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PHTHALOCYANINE PIGMENTS - GENERAL PATENT SURVEY

R N

Phthalocyanine pigments have been sold in the United States
" by the DuPont Company since about 1935, The manufacture of the pig-

ment has, up to the present time, been carried out exclusively by the
Organic éhemicals Department, However, the Pigments Department have
used the pigment as & semiefinished product in the preparation of
numerous modifications for special uses, During this period, extensive
studies have been carried on in the laboratories of Orchem and of the
Pigments Department and numerous reports are to be found in the files
of each lsboratory. These reports include a thorough review of the
historical aspects of the develepment and this will not be repeated
herein., For a brief review thereof, reference is masde to Wewark
report KN-46-7,

Recently, a decision has been rendersd to carry on research
leading up to the *ull scale manufacture of phthalocyanine pigments
within the Pigments Department. This research has now progressed sub-
stantially to the point of pilot plant operation, and, although numerous
patent surveys have been made by the Jackson Laboratory of Orchem and
the patent situation 1s fairly well understood by those interested in
it, no such survey of the art has heretofore been made at Newark and it
seems highly desirable to make such a complete survey from our own point
of view.

With these facts in mind, the patent art has been thoroughly
reviewed with particular reference to the preferred process at Kewark,
but a brief summary has also besn included of the whole phthalocyanine
art,in anticipation of a need for broadening this survey at some future
date,

As pointed out above, this review has besen directed particularly
towards one process now contemplated for use at Newark but has alse
included®rather careful search of the art on the synthesis and finishing
of copper phthalocyanine and its chlorinated derivatives. A somewhat
less careful survey has been made of uge gatgnts and of patents covering
other metal phthalocyanines as well as #Wil8h the benzene nuclei cone
tain verious substituents. Although these latter preoducts are not con-
templated for manufacture at the present time, it seems highly probable
that some of them may be of interest for futura study.
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As to the sources of this review, an attempt has been made to
inspect all U.S., and British phthalocyanine patents which have bgen

issued to date., It is bellieved that all such U.S. patents are available
in the Newark Library and that substantially all British patents are alse

available. To insure this point, a careful search was made of Ghesmical
4bstracts and,likewise, of the Jackson Laboratory patent files. A less

careful search has been made of the French, German, arnd Swlss patents on

this subject, with considerable dependence placed upon the Abstract
Journals for ormation with respect to many of these foreign patents.

However, since we are primarily concerned with domination, these patents -

are of minor importance in this search.

PROCESS:
Synthesis of Blue

There are twe fundamentally different processes which have
been widely used for the manufacture of copper phthalocyanine, In
one, phthalonitrile 1s heated with a copper salt to about 180°C at
which point a vigorous, exothermic reaction starts and goes to come
pletion in a relatively short time. Because of the extremely vigorous
nature of this reaction, it has been difficult to control and the
addition of inert matsrial, aither salt,such as sodium ¢hloride or
high boiling liquid,such as kerosene or trichlorbengéné,-~, has been
common practice. Thls process has been used largely heretofore by
Orchem and is still being used for the standard copper phthalocyanine
pigment (BT-172-D) which is sold by the Pigments Departument.

The other common process involves the reaction of phthalie
anhydride, urea and a copper salt in the presence of certain cataljysts
at temperatures in the order of 200°C. Although this reaction may be
carried out as a melt, which eventually sets up to a solid as the pig-
ment is formed, it has been much more successfully handled in the
presence of a iiqnid diluent such as kerosene or trichlorbensene. It
is this process using a purified grade of kerosene as the diluent,and
ammonium molybdate as the catgl¥st,which Newark proposes to adopt.
However, it is known that this process results in the formation of a
chlorine-free blue which has certain undesirable characteristics,
namely a loss of strength in the presence of hydrocarbon solvents
for many uses. It 1s entirely satisfactory as a raw material for the
subsequent manufacture of chlorinated green phthalocyanine and will be
manufactured for this use. To manufacture a grade of phthalocyanine
blue which is stable in the presence of hydrocarbon selvent, it is
proposed to resort to the substitution of a minor proportion, about
153 to 20%, of 4-chlor phthalic acid for an equivalent amount of the
phthalle anhydride used in the reaction., This results in the formae
tion of a blue phthalocyanine containing approximately 4%4 of chlorine.
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The process proposed for use at Newark is substantially
identical with that used by I.C.I. in England for most of their
phthalocyanine manufacture. They manufacture the chlorine-free
grade under the designatlion "Monastral® Blue B and the grade cone
taining chlorine under the designation "Monastral® Blue LB, Where
the designation "Blue B™ and "Blue LB" are used throughout this
report, they will have meanings similar to those used by I.C.I,

The only phthalocyanine green marketed in this country has
been a highly chlorinated copper phthalocyanine containing betwsen
14 and 15 stoms of chlerine per molecule of c¢opper phthaloeyanine
(approximately 48% chlorine), The only process practiced commerclally
to our knowledge has inveolved the chlorination of Blue B suspended in
the eutectic melt of anhydrous aluminum chloride and sodium chloride.
It is an expensive process and difficult to control, Newark does not
propose to use thias process dbut will instead use sulfur dichloride as
a combined carrier and chlorinating agent working under pressure and
at relatively high temperatures. The details of the process are
rather complex, and it has been practiced only on a laboratory scale,
but it has shown much promise of substantial economy because of the
relative ease with which the sulfur dichloride can be recovered for
reuse.

Einishing Process

are

-~ In the past all commerclal processes of which we/aware for
the manufacture of phthalocyanine plgments involvedthe "so-called"
acid pasting steps, in which the pilgment 1s dissolved in highly
concentrated sulfuriec acid, or, in the case of the green, in a
mixture of sulfuric acid and chlorsulfonic acid, and the pigment
reprecipitated therefrom by diluting the acid solution with water,
More recently, Orchem hss developed a "so~called" salt milling
process in which the pigment and a relatively large amount of an
inorganic salt, such as sodium chloride or sodium sulfate,are ball
milled together for a substantial period of time followed by
extraction of the water soluble salt and isolation of the pure
pigment. This process is under develepment for commercial operation
by both Orchem and the Imperial Chemical Industries in BEngland,

The Pigmenis Department does not propose to use either of
these processes but have developed a new progcess which we have
called “"Solvent Milling". 1In this process the pigment, either in
the dry form (which may be a purifiled or aimply a aried out ecrude) ,
or in the form of a kerosene-containing filter cake from the
synthesis step,is ground in a ball mill with a solvent such as
kerosene or mineral spirits. After a suitable milling cycle (the
unproven goal on a plant scale is a maximum of 48 hours), the mill
charge will be dumped, separated from the solvent (probably by steam
distillation) and extracted for the removal of any impurities such
as the residual impurities from the synthesis stage ,or. impurities
resulting from abrasion or corrosion of ghe grinding device,
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In the case of the green, it seems desirable to add
approximately equal quantities of an Inorganic salt such as
sodium sulfate to the grind and 1t seems necessary to use only
hydrocarbon solvent for the liquid portion. The presence of
even small amounts of water appears definitely harmful to the
greens. On the other hand, in the case of the blue, it has baen
possible to get entirely satlsfactory grinding with alcohols or
other water soluble soclvents containing up to as high as 404 of
water. Even water alone has enabled a substantial improvement in
strength ,although, to date, the deszsired strength has not been
obtained in this medium. Since grinds made in the presence of an
appreciable amount of water suffer from a subgstantial corrosion
problem in steel ball mills, the proposed process 1s at present
restricted to the use of a hydrocarbon solvent.

Finally, 1t should be noted that the best results have
been obtained when the grinds were made in the presence of an
organic acid such as naphthenic acld or oleic acid, followed by
steam distillation in the presence of certain treating agents,
notably a combination of the TEA C Ester and glyceryl mono
ricinoleate. The preferred agents fiave not heen selectsd with
certainty at this time,but it seems quite definite that some agent
willl be necessary in these steps.

S I0KS
Copper Phthalocyanine

1. There 1s no patent containing a product claim on copper
phthalocyanine as such and none is possible at this time.

2. There 1s a patent containing a product claim covering
monochlor copper phthalocyanine. It 18 assigned to I.C.I. and
licensed to DuPont.

3+ All practical procssses for the synthesis of copper :
phthalocyanine are covered in patents either owned by or licensed
to DuPont,

4, All important process patents are believed to be valid
and to be rather universally respected in the industry.

5« The process for the manufacture of Blue LB is disclosed
but not specifically claimed aside from the general process coverage.

Co Phth » G

1. A presumably strong product patent covering the highly
chlorinated copper phthalocyanine is owned by General Aniline but
licensed to DuPont outaide of the DuPont -~ General CPC agreement.
This ls a non-exclusive license and, in the event that all of
General's patents are thrown open to license by the Alien Property
Custodlan, the product might become avallable to our competitors.
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However, there appears to be ne reason to bslisve that our present
linense will be disturbed,

2. Both practical processes for the manufacture of copper
vhthalocyanine green, namely the aluminum chloride sodium chloride
melt and the sulfur dichloride processes, are covered by presumably
valid patents owned by DuPont,so that regardlems of our lack of
control of the product itself, our patent position seems quite
stronge.

Metal-Free Phthalocysnine
1.There is no basic product claim on metal-free phthalocyanine.

2+ The commonly known practical processes for the manufacture
of metal-free phthalocyanine are coverad by patents either owned
by or licensed tc DuPont,

Elnishing Steps.

1. There i1s no basic patent covering the acid-pasting procedure
and none is possible at present. Howaver, there are numerous patents
on various detalils of the acid-pasting anﬁ subsequent drowning steps
including the use of treating agents in the drowning step. Not all
of these patents are avallable for the use of DuPont,but it 1s balieved
that there are none which will hamper any opsrations now contemplated.
Bince we do not propose to use acid-pasting in the Pigments Department,
it 1s certain that none of them will disturb our operation.

2. DuPont owns a patent on the salt milling process which was
issued quite recently but it is our opinion that this patent is
quite wesk in view of numerous references to similar processes in
the art,

3. Ve have found no specific disclosures of solvent milling
as we propose to practice it,and it is believed to be a patentable
process. However, this wlll be made the subject of a saparate report,

4, Miscellaneous Finishing Steps.

It i3 believed tbat our process may poasiily be in conflict
with U.S. 2,138,049 and 2,268,144 (owned by Harmon) if any of the
solvent remains . after steam éistillatlon t0o be removed in the owven,
However, negotliations which will give DuPont rights under these
patents Inave béen initidted gt the present Hime;nt.* .

We are informed by representatives of Orchem that the use
of the TEA clp Ester 1s under some patent restrictions. However,
we are also *~ informed by them that they have obtalned licenses
for the use of this material and it, therefore, is now open to our
use. No effort has been made to locate the pa%ent involved.
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The genersl fleld of ths use of various types of treating
agents in the manufaeture of plgments is one in which there are a
greast meny patents but substantially all of these patents are of
very limited scope. No extended search has been made in this field
at the present time. However, the fleld has been broadly coversd
in previous searches made at ﬁeuark and we feal confident in the
opinion that there are no insurmountable patent bars. BSome of the
wore important patents in this group will be discussed in connection
with the detalled description of the art.

B0 DIScUsSSION OF THE AR

o - In-the-following diascussion of the patent art twoe main
divisions will be recognized. The first will discuss in some detail
those patents believed to be directly pertinent to eperationsof the
DuPont Company in the manufscture of phthaloeyanine pigments, with
emphasis being laid on those which are particularly concerned with
the operations of the Pigments Departuent. This group of patents
will be further gub-divided under the feur topics used above in the
summary of the art.

The second main divislon will include in e much less detailed
fashion substantially all of the remaining U.8. patents in the phithalo~
cyanine field. It will also include many of the British patents and
some¢ reference will be made to other foreign patents, In addition to
the four main sub-divisions referred to above, it will also include
references to other metal phthalocyanines, %o some patents on uses of
phthalocyanines, and to a large group of patents concerned with pro-
duets in which %horo are substitueni groups on the benszene rings of
the phthalocyanine molecule. This last group of patents will be
listed by desecriptive title only for the most part and are being
included only for a ready raference in the future.
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1. Copper Fhthalooyanine .
Ue8e 2,000,081, issued B~7~356 to Thorpe, Linstead & Thomas of I.C,I,.

This is the first phthalooyanine patent in the United States
and oovers a process of reasting o-oyancbensamide with a metal or a
mstal compound under the influsnce of heat, A large number of metals
i.nolua.mg magnesiun, copper and tin are disclosed as effective, Thelr
uge a8 plgments is dlsolosed as well as the prosess of acid pasting to
obtain them 4in a fine state of aubdivision, The possibility of re-
moving some metels such as magnesium through the use of soncoentrated
sulfuric acid to %hm a metale-free compound is recognized. There 1s
no ¢lsar recognition of the struscture of phthalocyanines as now accepted
in this patent, but it is very closely approximated., The disclosure of
thi;agatant with respect to the compounds formed 1s basis to the whole
phthalocyanine industry in the United States, However, the process ig
not auprently used and thers are no product claims independent of the
prooess because of a prior disclosure In the literature,

Us8, 2,129,013, 1lssued 9+6-38 to Linstead & Dent of I.C.I.

When phthalonitrile and supric ohloride are heated thogether
above about 200°C. ths resulting product is copper monochloro phthalo=
¢yanine, When cuprous chloride is used in plase of cupric chlorids,
the product still contains chlorine but to a considerably lesser degrae,
The use of inert solvent is disclosed:s Claim 3 covers copper monoohloro
phthalesyanine ss a new product,

UeBe 2’197‘458‘ Liassued 4-16-40 to Wyler of I.0.1,

This patent ocovers broadly the phthallc {de/urea fusion
prospee, wvhereln phthalic anhydride, urea and a metal salt such ag
cuprlc schlorlde ave heated to0 a temperature in the order of 200°C,.,
whereby a solid pigmentary product is formed. The use of substituted
phthalie anhydride ,as well as the use of free acld, dlammonium salts
and sertain other derivatives ,iz disolosed, The use of daric acld or
amsonivm sulfamate iz recommended to improve yleld and to prevent
foothings There 18 recognition of lmproved yields resulting from add-
ing the urea to a molten mixture of the phthallc anhydride and to the
mstal salts, There is no dissloswre of the use of & liquid diluent or
;alw}z:t-. This patent is baslo for the prooess proposed for use ab

SWAPH o

UsS, 2,197,469, 1ssued 4~16+-40 to Wyler of I.C.I.

A phthalosyanine sontaining tin is obtal ned by the uase of the
phthalle anhydride/urea fusion process of U.8, 2,197,468 in the presence
of suitable tin salts. The patent discloses,but does not elaim the
preparation of a metal~free compound by the demstallization of the tin
containing phthalooyanine through solution in concentrated sulfuric acid.
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It disoloses, dut des not olaim, the use of kerosene or other high boil-
ing orgenic iiquids a8 & diluent in the resction. The diseclosure of

the uge of kerosens is important to us but there is no protection.
Otharwise, there 1s no direct Interest to Newark at the moment but 1t

i8 of direct intersst to Orchem in thelr mamufacture of a co=salt

milled copper and tin dichloride phthaloscyanine. It 18 of potential
interest to both departments as a possible route for the manufsoture

of metal free phthalocyanine, Such a process is now used by I.C,I,

U.5. 2,214,477, 1ssued 9-10-40 to Riley of I.C.I.

The efficlency of the phthallc anhydride/ursa fusion process
1z materially inoreased through the use of certalin salts of metals of
groups B and 8 of the periodic tables am catalysts for the reaction,
Amoniuwn-molybdate is the preferred salt and is used in very small
amounts. We propose to use this prooess at Hewark,

U.8.Application, Serial #629,921, Application Date 11-20~45 by
A, B8legel, assigned to DuPong

A coalesced phthalosyanine pigment is made by reacting
phthalonitrile with a metal salt such as cupric ohloride in the
presenc® of a substantial amount of a salcined Ti0, pigment as a
substratun. The resulting produet is satisfact for use without
any further conditioning steps, Britlsh patent 453,787 1s very close
art against thisg application but has not yet been cited in the prosecu~
tion, and it appears probsble that a patent will issue. However, any
patent which issues will probably have little valus beyond that of a
disclosure, The process 1s that formerly contemplated for use at
Newark in the manufacture of Pigment BX-CR,

8. Fhthalocyanipe Oreens
Ue8s 2,195,984, issuesd 4~2-40 to Dent and Sylvester of I.C,I.

Phthalooyanine pigments may be ohlorinated or bromfsmted if
hot wmolten phthallic anhydride uaing elesmentary ehlorine or dromine,
Although this 1s the firat published patent on the process of halogenat~-
(Jing & phthalooyanine pigment, 1t does not bear the earlliest application

av8 .

U.8. 2,214,469, issued 9~10-40 to Linstead and Dent of I.C.I.

This patent has a broad clalim to the process of halogenating
a phthalocyenine and disoloses the use of a number of halogern carriers
including aluminum ochloride and sulfwr chloride. This patent has the
earllest application date of any patent on the diresct halogenation of
.phthalcoyanine but lost out as to the presently preferred product in
an interference with U,3, 2,276,860 because 1t did not contein adequate
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disclosure of the degree of halogenation necessary for the preferred
phthalocyanine green, :

U.Se 2,847,752, losued 7-1-41 to Fox of DuPont

A This patent covers the aluminum chloride/sodium chloride
euteotic melt proceas for the halogenation of phthalocyanine pigments,
It 18 the process ourrently uwsed by Orchem but 1s not contemplated at
present for use at Newark, .

U.8, 2,883,560, 1ssued 8+~36+«41 to Detrick and Johnson of DuPont,

_ ' This patent covers the successive steps of synthesia from
phthalonitrile in the presence of sodium chloride, mixing the resotion
product with anhydrous aluminum chloride and chlorinating directly with-
out any intermediate purification stepa. The process is not contemplated
for use at Newsark.

U.8. 2,276,860, lssued 3-17-42 to Nlemann, Schmidt, Hushlbauer &
Wiest, assigned to General Aniline

This patent has very broad coverage of halogenated phthalow
oyanine containing more than eight halogen atoms per molecule obtalned
by direct hd ogenation. Ib has both produst and progess claims, This
pateant igsued following an interference with U.S, 2,214,460 mentioned
sbove and is unquestionably a dominating patent in fne field, However,
the interference was settlad on the baszils of roy free cross licenses
batmeg General Aniline and DuPont and we are free to manufacture the
produst.

UeSs 8 377,085, 1lssued 6-5~45 to Fox & Jeckson of DuPont

This patent covers the process of chlorination of phthalo=
cyanine pigmente by the use of sulfur dichloride, followed by recovery
of the sulfur dichloride by sweeping with ohlorine gas which reacts
with the sulfur monocohloride formed during the ohlorination with re-
generation of the sullw dlchloride, This is the process contemplated
for the manufacture of phthalocym ine greens at Hewark, .

Se ] ” X ine

Attention 1s called to references to the mamufasture of
metal free phthalocyanine in some of the basio patents mentioned above,.
For instance, U.,3, 2,000,081 diascloses the demetal lization of magnesium
phthalocyanine and U,3, 5,19'7,459 dlsclosea the demetalligzation of tin
phthalocyanine. Eoth of these prosesass have been used in the past md
the second 1s currsntly contemplated for use by I.C.I. The following
patents more apecifically cover the mamifacture of metal free phthaloeyanine

UuSe 2,118,602, imsued 5~10-38 to Heilbion, Irving & Linstead of I.C.I,
This patent covers the process of forming a metal free phthalow

eyanine by heating phthalonitrlile with alkall metals or their compounds,
amonia or certain tertiary organic bases. It is understood that this
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process 1s highly inefficient,
U.8. 2,155,084, issued 4-18-39 to Lows of I.C,I,

In a modification of the previous patent phthalonitrile 1s
heated with an ethanol amine to form a msetal free phthalocyanine,.

U.8, Application, Berial #579,332, filed 2-22-48 by Palmus &
Gross of DuPont

¥stal fyres phthalooysnine may be mads by rescting phthalo~
nitrile, 8+ so6lid . inert . dJdiluent suosh as sodium chloride or titanium
dioxide and a solids alkaline agent such as caloium oxide in the presence
of small smounts of methylglucsmine at a temperature of sbout .
“When the pesction 1s carried &1t in the presence of a water soluble
agont aa HaCl and under conditions whéereby soms grinding action oocours
“Quy the reaction, such as in a rotary baker, little if any condition-
ing of the final duot othexr than extraction of solubls impurities is
neaeded, It is believed that thim process is currently being practiced
by Orchem but is not contemplated at present for use at Newark,

4+ Fiplshing Steps
U.3. 2,138,049, 1ssued 11-28+-38 to Vesce of Harmon

A water ilmmigseible organlc liguid guch as toluene is added
to a pigment slurry which 1s then stirred to emulsify the liquid end the
shole dried at a temperature below the Poliing point of water to give a
drled, px?ont of improved texture., There 1s apecifioc disclosurs of the
application of this progess to phthalooyanine pigments and 1t hss been
rather broadly interpreted as covering any process in which a water
immigaible organie liquid 1s intimately mired with a pigment slurry bve~
fope drying, This patent is insludsd in & oross licensing ement
WAde hegotiation’ bebtween DuPont and Hermon and 1is ascordingly avaii-
able for our use when negotiations are completed.

.. UsSe 2,173,699, lpsued 9~19-39 to A.3legel of DuPont

™is 1s the patent covering our "Ramapo™ Blue pigment and
covers broadly a water Ilnsoluble phithalosyanine plgment Intimately.
aspociated with an a ine esrth rosinate, Since thig patent was in~
cludad in the DuPont/General Aniline ﬁremnt on phthaloeyanine, 1t
has been considered as Avallable to a hasers of phthalocyanine
paste from General and no attempts have been made t ¢ enforce it by
DuPont, altho it is believed that all large ssale manufacturers of
phthalooyanine pigments have praciloed the process,

VU.S. 2,013,603, issued D-3-40 to Davies, Hailwood and Todd of I.C.I,

™is patent covers the use of the sodium salt of the
formaldehyde comdensation produsts of Haphthalens Sulfonic Acid (Compound
#g) in the ascid~pasting atep of finishing phthulocyanine pigments, There
18 a product olaim to the combination of the pigment and the condensation
produot without limita to the method of manufacture and there are broad
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process claims to the precipitation of an acid solution of phthalo~
eyanine in the presence of a water soluble, non~hygroscopic dispersd ng
agent, There 1s disclosure of ball milling in water and in the presence
of the digpersing agent after acid past to get further particle slge
reductlon, Thls patent may be sufficlently broad to cover some of our
produsts but 1t 1s probably relatively unimportant to us.

U,8. 2,268,144, 1ssued 12~30~44 to Vesoe of Harmon

This patent 1s slmilar to U.8, 2,138,049 but differs in
that a definite emulsion of the wvolatile oil 1s acpa.ratelg prepered
and added to the pligment sl ,followed by stirring until the emul~
sicn bresks, after which the slurry is filtered and then drled. The
process 1s disclosed and specifically claimed as applied to copper
phthalooyanine as well as being claimed broadly. .8 patent 1s alsa
included in the oross license agreement with Harmon and is available to
our use,.when negotlations are completed.

U.S. 2,305,379, lssued 12~15~48 to Detrick & Lang of DuPont

This patent covers Orchem's use of the so-called TEACg
éster in the manufaoture of a soft powder phthalosyanine pigment,
The claims cover pigment particles coated with the insoluble resstion
product of a polywalkanol amine with a higher el iphatic : acid. The
process 1s specilfically applled to phthalocyanine pigments by using
the agent to emulsify an organic liquld such as toluene in a process
egsentially asimilar to that of Harmon in the preceding patent, It is
on:ir:ly poseible that our products may come within the clalms of this
patent.

T.Se 2,387,472, 1ssued 8~24+43 to Vesoe & Stalzer of Harmon

A non-flocculating copper phthalocyanine is mads by in~-
sorporating therein in the wet state a major proportion of aluminum
benzoate as a substratum. The dlsslosure of thias patent is quite
acourate and produsts of this type have been marketed by Harmon bub
they are bslieved to be fundamentally high in cost and not a ser oua
threat to our business. However, the goal is highly desirable and,
at present, no other good solution ias known,

UsSe 2,402,167, 1lssued 8~18~46 to Lang & Detrick of DuPont

This patent is an attempt to cover Orchem's salt-milling
process for finlshing phthalocyanine pigments. Because of very closse
prior art the claims are limited to a process using more than four
parts of a water soluble salt-per -part of pigment and to the use of an
apparatus which grinds by atirition and shearing as distinguished from
impact, It 18 doubtful 1f this patent has more than a publication value.
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U.3. Application, Serial #664,434, filed 4-23-=46 by Robbins of DuPont

1-naphthalene sulfonic acid is added to {or formed in
situ) the sulfuric acid solution of a phthalooyanine pigment prior to
drovning to give & soft~textured plgment, The agent 1s used in amounts
of from 1 ~ 2-1/2 times the waight of the pigment. The true significance
af thils process 18 not clser abt present but it 1s not now contemplated
fopr use at Newark.

Brltish Patent 565,402, issued S5~22+45 to Molilllett and Todd of I.Cil.

This 1s T.C,.I.'s Beds mill patent and includes a small
quanitity of a fetty acid or ester thereof with the salt., The preferred
procedure uses anhydrous sodium sulfate with a small amount of oleis
or linolelo acid. '

Be PA S OF LESSER ORTAN
1+ Syntheslis of Co ’ thalooe

- U.8. 2,000,052 = I,0.I; = covers the reaction of phthalimide
with a matal in the presence of armonia. _

UeBe 2,075,043 = I.CeI, - CPC is formed by reacting sn ortho-
halogen benzamlde wi*t'zh cuprous cyanide,

UeSe '2,124,742 = T.Cels = Copper phthalosyanine may be formed
by heating & metal~free phthalocyanine with copper or copper salta.

UeSe 2,138,413 = Interchemical - A pigment whioh doss not
need asid pasting is prepared by reacting phthalonitrils and copper
salts in the presence of aliphatic di- or trihydric alcohols or alcohol
pely ethers,

V.8, 8,163,300 « DuPunt - The violently exothermlic reaction
between phthalon{trila and the copper salts is controlled by adding the
rensteit portion-wise to the rotary baker,

UsS. 2,164,912 = General Aniline - Phthalonitrile is heated
with s metalllioc oysnamid to form a phthalocyanine pigment,

U8, 2,160,837 - DuPont =~ Fhthalonitrile and metalllic copper
may be saused to react at a temperature of 160-170°C in the presence

of small emounts of chloride of emphoterio metals or ammonia.

--v-s.**is‘ 186,213 = 1,0,1, =~ This 15 the baslc patent fur the
reaotion of x.;h oniax-na wi;h.a copper producing agent to form copper
phthal coyaning,

UsSe 2,194,860 =~ Interchemical - This covers an apparatus for
the mamifacsture af ph%halonmma pignents by the reaction of phthalo~
nityrile vapors with a polished metal surface,.
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- Ue8s 2,802,652 = I1,C¢ls = Ortho-arylens di~oyanides sre heated
with a compound ¢of a metal of the second group of the periodic table.

U.8, 8,212,984 ~ General Aniline ~ Phthalonitrile is heated
with an amide and & metal salt,

UsSs 2,216,761 = 1.CoI, =~ Covers the use of amsonium sulfamate
as s catalyst in the phthalic anhydride/urea prosess.

U.Se 2,216,887 = I1.CsIs = Covers broadly the use of amino
sulfonic seld in place of wea in the menufacture of phthalocyanine.

Us8, 2,216,868 « I,C,14 = Covers the use of ammonium sulfamete
in place of urea in the phthallc anhydride proceas for cobalt, ekl
or phthnlogmm;

T8, 2,242,301 ~ I,CoI, = Ia a belated issusnce of one division
of the basic patent for heating phthalonitrile with a copper salt and
involves the use of a neutral organio solvent,

U;s.. 2,248,008 « Interchemiocal = Covera the reaction of phthalo=
nitrile vapors with a polished metal surface followed by seraping off the
pigment thus foymed,

UsBe 2,276,508 « S,C.1, ~ The presence of small awounts of
HaOH, Cal or NapsCOx improves the efffclensy of the resotion between
phthalonitrile and metal compounds in the presence of liquid diluents.

U.Se 2,302,612 =~ American Cyansmid = Chlorine-free CPC is
prepared from phthaimitrila and sgpeie chloride by reacting in the
pressnse of anhydrous ammonles .

U.S. 2,318,785 ~ Amerisan Cysnamid ~ Chlorine~rpee CPC in

prepared by reacting phthalonitrile with anhydrous copper sulfate in
ths presense of nitrobenzens and suhydrous smmonia under prassure,

UeSe 2,318,787 = Americsn Cyanamid = Also covers the resction
of phthalonitriio with cupric sulfate in the presence of ammonia,

U.8. 2,375,760 - Interchemlcal ~ athalosyanines may be pre~
pared by bsating phghalio anhydride, anmonia and a metal salt of
syamurice acid,

UeSe 2,382,441 = Interchemical = Phthalonitrile mnd metal
compounds are reasted in the presence of such limlited quantities of

hydroxy aliphatic solvents that the major portlon of the solvent is
evaporated during the reaction.
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V.S, Application, Serial #408,066 = APC - Benzole acid and
related compounds are effective in preventing the foaming of a phthalie
anhydride/urea fusion synthesis,

In listing the following British patents, those patents which
have substantlially equivalent U.S, disclosure have been, for the most
part, omitted,

British 382,160 « Scottish Dyes (I.,C.I.) - This is the fiprat
disc¢losure of phthalooyanines in English end covers u prooess in which
ameonis is passed Into molten phthallc anhydride In the presence of
a meotal to give & bluw solld which may be purified by precipitation
from sulfurie asid,

British 453,767 » 1.0, « Phthalonitrile is heated with metals
or metal compounds taking paprt in the formation of the dveatuff in the
pregence of an oxide or salt of a metal of groups 1 to 4  of the
%mm stem; whlch salt 1z s0lld at the reastion temperature and

st and 1s used as & diluent. This 1s tha best prioy art agalnat
our Pigment BX~CR process, but theve is no Wll, equivalent,

Bpitish 457,786 - I,0,I, = Ammonium phthalate or its deri=
vatives may be hmﬁa& with s metsl salt in the presence of an amino
sulfonic as1d to give a phithalocyanine, -

British 488,754 - 1,0, = Phthalonitrile and copper salte are

heated in the presences of tertiary bases undsr special conditions of
preasure and concentratlion, .

British 459,780 = I.G, = A high boiling diluent other than a
tertiary base iz addsd to the process of the preceding patent.

Bpritich 462,890 - 1,6, = Phthalonitrile is heatsd with metal

oyanamides together with high molecular WSS Mlcchols or.
aptans, - :

British 462,387 ~ 1,G. ~ Phthalonitrile 12 heated with metal
compounds in the presence of diluents free from nitrogen and hydroxyl
groups but under pressure. ,

‘ Britigh 503,080 - Nonbeostini ~ Pithalic anbydride snd coppen
compoundis are heated in the presence cf di~eyano-diamides, A

British 558,12¢ - DuPgnt - Covers the use of infre«ped heating
in the phthalonitrile process for phthalocyanine, The U8, applieation
has been finally rejocted,

U.S. 2,227,628 -~ DuPont ~ Phthalooyanines may be fluorinated
by treatment with fluorine in liquid hydrogen flucride.

British 470,079 - I,G, = Simultansous hﬁoggnamm and formation
of the phthalooyanine by heating phthalonitrile with the halogenating
a .
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agent in the pres-nce of the metal halide,

British 499,415 « I,G. ~ Cop phthalosyanine be ghlorinated
with chlorine gas in trichlorbenzens the presence of antimony trie
sulfide under atmospherls prossure.

British 500,471 = I.0. = ?hthaloczanims are halogenated in
the presence of oy ¢ sold halides and with halogen ecarriers.

Se Mot 2l ooy

U.8. 2,153,820 - [.,C,I, ~ Phthalonitrile is heated in an
atowsphere of smsonis, .

U.8. 2,182,768 = Conoral Anlline « Phthalonitrile is heated
with sodamide and dimethyl aniline in the presence of aliphatis alechol.

U,S, 2,214,454 - I«04sI, = An slRkali phthalocyanine 1s treated
with methyl alsbhol and then diluted with water to give a metal~fyee
phthalooyanine guperidér to that from scid pasting.

British 478,188 « I.G, = Phthalonitrile is heated with phenols
o naphthols,

BEritish 480,249 « I,G, = Phthalonitrile is heated with a
Gpignerd reagent and hydrolyzed with sulfurlec asid to give a matal-~free
phthalocyanine,

4. Othe:

¥any metal phtlisloeyanines other than coprer are disclosed in
& number of the xiakonta listed above but the following patents are
limited to certaln other metal phthalocyaninss,

U.8s 2,086,944 « I,0,I, =~ Covers lead phthalocyanine. )

UyBe 2,124,419 = I,CeI, = Covers iron, niskel or oobalt
phthalooyanine preparsd from phthalonitrile, '

V.8, 2,185,038 = I,C,I, ~ Covers vanadyl phthalocyanine.

U.3s 2,102,704 = DuPont = Covers co~acid pasting of two op
more phthalooyanines,

UueSe 2,225,302 - Interchsmical « Covers the formatlion of CPC
sulfate by careful dilution of the sulfuriec acid solution,

UuBe 2,238,243 = DuPont = Covers a can stable dluse paint con=-
taining alumina hydrete and the barium lake of aulfonated CPC,
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U,S. 2,238,278 « DuPont = Covers the preoipitation of
soluble dlgpersing agent prior to the sadition of the oil In & >
piguent flushing operation. -

: UeSy 2,878,175 ~ Allied Chemloal & Dye ~ Covers the treatment
with a mild oxidiging agent as WMaOCl after acid pasting,

V.3, 2,282,006 « DuPont - Covers the ugse of cation active
agents plus volatile water lmmiscible organis liquide in making soft,

&y pigments including phthalocyandne,

U.B8, 2,388,508 « DuFont = Covers the use of nitrogen bases
to improve texture.

Ua5y 2,284,688 - DuPont ~ Is another patent on the isoletion
of CPC sulfate as a_atap in the acid pasting procedure,

U8, 2,201,452 ~ DuPoent = Covers dro CPC from solutlons
in acids in the prosence of lawrio acid and the like.

UoS, 2,334,812 = DuPont = Covers turbulent flow drowning of
an -aeid pasted phthaleoyanine,

UeSe 2,550,757 = Amerdcan Cyanamid « Covers dromning sulfupie
aoid uolutima w&tw in the presence of sn inert water imniscible
organie liquid not sulfonated,

UeSe 2,366,404 ~ DuPont = Another patent on the fsolation of
the orystalline CPC sulfate,.

U,S, 2,367,519 « Sherwin-Williaus - Coyers boiling the pigment
suspension rcau‘iting from the drowning of an acid pasted phthaelocyanine,

British 464,888 - I,G, ~ Coversz drowning o sulfuric acid
golution of a phthaloscyanine in the presence of & dispersing agent snd
sither in the presence of a substratum or under conditions which will
simuitaneously form a substratun,

British 466,042 ~ I,Gs -~ Covers broadly the mixing or wmilling
of' & phthalooyanine with dispersing agents in the presemne of water,

British 475,882 » I.0. = Is similar to the preceding patent
but applied to a metale=free phthalocyanine,

British 502,625 ~ lonteoatinl - Phthalooyanine pilgmente sre
converted to the sulfate with sulfuric aeld@ below 90% in strength and
then hydrolyzed with water,

British 503,668 = 1,0, ~ CPC 13 trested with 787 sulfurls aeid
at 48°C, and then wiéh water to give soft powder,

British Application 5731 - 1944 ~ Amerioan Cysnamid - Halogen
free phchalooyanm;gigmtn are acld pasted, expossed to a orystallizing
% d to

solvent, then salt the desired fineness and again exposed tw
the solvent, The product has 705 the strength of the acid pasted
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- material but no langer grows orystals in the solvent, Referense is
nade to two orystal forms of CPC.. The erux of the invention seems to
be an implicatlion (without a deftinite atatement) that, 1f orystals
vhich have beeR grown In solvent are mechanically reduced in size
no fupther growth in orystals will occur. No U,S. equivalent of t}‘ns
patent has appeared slthough it f1led mdér convention in Fnglmd.

6. Use Patents

Uely 3;16‘7*514 - Itctr' -
nastor batch, ‘

Ue8, 2,168,876 = Ceneral Aniline -~ Vulcanized rubber coloyred
with phthalosyanins solors,

TeSs 2,192,706 = I.CeI, = Rubberized febrie colored with CPC,

UsSe 2,317,871 ~ Interchamlceal - Use of phthalosyanines in
pigmge printing using a liquld volatils pine terpéns to avoid orystal
wﬂfb -

thalocyanines in a rubdber dlsparsged

Vale 2,339,788 - I1,0.1,~ Tmpregnating a fiber with a diazo of
an amino phthalosyanine and developing with a coupling oomponent.

UeSa 2,339,740 ~ I,C. I, = Impropgunating a Liber with a dlazo of
2 pa‘;’.;gmim pﬂmfocyanlm m ¢ decompesing to deposit insoluble phihaloe
oyanine.

British 435,614 = I.Cal, = Use of phthaleccyanines in nityro=-
collulose coating compositions,

Usls 2,009,683 ~ Gensral Aniline = Water insoluble metal salta
of phthalooyanine sulfonic soid.

UeSe 2,009,800 ~ General Aniline =~ Lakes of the water insoluble
salss of phthaiooyanim gulfonle acide

UsSe 2,116,196 » Ceneral Aniline = /Acylated phthalosyanines,

U.Se 2,117,720 =~ General Antline = Phthalonitrile is veacted
with bensanthrone and alumimum chloride to give a vivid green dyestuff,

UsSe 2,128,137 ~ Coneral Anilines ~ Alkyloxy and aryloxy phthalo=
cyanine,

Va8, 2,124,200 = Genornl Aniline «~ Halogenated phthalooyanines
react with prgania. hydroxy compounds to form an ether type derivative,

U5, 2,183,340 = Goneral Aniline = Acyl amino phthalooyanine,

UuSe 2,135,688 = Ceneral Aniline ~ Dyeing textiles with phthalo-
eyanine sulionic acid.
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TeSe 2,150,741 = I1.C,I. = A quaternary ammonium salt of &
poly sulfonated mstal phthalocyanine.

) UsSe 2,163,768 = DuPont = Phthalocyanines are formed directly
on the surface of a metal body to cover ths same,

UsSe 2,168,240 = I,Cel, = A compound similer to phthelocyanine
but with = CH - group in*pldace of 8 # ¥ = in the 1s

b SO
vii LOADEES DLl

, U.Se 2,187,816 ~ General Aniline - Covers the roaeiiou; product
of phthalocyanine sulfonic acid with organic baasic Sompounds,

UsSe 2,107,860 ~ General Aniline - Phthalocyanines containing
an oxazol, thiazol, or imidazol group on the benzene nusitd.

Us8s 2,213,517 = General Anliline - A CFC containing s phenyl
group as a subs%it.uant on each of 1its fouwr benzene nuclel,

0,8, 2,213,926 = I.C,I, ~ Phthaloeysnines containing three
Sarboxy groupd. :

U.3. 2,225,441 ~ General Aniline = Covers phthalooyanine con=
taining trichlor-meéhyl groups in the nuclel,

UsSs 2,242,469 - General Anlline = Covers a phthaloecyanine con-
tzining both a phenyl group and & cerboxy group in sach benzens nucleua.

U84 2§266,404 = General Anlline = Covers a metal phthalocyanine

with both a gulfonic acid group md a naphthylamino group in each benzene
nucleus,

U.8. 2,476,918 =« Coneral Anilins « Covers a metal phthalosyanine
in whioch sach bengene mucleus contains both a sulfonic acid group and
an alkoxy or aryloxy group,.

UsSs 2,277,588 = I,Cel,s = Covers tetra~pyridyl phthalooysnines,

UeSe 2,877,828 « 1,0,1e =~ Covers quaternary selts of tetra=
pyridyl phthalocysnines,

UeSe 2,277,882 =~ I,0¢l. = Covers pyridyl phthalocyanines.

Ue8e 2,280,072 = I,Cale = Covera tetra~amino-phthalocyanines,

Ues3e 2,280,807 = General Aniline - Covers a sulfonated phthalo~
eyanine obtained by sulfonating a phthalocyanine containing a phenyl
kroup on each bengzene nucleus,

U.8, 2,285,359 = Ceneral Aniline - Covers sulfonated vhthalo=
oyanines obtained by synthesis from sulfonated phthalic scid,
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U.9. 2,288,678 ~ I.CeI, = Tefmmitro-capper phthalosyanine,

U.Se 2,288,478 - General Aniline ~ Phthalocyanine sulfonie
acids are treated with chlor-sulfonic acid,

v.8, 2 280,008 - I.C.I, - Water soluble sulfonium derivatives
of phthalocyanines,

U.S. 2,300,672 - General Aniline = Phthalocyanines contain~
ing up to fowr sulfonamide groups on the benzsne nuclel,

UyS, 2,342,662 ~ I.C,I., ~ Poly-sulflde dyes of the phthalo-
cyanine series.

Ue8s 2,342,883 = I.C.Is - A method of preparing copper phthaloe-
cyanine containing disulfide groupsa.

UeSe 2,549,089 -~ I,C,I, -~ Stabilized dlazonium derivatives of
phthalocyanine compounds.

U.S. 2,349,000 - 1,0,1I, ~ Stablilized poly-diazo phthalocyanines,
U.8, 8 349,081 - 1,C.I. = SBtabilized poly«diazo phthalocyanines.

. Uy8e 2,361,118 - I,C,1. ~ Water soluble dyes are obtained by
coupling dlazotized amino phthalocyaninea with coupling components con~
taining solubiliszing groups. ,

UeSe 2,851,119 =~ I,CsI¢ ~ Poly-diszonium phthalocyanines are
coupled with pi%mnt coupling components such as beta-naphthol or
aceto~acet~anilide to glve water insoluble dyes.

British 460,152 - I.G, - Covers the preparation of pi?nen'bs by
thg grogipitation of’ water insoluble dyes on phthalocyanine pigments as
subatratd,

British 471,418 - l.G. = Heterccyclic dyestuffs of the phthalo~
cyanine series are made using di=amino maleic scid dinitrdle as a
starting ingredlent. '

Eritish 471,436 - 1,G. - Halogen containing phthalocyanines may

react with a primary or secondary amine to give products greener than
the original,

British 487,261 - I.G, - Pnthalocyanines may be heated with
trichlor-acetic acld and the like to give a halogen containing alkall
soluble phthalocysnine,

British 490,744 - I.G. = Cycllic~ortho-dichlore compounds are
%aated with cuprous oyanide in the presence of an organiec nitrogenous
280

British 498,177 -~ I.0, - A phthalocyanine containing halogen
18 heated with a mercaptan.
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British 492,194 - I.G, - Fhthalonitrile is heated with halides of
polyvalent metsls in the presence of bases such a3 pyridine or quinoline,

British 496,663 ~ I.G. - Fhthallic acid-~4-sulfonamides are ro-
acted with copper salts in the presence of urea and with the usual
catalysts, o

British 496,683 « I,G. =~ Phthaloecyanines are heated with aromatic
compounds contalning hilogen in a side chain to give new compounds,

British 496,818 - I,G, - Diphenyl-3-=4¢-dicarboxylic acid con=
taining a further carboxy group is heated with ures snd a metal salt to
give a water soluble phthalocyanine,

. Bpitish 514,857 - I.0. - Phthdlooyanine sulfonic acids are
treated with halogenating agents,

' The following two Cemman patents are cited as interesting dis-
closures in the general fleld without comparable dlsclosures in English,

Cerinan 687,628 - I,G. = Discloses combinations of phthalooyanines
with other water insocluble colors cbtained by precipitating the second
golop on the phthalooyanine, The disclosurses inolude Hansa Yellow types,
Red 2B, and Chrome Yellow.

German 696,502 - I,G6. = Copper phthalocyanine is heated with
anthragquinone acid chloride to give vatable dyes,
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