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(57) Abstract: In this invention, the active substance of choline
chloride is produced using copper and molybdenum based het-
erogeneous nanocatalysts which is a food supplement for live-
stock, poultry and aquatic animals and increases productivity.
Choline chloride synthesis consists of two steps. The first step is
the production of trimethylamine from ammonium chloride and
paraformaldehyde, and the second step is the reaction between
trimethylamine and chloroethanol, which will produce choline
chloride. In the claimed invention, the production method is de-
signed to produce high purity choline chloride from cheap raw ma-
terials in the shortest possible time. Choline chloride is an essential
compound in the diet of birds and mammals and is required for the
proper function of cells. Choline chloride in poultry diets is popular
as vitamin B4,
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Method of the effective synthesis of
active choline chloride ingredient using heterogeneous
nanocatalysts based on copper and molybdenum

Technical Field

[0001] The technical background of this invention is the synthesis of choline chloride
as a dietary supplement for livestock, poultry and aquatic animals and increasing
productivity.

Background Art

[0002] Three nutrients in animal feed are choline, methionine, and betaine, which are
interconnected and deficiency in each, affects the other. Choline has four main
functions in the body, which are:

1) Manufacturing and maintaining essential cellular structure
2) An essential role in the metabolism of fat in liver
3) Manufacturing the essential acetylcholine to transferring neural messages

4) Source of Methyl group to formation of methionine from homocysteine and

keratin from Guanidinoacetic acid

[0003] A survey of the sources shows that there are two different methods for the
production of choline chloride on an industrial scale that their main difference is
the type of raw materials.

[0004] The first method, developed by Blackett and Soliday, is the reaction of
ethylene oxide gas with the trimethylamine hydrochloride salt. Firstly,
trimethylamine reacts with ethylene oxide then converts to choline, and then
choline chloride is obtained as the final product from the reaction of choline with
hydrochloric acid. Ethylene oxide, as one of the reactants, has a high explosive
potential and explodes if safety is not observed during transportation and even
during the production stage and leading to harmful effects.

[0005] Considering the potential risk of using ethylene oxide gas, another method is
applicable which was invented by Klein and Roland. In this method, ethylene
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chloride (2-chloroethanol) reacts with aqueous solution of trimethylamine to
produce choline chloride. Ethylene chloride is the product of the reaction of
ethylene oxide with hydrochloric acid, which has easier transport and fewer
hazards than ethylene oxide.

[0006] An invention called “Production of choline chloride” with the number
US2623901A has been registered in the United States, which reveals the
production of choline chloride from the reaction of chloroethanol with

trimethylamine.

[0007] In this method, ready-to-produce trimethylamine is used, which is one of the
substances with some restriction in production possibilities. Trimethylamine can
also be produced in a refinery, but its use requires a close site of the production
to the refinery. In the claimed method, trimethylamine is produced from cheap
and available materials (including ammonium chloride and paraformaldehyde)
and then used in the production of choline chloride.

Technical Problem

[0008] One of the most important problems in producing choline chloride with the
commercial methods is the risk of using ethylene oxide. This material is highly
flammable and can be exploded in transportation, loading and use in the
production sector. Due to the cost of transportation, storage and explosion
hazards, the method of producing choline chloride from ethylene oxide gas is a
high-risk method.

[0009] Also, chloroethanol is a colourless liquid obtained from ethylene oxide gas
and can be used as a suitable substitute for synthesis of choline chloride. -On the
other hand, the lack of (mono, di and tri) methylamine production units in most
petrochemical industries may reduce the synthesis of choline chloride or its
production may not be economically viable.

[0010] In the producing method of trimethylamines from methanol and ammonia, the
production of other methylamines such as monomethylamines and
dimethylamines reduces the production efficiency and the separation of
trimethylamines from other parts of the reaction is essential. On the other hand,
the produced trimethylamine must enter the next stage of the reaction after
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purification, which leads to a waste of time and time spent in the production

process.

[0011] In this invention, a method was proposed to produce trimethylamine with
higher purity using more available materials such as ammonium chloride,
paraformaldehyde and caustic soda in a presence of low concentration of copper-
molybdenum nanocatalyst and direct use of synthesized trimethylamine to
producing choline chloride.

Solution to Problem

[0012] The synthesis of choline chloride consists of two steps. The first step is the
production of trimethylamine from ammonium chloride and paraformaldehyde,
and the second step is the reaction between trimethylamine and chloroethanol,

which will lead to the production of choline chloride.

[0013] Trimethylamine is the simplest member of the third-type amin group. The
appearance of this compound is a colourless gas. Trimethylamine also is a
reason for the bad smell in spoiled fish. The most important use of trimethylamine
is in the production of choline chloride, in a way that more than 80% of
trimethylamine consumption in the world is spent on the production of choline
chloride.

[0014] Trimethylamine is usually synthesized in two ways. The first method involves
the reaction of methanol with ammonia in the presence of a suitable catalyst, in
which along with the production of trimethylamine, other methylamines such as
methylamine and dimethylamine are produced, which must be separated from
trimethylamine using suitable methods.

[0015] In the second method, triethylamine with high purity is produced from the
reaction of ammonium chloride with paraformaldehyde, which does not require a
separation process. In this reaction, because other kinds of amines are not
produced, the production efficiency of trimethylamine is maximized. The
presence of Cu3Mo209 nanocatalyst in the reaction leads to an increase in the
reaction rate extremely fast and enters the produced trimethylamine to the next
stage of production directly, leading to the production of choline chloride in the
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shortest possible time. In this invention, the reaction of ammonium chloride with

paraformaldehyde was used to produce trimethylamine.

[0016] First, the Cu3Mo209 nanocatalyst was prepared by the reaction of nitrate salt
of copper and sodium molybdate with a molar ratio (2:3) using hydrothermal
method at 180 “C and then calcination at 500 °C. Before starting the reaction, 50

to 100 parts of ammonium chloride and 133 to 250 parts of paraformaldehyde in
a two-input balloon (one connected to a one-meter condenser and the other is
closed) was added to 200 to 400 parts of 25% weight sodium hydroxide solution
containing Cu3Mo0209 nanocatalyst with a concentration of 0.1 gr/lit.

[0017] Then it was heated for 7-10 hours at a temperature of 140-180 “C with stirring.

At this stage, the gas is released and the pressure increases with increasing

temperature, so the increase in temperature must be controlled.

[0018] The produced Trimethylamine gas was transferred into a balloon containing
50-100 parts of chloroethanol. The solid choline chloride was produced from the
reaction between trimethylamine and chloroethanol. The mentioned reaction was
done within 7-10 hours and after finishing sodium hydroxide solution, the
temperature of the vessel containing ammonium chloride/paraformaldehyde was
increased to 100-120 degrees, and the reaction was continued for another hour.

[0019] Then, the balloon with one opening containing white choline chloride
precipitation was removed from the system and the resultant precipitation was
dissolved in the ethanol, and recrystallized by the evaporation of the solvent.
During the reaction, the solutions were stirred by a mechanical stirrer.

[0020] [in terms of impurities, the residual level of trimethylamine in choline chloride
is important in assessing "choline chloride analysis". Choline chloride is highly
water-absorbent and in some vitamin supplements, based on some studies, it
can possibly react with vitamins. If choline chloride is added to the mineral
supplement, it has a much better result in terms of maintaining the quality of the
product, but it has been proven that choline chloride absorbs the moisture of
mineral items and forms an aggregated shape, although these aggregates can
easily separate and have no effect on the quality of the product, but they greatly

reduce the customer’s satisfaction.
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Advantageous Effects of Invention

[0021] In the claimed invention, the production method is designed in a way that high
purity choline chloride can be obtained from cheap raw materials in the shortest
possible time. Among the advantages of this invention, the following can be

mentioned:

[0022] 1- Using simple equipment and no need for advanced high-tech equipment to

produce the product
[0023] 2- Increasing efficiency of reaction to more than 98%
[0024] 3- Decreasing the time of production to less than 12 hours
[0025] Describing at least one executive method for using an invention

[0026] [choline chloride is an essential ingredient in the diet of birds and mammals
and it is required for the suitable function of cells. Choline chloride in poultry diets
is known as vitamin B4. Its effects can be the prevention and treatment of fatty

liver and ketosis, as well as an increase in milk lactose.

[0027] One of the important roles of choline chloride in the liver is its participation in
structure, which is an essential compound for the removal of accumulated fats in
the liver around birth. In other words, because all dairy cows are in a negative
energy balance during the transition period and subsequently, they are forced to
use the stored fat in the body to produce energy, providing the necessary
conditions for the removal of excess fat from the liver, is essential for optimal
function of this organ, which is the production of glucose and prevention of
metabolic diseases.

[0028] This product is used as an additive to corn powder in different proportions to
produce livestock, poultry and aquatic feed. The recommended amount of choline
chloride varies in different species of broilers, laying hens, mothers, turkeys,
ostriches and quails.

Brief Description of Drawings

[0029] Figure 1: schematic of the production process of choline chloride
A. container related to choline chloride as the final product

B. container related to 2-chloroethyl as a precursor
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container related to paraformaldehyde as a precursor
container related to trimethylamine as an intermediate product

container related to sodium hydroxide as a reactant in the first stage

m m O O

container related to ammonium chloride as a precursor
G. container related to Cu-MO catalyzer as a precursor
[0030] Figure 2: the figure of the industrial process of the product
[0031] Figure 3: electron microscope image of nanocatalyst
[0032] Figure 4: X-ray diffraction pattern of nanocatalysts
[0033] Figure 5: figure of the infrared spectrum of the choline chloride product

[0034] Figure 6: images of magnetic resonance spectra of the core of the choline

chloride product

Industrial Applicability

[0035] This invention in the livestock and aquaculture industry is widely used. This
substance is an essential nutrient for the full growth of animals, especially poultry,
pigs and pets.

Reference Signs List
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Claims

[Claim 1] Method of the effective synthesis of active choline chloride ingredient

[Claim 2]

[Claim 3]

[Claim 4]

using heterogeneous nanocatalysts comprising:

a. Production of trimethylamine from ammonium chloride and

paraformaldehyde
b. The reaction between trimethylamine and chloroethanol

According to claim 1, Cu3Mo0209 nanocatalyst was prepared by a
reaction of nitrate salts of copper and sodium molybdate with a molar ratio

of (2:3) using a hydrothermal method at 180 “C and then calcination at

500 °C.

According to claim 1, 2, the used trimethylamine gas was obtained from
the reaction between 50 to 100 parts of ammonium chloride and 133 to
250 parts of paraformaldehyde in 200 to 400 parts of 25% weight sodium
hydroxide solution containing Cu3Mo209 nanocatalyst with a
concentration of 0.1 gr/lit at a temperature between around 140 to180 -
180 °C, which was prepared before initiating the reaction and after
finishing the sodium hydroxide solution, the temperature of the vessel
containing ammonium chloride/paraformaldehyde was increased to 100 to

120 °C, and the reaction was continued for another hour.

According to claims 1, 2 and 3, the produced Trimethylamine gas was
transferred into a balloon containing 50 to100 parts of chloroethanol and
after 7 to10 hours the reaction between trimethylamine and chloroethanol

was completed and solid choline chloride was produced.
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