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3 This invention relates to the field of electrostatic
4 imaging and, more particularly, to liguid toners containing
5 charge directors and charge priming agents.

6 ACKGRO O INV

7 In the art of electrostatic photocopying or photo-
8 printing, a latent electrostatic image is generally produced
8 by first providing a photoconductive imaging surface with a
10 uniform electrostatic charge, e.g. by exposing the imaging
11 surface to a charge corona. The uniform electrostatic charge
12 is then selectively discharged by exposing it to a modulated
13 beam of light corresponding, e.g., to an optical image of an
14 original to be copied, thereby forming an electrostatic
15 charge pattern on the photoconductive imaging surface, i.e.
16 a latent electrostatic image. Depending on the nature of the
17 photoconductive surface, the latent image may have either a
18 positive charge (e.g. on a selenium photoconductor) or a
19 negative charge (e.g. on a cadmium sulfide photoconductor).
20 The latent electrostatic image can then be developed by
21 applying to it oppositely charged pigmented toner particles,
22 which adhere to the undischarged "print" portions of the
23 photoconductive surface to form a toner image which is
24 subsequently transferred by various techniques to a copy
25 sheet (e.g. paper).
26 It will be understood that other methoda may be
27 employed to form an electrostatic image, such as, for
28 example, providing a carrier with a dielectric surface and
29 transferring a preformed electrostatic charge to the
30 surface. The charge may be formed from an array of styluses.
31 This invention will be described in respect of office
32 copiers, though it is to be understood that it is applicable

. 33 to other uses involving electrography.

34 In liquid-developed electrostatic imaging, the toner
35 particles are generally dispersed in an insulating non-polar
36 liquid carrier,.generaliy an aliphatic hydrocarbon fractioen,
37 which generally has a high volume resistivity above 10° ohm
38 =~-cm, a dielectric constant below 3.0 and a 1low vapor
30

pressure (less then 10 torr. at 25°C). The_liggig_‘EEYﬁlpper
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7 In the course of the process, & thin film of the liquid
8 developer is applied to and covers the entire
9 photoconductive imaging surface. The charged toner particles
10 in the 1liguid developer film migrate to the oppositely-
11 charged areas forming the "print" portions of the latent
12 electrostatic image, thereby forming the toner image and any
13 1liguid developer remaining on the photoconductive surface
14 after this stage of the process is recycled back into the
15 1ligquid developer reservoir.
16 Charge director molecules play an important role in the
17 above-described developing process in view of their function
18 of controlling the polarity and magnitude of the charge on
19 the toner particles. The choice of a particular charge
20 director for use in a specific liquid developer system, will
21 depend on a comparatively 1large number of physical
22 characteristics of the charge director compound, inter alia
23 its solubility in the carrier liquid, its chargeability, its
24 high electric field tolerance, its release properties, its
25 time stability, etc. All these characteristics are crucial
26 to achieve high quality imaging, particularly when a large
27 number of impressions are to be produced.
28 2 wide range of charge director compounds for use in
29 1liguid-developed electrostatic imaging are known from the
30 prior art. Examples of charge director compounds are ionic
31 compounds, particularly metal salts of fatty acids, metal
32 salts of sulfo-succinates, metal salts of oxyphosphates,
33 metal salts of alkyl-benzenesulfonic acid, metal salts of
34 aromatic carboxylic acids or sulphonic acids, as well as
35 zwitterionic and non-ionic compounds, such as
36 polyoxyetheylated alkylamines, lecithin, polyvinyl-~
37 pyrrolidone, organic acid esters of polyvalent alcohols,
38 etc.
39 In an attempt to improve the guality of the image
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: 7 Thus, for example, in U.S. Patent No. 4,707,429

8 entitled "Metallic Soap as Adjuvant for Electrostatic Ligquid
9 Developer", a metallic socap adjuvant was used in a toner
10 conmposition which contained a nonpolar liquid soluble ionic
11 or zwitterionic charge director compound, while in U.s.
12 Patent No. 4,780,389 entitled "Inorganic Metal Salt as
13 Adjuvant for Negative Ligquid Electrostatic Developers", a
14 salt of a Group Ia, Ila, or IIIa metal with specified anions
15 was used as adjuvant in a toner composition which contained
16 a nonpolar 1liquid soluble ionic or zwitterionic charge
17 director compound which imparts a negative charge to
18 thermoplastic resin particles in the toner. The disclosures
19 in both of these U.S. patents is explicitly incorporated
20 herein by reference. |
21 As stated in each of these U.S. patents, even when the
22 prior adjuvants are used in conjunction with charge
23 directors, the images obtained using some toner formulations
24 suffer from one or more of the following disadvantages,
25 namely, low resolution, poor solid area coverage (density),
26 image squash and ghosting. ’
27 U.S. Patent 4,971,883 to Chan et al. describes a liquid
28 toner in which the toner particles are formed of a material
29 which is the reaction product of a polymeric resin having
30 free carboxyl groups and a metal alkoxide.
31 U.S. Patent 4,144,184 to Takahata et al. describes a
32 ligquid toner system in which the charge control agent is
' 33 formed from a reaction product of one of a group of metal
34 alkoxides and an organic compound and is then added to the
35 dispersion'of toner particles in carrier liquid.
36 o] H N N
37 It 4is an object of the present invention <to provide
38 improved liquid toner compositions containing charge
39 directors and charge priming agents. Other objects of the
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torr. at 25[err] C)Th&hprksgntdinventdpar accordingly provides for a ligquid
3 toner for electrostatic imaging, which comprise colorant
particles, a carrier liquid, at least one charge prinming
agent selected from alkoxides of aluminum and alkoxides of
zirconium reacted with said particles and at 1least one
charge director, wherein said charge priming agent, if
present in said colorant particles, is present only near the
surface of said particles. Alkoxides of other tri-valent
10 metals are believed to be useful in the practice of the
11 invention as well.
12 We have found that the colorant particles 3in such
13 compositions exhibit excellent time stability of charge,
14 high mobility and give rise to images of very good copy
15 gquality.
16 The present invention moreover provides an
17 electrostatic imaging process which comprises the steps of:
18 forming a charged latent electrostatic image on a
19 photoconductive surface; applying to said surface charged
20 toner particles from a toner composition according to the
21 present invention, thereby to form a toner image on said
22 surface; and transferring the resulting toner image to a
23 substrate.
24 For purposes of definition in the present specification
25 and claims, it is to be noted that the term alkoxides is
26 intended to include the unsubstituted alkoxide moiety,
27 saturated <cyclic alkoxide (e.g. cycloalkyloxy and
28 cycloalkylakoxy), and the alkoxide moiety which is otherwise
29 substituted by one to three radicals which do not have an
30 adverse effect on the charge priming characteristics of the
31 metal alkoxides.

W O 3 0 1 i

32 BRIEF DESCRIPTION OF THE DRAWINGS
33 Figs. 1-5 show the effect of varying amounts of a

34 charge priming agent in accordance with the invention, on
'35 the mobility of toner particles in different liguid toner
36 compositions.

37 ETA D SCRIPTION OF THE INVENTION

38 The thermoplastic resins, insulating non polar carrier
398 1liquids, colorant particles and charge directors, which may
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mentzoned above. Illustrat;vely, the insulating non-polar
liguid carrier, which should preferably also serve as the
soclvent for the charge directors, is most suitably an
aliphatic hydrocarbon fraction having suitable electrical
and other physical properties. Preferred solvents are the
series of branched-chain aliphatic hydrocarbons and mixtures
thereof, e.g. the isoparaffinic hydrocarbon fractions having
10 a boiling range above about 155°C, which are commercially
11 available under the name Isopar (a trademark of the Exxon
12 cCorporation). Other carrier liguids such as NORPARs, mineral
13 o0ils etc., are also useful in the practice of the invention.
14 The charge priming agents utilized in accordance with
15 the present invention are selected from alkoxides of
16 aluminum and zirconium. Aluminum alkoxides are presently
17 preferred. The alkoxide moieties in the charge priming
18 agents may for example be selected from unsubstituted
19 alkoxide moieties having preferably 1-12 carbon atoms,
20 including, for example, methoxy, ethoxy, propoxy,
21 isopropoxy, butoxy, isobutoxy, pentoxy, hexoxy, heptoxy,
22 octoxy, nonoxy, decoxy, undecoxy and dodecoxy, those having
23 1-6 carbon atoms being particularly preferred. However, as
24 pointed out above, "alkoxide" in the present specification
25 and claims includes saturated cyclic alkoxide (e.qg.
26 cycloalkyloxy and cycloalkylalkoxy such as cyclopropoxy,
27 cyclobutoxy, cyclopentoxy, cyclohexoxy, cycloheptoxy and
28 cyclooctoxy, as well as cyclohexylmethoxy and 2-
29 cyclohexylethoxy), as well as the alkoxide moiety which is
30 substituted by one to three radicals which do not have an
31 adverse effect on the charge priming characteristics of the
32 metal alkoxides. Such substituents may be for example,
33 halogen such as chlorine or fluorine, alkoxy such as methoxy
34 or ethoxy, and aryl such as phenyl. Thus, such substituted
35 alkoxide radicals include illustratively, 2-chloroethyl,
36 2,2,2-trifluoroethyl, 2-methoxyethyl, benzyl and 2-
37 phenylethyl.

38 It will be appreciated that the alkoxides useful as
3% charge priming agents in accordance with the present
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toners by any suitable method, and the methods exemplified
7 herein are to be regarded as illustrative only, and not
8 1limitative. 1In a particular embodiment, the charge priming
9 agent is admixed with the diluted toner and the mixture
10 allowed to equilibrate. In another embodiment, the charge
11 priming agent is ground with <toner concentrate. It is
12 presently preferred to add the charge director to the
13 diluted toner which is otherwise ready for use, i.e. after
14 the charge priming agent has been incorporated.
15 The invention will be illustrated by the following non-
16 limiting Examples, in which all “parts" are parts by weight.
17 All ratios or percentages are with respect to the non-
18 volatile portion of the liguid toner and refer to the non-~
19 wvolatile solids portions of the respective materials.

20 The charge director used in all the Examples is
21 prepared as follows.

22 PREPARATION OF CHARGE DIRECTOR

23 A four-necked 2 1liter glass reactor fitted with a

24 mechanical stirrer and reflux condenser was charged with 300
25 g. of a solution of 10% lecithin (Fisher) in Isopar H and
26 280 g. of 10% basic barium petronate (Witco) solution in
27 1Isopar H. To the resulting solution, heated to 80°C, 6g of
28 1-vinyl-2-pyrrolidone was added, followed by 20 g. of a
29 solution of 6 g. lauroyl peroxide (Aldrich) in Isopar H. The
30 mixture was heated to 9%5°C, and the reaction was allowed to
31 proceed while stirring for 10 hours in a nitrogen
32 atmosphere.

33 EXAMPLE I - Cyan

34 (a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
35 parts of Isopar L (Exxon) are mixed at low speed in a double
36 Jjacketed planetary mixer connected to an oil heating unit
37 set at 130°C for one hour. A mixture of 1.75 parts of
38 Helioecht Blue (Bayer) and 5 parts of Isopar L are added to
39 the mix in the double planetary mixer and the whole is mixed

This Sheet Has Been Reﬂlaced

(T



its solubility in the carrier liquid, its chargeability, its high electric
field tW@PEEN i ts rel ease properties, its time stability, PETANLIPOMRese
characteristics are crucial to achieve hi gh quality imging, part|cularly
when a | arge nunber of inpressions are toe- % -produced. A wide range of

charge direct cogpo %fgﬁﬁf gggg rQgt a n
are Enom% ?roﬁ%fh gpr?gggg%?r E§ bﬁé .g#ic ar ire f£§ 8§ou%§§ ggggh °
i oni ¢ conp%unﬂ%Ehﬁagﬁﬂcharl }1r9€15"a| &pe §"6’|e¢'at°c aé‘F’a‘é’-ngTet § s§Pptipped

sul f o- succs nafeehotitt hefdhing antdy mmaﬁiﬁéﬂcﬁ alie wixture drops
al kyl - benzene qu pic acid, metal salts of aromatic carboxylic acids or

sulphonlc‘%C| 483Corel| as zwitterionic and non-ionic conpounds,
such ass (b) The product of part (a) is diluted with Isopar L to

6 a non-volatile solids content of 11.5%, and transferred to a
7 Sweco grinder, using 0.5 inch cylindrical alumina media and
8 1is ground for 41 hours with water cooling. The final median
9 diameter of the resultant toner particles is 2.3 um.

10 (c) The toner concentrate from part (b) is diluted to a
11 non-volatile solids content of 1.5%, using Iéopar H. 100 ¢
12 portions of the product are then charged with various
13 amounts of aluminum tri(isopropoxide) ("Ar(IP)3"), obtained
14 from Aldrich) as indicated in Fig. 1. The toner is left to
15 egquilibrate for 24 hours, then 50 mg./g. charge director is
16 added. Mobility values for different proportions of Al(IP),
17 are shown in Fig. 1. For measurement of mobility, see e.qg.
18 "Measurements of the Electrophoretic Mobility of Toner
19 Suspensions", by Niv, Y., et al, 3rd Intl. Congress on
20 Advances in Non-Impact Printing Technologies/SPSE, 24-28
21 August 1986, the disclosure of which is incorporated herein
22 Dby reference.

23 EXAMPLE II -~ Red

24 (a) Thirty grams of a mixture of 86.5% of Elvax II 5720
25 and 13.5% of pigment red 6300 (E.I. du Pont) are melted
26 together with 70 grams of Isopar L at 130°C until the blend
27 is homogeneous.

28 (b) The product of part (a) is allowed to cool to room
29 temperature and transferred to an 01 attritor (Union
30 Process), together with an additional 100 g. of Isopar L.
31 The mixture is ground using stainless steel balls and water
32 cooling (®20°C) for 22 hours, yielding a concentrate of
33 median particle size 2.0 um.

34 {c) The toner concentrate from part (b) is diluted to a
35 non-volatile solids content of 1.5%, using Isopar H. 100 g
36 portions of the product are then charged with various
37 amounts of Al(IP), as indicated in Fig. 1. The toner is left
38 to equilibrate for 24 hours, then 50 mg./g. charge director
39 is added. Mobility values for the different proportions of
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2 EXAMPLE III - Cyan '

3 (a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
4 parts of 1Isopar L (Exxon) are mixed at low speed in a
5 Jjacketed double planetary mixer connected to an oil heating
6 unit set at 130°C for one hour. 5 parts of Isopar L are
7 added to the mix and the whole is mixed for a further hour
8 at high speed. Ten parts of Isopar L, preheated to 110°C,
9 are added, and mixing is continued without heating until the
10 temperature of the mixture drops to 40°C.

11 {b) Ninety grams of the preduct of part (a) is
12 transferred to an 01 attritor together with 4.35 g. of
13 Pigment cyan BT-583 (Heaubch) and 120 g. Isopar L. The
14 mixture is ground for 22 hours with water cooling (®20°C).
15 The resultant toner particles have a median (weight)
16 diameter of about 1.9 um.

17 (c) The toner concentrate from part (b) is diluted to a
18 non-volatile solids content of 1.5%, using Isopar H. 100 g
19 portions of the prdduct are then charged@ with increased
20 amounts of Al(IP),;, as indicated in Fig. 3. The toner is
21 left to eguilibrate for 24 hours, then 50 mg./g. charge
22 director is added. Mobility values for the different
23 proportions of Al(IP), are shown in Fig. 3.

24 EXAMPLE IV - Black

25 (a) Ten parts of Elvax 1II 5950 (E.I. du Pont) and five
26 parts of Isopar L (Exxon) are mixed at low speed in a
27 jacketed double planetary mixer connected to an oil heating
28 unit set at 130°C for one hour. 5§ parts of Isopar L are
29 added to the mix and the whole is mixed for a further hour
30 at high speed. Ten parts of Isopar L, preheated to 110°C,
31 are added, and mixing is continued without heating until the
32 temperature of the mixture drops to 40°C.

33 (b) Ninety grams of the product of part (a) is
34 transferred to a 01 attritor together with 7.5 g. of Mogul L
35 (cabot) and 120 g. Isopar L. The mixture is ground for 24
36 hours with water cooling (=20°C). The resultant toner
37 particles have a median (by weight) diameter of about 2.1
38 um.

39 (c) The toner concentrate from part (b) is diluted to a
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5 director is added. Mobility values for the different

6 proportions of Al(IP), are shown in Fig. 3.
7 EXAMPLE V - Magenta
8
9

(2a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
parts of Isopar L (Exxonf are mixed at low speed in a
10 jacketed double planetary mixer connected to an oil heating
11 unit set at 130°C for one hour. 5 parts of Isopar 1L are
12 added to the mix and the whole is mixed for a further hour
13 at high speed. Ten parts of Isopar L, preheated to 110°C,
14 are added, and mixing is continued without heating until the
15 temperature of the mixture drops to 40°C.
16 (b) Ninety grams of the product of part (a) is
17 transferred to an 01 attritor together with 4.5 g. of
18 Pigment F2B Fine Red (Toyo Ink) and 120 g. Isopar L. The
19 mixture is ground for 22 hours with water cooling (=20°C).
20 The resultant toner particles have a median (by weight)
21 diameter of about 0.8 um.
22 (c) The toner concentrate from part (b) is diluted to a
23 non-volatile solids content of 1.5%, using Isopar H. 100 g
24 portions of the product are then charged with various
25 amounts of Al(IP),;, as indicated in Fig. 3. The toner is
26 left to eguilibrate for 24 hours, then 50 mg./g. charge
27 director is added. Mobility values for the different
28 proportions of Al(IP), are shown in Fig. 3.
29 EXAMPLE VI - Cyan
30 (2) Ten parts of Elvax II 5720 (E.I. du Pont) and five
.31 parts of Isopar L (Exxon) are mixed at low speed in a
32 Jjacketed planetary mixer connected to an oil heating unit
33 set at 130°C for one hour. A mixture of 1.75 parts Helioecht
34 Blue and 5 parts of Isopar L are added to the mix and the
35 whole is mixed for an additional hour at high speed. Ten
36 parts of Isopar L, preheated toc 110°C, are added, and mixing
37 is continued without heating until the temperature of the
38 mixture drops to 40°C. '
39 {(b) The product of part (a) is diluted with Isopar L to-
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5 {c) Two hundred grams of the toner concentrate from
part (b) is transferred into a Union Process 01 attritor and
0.52 g. of Al(IP), is added. The mixture is ground for two
hours. It is then diluted to 1.5% non-volatile solids
content, after a 24 hour waiting periocd. 50 mg./g. charge
10 director is added to 100 g. of the above working dispersion.
11 The mobility value is 2.5 on a scale on which the mobility
12 for similar material without added Al(IP), is zero.
i3 EXAMPLE VII ~ Cyan
14 When Exanmple VI was repeated, but substituting aluminum
15 tri(isobutoxide) for the Al(IP),, similar results are

16 obtained.

W o o

17 EXANPLE VIII - Cyan
18 When Example VI was repeated, but substituting aluminum
19 tri(ethoxide) for the Al(IP),, similar results are obtained.
20 EXAMPLE IX -~ Yellow

21 {a) Thirty grams of a mixture of 86.5% of Elvax 1II

22 56507 and 13.5% of Sicomett Yellow D-1350 (BASF) are melted
23 together with 70 grams of Isopar L at 100°C until a
24 homogeneous blend is obtained.

25 (b) The product of part (a) is allowed to cool to room
26 temperature and transferred to an 01 attritor together with
27 an additional 100 g. of Isopar L. The mixture is ground
28 using stainless steel balls and water cooling (=20°C) for 22
29 hours, yielding a concentrate of median particle size of 1.7
30 um. |

31 (c) The toner concentrate from part (b) is diluted to a
32 non-volatile solids content of 1.5%, using Isopar H. 100 g
33 portions of the product are then charged with various
34 amounts of Al(IP); as indicated in Fig. 2. The toner is left
35 +to eguilibrate for 24 hours, then 50 mg./g. charge director
36 is added. Mobility values for the different proportions of
37 Al(IP), are shown in Fig. 2.

38 EXAMPLE X - Cyan

39 (a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
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5 whole is mixed for an additional hour at high speed. Ten

parts of Isopar L, preheated to 110°C, are added, and mixing
is continued without heating until the temperature of the
mixture drops to 40°C.

(b) The product of part (a) is diluted with Isopar L to
10 a non-volatile solids content of 11.5% and transferred to a
11 Sweco grinder using 0.5 inch cylindrical alumina media and
12 is ground for 22 hours with water cooling (®20°C). The
13 resultant toner particles have a median diameter of 2.3 pum.
14 (c) 220 g. of the toner concéntréte from part (b) is
15 transferred into an 01 attritor and 0.52 g. of Al(IP)5 is
16 added. The mixture is ground for two hours. It is then
17 diluted with Isopar H to 1.5% non-volatile solids content,
18 after a 24 hour waiting period. 1.2 kg. of the 1.5%
19 dispersion is charged with 7 mg./g. charge direc“ r and
20 placed in an 870 Savin photocopier. This copier L.. been
21 modified to allow for varying process voltages. The
22 potential on the photoconductor is regulated to 1400 V and
23 the potential applied on the transfer corotron is 9 KV. The
24 copy gquality parameters as measured using the Macbeth type
25 TR 927 reflection densitometer, are summarized in Table 1.

0 0 3 O

26 TABLE 1

27 —emmemmeeeee———— - e
28 Control (no Al(IP)3) Al(IP), Treated
29 —-——- e —————————— ——————

30 S5.A.D. T.E. S.A.D. T.E.
31 ecemmmmmm—————e e ————————————
32 Savin 2200+ 0.36 25% 1.46 88%
33 Printers Stock 0.85 42% 1.70 84%
34 --- N s e ————— -- -
35 Where T.E. is the transfer efficiency of image transfer

36 from the photoconductor to the substrate and S.A.D. is the
37 solid area density of the transferred image.

38 EXAMPLE XI - Black

39 (a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
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parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. 5 parts of 1Isopar L are
added to the mix and the whole is mixed for an additional
hour at higﬁ speed. Ten parts of Isopar L, preheated to
110°C, are added, and mixing is continued at high speed for
another hour. )

(b) ©One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.9 g. Elftex 12
carbon black (Cabot) and 120 g. Isopar L. The mixture is
ground for 24hours using water cooling (®20°C). The
resultant toner particles have a median (by weight) diameter
of 1.6 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP);, as shown in Fig. 5. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for the different proportions of
Al(IP), are shown in Fig. 5.

EXAMPLE XII - Black

{a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an ©il heating
unit set at 130°C for one hour. 5 parts of Isopar L are
added to the mix and the whole is mixed for an additional
hour at high speed. Ten parts of Isopar 1L, preheated to
110°C, are added, and mixing is continued at high speed for
another hour.

(b) ©One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.9 g. Mogul L
and 120 g. Isopar L. The mixture is ground for 24 hours
using water cooling (x20°C). The resultant toner particles
have a median'(by weight) diameter of 1.6 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP),, as shown in Fig. 5. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is



The present inventi ofb wvi des for a liquid toner for
el ect r owQn92/a4191nagi n se colorant particles, PCHNISro0013
liquid, at |east one agent sel ected from al koxi des of

al um num and aIKOX|des of 2|rcon|un1reactea3mrth said particles and at

| east 0n310hiﬁatd$'*ﬁ3£&11ﬂ@er€éﬁu§§'ﬂofhﬁﬁﬁe B&E%bﬂﬁn%geﬁkoﬁd%ﬁléﬁ§“tof“
near the surface of said

Bglrgl gf)leg. an&d%rgdglqeﬁsé (ﬁl}% r?fgné%{ggln *metals are believed to be useful
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parts of Isopar L (Exxon) are mlxed at low speed in a
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. 5 parts of Isopar L are added to
the mix and the whole is mixed for an additional hour at
high speed. Ten parts of Isopar L, preheated to 110°C, are
10 added, and mixing is continued at high speed for another
11 hour. Mixing is continued after removing the heat source,
12 until the temperature of the mixture drops to 40°C.
13 (b) Ninety grams of the product of part (a) is
14 transferred to an 01 attritor together with 3.1 g. Sicomett
15 Yellow D-1350 and 120 g. Isopar L. The mixture is ground for
16 26 hours using water cooling (=20°C). The resultant toner
17 particles have a median (weight) diameter of 0.6 um.
18 (c) The toner concentrate from part (b) is diluted to a
19 non-volatile solids content of 1.5%, using Isopar H. 100 g
20 portions of the product are then charged with various
21 amounts of Al(IP)3, as shown in Fig. 4. The toner is left to
22 equilibrate for 24 hours, then 50 mg./g. charge director is
23 added. Mobility wvalues for the different proportions of
24 Al1(IP), are shown in Fig. 4.
25 EXAMPLE XIV - Cyan
26 (a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
27 parts of Isopar L (Exxon) are mixed at low speed in a
28 jacketed planetary mixer connected to an o0il heating unit
29 set at 130°C for one hour. 5 parts of Isopar L are added to
30 the mix and the whole is mixed for an additional hour at
31 high speed. Ten parts of Isopar L, preheated to 110°C, are
32 added, and mixing is continued at high speed for another
33 hour. Mixing is continued after removing the heat source,
34 until the temperature of the mixture drops to 40°C.
35 (b) One hundred grams of the product of part (a) is
36 transferred to an 01 attritor together with 3.45 g. of Cyan
37 BT 583 pigment and 100 g. Isopar L. The mixture is ground
38 for 24 hours using water cooling (®20°C). The resultant
39 toner particles have a median (weight) diameter of 0.8 um.
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qual i t WO 92/141%he  present invention noreover  provi d4SI/NL§3/00013
el ectrostatic imagi ng process which conprises the steps of: formng a
charged latent electrostatic inmage on 3g photoconductive surface;

applying to said surface charged toner particles fron1 oner 0sj t.
aggo¥d|%gzto t he p&%&é%ﬁe|5§%%¥i8ﬂ?°FH5 85§ %5°PoPﬁF§ B e?siﬁéggBﬂﬂééﬁ
surface; @nd ricrensdBatily tdelidsutbnbegntoofr li.5&geusding Isbparatfb. 100 g
There is er, ov [ n co it cl d i

t;»h g&f)&;% T d?gee e,gyasu&e Sﬁa FRES baarga %% Vhal "

1 and all as a proces produci n

i quid toﬁer ansnts (95l GEPL4 ai #8dShawn| AnnEigs, 412Taﬁdt8F‘Prclls§ keft to
dependent g hedRfilibrate for 24 hours, then 50 mg./g. charge director is

6 added. Mobility values for the different proportions of
7 Al(IP), are shown in Fig. 4.

8 EXAMPLE XV - Magenta

9 (a) 10 parts of Surlyn 1652 (E.I. du Pont) and 5 parts
10 of 1Isopar L (Exxon) are mixed at low speed in a 3Jjacketed
11 planetary mixer connected to an oil heating unit set at
12 130°C for one hour. 5 parts of Isopar L are added to the mix
13 and the whole is mixed for an additional hour at high speed.
14 Ten parts of Isopar L, preheated to 110°C, are added, and
15 mixing is continued at high speed for another hour. Mixing
16 1is continued after removing the heat - source, until the
17 temperature of the mixture drops to 40°C.

18 (b) One hundred grams of the product of part (a) is
19 transferred to an 01 attritor together with 3.45 g. of
20 Pigment F2B Fine Red (Toyo Ink) and 100 g. Isopar L. The
21 mixture is ground for 24 hours using water cooling (=20°C).
22 The resultant toner particles have a median (by weight)
23 diameter of 0.7 um.

24 (c) The toner concentrate from part (b) is diluted to a
25 non-volatile solids content of 1.5%, using Isopar H. 100 g
26 portions of the product are then charged with wvarious
27 amounts of Al(IP),;, as shown in Fig. 4. The toner is left to
28 equilibrate for 24 hours, then 50 mg./g. charge director is
29 added. Mobility values for the different proportions of
30 Al(IP), are shown in Fig. 4.

31 EXAMPLE XVI

32 (a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
33 parts of 1Isopar L (Exxon) are mixed at low speed in a
34 jacketed double planetary mixer connected to an oil heating
35 unit set at 130°C for one hour. Five parts of Isopar L are
36 added to the mix and the whole is mixed for an additional
37 hour at high speed. Five parts of Isopar L, preheated to
38 110°C, are added and mixing is continued at high speed for a
39 further hour. The heating unit is then disconnected and
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For purposes of de [t resent specification and clains, it is
to be wwihoslilsheyt t is intended to include p@p/mgyoomg,
unsubsti t ut ed a|kOXIﬂ urated cyclic al koxi de (e.qg.

cycl oal kyl oxy and and the al koxide noiety which is

ot herw se - substltuted by one to three radA&afs whi ch do not have an adverse

effect on t Iia eiri abﬁazﬁﬁaaaﬁheanstheStefnpb&etm&realo:al ke defixture
BRI EF S ﬁ) CF THE DRAW NGS Figs. 1-4 show the effect of
f

varyi ng 2 483 ye primng agent in accordance with the
I nventi o3, on thebplA Imiytufetofic?50pgrtof| the produkiteodnipantgu{al) | ongs

conposithonﬁ‘ Lionel Red 4576 (Toyo Ink) and 1100 g. of Isopar L, is
5 ground for 24 hours in a Union Process 15 attritor, using

stainless steel balls, with water cooling. The final medxan
diameter is 0.7u.

(c) The concentrate prepared in (b) was diluted to a
9.4% non-volatile solids content and 220 g. were transferred
10 to an 01 attritor and ground for 2 hours, using water
11 cooling.
12 (d) The concentrate prepared in (b) was diluted to a
13 9.4% non-volatile solids content and 220 g. were transferred
14 to an 01 attritor, together with 0.206 g. Al1(IP),;, and the
15 mixture ground for 2 hours, using water cooling.
16 (e} The concentrate prepared in (c) was suspended in
17 Isopar L at a dilution of 1.5% non-volatile solid content,
18 and charge director was added in the proportion of 28 mg./g.
19 of toner solids. This developer was tested in an 870 Savin
20 photocopier. This copier had been modified to allow for
21 varying process - voltages. The  potential on the
22 photoconductor is regulated to 1400 V and the potential
23 applied on the transfer corotron is 9 KV. The copy gquality
24 parameters as measured using the Macbeth type TR 927
25 reflection densitometer, are summarized in Table 2
26 (%"Control"). This material charges in a bi-polar manner,
27 i.e. some of the particles charge positive and some
28 negative.
23 (f) The concentrate prepared under (d) was treated
30 exactly as described in (e) and gave the results noted in
31 Table 2 ("Al(IP), treated").

W 0 3 0

32 TABLE 2

33 e e e e -
34 Control (no Al(IP),) Al (IP} 5 Treated
35 ~emmmemcecm—————— e, ———————— —————
36 S.A.D. T.E. S.A.D. T.E.
37 - o e e o e e e e e e 2 e e e e e e e
38 Savin 2200+ 0.80 74% 1.43 96%

39 Printers Stock 1.10 86% 1.90 97%
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Where T.E. is the transfer efficiency of image transfer
from the photoconductor to the substrate and S.A.D. is the
solid area density of the transferred image.

While the present invention has been particularly
described, persons skilled in the art will appreciate that
many variations and modification can be made. Therefore, the
invention is not to be construed as restricted to the
particularly described embodiments, rather the scope, spirit
and concept of the invention will be more readily understood
by reference to the claims which follow.
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sui t abl Wwo®2¢/Bag1 i n TH & &l tions of the invention RCE/NhO2009Y3
the art, for exanplel I . patents nentioned above.
[I'lustratively, the i pol ar < i¥fuid carrier, which should

preferabl y;al so serve as the sol vent for dedggharge directors, is nost

suitably an aliphatic hydrocarbon fracti,on having sujtable electrical gnd
ot her phys# cal prbpEhifes toped: SompPSIfifng s éﬂ‘g t¢ectrogtagic imaging,

br anched- chaiwhithphebmpripger ocvlorantapartiidless 4 hatentier. glightéd, at
155 er 1] C St BHE Gy cOp8nRaPERS) B LRIR Attt iAdqihd HGn T BERORIALL o
trademar k ®f aleminuwn @pdpomdkioxides( lodr @dndaviun qurenctedh WitRORPARY,
mneral oigs glifeicPes bRl Uatf Heast Ohe RMaTYdE Gi¥edttr ] "WAELEIn said
. 7 charge priming agent, if present in said colorant particles,
8 is present only near the surface of said particles.
S
10 2. Liquid toner compositions according to claim 1, wherein
11 said colorant particles comprise thermoplastic resin.
12
13 3. Lliguid toner compositions according to claim 1 or claim
14 2, wherein the alkoxide moieties in the alkoxides of the
15 charge priming agent are Bselected from unsubstituted
16 alkoxide moieties, saturated cyclic alkoxide moieties, and
17 alkoxide moieties which are otherwise substituted by one to
18 three radicals which do not have an adverse effect on the
19 charge priming characteristics of the metal alkoxides,
20 provided that the alkoxide moieties in any metal alkoxide
21 charge priming agent may be the same or different.
22
23 4. Liquid toner compositions according to claim 3, wherein
24 said unsubstituted alkoxide moieties contain 1-12 carbon
25 atoms.
26
27 5. Ligquid toner compositions according to claim 4, wherein
28 said wunsubstituted alkoxide moieties contain 1-6 carbon
29 atoms.
30
31 6. Liquid toner compositions according to claim 3, wherein
32 said saturated cyclic alkoxide moieties are selected from
33 cycloalkyloxy and cycloalkylalkoxy.
34
35 7. Liguid toner compositions according to claim 3, wherein
36 the substituents in said otherwise substituted alkoxy
37 moieties are selected from halogen, alkoxy and aryl.
38 .
39 8, Liquid toner compositions according to any of the

L



The charge primng agiesies Hat Bdeh Rathced accordance with the present
i nvent Win92/34191 sel e idllkoxi des  of al umi num an®CI/NLSH0GH3
Al um num al koxi des ar |

al | Hl mllﬁ eferred. The al koxi de noieties in the

Clhﬁrg'edp“ m ng ageRt s ay o][ exanpl e be g ected from unsubstituted

al koxi de noi eties having _preferably 1-12 carbaon atomns, incl.uding, .
exanpl e, inePEegpdinget R3Rms, V&e@m,sqlﬁ)pﬁ%ﬂtﬁ&%{slﬂﬁ%x‘fffa?%%bu? %gélng
Fﬁgt OXK’ Qexs?gtheaﬁomcomgxgmwmdm@w,twrsimdnmwtlbﬂenoxynd

ose havjing l:6 car atqQ ei parti qul ete i VY €

poi nted ot & 598,“‘9&%5&?“&%}%“?& R%e ‘% es?nﬁ ae;%%lclilf | ng.{nl{ g%%nd %I %Iaxr'rghr
i ncl udes 4saligaidd aodclodorantopadticles pefons dhiskylingorperation of

cycloal kygal kox¥ SHCHea8+CbnkORhARYE director in said composition.

6
7 9. An electrostatic imaging process which comprises the

8 steps of:

9 forming a latent electrostatic image on a surface;

10 applying to said surface charged colorant particles
11 from a liguid toner composition according to any of the
12 preceding claims, thereby forming a developed toner image on
13 said surface; and

14 transferring the resulting toner image to a substrate.
15

16 10. A process for producing liquid toner compositions for
17 electrostatic imaging, which comprise colorant particles, a
18 carrier 1liquid and at least one charge director comprising
19 the steps of:

20 forming the colorant particles dispersed in a quantity
21 of the carrier liquid;

22 adding at least one charge priming agent selected from
23 alkoxides of aluminum and alkoxides of zirconium to said
24 colorant particles dispersed the guantity of carrier liquid;

25 and

26 adding the at least one charge director to the mixture
27 of colorant particles, carrier liquid and charge priming
28 agent.

29

30 11. A process according to claim 10, wherein said c¢olorant
31 particles comprise thermoplastic resin.

32

33 12. A process according to claim 10 or claim 11, wherein the
34 alkoxide moieties in said metal alkoxides are selected from
35 unsubstituted alkoxide moieties, saturated cyclic alkoxide
36 moieties, and alkoxide moieties which are otherwise
37 substituted by one to three radicals which do not have an
38 adverse effect on the charge priming characteristics of the
39 metal alkoxides, provided that the alkoxide moieties in any

N



cycl obut oxy, cyc cl ohexoxy, cycl oheptoxy and cycl ooct oxy, as
wel | &D%@éliﬁhexyumw w " lﬂ uu‘ cycl ohexyl et hoxy), RCHNLI24001 e
al koxi de noi ety whic by one to three radicals which do not

have an adverse effect on the charge prlnh_ Characteristics of the netal
al koxi des. Such substituents may be for exanple hal ogen such as chl ori ne

or fluorihe ®eF&bxyaikekide nehrsge opPrdmingy agent may baicithe psamgl . or

Thus, such sabstétrehed al koxide radicals include illustratively,
2- chloroqghyl 2,2,2-trifluoroethyl, 2-nethoxyethyl, benzyl and 2-
phenyl et iyl . It will be appreC|ated that the al koxides useful as char ge

prim ng 4ageh'ie Liquidctonenceomposhitivbhs apresding to claim 12, wherein
5 said unsubstituted alkoxide moieties contain 1~-12 carbon
6 atoms.

7
8 14. Liquid toner compositions according teo claim 13, wherein

9 said unsubstituted alkoxide moieties contain 1-6 carbon
10 atons.

11
12 15. Liquid toner compositions according to claim 12, wherein

13 said saturated cyclic alkoxide moieties are selected from
14 cycloalkyloxy and cycloalkylalkoxy.

15
16 16. Liguid toner compositions according to claim 12, wherein

17 the substituents in said otherwise substituted alkoxy
18 moieties are selected from halogen, alkoxy and aryl.

19

20 17. Liquid toner compositions according to any of claims 10-
21 16, wherein said at least one charge priming agent is
22 incorporated by adding it to such composition and allowing
23 the mixture to come to equilibrium with the carrier 1liquid
24 and colorant particles before the incorporation of said at
25 least one charge director in said
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each ot her.. The charge primng agents may be included in the liquid
toners | tabl e met hod, and the nethods exenplified ' y be
regarde’ygggﬁ‘ﬁgitrative only, and not Jl,jgritative. In a paﬁﬁ}lﬁla@,&&?
enbodi ment, the charge primng agent 2;{ dm xed with the diluted toner and
the mxture allowed to equilibrate. In another enbodi nent, the charge
primng agent is ground with toner concentrate. It is presently preferred
to add the charge director to the diluted toner which is otherw se ready
for use, i.e. after the charge primng agent has been incorporat ed.

The invention will be illustrated by the Figoz' ng non- limting Exanples,
In which all "parts" are parts by weight. .
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Al'l ratios or percentages are with respect to the non- vol at rti of
the 1iqg¥Y@9 @Gﬁg? and refer to the non- volatile solids portlééihqﬁgzhhgﬁ3
respectiive materials. The chargeEgA ctor used in all the Exanples is
prepared as foll ows. Tl ON OF CHARGE DI RECTOR A
four-necked 2 liter glass reactor fitted with a nechanical stirrer and
refl ux condenser was.charged with 300 g. of a solution of 10% Il ecithin
(Fisher) in Isopar H and 280 g. of 10% basic barium petronate (Wtco)
solution in Isopar. H To the resulting lution, heated to 80[err]C, 6g of
1-vinyl-2-pyrrolidone was added, follo m 20 g. of a solution of 6
g. lauroyl peroxide (Al drich) in Isopar H e
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m xture was heated to 95[err]C, and the reaction was allowed to proceed

while swosinageifor 10 hours in nit rogen at nospher e pCT/NL92/00013
EXAMPLE | - Cyan (a) Ten parts cﬁ 4;a§ax 5720 (E. 1. du Pont) and
five parts of Isopar L (Exxon) are m xe | ow speed in a double jacketed

pl anetary m xer connected to an oil heating unit set at 130[err]C for one
hour. A m xture of 1.75 parts of Helioecht Blue (Bayer) and 5 parts of
| sopar L are added to the mix in the double planetary m xer and the whol e

is m xed
Fig.4
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for a _further hour at hi gh speed. Ten parts of isopar

L preheated to

110[ er r O 91813 ded, and nixing is continued without heati RCTMNLI2/90033

tenperature of the m xture drops to 405 ] C.
(a) s diluted with Isopar

transferred to a
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In the art of electrostatic photocopying or photo~
printing, a latent electrostatic image is generally produced
by first providing a photoconductive imaging surface with a
uniform electrostatic charge, e.g. by exposing the imaging
surface to a charge corona. The uniform electrostatic charge
is then selectively discharged by exposing it to a modulated
beam of 1i§ht corresponding, e.g., to an optical image of an
original to be copied, thereby forming an electrostatic
charge pattern on the photoconductive imaging surface, i.e.
a latent electrostatic image. Depending on the nature of the
photoconductive surface, the latent image may have either a
positive charge (e.g. on a selenium photoconductor) or a
negative charge (e.g. on a cadmium sulfide photoconductor) .

_ The 1latent electrostatic image can then be developed by

- applying to it oppositely charged pigmented toner particles,

which adhere to the undischarged *"print" portions of the

i photoconductive surface to form a toner image which is

subsequently transferred by various technigues to a copy
sheet (e.g. paper).

It will be understood that other methods may be
employed to form an electrostatic image, such as, for
example, providing a carrier with a dielectric surface and
transferring a preformed electrostatic charge to the
surface. The charge may be formed from an array of styluses.
This invention will be described . in respect of office
copiers, though it is to be understood that it is applicable
to other uses involving electrography.

In liguid-developed electrostatic imaging, the toner
particles are generally dispersed in an insulating non-polar

_« liguid carrier, generally an aliphatic hydrocarbon fraction,
which generally has a high volume resistivity above 10° ohm
-cm, a dielectric constant below 3.0 and a low vapor
Pressure (less then 10 torr. at 25°C). The liguid developer
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In the course of the process, a thin film of the liquid
developer is applied to and <covers the entire
photoconductive imaging surface. The charged toner particles
in the 1liquid developer film migrate to the oppositely-
charged areas forming the "print" portions of the latent
electrostatic image, thereby forming the toner image and any
liquid developer remaining on the photoconductive surface
after this stage of the process is recycled back into the
liquid developer reservoir.

Charge director molecules play an important role in the
above-described developing process in view of their function
of controlling the polarity and magnitude of the charge on
the toner particles. The choice of a particular charge
director for use in a specific liquid developer system, will
depend on a comparatively iarge number of physical
characteristics of the charge director compound, inter alia
its solubility in the carrier liguid, its chargeability, its
high electric field tolerance, its release properties, its
time stability, etc. All these characteristics are crucial
to achieve high guality imaging, particularly when a large
number of impressions are to be produced.

A wide range of charge director compounds for use in
liquid-developed electrostatic imaging are known from the
prior art. Examples of charge director compounds are ionic
compounds, particularly metal salts of fatty acids, metal
salts of sulfo-succinates, metal salts of oxyphosphates,
metal salts of alkyl-benzenesulfonic acid, metal salts of
aromatic carboxylic acids or sulphonic acids, as well as
zwitterionic and non-ionic compounds, such as
polyoxyetheylated alkylamines, lecithin, polyvinyl-
pyrrolidone, organic acid esters of polyvalent alcohols,
etc. .

In an attempt to improve the guality of the image
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charge directors, it has been suggested to use adjuvants in
the toner compositions, such as polyhydroxy compounds,
aminocalcohols, polybutylene succinimide, an aromatic
hydrocarbon, a metallic soap or a salt of a Group Ia, 1Ila,
or IIIa metal.

Thus, for example, in U.S. Patent No. 4,707,429
entitled "Metallic Soap as Adjuvant for Electrostatic Liquid
Developer"”, a metallic soap adjuvant was used in a toner
composition which contained a nonpolar liquid soluble ionic
or zwitterionic charge director compound, while in U.s.
Patent No. 4,780,389 entitled "Inorganic Metal Salt as
Adjuvant for Negative Liquid Electrostatic Developers", a
salt of a Group Ia, IIa, or IIIa metal with specified anions
was used as adjuvant in a toner composition which contained
a nonpolar liguid soluble ionic or zwitterionic charge
director compound which imparts a negative charge to
thermoplastic resin particles in the toner. The disclosures
in both of these U.S. patents is explicitly incorporated
herein by reference. '

As stated in each of these U.S. patents, even when the
prior adjuvants are used in conjunction with charge
directors, the images obtained using some toner formulations
suffer from one or more of the following disadvantages,
namely, low resolution, poor sclid area coverage (density),
image squash and ghosting. ] .

U.S. Patent 4,971,883 to Chan et al. describes a liquid
toner in which the toner particles are formed of a material
which is the reaction product of a polymeric resin having
free carboxyl groups and a metal alkoxide.

U.S. Patent 4,144,184 to Takahata et al. describes a
liquid toner system in which the charge control agent is
formed from a reaction product of one of a group of metal
alkoxides and an organic compound and is then added to the
dispersion'of toner particles in carrier liquid.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
improved liqgquid toner compositions containing charge
directors and charge priming agents. Other objects of the

24
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invention will appear from the description WhiCT

The present invention accordingly provides for a liquid
toner for electrostatic imaging, which comprise colorant
particles, a carrier liguid, at least one charge priming
agent selected from alkoxides of aluminum and alkoxides of
zirconium reacted with said particles and at 1least one
charge director, wherein said charge priming agent, if
present in said colorant particles, is present only near the
surface of said particles., Alkoxides of other tri-valent
metals are believed to be useful in the practice of the
invention as well.

We have found that the colorant particles in such
compositions exhibit excellent time stability of charge,
high mobility and give rise to images of very good copy
quality.

The present invention  moreover provides an
electrostatic imaging process which comprises the steps of:
forming a charged 1latent electrostatic image on a
photoconductive surface; applying to said surface charged
toner particles from a toner composition according to the
present invention, thereby to form a toner image on said
surface; and transferring the resulting toner image to a
substrate.

For purposes of definition in the present specification
and claims, it is to be noted that the term alkoxides is
intended to include the unsubstituted alkoxide moiety,
saturated cyclic alkoxide {e.g. cycloalkyloxy and
cycloalkylakoxy), and the alkoxide moiety which is otherwise
substituted by one to three radicals which do not have an
adverse effect on the charge priming characteristics of the
metal alkoxides. ,

RIEF CR N_OF THE DRAWINGS

Figs. 1-5 show the effect of varying amounts of a
charge priming agent in accordance with the invention, on
the mobility of toner particles in different liquid toner

compositions.
SC ON_OF ON

The thermoplastic resins, insulating non polar carFier
ligquids, colorant particles and charge directors, which may

of
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solvent for the charge directors, is most suitably an
aliphatic hydrocarbon fraction having suitable electrical
and other physical properties. Preferred solvents are the
series of branched-chain aliphatic hydrocarbons and mixtures
thereof, e.g. the isoparaffinic hydrocarbon fractions haviné
a boiling range above about 155°C, which are commercially
available under the name Isopar (a trademark of the Exxon
Corporation). Other carrier ligquids such as NORPARs, mineral
oils etc., are also useful in the practice of the invention.
The charge priming agents utilized in accordance with
the present invention are selected from alkoxides of
aluminum and zirconium. Aluminum alkoxides are presently
preferred. The alkoxide moieties in the charge priming
agents may for example be selected from unsubstituted
alkoxide moieties having preferably 1-12 carbon atoms,
r including, for example, methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, pentoxy, hexoxy, heptoxy,
octoxy, nonoxy, decoxy, undecoxy and dodecoxy, those having
1-6 carbon atoms being particularly preferred. However, as
peinted outlabove, "alkoxide" in the present specification
and claims includes saturated cyclic alkoxide (e.g.
cycloalkyloxy and cycloalkylalkoxy such as cyclopropoxy,
cyclobutoxy, cyclopentoxy, cyclohexoxy, cyclcheptoxy and
cyclooctoxy, as well as cyclohexylmethoxy  and 2-
cyclcochexylethoxy), as well as the alkoxide moiety which is
substituted by one to three radicals which do not have an
adverse effect on the charge priming characteristics of the
metal alkoxides. Such substituents may be for example,
halogen such as chlorine or fluorine, alkoxy such as methoxy
or ethoxy, and aryl such as phenyl. Thus, such substituted
alkoxide radicals include illustratively, 2-chloroethyl,
2,2,2-trifluoroethyl, 2-methoxyethyl, benzyl and 2-
phenylethyl.
It will be appreciated that the alkoxides useful . as
charge priming agenté in accordance with the present
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The charge priming agents may be included in the liquid
toners by any suitable method, and the methods exemplified
herein are to be regarded as illustrative only, and not
limitative. In a particular embodiment, the charge priming
agent is admixed with the diluted toner and the mixture
allowed to equilibrate. In another embodiment, the charge
priming agent is ground with toner concentrate. It is
presently preferred to add the charge director to the
diluted toner which is otherwise ready for use, i.e. after
the charge priming agent has been incorporated.

The invention will be illustrated by the following non-
limiting Examples, in which all ¥“parts" are parts by weight.
All ratios or percentages are with respect to the non-
volatile portion of the liquid toner and refer to the non-

» volatile solids portions of the respective materials.

The charge director used in all the Examples is
.prepared as follows.

PREPARATION OF CHARGE DIRECTOR

A four-necked 2 1liter glass reactor fitted with a
mechanical stirrer and reflux condenser was charged with 300
g. of a solution of 10% lecithin (Fisher) in Isopar H and
280 g. of 10% basic barium petronate (Witco) solution in
Isopar H. To the resulting solution, heated to 80°C, 6g of
l-vinyl-2-pyrrolidone was added, followed by 20 g. of a
solution of 6 g. lauroyl peroxide (Aldrich) in Isopar H. The
mixture was heated to 95°C, and the reaction was allowed to
proceed while stirring for 10 .hours in a nitrogen
atmosphere.

EXAMPLE I - Cyan

(a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a double
jacketed planetary mixer connected toc an oil heating unit
set at 130°C for one hour. A mixture of 1.75 parts of
Helioecht Blue (Bayer) and 5 parts of Isopar L are added, to
the mix in the double planetary mixer and the whole is mixed
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for a further hour at high speed. Tenq opar' L,
preheated to 110°C, are added, and mixing "is continued
without heating until the temperature of the mixture drops

- to 40°C, .

' (b) The product of part (a) is diluted with Isopar L to
a non-volatile solids content of 11.5%, and transferred to a
Sweco grinder, using 0.5 inch cylindrical alumina media and
is ground for 41 hours with water coocling. The final median
diameter of the resultant toner particles is 2.3 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Iéopar H. 100 g
portions of the product are then charged with vwvarious
amounts of aluminum tri(isopropoxide) ("Al(IP),"), obtained
from Aldrich) as indicated in Fig. 1. The toner is left to
egquilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for different proportions of Al(IP),
are shown in Fig. 1. For measurement of mobility, see e.gq.
"Measurements of the Electrophoretic Mobility of Toner
Suspensions", by Niv, Y., et al, 3rd 1Intl. Congress on
Advances in Non-Impact Printing Technologies/SPSE, 24-28
August 1986, the disclosure of which is incorporated herein
by reference.

EXAMPLE II - Red

(a) Thirty grams of a mixture of 86.5% of Elvax II 5720
and 13.5% of pigment red 6300 (E.I. du Pont) are melted
together with 70 grams of Isopar L at 130°C until the blend
is homogeneous.

(b) The product of part (a) is allowed to cool to room
temperature and transferred to an 01 attritor (Union
Process), together with an additional 100 g. of Isopar L.
The mixture is ground using stainless steel balls and water
cooling (=20°C) for 22 hours, yielding a concentrate of
median particle size 2.0 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with wvarious
amounts of Al(IP), as indicated in Fig. 1. The toner is left
to equilibrate for 24 hours, then 50 mg./g. charge director
is added. Mobility values for the different proportions of
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(a)} Ten parts of Elvax II 5950 (E.I. du Pont) and five
parts of Isopar -L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. 5 parts of Isopar L are
added to the mix and the whole is mixed for a further hour
at high speed. Ten parts of Isopar L, preheated to 110°C,
are added, and mixing is continued without heating until the
temperature of the mixture drops to 40°C.

(b) Ninety grams of the product of part (a) is
transferred to an 01 attritor together with 4.35 g. of
Pigment byan BT-583 (Heaubch) and 120 g. Isopar L. The
mixture is ground for 22 hours with water cooling (®20°C).
The resultant toner particles have a median (weight)
diameter of about 1.9 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with increased
amounts of Al(IP),;, as indicated in Fig. 3. The toner is
left to equilibrate for 24 hours, then 50 mg./g. charge
director is added. Mobility values for the different
proportions of Al(IP), are shown in Fig. 3.

EXAMPLE IV - Black

(a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. 5 parts of Isopar' L are

- added to the mix and the whole is mixed for a further hour

" at high speed. Ten parts of Isopar L, preheated to 110°C,
are added, and mixing is continued without heating until the
temperature of the mixture drops to 40°C.

(b) Ninety grams of the product of part (a) is
transferred to a 01 attritor together with 7.5 g. of Mogul L
(Cabot) and 120 g. Isopar L. The mixture is ground for 24
hours with water cooling (=20°C). The resultant toner
particles have a median (by weight) diameter of about 2.1
pm. .

(c) The toner concentrate from part (b) is diluted to a
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EXAMPLE V ~ Magenta
(a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. 5 parts of 1Isopar L are
added to the mix and the whole is mixed for a further hour
at high speed. Ten parts of Isopar L, preheated to 110°C,
are added, and mixing is continued without heating until the
temperature of the mixture drops to 40°C,
(b) Ninety grams of the product of part (a) is
transferred to an 01 attritor together with 4.5 g. of
Pigment F2B Fine Red {Toyc Ink) and 120 g. Isopar L. The
mixture is ground for 22 hours with water cooling (=20°C).
The resultant toner particles have a median (by weight)
diameter of about 0.8 um.

h {c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
pdrtions of the product are then charged with wvarious
amounts of Al(IP),, as indicated in Fig. 3. The toner is
left to eguilibrate for 24 hours, then 50 mg./g. charge
director is added. Mobility values for the different
proportions of Al(IP), are shown in Fig. 3.

EXAMPLE VI - Cyan

(a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. A mixture of 1.75 parts Heliocecht
Blue and 5 parts of Isopar L are added to the mix and the
whole is mixed for an additional hour at high speed. Ten
parts of Isopar L, preheated to 110°C, are added, and mixing
is continued without heating until the temperature of the
mixture drops to 40°C. }

(b) The product of part (a) is diluted with Isopar L to
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(c) Two hundred grams of the toner concentrate from
part (b) is transferred into a Union Process 01 attritor and
6.52 g. of Al(IP), is added. The mixture is ground for two
hours. It is then diluted to 1.5% non-volatile solids
content, after a 24 hour waiting period. 50 mg./g. charge
director is added to 100 g. of the above working dispersion.
The mobility value is 2.5 on a scale on which the mobility
for similar material without added Al(IP), is zero.

EXAMPLE VII -~ Cyan

When Example VI was repeated, but substituting aluminum
tri(isobutoxide}) for the Al(IP)3, similar results are
obtained.

EXAMPLE VIII ~ Cyan

When Example VI was repeated, but substituting aluminum

tri(éthoxide) for the Al(IP),, similar results are obtained.
EXAMPLE IX -~ Yellow

(a) Thirty grams of a mixture of 86.5%¢ of Elvax II
5650T and 13.5% of Sicomett Yellow D~1350 (BASF) are melted
together with 70 grams of Isopar I at 100°C until a
homogeneous blend is obtained.

(b) The product of part (a) is allowed to cool to room
temperature and transferred to an 01 attritor together with
an additional 100 g. of Isopar L. The mixture is ground
using stainless steel balls and water cooling (=20°C) for 22
hours, yielding a concentrate of median particle size of 1.7
sm.

{(c) The toner concentrate from part (b) is diluted to a
non~volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP), as indicated in Fig. 2. The toner is left
to equilibrate for 24 hours, then 50 mg./g. charge director
is added. Mobility values for the different proportions of
Al(IP), are shown in Fig. 2.

EXAMPLE X - Cyan .

(a) Ten parts of Elvax II 5720 (E.I. du Pont) and five

to
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parts of 1Isopar L (Exxon) are mixed at low speed in a
jacketed planetary mixer connected to an oil "heating unit
set at 130°C for one hour. A mixture of 1.75 parts Helioecht
Blue and 5 parts of Isopar L are added to the mix and the
whole is mixed for an additional hour at high speed. Ten
parts of Isopar L, preheated to 110°C, are added, and mixing
is continued without heating until the temperature of the
mixture drops to 40°C.

(b) The product of part (a) is diluted with Isopar L to
a non-volatile solids content of 11.5% and transferred to a
Sweco grinder using 0.5 inch cylindrical alumina media and
is ground for 22 hours with water cooling (=20°C). The
resultant toner particles have a median diameter of 2.3 um.

(c) 220 g. of the toner concentrate from part (b} is
transferred into an 01 attritor and 0.52 g. of Al(IP)5 is
added. The mixture is ground for two hours. It is then
diluted with Isopar B to 1.5% non-volatile solids content,

after a 24 hour waiting period. 1.2 kg. of the 1.5%
dispersion is charged with 7 mg./g. charge direc---r and
- placed in an 870 Savin photocopier. This copier L.. been
modified to allow for varying process voltages. The

potential on the photoconductor is regulated to 1400 V and
the potential applied on the transfer corotron is 9 KV. The
copy qualiﬁy parameters as measured using the Macbeth type
TR 927 reflection densitometer, are summarized in Table 1.
TABLE 1 .

Al(IP), Treated

N - —— - =

S.A.D. T.E. S.A.D. T.E.
Savin 2200+ 0.36 25% 1.46 88%
Printers Stock 0.85 42% 1.70 84%

D G S D S . S A S W G o W G T S0 G S A W B G G W D W S G - G G S S . - -

Where T.E. is the transfer efficiency of image transfer

from the photoconductor to the substrate and S.A.D. is the
solid area density of the transferred image.
EXAMPLE XI - Black R
(a}) Ten parts of Surlyn 1652 (E.I. du Pont) and five
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hour at high speed. Ten parts of Isopar L, preheated to

110°C, are added, and mixing is continued at high speed for

_another hour. .
(b} One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.5 g. Elftex 12
carbon black (Cabot) and 120 g. Isopar L. The mixture is
ground for 24hours using water «cooling (®20°C). The
. resultant toner particles have a median (by weight) diameter
of 1.6 um.’

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP};, as shown in Fig. 5. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for the different proportions of
:Al(IP), are shown in Fig. 5.

EXAMPLE XII - Black

(a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at 1low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. 5 parts of Isopar 1 are
added to the mix and the whole is mixed for an additiohal
hour at high speed. Ten parts of Isopar L, preheated"to
110°C, are added, and mixing is continued at high speed for
another hour. ,

(b) ©One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.9 g. Mogul L
and 120 g. Isopar L. The mixture is ground for 24 hours
using water cooling (=20°C). The resultant toner particles
have a median (by weight) diameter of 1.6 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP),, as shown in Fig. 5. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
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(a) Ten parts -of Surlyn 1652 (E.I. du Pont) and five
parts of 1Isopar 1 (Exxon) are mixed at low speed in a
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. 5 parts of Isopar L are added to
the mix and the whole is mixed for an additional hour at
high speed. Ten parts of Isopar L, preheated to 110°C, are
added, and mixing is continued at high speed for another
hour. Mixing is continued after removing the heat source,
until the temperature of the mixture drops to 40°C.

- (b) Ninety grams of the product of part (a) is
transferred to an 01 attritor together with 3.1 g. Sicomett
Yellow D-1350 and 120 g. Isopar L. The mixture is ground for
26 hours using water cooling (=20°C). The resultant toner
particles have a median (weight) diameter of 0.6 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g

portions of the product are then charged with various

amounts of Al(IP),, as shown in Fig. 4. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility wvalues for the different proportions of
Al (IP), are shown in Fig. 4.

EXAMPLE XIV - Cyan

{a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
parts of 1Isopar L (Exxon) are mixed at low speed in a
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. 5 parts of Isopar L are added to
the mix and the whole is mixed for an additional hour at
high speed. Ten parts of Isopar L, preheated to 110°C, are
added, and mixing is continued at'high speed for another
hour. Mixing is continued after removing the heat source,
until the temperature of the mixture drops to 40°C.

(b} One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.45 g. of Cyan
BT 583 pigment and 100 g. Isopar L. The mixture is ground
for 24 hours using water cooling (=20°C). The resultant
toner particles have a median (weight) diameter of 0.8 um.
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steel balls an ([err]20[err]C) for 22 houjgs I e
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I 5720 £ﬁ5ﬁntguogoﬂikI§Tg,fh%eshcwn in Fig. 4. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility wvalues for the different proportions of
Al(IP), are shown in Fig. 4.
EXAMPLE XV = Magenta

(a) 10 parts of Surlyn 1652 (E.I. du Pont) and 5 parts
of Isopar L (Exxon) are mixed at low speed in a Jjacketed
planetary mixer connected to an oil heating unit set at
130°C for one hour. 5 parts of Isopar L are added to the mix
and the whole is mixed for an additional hour at high speed.
Ten parts of Isopar L, preheated to 110°C, are added, and
mixing 3is continued at high speed for another hour. Mixing
is continued after removing the heat  .source, until the
temperature of the mixture drops to 40°cC.

(b) One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.45 g. of
.Pigment F2B ‘Fine Red (Toyo Ink) and 100 g. Isopar L. The
mixture is ground for 24 hours using water cooling (=20°C).
The resultant toner particles have a median (by weight)
d§ameter of 0.7 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of +the product are then charged with wvarious
amounts of A1(IP),, as shown in Fig. 4. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is

] added. . Mobility values for the different proportions of
Al(IP)5 are shown in Fig. 4.
EXAMPLE XVI .

(a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
parts of Isopar I (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating

" unit set at 130°C for one hour. Five parts of Isopar L are
added to the mix and the whole is mixed for an additional
hour at high speed. Five parts of Isopar L, preheated to
110°C, are added and mixing is continued at high speed for a
further hour. The heating unit is then disconnected and
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mixing is continued until the temperature of the mixture
drops to 40°C. .

(b) A mixture of 750 g. of the product of part (a), 53
g. Lionel Red 4576 (Toyo Ink) and 1100 g. of Isopar L, is

. ground for 24 hours in a Union Process 1S attritor, using
stainless steel balls, with water cooling. The final median
diameter is 0.7g. )

(c) The concentrate prepared in (b) was diluted to a
9.4% non-volatile solids content and 220 g. were transferred

+ to an 01 attritor and ground for 2 hours, using water
cooling.

(d) The concentrate prepared in (b) was diluted to a
9.4% non-Volatile solids content and 220 g. were transferred
to an 01 attritor, together with 0.206 g. Al(IP),, and the
mixture ground for 2 hours, using water cooling.

(e) The concentrate prepared in (c) was suspended in
Isopar L at a dilution of 1.5% non-volatile solid content,
and charge director was added in the proportion of 28 mg./g.
of toner solids. This developer was tested in an 870 Savin

“photocopier. This copier had been modified to allow for

_ varying process - voltages. The potential on the
photoconductor is regulated to 1400 V and the potential
applied on the transfer corotron is 9 KV. The copy gquality
parameters as measured using the Macbeth <type TR 927
reflection densitometer, are summarized in Table 2
("Control"). This material charges in a bi-polar manner,
i.e. some of the particles charge positive and some
negative.

(f} The concentrate prepared under (d) was treated
exactly as described in (e) and gave the results noted in
Table 2 ("Al(IP)3 treated").

TABLE 2
S Control (no AL(TPI;)  AL(IR), Treated
T sao. | TE sap.  mE
Savin 22000 0.8 7 i3 se

Printers Stock 1.10 86% 1.90 97%



whaole i s m xed

Blue and 5 parts of |Isopar L are added to the mx a

for an additional "hour—at__hi gh speed. Ten parts of to
110[err]C, are ddﬂ%ﬂkt;nd m Ximng—s conti nued w t hopt ¢ tjhe
tenmperature of thdmmigBBeendeons to 40[err] C ct Jof] part
(a) is diluted Wt A i ‘non-vol atile soli 11. 9% and
transferred to a SWECERR using 0.5 inch cyli - ] gedi a and
is ground for 22 hours with er cooling ([err]20[jerr]C). The resul fant
toner particles have a nedian dianeter & 2.3 [err]m tcr—226—¢g+ of

the toner concentrate frompart (b) is transferred into an O1 attritor and

0.52 g. of AI(IP)[err] is added. The mi xture is ground for two hours. It is
t hen Where T.E. is the transfer efficiency of image transfer

from the photoconductor to the substrate and S.A.D. is the
s0lid area density of the transferred image.

While the present invention has been particularly
described, persons skilled in the art will appreciate that
many variations and modification can be made. Therefore, the
invention is not to be construed as restricted to the
particularly described embodiments, rather the scope, spirit

by and concept of the invention will be more readily understood
. by reference to the claims which follow.



di luted wi t WhisSRPAY, eetniBI.BO/bnon-volatiIe solids content, "after a 24 hour

wai ting peri ﬁ%ﬁe 1.5% di spersion is ch | ./ Q.
charge direct @fﬂ’j H in an 870 Savin phot ocopﬂm mm m had
been nodifie or varying- proeess voltagese o tial

on the photoconductor is regul ated toS%é& V and the potential applied on
the transfer corotron is 9 KV. The ¢ ality paraneters'as measur ed
usi ng t he Macteiguidyptonerogempesitionen donsi tedesttargstattisunimaging,in

Table 1. yhieh comprise cofo*antTégkgiﬁles, a carrier f%&“f@l (D¢
A(IP)[err]) ZI el s eat
ast one charge priming agent selected from alkoxides of
aluminum and alkdxides of zirconium reacted with said
particles and at least one charge director, wherein said
charge priming agent, if present in said colorant particles,
is present only near the surface of said particles.

2. Ligquid toner compositions according to claim 1, wherein
said colorant particles comprise thermoplastic resin.

3. Liquid toner compositions according to claim 1 or claim
2, wherein the alkoxide moieties in the alkoxides of the
charge priming agent are selected from unsubstituted
alkoxide moieties, saturated cyclic alkoxide moieties, and
alkoxide moieties which are otherwise substituted by one to
three radicals which do not have an adverse effect on the

' charge priming characteristics of the metal alkoxides,

+ provided that the alkoxide moieties in any metal alkoxide
charge priming agent may be the same or different.

4. Liquid toner compositions according to claim 3, wherein
said unsubstituted alkoxide moieties contain 1-12 carbon
atoms.

5. Ligquid toner compositions according to claim 4, wherein
said unsubstituted alkoxide moieties contain 1-6 carbon
atoms.

6. Liguid toner compositions according to claim 3, wherein
said saturated cyclic alkoxide moieties are selected from
cycloalkyloxy and cycloalkylalkoxy.

7. Liguid toner compositions according to claim 3, wherein
the substituents in said otherwise substituted alkoxy
moieties are selected from halogen, alkoxy and aryl.

)
8. Ligquid toner compositions according to any of the
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Black  preceding claims, wherein said at least one charge priming
agent is incorporated by adding it to such composition and
allowing the mixture to come to equilibrium with the carrier
ligquid and colorant particles before the incorporation of
said at least one charge director in said composition.

9. An electrostatic imaging process which comprises the
steps of:

forming a latent electrostatic image on a surface;

applying to said surface charged colorant particles
from a 1liguid toner composition according to any of the
preceding clalms, thereby forming a developed toner image on
said surface; and

transferring the resulting toner image to a substrate.

10. A process for producing liquid toner compositions for
electrostatic imaging, which comprise colorant particles, a
carrier 1liquid and at least one charge director comprising
the steps of:

forming the colorant particles dispersed in a guantity
of the carrier ligquid;
adding at least one charge priming agent selected from
alkoxides of aluminum and alkoxides of zirconium to said
colorant particles dispersed the quantity of carrier liquid;
and '

adding the at least one charge director to the mixture
of colorant particles, carrier liquid and chafge priming

agent.

11. A process according to claim 10, wherein said colorant
particles comprise thermoplastic resin.

12. A process according to claim 10 or claim 11, wherein the
alkoxide moieties in said metal alkoxides are selected from
unsubstituted alkoxide moieties, saturated cyclic alkoxide
moieties, and alkoxide moieties which are otherwise
substituted by one to three radicals which do not have an
adverse effect on the charge priming characteristics of the
metal alkoxides, provided that the alkoxide mojeties in any
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(a) Ten parts qfh,s§ rlﬁn 1652 (E. 1. du Pont) and f ive-

(a) Ten parcs 'Sﬁllfi M e mxed at fon S“7mrmmmnmumim

L
metal alkoxide charge priming agent may be the same or
different.

13. Liquid toner coﬁpositions according to claim 12, wherein
said unsubstituted alkoxide moieties contain 1~12 carbon
atoms.

14. Liquid toner compositions according to claim 13, wherein
said unsubstituted alkoxide moieties contain 1-~6 carbon
atoms.

15. Liquid toner compositions according to claim 12, wherein
said saturated cyclic alkoxide moieties are selected from
cycloalkyloxy and cycloalkylalkoxy.

16. Liquid toner compositions according to claim 12, wherein
the substituents in said otherwise substituted alkoxy
moieties are selected from halogen, alkoxy and aryl.

17. Liquid toner compositions according to any of claims 10-
16, wherein said at least one charge priming agent is
incorporated by adding it to such composition and allowing
the mixture to come to equilibrium with the carrier 1liquid
and colorant particles before the incorporation of said at
least one charge director in said

-
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} acket ed doubl e planetary m xer connected to an oil heating unit set at
130[err]C for one hour. 5 parts of Isopar L are added to the m x and the
whole is mxed for an additional hour at high speed. Ten parts of Isopar L,
preheated to 110[err]C, are added, and m xing is continued at high speed
for anot her hour. (b) One hundredk@rans of the product of part (a) is
transferred to an 01 attritor together with 3.9 g. Elftex 12 carbon bl ack
(Cabot) and 120 g. Isopar L. The m xture is ground for 24hours using water
cooling (=20[err]C). The resultant toner garticles have a nedi an (by

wei ght) di aneter of CHARGEe PRIMING AGENTS FAR LEIREID-EANERSrate from part
(b) is diluted to a

ABSTRACT

Liquid toner compositions for electrostatic imaging, which
comprise colorant particles, a carrier liquid, at least one
charge priming agent selected from alkoxides of aluminum and
alkoxides of zirconium reacted with said particles and at least
one charge director, wherein said charge priming agent is present

in the colorant particles only near the surface thereof.




non-vol atile solids content of 1.5*, using |Isopar H 100 g portions of the
product are then charged with various anmounts of Al (IP)[err], as shown in
Fig. 5. The toner is left to equilibrate for 24 hours, then 50 ng./g.
charge director is added. Mbility values for the different proportions of
Al (IP)[err] are shown in Fig. 5. EXAMPLE XI'I - Bl ack
(a) Ten parts of Surlyn 1652 (E.I. dleont) and five parts of Isopar L
(Exxon) are m xed at |low speed in a jacketed double planetary m xer
connected to an oil heating unit set at 130[err]C for one hour. 5 parts of
| sopar L are added to the m x and the whole is m xed for an additional hour

at high speed. Ten parts of |sopar L, preheated to

Fig.1

A ~

N4 N
W

MOBILITY [(u/sec)/(V/em)]

0.00~+ T
0.00 0.20 0.40 0.60 0.80 1.00 120 140 1.60 1.80 2.00
% AI(IP),
B RED —— CYAN R
This Sheet Has

i !il

REPLACEMENT SHEET

13 MAR %997




110[err] C, are added, and m xing is continued at high speed for another

hour . (b) One hundred grans of the product of part (a) is transferred
to an 01 attritor together with 3.9 g. Mogul L and 120 g. Isopar L. The

m xture is ground for 24 hours using water cooling ([err]20[err]C) . The
resultant toner particles have a nedian (by weight)-dianeter of 1.6 [err]m
(c) The toner concentrate frompart (b) is diluted to a non-volatile solids
content of 1.5% using Isopar H 100 portions of the product are then
charged with various amobunts of Al (IPJ[err], as shown in Fig. 4. The toner
Is left to equilibrate for 24 hours, then 50 ng./g. charge director is

Fig.2
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-13- added. Mobility values for the different proportions of A (IP)[err]
are shown in Fig. 4. EXAMPLE XI'I1 - Yell ow

Fig.3
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(a) Ten parts of Surlyn 1652 (E.I. du Pont) and five parts of Isopar L
(Exxon) are mxed at | ow speed in a jacketed planetary m xer connected to
an oil heating unit set at 130[err]C for one hour. 5 parts of Isopar L are
added to the m x and the whole is m xed for an additional hour at high
speed. Ten parts of Isopar L, preheated to 110[err]C, are added, and m xi ng
I's continued at high speed for anothgg_hour. M xing is continued after
renovi ng the heat source, until the nperature of the m xture drops to
40[err] C. , (b) Ninety grans of the product of part (a) is transferred
to an 01 attritor together with 3.1 g. Siconett Yellow D-1350 and 120 g.

| sopar L. The mxture is ground for 26 hours using water cooling

([err]20[err]C). The resultant toner _
Fig.4
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particles have a nedian (weight) dianeter of 0.6 [err]m (c) The toner
concentrate frompart (b) is diluted to a non-volatile solids content of
1.5% using Isopar H 100 g portions of the product are then charged with
various anmounts of Al (IP)[err], as shown in Fig. 3. The toner is left to
equilibrate for 24 hours, then 50 ny./g. charge director is added. Mbility
values for the different proportions O.A (IP)[err] are shown in Fig. 3.
EXAMPLE XIV - Cyan (a) Ten parts of Surlyn 1652 (E.I. du Pont) and
five parts of Isopar L (Exxon) are m xed at | ow speed in a jacketed
pl anetary m xer connected to an oil heating unit set at 130[err]C for one
hour. 5 parts of Isopar L are added to

Fig.5S
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([err] 20 err] The resul t antptomeron -‘* SAENEMN D8I pEmient ki
) Azs lnventlon relates to the field of electrostatic
imaging and, more particularly, to liquid toners containing
charge directors and charge priming agents,

BACKGROUND OF THE INVENTION

In the art of electrostatic photocopying or photo-

printing, a latent electrostatic image is generally produced
by first providing a photoconductive imaging surface with a
uniform electrostatic charge, e.g. by exposing the imaging
surface to a charge corcna. The uniform electrostatic charge
is then selectively dzscharged by exposing it to a modulated
beam of light corresponding, e.g., to an optical image of an
original to be copied, thereby forming an electrostatic
charge pattern on the photoconductive imaging surface, i.e.
a2 latent electrostatic image. Depending sn the nature of the
§ho:oconductive surface, the latent image may have either a
positive charge (e.g. on a selsnium photoconductor) or a
negative charge (e.g. on a cadmium sulfide photoconductor).
The latent electrostatic image can then be developed by
applying to it oppositely charged pigmented toner particles,
which adhere to, the undischarged "print"” portions of the
photoconductive surface to form a toner image which is
subsequently transferred by various techn;ques to a copy
sheet (e.g. paper).

It will be understood that other methods may be
employed to form an electrostatic image, such as, for
example; providing a carrier with a dielectric surface and
transferring: a preformed e%ectrostatic charge to the
surface. The charge may be formed from an array of styluses.
This invention will be described in respect of office
copiers, though it is to be understood that it is applicable
to other uses involving electrography.

In liquid-developed electrostatic imaging, <the toner
particles are generally dispersed in an insulating non-polar
liquid carrier, generally an aliphatic hydrocarbon fraction,
which generally has a high volume resistivity above 10% ohm
-cm, a dlelectrlc constant below 3.0 and a low vapor
pressure (1ess then 10 torr. at 25°C). The liquid developer
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then 50 ng./g.

- 14- (c) The toner concentrate frompart (b) i
non-vol atile solids content of 1.5% using |Isopar H
product are then charged with various anmounts of Al (]
Fig. 3. The toner is left to equilibrate for 24 hour
charge director is added. Mbility vad yes-for the di

system further comprises so-called charge directors, i.e.
compounds capable of imparting to the toner particles an
electrical charge of the desired polarity and uniform
magnitude so that the particles may be electrophoretically
deposited on the photoconductive surface to form a toner

e

image.
In the course of the process, a thin film of the liquid
developer is applied to and «covers the entire

photoconductive imaging surface. The charged toner particles
in the 1liquid developer film migrate to the oppositely-
charged areas forming the "print" portions of the 1latent
electrostatic image, thereby forming the toner image and any
liquid developer remaining on the photoconductive surface
after this stage of the process is recycled back into the
liquid developer reserveir.

Charge director molecules play an important role in the
above-described developing process in view of their function
of controlling the polarity and magnitude of the charge on
the toner particles. The choice of a particular charge
director for use in a specific liquid developer system, will
depend en a comparatively 1large number of physical
characteristics of the charge director compound, inter alia
its solubility in the carrier liquid, its chargeability, its
high electric field tolerance, its release properties, its
time stability, etc. All these characteristics are crucial
to achieve high quality imaging, particularly when a large
number _of impreésions are to be produced.

A 'wide range of charge director compouﬁ&s for wuse in
liquid-developed electrostatic imaging are known from the
prior art. Examples of charge director compounds are ionic
compounds, particularly metal salts of fatty acids, metal
salts of sulfo-succinates, metal salts of oxyphosphates,
metal salts of alkyl-benzenesulfonic acid, metal salts of
arcmatic carboxylic acids or sulphonic acids, as well as

zwitterionic and non-ionic compounds, such as
polyoxyetheylated alkylamines, lecithin, polyvinyl-
pyrrolidone, organic acid esters of polyvalent alcohols,
etc.

In an attempt to improve the quality of the image



Al (IP)[err] are shown in Fig. 3. EXAMPL
(a) 10 parts of Surlyn 1652 (E.I. du Pont) and 5 parts of
are mxed at |low speed in a jacketed planetary m xer conndct

heating unit set at 130[err]C for one hour. 5 parts of Is par
to the mx and the whol e is m xed for-an -addi ti onal hour

fol
parts o ﬁ%‘iﬁid pazaeaing 1o A rﬁr‘{gﬁ%af’%.ﬂwedmﬁi%nueﬁiﬁ%ier ng

conti nued hlghlzpeed for anot our g.1s con
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40[err] C. the HdnerOnedmpedriad sHNs fifcH hEhsprjﬂﬂ hya‘rdwft déipdinds,
transferr%%f&%gy&é%Lﬁgtrl%pl§5é¥¥fggé\Mtsucc1nl an arcmatic
hydrocarbon, a metallic soap or a salt of a Group Ia, 1IIa,
or IIla metal.
Thus, for example, in U.S. Patent No. 4,707,429
entitled "Metallic Scap as Adjuvant for Electrostatic Liquid
Developer", a metallic soap adjuvant was used in a toner

composition which contained a nonpolar liquid soluble ionic
or zwitterionic charge director compound, while in U.s.
Patent No. 4,780,389 entitled "Inorganic Metal Salt as
Adjuvant for Negative Liquid Electrostatic Develcpers", a
salt of a Group Ia, IIa, or IIIa metal with specified anions
was used as adjuvant in a toner composition which contained
a nonpelar 1liquid soluble ionic or zwitteriecnic charge
director compound which imparts a negative charge to
thermoplastic resin particles in the toner. The disclosures
in both of these U.S. patents is explicitly incorporated
herein by reference. '

As stated in each of these U.S. bitents, even when the
prior adjuvants: are used in conjunction with charge
directors, the images obtained using some toner formulations
suffer from one or more of the following disadvantages,
namely, low resolution, poor solid area coverage (density),
image squash and ghosting. )

U.S. Patent 4,971,883 to Chan et al. describes a liguid
toner in which the toner particles are formed of a2 material
which is the reaction product of a polymeric resin having
free carboxyl groups and a metal alkoxide.

U.s. Patent 4,144,184 to Takahata et al. describes a
liquid toner system in which the charge control agent is
formed from a reaction product of cone of a group of metal
alkoxides and an organic compound and is then added to the
dispersion of toner particles in carrier liquid.

SUMMARY OF THE INVENTION .

It is an object of the present invention ta provide
improved 1liquid toner compositions containing charge
directors and charge priming agents. Other objects of the
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3. The present INyeRy: t)(\,qcco:dutgéy a{ﬂ LIQS 5720

(E. 1. du Pesherarferf i ebectrostacic imaging, which comprise cclar:am-.
parcicles, a carrier liquid, ac leastc one charge priming
agenc selected from alkoxides of aluminum and alkoxides of
zirconium reacted with said parcticles and at leasc one
charga director, wherein said charge priming agenc, i€
presant in said colorant particles, is presenc only near the
surface of said particles. Alkoxides of other ctri-valanc
metals ara beliaved to be useful in the practice of cthe
- inventicn as well.

we have found that che coloraat particles in such
compositions exhibit excellent time stabilicy of charge,
high mobilicy and give rise to images of very good copy
qualicy.

Tha prasanc invencion morecvar provides an
alectrostatic imaging process which comprises che sceps of:
forming a chargad latent electrostatic image on a
photocenductive surfacs; applying to said surface charged
roner particles from a toner composition according co che
presaat invencicn, chereby co form a tonrer image on said
surface; and crans:er*:.ng the resulting toner image to a
subscrace. :

There is therefore provided a liquid toner composicion
as claimed in claim 1 and all claims dependent therecn, as
well as 2 process for producing liquid toner compositions as
claimed in claims 11, 12 and all claims depéndentc thereon.

For purposes of definition in the present specificatcion
and claims, it is to be noced that the cerm alkoxides is
intended to include the unsubscituced a}_koxide moiety,
saturated cyclic alkoxide (e.g. cycloalkyloxy and
cycloalkylakoxy), and the alkoxide moiecy which is ocherwise
substituted by one to three radicals which do not have an
adverse effect on the charge priming characteristics of che
metal alkoxides. ' .

BRIEF DESCRIBTION OF THE DRAWINGS

Figs. 1-4 show the ‘effect of varying amouncs of a
charge priming agent in accordance with the invencion, on
the mobilicy of toner parcicles in differeant liquid cener
compasitions.

DETAILED DESCRIBTION OF THE INVENTION

The chermoplastic resins., insulacing non polar carrier

liquids, colorant particles and charge directors. which may

nd
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for an additional hour at high speed. Five parts of |30
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cted and
suitably be used in the toner compositions of the invention

are known in thé art, for example in the two U.S. patents
mentioned above. Illustratively, the insulating non-polar
liquid carrier, which should preferably alsc serve as the
solvent for the charge directors, is meost suitably an
aliphatic hydrocarbon fraction having suitable electrical
and other physical properties. Preferred sclvents are the
series of branched-chain aliphatic hydrocarbons and mixtures
thereof, e.g. the isoparaffinic hydrocarbon fractions having
a boiling range above about 155°C, which are commercially

available under the name Isopar (a trademark of the Exxon

Corporation). Other carrier liquids such as NORPARs, mineral
oils etc., are alsoc useful in the practice of the inventien.

The charge priming agents utilized in accordance with
the present invention are selected from alkoxides of
aluminum and zirconium. Aluminum alkoxides are presently
preferred. The alkoxide moieties in the charge priming
agents may for example be selected from unsubstituted
alkoxide moieties having preferably 1-12 carbon atoms,
including, for example, methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, pentoxy, hexoxy, heptoxy,
octoxy, nonoxy, decoxy, undecoxy and dodecoxy, those having
1-6 carbon atoms being particularly preferred. However, as
pointed out above, "alkoxide" in the present specification
and claims includes saturated cyclic alkoxide (e.g.
cycloalkyloxy and cycloalkylalkoxy such as cyclopropoxy,
cyclobutoxy, cyclopentoxy, cyclohexoxy, cycloheptoxy and
cyclooctoxy, as well as cyclohexylneghoxy and 2~
cyclohexylethoxy), as well as the alkoxide moiety which is
substituted by one to three radicals which do not have an
adverse effect on the charge priming characteristics of the
metal alkoxides. Such substituents may be for example,
halogen such as chlorine or fluorine, alkoxy such as methoxy
or ethoxy, and aryl such as phenyl. Thus, such substituted
alkoxide radicals include illustratively, 2-chloroethyl,
2,2,2-trifluoroethyl, 2-methoxyethyl, benzyl and 2-
phenylethyl.

It will be appreciated that the alkoxides useful as
charge priming agents in accordance with the present
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- 15 - mxing is continued until the tenperature of thejnjxture drops
40[err] C. (b) A mxture of 750 g. of the product pf pa&gmﬁ3 :
Li onel Red 4576 (Toyo Ink) and 1100 g. of Isopar L, is prpund for hqur
in a Union Process 1S attritor, using stainless steel | TS, WTiTwvert

cooling. The final nedian diameter is 0.7[err]. (ch)-The concentrate
prepared in (b) was diluted to a 9.4%hé-Volatile solids content and 220
g. were trdmsfemrtrieth contain a2 multiplicity of alkoxide radicals, and

that these radicals in any one aluminum or zirconium
alkoxide may be the same as each other, or different from
each other.

The charge priming agents may be included in the liquid
toners by any suitable method, and the methods exemplified
herein are to be regarded as illustrative only, and not
limitative. In a particular embodiment, the charge priming
agent is admixed with the diluted toner and the mixture
allowed to eguilibrate. In another embodiment, the charge
priming agent is ground with .toner concentrate. It |is
presently preferred to add the charge director to the
diluted toner which is otherwise ready for use, i.e. after
the charge priming agent has been incorporated.

The invention will be illustrated by the following non-
limiting Examples, in which all "parts™ are parts by weight.
All ratios or percentages are with respect to the non-
volatile portion of the liquid toner and refer to the non-
volatile solids portions of the respective materials.

The charge director used in all the Examples is
prepared as follows.

PREPARATION OF CHARGE DIRECTOR

A four-necked 2 1liter glass reactor fitted with a
mechanical stirrer and reflux condenser was .charged with 300
g. of a soclution of 10% lecithin (Fisher) in Isopar H and
280 g. of 10% basic barium petronate (Witco) solution in
Isopar . H. To the resulting solution, heated to 80°C, 6g of
i-vinyl-2-pyrrolidone was added, followed by 20 g. of a
solution of 6 g. lauroyl peroxide (Aldrich) in Isopar H. The
mixture was heated to 95°C, and the reaction was allowed to
proceed while stirring for 10 hours in a  nitrogen
atmosphere.

EXAMPLE I - Cyan ,

(a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a double
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. A mixture of 1.75 parts of
Helioecht Blue (Bayer) and 5 parts of Isopar L are added to
the mix in the double planetary mixer and the whole is mixed
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(b) The product of part (a) is diluted with Isopar L to
a non-volatile solids content of 11.5%, and transferred to a
Sweco grinder, using 0.5 inch cylindrical alumina media and
is ground for 41 hours with water coocling. The final median
diameter of the resultant toner particles is 2.3 um.

(¢} The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of aluminum tri(isopropoxide) ("Al(IP);"), obtained
from Aldrich) as indicated in Fig. 1. The toner is left ‘to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for different proportions of Al(IP),
are shown in Fig. 1. For measurement of mobility, see e.g.
"Measurements of the Electrophoretic Mobility of Toner
Suspensions”, by Niv, Y., et al, 3rd Intl. Congress on
Advances in Non-Impact Printing Technologies/SPSE,. 24-28
August 1986, the disclosure of which is incorporated herein
by reference.

EXAMPLE II «~ Red )

(2a) Thirty grams of a mixture of 86.5%.0f Elvax II 5720
and '13.5% of pigment red 6300 (E.I. du Pont) are melted
together with 70 grams of Iéopar L at 130°C until the blend
is homogeneous. .

(b} The product of part (a) is allowed to cocl to room
temperature and transferred to an 01 attritor (Union
Process), together with an additional 100 g. of Isopar L.
The mixture is ground using stainless steel balls and water
cooling (=20°C) for 22 hours, yielding a concentrate of
median particle size 2.0 um.

(¢) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP)4 as indicated in Fig. 1. The toner is left
to equilibrate for 24 hours, then 50 mg./g. charge director
is added. Mobility values for the different proportions of

NGRS nealth AHEN 'le Clnpesdfufe %P Fiul &P



applied on the transfer corotron is 9 KV. The copy
nmeasured using the Macbeth type TR 927 refl ection
sumarized in Table 2 ("Control™). This materi

manner,

(f) The concentrate prepared under (d) was treated}e aéf
(e) and gave the results noted in Table 2 ("AI(IP){e

TABLE 2

¢
St RE

q"

i.e. some of the particles charge positfv

Control (no AlgIR)[err])

Al(IP)5 are shown in Fig. 1.
EXAMPLE III - Cyan
(a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating

unit set at 130°C for one hour. 5 parts of Isopar L are
added to the mix and the whole is mixed for a further hour
at high speed. Ten parts of Isopar L, preheated to 110°C,
are added, and mixing is continued without heating until the
temperature of the mixture drops to 40°C.

(b) Ninety grams of the product of part (a) is
transferred to an 01 attritor together with 4.35-g. of
Pigment cyan BT-583 (Heaubch) and 120 g. Isopar L. The
mixture is ground for 22 hours with water cooling (=20°C).
The resultant toner particles have a median (weight)
diameter of about 1.9 um.

(c) The toner concentrate from part (b} is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with increased
amounts of Al(IP)3, as indicated in Fig. 3. The toner is
left to equilibrate for 24 hours, then 50 mg./g. charge
director is aéded.

' EXAMPLE IV - Black

(a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
parts -of Isopar L {(Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. 5 parts of Isopar L are
added to the mix and the whole is mixed for a further hour
at high speed. Ten parts of Isépar L, preheated to 110°C,
are added, and mixing is continued without heating until the
temperature of the mixture drops to 40°C.

(b) Ninety grams of the product of part (a) is
transferred to a 01 attritor together with 7.5 g. of Mogul L
(Cabot) and 120 g. Isopar L. The mixture is ground for 24
hours with water cooling (=20°C). The resultant toner
particles have a median (by weight) diameter of about 2.1
pm. |

(c) The toner concentrate from part (b) is diluted to a

A (IP)[err] Tdeated
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non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP)3, as indicated in Fig. 3. The toner is
left to equilibrate for 24 hours, then 50 mg./g. charge
director 1is added.

EXAMPLE V - Magenta

(a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. 5 parts of Isopar L are
added to the mix and the whole is mixed for a further hour
at high speed. Ten parts of Isopar L, preheated to 110°C,
are added, and mixing is continued without heating until the
temperature of the mixture drops to 40°C.

(b) Ninety grams of the product of part (a) is
transferred to an 01 attritor together with 4.5 g. of
Pigment F2B Fine Red (Toyo Ink) and 120 g. Isopar L. The
mixture is ground for 22 hours with water cooling (=20°C).
The resultant toner particles have a median (by weight)
diameter of about 0.8 pm.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP)3, as indicated in Fig. 3. The toner is
left to equilibrate for 24 hours, then 50 mg./g. charge
director is added.

EXAMPLE VI - Cyan

(2a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
parts of 1Isopar L {(Exxon) are mixed at low speed in a
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. A mixture of 1.75 parts Heliocecht
Blue and 5 parts of Isopar L are added to the mix and the
whole is mixed for én additional hour at high speed. Ten
parts of Isopar L, preheated to 110°C, are added, and mixing
is continued without heating until the temperature of the
mixture drops to 40°C.

(b) The product of part (a) is diluted with Isopar L to

74%
97%
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t he phot oconductor to the substrate and S.A. D. i the soll ’density of
the transferred i mge. Wil e the present inv ntiom;yﬁqug
particul arly described, persons skilled in the aft jwill appréetiafejthat
- 10 -
a non-volatile solids content of 11.5%Liﬁa“trans€e:xadu&: a

Sweco grinder using 0.5 inch cylindrical alumina media and
is ground for 41 hours with water cooling. The final median
diameter of the resultant toner particles is 2.3 um.

(¢) Two hundred grams of the toner concentrate from
part (b) is transferred into a Union Process 01 attritor and
0.52 g. of Al(IP); is added. The mixture is ground for two
hours. It is then diluted to 1.5% non-volatile solids
content, after a 24 hour waiting period. 50 mg./g. charge
director is added to 100 g. of the above working dispersion.
The mobility value is 2.5 on a scale on which the mobility
for similar material without added Al(IP), is zero.

EXAMPLE VII ~ Cyan

When Example VI was repeated, but substituting aluminum
tri(isobutoxide) for the Al(IP),, similar results are
cbtained.

EXAMPLE VIII - Cyan

When Example VI was repeated, but substituting aluminum

tri(ethoxide) for the Al(IP)4, similar results are obtained.
EXAMPLE IX -~ Yellow

(2) Thirty " grams of a mixture of 86.5% of Elvax II
5650T and 13.5% of Sicomett Yellow D-1350 (BASF) are melted
together with 70 grams of Isopar L at 100°C until a
homogeneous blend is obtained.

(b) The product of part (a) is allowed to cool to room
temperature and transferred to an 01 attritor together with
an additional 100 g. of Isopar L. The mixture is ground
using stainless steel balls and water cooling (=20°C) for 22
hours, yielding a concentrate of median particle size of 1.7
um. )

(c) The toner concentrate from parﬁ (b} is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 ¢
portions of the product are then charged with various
amounts of Al(IP), as indicated in Fig. 2. The toner is left

" to equilibrate for 24 hours, then 50 mg./g. charge director
is added. Mobility values for the different proportions of
Al(IP), are shown in Fig. 2.

EXAMPLE X - Cyan
(a) Ten parts of Elvax II 5720 (E.I. du Pont) and five



many variations and nodification can be nade. Therefor
not to be construed as restricted to the particularly
enbodi ments, rather the scope of the inventj
readi |y understood by reference to the clains which f
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parts of 1Isopadr L (Exxon) are mixed at
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. A mixture of 1.75 parts Heliocecht
Blue and 5 parts of Isopar L are added to the mix and the
whole is mixed for an additional hour at high speed. Ten
parts of Isopar L, preheated to 110°C, are added, and mixing

is continued without heating until the temperature of the
mixture drops to 40°C.

(b} The product of part (a) is diluted with Iscpar L to
a non-volatile solids content of 11.5% and transferred to a
Sweco grinder using 0.5 inch cylindrical alumina media and
is ground for 22 hours with water cooling (=20°C). The
resultant toner particles have a2 median diameter of 2.3 um.

() 220 gq. of the toner concentrate from part (b) is
transferred intec an 01 attritor and 0.52 g. of Al(IP}y is
added. The mixture is ground for two hours. It is <then
diluted with Isopar H to 1.5% non-volatile solids content,
after a 24 hour waiting period. 1.2 kg. of the 1.5%
dispersion is charged with 7 mg./g. charge director and
placed in an 870 Savin photocopier. This copier had been
modified to allow for varying process voltages. The
potential on the photoconductor is regulated to 1400 V and
the potential applied on the transfer corotron is 9 KV. The
copy dguality parameters as measured using the Macbeth type
TR 927 reflection densitometer, are summarized in Table 1.

TABLE 1
Control (ne Al(IP),) Al(IP), Treated
S.A.D. T.E. S.A.D. T.E.
Savin 2200+ 0.36 25% 1.46 ) 88;-
Printers Stock 0.85 42% 1.70 84%

Where T.E. is the transfer efficiency of image transfer
from the photoconductor to the substrate and S.A.D..is the
s80lid area density of the transferred image.

EXAMPLE XI - Black
(a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
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- 17 - 1. Liquid toner conpositions for electrostg REH=RE =
conpri si ng: col orant parti.cles conprising a ther -plgﬁghg :ﬁéln ar
dye or pignent, the particles having an interior portfi dn Rs 1ade

portion, which surface portion has been sel ectively rfea fh.a cha
primng agent selected from al koxi des of al um num ang aIkOX|des of
zirconiumas conpared with the interi=on2pesrtion, sromeamene

parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. S parts of Isopar L are
added to the mix and the whole is mixed for an additional
hour at high speed. Ten parts of Isopar L, preheated to
110°C, are added, and mixing is continued at high speed for
another hour.

(b) One hundred grams of the product of part (a) is
transferred to an Ol attritor together with 3.9 g. Elftex 12
carbon black (Cabot) and 120 g. Isopar L. The mixture is
ground for 24hours using water cocling (=20°C). The
resultant toner particles have a median (by weight) diameter
of 1.6 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with wvarious
amounts of Al(IP)3, as shown in Fig. 5. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for the different proportions of
Al(IP)3 are shown in Fig. 5.

EXAMPLE XII - Black

(a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed double planetary mixer connected to an ©il heating
unit set at 130°*C for one hour. 5 parts of Isopar L are
added to the mix and the whole is mixed for an additional
hour - at high speed. Ten parts of Iscpar L, preheated to
110°C, are added, and mixing is continued at high speed for
another hour. .

(b) One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.9 g. Mogul L
and 120 g. Isopar L. The mixture is ground for 24 hours
using water cooling (=20°C). The resultant toner particles
have a median (by weight) diameter of 1.6 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP)3, as shown in Fig. 4. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is

d
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at | east one charge director; and a carrier liquid.
conpositions according to claim1l1, wherein the al koxi de
charge primng agent are selected fromunsubstituted
saturated cyclic al koxi de noi eties, and al koxi de noi et
ot herwi se substituted by one to three radicals which dg not haVe e
adver se effect on the charge primng ehagaecteristics of t al

al koxi des, »Rlud d%ﬂb;&:@)ﬁwihgg ggmht ' §3 £'£% AN« BRI A EOXATTS

prim ng agent
(IP)3 are shown in Fig. 4.
EXAMPLE XIII - Yellow

(a) Ten parts of Surlyn 1652 (E.I. du Pont) and five

parts of Isopar L (Exxon) are mixed at low speed in a

jacketed planetary mixer connscted to an oil heating unit

set at 130°C for one hour. 5 parts of Isopar L are added to

the mix and the whole is mixed for an additional hour at

ge

high speed. Ten parts of Isopar L, preheated to 110°C, are
added, and mixing is continued at high speed for another
hour. Mixing is continued after removing the heat scurce,
until the temperature of the mixture drops to 40°C.

(b) Ninety grams of the product of part (a) is
transferred to an 0l attritor together with 3.1 g. Sicomett
Yellow D-1350 and 120 g. Isopar L. The mixture is ground for
26 hours using water cooling (=20°C). The resultant toner
particles have a median (weight) diameter of 0.6 um.

(c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP)3, as shown in Fig. 3. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for the different proportions of
Al(IP)3 are shown in Fig. 3.

EXAMPLE XIV - Cyan

(a) Ten parts of Surlyn 1652 (E.I. du Pont) and five
parts of Isopar L (Exxon) are mixed at low speed in a
jacketed planetary mixer connected to an oil heating unit
set at 130°C for one hour. 5 parts of Isopar L are added to
the mix and the whole is mixed for an additional hour at
high speed. Ten'parts of Isopar L, preheated to 110°C, are
added, and mixing is continued at high speed for another
hour. Mixing is continued after removing the heat source,
until the temperature of the mixture drops to 40°C.

(b) One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.45 g. of Cyan
BT 583 pigment and 100 g. Isopar L. The mixture is ground
for 24 hours using water cooling (=20°C). The raesultant

' toner particles have a median (weight) diameter of 0.8 pm.



3. Liquid toner conpositions according to claim 2, RﬁgLACENﬂﬂiﬁ
unsubstituted al koxi de noi eties contain 1-12 carbo
t oner conpositions according to claim3, wherein s
al koxi de noieties contain 1 -6 carbon atons.
conpositions according to claim2, wherein sald S
noi eties are selected from 14

(¢) The toner concentrate from part (b) is d-to a

non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with variocus
amounts of Al(IP)a, as shown in Fig. 3. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for the different proportions of
Al(IP)3 are shown in Fig. 3.

EXAMPLE XV - Magenta

(a) 10 parts of Surlyn 1652 (E.I. du Pont) and 5 parts
of Isopar L (Exxon) are mixed at low speed in a jacketed
planetary mixer connected to an oil heating unit set at
130°C for one hour. 5 parts of Isopar L are added to the mix
and the whole is mixed for an additiqhal hour at high speed.
Ten parts of Isopar L, preheated to 110°C, are added, and
mixing is continued at high speed for another hour. Mixing
is continued after removing the heat source, until the
temperature of the mixture drops to 40°C.

(b) One hundred grams of the product of part (a) is
transferred to an 01 attritor together with 3.45 g. of
Pigment F2B Fine Red (Toyo Ink) and 100 g. Isopar L. The
mixture is ground for 24 hours using water coecling (=20°C).
The resultant toner particles have a median (by weight)
diameter of 0.7 um.

{c) The toner concentrate from part (b) is diluted to a
non-volatile solids content of 1.5%, using Isopar H. 100 g
portions of the product are then charged with various
amounts of Al(IP)3, as shown in Fig. 3. The toner is left to
equilibrate for 24 hours, then 50 mg./g. charge director is
added. Mobility values for the different proportions of
Al(IP); are shown in Fig. 3.

EXAMPLE XVI

{(a) Ten parts of Elvax II 5720 (E.I. du Pont) and five
paztts of Isopar L (Exxon) are mixed at low speed in a
Jacketed double planetary mixer connected to an oil heating
unit set at 130°C for one hour. Five parts of Isopar L are
added to the mix and the whole is mixed for an additional
hour at high speed. Five parts'of Isopar L, preheated to
110°C, are added and mixing is continued at high speed for a
further hour. The heating unit is then disconnected and




cycl oal kyl oxy and cycl oal kyl al koxy. 6. Liquid toner conpositions
according to claim2, wherein the substituents in said otherw se
substituted al koxy noieties are selected from hal ogen, al koxy and aryl.
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mixing is continued until the temperature of the mixture
drops to 40°C.

(b) A mixture of 750 g. of the product of part (a), 53
g. Lionel Red 4576 (Toyo Ink) and 1100 g. of Isopar L, is
ground for 24 hours in a Union Process 1S attritor, using
stainless steel balls, with water cooling. The final median
diameter is 0.7pu.

(c) The concentrate prepared in (b) was diluted to a
9.4% non-volatile solids content and 220 g. were transferred
to an 01 attritor and ground for 2 hours, using water
cooling. ‘

(d) The concentrate prepared in (b) was diluted to a
9.4% non-volatile solids content and 220 g. were transferred
tc an 01 attritor, together with 0.206 g. Al(IP)4, and the
mixture ground for 2 hours, using water cooling.

(e) The concentrate prepared in (¢c) was suspended in
Isopar L at a dilution of 1.5% non-volatile solid content,
and charge director was added in the proportion of 28 mg./q.
of toner solids. This developer was tested in an 870 Savin
photocopier. This copier had been modified to allow for
varying process voltages. The potential on the
photoconductor is'-regulated to 1400 v and the potential
applied on the transfer corotren is 9 XV. The copy quality
parameters as measured using the Macheth type TR 927
reflection densitometer, are summarized in Table 2
("Control"). This material charges in a bi-polar manner,
i.e. some of the particles charge positive and some
negative.

(f) The concentrate prepared under (d) was treated
exactly as described in (e) and gave the results noted in
Table 2 ("Al(IP), treated").

TABLE 2
Control (no Al(IP),) AL(IP), Treated
S.A.D. T.E. S.A.D. ;.E.
Savin 2200+ 0.80 74% ) 1.43 —-‘;;;-

Printers Stock 1.10 86% 1.90 97%
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7.

Liquid toner conpositions according to any of the precedlng

clains, wherein said charge primng agent is an alkoxrrﬁ“

Li quid toner compositions according to claim?7 wherei S 41
alum num tri (i sopropoxide). 9. Liquid toner accordijng to c|a|n1/
the al koxide is alumnumtri (isobutoxide) 1 3 MAR %97
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Where T.E. is the transfer efficiency of image transfer
from the photoconductor to the substrate and S.A.D. is the
solid area density of the transferred image.

While the present invention has been particularly
described, persons skilled in the art will appreciate that
many variations and modification can be made. Therefore, the
invention is not to be construed as restricted to the
particularly described embodiments, rather the scope

of the invention will be more readily understood
by reference to the claims which follow. '



10 Li quid toner conpositions according to claim?7 mhereln the al koxi de is

alun1nun1tr|(ethdde67- -11.—An electrostatic

conprises the formng a | atent
surf ace; ”mnn BMM, ﬂﬂ,ti surface chargeq
| i quid toner conpoSk ding to any of {
formng a déveloped t oner |nage on said surfag
resulting toner inmage to a substrate.
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CLAING

1. Liquid toner compositions for electrostatic imaging

comprising:

colorant particles comprising a thermoplastic resin and
a dye or pigment, the particles having an interiocr portion
and a surface portion, which surface portion has been

selectively reacted with a charxge priming egent

selected

from alkoxides of aluminum and alkoxides of zirconium as

compared with the interior portion;
at least one charge director; and
a carrier ligquid.

2. Liquid toner compositions according to claim 1, wherein
the alkoxide mocieties of the charge priming agent are

selected £from unsubstituted alkoxide moieties,

saturated

cyclic alkoxida moieties, and alkoxide moleties which are
otherwise substituted by one to three radicals which do not
have an adversa effect on the charge priming characteristics
of the metal alkoxides, provided that the alkoxide moieties

in any metal alkoxide charge priming agent may be
or differant. S

the same

3. Liquid toner compositions according to claim 2, wherein
said unsubstituted alkoxide moieties contain 1-12 carben

atoms.

4. Liquid toner compositions according to claim 3, wherein
said unsubstituted alkoxide moieties contain 1-§ carbon

atoms.

S. Liquid toner compositions according to claim 2, wherein
said saturated cyclic alkoxide moieties are selected from

Cycloalkyloxy and cycloalkylalkoxy.

6. Liquid toner compositiocns according to claim 2, wherein
the gubstituents in gaid otherwise substituted alkoxy

moieties are selected from halogen, alkoxy and aryl.



12. A process_for_producing liquid toner conpositi MAGEMEHI SHER Tt i c

I magi ng, conprising the steps of: a. providin col or ant pgrticles

conpri si ng ' esin and a dye or pip nt1 ZiMreigeed Jinl a
gquantity of cmllmmmmmmm b. adding at l|east jone charge grl mjng
agent sel ected™frbm'al Koxi*de$ of al um num and al kgxi @&s—of~zrreeni ymto

said colorant particles-carrier liquid dispersion,lLwhereby the charge
primng agent reacts with the pol yner 18t-t he surface of the particlTes, and

c. then adging tbguid Imﬁrom@wmﬁd eqicdordinghe td xlatye 6F sgmgace
treated CO':E-’LSG'&:.R? Eiil ﬁ& an q'xg ein ercaidqlélh%rga priming agent is an

alkoxide of aluminum.

8. Liquid toner compositions according to claim 7 wherein
the alkoxide is aluminum tri(isopropoxide).

3. Ligquid toner according to claim 7 whersin the alkoxide
is aluminum tzi (iscbutoxide)

10. Liquid toner compoaitions according to claim 7 wherein
the alkoxide is aluminum tri (ethoxide).

11. An electrostatic imaging process which comprises the
steps of:

forming a latent electrostatic image on & surface;

applying to said surface charged colorant particles
from a ligquid toner composition according to any of the
preceding claims, thereby forming a developed toner image on
said surface; and

transferring the resulting toner image to a substrate.

12. A process for producing liquid toner compositions for
electrostatic imaging, comprising the eteps of:

a. providing colorant particles comprising a
thermoplastic resin and a dye or pigment dispersed in a
quantity of carrier liquid,

b. adding at least one charga priming agent selected
from alkoxides of aluminum and alkoxides of zirconium to
said colorant particles-carrier liquid dispersion, whereby
the chazge Priming ag'em-. reacts with the polymer at the
surface of the particles; and

c. then adding the at least one chargs director to the

mixture of surface treated colorant particles and carrier
liquid.

13. A process according to claim 12, wherain the alkoxide
woieties in said aluminum or zinc alkoxides are selected



13. A process according to claim 12, wherein the al kpx
al um num or zi nc-al-koxi des_are sel ected

A o

from unsubstituted alkoxide moleties, wmaturated cyclic
alkoxide maieties, and alkoxide moieties which are otherwise
substituted by one to three radicals which do not have an
adverse effact on the charge priming characteristics of the
metal mlkoxidas, provided that the alkoxide moieties in any
metal =alkoxide charge priming agent may be the same or
different,

14. A process according to <claim 13, wherein said
unsubstituted alkoxide moieties contain 1-12 carbon atoms.

1S. A process according ¢te eclaim 13, wherein saig
unsubstituted alkoxide moieties contain 1-6 carbon stoms.

1§. A process according to claim 13, wherein said saturated
cyclic alkoxide moleties ars selected from cycloalkyloxy an?
cycloalkylalkoxy.

17. A process according to claim 13, wherein the
substituents in said otherwise substituted alkoxy moieties
are selected from halogen, alkoxy and aryl.

18. A process according to any of elaims 12-17, wherein
gaid charge priming agent is an alkoxide of aluminum.

19. A process according to claim 18 wherein the slkoxide is
aluminum tri(isopropoxide).

20. A process according to claim 18 wherein the alkoxide is
-aluminum tri({iscbutoxide) )

21. A process according to claim 18 wherein the alkoxide is
aluminum tri{ethoxide).



- 19 - from unsubstituted alkoxide noieties, saturated cyclic

al koxi de noi eties, and al koxi de noi eties which are otherw se substituted by
one to three radicals which do not have an adverse effect on the charge
primng characteristics of the netal al koxides, provided that the al koxi de
noieties in any netal al koxide charge primng agent nmay be the sanme or
different. 14. A process according to claim 13, wherein said
unsubstituted al koxi de noieties contain 1-12 carbon atons.
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15. A process according to claim 13, wherein said unsubstituted

al koxi de noi eties contain 1-6 carbon atons. 16. A process according to
claim 13, wherein said saturated cyclic al koxide noieties are selected from
cycl oal kyl oxy and cycl oal kyl al koxy. 17. A process according to claim

13, wherein the substituents in said otherw se substituted al koxy
noi eti es are sel ected from hal ogen, al koxy and aryl .
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18. A process according to any of clains 12-17, wherein said charge primng
agent is an al koxi de of al um num 19. A process according to claim18
wherein the al koxide is alum numtri (isopropoxide). 20. A process
according to claim 18 wherein the alkoxide is alum numtri (isobutoxide)
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21 A process according to claim 18 wherein the al koxide is al um num
tri(ethoxide). '
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