
picoline starting from a by-product (methyl glutaronitrile 
MGN) in the nylon-66 manufacture

� 2-Methyl-5-ethyl pyridine (not an obvious candidate, but 
reasonably selective manufacture – 70%)

� Other 3(5)-alkyl pyridines (practically irrelevant)

� Nicotine (historical curiosity)
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Reaction Paths for producing Niacin

� Oxidation of nicotine with chromic acid

N

N
Me N

COOH

Nicotine

2*162

+ 22 CrO3 + 8 CO2  + 2 NO2 + 9 H2O

   8*44        2*46      9*18

             + 11 Cr2O3
2 C10H14N2 2 C6H5NO2

2*123

Nicotinic Acid

22

22*100

"Chromic Acid" Chromium (III) Oxide

11*152

The original chromic acid oxidation of Nicotine to Nicotinic Acid
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Reaction Paths for producing Niacin

� Green Aspects in the oxidation of nicotine
� Materials used/produced in oxidation of nicotine
� IN: per ton nicotinic acid (assuming 100% yield!)

. Nicotine : 1.32 tonnes
/ CrO3: 9.02 tonnes

� OUT: per ton nicotinic acid
. NOx (as NO2): 0.37 tonnes
/ CO2 1.43 tonnes
/ Cr2O3: 6.80 tonnes

/ Carbon efficiency poor (60%), waste high (~ 9 tons), 
efficiency reactants to product ratio low (10%)

/ A Green Nightmare! 
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� Green aspects in the liquid-phase oxidation of 3-picoline with 
permanganate, chromic acid, or nitric acid
☺ Yield high
/Waste high: 2.8 tons of MnO2 + salt produced
/With CrO3 1.24 tons of Cr2O3 are produced per ton Niacin
/ Reactant/product efficiency < 25%

Industrial Reaction Paths for producing Niacin

N N

3-Picoline

93.12

+ 2MnO4
-     +     2H+

COOH

123.11

Nicotinic Acid

+ 2MnO2 + 2H2O + salt
3(O)

2*158              98

(as KMnO4) (as H2SO4)

2*86.9     2*18     174

(as K2SO4)

The Permanganate oxidation of 3-Picoline
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� Liquid-phase oxidation of 2-methyl-5-ethyl pyridine with 
nitric acid to niacin

Industrial Reaction Paths for producing Niacin

N N

COOH

Traditional Lonza Nicotinic Acid Process >15000 tons/year 
(running since 1965) 

+ 4CO2 + 15H2O + 9NO2 + 9NO+18 HNO3

Oxidation of MEP with Nitric Acid

Regeneration of Nitric Acid

3NO2 + H2O 2HNO3 + NO

2

NO + [O]  NO2

 (approximate representation)

2
high T,P
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Industrial Reaction Paths for producing Niacin

� Green aspects of the liquid-phase oxidation of MEP
☺ Selectivity of reaction high >80%
☺ NOx recycled
☺ All waste-streams either recycled or rendered neutral
. Many unit operations needed to attain required purity 
. Final NOx elimination requires additional processing
/ Safety – nitric acid at high temperatures and pressures 

requires careful handling 
/ Ecology (carbon dioxide ~ 1ton/ton and nitric oxides)
/ C-efficiency only 75%; Reactant/product ratio < 15% (recycling 

neglected)
/ MEP production generates waste (liquid phase reaction of 

ammonia and paraldehyde is only ~70% selective)
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Industrial Reaction Paths for producing Niacin

� Gas-phase oxidation of 3- picoline with air or oxygen 
to niacin (LONZA's development process)

N

CHO

N

COOH

N

CH3

N

+ CO2

3-Picoline

total/deep oxidation

Pyridine

Nicotinic Acid

Pyridine-3-carbaldehyde

selective oxidation selective oxidation

decarboxylation

NH3 + CO2 + H2O

Main reactions and by-products in the gas-phase oxidation of picoline to nicotinic acid

O2, catalyst O2, catalyst

total/deep oxidation
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� Green aspects in gas-phase oxidation of 3- picoline 
with air or oxygen to niacin
☺ Carbon efficiency 100%, reactant / product ratio ~ 100%
☺ Catalyst: selective, active, stable (conversion, 

selectivity high, low waste, long catalyst life-time)
☺ Use of air/oxygen as oxidant
☺ Water the only solvent
☺ No catalyst separation problems
☺ Energy from reaction can be readily recuperated
. Reaction at atmospheric pressure (safe process) 
. Few unit operations necessary to obtain pure product
. Throughput acceptable for commercial process

Industrial Reaction Paths for producing Niacin
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Green Principles in LONZA’s Niacinamide 
Process (5000 mtpa) - 1

� 4-stage process with 6 catalysts and practically no waste

NH2 NH2

N

MPDA

3-Picoline1. Ring closure
2. Dehydrogenation

catalyst

catalyst

Lonza's Nicotinamide Process (Guangzhou China)

N

CN

N

CONH2

3-Cyanopyridine Nicotinamide

ammoxidation
enzymatic
hydrolysis

catalyst catalyst

side-reactions (<10%)
oxidation/denox

2 catalysts
N2 + CO2 + H2O
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Green Principles in LONZA’s Niacinamide 
Process (5000 mtpa) - 2

� Alternative catalytic process for manufacturing 3- picoline

N
H

N

NH2H2N

1,5-Diamino-2-Methylpentane

Exothermic 
280-360°C

Si/Al2O3

+ NH3

3-Methylpiperidine

Endothermic
290-310°C

Pd-Si/Al2O3
3-Picoline

+ H23

2-Methylpentanediamine (MPDA)
(obtained from hydrogenation of 
MGN - methyl glutaronitrile)
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Green Principles in LONZA’s Niacinamide 
Process (5000 mtpa) - 3

� Highly selective and active catalysts for ammoxidation and 
hydrolysis

N N

CN

N

CN

N

CONH2

+ NH3 + O21.5 + 3 H2O

3-Cyanopyridine

Ammoxidation of 3-picoline and  hydrolysis of cyanopyridine to niacinamide 

H2O

catalyst, >90% sel

Selective enzymatic 
hydrolysis, ~ 100%

Niacinamide 

+

3-Cyanopyridine

3-Picoline

Ammonoxidation
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Green Principles in LONZA’s Niacinamide 
Process (5000 mtpa) - Summary

☺ The atom and carbon efficiencies are high (90 -100%)
☺ Catalysts used in every step to increase efficiency of reaction 

and reduce energy requirements
☺ Waste prevented by a highly selective 4-stage process 
☺ Ammonia liberated in picoline production integrated into 

ammoxidation 
☺ Use of hazardous materials is avoided
☺ Benign solvents are used (water and toluene for extraction of 

cyanopyridine). Toluene is practically 100% recycled
☺ Energy recuperated from exothermic reactions
. The reagents used (3-picoline, water, air) are not particularly 

toxic (picoline LD50 = 420 mg/kg)
. Little environmental waste (some CO2)
. Low level of toxic by-products (catalytic destruction)
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Conclusions

.No mention made about costs! Costs and profitability 
will remain the key factors in deciding a chemical 
process unless external factors (regulations, penalties 
etc) determine otherwise

/ It is still possible to manufacture profitably and 
contravene green principles

☺Niacin can be and niacinamide is being profitably 
manufactured according to green principles

☺ Lonza is committed to benign processes wherever 
possible and its new niacin/niacinamide processes 
demonstrate this commitment
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LONZA’s Niacinamide Plant 
in Guangzhou China

� Plant area and production building
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LONZA’s Niacinamide Plant 
in Guangzhou China
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LONZA’s Niacinamide Plant 
in Guangzhou China

☺Green plants! 


