. %Mﬁeé’ﬂﬁ‘LD
1 CTRI CALLY STABI LI ZED LI QUI D TONERS 2
AND BAM THE | NVENTI ON 3 This invention rel at EQ{ISL??(QE@a d

of electrostatic 4 inmaging and, nore parficularly, to the preparation of
Miquid 5 toners containing conponents for inproving the stabilization 6 of

the el ectrjical properti to_the charge directors 7 contained therein
8 Inkhe art of el g&%&bﬂ”pﬁﬁ?&@iﬁﬁ%‘@ﬂ“ﬁ’o@“%n nting, a

latent el @trostatic inmageFl mdﬁmmwhmedplvﬁ;by:WEMIPEO\éLgi ng a
B by e os ! g S 'n2ubats MdTuded s e BAR LRRTReE I SR
el ect r ost & ii®aginghand inore@articulanly,y thstherprepayatipnsofgligquia a
14 nodul aedias FontdhRing SRIPUHEREY: £6r UmpEv iy Ché C8tabilization
6 of the electrical properties due to the charge directors
7 contained therein. '
8 In the art of electrostatic photocopying or photo-
9 printing, a latent electrostatic image is generally produced
10 by first providing a photoconductive imaging surface with a
11 uniform electrostatic charge, e.g. by exposing the imaging
P 12 surface to a charge corona. The uniform electrostatic
13 charge is then selectively discharged by exposing it to a
14 modulated beam of light corresponding, e.g., to an optical
15 image of an original to be copied or to a computer generated
16 image, thereby forming an electrostatic charge pattern on
17 the photoconductive imaging surface, i.e. a latent
18 electrostatic image having a background portion at one
19 potential and a "print" portion at another potential. The
20 latent electrostatic image can then be developed by applying
21 to it charged pigmented toner particles, which adhere to the
22 "print" portions of the photoconductive surface to form a
23 toner image which is subsequently transferred by various
24 techniques to a copy sheet (e.g. paper).
- 25 It will be understood that other methods may be
26 employed to form an electrostatic image, such as, for
27 example, providing a carrier with a dielectric surface and
28 transferring a preformed electrostatic charge to the
29 surface. The charge may be formed from an array of
30 styluses. This invention will be described in respect of
31 office copiers and the like, though it is to be understood
. 32 that it is applicable to other uses involving
33 electrostatographics including electrostatographic printing.
34 In liquid-developed electrostatic imaging, the toner
35 particles are generally dispersed in an insulating non-polar
36 liquid carrier, genera11§ an aliphatidfhydrocarbon fraction,
37 which generally has a high-volume resistivity above 109 ohm
- 38.cm, a dielectric constant; pelow; 30 end g low vapor pressure
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=15 image of an original to be copied or to a conputer generated 16 i nmage,

t her eby WO9470288%n el ectrostatic char g_eéat tern on 17 the pPCTASDIBIOELSLYE

i magi ng surface, i.e. a latent 18 el ect §Tat|p i mge having a background
‘portion at one 19 potential and a "print" portion at anot her potential. The
20 | at ent lel(d@sSoghan 1 nkgerecantt RST1 e d&he chiguid dppelioper? lsystéd

charged pigmotér cfipriddd @ctaltid Aifedtice? 1 NI BonpRiAdS"S
of the phqtocondquctiv urface to forma 23 toner 1 nage which is
subsequen I?ﬁﬂéﬁtﬂeﬁ?e BRATFANG O Jthe cEARLILPR T @les pnsRdectriaal
paper). 2% charget ofi Iﬁhd)@ssmﬁtpbgﬁﬁilﬁif srﬁd;?fnei)r?ﬁﬂ?éﬁa%% ﬁ%o:ﬁ%@yed
Lo Ver o8, B AL B B9 net hReo tBonakaBaTiy Sappobuah b the
el ect r ost &t pbotosogductinve: surface to form a toner image.
7 In the course of the process, liquid developer is
8 applied to the photoconductive imaging surface. Under the
9 influence of the electrical potential present in the latent
10 image and a developing electrode which is usually present,
11 the charged toner particles in the liguid developer film
12 migrate to the "print" portions of the latent electrostatic
C 13 image, thereby forming the devéloped toner image.
14 Charge director molecules play an important role in the
15 above-described developing process in view of their function
16 of controlling the polarity and magnitude of the charge on
17 the toner particles. The choice of a particular charge
18 director for use in a specific liquid developer system, will
19 depend on a comparatively large number of physical
20 characteristics of the charge director compound, inter alia
21 its solubility in the carrier liquid, its chargeability, its
22 high electric field tolerance, its release properties, its
23 time stability, the particle mobility, etc., as well as on
24 characteristics of the developer. All these characteristics
25 are crucial to achieve high quality imaging, particularly
r. 26 when a large number of impressions are to be produced.
27 A wide range of charge director compounds for use in
28 ligquid-developed electrostatic imaging are known from the
29 prior art. Examples of charge director compounds are ionic
30 compounds, particularly metal salts of fatty acids, metal
31 salts of sulfo-succinates, metal salts of oxyphosphates,
32 metal salts of alkyl-benzenesulfonic acid, metal salts of
33 aromatic carboxylic acids or sulfonic acids, as well as
34 zwitterionic and non-iocnic compounds, such as
35 polyoxyethylated alkylamines, lecithin, polyvinyl-
36 pyrrolidone, organic acid esters of polyvalent alcohols,
37 etc.
38 Notwithstanding the undoubted utility of charge
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I nvention e described in respect_ 31 offi-ce copiers and

though it is to be understood 32 that i is applicable to ot her uses
‘invol ving 33 el ectrostatographics including el ectrostatographic printing.
34 | A PLEBFECTSy chovaTed .c they ShaTgingreaused ttherebrrisgenerallys

e TS S ) et et P nee
P gh vol e (PBEDCARG B IR Hrich, areiked a8 apgative
bel ow 3. Oéandhaergewdawcscpccssurmre xﬁastahle under high voltage
5 conditions. Thus, when a solution of charge director (or a
dispersion of toner particles in carrier liquid and
containing charge director) is subjected to a2 high electric
field, e.g. during the development process, the charge
transport characteristics and conductivity suffer from
10 transient suppression, and it may take several minutes for
11 these characteristics to recover. This leads to unstable
12 printing performance when long print runs are undertaken.
£ 13 Further, such solutions or dispersions containing
14 particularly BBP, CP and to & lesser extent lecithin, tend
15 to lose conductivity in the course of time (after dilution
16 with Isopar or other carrier liquids), so that, e.g.,
17 solutions or dispersions containing BBP or CP, when diluted
18 with Isopar, will change their conductivity by about one
19 order of magnitude in a day and 2 half. 1In this connection,
20 it may be noted that in US Patent No. 4,897,332 (Gibson),
21 there is described the use of alkylated
22 polyvinylpyrrolidones in liquid toners, for the purpose of
23 promoting their electrical stability under high voltage
24 conditions.
25 In an attempt to improve the quality of the image
26 formed, particularly when using 1liquid toners containing
27 charge directors, it has been suggested to use adjuvants in
28 the toner compositions, such as polyhydroxy compounds,
29 aminoalcohols, polybutylene succinimide, an aromatic
30 hydrocarbon, a metallic soap or a salt of a Group la, Ila,
31 or Illa metal.
32 US Patent No. 4,924,766 (Elmasry et al), while
33 mentioning in passing possible use of oligomers containing
34 amine groups as charge directors, is principally concerned
35 with sterically stabilizing the thermoplastic resin in
36 liquid toners; this patent does not address the subject of
37 electrical stabilization.
38 Two US Patents of Kosel (3,753,760 and 3,991,226) list

O O 3 O
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-1 (less then 10 torr. at 25[err]C). The liquid devel oper system 2 further
conpris dﬁ&4ed charge directors, i.e. conpounds 3 cap:ﬁ&ﬁ, f o ting
to the S@%gglparticles an electrical 4 charge of the desir aﬁépﬂﬁgggnd
‘uni form magni tude so that 5 the partiEIés'nay be el ectrophoretically ,
deposited on the 6 photoconductive surface to forma toner inage. 7 In

the coursd sanshecompesentsqof d@qmmnmtbpdigpMﬂﬁﬂ%Uﬁfﬂslc?a:gﬁ
v ene - Lo Ba¥RckBR. il Yol rorlidis gk e o B, WEHREAp bt e
i s usual | § BFédeds ohe Of RANY RheTR cdipestors cdisaloned| dguithesey awaoper
e, e Zuserise | The: bERLSHR! drdhinehrk Meld! sohud SohguSlEE chds
'rm”f‘gghl es L?%sa%rﬁ%g’f? aﬁtpPBFe‘ Tge firectgr'. This findigg is not
entirely surprising, because the utility of an amine as
7 charge director is helieved to depend on its ability to form
8 salts with the polycarboxylic resin particles, from which
9 cations may be split off leaving a charged residue; amine
10 salts could thus not readily perform this function.

11 Use of an alkylhydroxybenzylpolyamine as an adjuvant in
¢ 12 liquid toners, in addition to charge director, is disclosed
. 13 in US Patent No. 4,977,056 (El-Sayed), while in US Patent

14 No. 4,783,388 (El-Sayed et al), there are disclosed liquid
15 toners containing charge directors and an additional
16 component which is a quaternary ammonium hydroxide. There
17 is no suggestion in either patent that the additive
18 stabilizes the electrical stability of the toners.

19 SUMMARY OF THE INVENTION

20 It is an object of the present invention to provide a
21 method for producing improved liquid toner compositions
22 containing charge directors and components which stabilize
23 the electrical properties of the charge directors. Other
24 objects of the invention will appear from the description

(“ 25 which follows.

' 26 The present invention accordingly provides in one
27 aspect, a homogeneous liquid composition, for use in the
28 preparation of liquid toners containing at least one charge
29 director and in which the electrical properties of the

30 charge director(s) is/are stabilized, which composition
31 comprises: (1) insulating non-polar carrier 1liguigd
32 compatible with liquid toners for electrostatic imaging; (2)
33 at least one charge director other than an amine salt; and
34 (3) at least one stabilizing component in an amount
35 effective to stabilize the electrical properties of said at
36 least one charge director, said component being selected
37 from non-quaternary amine salts and being soluble in the
38 carrier. T '
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»15 above-descri bed devel opi ng process in view of their function 16 of
cont r ol W\84/0288% 0l arity and magni tude of thecharge on 17 tPETINLS3/00154
particles. The choice of a particul ar=charge 18 director for use in a
specific liquid devel oper system wll 19 depend on a conparatively |arge

nunber ofg physi cah aRc¥RE2Ca8Pedt CSthAk tihﬁr&:‘i'i‘i&% %f@@iabsccamfﬂaﬁ

inter ali 1 its sqolubili in the carie , geability, 1ts
22 high et ctPPeF i &PF t of ostat Ele&ﬂ?giﬁﬁﬂ ééc ts°9§ﬂfﬁ§es
stabi lity3 therpepliaseicviesin pstticles d@lspexrsed Zﬁtduﬂfnkﬂlata

e ?te;elﬁ.g*lgég- 1o, BN TG ha0188 B Tl FredfaPilsfy ob ia%eeto
be produc® 7°hm-cm\apdeardﬁgieﬂtcﬁargonatunxobe&onpaxaw coloxant n
28 |iqui ds dsxet2B2dsC MAEFr O d fdpérs@8ILNIsRi LA dE O[14h8d; at least
7 one charge director other than an amine salt; and at least
8 one stabilizing component (3) as just defined, in an amount
9 effective to stabilize the electrical properties of said at
10 least one charge director.
11 In yet another aspect, the invention provides a method
12 for producing liquid toner compositions containing charge
- 13 directors other than amine salts and in which the electrical
14 properties of the charge directors are stabilized, which
15 method comprises the steps of: (A) first making a
16 homogeneous liquid composition comprising components (1),
17 (2) and (3), as defined above, and (B) mixing the with
18 homogeneous liquid composition from step (A) in any order
19 colorant particles, thermoplastic resin particles, and if
20 desired further non-polar carrier liquid, in such manner
21 that the colcocrant particles and the thermoplastic resin
22 particles are micro-dispersed in the toner composition.
23 In still another aspect, the present invention provides
24 an electrostatic imaging process which comprises the steps
25 of: forming a charged latent electrostatic image on a
26 photoconductive surface:; applying to said surface oppositely
27 charged colorant particles from a8 liquid toner of the
28 invention as defined herein (or.as prepared by the method
29 defined in the preceding paragraph); and transferring the
30 resulting toner image to & substrate.
31 The carrier liquid, i.e. component (1) as defined
32 above, is preferably an insulating non polar carrier liquid
33 hydrocarbon having a volume resistivity above 10% ohm-cm and
34 a dielectric constant below 3.0. '
35 The amine salts utilized in accordance with the present
36 invention as component (3), as described above, may be for
37 example a salt of an amine with an inorganic acid such as
38 HCl or RBr, or with an organic acid such as a carboxylic
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-29 prior art. Exanples of charge director conpounds are ionic 30 conpounds,
parti culypleks | salts of fatty acids, netal 31 salts of ggr, N§§§ﬂ 183t es,
netal salts of oxyphosphates, 32 nmetal galts of al kyl-benzenes n?% aci d,
metal salts of 33 aromatic carboxylic acids or sulfonic acids, as well as
34 zwitterionic and non-ionic ounds, such as 35

polyoxyethyﬁﬁiéd°ﬁlEyﬁ%%ﬁﬂ&icIﬂﬁi4¢n TeRRRtiy Preferrod  erganie asidsni c
aci d estepsagl WUYFANAY &#££aR0l moBé YrefdPably AUKYILSLBadNeutbE
undOUbted3Ut|thgic s&f%gnic acids and particularly where there is a
total within the range of 8-18 carbon atoms in such alkyl
substituent(s). The amine component of the amine salt may
be for example an aliphatic amine, most preferably a
primary, secondary'or tertiary aliphatic amine containing
from 3 to 8 carbon atoms in the molecule. Non-limiting
examples of amine salts which may be utilized in accordance
10 with the present invention are diethylammonium chloride and
1l isopropylamine dodecylbenzenesulfonate.
. 12 It has been found that the present toner compositions
( 13 exhibit excellent time stability of charge and reduction of
14 conductivity loss under high voltage conditions, as well as
15 excellent recovery of charge after subjection to high
16 voltage conditions. Also, use of such toner compositions
17 results in images of very good copy quality and long term
18 stability. |
19 BRIEF DESCRIPTION OF THE DRAWINGS
20 Figs. 1-4 show the effect of the stabilizing component
21 of the invention on the electrical stability of carrier
22 liquid compositions containing charge directors: and Fig. S
23 shows the effect of an exemplary stabilizing component of
24 the invention on the conductivity of compositions containing

O 0 ~J O 1 i

( 25 charge director.
26 DETAILED DESCRIPTION OF THE INVENTION
27 The thermoplastic resins, insulating non-polar carrier

28 liquids, colorant particles and charge directors, which may
29 suitably be used in the toner compositions of the invention
30 are known in the art. Illustratively, the insulating non-
31 polar liquid carrier, which should preferably alsc serve as
32 the solvent for the charge directors, is most suitably an
33 aliphatic hydrocarbon fraction having suitable electrical
34 and other physical properties. Preferred solvents are the
35 series of branched-chain aliphatic hydrocarbons and mixtures
36 thereof, e.g. the isoparaffinic hydrocarbon fractions having
37 a boiling range above about 155°C, which are commercially
38 available under the name Isopar (a trademark of the Exxon
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ll di rector ver, the charging caused thereby is generally 2 unstable.
I n partW&?ﬂMcithi n, basic bariumpetronate 3 (BBP) ancx"@'é’fl\‘}lﬂ?l'ﬂ“1-'54
petronate (CP),which are used as nega'ti?/e'4 charge directors, are

‘unstabl e under high voltage 5 conditions. Thus, when a solution of charge
di r ect or 1( @orpoxratiixyey.si on of toner particles in carrier liquid and 7

o , . - i ' i e. g.
during 1Re dovel e esf” EBReN aBPYe’ Ehe 857 1Bk CpRe. omBPBERS | €6 and
conduct.i ¥ @tahkldzingomheo electricals propesties afdthe ey Jteak?t: ;%rligrilz
ri Nt ng porarga TEPELYT Mo btec bal KRG, cHSY 48 Uhd dnd ufong
sol uti on® &PQ£Qﬁ§9§¥(ﬂﬂ§4§nﬁéh£%ﬂg 14 particularly BBP, CP and to a |esser
extent | &cithinTheneight ratio of stabilizing component to charge
7 director in the liquid toners preferably falls within the
8 range of 0.001-2.0:1. _
9 The invention will be illustrated by the following non-
- 10 limiting Example, in which all "parts" are parts by weight.
11 EXAMPLE
12 (2) Ten parts of Elvax 1I 5950 (E.I. du Pont) and five
r 13 parts of Isopar L (Exxon) are mixed at low speed in a
14 jacketed double planetary mixer connected to an oil heating
15 unit set at 130°C for one hour. Five parts of Isopar L are
16 added to the mix in the double planetary mixer and the whole
17 is mixed for a further hour at high speed. Ten parts of
18 Isopar L, preheated to 110°C are added, and the mixing is
19 continued without heating until the temperature of the
20 mixture drops to 40°C. )
21 (b) Ninety grams of the product of part (a) is
22 transferred to a Union Process 01 attritor together with 7.5
23 g of Mogul L carbon black (Cabot) and 120 g Isopar L. The
24 mixture is ground for 24 hours with water cooling (=20°C)
25 using 3/16" stainless steel media. The resultant toner
26 particles have an average (weight) diameter of about 2.1 pm.
27 (c) Three charge directors are used, .namely, basic
28 barium petronate (BBP), lecithin, and 50-50 mixtures of
29 lecithin with BBP. 600 g. Isopar L is used to dissolve 60
30 g. charge director(s) until a homogeneous solution is
31 obtained, to which was added the stabilizing component(s)
32 according to the invention to obtain a homogeneous'solution.
332 The amount of stabilizing component(s) may be, e.g., 0.25-10
34 wt.%¥ of the 1Isopar solution, but up to 1 wt.%
35 is usually adequate. It is noted that BBP when added to
36 lecithin improves its humidity tolerance (which is poor when
37 used aione): the stabilizing components do not appear to
38 affect the humidity stability of any of the charge directors
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.15 to |l ose conductivity in the course of tinme (after dilution 16 with

| sopar arrier liquids), so that, e.g., 17 solutiogingﬁl?
dlspersﬂgﬂghﬂgﬁpglning BBP or CP, whep giluted 18 with Isopar, W *m%ﬁ%nge
their conductivity by about one 19 order of magnitude in a day and a half.

In this connection, 20 it may bo noted that in US Patent No. 4, 897, 332
(G bson), 14nglpuding the miyEuEeBped the use of  al kylated 22

pﬁl yvi nlylz)yr rol :mpes-rha Imzd ddamnfw £14uin PpEPOSED Pf 183da00KREI RS
attempt 05 rBPAVYIRRtAER | Torhes RPAFabE Re (hrR%a. WEFPe. FanReT uben
usi ng Iiqﬂluhangerdﬂxantmnlnglﬁtichamynlndtmgostabﬂiﬂ&ﬁn@e@nmpuggasned
tcgnggﬁngds WY 28hS gdr €8 (He 1 P8ChadUPOsh! ad amsthlt &% POl §YHOXY0 mg.
6 charge director solids per g. of toner solids.

7 The toners thus produced were tested in a Savin 870
8 copier and in a high speed electrophotographic printer in
9 which the image is developed on a photoreceptor with a
10 reverse roller developer and then transferred to the £final
11 copy sheet via an intermediate transfer member. Print
12 quality was at least equal to that of toner without the
13 stabilizers and was stable under high speed printing
14 conditions, consistent with the following experiments based
15 on the stabilized charge director alone. '

16 Electrical stability under high voltage applications
17 These measurements are made for solutions containing

18 charge directors alone (as control), or with the addition of
19 stabilizing components, prepared according to part (c) of
20 the Example, above, and diluted with the same carrier
21 liquid. A solution of 0.1 wt.% charge director (and, when
22 present, stabilizing component in the concentrations
23 described below) is placed in an electrical cell having a
24 one mm. separation between plate electrodes. A first pulse
e 25 of 1500 volts having a duration of 8 seconds is applied to
26 the electrodes and the total charge transported is measured.
27 This charge represents the "basis" value for comparison.
28 After a 1 second delay a second pulse of 1500 volts having a
29 duration of 68 seconds is applied; this pulse is designed to
30 cause depletion of the charge director by high voltage
31 loading. After a further 1 second delay a third pulse of
32 1500 volts having a duration of 8 seconds is applied and the
33 total charge transported is measured. This charge
34 represents the diminished charge transport capability of the
35 material after being subjected to a high voltage. After al
36 minute wait an additional pulse of 1500 volts having a
37 duration of 8 seconds is applied and the total charge
38 transported is measured; this charge is a measure of the
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.29 am noal cohol s, pol ybutyl ene succini mde, an aromatic 30 hydrocarbon, a
met al | i CWEHIO2BB7a salt of a Group la, Ila, 31 or Illa metalPCE/NLII/00LS
Pat ent No. 4,924,766 (Elnasry et al), swgle 33 nentioning in passing
possi bl e use of oligomers containing 34 am ne groups as charge directors,

rasin 1 G HeerVeEy 8% site [bbargRl i ihodof Rirey” LD s dRYad  e]
el ectri cal2 Jiigh Madkage. 38 Two US Patents of Kosel (3,753,760 and
3,991, 226)3 | i st ophe results of this study are shown in Figs. l-4, which
' 4 show clearly that addition of the stabilizing components in
accordance with the invention improved both the pulse
loading and recovery characteristics of the charge director.
In the Figures, the other abbreviations used have the
following meanings:

GB = isopropylamine dodecylbenzenesulfonate (ICI G3300B);
10 CC-42 = diethylammonium chloride (WITCO-EMCOL PPG-40):; P10-
11 59, §-93 = amine dodecylbenzenesulfonate (WITCONATE P1l0-59,
12 $-93); PC-200, PC-205, PC-210 = amine alkylarylsulfonates of

O ® J o Wm

r 13 increasing molecular weights (WITCOR); WIT-918 = amine
14 sulfonate (WITFLOW 918).
15 The charge director compositions in the Figures

16 (concentrations of stabilizing components shown in
17 parentheses) were prepared as follows:

18  Fig. 1: 0.05 g lecithin (LAN) and 0.05 g B8P, with 0.01
19 g of the stated stabilizing component according to the
20 invention, were dissolved in Isopar L to make 100 g total
21 solution. '

22 Fig. 2: 0.1 g BBP, with varying amounts of
23 isopropylamine dodecylbenzenesulfonate, were dissolved in
24 Isopar L to make 100 g total solution.

P 25 Fig. 3: 0.05 g lecithin (LAN) and 0.05 g BBP, with
26 varying amounts of isopropylamine dodecylbenzenesulfonate,
27 were dissolved in Isopar L to make 100 g total solution.

28 Fig. 4: 0.1 g lecithin (LAN), with varying amounts of
29 isopropylaﬁine dodecylbenzenesulfonate, were dissclved in
30 Isopar L to make 100 g total solution.

31 As is clearly seen from these Figures, the addition of
32 stabilizing components to solutions of charge director
33 material substantially improves the stability of these
34 solutions.

35 Conductivity kinetics (stability of conductivity with time)

36 The effect of an exemplary stabilizer of the invention
37 (isopropylamine dodecylbenzenesulfonate) on conductivity
38 degradation, following dilution to 0.1 wt.% charge director,
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-1 many conponents of liquid toners, including charge 2 directors. The

| sopro ) alt of dodecyl benzenesulfonic 3 acid is on ar ge
directgﬁtﬁﬁyggFésed in these two 4 patents. The present in?gﬂ?giggﬁggg
found, however, that 5 this salt is a=pd@r=-charge director. This finding is
not 6 entirely surprising, because the utility of an am ne as 7 charge

di rector 1SfP8&:'€V§€o&E QSPFQ?oHnoft §oibb bt ¥rt i?e&?f:ﬂlﬁ 8 | @S 5\‘4»’5'% F??-

pol ycarboxylic resin from wh catl ons nmay e split o

| eavi ng a2 cheFithi Peﬁ*&ﬁ?rﬁﬂn#ﬂa§§P%§Ft§ §8uPd Or A ¥s sutIRRi 19 BEPPEEM
this funcgipp. 151l presdisteaf 1ﬁnpajd<,ylslydroxww:i:§xhyeﬁhh©ﬁ thatdrHgant

o a2\ ob 8o B 288 bhRhd pELOEARY A Heahtadesd Siiensney
(El - SayedS ecoatyinedeu(based ons chaxge |dixector) at least approximately
6 7.5 wt.% stabilizer.
7 While the present invention has been particularly
8 described, persons skilled in the art will appreciate that
9 many variations and modifications can be made. Therefore,
10 the invention is not to be construed as restricted to the
11 particularly described embodiments, rather the scope, spirit
(’ 12 and concept of the invention will be more readily understood
' 13 by reference to the claims which follow.
14
15
16
17
18
19
20
21
22
23
. 24
( 25
26
27
28
29
30
31
32
33
34
35
36
37
3
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patent that the addlﬂlﬂﬂr m[ﬂ i zes #Me=el ectrical stability of the
‘toners. 19 RY OF THE | NVENTI ON 20 It is an

obj ect ofgthe present invention to procmﬂgus 21 nmet hod for producing
| mpr oved u onper gsitio ont ai hi ng .char ge .directors, and
unmonmﬂé ghuﬁ*’&ﬂﬁ??%&%ﬂ??h?iﬂ §HQﬁﬂ 3?8 H9% o5 I8 (KBS iR gEhe
di rectors3 ﬁrbparatiohle&tiiﬂhﬂﬂu&dna&sneummulminmppealaasamuﬂuechar e
descriptignggze ‘Qéll]&:g hold C&’ﬁ ﬂ‘ich thlhﬁﬂ&?ﬁ%ai”:ﬁ%#&? %Cé’ geng!

provi des Ln one spect ,a homvgenaous 11 quld Use
28 preparﬁt?bﬁﬂﬁeI4ﬁﬁﬁ6ﬁ9ﬁk§& éSﬂﬂ§§n?®BHﬁlﬁaﬁﬁ dﬁéisthﬂNPOSition

6 comprises:

7 (1) insulating non-polar carrier liguid compatible
8 with liquid toners for electrostatic imaging:
9 (2) at least one charge director other than an amine

10 salt; and (3) at least one stadbilizing component in an

11 amount effective to stabilize the electrical properties of

12 said at least one charge director, ' said component being
= 13 selected from non-quaternary amine salts and being soluble

14 in the carrier.

15 _

16 2. A homogeneous composition according to claim 1, wherein

17 component (3) is selected from non-guaternary salts of

18 aliphatic amines with an acid selected from inorganic acids

19 and alkyl-substituted aromatic sulfonic acids.

20

21 3. A homogeneous composition according to either claim 1

22 or claim 2, wherein said insulating non-polar carrier liquiad

23 comprises an insulating non-polar liquid hydrocarbon having

24 a volume resistivity above 10° ohm-cm and a dielectric

25 constant below 3.0.

26

27 4. A homogeneous composition according to any of the

28 preceding claims, wherein the weight ratio of stabilizing

29 component to charge director falls within the range of

30 0.001~-2.0:1.

31 .

32 5. A homogeneous composition according to any of the

33 preceding claims, wherein said at least one charge director

34 is selected from lecithin, basic barium petronate and

35 calcium petronate.

36

37 6. A'homogeneous composition according to any of the

38 preceding claims, wherein component (3) is selected from
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7. A ligquid toner for electrostatic imaging which
comprises thermoplastic resin particles dispersed in a
homogeneous composition according to any of claims 1-6,
wherein the at least one charge director is operative to
charge the particles and the stabilizing compound is present
in an amount effective to stabilize the electrical
properties of the at least one charge director.

8. A liquid toner according to claim 7, wherein the weight
ratio of stabilizing component to charge director falls
within the range of 0.001-2.0:1. '

9. A method for producing liquid toner compositions
containing charge directors and in which the electrical
properties of the charge directors are stabilized, which
method comprises the steps of: (A) first making a
homogeneous liquid composition as defined in any of claims 1
to 6, and (B) wmixing the homogeneous liguid composition
from step (A) in any order with colored thermoplastic resin
particles, and if desired further liquid carrier, in such
manner that the colored thermoplastic resin particles are
micro-dispersed in the toner composition.

10. An electrostatic imaging process which comprises the
steps of: forming a charged latent electrostatic image on 2
photoconductive surface: applying to said surface oppositely
charged colorant particles from a liguid toner as defined in
claim 7 or claim 8 or as prepared by the method of claim 9;
and transferring the resulting toner image to a substrate.
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- | n_anot her aspect, the invention provides a liquid 2 toner for
eI ect roﬂ@@i‘@%gl ng whi ch conprises 3 thernoplastic resi nPEA{NLYY/0154
dispersed in an insulating 4 non-polar carrier liquid having a vol une
Tesistivity above 5 109 ohmcmand a dielectric constant bel ow 3. 0;
colorant 6 particles mcro-dispersed in said carrier liquid; at least 7 one
charge director other than an am ne sal 1/Sand at |east 8 one stabilizing
conmponent (3) as just defined, in an amount 9 effective to stabilize the
el ectrical properties of said at 10 | east one charge director. 11. In
yet "anot her aspect, the invention provides a nmethod 12 for producing Iiquid
t oner conp03|t|ons contalnlng charge 13 dlrectors other than am ne salts

and in which the etetaxzgt—t4properttres—eof—the—charge—directers—are
stabilized, which
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-15 nmet hod conprises the steps of: (A) first nmaking a 16 honpgeneous |iquid
c_orrposit‘lVQr?“g&?ﬁ?i sing conponents (1), 17 (2) and (3), as dBFINES3 ,
and (B) mxing the with 18 honogeneous |iquid conposition fromstep (A) in
any order 19 colorant particles, thernoplastic resin particles, and if 20
desired further non-polar carrier liquigygin such manner 21 that the
colorant particles and the thernoplastic resin 22 particles are

m cro-di spersed in the toner conposition. 23 In still another aspect,
t he present invention provides 24 an electrostatic imaging process which
conprises the steps 25 of: formng a charged |atent electrostatic inage on
a 26 photoconductive . ' I i 87
charged col orant pafticles froma |liquid toner of theg2 n as-
defined herein (or.as prepared by the nethod
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29 def|n preceding par agraph); and transferring the. 30 resultlng
t oner 9@@ substrate 31 The carrier liquid, i.e PEYNISAO0ISY 1)
as deflned 32 above, is preferably an insulating non polar carrier |iquid
33 hydrocarbon having a vol ume resistivity above 10[err] ohmcmand 34 a
dielectric constant below 3.0. 35 Bs amine salts utilized in
accordance with the present 36 invention as conponent (3), as described
above, may be for 37 exanple a salt of an amine with an inorganic acid such
as 38 HCl or HBr, or with an organic acid such as a carboxylic - 6-
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-1 acid o ic acid. Presently preferred organic acids 2 are sulfonic
aci ds, ngngggﬁéﬁg?ably al kyl -substituted 3 aromatic sul f oni PGHNIS3IH0ES4

particularly where there is a 4 total within the range of 8-18 carbon atons
in such alkyl 5 substituent(s). The am ne conponent of the am ne salt may 6
be for exanple an aliphatic am ne, nDstégﬁgferably a 7 primary, secondary
or tertiary aliphatic am ne containing rom3 to 8 carbon atons in the
nol ecule. Non-limting 9 exanples of am ne salts which nay be utilized in
accordance 10 with the present invention are diethylamonium chloride and
11 i sopropyl am ne dodecyl benzenesul fonate. 12 It has been found that

t he present toner coppestH+ers—i3—exhi-bit—exeetert—titB—st-abiity—of
charge and reduction]of 14 conductivity |oss under hig congli ti ons,
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.15 excel n very of charge after subjection to high 16
condi ti 0W§34Af@§9 use of such toner conpositions 17 resul tspl\é‘ﬁl’fqi'g&?gl%

Very good copy quality and | ong tern118 stability. 19 BRI EF
DESCRI PTI ON OF THE DRAW NGS 20 %g 1-4 show the effect of the
stabi lizing conponent 21 of the inventi 5 on the electrical stability of

carrier 22 liquid conpositions containing charge directors; and Fig. 5 23
shows the effect of an exenplary stabilizing conponent of 24 the invention
on the conductivity of conpositions containing 25 charge director. 26
ETAI LED DESCRI PTI ON OF THE | NVENTI ON 27 The thernopl astic resins,

i nsul ati ng non-polar carrier 28 liquids, colorant particles and charge
directors, which may
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29 suitably be used in the toner conpositions of Jhe |nvent|on 3Q are knomm
inthe art. Illustratively, the insulating non-i 34 polar Iqu|d garrler ,}g
whi ch shoul d preferably also serve as 32 the solwgnt for. t heé: chakge .
directors, is nost suitably an 33 aliphatic hydrgzarbon fraCtlon aving

sui tabl e electrlcal 34 and other physical properfies.” Preferted: Soivents ™
are the 35 series of branched-chain akighatic Hydrocarbons and n1§% res 36
thereof, e.g. the isoparaffinic hydrocarbon fractions having 37 Eeli) ‘Ilng

range aboi/e about 155[@15&&3% aéﬁﬁfﬂgféﬁ'ﬁkbhﬁ%aﬁﬁngabl o under the
Exx0

nane | sopar (a trademark of t he
FIELD AND BACKGROUND OF THE INVENTION

This invention relates to the field of electrostatic
imaging and, more partiCularly, ‘to the preparation of liquigd
toners ccntaining components for improving the stabilization

of the electrical properties due to the charge directors
contained therein.

In the art of electrostatic photocopying or photo-
printing, a latent electrostatic image is generally produced
10 by first providing a photoconductive imaging surface with a
11 uniform electrostatic charge, e.g. by exposing the imaging
12 surface to a charge corona. The uniform electrostatic
13 charge is then selectively discharged by exposing it to a
14 modulated beam of light corresponding, e.g., to an optical
15 image of an original to be copied or to a computer generated
16 image, thereby forming an électrostatic charge pattern on
17 the ﬁhotoconductive.imaging surface, i.e. a latent
18 electrostatic image having a background portion at one
19 potential and a "print” portion at another potential. The
20 latent électrostqtic image can then be devéloped by applying
21 to it charged pigmented toner particles, which adhere to the
22 "print" portions of the photoconductive surface to form a
23 toner image which is subsequently transferred by various
24 techniques to a copy sheet (e.g. paper).

25 It will be understcod that other methods may be
26 employed to form an electrostatic image, such as, for
27 example, providing a carrier with a dielectric surface and
28 transferring a2 preformed electrostatic charge to the
29 surface. The charge may be formed from an array of
30 styluses. This invention will be described in respect of
31 office copiers and the like, though it is to be understood
32 that it is applicable <to other uses involving
33 electrostatographics including electrostatographic printing.
34 In ligquid-developed electrostatic imaging, the toner
35 particles are generally dispersed in an insulating non-polar
36 liquid carrier, generally an aliphatic hydrocarbon gragt;on,
37 which generally has a high-volume resistivity above 10° ohm
38 .cm, a dielectric constant below 3.0 and a low vapor pressure
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1 Corporation). 2 As set forth above, the at |east one conponent for 3

stabilizing the electrical properties of the at |east one 4 charge director
is selected fromcarrier soluble non- 5 quaternary am ne salts. 6 The
wei ght _rati o of stabilizing conponent to charge 7 director in the liquid
toners preferably falls within the 8-rgnge of 0.001-2.0:1.. 9 The

i nvention will be illustrated by the follomﬁng non- 10 limting Exanple, in
whi ch al S e 8 MPLE
2 gg@%& ehBhP P AF 3060 cThe Higid ) SevalPPSE FYSIRYs o
| sopar L R‘Bh?raFQ‘“HF*ﬁGSaFC’I'SWléBéeGth& diresdieatsed Hﬁxbl@%wsary

m xer CQ@H@S?QSNQJG¥1ihbafeﬁhbn&o the toner particles an electrical
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38

charge of the desired polarity and uniform magnitude so that
the particles may be electrophoretically deposited on the
photoconductive surface to form a toner image.

In the course of the process, liguid developer ig
applied to the photoconductive imaging surface. Under the
influence of the electrical potential present'in the latent
image and a developing electrode which is usually present,
the charged toner particles in the liquid developer f£film
migrate to the "print" portions of the latent electrostatic
image, thereby forming the devéloped toner image.

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 o©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, the particle mobility, etc., as well as on
characteristics of the developer. All these characteristics
are crucial to achieve high quality 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. Exgmples 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 sulfonic acids, as well as
zwitterionic and non-ionic compounds, such as
polyoxyetﬁylated alkylamines, lecithin, polyvinyl-
pyrrolidone, organic acid esters of polyvalent'alcchols,
etc. .
Notwithstanding the undoubted utility of cﬁargé
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15 unit set at 130[err]C for one hour. Five parts of Isopar L are 16 added
to the mx in the double planetary m xer and the whole 17 is mxed for a
further hour at high speed. Ten parts of 18 Isopar L, preheated to
110[err] C are added, and the mixing is 19 continued wi thout heating until

t he tenperature of the 20 mixture drepg t.o 40[err]C 21 (b) N nety
grans of the product of part (a) is 22 transferred to a Union Process 01

ttrit t t f L b bI t d
Fsopar 1+ SEELETEk,  Robevell Srll Haliy (el RACGEIAO dedttalfy
([err] ZOFeﬂﬂFGFbE-@-u5|Hg payticularnl é@gismm nedsic vﬁé'iivésmemnaoeer

26 partigl ¢aePyVvanan cALRIAGE perdicidite (YR Gndh adfilugded 28T hé&GhtEde
(c) Thre F rge. d| ctor are used nanel fa5|c 8 bartynkpetronate
(BBP), gc? §(?%§ OfiSet uBAKE ofUns teble’ un gh” voltage

conditions. Thus, when a solution of charge director (or a
dispersion of toner particles in carrier liquid ang
containing charge director) is subjected to a high electric
field, e.g. during the development process, the charge
transport characteristics and conductivity suffer from
10 transient suppression, and it may take several minutes for
11 these characteristics to recover. This leads to unstable
12 printing performance when long print runs are undertaken.
13 Further, such solutions or dispersions containing
14 particularly BBP, CP and to a lesser extent lecithin, tend
15 to lose conductivity in the course of time (after dilution
16 with Isopar or other carrier liquids), so that, e.g.,
17 solutions or dispersions containing BBP or CP, when diluted
18 with Isopar, will chahge their conductivity by about one
19 order of magnitude in a day and a half. In this connectiocn,
20 it may bé noted that in US Patent No. 4,897,332 (Gibson),
21 there is described the use of alkylated
22 polyvinylpyrrolidones in liquid toners, for the purpose of

23 promoting their electrical stability under high voltage..‘
24 conditions.

O M 3 O

25 In an attempt to improve the guality of the image
26 formed, particularly Qhen using 1liquid toners containing
27 charge directors, it has been suggested to use adjuvants in
28 the toner compositions, such as polyhydroxy compounds,
29 aminoalcohols, polybutylene succinimide, an aromatic '
30 hydrocarbon, a metallic soap or a salt of a Group Ia, Ila,
31 or IIla metal. '

32 US Patent No. 4,924,766 (Elmasry et a2l), while
33 mentioning in passing possible use of cligomers containing
34 amine groups as charge directors, is principally concerned
35 with sterically stabilizing the thermoplastic resin in
36 liquid toners; this patent does not address the subject of
37 electrical stabilization.

38 Two US Patents oOf Kosel (3,753,760 and 3,991,226) list
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29 lecithin with BBP. 600 g. Isopar L is used to dissolve 60 30 g. charge
director(s) until a honbgeneous solution is 31 .obtained, to which was added
the stabilizing conponent(s) 32 according to the invention to obtain a
honbgeneous sol ution. 33 The amount of stabilizing conponents) may be,

e.g., 0.25-10 34 wt.%of the Isopar solution, but up to 1 w.%35 is
usual |y adequate. It is noted that BBP yphen added to 36 |ecithin i Mproves
its hum dity tol erance (which is poor en. 37 used alone); the stabilizing
conponents do not appear to 38 affect the humdity stability of any of the
charge dik @3RYs COMPANRRES gt heimuddr &@ners, including charge

2 directors. The isopropylamine salt of dodecylbenzenesulfonic
acid is one of many charge directors disclosed in these two
patents. The present invehtors have found, however, that
this salt is a poor charge director. This finding is not
entirely surprising, because the utility of an amine as
charge director is believed to depend on its ability to form
salts with the polycarboxylic resin particles, from which
cations may be split off leaving a charged residue; amine
10 salts could thus not readily perform this function.
11 Use of an alkylhydroxybenzylpolyamine as an adjuvant in
12 liquid toners, in addition to charge director, is disclosed
13 in US Patent No. 4,977,056 (El-Sayed), while in US Patent
14 No. 4,783,388 (El-Sayed et al), there are disclosed liquid
15 teoners containing charge directors and an additional
16 component which is a quaternary ammonium hydroxide. There
17 is no suggestion in either patent that the additive
18 stabilizes the electrical stability of the toners.
19 ' SUMMARY OF THE INVENTION
20 It is an object of the present invention to provide a
21 method for prodﬁcing improved 1liquid- toner compositions
22 containing charge directors and components which stabilize:
23 the electrical properties of the charge directors. Other
24 objects of the invention will appear from the description
25 which follows.
26 The present invention accordingly provides in one’
27 aspect, a homogeneous liquid composition, for use in the
28 preparation of liquid toners containing at least one chargef
29 director and in which the electrical pro?erties of the
' 30 charge director(s) is/are stabilized, which composition
31 comprises: (l) insulating non-polaf carrier ligquid
32 compatible with liquid toners for electrostatic imaging; (2)
33 at least one charge director other than an amine salt; and
34 {(3) at least one stabilizing component in an amount
35 effective to stabilize thé electrical properties of said at
36 least one charge director, said component being selected

37 f£rom non-guaternary amine salts and being scluble in the
38 carrier. ’

O oo d W
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2 - (d) The toner concentrate frompart (b) is diluted to 3 a

non-vol atile solids content of 1.5% using Isopar L. 4 Charge director
solution including stabilizing component 5 frompart (c), is added in an
anount of e.g. 5-100 ng. 6 charge director solids per g. of toner solids. 7
The toners thus produced were tested 'Qhﬁ Savin 870 8 copier and in a high
speed el ectrophotographic printer in™®2iich the image i s devel oped on a
phot oreceptor with a 10 reverse roller developer and then transferred to
the final 11 cofp #nethers aspenter mhe atnvensisierprevides ar ildtqud

qual ity weo%zefea&to:@quﬂlé@:%%ttaéibonqmwpmpyt Whe ds S@hhbﬁesr% and

was stabl e under peed I nting 14 condi {ions, consistent wth the

fol | owi ng E?ﬁéﬂqﬁ%§§t§&sé?4&?cPPF%écﬁﬁﬁn44§Eﬂr§ﬁ51ﬁ?cﬁ?eé?ﬁP%ﬁ?ﬁ@Q
4 non-polar carrier liquid having a volume resistivity above
5 10° ohm-cm and a dielectric constant below 3.0; colorant
6 particles micro-dispersed in said carrier liquid; at least
7 one charge director other than an amine salt; and at least
8 one stabilizing component (3) as just defined, in an amount
9 effective to stabilize the electrical properties of said at
10 least one charge director. '
11 In yet another aspect, the inveﬁtion prpvides a method
12 for producing liquid toner compositions containing charge
13 directors other than amine salts and in which the electrical
14 properties of the charge directors are stabilized, which
15 method comprises the steps of: (A) first making a
16 homogeneous liquid composition comprising components (1),
17 (2) and (3), as defined above, and (B) mixing the with
18 homogeneous liquid composition from step (A) in any order
19 colorant particles, thermoplastic resin particles, and if
20 desired‘further non-polar carrier liquid, in such manner
21 that the ceclorant particles and the thermoplastic resin
22 particles are micro-dispersed in the toner composition.
23 In still another aspect, the present invention provides
24 an electrostatic imaging process which comprises the steps
25 of: forming a charged latent electrostatic imége on a
26 photoconductive surface; applying to said surface oppositely
27 charged colorant particles from a liquid toner of the-
28 invention as defined herein (or.as prepared by the method.
29 defined in the preceding paragraph); and transferring thef
30 resulting toner image to a substrate.
31 The carrier liguid, i.e. component (1) as defined
32 above, is preferably an insulating non polar carrier liquid
33 hydrocarbon having a volume resistivity above 10° ohm-cm and
34 a dielectric constant below 3.0.
35 The amine salts utilized in accordance with the present
36 invention as component (3), as described above, may be for
37 example a salt of an amine with an inorganic acid such as

" 38 HCl1l or HBr, or with an organic acid such as a carboxylic
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16 - Electrical stability under high voltage applications 17 These
nmeasurenents are nmade for solutions containing 18 charge directors al one
(as.control), or with the addition of 19 stabilizing conponents, prepared
according to part (c) of 20 the Exanple, above, and diluted with the sane
carrier 21 liqutd. A solution of 0.1 wt.%charge director (and, when 22
present, stabilizing conponent in the. cgncentrations 23 described below) is
pl aced in an electrical cell having a 24 one nm separation between plate

el ectrodgs. délrst pul olts haV| duration of 8 secqonds
i s appli g‘d‘t"@ &% e ﬁﬁ‘gg??gﬁegcia Em ¥ RS hSPoTREci ecids
measur ed.2 Ztéhsuhﬂumge mqﬁésenMntaepHuEns bly vel kyd ~coupartiisnntedsd
Ater @ b il FUITRARO 'EF::P&L:SE P%%Qgiq‘?isélpamh@w el gkl gn of
seconds 1s applie se |

total within the range of 18 carbon atoms in such alkyl
substituent(s). The amine component of the amine salt may
be for example an aliphatic amine, most preferably a
primary, secondary or tertiary aliphatic amine containing
from 3 to 8 carbon atoms in the molecule. Non-limiting
examples of amine salts which may be utilized in accordance
10 with the present invention are diethylammonium chloride and
11 isopropylamine dodecylbenzenesulfconate.
12 It has been found that the present toner compositions
13 exhibit excellent time stability of charge and reduction of
14 conductivity loss under high voltage conditions, as well as
15 excellent recovery of charge after subjection to high
16 voltage conditions. Also, use of such toner compositions
17 results in images of very good copy quaiity and long term
18 stability.
19 ' BRIEF DESCRIPTION OF THE DRAWINGS
20 Figs. 1-4 show the effect of the stabilizing component
21 of the invention on the electrical stability cf carrier
22 liquid compesitions containing charge directors; and Fig. 5
23 shows the effect of an exemplary stabilizing component of
24 the invention on the conductivity of compositions containing
25 charge director. A
26 DETAILED DESCRIPTION OF THE INVENTION
27 The thermoplastic resins, insulating non-polar carrier
28 liquids, colorant particles and charge directors, which may
29 sﬁitably be used in the toner compositions of the invention
30 are known in the art. Illustratively, the insulating non-
31 polar liquid carrier, which should preferably also serve as
32 the sclvent for the charge directors, is most suitably an
33 aliphatic hydrocarbon fraction having suitable electrical
34 and other physical properties. Preferred solvents are the
35 series of branched-chain aliphatic hydrocarbons and mixtures
36 thereof, e.g. the isoparaffinic hydrocarbon fractions having
37 a boiling range above about 155°C, which are commerdially
38 avéilable under the name Isopar (a trademark of the Exxon
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30 cause depletion of the charge director by high voltage 31 | oading. After
a further 1 second delay a third pulse of 32 1500 volts having a duration
of 8 seconds is applied and the 33 total charge transported is neasured.
This charge 34 represents the dimnished charge transport capability of the
35 material after being subjected to a high voltage. After a 1 36 mnute
wait an additional pulse of 1500 volts’ lraving a 37 duration of 8 seconds is
applied and the total charge 38 transported is neasured; this charge is a
measur e loColriperatich).l recovery of the charge director after being

SUbjeCtﬁp to As set forth above, the at least one component for

. 3 stgbilizing the electrical properties of the at least cne
charge director is selected from carrier soluble non-
quaternary amine salts.

The weight ratio of stabilizing component to charge
director in the liquid toners preferably falls within the
range of 0.001-2.0:1,

The invention will be illustrated by the following non-
. 10 limiting Example, in which all "parts™ are parts by weight.

11 EXAMPLE :

12 (a) Ten parts of Elvax II 5950 (E.I. du Pont) and five
13 parts of Iscpar L (Exxon) are mixed at low speed in a
14 jacketed double planetary mixer connected to an oil heating
15 unit set at 1l30°C for one hour. Five parts of Isopar L are
16 added to the mix in the double planetary mixer and the whole
17 is mixed for a further hour at high speed. Ten parts of
18 Isopar L, preheated to 110°C are added, and the mixing is
19 continueq without heating until the temperature of the
20 mixture drops to 40°C. )

21 (b) Ninety grams cf the product of part (a) is
22 transferred to a Union Process 01 attritor together with 7.5
23 g of Mogul L carbon black (Cabot) and 120 g Isopar L. The
24 mixture is ground for 24 hours with water cooling (=20°C)
25 using 3/16" stainless steel media. The resultant tonerx
26 particles have an average (weight) diameter of about 2.1 um.
27 (c) Three charge directors are used, .namely, basic
28 barium petronate (BBP), lecithin, and 50-50 mixtures of
29 lecithin with BBP. 600 g. Isopar L is used to dissolve 60 .
30 g. charge director(s) until a homogeneoué solution is
31 obtained, to which was added the stabilizing component(s)
32 according to the invention to cbtain a hamogeneous'solution.
33 The amount of stabilizing component(s) may be, e.g., 0.25-10
34 wt.%¥ of the Isopar solution, but up to 1 wt.$%
35 is usually adequate. It is noted that BBP when added to
36 lecithin improves its humidity tolerance {(which is poor when
37 used'aione); the stabilizing components do not appear to
38 affect the humidity stability of any of the charge directors
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2 high voltage. 3 The results of this study are shown in Figs. 1-4,

which 4 show clearly that addition of the stabilizing conponents in 5
accordance with the invention inproved both the pul se 6 | oading and
recovery characteristics of the charge director. 7 In the Figures, the
ot her abbrevi ations used have the 8 foll ow ng meani ngs: ‘9GS =

| sopropyl am ne dodecyl benzenesul fonate @ C G3300B); 10 CC-42 -

di et hyl ammoni um chl ori de (W TCO- EMCOL PPG 40); P10- 11 59, S-93 - am ne

dodecyl bepz ate . ( . E P10-59, 12 S-93); PC 200, PC- 205, PC 210
- am ne a¥k§$§$§+£§$f%§§t§élggy% ‘i ncreasing nol ecul ar wei ghts (WTCOR);

W T-918 =2ani ne (4)suffhensenenycmmnoasye fsom parhe (Bladfe dHilwmdrto
conposi tigng hon-RFofedd18 solids content of 1.5%, using Iscpar L.

4 Charge director solution including stabilizing component,
from part (c¢), is added in an amount of e.g. 5-100 mg.
charge director solids per g. of toner solids.

The toners thus produced were tested in a Savin 870
copier and in a high speed electrophotographic printer in
which the image is developed on a photoreceptor with a
10 reverse rocller developer and then'tfansferred to the final
11l copy sheet via an intermediate transfer member. Print
12 quality'was at least equal to that of toner without the
13 stabilizers and was stable under high speed printing
14 conditions, consistent with the followiﬁg experiments based
15 on the stabilized charge director alone. )

16 Electrical stability under high voltage applications

17 These measurements are made for solutions containing
18 charge directors alone (as control), or with the addition of
19 stabilizing components, prepared according to part (c) of
20 the Example, above, and diluted with the same carrier
21 liquid. A solution of 0.1 wt.% charge director (and, when
22 present, stabilizing component in the concentrations
23 described below) is placed in an electrical cell having a
24 one mm. separation between plate electrodes. A first pulse
25 of 1500 volts having a duration of 8 seconds is applied to
26 the electrodes and the total charge transported is measured.
27 This charge represents the "basis" value for comparison.
28 After a 1 second delay a second pulse of 1500 volts having a
29 duration of 68 seconds is applied; this pulse is designed to
30 cause depletion of the charge director by high voltage
31 loading. After a2 further 1 second delay a third pulse of
"32 1500 volts having a duration of 8 seconds is applied and the
33 total charge transported is measured. This charge
34 represents the diminished charge transport capability .of the
35 material after being subjected to a high voltage. After a 1
36 minute wait an additicnal pulse of 1500 volts having a
37 duration of 8 seconds is applied and the total éharge

38 transported is measured; this charge is a measure of the
' This is the replacement sheet
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16 (concentrations of stabilizing conponents shown in 17 parentheses) were
prepared as follows: 18 Fig. 1. 0.05 g lecithin (LAN) and 0.05 g BBP,
with 0.01 19 g of the stated stabilizing conmponent according to the 20
i nvention, were dissolved in Isopar L to nmake 100 g total 21 solution. 22
Fig. 2: 0.1 g BBP, with varying anounts of 23 isopropylam ne
dodecylbenzenesulfonate were di ssolvedSim 24 Isopar L to make 100 g tot al
solution. 25 Fig. 3: 0.05 g lecithin (LAN) and 0.05 g BBP, with 26
varyi ng apopetevekry fprtihel eargealodeeebitorr areed f badng sAibjeteed to
dissolved% 6§éﬁqag%ﬁ$%éo make 100 g total solution. 28 Fig. 4. 0.1 ¢

L

| ecithin anounts of 29 isopropyl am ne
dodecylbéﬁzenesu?h%nﬁ@%u ﬁEr@fdtbgslﬁﬁﬂdwnBre shown in Figs. 1-4, which

4 show clearly that addition of the stabilizing components in
accordance with the invention improved both the pulse
loading and recovery characteristics of the charge director.

In the Figures, the other abbreviations used have the
following meanings:

O 0 2 o0

GB = isopropylamine dodecylbenzenesulfonate (ICI G3300B);
10 CC-42 = diethylammonium chloride (WITCO-EMCOL PPG-40); P1l0-
11 59, S-93 = amine dodecylbenzenesulfonate (WITCONATE P10-59,
12 s-93); PC-200, PC~-205, PC-210 = amine alkylarylsulfonates of
13 increasing molecular weights (WITCOR); WIT-918 = amine
14 sulfonate (WITFLOW 918).

15 The charge director compositions in the Figures
16 (concentrations of stabilizing components. shown in
17 parentheses) were prepared as follows:

18 Fig. 1: 0.05 g lecithin (LAN) and 0.05 g BBP with 0.01
19 g of the stated stabilizing component according to the
20 inventién, were dissolved in Isopar L to make 100 g total
21 solution. ' -

22 Fig. 2: 0.1 g BBP, with varying amounts of
23 isopropylamine dodecylbenzenesulfonate, were dissolved in
24 Isopar L to make 100 g total soclution.

25 Fig. 3: 0.05 g lecithin (LAN) and 0.05 g BBP, with
26 varying amounts of isopropylamine dodecylbenzenesulfonate,
27 were disso;ved in Isopar L to make 100 g total solution.

28 Fig. 4: 0.1 g lecithin (LAN), with varying amounts of-
29 1sopropylamine dodecylbenzenesulfonate, were dissolved in
30 Isopar L to make 100 g total solution.

31 As is clearly seen from these Figures, the addition of
32 stabilizing components to solutions of charge director -
33 material substantially improves the stability of these
34 soclutions.

35 Conductivity kinetics (stability of conductivity with time)
36 The effect of an exemplary stabilizer of the invention
37 (isopropylamine dodecylbenzenesulfonate) on conductivity
38 degradation, following dilution to 0.1 wt.% charge director,

"HC.
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30 Isopar L to make 100 g total solution. 31 As is clearly seen from
these Figures, the addition of 32 stabilizing conponents to sol utions of
charge director 33 material substantially inproves the stability of these
34 solutions. 35 Conductivity kinetics (stability of conductivity with

time) 36 _ The effect of an exenplary stabilizer of the invention 37
(i sopropyl am ne dodecyl benzenesul fonate) on conductivity 38. degradati on,
following dilution to 0.1 w.% chargé &% &ctor, - 10 - 1 froma stock

solution of 10% BBP or |lecithin or a 5%5% BBP-
1 from a stock solution of 10% BBP or lecithin or a 5%+5% BBP-

lecithin mixture, in Isopar L to a 0.l1% solution in Isopar
L, is presented in Fig. 5. This Figure shows that the
conductivity of these solutions was stabilized when they
contained (based on charge director) at least approximately
7.5 wt.% stabilizer.

While the present invention has been particularly
described, persons skilled in the art will appreciate that
many variations and modifications 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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2 l-ecithin mxture, in Isopar L to a 0.1%solution in Isopar 3 L, is

presented in Fig. 5. This Figure shows that the 4 conductivity of these
sol utions maﬂmﬁmahHhﬂﬂﬁdR he 5 cont ai ned (based on charge director)
at | east appr @6stab|I|zer 7 ~Ahi-Fe theNpLesent

I nventi en has Iy 8 descri bed, perSOns*skw | ed:5i Bitihe' Attt

w | | appreC|ate nany vari ati ons %%d‘nndlflcatlon-.dﬁa ‘be made.

Therefore, 10 the |nvent|on is not to be construed asTrestrTeted to the 11
particul arly described enbodi nents, raCtl&IMShe scope, spirit 12 and concept

of the i pvanti o wibh i ABEG S OREbY dNEBRYAPEIS-Y 28Leresee b LS
preparation of liquid toners containing at least one charge
director and in which the electrical properties of the
charge director(s) is/are stabilized, which composition
comprises:

(1) insulating non-polar carrier liquid compatible
with ligquid toners for electrostatic imaging:

(2) at least cne charge director other than an amine
10 salt: and (3) at least one stabil;zing component in an
11 amount effective to stabilize the electrical properties of
12 said at least one charge director, said component being

13 selected from non-guaternary amine salts and being soluble
14 in the carrier.
15

16 2. A homogeneous composition according to claim:l, wherein
17 component (3) is selected.from non-quaternary salts of
18 aliphatic amines with an acid selected from inorganic acids
19 and alky}-substitufed aromatic sulfonic acids.

20 . '

21 3. A homogenecus composition according to either claim 1
22 or claim 2, wherein said insulating non-polar carrier liquid
23 comprises an insulating non-polar liquid hydrocarbon having
24 a2 volume resistivity above 109 ohm-cm and a dielectric
25 constant below 3.0.

26

27 4. A homogeneous composition according to any of the
28 preceding claims, wherein the weight ratio of stabilizing
29 component to charge director falls withip the range. of.
30 0.001-2.0:1. '

31

32 5. A homogeneous composition according to any of the
33 preceding claims, wherein said at least one charge director '
34 is selected from lecithin, basic barium petronate and
35 calcium petronate.

36 : _ _
37 6. A'honogeneous composition according to any of the
38 preceding claims, wherein component (3) is selected from

O M 3 o0 bW
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16.17 18 19 20 21 22 23 24 25 26 27 28 29

- 12 -

diethylammonium chloride and isopropylamine
dodecylbenzenesulfonate.

7. A liguid toner for electrostatic imaging which
comprises thermoplastic resin particles dispersed in a
homogeneous'composition acéording to any of claims 1-6,
wherein the at least one charge director is operative to
charge the particles and the stabilizing compound is present
in an amount effective to stabilize the electrical
properties of the at least one charge director.

O @ 3o obd W

O O
N = O

8. A liquid toner according to claim 7, wherein the weight

ratio of stabilizing component to charge director falls
within the range of 0.001-2.0:1. '

R R
on bW

9. A method for producing liquid toner compositions
containing charge directors and in which the electrical
properties of the charge directors are stabilized, which
method Fomprises the steps of: (A) first making a
homogeneous liquid compeosition as defined in any of claims 1
to 6, and (B) mixing the homogeneous liguid composition
from step (A) in any order with colored thermoplastic resin
particles, and if desired further liquid carrier, in such
manner that the colored thermoplastic resin particles are
micro-dispersed in the toner composition.

NN NN R NN e
S b WN PO Vo

10. An electrostatic imaging process which comprises the

steps of: forming a charged latent electrostatic image on a-
photoconductive surface; applying to said surface oppositelyf
charged colorant particles from a liquid toner as defined in
claim 7 or claim 8 or as prepared by the method of claim 9;

and transferring the resulting toner image to a substrate.
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30-31 32 33 34 35 36 37 38. - 11 - CLAIMS

13
ELECTRICALLY STABILIZED LIQUID TONERS
ABSTRACT

A homogeneous liguid compositién, for use in the preparation
of liquid toners containing at least one charge director and in
which the electrical properties of the charge director(s) is/are
stabilized, comprises:(l) insulating non-polar carrier liquid
compatible with liquid toners for electrostatic imaging; (2) at
least one charge director other than an amine salt; and (3) at
least one stabilizing ~component in an amount efﬁ?ctive to
stabilize the electrical properties of said at least one charge
director, said component being selected from non-quaternary amine
salts and béing soluble in the carrier, e.g. diethylammonium
chloride and isopropylamine dodecylbenzenesulfonate. The
invention further relates to liquid toners for electrostatic
imaging eomprises thermoplastic resin particles dispersed in an
ingulating non polar carrier 1iquid, preferably a hydrocarbon
having a volume resistivity above 10° ohm~-cm and a dielectric
constant below 3.0, colorant particles micro-dispersed in said
carrier liquid, at least one charge director, and at least oﬁe
stabilizing component (3}, as defined above; a method for
producing the liquid toners; and an electrostatic imaging process

utilizing the liquid toners.

Figure 2

F Gaa PR
L %

Date:

25 NOV 0%



1. . A honogeneous liquid conposition, for use in the preparation of liquid
toners containing at |east one charge director and in which the electrical
propertles of the charge director(s) are stabilized, which conposition
conprises: (1) i nsul ating non-polar carrier liquid conpatible with
liquid toners for electrostatic imaging; (2) at |east one charge director
other than an amne salt; and (3) at |east one stabilizing conponent in an
anount effective to stabilize the electrical properties of said at |east
one charge director, said conponent being selected from non-quaternary

A honobgeneous

am ne salts and belng soluble in the carrier. 2.
conposition according to claim 1, wherein
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conponent (3) is selected fromnon-quaternary salts of aliphatic am nes
with an acid selected frominorganic acids and al kyl -substituted aromatic
sul fonic acids. 3. A honpbgeneous conposition according to either claiml
or claim2,  wherein said insulating non-polar carrier liquid conprises an

i nsul ating non-polar |iquid hydrocarbon having a volume resistivity above
10[err] ohmcmand a dielectric constant below 3.0. 4. A honpbgeneous
conposition according to any of the preceding clainms, wherein the weight
rati o of stabilizing conponent to char@e director falls within the range of
0.001-2.0:1. 5. A honpgeneous conposition according to any of the
preceding clainms, wherein said at |east one charge director
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Is selected fromlecithin, basic barium petronate and cal ci um petronate. 6.
A honogeneous conposition according to any of the preceding clains, wherein
conponent (3) is selected from - 12 - 1 diethylammoni um chl ori de

and i sopropyl am ne 2 dodecyl benzenesul fonate. 3 4 7. A liquid toner for
el ectrostatic imaging which 5 conprises thernoplastic resin particles

di spersed in a 6 honbgeneous conposition according to any of clains 1-6,
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7 wherein the at |east one charge director is operative to 8 charge the
particles and the stabilizing conpound is present 9 in an anount effective
to stabilize the electrical 10 properties of the at | east one charge
director. 11 12 8. A liquid toner according to claim?7, wherein the weight
13 ratio of stabilizing conponent to charge director falls 14 within the
range of 0.001-2.0:1. 15 16 9. A nethod for producing liquid toner
conpositions 17 containing charge directors and in which the electrical 18
properties of the charge directors aregstabilized, which 19 nethod
conprises the steps of: (A) first nmaking a 20 honogeneous |iquid
conposition as defined in any of clains 1
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21 td 6, and (B) m xing the honpbgeneous |iquid conposition 22 fromstep (A
in any order with colored thernoplastic resin 23 particles, and if desired
further liquid carrier, in such 24 manner that the col ored thernoplastic
resin particles are 25 mcro-dispersed in the toner conposition. 26 27 10.
An el ectrostatic imaging process which conprises the 28 steps of: formmg a
charged |l atent electrostatic image on a 29 phot oconductive surface;
applying to said surface oppositely 30 gharged colorant particles froma
liquid toner as defined in 31 claim7 or claim8 or as prepared by the

met hod of claim9; 32 and transferring the resulting toner inmge to a
substrate. 33 34 :
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R o I .. CLAIMS
1. A homogeneous liquid compogition, for use in the
preparation of liquid toners containing at least one charge
director and in which the electrical properties of the

charge director(s) are stabilized, which composition
comprises:
(1) insulating non-polar carrier liquid compatible

with liguid toners for electrostatic imaging:;

(2) at least one chaige director other than an amine
salt; and (3) at least one stabilizing component in an
amount effective to stabilize the electrical properties of
said at least one charge director, said component being
selected from non-gquaternary amine salts and being soluble
in the carrier.

2. A homogeneous composition according to claim 1, wherein
component (3) is selected from non-gquaternary salts of
aliphatic amines with an acid selected from inorganic acids
and alkyl—substitufed aromatic sulfonic acids.

3. A homogeneois composition according to either claim 1

or claim 2, ﬁherein said insulating non-polar carrier liquid

comprises an insulating non-polar ligquid hydrocarbon having

a volume resistivity above 109 ohm-cm and a dielectric
N constant below 3.0.

4. A homogeneous composition according to any of the
preceding claims, wherein the weight ratio of stabilizing
component to charge director falls within the range cof
0.001-2.0:1.

S. A homogeneous composition according to any of the
preceding claims, wherein said at least one charge director
is selected from lecithin, basic barium petronate and
calcium petronate.

6. A'hamcgeneous composition according to any of the
preceding claims, wherein component (3) is selected from



