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A method of improving the properties of urea granules

The invention relates to a method of improving the properties of urea
granulates, more especially the tendency towards caking, dust formation and
foaming characteristics in aqueous media, by the addition of an additive to

the urea.

Urea is widely used in many applications, such as fertilizer industry,
ingredient for cattle feed, and the production of glue and melamine. Urea
granules are mainly produced via either a prilling or a granulation process.
Before reaching its final application, the urea granules undergo often long
term storage and intercontinental transport. Therefore, the urea must be non-
fragile and non-caking. To obtain robust granulates often a formaldehyade
derivative, such as urea-formaldehyde resin, is added to the urea melt.

The urea prills are sensitive towards clumping owing to storage under
pressure, moisture migration and high temperatures. To circumvent this
phenomenon, a coating based on polyvinylacetate and surface active
compounds, such as disclosed in US 4,812,158, can be applied. These
coatings, however, show insufficient anti-caking performance upon treatment
of urea granules, especially in humid and warm conditions. These anti-caking
additives contain surface-active compounds, which promote dust formation
of urea under humid conditions. The increased amount of fines will enhance
the caking of the urea and can cause severe dust problems upon handling.
Moreover, the presence of surface-active components can give rise to
foaming, when applying the urea in aqueous media as is common in glue

production and urea-ammonium nitrate solutions.

In view of the problems still present in the handling of the urea granulates,
there is still a need for a chemical product, which can be used as an additive
for urea to decrease both the caking tendency and the dust formation of the
granules. This compound should be added in a small quantity on the surface
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of the granulates, have a low prize, a good efficiency, be

non-foaming and environmentally friendly.

The invention provides such a compound. This 1is
achieved by the method according to the preamble in which

the additive comprises a carboxylic acid compound with the

b

general formula XY-(Z)-COOH, in which Z is a saturated or
unsaturated hydrocarbon with 1-25 carbon atoms and X and Y
are selected from the group consisting of a hydrogen atom or
a polar organic functional group, and in that the additive
is added as an agqueous solution to the urea granulates,

which are subsequently dried.

In one aspect, this 1nvention relates to a method of
improving the properties of urea granulates relating to caking
tendency, dust formation and foaming tendency 1n an agqueous media,

by the addition of an additive to the urea, wherein the additive

comprises a carboxylic acid compound with the general formula:
XY-(Z)-COOH, in which Z i1s a saturated or unsaturated hydrocarbon
with 1 to 25 carbon atoms, and X and Y are a hydrogen atom or a
polar organic functional group, and wherein the additive is added
as a solution in a polar solvent to the urea granulates, which are
subsequently dried, wherein the solution has a concentration

of 0.5 to 60 wt % of the carboxylic acid compound.

Preferably the polar organic functional group 1is
selected from a group consisting of a carboxylic acid group,

a hydroxyl group, an amine group Or an acetal group.

From these polar functions, hydroxyl groups and
carboxylic acid groups were found to give the best
performance towards preventing caking. In addition, the

dust formation of the treated urea granulates appeared to be

reduced remarkably. Moreover, 1t was demonstrated that the
carboxylic acid derivatives do not cause any foaming upon

applying the coated urea 1n glue production.
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The best results with a compound according to the
invention were obtained when X 1s a hydrogen atom or a

hydroxyl group, and Y is a carboxylic acid group.

The carboxylic acid compound according to the
invention is applied to the urea granulates i1in a polar
solvent, preferably water. The concentration of the
compound 1n that solution must be from 0.5-60 wt %,

Q

preferably from 5-30 wt %.
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In this concentration the compound is completely solvable and it is
guaranteed that substantial recrystallisation of the urea surface takes place.

A sufficient coating of the urea granules with the compound according to the
invention can be obtained by using an amount of carboxylic acid compound
of 100-10.000 ppm, preferably 500-3.000 ppm based upon the weight of the

urea granules.

The application of the aqueous solution to the urea granules is performed
while the temperature of these granules is between 30 and 90°C, preferably
between 40-70° C.

The invention also relates 1o a carboxylic acid compound to be used in the
method according to the invention, which compound is characterized in that it
has the general formula XY-Z-COOH in which Z is a saturated or

unsaturated hydrocarbon with 1-25 C-atoms, and X and Y are selected from

the group consisting of a hydrogen atom or a polar organic functional group.

In order to show the advantage of the method and the compound according

to the invention a number of experiments has been carried out.

The additives were purchased from Sigma-Aldrich. These compounds were
dissolved in water with a concentration of 20% (m/m), unless stated
otherwise. The urea granules used, internally treated with urea-
formaldehyde, were supplied by Hydro Agri Sluiskil B.V., The Netherlands.

Before applying the coating, the urea (1.0 kilogram per sample) is stored in
sealed plastic jars in an oven at 50 °C for 16 hours. The treatment has
occurred as follows: The urea is placed in a rotating coating drum, which has
a temperature of approximately 50 °C. Then 0-5000 ppm of a coating is
sprayed on the fertilizer, followed by rotating the drum for another 5 minutes.
The treated fertiliser is transferred into a plastic jar. After sealing the jar, the

urea is allowed to cool down to room temperature over 24 hours.
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To enhance caking of urea, the granules have been allowed to take up 0.5%

of water by storage in a climatic chamber (temperature = 20 °C, relative

humidity = 80%). The clumping tendency as well as the compressibility of the

urea granules has been tested by filling a transparent round tube having an

inner diameter of 3 cm with 40 grams “wet” urea. Onto this a plunger has

been brought, through which a pressure of about 600 kPa has been exerted

onto the sample. Directly after the application of the overpressure and again

after 24 hours the height of the urea column has been measured. The

relative difference in height, which is a measure for the compressibility, has

been calculated from these two values (A height (%)). The clumping

tendency of the urea granules has been determined by measuring the power

(N) to break the caked sample formed in the transparent round tube. The

results are the average of at least five measurements.

The following additives have been tested as a 20% solution in water applying

a dosage of 1500 mg p

er kKilogram urea.

Additive Compressibility (A height | Clumping tendency
| | (%)) (N) '
' Blank 5 la9 ]
| Polyvinylacetate : 5 5.7 -

alkylsulphate = 1 : 2 |
Wt 3 3.4

Lactic acid 4 4.7 -
L

Maleic acid |3 3.6 -

' Malic acid 1"74 2.8 ]

Malonic acid 3 26
mc acid® |3 l 2.0
| Tartaric acid | 3 E— 29 ___.__.._____..____..l
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K-Na tartrate IE '

56 |
':(ilu co ﬁi_c a?u:i_ __:_I_AL__———_———_—F?TS_— - j :
| Glucose 4 | 9.6
Pectic acid° |4 |44
“Zaminobutyric acid | 4 49 ———1
Glycine """"_"""_“I”zt - a3 ]
T v 13 T = - . - — B
| _Cialllc acid B 3 B ) I_3.0 |

" mixture as disclosed in US 4,812,158, used as a formulation consisting of
67% (m/m) water, 11 % (m/m) polyvinylacetate and 22 % (m/m) alkylsulfate.
2 solution has been warmed up to 50 °C before treatment of urea.

3 applied as a 10% suspension at 80 °C with a dosage of 3000 ppm.

The experiment clearly demonstrates that the caking tendency of urea
granules can be decreased up to 60% upon treating urea with a polar group-
substituted carboxylic acid compound. A mixture accordind to US patent
4.812,158 showed an increase of clumping. A similar result has been found
for a carboxylate-containing additive, viz. K-Na tartrate. The reduction of the
caking tendency of urea granules appeared to be the strongest upon using
dicarboxylic acids. The compressibility of all treated urea is low compared to
other types of urea. However, in all cases treatment of urea granules by
carboxylic acids decreases the compressibility of urea. Since the rigidity of

the urea will increase, the urea will be less prone to caking.

Experiment 2

The effect of the dosage of the additive on urea granules has been studied
using a 20% (m/m) succinic acid solution in water. The solution has been

warmed up to 50 °C before treatment of urea.

' Compressibility (A height | Clumping tendency

T L

 Dosage (ppm)
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| Blank s J49 -
250 4 3.3
500""“"% "l3 _““"'2.6"—“" -
| 750 E N
1000 3 B 241
1500 3 a0 - .
is_ooo - ‘t‘s - ' 17 -

5000 ‘ 3 ' | 27 -

The experiments shows that the optimum dosage for outer treatment of urea

granulates with an additive according to the new invention is between 500

and 3000 ppm, based on the weight of urea.

Experiment 3

The dust level of the treated urea granules has been studied as follows. After
coating the samples for Experiment 1 (1500 ppm additive based on the
weight of urea) 250 grams of these treated urea granules have been stored
at 40 °C for four weeks. Afterwards 50 grams (accurately weighed) urea has
been transferred into a 500 ml three-neck round bottom flask. The flask has
been provided with a glass column and a gas capillary, connected with a
compressed air cylinder. The end of the gas capillary is placed into the urea.
For 15 seconds air (2 bar overpressure) is blown through the urea, causing a
fluidized bed system. The weight of the remaining urea has been determined
accurately on an analytical balance. The loss of weight is a measure for the
amount of free dust. The urea has been transferred back into the three-neck
flask. For 1 minute compressed air is blown through the urea, allowing the
formation of abrasion dust. The remaining urea has been weighed on an

analytical balance. The second loss of weight is a measure for abrasion dust.

The determinations have been performed in two-fold.

| Additive

‘Abrasion dust

Free d'uﬂst

Total dust
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Blank |56 30 136
Polyvinylacetate : | 84 116 200 |
alkylsulphate = 1 : 21 | I l
Citric acid 49 63 1112

Lactic acid 43 77 120

'Maleicacid |40 |74 o ! 114 1
Malic acid - 2_5 — _LiG- - '{1__ B
Malonic acid 29 56 85

" Succinic acid® 30 62 __IEZ_ B
Tartaric acid 36 | 29 65
K-Na tartrate =~ | 34 ) 41 s
Gluconic acid 122 |36 - | 58 j

| Glucose 50 59 109
Pecicacd® 52 |52 BTV
4-aminobutyric acid | 34 65 EE ]
Glycine - |34 | 51 185
Gallic acid® 44 62 106

" mixture as disclosed in US 4,812,158, used as a formulation consisting of
67% (m/m) water, 11 % (m/m) polyvinylacetate and 22 % (m/m) alkylsulfate.

2 solution has been warmed up to 50 °C.

3 applied as a 10% suspension at 80 °C with a dosage of 3000 ppm.

It has been shown, that the formation of dust can be substantially

suppressed by treating urea with carboxylic acid containing compounds.

Experiment 4

The foaming behaviour of coated urea has been studied by performing a

small scale wood glue production test. For this purpose, 40 gram of urea has

been transferred into a 2 litre glass beaker. The urea has been dissolved in a
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mixture of 50 ml demineralised water and 45 ml formaldehyde (37%). The
mixture has been stirred at a constant speed (375 rpm) by means of a
magnetic stirrer and warmed up to 90 °C. The moment at which 90 °C is
reached, 1 ml of glacial acetic acid is added immediately, causing a strong
foaming. The highest foam level reached is marked on the beaker. The
corresponding volume Is a measure for the foam formation: the lower the
volume, the lower the foaming tendency. The results are the average of at

least two measurements.

The following additives have been tested as a 20% solution in water,

applying a dosage of 1500 ppm based on the weight of urea.

‘Additve =~ | Foam level (Frﬂ),]
I Blank 180 l
PonvunyIacetate 650
alkylsulphate = 1 : 2"
| Citric acid ml"i"go
Lacticacid ~ [200 |
| Maleic acid 180
' Malic acid - |200
Malonic acid 190 —_—1
 Succinicacid [ 170
Tartaric acid ""'_I 210 -
' K-Na tartrate 280 —'—]
Gluconic acid 180
l Glucose 210
Pecticacd ~ [190
| 4-aminobutyric acid [240 ——I

Glycine 230
| Gallic acid | 200
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" mixture as disclosed in US 4,812,158, used as a formulation consisting of
67% (m/m) water, 11 % (m/m) polyvinylacetate and 22 % (m/m) alkylsulfate.

The small scale wood glue production test has demonstrated that the
additives according to the invention in comparison to blank material do not
cause any additional foam when applying treated urea in aqueous media.
This was expected, since the compounds as such do not posses surface

active properties.

Experiment 5

In order to test the performance of the carboxylic acid containing coatings
towards urea prills, formaldehyde-free urea prills have been treated with
selected additives. Afterwards the urea has been allowed to take up 0.2% of
water by storage in a climatic chamber. The clumping tendency as well as
the compressibility of the prills has been examined as described in

Experiment 1.

The following additives have been tested as a 20% solution in water applying

a dosage of 500 mg per kilogram urea.

Blank |4 | 29 "
Polyvinylacetate: |2 107
alkylsulphate = 1 . 2 |
Malic ar_tz—' B 0.9 -
Malonic acid 2 - - 1.2 -
' Succinic acid® 1T 0.7
Tartaric acid 2 - 113 -

" mixture as disclosed in US 4,812,158, used as a formulation consisting of
67% (m/m) water, 11 % (m/m) polyvinylacetate and 22 % (m/m) alkylsulfate.
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“ solution has been warmed up to 50 °C before treatment of the urea prills.

The experiment shows that clumping of urea prills can be reduced
substantially by using coating additives according to the invention.
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CLAIMS:
1. A method of i1mproving the properties of urea

granulates relating to caking tendency, dust formation and

foaming tendency in an agqueous media, by the addition of an

additive to the urea, wherein the additive comprises a
carboxylic acid compound with the general formula:

XY~ (Z)-CO0OH, in which Z 1is a saturated or unsaturated
hydrocarbon with 1 to 25 carbon atoms, and X and Y are a
hydrogen atom or a polar organic functional group, and
wherein the additive 1s added as a solution in a polar

solvent to the urea granulates, which are subsequently

dried, wherein the solution has a concentration of 0.5

to 60 wt % of the carboxylic acid compound.

2 . A method according to claim 1, wherein the polar

golvent 1s water.

3. A method according to claim 1 or 2, wherein Z has

2 to 5 carbon atoms.

4 . A method according to any one of claims 1 to 3,

wherein the polar organic functional group is a carboxylic

acid group, a hydroxyl group, an amine group or an acetal

group.

5. A method according to any one of claims 1 to 4,

wherein X 1s a hydrogen atom or a hydroxyl group and Y is a

carboxylic acid group.

6. A method according to any one of claims 1 to 5,

wherein the concentration 18 5 to 30 wt %.

7. A method according to any one of claims 1 to 6,

wherein, based upon the welght of urea, the concentration o:

1)

the carboxylic acid compound is 100 to 10,000 ppm.

8 . A method according to claim 7, wherein, based upon

the weight of urea, the concentration of the carboxylic acid

compound 18 500 to 3,000 ppm.
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9. A method according to any one of claims 1 to 8,
wherein during the addition of the solution the temperature

of the urea 18 30 to 90°C.

10. A method according to c¢laim 9, wherein during the
addition of the solution the temperature of the urea is 40

to 70°C.

11. A carboxylic acid compound for use in the method

according to any one of claims 1 to 10, which has the

general formula: XY-Z-COOH, in which Z 1s a saturated or
unsaturated hydrocarbon with 1 - 25 C-atomg, and X and Y are

a hydrogen atom or a polar organic functional group.

12. A compound according to claim 11, wherein Z has

2 to 5 carbon atoms.

13. A compound according to claim 11 or 12, wherein
the polar organic functional group is a carboxylic acid

group, a hydroxyl group, an amine group or an acetal group.

P

14 . A compound according to any one of claims 11

to 13, wherein X 1s a hydrogen atom or a hydroxyl group and

Y is a carboxylic acid group.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA
PATENT AGENTS
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