wo 2019/012496 A1 | 0E 000 OO OO

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

World Intellectual Propert <
0T rpmivation = 0 O 0
International Bureau = (10) International Publication Number
(43) International Publication Date -—-/ WO 201 9/ 012496 Al

17 January 2019 (17.01.2019) WIPO|PCT

(51) International Patent Classification: (74) Agent: BOTTERO, Carlo; c/o BARZANO' & ZANAR-
C25D 15/00(2006.01) C25D 3/56 (2006.01) DO MILANO S.P.A., Via Borgonuovo, 10, 20121 Milano
(IT).

PCT/IB2018/055197  (81) Designated States (unless 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,

13 July 2018 (13.07.2018) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
(25) Filing Language: Italian DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,

(21) International Application Number:

(22) International Filing Date:

(26) Publication Language: English KR, KW.KZ LA, LC,LK,LR, LS, LU, LY, MA, MD, ME,
(30) Priority Data: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
102017000079843 14 July 2017 (14.07.2017) IT 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,

(71) Applicant: METALCOATING S.R.L. [IT/IT]; Via Tu- TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

rati, 40, 20121 Milano (IT).

(84) Designated States (unless 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,

(72) Inventor: BURATTI, Marco; c/o METALCOATING
S.R.L., Via Turati, 40, 20121 Milano (IT).

(54) Title: ELECTROLYTIC PROCESS FOR COATING METAL SURFACES TO PROVIDE HIGH RESISTANCE TO COR-
ROSION AND ABRASION

Fig. 1

(57) Abstract: Process for coating a metal article, comprising: preparing an electrolytic bath that comprises a suspension of boron
carbide particles, having an average size from 0.01 pm a 2 pm, in an aqueous solution comprising at least one nickel (II) salt and at least
one phosphorous compound selected from: phosphoric acid, phosphorous acid, hypophosphorous acid or their salts; immersing in the
electrolytic bath a cathode which comprises the article to be coated, and an anode, and carrying out an electrodeposition by passing a
direct current in the electrolytic bath. The coating layer thus obtained is provided with high thickness uniformity, high wear resistance,
even at high temperatures, high hardness (up to 1500 HV), and, at the same time, corrosion resistance at least equal to 400 hours of
exposure to neutral saline fog, in accordance with the ISO 9227:2017 standard.

[Continued on next page]



WO 2019/012496 A1 {10000 N 0 rr

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

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

— in black and white; the international application as filed
contained color or greyscale and is available for download
from PATENTSCOPE



WO 2019/012496 PCT/IB2018/055197

10

15

20

25

30

ELECTROLYTIC PROCESS FOR COATING METAL SURFACES TO
PROVIDE HIGH RESISTANCE TO CORROSION AND ABRASION

The present invention relates to an electrolytic
process for coating metal surfaces. More in particular,
the ©present invention relates to an electrolytic
process for coating metal surface with a layer
comprising a nickel/phosphorus alloy and boron carbide
particles, to provide high resistance against corrosion
and abrasion.

There 1s a very pressing need to produce metal
articles having high resistance against surface wear,
combined with high corrosion resistance, such as in
particular steel rods and tubes to be used in different
sectors, for example for the production of industrial
or agricultural vehicle, forklifts, presses, robotics,
elevators, hydraulic platforms, or also for special
applications where high corrosion resistance is
required even in extremely severe conditions, such as
earth-moving machines, excavators, dredgers, salt
spreading machines, snowploughs, waste compactors,
zootechnics machines, cranes, cableways and ski 1lifts,
watercraft, off-shore platforms, aircraft, space
vehicles, etc.

Corrosion resistance is generally assessed through
accelerated aging tests in a saline fog chamber, which
can be conducted according to different international
standards, 1in particular the IS0 9227:2017 standard.
These tests are generally performed in more aggressive
conditions than those expected in operation, to

accelerate corrosive processes and reduce the duration
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of the tests, which normally last from a few tens to a
few hundreds of hours.

In general, to obtain the desired combination of
wear resistance and corrosion resistance, coatings of
metal articles are carried out conventionally by means
of nickel plating and subsequent chrome plating, i.e.
electrolytic deposition of a layer of nickel and
subsequently of a layer of chromium, so as to obtain a
layer of coating with total thickness of the order of
100 um. While chrome plating has low costs, it does not
always allow to obtain highly uniform coatings,
especially in case of surfaces with complex geometry
(for example grooves or other deep etches) in which,
because of the tip effect, excessive thickness levels
are obtained on the tips and poor thickness levels are
obtained in the troughs of the etches. Moreover, the
use o0f hexavalent chromium presents serious problems
from the viewpoint of environmental sustainability,
because of the high toxicity of this metal, in addition
to entailing high costs 1n terms of energy and
disposal.

In recent years, several metal coating processes
have been proposed that do not require the use of
products containing chromium.

For example, the patent application EP 1 067 220
A2 describes a process for obtaining a coating with
boron carbide in nickel phosphorus matrix, in which the
article to be coated is subjected to electrodeposition
in an electrolytic bath comprising two or more nickel
salts, 1n particular a mixture of nickel sulphate and

nickel chloride, at least one complexing agent, at
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least one phosphorus salt, an anti-tensioning agent and
boron carbide in the form of powder, having a particle
dimension from 3 to 6 um. The cathode consists of the
material to be coated, while the anode consists of
electrolytic nickel. The electrolytic process is
carried out at a temperature from 40°C to 70°C with a
current density from 1 to 10 A/dm% under agitation.
The article thus coated is then subjected to a heat
treatment, in particular at a temperature from 250°C to
400°cC.

The patent application EP 3 098 334 Al describes a
process for coating a metal article, 1in which the
electrodeposition of boron carbide in a
nickel/phosphorus alloy matrix is obtained by means of
an electrolytic bath containing at least one
surfactant, which allows to deposit a significant
quantity of boron carbide particles having an average
size from 0.01 pm to 2 um, in general from 10% to 50%
by volume, preferably from 5% to 45% by volume, with
respect to the total volume of the cocating. The coating
layer thus obtained is provided with very high wear
resistance, even at high temperatures, and high
hardness (up to 1500 HV), and at the same time high
thickness uniformity.

The Applicant thus addressed the problem of
producing metal articles having high surface wear
resistance combined with high corrosion resistance, by
electrodeposition on the metal of a coating layer that
is able to impart these properties without the use of
chromium.

These and additional objectives that will be
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better illustrated hereafter have been achieved by the
Applicant by means of a process as defined in the
remainder of the description and in the appended
claims, which allows to obtain a coating layer
comprising a nickel/phosphorus (Ni/P) alloy matrix and
boron carbide particles having average size from 0.01
um to 2 um, having corrosion resistance at least equal
to 400 hours, preferably at least equal to 600 hours,
of exposure to neutral saline fog, in accordance with
the ISO 9227:2017 standard.

In a first aspect, the present invention therefore
relates to a process for coating a metal article, which
comprises:

- preparing an electrolytic bath which
comprises a suspension of boron carbide particles,
having an average size ranging from 0.01 um to 2 um,
preferably from 0.05 um to 1 um, in an agqueous solution
comprising:

at least one nickel (II) salt;

at least one phosphorous compound selected from:
phosphoric acid, phosphorous acid, hypophosphorous acid
or their salts;

- immersing, in the electrolytic Dbath, a
cathode which comprises the article to be coated, and
an anode, and carrying out an electrodeposition by
passing a direct current in the electrolytic bath;

wherein the boron carbide particles have been pre-
treated with at least one carboxylic acid or a
derivative thereof, having a solubility 1in water at
20°C higher than 0.10 g/1.

Preferably, said at least one carboxylic acid or a

derivative thereof has a solubility in water at 20°C
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higher than 10 g/1.

Preferably, said at least one carboxylic acid or a
derivative thereof is selected from:

(i) aliphatic and/or aromatic C1—Cs mono-
carboxylic acids, possibly mono- or poly-hydroxylated,
for example: formic acid, acetic acid, propionic acid,
butyric acid, valerianic acid, capronic acid, enantic
acid, caprylic acid, nonanoic acid, capric acid,
acrylic acid, methacrylic acid;

(i1) aliphatic and/or aromatic C;-Ci, di-carboxylic
acids, possibly  mono- or poly-hydroxylated, for
example: oxalic acid, adipic acid, phthalic acid,
azelaic acid, sebacic acid, tartaric acid, aldaric
acid;

or derivatives thereof.

The term “derivatives” means for example salts (in
particular salts of alkaline or alkaline-earth metals),
esters, amides, anhydrides.

In a preferred embodiment, the boron carbide
particles have been pre-treated with a mixture of
tartaric acid and acrylic acid. Preferably, in said
mixture the weight ratio between tartaric acid and
acrylic acid ranges from 0.2 to 5, more preferably from
0.5 to 2, still more preferably 1.

The boron carbide particles have an average size
ranging from 0.01 um to 2 um, preferably from 0.05 um
to 1 um.

Within the present description and the appended
claims, the term “average particle size” means, unless
otherwise 1indicated, the diameter d50 (median wvalue)
i.e. the wvalue of the diameter below which 50% by

welght of the population of particles is located (see
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"A Guidebook to Particle Size Analysis" published by
Horiba Instruments Inc. - 2016, available at
https://www.horiba.com/fileadmin/uploads/Scientific/
eMag/PSA/Guidebook/pdf/PSA Guidebook.pdf). The diameter
db0 can be determined by laser diffraction technique,
according to ISO 13320:2009, or by analysing electronic
microscope images (TEM or SEM).

The pretreatment step of the boron carbide
particles with at least one carboxylic acid or a
derivative thereof as defined above 1is preferably
carried out by suspending the boron carbide particles
in water and adding said at least one carboxylic acid
or a derivative thereof to the suspension thus
obtained. The suspension thus supplemented is
preferably maintained at a temperature from 30°C to
90°C, more preferably from 40°C to 80°C, for a time
that can vary within broad limits, preferably from 20
min and 120 min, more preferably between 40 min and 80
min.

Preferably, said at least one carboxylic acid or a
derivative thereof is added to the suspension of boron
carbide particles in an amount ranging from 1% by
weight to 40% by weight, more preferably from 5% by
welght to 30% by weight, with respect to the weight of
the boron carbide particles.

In this pretreatment step the boron carbide
particles are preferably maintained under stirring, for
example by means of a blade mixer. Preferably, the
pretreatment, after the addition of the carboxylic
acid, comprises a step of sonication with ultrasound,
which is carried out at a pH value of from 1 to 4, more

preferably equal to 2.
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Once the pretreatment 1s completed, to the
suspension of boron carbide it 1is possible to add the
other components of the electrolytic bath.

In a preferred embodiment, the boron carbide
particles are previously purified, before the
pretreatment with at least one carboxylic acid. The
main purpose of the purification 1is to eliminate or
otherwise significantly reduce the presence of
polluting elements that are commonly present in boron
carbide, such as ions of aluminium, chromium, copper,
iron, manganese, vanadium, calcium, strontium, which
can alter the final characteristics of the coating and
impair its characteristics, in particular with regard
to corrosion resistance. The Applicant has noted that
the elimination or otherwise the reduction of these
metallic pollutants allows tTo obtain a more compact
coating with improved corrosion resistance.
Purification of the boron carbide particles can be
carried out according to conventional methods, for
example by electrodialysis.

The boron carbide particles 1in suspension are
present in a quantity preferably from 1 g/1 to 20 g/1,
more preferably from 5 to 15 g/1.

Preferably, the aqueous solution comprises at
least one Ni(II) salt having a sulphur-containing
anion, for example nickel (I1) sulphate. More
preferably, it is nickel (II) sulphamate (Ni(SOs3NH:):z).
Use of nickel (II) sulphamate is particularly preferred
because it allows to increase the electrodeposition
rate, with a substantial improvement in terms of
productivity and cost of the process.

Alternatively or additionally to the Ni(II) salt
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having a sulphur-containing anion, the aqueous solution
can comprise at least another Ni(II) salt, selected
preferably from: nickel (II) carbonate, nickel (II)
acetate. It 1s also possible to use nickel (II)
chloride, although it 1is not particularly preferred
when the cathode 1is a nickel cathode, Dbecause the
presence of chloride ions leads to a consumption of the
nickel electrode due to anodic attack, with consequent
increase 1in nickel concentration in the electrolytic
bath, altering in a way that is difficult to control
the ratios between nickel and the other components (in
particular phosphorus).

Preferably, the aqueous solution comprises Ni(II)
ions in a total concentration ranging from 0.3 moles/1
to 3.0 moles/1l, more preferably from 0.5 moles/1 to 1.5
moles/1.

Preferably, the agqueous solution comprises a
Ni(II) salt having a sulphur-containing anion, and a
second salt selected from nickel (II) carbonate and
nickel (II) acetate, the concentration of the first
salt being between 0.3 moles/l and 1.8 moles/l, more
preferably between 0.5 moles/l1 and 1.4 moles/l; the
concentration of the second salt being between 0.02
moles/1 and 1.0 moles/l, more preferably between 0.05
moles/1 and 0.6 moles/1.

With regard to the phosphorous compound, it is
selected from: phosphoric acid, phosphorous acid,
hypophosphorous acid or their salts. As salts, the
following can be used for example: alkali metal (for
example potassium, sodium) or alkaline-earth metal (for
example magnesium, calcium) salts.

According to a preferred aspect, the phosphorous
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compound is a mixture of phosphorous acid/
hypophosphorous acid, or their salts, preferably in a
welght ratio ranging from 0.8:1 to 1.2:1. This mixture
is deemed to allow to further improve the
characteristics of the final coating, obtaining a Ni/P
alloy having a quantity of phosphorus between 13% and
16% by weight, fo which is accompanied an optimal
compromise between crystalline phase and amorphous
phase in the coating material and hence Dbetween
hardness and corrosion resistance thereof.

The quantity of phosphorus compound to be added to
the electrolytic bath is selected mainly according to
the type of nickel/phosphorus alloy to be obtained,
i.e. a so-called “low phosphorus” alloy, 1i.e. 1in
general with a quantity of phosphorus from 1 to 8% by
weight, extremes included (with respect to the weight
of the Ni/P alloy), or a so-called “high phosphorus”
alloy, i.e. 1n general with a gquantity of phosphorus
higher than 8% and lower than or equal to 16% by weight
(with respect to the weight of the Ni/P alloy).
Obtaining a high phosphorus nickel/phosphorus alloy
allows to further increase the corrosion resistance of
the coating, in particular resistance to corrosion due
to contact with water having a high salt content, for
example sea water. On the other hand, a low phosphorus
nickel/phosphorus alloy has lower corrosion resistance,
but it 1s characterised by greater hardness with
respect to a high phosphorus alloy.

According to a preferred aspect, the aqueous
solution comprises at least one alkali metal iodide,
preferably potassium iodide. The presence of iodide in

the electrolytic bath is deemed to allow to further
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improve the corrosion resistance of the coating, in
particular resistance to corrosion in saline fog, a
particular severe test for any material. Preferably,
the alkali metal iodide is present in the solution in a
quantity Dbetween 0.1 and 10 g/l1, more preferably
between 0.5 and 3 g/1.

Although it is not strictly necessary, the aqueous
solution may comprise at least one surfactant, as
described in the patent application EP 3 098 334 Al.
Preferably, the surfactant is a cationic, non-ionic or
amphoteric surfactant. The concentration of said at
least one surfactant in the aqueous solution 1is
preferably between 0.01 g/1 and 2 g/l1, more preferably
between 0.05 g/1 and 1 g/1.

The aqueocus solution preferably has a pH ranging
from 0.5 to 4, more preferably from 1.5 to 3. To obtain
values of pH within the intervals indicated above, a
strong acid, 1in particular an aqgqueous solution of
sulphuric acid, 1s preferably added to the agueous
solution. In some cases, to maintain the pH within the
selected range, adding a Dbuffering agent may be
advantageous, for example a boric acid/borate or acetic
acid/acetate system.

With regard to the procedure for carrying out the
electrochemical ©process according to the present
invention, it can be achieved according to conventional
procedures, provided that a constant and homogeneous
movement of the electrolytic bath is assured, mainly
for the purpose of maintaining the Dboron carbide
particles in suspension but without causing
perturbations in the electrolytic deposition process.

In particular, it 1s appropriate to prevent the
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formation of preferential ways for the flow of the
suspension within the electrolytic bath, which could
cause lack of homogeneity in the coating layer.

For this purpose, it is particularly advantageous
to carry out the process according to the present
invention in an apparatus that comprises an
electrolytic tank and a system for recirculating the
electrolytic bath, as described in the patent
application EP 3 098 334 Al.

The electrodeposition step of the process in
accordance with the present invention can be
accomplished within a broad temperature range, in
general from 50°C to 95°C, preferably from 65°C to
85°C. Lower temperatures than the aforesaid ranges
would entail a reduced efficiency of the
electrodeposition, while higher temperatures would have
the disadvantage of an excessive evaporation of the
electrolytic bath, with consequent inefficiency from
the energy viewpoint.

The electrolytic bath preferably has a pH value
from 1 to 5, more preferably from 1.5 to 3.

Into the electrolytic bath is immersed the metal
article to be coated, which serves as cathode, and an
anode, preferably an insoluble anode, for example an
anode made of titanium coated with platinum or coated
with mixed oxides, or a soluble anode, for example a
nickel anode.

The passage of current necessary to carry out the
electrodeposition process 1s obtained thanks to the
connection of the electrodes with a direct current
generator, so as to obtain a current density 1in the

electrolytic bath generally between 0.5 and 20 A/dm?,
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preferably between 1 and 10 A/dm?.

The electrodeposition is carried out for a time
which 1s such as to obtain the desired coating
thickness, which generally ranges from 5 pm to 200 um,
more preferably from 10 um to 75 um.

After electrodeposition, the article thus coated
may be possibly subjected to a heat treatment, at a
temperature generally included between 250°C and 400°C,
preferably between 300°C and 375°C, for a time that is
variable within wide limits, for example between 1 and
24 hours, preferably between 6 and 18 hours. The heat
treatment has mainly the purpose of forming the Ni/P
alloy, eliminating the hydrogen formed during the
electrolytic process, so as to obtain a stable and
homogeneous coating layer, minimising defects and
internal stresses and further increasing hardness.

In this regard, the Applicant has observed that
the process according to the invention allows, as a
matter of fact, to avoid said heat treatment, since
satisfactory properties of the coating are anyway
obtained with no need to perform annealing processes.
Therefore, according to a preferred embodiment the
process according to the invention does not comprise a
heat treatment of the article at the end of the
electrodeposition. This clearly allows to significantly
increase the ©productivity of the process, while
reducing production costs.

The  present invention will now be further
illustrated with reference to the figures accompanying
the present description merely for exemplifying
purposes, 1in which:

Figure 1 shows a scanning electron microscope
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(SEM) microphotograph of a section of a coated sample
according to the invention (200x magnification), where
the Dblack portion outside the coating layer 1is the
resin in which the sample was incorporated, lapped and
polished to perform the SEM analysis, while the
underlying white part is the base metal on which
electrodeposition was carried out; the presence of
black particles consisting of boron carbide can easily
be appreciated;

Figure 2 shows a SEM microphotograph obtained on
the same sample at front view, with an enlargement of a
portion that highlights the typical mammillary
structure of Ni/P alloys; the presence of Dblack
particles consisting of boron carbide can easily be
appreciated.

The following working examples are provided merely
to 1llustrate the present invention and should not be
construed 1in a sense that would 1limit the scope of
protection defined by the accompanying claims.

EXAMPLE 1.

Boron carbide in the form of particles having
average size of 0.4 um was suspended, in a quantity of
10 g/1, in an aqueous phase having a pH value of 2.0
(obtained by adding a H,S04 agueous solution),
containing 1 g/1 of tartaric acid and 1 g/1 of acrylic
acid. The suspension thus obtained was maintained for
about 1 hour in an ultrasonic sonicator at 60°C.

To the suspension was then added an aqueous
solution consisting of:

- nickel sulphate (NiS04 * 6H,0) 75 g/1

- phosphorous acid 15 g/1
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- sodium hypophosphite 40 g/1
- sodium acetate (CHs;COONa) 120 g/1.

The electrolytic bath thus obtained was brought to
a pH value of 2.0 with a H;SOs aqueous solution.

The electrodeposition process was carried out on a
steel plate, used as cathode, while the anode used was
a titanium anode coated with mixed oxides. During the
electrodeposition, the electrolytic bath was maintained
for three hours at a temperature of about 80°C and the
current density at a value of about 10 A/dm?.

At the end of the electrodeposition process, a
coating layer of the plate was obtained with a
thickness of about 25 um, containing about 15% by
weight in phosphorus, having Vickers hardness of 900
HV. It should be noted that such a high hardness was
obtained without subjecting the specimen to a
subsequent heat treatment (annealing) step, which 1is
usually carried out for this type of coatings for the
purpose of increasing its hardness.

On the specimen thus treated, corrosion resistance
was measured 1n neutral saline fog, according to the
ISO 9227:2017 standard, obtaining a wvalue of 1000 hour
(rating: 10).

The sample thus coated was subjected to scanning
electron microscope (SEM) analysis, and the
microphotographs thus obtained are shown 1in Figure 1
(section) and Figure 2 (surface). The coating layer
showed a substantially homogeneous distribution of
boron carbide particles in the Ni/P matrix, with a
mammillary surface structure that 1is typical of the

Ni/P alloy.



WO 2019/012496 PCT/IB2018/055197

10

15

15

EXAMPLE 2 (comparative).

Example 1 was repeated in the same operating
conditions, the only difference being that the boron
carbide particles were not pre-treated with tartaric
acid and acrylic acid, but rather used as such.

At the end of the electrodeposition process, a
coating layer of the plate was obtained with a
thickness of about 25 um, containing about 15% by
weight of phosphorus, having Vickers hardness of 550 HV
(without annealing).

On the specimen thus treated, corrosion resistance
was measured 1n neutral saline fog, according to the
ISO 9227:2017 standard, obtaining a wvalue of 120 hours
(rating: 8).
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CLAIMS

1. A process for coating a metal article, which
comprises:

- preparing an electrolytic bath which comprises a
suspension of boron carbide particles, having an
average size ranging from 0.01 pm to 2 um, preferably
from 0.05 um to 1 um, in an aqueous solution
comprising:

at least one nickel (II) salt;

at least one phosphorous compound selected from:
phosphoric acid, phosphorous acid, hypophosphorous acid
or their salts;

- immersing, 1in the electrolytic bath, a cathode
which comprises the article to be coated, and an anode,
and carrying out an electrodeposition by passing a
direct current in the electrolytic bath;

wherein the boron carbide particles have Dbeen
pretreated with at least one carboxylic acid or a
derivative thereof, having a solubility 1in water at
20°C higher than 0.10 g/1.

2. The process according to claim 1, wherein said at
least one carboxylic acid or a derivative thereof has a
solubility in water at 20°C higher than 10 g/1.

3. The process according to any one of the previous
claims, wherein said at least one carboxylic acid or a
derivative thereof is selected from:

(i) aliphatic and/or aromatic C1—Cs mono-
carboxylic acids, possibly mono- or poly-hydroxylated,
for example: formic acid, acetic acid, propionic acid,
butyric acid, valerianic acid, capronic acid, enantic
acid, caprylic acid, nonanoic acid, capric acid,

acrylic acid, methacrylic acid.
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(i1) aliphatic and/or aromatic C;-Ci, di-carboxylic
acids, possibly  mono- or poly-hydroxylated, for
example: oxalic acid, adipic acid, phthalic acid,
azelaic acid, sebacic acid, tartaric acid, aldaric
acid;
or derivatives thereof.

4. The process according to any one of the previous
claims, wherein the boron carbide particles have been
pretreated with a mixture of tartaric acid and acrylic
acid.

5. The process according to c¢laim 4, wherein the
welght ratio between tartaric acid and acrylic acid
ranges from 0.2 to 5, preferably from 0.5 to 2, more
preferably is 1.

6. The process according to any one of the previous
claims, wherein the pretreatment step of the boron
carbide particles 1s carried out by suspending the
boron carbide particles in water and adding said at
least one carboxylic acid or a derivative thereof to
the suspension thus obtained.

7. The process according to claim 6, wherein said at
least one carboxylic acid or a derivative thereof is
added to the suspension of boron carbide particles in
an amount ranging from 1% by weight to 40% by weight,
preferably from 5% by weight to 30% by weight, with
respect to the weight of the boron carbide particles.

8. The process according to any one of the previous
claims, wherein the pretreatment step of the boron
carbide particles 1s carried out at a temperature
ranging from 30°C to 90°C, preferably from 40°C to
80°C, for a time ranging from 20 minutes to 120

minutes, preferably from 40 minutes to 80 minutes.
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9. The process according to any of the previous
claims, wherein the boron carbide particles have an
average size ranging from 0.01 pm to 2 um, preferably
from 0.05 um to 1 um.

10. The process according to any one of the previous
claims, wherein the boron carbide particles are
previously purified, before the pretreatment with at
least one carboxylic acid.

11. The process according to any one of the previous
claims, wherein the aqueous solution comprises Ni (II)
ions in a total concentration ranging from 0.3 moles/1
to 3.0 moles/l, preferably from 0.5 moles/1l to 1.5
moles/1.

12. The process according to any one of the previous
claims, wherein the phosphorous compound is a mixture
of phosphorous acid/hypophosphorous acid, or their
salts, preferably in a weight ratio ranging from 0.8:1
to 1.2:1.

13. The process according to any one of the previous
claims, wherein the aqueous solution has a pH ranging
from 0.5 to 4, preferably from 1.5 to 3.

14. The process according to any of the previous
claims, wherein the electrodeposition step 1is carried
out for a time so as to obtain a coating thickness
ranging from 5 pm to 200 um, preferably from 10 um to
75 um.
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