Epoxy Powder. .. Caatjng Conposition For Use In Electrostatic Cbatﬁ#ﬁ“fﬁmg
i pVention relates to a powder coating conposi tion suitable for use in
el ectrostatic coating. Electrostatic coating is now used in various fields

because it has a | ot of advantages,

such as easiness in controlling the

t hi ckness of dodtings and absence of a step of preheating articles to be
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avai lable for use in electrostatic coating processes.
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coatings having a snooth surface.
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a coatlng having a thickness of 250 [err]mor nore is to be forned,
partlcles of the coating conposition cause electrostatic repelling so that
the surface of the resulting coating becomes non-uniform The present

i nvention has been made with the foregoing problemin conventional powder
coating conpositions in view EP-A-0389080 discloses powder coating

conposi tions which conprise particles of a thernoplastic or thernosetting
resin carrying at |east on the surface thereof mcroparticles of such a
resin havi ng speci f iBiig) ineentioni rédbateenter at ppwdendcostipyl copposition

characteri %Uft%bl':é(af@ GPsél £n % YESL YOEESL 18Ccoat ing. -

Electrostatic coating is now used in variocus fields
because of a lot of advantages thereof such as easiness in
5 controlling the thickness of coatings and absence of a step of
preheating articles to be coated. Thus, a number of powder
coating compositions are commercially available for use in
electrostatic coating processes. Known powder coating
compositions, however, has a problem because it is difficult to

10 obtain thick coatings having a smooth surface. Namely, when a
coating having a thickness of 250 pm or more is to be formed,
particles of the coating composition cause electrostatic
repelling so that the surface of the resulting coating becomes
non-uniform.

15 ' The present invention has been made with- the foregoing
problem in conventional powder coating compositions in view. In
accordance with one aspect of the present invention there is
provided a powder coating composition comprising a particulate
material consisting of particles having a particle size in the

20 ~ range of 3-180 Jum and a volume resistivity of at least 107 ohm-
cm and each containing an epoxy resin and a curing agent for the
epoxy resin, and a charge controlling agent selected from the
group consisting of an acrylic resin having an average particle
size in the range of 0.05-1 pm and silica whose primary

25 particles having an average particle size in the range of 2-500
nm, the amount of said charge controlling agent being 0.01-5 %
based on the total weight of said particulate material and said
charge controlling agent, and said charge controlling agent
being present on surfaces of said particles of said particulate

30 material. '

In another aspect, the present invention provides a
powder coating composition comprising: -

a first particulate material consisting of first
particles having a particle size in the range of 3-180 pm and a

35 volume resistivity of at least 107 ohm.cm and each containing &
first epoxy resin and a first curing agent for the first epoxy

TN

resin;



subsfr%te resin is an epoxy resin and the mcroparticulate coating thereon
is.formed of an acrylic resin. JP-A- 1168772 discl oses popflQhet ARHeAReplaced
conpositions which conprise a m xture of an epoxy resin,.

1 ng
agent and finely divided, substantially anhydrous silica. ruungm&nﬂm u
with a first enbodi nent of the present2irvention there is \ wder
coating conposition conprising a particulate material consisting of
particles having a particle_size in the range of _3-180 [err]mand a vol unme

resistivity of at | e%s?e‘i%{“érP?rBhﬁP%ﬁFSnBagSEiaéoﬁPé‘i%%% abhserandin
and a curi pamrAgRiled diaving a particle size in the range of 3-180 pm and a

10
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25

30

35

volume resistivity of at least 107 ohm.cm and each containing a
second epoxy resin and a second curing agent for the second epoxy
resin;

a first, particulate, charge controlling agent
depositing on surfaces of said first particulate material; and

a second, particulate, charge controlling agent _
depositing on surfaces of said second particulate material, said
first and second charge controlling agent differing in
static characteristics.

The present invention will now be described in detail
below.

First Embodiment: -
The powder coating composition of the first embodiment

according to the present invention is composed of a particulate
material consisting of particles having a parficle size in the
range of 3-180 pm and a volume resistivity of at least 107
ohm.cm. Each of the particles contains an epoxy resin and a
curing agent for the epoxy resin.

| Any conventionally used epoxy resin may be used in the
present invention. Examples of suitable epoxy resins include
glycidyl ethers of bisphenol A, bisphenol S, bisphénol F, phenol
novolak resins and cresol novolak resins; glycidyl ester epoxy
resins; glycidyl amino epoxy resins; cycloalibhatic epoxy
resins; linear aliphatic epoxy resins; heterocyclic epoxy
resins; and halogenated epoxy resins. These epoxXy resins may be
used singly or as a mixture of two or more. Epoxy resins which
are solid at 20 ° C are generally used. But, it is possible to
use the solid epoxy resins in conjunction with liquid epoxy
resins as long as the mixed epoxy resins are solid at 20° C.

Conventional curing agents may be used for the above s
epoxy resins. Illustrative of suitable curing agents are :
aromatic amines, acid anhydrides, guanidine compounds. such as — -
dicyandiamide, and imidazole compounds.
In addition to the epoxy resin and the curing agent,



la . Lhé_epgxy_Les¥n-—aﬂd-as a charge controlling agent an acrylic resin
haV|ng an aver age partlcle size in the range of 0.05-1 [err]m and being

pres s S said particles of said particulate material, the
anmount E |c resin being 0.01-5% by wei ght based on the total
wei ght culate material ang said acrylic resin, and (a) when
sai.d particulate material has a chargeabTlity of at least 0.6 mA (as
determ ned by the

the particulate material may further contain a filler, a pigment

or the like conventional additive. -
The particulate material is blended, in a dry state
using, for example, a Henschel mixer or a Nauta mixer, with a
5 charge controlling agent selected from an acrylic resin having
an average particle size in the range of 0.05-1 pm, preferably
0.15-0.6 pm and silica whose primary particles having an average
particle size in the range of 2-500 nm, preferably 5-100 nm so
that the charge control agent deposits on the surface of the
10 particles of the particulate material. The amount of the charge
controlling agent is 0.01-5 % based dn the total weight of the
particulate material and the charge controlling agent.
The acrylic resin to be used as the charge controlling
agent is a homopolymer or a copolymer of an alkyl ester of
15 acrylic or methacrylic acid. Polymethyl methacrylates and
polymethyl acrylates are examples of suitable acrylic resins.
When frictionallly contacted with iron powder, acrylic
resins are eitherlpositively or negatively charged. Both of the
positively and negatively chargeable acrylic resins may be used
20 for the purpose of the present invention. In this case, it is
preferred that the negatively chargeable acrylic resins or a
mixture of the negatively chargeable and positively chargeable
acrylic resins be used in combination with the particulate
material which is good in chérgeability. In the case of the
25 particulate material which is relatively poor in chargeability,
then it is preferred that the particulate material be used in
combination with the positively chargeable acrylic resins or a
mixture of the positively chargeable and positively chargeable
acrylic resins. The mixing ratio of the positively chargeable
30 acrylic resin to the negatively chargeable acrylic resin is
selected so as to obtain optimum results according to the
chargeability of the particulate material. -
The ratings of "good" and "poor" in the chargeability
of the particulate material are determined by as follows:
35 Sample particulate material is discharged through a nozzle of &h
electrostatic coating gun (Model AH-1 manufactured by Nordson

Inc.) with an air pressure for discharging the particulate



Test-aefined bel ow), then said acrylic -resin is negativelymﬁha%geabLe—upgn~___

frictional contact with iron powder; or (b) when said partic e naterlal
has a chargeability of less than 0.6 mA (as determ ned by th ““‘
bel ow), then said acrylic resin is positively chargeabl e upon

contact with iron powder: Test for Detgrpining Chargeability

sampl e of particulate material through nozzle of an electrostatic coatlng
gun. (Mdel AH a manufactured by Nordson Inc., USA) with an air pressure
for material of 1.5 kg/cm2 and an air pressure for accelerating the

particulate material of 3.5 kg/cm2 while measuring the charge by
means of a charge meter equipped in the coating gun. When the
measured charge is 0.6 mA or more, the particulate material is

5 rated as being good in chargeability. When the measured charge
is less than 0.6 mA, then the particulate material is rated as
being poor in chargeability.

The amount of the acrylic resin to be blended with the
particulate material is preferably 0.1-1 $ by weight based on

10 the total weight of the acrylic resin and the particulate
material.

Silica to be used as the charge controlling agent may
be surface-treated or non-treated silica. Surface treatment of
silica is performed so as to modify the silanol groups thereof

15 with a trimethylsilyl group, aminosilyl group or the like group.

When silica is dispersed in water to form a slurry
containing 5 % by weight of the silica, the slurry shows various
pPH values according to the type thereof. The silica whose such
slurry shows a pH of less than 7 is referred to as being

20 "acidic" while the silica providing a pH of 7 or more is
referred to as being "alkaline” in the present specification.
Generally, non-treated silica is acidic because of the presence
of silanol groups, while surface~treated silica is alkaline
because the silanol groups have been modified. = ~ _

25 It is preferred that alkaline silica or a mixture of
alkaline silica and acidic silica be used in combination with
the particulate material which is good in chargeability. 1In the
case of the particulate material which is relatively poor in
chargeability, then it is preferred that the particulate

30 material be used in combination with acidic silica or a mixture
of alkaline and acidic silica. The mixing ratio of the alkaline
silica to the acidic silica is selected so as to obtain optimum
results according to the chargeability of the particulate 2
material. ) '

35 The amount of the silica to be blended with the -~
particulate material is preferably 0.01-1 % by weight, more
preferably 0.05-0.1 % by weight based on the total weight of the



di scharging the particulate material of 1.5 kg/cn2 and an air pressure for
accelerating the particulate material of 3.5 kg/cn while neasuring the
charge by neans of a charge neter with which the coatlng gun is e U|pped
In accordance with a second enbodi nent, the present i A

powder coating conposition conprising:ga_first partlcu u m
consisting of first particles having a particle size | 3 180
[err]mand a volunme resistivity of at least 10[err] ohmcm and each

cont ai ni ngsd liiicastarpate rﬁn‘ﬁh.c&ﬂﬂaﬁefméﬁérﬁﬂung agent for.the first epoxy
resi n,

-

Second Embodiment
In the second embodiment according to the present

invention, two, different, first and second charge controlling
5 agents are used and are separately deposited on different
particles of particulate material.
The particulate material described with reference to
the above first embodiment may be used in the second embodiment.
The particulate material on which the first charge controlling

10 agent is to be deposited may be the same as or different from
that on which the second charge controlling agent is to be
deposited;

The charge controlling agent is fine powder (with a
particle size of l'pm'or less) of an organic or inorganic

15 substance which is inert to the curing reaction of the epoxy
resin and which has a polar group so that it can change the
static characteristics of the particulate material when
deposited on the particulate material. Illustrative of charge
controlling agents are organic polymers containing oxygen,

20 nitrogen, sulfur or the like polar elements, inorganic oxides
and metal salts. Especially suitable is the use of the acrylic
resin or silica described with reference to the firét
embodiment. ’ - .

The two, :Eirst and second charge controlling agehts to

25 be used in the present invention should differ in static
characteristics from each other. The difference in
chargeability results from various surface properties of the
particles of the charge controlling agents, such as surface
acidity and polarity. Such a difference in static

30 characteristics may be created by, for example, surface treating
suitable organic or inorganic powder in two different manners.
The surface treatment may be, for example, a heat treatment, a
radiation treatment, a treatment with an acid or an alkali, a
chemical modification treatment and an adsorption treatment. -~

35 More specifically, by treating a powder with an organic acid and
by separately treating similar powder with an organic base,



-2- a'second particulate material consisting of second particles having a
particle size in the range of 3-180 pmand a volunme resistivity of at [east
10[ err] ohr¥his Sheeriths BeenReglded ai ni ng a second epoxy resin and a second curing
agent for th : ~resin; a first, particulate, charge controlling
agent deposi _ es - of said_figrst particulate material; and a
second, particulate, charge controlling agent

there are obtained two charge controlling agents with different
static characteristics (surface acidity). In this case, non-
treated powder may be substituted for one of the acidic and
alkaline charge controlling agents.

5 It is preferable to use a combination of first and
second charge controlling agents showing pH of 7 or more and
less than 7, respectively, when dispersed in water in an amount
of 5 § by weight. Such first and second charge controlling
agents are suitably formed of silica having unmodified silanol

10 groups and treated silica having modified silanol groups,
respectively. It is also preferable to use a combination of
first and second charge controlling agents which are positively
and negatively charged, respectively, upon contact with iron
powder. Such first and second chargé controlling agents are

15 formed of acrylic resins. Thus, those charge céontrdlling agents
described above with reference to the first embodiment are
suitably used in the second embodiment.

The coating composition according to the second
embodiment may be obtained as follows. First, two particulate

20 materials A; and B;, which may be the same or different and each
of which contains an epoxy resin and a curing agent are _
provided. Two particulate, charge controlling agents A, and B,
are then dry mixed with the baftiéulate materials A; and By,
respectively, to deposit the’charge controlling agénts A, and B,

25 on the particulate materials A; and B;, respectively, thereby to
obtain two kinds of mixtures A3 and Bz. The two mixtures A3 and
B3 are blended with each other to obtain the powder coating
composition of the present invention. The blending ratio Aj:Bg
is suitably 1:9 to 9:1, more preferably 3:7 to 7:3. The total

30 amount of A, and B, is generally in the range of 0.01-10 &,
preférably 0.1-5 % based on the total weight of Aa,, By, A, and
B,. -

The following examples will further illustrate the
present invention.

35 . -
Example 1

Powder coating compositions were prepared by dry



deposfting on surfaces of said second particul ate naterféTT“EETHfTTTSt—aﬁd-
second charge controlling agent differing in static char ahis@hdelidsGS

oh
. 5 : en R,
present invention will now be described in detail below F TRET
The powder coating conposition of the first enbodi ment acc m _
present invention is conposed of a pargiculate material co _

particles having a particle size in the range of 3-180 pmand a vol une
resistivity of at least 10[err] ohmcm Each of the particles contains an
epoxy resi blanding wheadimgeediéntst BRo@AOEY Mable 1 in proportions (% by

weight) shown in Table 1. The ingredients used are as follows:

Particulate material:
5 . EPTFOAM F-221 (manufactured by Somar Corporation)
Epoxy resin: diglycidyl ether of bisphenol A

Curing agent: dicyandiamide
Particle size: 80 mesh or finer

0l6

Volume resistivity: 5x1 ohm+cm

10 Charge: 0.7 mA (good chargeability)

EPIFOAM F-220 (manufactured by Somar Corporation)
Epoxy resin: diglycidyl ether of bisphenol A
Curing agent: imidazole
15 Particle size: 80 mesh or finer
Volume resistivity: 3x101® ohm-cm
Charge: 0.4 mA (poor chargeability)

Charge controlling agent:
20 Silica, CARPLEX FPS-3 (manufactured by Shionogi Inc.)
‘pH of 5 % sSlurry: 7.5
Average particle size: about 15 nm (primary

particles)
25 Silica, CARPLEX # 1120 (manufactured by Shionogi Inc.)
pH of 5 % Slurry: 10.7
Average particle size: about 15 nm (primary
particles)

30 _ Silica, -AEROSIL #300 (manufactured by Nihon Aerosil
Inc.)
pH of 5 % Slurry: 4 -
Average particle size: about 7 nm (primary
particles)
35 Non-treated . -



Any conventionally used epoxy resin may be used in the present invention.
Exanpl es of suitable epoxy resins include glycidyl ethers of bisphenol A

bi sphenol S, bi sphenol F,.phenol novolak resins and cresol novol ak resins;.
gl ycidyl ester epoxy resins; glycidyl am no epoxy resins; cycloaliphatic
epoxy resins; linear aliphatic epoxy-rgsins; heterocyclic epoxy resins; and
hal ogenat ed epoxy resins. These epoxy resins nmay be used singly or as a

m xture of two or nore. Epoxy resins which are solid at 20 [err] C are
general |y used, but Polymethptshethacoyleset h#Ps270d dpanpfastiured by Soken
conjunction with |icpighepoxy x€§ins as long as the mxed epoxy resins are

solid at 20 C. Conventional curing_ agents may be used for the above
Chargeability: positively charged upon contact

with iron
5 Particle size: 0.35-0.5 pm
Mw: 4x10%-10x10%

Polymethyl methacrylate, MP-1000 (manuféctured by Soken
Kagaku K. K.)
10 Chargeability: negatively charged upon contact
with iron
Particle size: 0.35-0.5 pm
Mw: 25x10%-50x4

15 The thus prepared coating compositions were tested for
their performance in electrostatic coating. The tests are
performed as follows:

A motor armature having 10 slots each having a length
of 40 mm, a diameter of 29 mm and a width of 2 mm is coated with

20 a test sample coating composition using an electrostatic
fluidized bed coating apparatus for 30 seconds at a voltage of
50 KV with a fluidizing air atmosphere of 0.2 kg/cmz. The
amount of the coating composition applied is measured. The
condition of the slots is observed to determine whether or not

25 the coating composition is got sufficiently into the the slots
to the depth thereof.

The results are summarized in Table 1.
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charge controlling agent which is an acrylic resin having an average
particle size in the range of 0.05-1 [err]m preferably-6-15-076 [err]m - so
that the charge control agent deposits on the surface of tQ@lQQ&ticles of

the particulate material. The anount of the chéaihigdhgel 4 agent is
0.01-5 % based on the total weight Qf fde partic ﬁi\ ‘\ “cand t he
har ge

charge controlling agent. The acrylic resin to b
controlling agent is a honopol ynmer or a copolymer of an alkyl ester of
acrylic oregainpaerel ic acid. Polynmethyl nethacrylates and pol ynet hyl
acryl ates are exanples af suif.abl.e agrylic, resi.ns. LCLLOR I
contacted with ironﬁaﬁmﬁﬁqre %ﬂqﬁ:éhg%n 1nefabfe meﬂ ngBEEﬂQShE ¥§ by
weight) shown in Table 2 were blended to obtain mixtures A and

B. Coating compositions were prepared by mixing the mixtures A
5 and B with each other. The ingredients used are as follows:
Particulate material:
EPIFORM F-221 (the same as used in Example 1)
Charge controlling agent:

Silica, CARPLEX # 1120 (the same as used in Example 1)
10 Silica, AEROSIL #300 (the same as used in Example 1)

Polymethyl methacrylate, MP-2701 (the same as used in

Example 1)
Polymethyl methacrylate, MP-1000 (the same as used in
Example 1)
15 - -
Table 2

Experiment No. 13 14 15
Mixture A

20 Particulate Material
F-221 49.85 49.95 49.8
Charge Controlling agent
Acrylic resin MP-2701 0.15 0.2
Silica #1120 ]
25

Mixture B
Particulate Material
F-221 49.85 | 49.95 |49.
Charge Controlling agent
30 Acrylic resin-MP-1000 { 0.15 0.1
Silica #300 0.05

27

Amount of Coating

(9) 4.3 4.1 .| 4.9
35 -~
Condition of

Coating in Slots good good good

Ty



resins are either positively or negatively charged. Both of the positively
and negatively chargeable acrylic resins may be used for the purpose of the
present invention. In this case, it is required that negatively chargeable
acrylic resins or a mxture of negatively chargeabl e and positively
chargeabl e acrylic resins be-used in conbination with particul ate nmateri al
which is good in chargeability. In thetkase of the particul ate materi al
which is relatively poor in chargeability, then it is required that the
particulatﬁxgnbggigl be used in conbination with positively chargeable
acrylic resinsTor a mxture-of the positively chargeabl e and positively
chargeabl e acrylic Expexdimentise Nas« rigl rand ol Dfwere rrpeated| ynchhegeaike

manner as described except that the coating time was changed to
60, 90, 120 and 150 seconds. The amount of the coating

5 composition depositéd to the armature was as shown in Table 3.
Table 3
'Coating Time (seconds) 30 60 90 120 150
10 Amount of Coating (g)
Experiment No. 15 4.9 17.0}7.8 8.8 9.9
Experiment No. 11* 2.5 |3.4]3.8 4.0 4.1

*: Comparative Sample

- This Sheet Has Been Reﬂlaced
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acrylic resin to the negatively chargeable acrylic resin is selected so as
to obtain optinmumresults according to the chargeability of the particul ate
ndaterial. The ratings of "good" and "poor" in the—chargeabitity of the
particulate material are determ ned by as follows »$§ﬁgkﬁsﬂéﬁkb te
material is discharged through a nozzle of an elec 4l ng gun
(Model AH1 manufactured by Nordson-nrkc.9 with an %"“[IHMHH“HH H>

di scharging the particul ate -4-

WHAT IS CLAIMED IS
1. A powder coating composition comprising a particulate

material consisting of particles having a particle size in the
range of 3-180 um and a volume resistivity of at least 107 ohm
cm and each containing an epoxy resin and a curing agent for the

5 epoxy resin, and a charge controlling agent selected from the
group consisting of an acrylic resin having an average particle
size in the rénge of 0.05-1 pm and silica whose primary
particles having an average particle size in the range of 2-500
nm, the amount of said charge controlling agent being 0.01-5 %

10 based on the total weight of said particulate material and said
charge controlling agent, and said charge controlling agent
being present on'surfaces of said particles of said particulate
material.

2. A powder coating composition comprising:
a first particulate material consisting of first
- particles having a particle size in the range of 3-180 pm and a
volume resistivity of at least 107 ohm-cm and each containing a
5 first epoxy resin and a first curing agent for the first epoxy
resin; _ | |
a second particulate material consisting of second
particles having a particle 51ze in the range of 3- 180 pm and a
volume resistivity of at least 107 ohm.cm and each contalnlng a
10 second epoxy resin and a second curing agent for the second epoxy
resin;
a first, particulate, charge controlling agent
depositing on surfaces of said first particulate material; and
a second, particulate, charge controlling agent
15 depositing on surfaces of said second particulate material, said
first and second charge controlling agent differing in
static characteristics from each other.

3. A composition ‘according to claim 2, wherein-the weight
ratio of a total of said first particulate material and said ~
first charge controlling agent to a total of said second

particulate material and said second charge controlling agent is

* c L L] s *

“h



material of 1.5 kg/cnR and an air pressure for accelerating the 2

particulate material of 3.5 kg/cmwhile neasuring the charge—by—means of a
charge neter equipped in the coating gun. Wen the meas%i%cﬁ e.eeans lagédG-

mA or nore, the particulate material is rated as being ¢

chargeability. When the neasured charge is | ess than Q. 61 H L
particulate material is rated as bei-g2peor in chargeabi [l . t of
the acrylic resin to be blended with the particulate material is preferably
0.1-1 % by wei ght based on the total weight of the acrylic resin and the
parti eul at & it@nge of 1:9 to 9:1.

-

4. A composition according to claim 2, wherein the total
amount of said first and second controlling agents is in the
range of 0.01-10 % based on the total weight of said first and
seconc particulate materials and said first and second charge

5 controlling agents.

5. A composition accbrding to claim 2, wherein said first
particulate material is the same as said second particulate
material.

6. A composition according to claim 2, wherein said first
‘and second charge controlling agents show pH of 7 or more and
less than 7, respectively, when dispersed in water in an amount
of 5 § by weight.

7. A composition according to claim 6, wherein said first
and second charge controlling agents are formed of silica having
unmodified silanol groups and treated silica having modified
silanollgroups, respectively.

8. A composition accofging to claim 2, where}n said first
and second charge controlling agents are positively and
negatively charged, respectively, upon frictional contact with
iron powder.

9. A composition according to claim 8, wherein said first
and second charge controlling agents are formed of acrylic
resins. '

O



Second Enbodi ment In the second enbodi ment according to the present

i nvention, two, different, first and second. charge controlling agents are
used and are separately deposited on different particles of particul ate
material. The particulate material described above with reference the first
enbodi nent may be used in the second enbodi ment. The particulate materi al
on which the first charge controlling agent is to be deposited may be the
same as or different from

EPOXY POWDER COATING COMPOSITION
FOR USE IN ELECTROSTATIC COATING

Abstract

A powder coating composition is disclosed which
5 includes a particulate material containing an epoxy resin and a
curing agent, and fine powder of a charge controlling agent such
as an acrylic resin, silica or a mixture thereof. The charge
controlling agent is deposited on surfaces of the particles of
the particulate material.

Thls Sheet Has Been Reﬂ
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Ys04t-5 pros

that on which the second charge controlling agent is to be deposited. The
charge controlling agent is fine powder (with a particle size of 1 pmor

| ess¥. ofc an organic or i norgani c substance whi ¢ hThisShe m ﬂ Wedcurl ng
ﬂ “ it can

reaction of the epoxy resin and which has a pol ar
change the static characteristics of the particu

deposited on the particulate material. |Illustrative of charge controlling-
agents are organic polyners containing gx ygen nitrogen, sulfur-or ‘the I'ike
pol ar el ements, jnorganic oxides:and netal salts. Especially suitable is
‘the use of the afiQH|ONPER|GATING CPYRGSTTIQN, FOR USEY FLPGCTROFEATIC, CRATING
enmbodi nent, or . This invention relates to a powder coating composition
suitable for use in electrostatic coating. .

Electrostatic coating is now used in various fields
because of -a lot of advantages thereof such as easiness in
5 controlling the thickness of coatings and absence of a step of
preheating articles to be coated. Thus, a number of powder
coating compositions are commercxally available for use in
electrostatic coating processes. Known powder coating
compositions, however, has a problem because it is difficult to

10  -obtain thick coatings having a smooth surface. Namely, when a
coating having a thickness of 250 pm or more is to be formed,
particles of the coating composition cause electrostatic
repelling so that the surface of the resulting coating becomes
non-uniform.

15 The present invention has been made with- the foregoing
problem in conventional powder coating combositions in view. In
accordance with one aspect of the present invention there is
provided a powder coating composition comprising a particulate
material consisting of particles having a particle size in the

20 range of 3-180 Jm and a volume resistivity of at least 107 ohnm-
cm and each containing an epoxy resin and a curing agent for the
epoxy resin, and a charge controlling agent selected from the
group consisting of an acrylic resin having an average particle
size in the range of 0.05-1 pm and silica whose primary

25 particles having an average particle size in the range of 2-500
nm, the amount of said charge controlling agent being 0.01-5 %
based on the total weight of said particulate material and said
charge controlling agent, and said charge controlling agent
being present on surfaces of said particles of said particulate

30 material. -

In another aspect, the piesent invention provides a
powder coating composition comprising:

a first particulate material consisting of first
particles having a particle size in the-range of 3-180 pm and a

35 volume resistivity of at least 107 ohm-cm and each containing &

first epoxy resin and a first curing agent for the first epoxy

resin; '
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silica whose primary particles have an average particle size in the range
of 2-500 nm pTe+efab+y—5~éQO—nnL.The two, first and second charge

cont fol I*i ng ageqt u$eg.in the present invention should differ in
static character other. The difference in chargeability
results fron1var operties of the particles of the charge
control ling agen rface aci-dity and polarity. Such a difference
in static characterlstlcs may be created by, for exanple, surface treating
suitabl e organic or inorganic powder imptwo di fferent manners. The surface
treatment may be, for exanple, a heat treatnent,a radiation treatnent, a
treatment with an acid or_

congjpartlcuféte material consisting of second
particles having a particle size in the range of 3-180 pm and a
volume resistivity of at least 107 ohm-cm and each containing a
second_epoxy resin and a second curing agent for the second epoxy
5 resin;
a first, particulate, charge controlling agent
depositing on surfaces of said first particulate material; and
a second, particulate, charge controlling agent-
depositing on surfaces of said second particulate material, said
10 first and second charge controlling agent differing in
static characteristics.

The present invention will now be described in detail
below.

15 First Embodiment: - -

The powder coating compoéition of the first embodiment
according to - the present invention is composed of a particulate
material consisting of particles havzng a partlcle size in the
range of 3-180 pm and a volume resistivity of at least 107

20 ohm.cm. Each of the particles contains an epoxy resin and a
curing agent for the epoxy resin.

Any conventionally used epoxy resin may be used in the
present invention. Examples of suitable epoxy resins include
glycidyl ethers of bisphenol A, bisphenol S, bisphénol F, phenol

25 novolak resins and cresol novolak resins; glycidyl ester epoxy
resins; glycidyl amino epoxy resins; cycloaliphatic epoxy
resins; linear aliphatic epoxy resins; heterocyclic epoxy
resins; and halogenated epoxy resins. These epoxy resins may be
used singly or as a mixture of two or more. Epoxy resins which

30 are solid at 20 ° C are generally used. But, it is possible to
use the solid epoxy resins in conjunction with liquid epoxy
resins as long as the mixed epoxy resins are solid at 20° c.

Conventional curing agents may be used for the above N
epoxy resins. Illustrative of suitable curing agents are .

35 aromatic amines, acid anhydrides, guanidine compounds. such as
dicyandiamide, and imidazole compounds.

In addition to the epoxy resin and the curing agent,

.~
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chem cal nvdr%#ea%pan_LLgatnent and an adsorption treatnment. Mre
spechicaII treatlng a powder with an organic acid and by separately
treafing S|m g0 Repladed an or gani ¢ base, -6- there are obtained two
char ge contro i ﬂ ! th different static characteristics (surface

acidity). ; : on- treated powder may be substituted for one of
the acidic and alkaline charge controlsl Lng agents. It is preferable to use
a conbination of first and

the particulate material may fﬁrther contain a filler, a pigment
or the like conventional additive. .
The particulate material is blended, in a dry state
using, for example, a Henschel mixer or a Nauta mixer, with a
S charge controlling agent selected from an acrylic resin having
an average particle size in the range of 0.05-1 pm,:preferably
0.15-0.6 pm and silica whose primary particles having an average
particle size in the range of 2-500 nm, preferably 5-100 nm so
that the charge control agent deposits on the surface of the
10 particles of the particulate material. The amount of the charge
controlling agent is 0.01-5 % based on the total weight of the
particulate material and the charge controlling agent.
The acrylic resin to be used as the charge controlling
agent is a homopolymer or a copolymer of an alkyl ester of
15 acrylic or methacrflic acid. Polymethyl methacrylates and
polymethyl acrylates are examples of suitable acrylic resins.
When frictionallly contacted with iron powder, acrylic
resins are either positively or negatively charged. Both of the
positively and negatively chargeable acrylic resins may be used
20 for the purpose of the present invention. In this case, it is
preferred that the negatively chargeable acrylic resins or a
mixture of the negatively chargeable and positively chargeable
acrylic resins be used in cohbination with the particulate
material which is good in ch;rgeability. In the case of the
25 particulate material which .is relatively poor in chargeability,
then it is preferred that the particulate material be used in
combination with the positively chargeable acrylic resins or a
mixture of the positively chargeable and positively chargeable
acrylic resins. The mixing ratio of the positively chargeable

30 acrylic resin to the negatively chargeable acrylic resin is
selected so as to obtain optimum results according to the
chargeability of the particulate material. N

The ratings of "good" and "poor" in the chargeability
of the particulate material are determined by as follows:
35 | sample particulate material is discharged through a nozzle of @h
electrostatic coating gun (Model AH-1 manufactured by Nordson
Inc.) with an air pressure for discharging the particulatel
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second charge controlling agents showing pH of 7 or nore and | ess than 7,
respectively, when dispersed in water in an anount of 5 % by wei ght. Such
first. and second charge controlling agents are sur&aﬂk&}ﬁpg&ﬁﬂzlm
respectlvely, of silica having nodified silanol e nDdIerd
with trimethylsilyl groups or am nosilyl groups an ml mum

unnmodi fied silanol groups. It is also preferable t atlon of
first and second-charge controlling agents which are positively and
negatively charged, respectively, upom éontact with iron powder. Such first
and second charge controlling agents are formed of acrylic resins, as
descri bed above Watdyigf &f qngekgkm?h@ndf hi glremghw%r accelerating the

particulate material of 3.5 kg/cm vhile measuring the charge by

means of a charge meter equipped in the coating gun. When the
measured charge is 0.6 mA or more, the particulate material is

5 rated as being good in chargeability. When the measured charge
is less than 0.6 mA, then the particulate material is rated as
being poor in chargeability. '

The amount of the acrylic resin to be blended with the
particulate material is preferably 0.1-1 % by wexght_based on

10 the total weight of the acrylic resin and the particulate
material. .

Silica to be used as the charge controlling agent may
be surface-treated or non-treated silica. Surface treatment of
silica is performed so as to modify the silanol groups thereof

15 with a trimethylsilyl group, aminosilyl group or the like group.

' When silica is dispersed in water to form a slurxy
containing 5 & by weight of the silica, the slurry shows various’
pH values according to the type thereof. The silica whose such
slurry shows a pH of less than 7 is referred to as being

20 vacidic" while the silica providing a pH of 7 or more is
referred to as being "alkaline" in the present specification.
Generally, non-treated silica is acidic because of the presence
of silanol groups, while surface-treated silica is alkaline
because the silanol groups have been modified. -

25 It is preferred that alkaline silica or a mixture of
alkaline silica and acidic silica be used in combination with
the particulate material which is good in chargeability. In the
case of the particulate material which is relatively poor in
chargeability, then it is preferred that the particulate

30 material be used in combination with acidic silica or a mixture
of alkaline and acidic silica. The mixing ratio of the alkaline
silica to the acidic silica is selected so as to obtain optimum
results according to the chargeability of the particulate a
material. ' .

35 The amount of the silica to be blended with the .-
particulate material is preferably 0.01-1 % by weight, more
preferably 0.05-0.1 % by weight based on the total weight of the
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The coating conmposition according to the second enbodi nent may be obtained- .
as follows. First, tw particulate materials Alerr] and B[err], which may

be the sane or different and each of which contains an epoxy resin amda

curing agent are provided. Two particulate, charge control |iThg sBQERLiS
and B2 are then dry mxed with the particulate materials Afler Iﬂm 'weﬁ‘rd

respectively, to deposit the charge comrolling agents A2 and MF
particulate materials Alerr] and B[err], respectively, thereb

two kinds of m§1ﬂ£ﬁagga‘@g BB icliiged WR Ol Xhures A3 and B3 are bl ended
o obtain the po >

wi th each other t er coating conposition of the present
I nvention. The blending ratio A3:B[err] is suitably 1:9 to 9:1, nore
preferably 3:7 §econdiEmipgiment g

In the second embodiment according to the present
invention, two, different, first and second charge controlling
5 agents are used and are separately deposited on different
particles of particulate material.
The particulate material described with reference to
the above first embodiment may be used in the second embodiment.
The particulate material on which the first charge. contrelling

10 agent is to be deposited may be the same as or different from
that on which the second charge controlling agent is to be
deposited.

The charge controlling agent is fine powder (with a
particle size of 1 pm or less) of an organic or inorganic

15 substance which is inert to the curing reaction of the epoxy
resin and which has a polar group so that it can change the
static characteristics of the particulate material when
deposited on the particulate material. Illustrative of charge
controlling agents are organic polymers containing oxygen,

20 nitrogen, sulfur or the like polar elements, inorganic oxides
and metal salts. Especially suitable is the use of the acrylic
resin or silica described with reference to the first
embodiment. _ . -

The two, first and second charge controlling agents to

25 be used in the present invention should differ in static
characteristics from each other. The difference in
chargeability results from various surface properties of the
particles of the charge controlling agents, such as surface
acidity and polarity. Such a difference in static _

30 characteristics may be creatéd by, for example, surface treating
suitable organic or inorganic powder in two different manners.
The surface treatment may be, for example, a heat treatment, a _
radiation treatment, a treatment with an acid or an alkali, a
chemical modification treatment and an adsorption treatment. -~

35 More specifically, by treating a powder with an organic acid and
by separately treating similar powder with an organic base,
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A[_eLq_and—BPe#]L--i—s generally in the range of 0.01-10 %
preferably 0.1-5 %based

he total weight of Alerr], Blerr], A2 and
s wll further illustrate the present
_coatlng conp05|t|ons were prepared by dry

'I -shown in Table 1 in proportions (% by
-6 -

Qn

there are obtained two charge controlling agents with different
static characteristics (surface acidity). In this case, non-
treated poﬁder may be substituted for one of the acidic and
alkaline charge controlling agents.

It is preferable to use a combination of first and
second charge éontrolling agents showing pH of 7 or more and
less than 7, respectively, when dispersed in water in an amount
of 5 $ by weight. Such first and second charge controlling.
agents are suitably formed of silica having unmodified silanol
groups and treated silica having modified silanol groups,
respectively. It is also preferable to use a combination of
first and second charge controlling agents which are positively
and negatively charged, respectively, upon contact with iron
powder. Such first and second charge controlling agents are -
formed of acrylic resins. Thus, those charge contrSlling agents
described above with reference to the first embodiment are

. suitably used in the second embodiment.

The coating composition according to the second

_embodiment may be obtained as follows. First, two particulate

materials A; and Bj, which may be the same or different and each
of which contains an epoxy resin and a curing agent are
provided. Two particulate, charge controlling agents Ay and By
are then dry mixed with the particulate materials A; and By,
respectively, to deposit the charge controlling aggnts A, and By
on the particulate materials A; and Bj, respectively, thereby to

obtain two kinds of mixtures A3 and B3. The two mixtures A3 and -

B3 are blended with each other to obtain the powder coating
composition of the present invention. The blending ratio A3:B5
is suitably 1:9 to 9:1, more preferably 3:7 to 7:3. The total
amount of A, and B, is generally in the range of 0.01-10 %,
preferably 0.1-5 % based on the total weight of Ay, By, A2 and
B,.

The following examples will further illustrate the
present invention.

Example 1

Powder coating compositions were prepared by dry
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wei ght) shown in Table 1. The ingredients used are as follows: Particul ate
material: 5 EPI FOAM F- 221 (nmanufactured by Sonmar Cor poration)
Epoxy resin: diglycidyl ether of bisphenol A Curing agent: dicyandi am de
Particle size: 80 mesh or finer Volune resistivity: 5x1016 ohmcm 10
Charge: 0.7 mA (good chargeability) EPI.FOAM F-220 (nmanufactured by Somar
Cor poration) Epoxy resin: diglycidyl ether of bisphenol A Curing agent:
i m dazol e 15 Particle size: 80 nmesh or finer

blending the ingredients shown in Table 1 in proportions (% by

weight) shown in Table 1. The ingredients used are as follows:

Particulate material:
5 . EPIFOAM F-221 (manufactured by Somar Corporation)
Epoxy resin: diglycidyl ether of bisphenol A
Curing agent: dicyandiamide '
Particle size: 80 mesh or finer

Volume resistivity: 5x101% ohm-cm
10 Charge: 0.7 mA (good chargeability)

EPIFOAM F-220 (manufactured by Somar Corporation)
Epoxy resin: diglycidyl ether of bisphenol A
Curing agent: imidazole
15 Particle size: 80 mesh or finer T
Volume resistivity: 3x101% ohm-cm
Charge: 0.4 mA (poor chargeability)

Charge controlling agent: . :
20 Silica, CARPLEX FPS-3 (manufactured by Shionogi Inc.)
pH of 5 % Slurry: 7.5
Average particle size: about 15 nm (primary

particles)
25 Silica, CARPLEX # 1120 (manufactured by Shionogi Inc.)
pH of 5 % Slurry: 10.7
Average particle size: about 15 nm (primary

particles)
30 . Silica, AEROSIL #300 (manufactured by Nihon Aerosil
Inc.)
pH of 5 % Slurry: 4
Average particle size: about 7 nm (primary i
particles)
35 ' Non-treated : . -
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Vol une resistivity: 3x1016 ohmcm Charge: 0.4 mA (poor chargeability)

Charge control ling agent: 20 Silica, CARPLEX FPS-3
(manufaetured by Shionogi Inc.) pHof 5 %Slurry: .7.5 Average particle

si ze: about ‘15 nm (primary particles) 25 Silica, CARPLEX # 1120
(manuf agtured by Shionogi Inc.) pHof 5 %Slurry: 10.7 Average particle
size: about 15 nm (primary particles) 30 Silica, AEROCSIL #300

(manuf actured by N hon Aerosil -5 .-

Polymethyl methagrylate, MP-2701 (manufactured by Soken
Kagaku K. K.) -
Chargeability: positively charged upon contact
' with iron
5 " particle size: 0.35-0.5 pm
Mw: 4x10%-10x104

Polymethyl methacrylate, MP-1000 {manufactured by Soken
Kagaku K. K.)

io Chargeability: negatively charged upon contact

| with iron

Particle size: 0.35-0.5 pm

Mw: 25x10%-50x*

15 The thus prepared coating compositions were tested for
their performance in electrostatic coating. The tests are
performed as follows:

A motor armature having 10 slots each having a length
of 40 mm, a diameter of 29 mm and a width of 2 mm is coated with

20 a test sample coating composition using an electrostatic
fluidized bed coating apparatus for 30 seconds at a voltage of
50 KV with a fluidizing air atmosphere of 0.2 kg/cmz, The
amount of the coating composition applied is measured. The
condition of the slots is obServed to determine wheéther or not

25 the coating composition is got sufficiently into the the slots
to the depth thereof.

The results are summarized in Table 1.
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with iron 5 Particle size: 0.35-0.5 [err]m Mv. 4x10[err]
-10x10[err] Pol ynmet hyl nethacrylate, MP-1000 (manufactured by Soken Kagaku
K. K" 10 Chargeability: negatively charged upon contact
with irom Particle size: 0.35-0.5 [err]m Mv. 25x10[err]-50x[err] 15

The thus prepared coating conpositions.were tested for their performance in
el ectrostatic coating. The tests are performed as foll ows:

- 10 -

Example 2
The ingredients shown in Table 2 in proportions (% by
weight) shown in Table 2 were blended to obtain mixtures A and
B. Coating compositions were prepared by mixing the mixtures A
5 and B with each other. The ingredients used are as follows:

Particulate material: )

EPIFOAM F-221 (the same as used in Example 1)
Charge controlling agent:

Silica, CARPLEX # 1120 (the same as used in Example 1)

10 Silica, AEROSIL #300 (the same as used in Example 1)
Polymethyi methacrylate, MP-2701 (the same as used in
Example 1) . '
Polymethyl methacrylate, MP-1000 (the same as used in
Example 1)
15 - -
Table 2
Experiment No. 13 14 15
Mixture A
20 ' Particulate Material
F-221 49.85 49.95 49.8
Charge Controlling agent
Acrylic resin MP-2701 0.15 0.2
Silica #1120 ) 0.03
25
Mixture B
Particulate Material .
F-221 ' 49.85 49.95 |49l9
Charge Controlling agent :
30 Acrylic resin MP-1000 ! 0.15 0.1
’ Silica £300 Y 0.05
Amount of Coating
(9) ' 4.3 4.1 .{ 4.9
35 l v
Condition of
Coating in Slots good good good

- This is ihe replacemant sheet’
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A notor armature having 10 slots each having a length of 40 nm a dianeter
of 29 mmand a width of 2 mmis coated with 20
conposi tion using an electrostatic fluidized bed coating apparatus for 30
seconds at a voltage of 50 KV with a fluidizing air atnosphere of 0.2

kg/ cn2. The anpunt of the coating conposition applied is nmeasured. The
condition of the slots is observed toldetermn ne whether or not 25 t he
coating conposition is got sufficiently into the the slots to the depth
thereof. The regadis are summarized in Table 1.

Experiments Nos. 11 and 15 were repeated in the same
manner as described except that the coating time was changed to

60, 90, 120 and 150 seconds.

a test sanple coating

The amount of the coating

5 composition deposited to the armature was as shown in Table 3.
Table 3
|Coating Time (seconds) 30} 60 20 120 150
10 Amount of Coating (g)
Experiment No. 15 4.9 . 7.8 8.8 9.9
Experiment No. 11%* .513.4]3.8 4.0 4.1

*: Comparative Sample
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-9- [err] - 10 _ Exanple 2 The ingredients shown in Table 2 in
proportions (% by weight) shown in Table 2 were bl ended to obtain m xtures
A and B:  Coating conpositions were prepared by m Xi ngTkiShettisé Beer Rephical.

and B wi-th each other. The ingredients used are as fol I“m ||I| “ll | :

-1 -

WHAT IS CLAIMED IS
1. A powder coating composition comprising a particulate
material consisting of particles having a particle size in the
range of 3-180 um and a volume resistivity of at least 107 ohm
cm and each containing an epoxy resin and a curing agent for the
5 epoxy resin, and a charge controlling agent selected from the

group consxstlng of an acrylic resin having an average particle
size in the range of 0.05-1 pm and silica whose primary
particles having an average particle size in the range of 2-500
nm, the amount of said charge controlling agent being 0.01-5 %.

10 based on the total weight of said particulate material and said
charge controlling agent, and said charge controlling agent
being present on surfaces of said particles of said particulate
material.

2. A powder coating composition comprising:
a first particulate material consisting of first
. particles having a particle size in the range of 3-180 pm and a
volume resistivity of at least 107 ohm-cm and each containing a
5 first epoxy resin and a first curing agent for the first epoxy
resin; . -
a second particulate material consisting of second
particles having a particle sxze in the range of 3- 180 pm and a
volume resistivity of at least 107 ohm.cm and each contalnlng a
10 second epoxy resin and a second curing agent for the second epoxy
resin;
a first, particulate, charge controlling agent
depositing on surfaces of said first particulate material; and
a second, particulate, charge controlling agent
15 depositing on surfaces of said second particulate material, said
. first and second charge controlling agent differing in
static characteristics -from each other.

3. A composition according to claim 2, wherein-the weight
ratio of a total of said first particulate material and said
first charge controlling agent to a total of said second

particulate material and said second charge controlling agent is
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Particutate material: EPI FOAM F-221 (the sanme as used in Exanple 1) Charge
controlling agent: Silica, CARPLEX # 1120 (the sane as used in Exanple 1)
10 .- < Silica, AERCSIL #300 (the same as used in Exaifd €heek Hafistey badl

met hacryl ate, MP-2701 (the same as used in Exanple 1) Pol m“““ﬂ“ﬂ“ | t
men

met hacryl ate, MP-1000 (the sanme as usgd in Exanple 1) 15

No. 13 15

5 in the range of 1:i9 to 9:1.

4. A composition according to claim 2, wherein the total
amount of said first and second controlling agents is in the
range of 0.01-10 & based on the total weight of said first and
seconc particulate materials and said first and second charge

5 controlllng agents.

5. A composition according to claim 2, wherein said first
particulate material is the same as said second particulate
material.

6. A composition according to claim 2, wherein said first
and second charge éontrolling agents show pH of 7 or more and
less than 7. respectively, when dispersed in water in an amount
of 5 % by weight.

7. A composition according to claim 6, wherein said first
and second chargelcontrolling agents are formed of silica having
unmodified silanol groups and treated silica having modified
silanol'grqups, respectively.

8, A composition accof?ing to claim 2, whereén said first
and second charge controlling agents are positively and
negatively charged, respectively, upon frictional contact with
iron powder.

9. A composition according to claim 8, wherein said first
and second charge controlling agents are formed of acrylic
resins. '

T
MU _
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M xture A 20 Particul ate Material F-221 49. 85

49.95 49.8 Charge Controlling agent Acrylic resin MP-2701 0. 15

0.2 Siltca #1120 0.05 25 M xture B Particulate

Mat eri al- F-221 ' 49. 85 49. 95 49.9 Charge Controlling
agent 30 Acrylic resin MP-1000 1 0.15 0.1

EPOXY POWDER COATING COMPOSITION
FOR USE IN ELECTROSTATIC COATING

Abstract

A powder coating composition is disclosed which
5 includes a particulate material containing an epoxy resin and a
curing agent, and fine powder of a charge controlling agent such
as an acrylic resin, silica or a mixture thereof. The charge
controlling agent is deposited on surfaces of the particles of

the particulate material.
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Epoxy Powder Coating Composition For Use In Electrostatlc e
Coating

This invention relates to a powder coating
composition suitable for use in electrostatic coating.

Electrostatic coating is now used in various fields
because it has a lot of advantages, such as easiness in
controlling the thickness of coatings and absence of a step
of preheating articles to be coated. Thus, a number of
powder coating compositions are commercially available for
use in electrostatic coating processes. Known powder coating
compositions, however, have a problem that it is difficult to
obtain thick coatings having a smooth surface. Namely, when
a coating having a thickness of 250 um or more is to be
formed, particles of the coating composition cause
electrostatic repelling so that the surface of the resulting
coating becomes non-uniform.

The present invention has been made with the
foregoing problem in conventional powder coating compositions
in view. ,

EP-A-0389080 discloses powder coating compositions
which comprise particles of a thermoplastic or thermosetting
resin carrying at least on the surface thereof microparticles
of such a resin having specified glass transition temperature
and solubility characteristics. Examples are given where the
substrate resin is an epoxy resin and the microparticulate
coating thereon is formed of an acrylic resin.

JP-A-1168772 discloses powder coating compositions
which comprise a mixture of an epoxy resin, a phenolic curing
agent and finely divided, substantially anhydrous silica.

In accordance with a first embodiment of the present
invention there is provided a powder coating composition
comprising a particulate material consisting of particles
having a particle size in the range of 3-180 um and a volume
resistivity of at least 10’ ohm.cm and each containing an
epoxy resin and a curing agent for

This is ihe replacement sheet
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,pafticulate material consisting of particles having a particle size in the
“*range of 3-180 [err]mand a volune resistivity of at least 10[err] ohmcm
and -each corttai ning an epoxy resin and a curing agent for the epoxy resin,
and as a charge controlling agent an acrylic resin having an average
particle size in the range of 0.05-1 [err]m and being present on surfaces
of said particles of said particulate nggerial, the amount of said acrylic
resin being 0.01-5% by wei ght based on the total weight of said particul ate
material and said acrylic resin, and (a) when said particulate naterial has
a char geabi l:hteye%%x%'t Ileesaisrg, Oargsd rraloé_(z=1aSchdz:\ertg(?er rgor}l,drobfllﬂlf agent an

acrylic resin having an average particle size in the

range of 0.05-1 pum and being present on_surfaces of said

particles of said particulate material, the amount of

saild acrylic resin being 0.01-5% by weight based on the

total weight of said particulate material and said

acrylic resin, and

(a) when said particulate material has a

chargeability of at least 0.6 mA (as determined by the

Test defined below), then said acrylic -resin is

negatively chargeable upon frictional contact with iron

powder; or

(b) when said particulate material has a

chargeability of less than 0.6 mA (as determined by the

Test defined below), then said acrylic resin is

positively chargeable upon frictional contact with iron

powder:

Test for Determining Chargeability

Discharge sample of particulate material through nozzle
of an electrostatic coating gun. (Model AH-a manufactured
by Nordson Inc.,.USA) with an air pressure for
discharging the particulate material of 1.5 kg/cm?® and an
air pressure for accelerating the particulate material of
3.5 kg/cm? while measuring . the charge by means of a
charge meter with which the coating gun is equipped.

In accordance with a second embodiment, the
present invention provides'a powder coating composition
comprising: .

a first particulate material consisting of
first particles having a particle size in the range of

" 3-180 pm and a volumeurésistivity of.atlleast 107 ohm.cm
and each containing a first epoxy resin and a first

curing agent for.thé first epoxy resin; |
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;Tes't;' defined below), then said acrylic resin is negatively chargeabl e upon
frictional contact with iron powder; or (b) when said particul ate materi al
has a chargeability of less than 0.6 mA (as determined by the Test defined
bel ow), then said acrylic resin is positively chargeabl e upon frictional
contact with iron powder: Test for Determ ning Chargeability Di scharge
sanple of particulate material threowh nozzle of an electrostatic coating
gun (Model AH 1 nmanufactured by Nordson Inc., USA) with an air pressure for
a second particulate material consisting of second
particles having a particle size in the range of 3-180 pm and a
volume resistivity of at least 107 ohm-.cm and each containing a
second epoxy resin and a second curing agent for the second epoxy
resin;
a first, particulate, charge controlling agent
depositing on surfaces of said first particulate material; and
a second, particulate, charge controlling agent
depositing on surfaces of said second particulate material, said
first and second charge controlling agent differing in
static characteristics. '
The present invention will now be described in detail
below.

First Embodiment:

The powder coating composition of the first embodiment

according to the present invention is composed of a particulate

. material consisting of particles having a particle size in the
range of 3-180 pm and a volume resistivity of at least 107
ohm.-cm. Each of the particles contains an epoxy resin and a
curing agent for the epoxy resin.

Any conventionally used epoxy resin may be used in the
present invention. Examples of suitable epoxy resins include
glycidyl ethers of bisphenol A, bisphenol S, bisphenol F, phenol
novolak resins and cresol novolak resins; glycidyl ester epoxy
resins; glycidyl amino epoxy resins; cycloaliphatic epoxy
resins; linear aliphatic epoxy resins; heterocyclic epoxy
‘resins; and halogenated epoxy resins. These epoxy resins may be
used singly or as a mixture of two or more. Epoxy resins which
are solid at 20 ° C are generally used. but, it is possible to
use the solid epoxy resins in conjunction with liquid epoxy
resins as long as the mixed epoxy resins are solid at 20°C.

Conventional curing agents may be used for the above
epoxy resins. Illustrative of suitable curing agents are
aromatic amines, acid anhydrideé, guanidine compounds such as
dicyandiamide, and imidazole compounds.

In addition to the epoxy resin and the curing agent,
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discharging the particulate material of 1.5 kg/cn2 and an air pressure for

accelerating the particulate material of 3.5 kg/cnferr] .while nmeasuring

the charge by means of a charge neter with which the coating gun is _
equi pped. -13- 2. A conposition according to Claim1l, wherein said

~acrylic resin has a particle size in the range of. 0.15-0.6 [err]m 3.

A conposition according to Caim1l 9r_CIain12;

the particulate material may further contain a,fil}er, a
pigment or the like conventional additive.

The particulate -material is blended, in 'a dry state
using, for example, a Henschel mixer or a Nauta mixer, with a
charge controlling agent which is an acrylic resin having
an average particle size in the';ange of 0.05-1 pm, preferably
0.15-0.6 pm, so that the charge control agent deposits on the
surface of the particles of the particulate. material. The
amount of the charge controlling agent is 0.01-5 % based on_
the total weight of the particulate material and the charge
controlling agent;

The acrylic resin to be used as the charge controlling
agent is a homopolymer or a copolymer of an alkyl ester of
acrylic or methacrylic acid. Polymethyl methacrylates and
polymethyl acrylates are examples of suitable acrylic resins.

When frictionallly'contacted with iron powder, acrylic
resins are either positively or ﬁegatively charged. Both of the
positively and negatively chargeable acrylic resins may be used
for the purpose of the present invention. In this case, it is

required that negatively chargeable acrylic resins or a
mixture of negatively chargeable and positively'chargeable
acrylic resins be-used in combination.with particuiate
material which'is_good'in‘chargeability. In the case of the
particulate material which is relatively poor in chargeability,
then it is required that the partiéﬁlate'ﬁaterial be used in
combination with positively chargeable acrylic resins or a
mixture of the positively chargeable and positively chargeable
acrylic resins. The mixiné ratio of the positively chargeable
acrylic resin to the negatively chargeable acrylic resin is
selected ‘so as to obtain optimum results according to the
chargeability of the particulate material.’

The ratings. of “gbbd" and."ppor" in" the chargeability
ofithé'parﬁiculate-méﬁerial are determined by as follows:- -
Sample éarticulate material is discharged through a nozzle of an

‘electrostatic coating gun (Model AH—l'manufactured‘by Nordson
'Incl)lwith“ap air pressure for discha:ging the particulate
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‘whérein said amount of said acrylic resin is 0.1-1% by weight. 4. A
"powder coating conposition conprising: a first particulate nateri al

consi sti'ng of first particles having a particle size in the range of 3-180
[err]mand a volunme resistivity of at least 10[err] ohmcm and each .
containing a first epoxy resin and a first curing agent for the first epoxy
resin;, a second particulate material consisting of second particles having
a particle size in the range of 3-180 [err]mand a volune resistivity of at
| east 10[err] ohmcm and each containing a second epoxy resin and a second

-4 -

material of 1.5 kg/cm2 and an air pressure for accelerating the
particulate material of 3.5 kg/cm2 while measuring the charge by
means of a charge meter equipped in the coating gun. When the
measured charge is 0.6 mA or more, the particulate material is
rated as being good in chargeability. When the measured charge
is less than 0.6 mA, then the particulate material is rated as
being poor in chargeability.

The amount of the acrylic resin to be blended with the
particulate material is preferably 0.1-1 % by weight based on

the total weight of the acrylic resin and the particulate
material.
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curing agent for the second epoxy resin; a first, particulate, charge
“control ling agent depositing on surfaces of said first particulate
materiak; and a second, particulate, charge controlling agent depositing on
surfaces of said second particulate material, said first and second charge
controlling agent differing in static characteristics fromeach other. 5.

A conposition according to Caim4, wherein the weight ratio of the total

of said first particulate material. gnd said first charge controlling agent
to the total of sald second particulate material and said second

Second Embodiment

In the second embodiment according to the present
invention, two, different, first and second charge coﬁtrolling
agents'are used and are separately deposited on different
particles of particulate material. I _

The particulate material described above with reference
the first embodiment may be used in the second embodiment. .
The particulate material on which the first charge controlling
agéht'is to be deposited may be the same as or different from
that on.which tﬁe'second charge controlling agent is to be -
deposited. ' o '

The charge controlling agent is fine péwder (with a
particle size of 1 pm or less) of an organic . ox inorganic
substance which is inert to the curing reaction of the epoxy
resin and which has a polar group so that it can change the

" static characteristics of the particulate material when
deposited on the particulate material. Illustrative of charge
controlling agents are organic polymers conﬁaining oxygen,
nitrogen, sulfur or the like polar elements, inorganié oxides

and metal salts. Especially suitable is the use of the acrylic
resin described with reference to the first embodiment, or

silica whose primary particles have an average particle size
in the range of 2-500 nm, preferably 5-100 nm.

The two, first and second charge controlling agents to
be used in the present invertion should differ in static
characteristics from each other. The ‘difference in
chargeability results from various surface properties of the
particles of the charge controlling agents, such as surface
acidity and polarity. Such a difference in static
characteristics may be created by, for example, surface treating
suitable organic or inorganic powder in two different manners.
The surface treatment may be, for example, a heat -treatment, a
radiation treatment, a treatment with an acid or an.alkali, a.
chemical modification treatment and an adsorption treatment.-
More specifically, by treating a powder with .an organic acid and
by separately treating similar powder with an organic base,
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charge controlling agent is in the range of 1:9 to 9:1. -14- 6. A
‘conposition according to Caim4 or Caimb5, wherein the total anount of
said first afnd second controlling agents is in the range of 0.01-10% based
on the total weight of said first and second particulate materials and said
first and second charge controlling agents. 7. A conposition according.
to any one of- Clains 4-6,

-6 -

there are obtained two charge controlling agents with different
static characteristics (surface acidity). In this case, non-
treated powder may be substituted for one of the acidic and
alkaline charge controlling agents. |

It is preferable to use a combination of first -and
second charge controlling agents showing pH of 7 or more and
less than 7, respectively, -when dispersed in water in an amount

of 5 % by weight. Such first and second charge controlling
agents are suitably formed, respectively, of silica. having
modified silanol groups for example modified with .
trimethylsilyl groups or aminosiiyl groups and silica having
unmodified silanol groups. It is also preferable to use a
combination of first and second charge controlling agents
which are positively and negatively charged, respectively, .
upon. contact with iron powder. such first and second charge
controlling agents are formed of acrylic resins, as described
above with reference to the first embodiment.

The coating composition according to the second
embodiment may be obtained as follows. First, two particulate
materials A; and Bj, which may be the same or different and each
of which contains an epoxy resin and a curing agent are
provided. Two particulate; charge .controlling agents A, and B,
are then dry mixed with.the particulate materials A; and B,,
respectively, to deposit the charge controlling agents A, and B,
on the particulate materials A; and B, respectively, thereby to
obtain two kinds of mixtures Aj and B3. The two mixtures Aj and
B3 are blended with each other to obtain the powder coating
composition of the present invention. The blending ratio A3:B,
is suitably 1:9 to 9:1, more p:eferably-3:7-t6 7:3. The total
amount of A, and B, is éenerally in the range of 0.01-10 %,
preferably 0.1-5 % based on.the total weight of Ay, By, Ay and
B,.

The followzng examples’ w111 further illustrate the
‘present invention.’ '

.Example 1l

Powder coating,comppsitiéns-were prepared by dry
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wherein said first particulate material is the sane as said second
~particulate material. 8. A conposition-according to any one of Cains
4-7, whereim said first and second charge controlling agents exhibit a pH

of 7 or

nore and | ess than 7, respectively, when dispersed in water in an

anount of 5% by weight. 9. A conposition according to Caim8, wherein
said first charge controlling agent is fornmed of treated silica having
modi fi ed silanol groups and said second charge controlling agent is forned
of silica having unnodified silanol grazps, respectively. 10. A
conposition according to any one of Clainms 4-7,

CLAIMS:

1. A powder coating composition comprising a
particulate material consisting of particles having a
particle size in the range of 3-180 um and a volume
resistivity of at least 107 ohm.cm and each containing an
epoxy resin and a curing agent for the epoxy resin, and
as a charge controlling agent an acrylic resin having an
average particle size in the range of 0.05-1 um and being
present on surfaces of said particles of said particulate
material, the amount of said acrylic resin being 0.01-5%
by weight based on the total weight of said particulate
material and said acrylic resin, and

(a) when said particulate material has a
chargeability of at least 0.6 mA (as determined by the
Test defined below), then said acrylic resin is
negatively chargeable upon frictional contact with iron
powder; or

(b) when said particulate material has a
chargeability of less than 0.6 mA (as determined by the
Test defined below), then ‘said acrylic resin is
positively chargeable upon frictional contact with iron
powder: '

Test for Determining Chargeability

Discharge sample of particulate material through nozzle
of an electrostatic coating gun (Model AH-1 manufactured
by Nordson Inc., USA) with an air pressure for
discharging the particulate material of 1.5 kg/cm? and an
air pressure for accelerating the particulate material of
3.5 kg/cm? while measuring the charge by means of a
charge meter with which the coating gun is equipped.
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wherein said first and second charge controlling agents are formnmed of
~facrylic resins. 11. A conposition according to Caim10, wherein said
first and second charge controlling agents are positively and negatively
charged,. respectively, upon frictional contact with iron powder.

-13-

2. A composition according to Claim 1, wherein said
acrylic resin has a particle size in the range of
0.15-0.6 pum.

3. A composition according to Claim 1 or Claim 2,
wherein said amount of said acrylic resin is 0.1-1% by
weight. '
4. A powder coating composition comprising:

a first particulate material consisting of first
particles having a particle size in the range of 3-180 um
and a volume resistivity of at least 107 ohm.cm and each
containing a first epoxy resin and a first curing agent
for the first epoxy resin;

a second particulate material consisting of
‘'second particles having a particle size in the range of
3-180 pm and a volume resistivity of at least 10’ ohm.cm
and each containing a second epoxy resin and a second
curing agent for the second epoxy resin;

a first, particulate, charge controlling agent
' depositing on surfaces of said first particulate
material; and

a second, particulate, charge controlling agent
depositing on surfaces of said second particulate
material, said first and second charge controlling agent
differing in static characteristics from each other.

5. A composition according to Claim 4, wherein the
weight ratio of the total of said first particulate
material and said first charge controlling agent to the
total of said second particulate material and said second
charge controlling. agent is in the range of 1:9 to 9:1.
This is the replacement sheet
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~14-

6. A composition according to Claim 4 or Claim 5,
wherein the total amount of said first and second
controlling agents is in the range of 0.01-10% based on
the total weight.of said first and second particulate
materials and said first and second charge controlling

agents.

7. A composition according to.any one of Claims 4-6,
wherein said first particulate material is the same as
said second particulate material.

8. A composition according to any one of Claims 4-7,
wherein said first and second charge controlling agents
exhibit a pH of 7 or more and less than 7, respectively,
when dispersed in water in an amount of 5% by weight.

9. A composition according to Claim 8, wherein said
first charge controlling agent is formed of treated silica
having modified silanol groups and said second charge
controlling agent is formed of silica having unmodified
silanol groups, respectively,

l0. A composition according to-any one-of Claims 4-7,
wherein said first and second.charge controlling agénts*
are formed of acrylic resins.

1i. A composition according to Claim 10, wherein said
first-and second charge controlling agents are positively
and negatively charged, respectively, upon frictional
contact with iron powder.
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