Innovation, Sciences et Innovation, Science and CA 2935921 C 2022/08/02

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 935 92 1
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépdt PCT/PCT Filing Date: 2015/01/07 (51) ClLInt./Int.Cl. CO5D 9/02(2006.01),

o o . CO5C 9/00(2006.01), CO5G 1/00(2006.01),
(87) Date publication PCT/PCT Publication Date: 2015/07/16 CO5G 3/50(2020.01)

(45) Date de délivrance/lssue Date: 2022/08/02 .
(72) Inventeurs/Inventors:
(85) Entrée phase nationale/National Entry: 2016/07/05 ALLAIS, CYRILLE PAUL, NL;
®6) N° demande PCT/PCT Application No.: EP 2015/050158 GARCIA MARTINEZ, RAFAEL ALBERTO, CA
(87) N° publication PCT/PCT Publication No.: 2015/104286 (73) Propriétaire/Owner:

. SHELL INTERNATIONALE RESEARCH
(30) Priorité/Priority: 2014/01/09 (EP14150650.1) MAATSCHAPPIJ BV NL

(74) Agent: NORTON ROSE FULBRIGHT CANADA
LLP/S.EEN.CR.L, S.RL.

(54) Titre : PROCEDE DE PREPARATION D'UN ENGRAIS A BASE DU'REE ET DE SOUFRE
(54) Title: PROCESS FOR PREPARING A UREA-SULPHUR FERTILISER

(57) Abrégé/Abstract:

A process for preparing a urea-sulphur fertiliser is disclosed. Urea and sulphur are supplied to a dispersion mill wherein a rotor
turns within a slotted stator, thereby providing a dispersion of molten urea and molten sulphur; and the dispersion of molten urea
and molten sulphur is supplied to a forming unit to provide the urea-sulphur fertiliser.

"
C an a da http/opic.ge.ca + Ottawa-Hull K1A 0C9 « arep:/eipo.ge.ca OPIC
OPIC - CIPO 191



wo 2015/104286 A1 [N I 00000 YO A O

(43) International Publication Date

CA 02935921 2016-07-05

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

16 July 2015 (16.07.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/104286 A1

(51

eay)

(22)

(25)
(26)
(30)

1

1

(72

74

International Patent Classification:
CO5D 9/02 (2006.01) CO5C 9/00 (2006.01)
C05G 3/00 (2006.01)

International Application Number:
PCT/EP2015/050158

International Filing Date:
7 January 2015 (07.01.2015)

Filing Language: English
Publication Language: English
Priority Data:

14150650.1 9 January 2014 (09.01.2014) EP

Applicant (for all designated States except US): SHELL
INTERNATIONALE RESEARCH MAATSCHAPPLJ
B.V. [NL/NL]; Carel van Bylandtlaan 30, NL-2596 HR
The Hague (NL).

Applicant (for US only): SHELL OIL COMPANY
[US/US]; Shell Plaza 1, Houston, Texas 77252-2463 (US).

Inventors: ALLAIS, Cyrille, Paul; Grasweg 31, NL-1031
HW Amsterdam (NL). GARCIA MARTINEZ, Rafael,
Alberto; 400-4th Avenue S.W, Calgary, Alberta T2P 2H5
(CA).

Agents: MATTHEZING, Robert, Maarten ct al; PO
Box 384, NL-2501 CJ The Hague (NL).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

(54) Title: PROCESS FOR PREPARING A UREA-SULPHUR FERTILISER

(57) Abstract: A process for preparing a urea-sulphur fertiliser is disclosed. Urea and sulphur are supplied to a dispersion mill
wherein a rotor turns within a slotted stator, thereby providing a dispersion of molten urea and molten sulphur; and the dispersion of
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PROCESS FOR PREPARING A UREA-SULPHUR FERTILISER

Field of the Invention

The present invention provides a process for the
preparation of a urea-sulphur fertiliser.

Background of the Invention

Urea is commonly used as a fertiliser, supplying
nitrogen to plants. Many soils also require sulphur as a
plant nutrient, so fertilisers containing both urea and
elemental sulphur have been developed. Desirably the
elemental sulphur needs to be present as small dispersed
particles to allow its oxidation in the soil to the plant
available sulphate ion.

UsS 3,100,698 discloses a urea-sulphur fertiliser
that is made by combining molten urea and molten sulphur
and subjecting the mixed melt to a prilling process. The
mixed melt can also be prepared by adding solid urea
prills to molten sulphur, or by adding solid sulphur to
molten urea.

Melting sulphur and melting urea can be an energy
intensive and therefore costly process, and can reguire
sizeable egquipment. Additionally, if melting of urea is
not done quickly and in a controlled manner (i.e. the
temperature is controlled such that it does not
significantly exceed the melting point of urea), there is
a risk of urea degradation. In particular, there is a
risk of biuret production. Biuret is a phytotoxin (a
material that is toxic to plants) and can be formed when
urea i1s heated. Biuret interferes with nitrogen
metabolism and protein synthesis in plants. It is

desirable to reduce the amount of biuret in fertilisers.
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The present inventors have sought to provide an
improved process for the preparation of urea-sulphur
fertiliser which is desirably simpler and more energy
efficient than known processes. Preferably the process will
allow for rapid yet controlled melting of fertiliser
constituents, thereby reducing the risk of impurity
formation whilst enabling the size reduction of sulphur to
yield finely dispersed sulphur particles in the final
product.

Summary of the Invention

Accordingly, the present invention provides a process
for preparing a urea-sulphur fertiliser comprising steps
of:

(a) supplying urea and sulphur to a dispersion mill
wherein a rotor turns within a slotted stator, thereby
providing a dispersion of molten urea and molten sulphur;
and

(b) supplying the dispersion of molten urea and molten
sulphur to a forming unit to provide the urea-sulphur
fertiliser;

wherein solid sulphur, solid urea or solid urea-sulphur is
supplied to the dispersion mill.

It is not necessary that all of the urea or all of the
sulphur that is supplied to the dispersion mill is solid
urea, solid sulphur or solid urea-sulphur and indeed in
many embodiments of the invention the majority of urea
and/or sulphur will be supplied as molten urea and molten
sulphur. However, in all embodiments of the invention, at
least some of the urea or at least some of the sulphur is
supplied as solid sulphur, solid urea or solid urea-

sulphur.

Date Regue/Date Received 2021-09-27
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In accordance with one aspect there is provided a
process for preparing a urea-sulphur fertiliser comprising
steps of:

(a) supplying urea and sulphur to a dispersion mill
wherein a rotor turns within a slotted stator, thereby
providing a dispersion of molten urea and molten sulphur;
and

(b) supplying the dispersion of molten urea and
molten sulphur to a forming unit to provide the urea-
sulphur fertiliser wherein at least b5wt% of the total
urea 1is supplied as solid urea to the dispersion mill.

In the process of the invention the dispersion mill is

performing two functions: firstly it melts the solid

Date Regue/Date Received 2021-09-27
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sulphur, solid urea, or solid urea-sulphur, and secondly
it mixes sulphur and urea to form a homogeneous
dispersion of molten sulphur in molten urea (1f urea is
the main constituent of the melt), or a homogeneous
dispersion of molten urea in molten sulphur (if sulphur
is the main constituent of the melt). Preferably, the
homogeneous dispersion is one of molten sulphur in molten
urea. By using a single piece of apparatus (the
dispersion mill) for both melting and mixing, the present
inventors have provided a simplified process. A
dispersion mill typically produces heat, and the process
of the invention is able to use this heat to melt sulphur
and/or urea. Further, the dispersion mill breaks down the
solids fed to it, hence increasing their surface area and
increasing their melting kinetics. The inventors believe
that the energy requirements of the process are reduced
compared to conventional processes. Additionally, by
providing a process wherein one or more constituents can
be melted as they are combined with sulphur, the
inventors have enabled short residence times for melting
and mixing the constituents, thereby reducing the need
for separate melters and reducing the risk of impurity
formation.

Detailed Description of the Invention

In the process of the invention, urea and sulphur
are supplied to a dispersion mill wherein a rotor turns
within a slotted stator, thereby providing a dispersion
of molten urea and molten sulphur. Solid sulphur, solid
urea and/or solid urea-sulphur are supplied to the
dispersion mill. The process of the invention is
typically a continuous process such that the solid

sulphur, so0lid urea or solid urea-sulphur is supplied to
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a dispersion mill that already contains a dispersion of
molten urea and molten sulphur.

The solid urea, solid sulphur and/or solid urea-
sulphur are drawn by the rotation of the rotor into the
rotor/stator assembly, and are accelerated and expelled
radially through the openings in the slotted stator. With
each pass through the rotor/stator assembly, the solid is
subjected to a combination of mechanical and hydraulic
shear such the particles of solid urea, solid sulphur or
solid urea-sulphur are reduced in size. The solid urea,
solid sulphur or solid urea-sulphur is also subjected to
heating and will melt.

The conventional action of the dispersion mill
(rotor turning within the stator) produces heat. However,
in a preferred embodiment of the invention, further
energy 1s supplied to the dispersion mill, e.g. the mill
is jacketed and a fluid i1s passed through the jacket to
heat the mill, or electrical heating is applied to the
mill. Preferably the temperature in the dispersion mill
is from 115 to 150°C, more preferably from 130 to 145°C
and most preferably from 135 to 140°C. Preferably the
preferred energy input for the mill is from 1 to 100
kwh/tonne product.

A preferred dispersion mill has a slotted rotor
inside a slotted stator. Suitable dispersion mills are
described in US 5,522,553 and are available from Kady
International, USA.

The sulphur that is supplied to the dispersion mill
can be obtained from any suitable source. The sulphur may
be high purity (> 99.9% S) chemical sulphur as obtained
from the Claus process. However, the process of the
present invention can use sulphur of significantly lower

purity than this. Examples of such sulphur sources are
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sulphur filter cake as obtained from sulphur melting and
filtration operations and sulphur obtained from a various
chemical and bioclogical H;S gas removal processes.
Typically, such sulphur sources may contain anywhere in
the range of from 30 to 99.9 wt%, preferably from 50 to
99.5 wt%, more preferably from 60 to 99.0 wt%, sulphur.

In a first embodiment of the invention, solid
sulphur is supplied to the dispersion mill. The solid
sulphur may be added as granules, pellets, slates, powder
or any other solid form. Suitably at least 20wt% of the
total sulphur supplied is supplied as solid sulphur;
preferably at least 50wt% and more preferably at least
80wt%. In this embodiment it 1s preferred that all of the
sulphur supplied to the dispersion mill is solid sulphur
and all of the urea supplied to the dispersion mill is
molten urea.

In a second embodiment of the invention, solid urea
is supplied to the dispersion mill. The solid urea is
preferably added as urea prills. In this embodiment it is
preferred that some or all of the urea is supplied to the
dispersion mill as solid urea, and that all of the
sulphur supplied to the dispersion mill is molten
sulphur. Suitably at least 2wt? of the total urea
supplied 1s supplied as solid urea; preferably at least
5wt% and more preferably at least 10wt%.

In a third embodiment of the invention, so0lid urea-
sulphur is supplied to the dispersion mill. In this
embodiment it is preferred that molten urea and molten
sulphur are supplied to the dispersion mill and that in
addition, solid urea-sulphur is supplied to the
dispersion mill. Suitably at least 20wt% of the total
sulphur supplied is supplied as solid urea-sulphur;

preferably at least 50wt% and more preferably at least



10

15

20

25

30

CA 02935921 2016-07-05

WO 2015/104286 PCT/EP2015/050158

80wt%. Suitably at least 2wt% of the total urea supplied
is supplied as solid urea-sulphur; preferably at least
5wt% and more preferably at least 10wt%.

So-called off-spec materials are suitably used as
the solid urea, solid sulphur or solid urea-sulphur in
the present invention. When granulating urea or materials
such as urea-sulphur, oversized granules and fines of the
material are produced. These oversized granules and fines
are typically re-melted and sent to the granulation
section of the plant or redirected to the urea synthesis
plant. Re—melting these oversized material and fines is
energy intensive and can increase the content of unwanted
impurities such as biuret. In the case of urea,
redirecting these oversized material and fines to the
urea synthesis plant is acceptable, however, in the case
of urea-sulphur, this would potentially lead to severe
corrosion in the urea synthesis plant due to the presence
of sulphur. The present invention enable the recycling of
this off-spec material without having to separately
remelt the product.

The ratio of urea: sulphur in the urea-sulphur
fertiliser product is preferably from 1:1 to 100:1.

In one embodiment of the invention, one or more
surfactants is added during step (a). The surfactants may
help to further reduce the production of sulphur dust
during fertiliser manufacture and may aid the formation
of the fertiliser in step (b). The surfactants could
include cationic surfactants such as the ethylene oxide
or propylene oxide adduct of an aliphatic amine, or could
include anionic surfactants such as a lignosulphonate.

In step (b) of the process of the invention, the
dispersion of molten urea and molten sulphur is supplied

to a forming unit to provide the urea-sulphur fertiliser.
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The forming unit can suitably be a granulator unit, a
prilling unit, a compaction unit, a tablet forming unit,
Oor a compressing unit. Preferably the forming unit is a
granulator unit. The term “granulator unit” 1s used to
describe a device for forming granules of fertiliser
product. Commonly used granulators are described in
Perry’s Chemical Engineers’ Handbook, chapter 20 (1997).
Preferred granulators are drum granulators, paddle mixers
(pug mills) or pan granulators. Preferably, the
dispersion is pumped and distributed on a rolling bed of
material in a drum granulator. Optionally, water and
steam can be fed to the granulator to control the
temperature of the granulation process as needed.
Optionally, recycled fertiliser particles may be added to
the granulator unit. Recycled fertiliser particles add
granulation and nucleating agents.

Other ingredients may be added during the
manufacturing process to tailor the fertiliser products
to their intended end-use. Preferably such materials
would be added during step (a). Examples include plant
micro-nutrients such as boron, potassium, sodium, =zinc,
manganese, iron, copper, molybdenum, cobalt, calcium,
magnesium and combinations thereof. These nutrients may
be supplied in elemental form or in the form of salts,
for examples as sulphates, nitrates or halides. The
amount of plant micronutrients depends on the type of
fertiliser needed and is typically in the range of
between 0.1 to 5%, based on the total weight of the
fertiliser.

In addition to the supply of plant micro-nutrients
it is possible to incorporate other fertiliser products
into the urea-sulphur fertiliser. For example, phosphate

rock could be added to the dispersion of molten urea and
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molten sulphur before it is supplied to the forming unit,
thereby providing a urea-sulphur-phosphate rock
fertiliser. Alternatively, potassium chloride could be
added to the dispersion of molten urea and molten sulphur
before it is supplied to the forming unit, thereby
providing a urea-sulphur-KC1l fertiliser. In one
embodiment, phosphoric acid could be could be added to
the dispersion of molten urea and molten sulphur whilst
it is hot and before it 1is supplied to the forming unit.
The phosphoric acid would react with the urea, thereby
providing a urea-phosphate-sulphur fertiliser. In another
embodiment, the dispersion of molten urea and molten
sulphur can be combined with NPK fertilisers.

Another material that could be incorporated into the
urea-sulphur fertiliser is a clay such as bentonite.
Suitably the clay could be added to the dispersion of
molten urea and molten sulphur before it is supplied to
the forming unit.

Preferably the urea-sulphur fertiliser is sorted by
size in a sorting unit to achieve a more uniform size
distribution. Typically, oversized fertiliser is crushed
and returned to the sorting unit while undersized
fertiliser is returned to the granulator or may be added
as solid urea-sulphur in step (a). A preferred size range
for the fertiliser is from 1.5 to 5.0 mm, more preferably
from 2 to 4 mm, expressed as the average diameter of the
fertiliser particles.

Experiments were conducted in order to demonstrate
that processes wherein urea and sulphur are combined in a
dispersion mill provide heat that could be used to melt

solid sulphur or solid urea.
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Heat Balance Calculation 1

An experiment was conducted to demonstrate that heat
is generated in a dispersion mill when combining molten
sulphur and molten urea. This heat could be
advantageously used to melt solid sulphur or solid urea,
SO a proportion of the sulphur or urea feed could be
added in the form of solid sulphur or solid urea. Molten
sulphur and molten urea were fed Lo an open top steam
Jjacketed L-2000 model dispersion mill from Kady
International at rates of 243.2kg/h for molten urea and
26.6kg/h for molten elemental sulphur. The average
temperatures (for four test runs) of the feeds and

resulting emulsion are given in table 1 below:

Table 1
Average Feed Average Emulsion
Temperatures (°C) Temperature (°C)
Urea Sulphur Minimum Maximum
137.6 135.8 138.6 142.2

The average of the four minimum measured emulsion
temperatures and that of the four maximum emulsion
temperatures are both higher than the individual average
temperatures of the urea and sulphur feeds, showing that
energy was generated inside the dispersion mill and
transferred to the emulsion. The energy 1is expected to be
mainly generated by friction between particles and
mechanical forces within the mill. From the temperatures
given in Table 1 we have calculated that 324 W/h are lost
in the form of heat, of 2237 W/h available (applied from
a 3 HP engine), yielding a 14% energy loss for the
system.

Based on the above and the fact that elemental

sulphur requires 63.1W/kg to melt and urea 65.7W/kg to
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melt, meaning that considering only milling losses, a
supplemental 5.1 and 4.9kg/h of elemental sulphur or urea
respectively could be melted, representing an energy
saving of approximately 2% on the basis of the total
throughput to the system.

Heat Balance Calculation 2

A closed continuous dispersion unit (a OCCF model
dispersion mill from Kady International) was used. Molten
urea and molten sulphur were fed to the mill. Conditions

of the feeds are given in table 2:

Table 2
Urea Eéi?;giil Dispersion Mill
i;gz Temp. i;g: % Temp. | Freq. | Current %i;ﬁit
e INCEI (°C) | (Hz) | (amp) | (°C)
Tun 471.1(131.3 | 35.5| 7% [134.9| 15.0 6.2 140.6
?un 558.6 | 130.5 ] 43.2 7% | 137.1| 15.0 6.1 143.4
iun 565.2 [ 125.9 | 85.1 [ 13%|135.5| 15.0 6.3 137.3

Calculations were performed to determine the actual
enerqgy of the feeds and products in order to assess the
amount of energy lost to heat by the system. The energy
contained in the feeds to the mill was calculated to be

the sum of the energies contained in each individual

feed, such that
Energyin = Z mxcpxT
feeds

The energy contained in the product of the mill was
calculated to be that of a homogeneous emulsion at the

exit temperature of the mill, such that

Energy out = mx cp X Temuision
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The energy transmitted from the mill, and not used
for the purpose of emulsifying sulphur in urea is energy

lost to heat, according to the below equation

Z mxcpXT=mxcp X Temuision + Milling losses
feeds

Table 3 shows the outcome of the calculations:

Table 3
CALCULATED DATA
Potential Potential
Energy | Energy | Transferred to melt
. to melt
in out Energy Elemental
g Urea
% of % of
kd/h kJ/h kJ/h kg/h feed kg/h feed
Run 1 86,398 92,411 6,013 26.5| 75% |25.4| 5.4%
Run 2 102,033 | 111,901 9,868 43.4101% | 41.7| 7.5%
Run 3 103,995 112,718 8,722 38.4| 45% | 36.9| 6.5%

From 45-100wt% of the sulphur could have been
supplied as solid sulphur and melted by the heat released
in the mill; from 5.4-7.5wt% of the urea could have been
supplied as solid urea and melted by the heat released in

the mill.
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CLAIMS

1. A process for preparing a urea-sulphur fertiliser
comprising steps of:

(a) supplying urea and sulphur to a dispersion mill
wherein a rotor turns within a slotted stator, thereby
providing a dispersion of molten urea and molten sulphur;
and

(b) supplying the dispersion of molten urea and
molten sulphur to a forming unit to provide the urea-
sulphur fertiliser wherein at least b5wt% of the total
urea 1is supplied as solid urea to the dispersion mill.

2. A process according to Claim 1, wherein solid sulphur
is supplied to the dispersion mill.

3. A process according to Claim 1, wherein solid urea-
sulphur is supplied to the dispersion mill.

4. A process according to any one of Claims 1 to 3,
wherein oversized granules and/or fines of urea, sulphur or
urea-sulphur are supplied to the dispersion mill.

5. A process according to any one of Claims 1 to 4,
wherein one or more surfactants is added during step (a).
6. A process according to Claim 5, wherein a

lignosulphonate is added during step (a).
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