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INTRODUCTION

For a full statement of the problems involved in this atudy
and of the historical bae unds thereof, reference is made to
EKN=46+10 which is the first report in this series. The experimentsal
work coveradin the present report includes much work carried on at the
saneé time as that reported in EKN-46~19, as well as substantially all
work on the finishing of phthalooyanine pigments by wet grinding methods
subsequent to the date of that report and up to the end of July 1946,

1. Polyohlor F

_ Atteupts to finiah phthalooyanine green pigments by grinding
in water haw been ccmpletely wnsuccesaful, In no case wag there any
significant improvemsnt in stre and in most cazes there was a
sorious loss even from the starting orude., On the other hand, this
pigauent has been suscessfully ground to a strength comparable to that
of ouwr presont standard 0T-¢86+D in a varlety of organic solvents,

The best results were obtained in hydrocsrbona such as minersl spirits
oy kerosene and in the presence of s substantial amount of an inorgsnic
salt such as sodium sulfate, It is proposed to use sush a process in
subsequent manufacturing operations,

The use of water soluble polar solvents such a3 various
algohols has given a satisfact rate of grinding but thelr use in
other than anhydrous conditions in the presensce of iron, such as in
iran containers, or with iron balls,has resulted in a serious dis~
soloration of tﬁo green pigments,

Altho most of the work hes been carried on with a crude green
cbtained from Orchem and made by chlorination in an alumiram chloride/
sodium chloride melt, enough work has besn done with green chlorinated
in sulfur dichloride at Newark to demonastrate that the only problem
peeculisr to this type of plgment is a tandensy to more serious corrosion
of the equipment, It 1s believed that this piblem can be overcomes by
proper treatment of the eruds prior to grinding.

' In oontrast to the ix-m, soppeyr phthalooyanine blue orude
pilguent has been significantly improved in strength by prinding in
water but, to date, nc sucsh grinds have given the degree of improve-
went necessary for commercial utllizatlon.

Water soluble polar solvents, such as the wvarious aleoohols
and Cellosolve have been used in grinding the blue with a falr amount

of suecess even in the pressnce of substanbial amounta of water. One
such sample was fully equal to owr current standard BT-172~D in strength
bub, in general, the results with the chlorine free blue have left con-
giderable to be desired,

Although kerosene and mineral spirits bave given very excellent
grinds  up to a osrtain point (approximately 70% of standard strength),
the problem of aso-called "orystal growth® of chlorine free copper phthalo~
oyanine in the presence of hydrocarbon solvents has made itself felt and
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it has been impossible to obtaln the desired strengths with this type
of product. '

Numerous attempts have been made to stabilize the chlorine
free blue by the introdustion of various agents or substltuted phthalo=
syanines, but the only method showing any hope of practical applisation
in a solvent grinding process of finishing the pigment has been the
synthesis of a blue contalning a subastantial amount of c¢hlorine. This
may be done either thru the use of phthalonitrile and copper salts or
thru the phthalic anhydride/urea synthesis in which an appropriate
amougﬁigg 4-chlor=phthalioc aold replaces its equivalent of phthallc
snhy .

I.C.Ts uses the latter procesa to make "Monastral” Blus 1B
and both the process and terminology have been adopted for use at Newark,

Various msthods of carrying out the grinding steps have been
atugiod but the only successful one to date has been the use of a ball
mill,

3. ZSMonastral’ Blue LB

With the synthesls of "Monastral” Blue LB at Newark the diffi-
culties in grinding to the desired astrength in hydrocarbon solvents
have been overocome, and substantially all bateches of Blue LB made in
this laboratory have been successfully ground to a strength at least
equal to that of BT=172=D and moat of them have been carrised sube
stantially above this point., Since nearly all of the woik has been
dons with kerosene-containing filter ceks from the reactor, no success-
ful grinds have been made in water, altho scme work in this direction is
contemplated for the future, Jome suscessful grinds have been made in
alcohol and Cellosolve but this work has been extremely limited,

The evidence favering s cholece of hydrocarbon solvents bebween
kerosene and mineral spirits (or others) 1s not yet clear=~cut. The
balance seems to lie between some evidense of a slight quality improve-
ment with the use of kerosena and the much more ready removal of the
lower boliling mineral spirits. The latter feature currently favors the
use of mineral spirits and 1t will grabably be used unless the quality
advantage from the use of kerosene 1s shown to be substantial, This
point is still under study.

It has been demonstrated that thes initial increase in strength,
up to that of BT=172-D or slightly asbove, 1s obtained very rapidly in a
ball mill, in less than 24 hours in some cases and in a maximum of 2 to 3
days in laboratory squipment. FProlonged gr dosa glve some further
Ingrease in strength with a maximum of about 120% that of BT-1723-=D ob~
tained to date, There has been no evidence of harmful results from pro=
longed prinding.

It has been demonstrated that the quel ity of the final
pigment is significantly @ffected by the methods used in removing the
solvent and extracting water soludble impurities, A tendsncy to slipht
greenness sesms to be ocharacteriastic of all "Monastral®™ Blue LB samples
and many of the solvent ground products have shown a significant tendency
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to dullness particularly in undertone. Rowever, the best samples
obtained have not bean dull end have been only slightl s+ There«

-f'mi there is every reason to hope that the (inal produst from this

development at Newark will be in every way the equal of BT-172-D in
quality except for a very slight greennssa of shade and will be sig-
nificantly stronger.

4. Unsolved Frobloma

It 18 belleved that the major unsolved problem in this de~
velopment is that of the proper mathod of separat the finished pig~
mant from the solvent paste afftier gria&ng. Altho process temporarily
adopted for use is reasonsbly dupllicable, 1t iz not satisfactory from an
operational point of Mow and thers appear to be many points of wn»
ceptainty, hermove, no satisfastory method has been d eveloped
for obtaining pigmente in a water dispersible form oither as water pulp-
or as waber disperaible dry gimmt. A part of this smme unsolved prob=-
lom i3 the tgi’opmtim of a "Ramapo” Blue and there is some reascn to
hope thnb 8 can be accomplished without the igolation of a pigument
pulp a8 a semi~finished product.

A rogont extensive search of the patent art on phthalocsyenine
(See KN~46~34) %l disclosed that all phthalooyanine patents necessary
for the operations at Newark are either owned by DuPont or licenssd
to their use., Furthermore, it 1s bellisved that all practical pro-
ocssses for the sanulfacbture of phthdlooyanine plpuents are dominated by
patents ocontrolled by DuPont and with & minimm of nins years i any
fwportant ¢es¢ before expiration,

Ho diseloswres of finishing phthalooyanines by grinding in
solvents other than water have been found, Fupthermore, a ¢ssual
gearch of the pigment art,coupled with a fairly extensive lmowledge
thereof has falled to disclose any bars to the uss of solwent grind~
ing methods and, pending a more extensive search of the art which is
contemplated for the near futurs, it is belleved that solvent grind~
ing as & finishing method for phthaleoyanines is probably patenteble
and that it may well be patentable in a broader sense, All othey as~

oots of the ean curprently ocontemplated at Hewark appear to be
sologed in gm art and, therefore, unpatentsble. '

As pointed out in KN-46-10, the original objective in this
study oontemplated the use of a closed circult wet grinding process

. preferably using water as the suspending medium, involving e utmaticn

mathods of classification to obtain the desived particle size, As
alsc pointed out in this veport, a careful theoretical study of slu-
triation mothods as applied to phthalovyanine pigments soon demon«
strated ths impractiocabllity of sucsh a prooesa., Nevertheless, wet
g-zmmg mothods of finishing phthalcammu wére studied further
on & batdh basis, first with water as suspending medium and later
;ﬁh a mumber of other solvents as will be pointed out in more detail
oW,
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Attempta to %rind phthalcayanine green in ball mills and
other devices with water as the suspending medium have been com»
pletely unsuccessfuls With water alone there 1s invariebly a loss

in strength which progresses with prolonged grinding, 7This loass In
strength 18 found both with a crude green and with a product of full
strength such as our standard 0T-486-«D, In the case of the atandard,

the strength resulting from a relatively short grind wes actually leas
than that of a normal crude, The cause of this loss in strength is not

" known with certainty bubt, since 1t was later demonstrated that such
products which have lost strength could be subsequently ground to full
strength in other media, it would sﬁg::r‘ that no chemical change occurred
and that the loss in strength must h been the result of a physical
phencmenon, probably epglomeration. By mems of the use of certain
dispersing agents, such agz ammonlium naphthenate, it wes possible to in-
hibit this logs in atrength to some extent but, In no case, was a sig~-
nificant improvement obtained,

With the failure to obtain the desired results using water as
a auspandin? mediwn, attention was twmned to the use of other readily
available liqulds witn particular emphasis on the use of low cosat
hydrocarbon solvents such as kerosene and mineral spirits. It was
qulckly demonatyeted that either of these liquids could be used in a
ball mill grinding opsration to get a redetively high rate of strength
development and an ultimate atrength equal to or better than that
0T-486~D, Using small sceale laboratorz equipment the desired strength
was obtained in from 3 to 4 days of total grinding time., HMuch lesas
time can be anticipated in larger mills,

In view of the low bolling point of mineral spirits and the
greater ¢ase of removal from the ground paste, 1t 1s presently pre~
ferred over kerosene for this operation, Some study of the uases of
treating agents with the mineral gpirits has indicated that a small

amount fabout 5%) of en organic aoid such as naphthenic acld promotes
the efficiensy of grinding.

In view of the known use of salt milling cperations in the
finishing of phthalocyanines in which a mixture of pigment and sn
inorgmic salt, sush as sodium chloride or sodium sulfate, la dpye
ball milled to obtained high strength, some study was made of the use
af such 2alts in the presence of al splrite. The results indi-
cated that, in the case of the green, a pronounced bensflcial effect
resulted from this combination use, that ammonium ohloride or sodium
sulfate gave better results than sodium chloride and that these two
were nﬂ::tm{iﬂl{* h:quain én m;m%r elfect, tT?a preu:;ntly preferred
procesg involves gr of approximately eg arts of pigment
and sodium sulfate in mineral spirits. P P

A limited amount of work was done on the use of asuch wabter
soluble polar solvents as wmethanol; . ethanol, 1so 1, and
cellosolve, When used in non-metéllic equipment, thesd egents appear
to be satisfaotory grinding mediz; *.° But in the presence of any appre-{l
ciable amount of Irem, théere 1s a meriocus tendency for the pigment to
become very much bluer and this tendenay ia promoted by the presense
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of water. It has been assumed, without any rigld proof thereof, that
this change in shade is caused by a certain emount of dechlorination

of the pigment wnder the oconditlions used, However, regardless of the
explanation, the change in shade 1s 80 serlous es to preclude the use

of theae soiﬂnts for grinding greens in equipment now contemplated for Y
Ve,

¥out of the studles on grinding phthalooyanine greens were

made with a orude green pigment obtained from Orohem and made by
chlorinating phthaloeyenine blus in an aluminum ohlopide/sodivm chloride

melb, However, seversl grinds wore made of green made at Newavk by
. shlopinsting in sulfupy diohloride, and tha result pigments were at
least equal %0 snd in some ways superlor to,produsts cbtained by acid
guting the same erudes, ALl of theass produots wore distinetly bluer
hin our gbaundards but the dﬁ?su of blusnesa was not notiocsably in-
©-flosneed by the method of finlghing, One problem 414 arise which may
be sérious on a largs scale and that 1s, & noticsable degree of corro-
sion of the grinding egquipment when any of the mineral spirits sluwy
iz allowed to dry in contact with it, This was presumably caused by
residual by*produsts of the chlorination and we believe 1t oan be over~
come by proper treatment of the orude pigment prior to grinding.

Early in the study of grinding in the proesence of water, attempts

ware made to grind mixtures of the pi t with certain water
- goluble sxtenders, such as whiting, blans fixe, or slumina hydvrate, The
first indications were that a substantial improvement in strength ]
been obtained but a careful svaluation of the testing method demongtrated
the hitherto wwecognized fact that, apparently, all phtheloocyanine pig-
ments will exhibit s greater tinctorial strength when ground with a ve~
hisle in the presense of these extenders than can be cbtained from the
ecquivalent amount of toner pigment in the abaense of the extendervs. The
phenomenon appears to hold true with either full strength or oruds pig-
ment and with both the blue and the green, Thus, 1f our standard OT=486+D
18 tested LY rubdl out & mixture of one part stendard and tiree parts
of alunina hydrete 8 lithographic varnish,and a tint of this mixbture
ig sompared with a tint of the same standard rubbed in the asdbsonce of
aluming Jydrate 50 that the two samples of tint contain the same mmounts
of standard green pigment, that sample riubbed in the presence of alumina
hydrabe will show in the order of 15f additiomal strength, Most of the
so~aslled extondeli type pigments exhibit this phenomenen as well as

) m«wze salts @ as sodium shloride, smmonium chlerids, snd
sodlum gulfate; It seems to be o very strange fact that ths piime
white xim,awh as zinc oxlds, lithopons or Hitanium diox
L bit

A% Tall

sffect, No practical applioation of the cbservati
has yet been made but 1t suggests that extended phthalooymine plgments
may have an economic advantage not heretofore resognized. It was,
however, an extension of this observation in whish the lithographie
varnish was replaced by a volatile solvent and the extender wes re~
moved by chamical means that the firat indlostion of merit in the use
of hydrosarbon solvents as grinding media was cbtalned,

The only phthalooyanine blue pigment avallable in orude form
for use &aring the early part of this study was a sample of chlorine
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froe blue obtained from Orchem and made thru a phthalle anhydride/urea
synthesis ocarried out in trichlorbenzens as the diluent, Subsequently,
a similar product made at Newark in kerosens was given some gstudy with

-gsgontislly the same results as originally obtained on the Orchem maber-~
Bie

Ag with the green,the flrst attempts to grind the blue were
nade using water as the suspending medium. In contrast to the green,
a significant improvement in strength was obtalned in nearly every
instance but, in general,it fell far short of the desired degree of
improvement, The most promiaing results were obtained with large
amounts of dispersing agent (upwards of 235%) auch as ammonium rosinate
and petronate, In these cases, the ptﬂsnea were 8o completely dis=
persed that it was necessary to flocculate them by precipitating the
- dispersing agent before thay could be filtered. Consequently, the ra-
sulting pigmenta were no longer toners but ware extended with signifie
cant amounts of the precﬁ&ta‘aeﬁ dlgpersing agent, Vhen tested on the
bagla of their theoretical toner content, some of these pigments did
approach very near to satandard BT~-172-D! in strength.

An extensive study was made of the use of surface active
agenta in water grindsuaing 5% ammonium naphthenate as the control.
Ro agent was found which was supericr to smmonlwu naphthenate in this
amount but the following agents seemed substantidl 1y equal thereto,

tetra sodium pyro phosphate polydloxolane
gsoda ash amino~cappronitrile
tri-godium phosphate asxmoniuvm bensoate

sodium meta—silicate

The following agents gave results poorer then those obtained
with amronium naphthenate. . .

Alkanol B Atlas Spars & Tweens
Duponol WA Agrosol OT

. Lauryl amine hydroghloride Pizanol
Igepal CA ' Diglyool astearate
Polyethylene oxide Turkey Red 01l
WP~-189 ‘ Petronate (5%)
TEAO}_Q ester '

Altho these resullis auggest that a way mi.ght very probsbly
be found to obtain the desired degrse of grinding in water, at the
time the use of other solvents appeared to offer greater promise of
& prompt solution to the problem and the study of grinding in water
was eventually dropped,

The very promising results of grinding the green pigment in
hydrocarbons, sush as mineral spirits and kerosens, led to a comparable
study with the chlorine free blus, With the solvent in a ball mtll the
strength development was very rapid up to approximately 70¥ that of
atandard q*r—lvz-n but all efforts to exceed this strength level with
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hydrocarbon solvents were fruitless. The oonclusion was eventually
reached that the so-called “erystal growth” gcblm characteristie
of chloprine free blus was influencing the gr rate and the 70%
atrength lsvel probably represents the balance between rats of
cmﬁal growth and rate of partisle size reduction in the grinding
81 . ’

A study of the use of tresting &mta to improve the rate of
grinding in mineral spirits demonatrated t a number of organic acids,
such as naphthenic acid, olelo acld, stearic asclid, benzoils acid and

X %Wood Rosin could be used to obtain a slight improvement in grinding
rate, The use of 3% thenic acid based on the pigment content of
the grind has been § $8 for most of ths subsequent work,

It 15 sn iInteresting and important comment on the behaviop
of achlorine free blue in hydrosarbon solvents that, vhen full stwength
blue pigments obtained eithesr by acid pasting or salt milling are
ground in mineral spirits, the pi # aotually lose strength andidg
gﬁ at subgtantlially the same level as 1s reachad by grinding the crude.
138 point has besn repéatedly confirmed with ohlorine fpee dlues,

A st was also mads of the uge as a sus dinﬁme_diumm
ball mill grinding of a musber of water scluble polar solvents, sush
as mathanol, ethonol, 3Jsopropanocl and sellosclve, both in minﬁively
anhydrous condition and in the présence of aubstantial amounts of
wmter, One grind made in sthanol - ocomtaining some water gave a product
fully equal %o BT=172«D in strength, but this has not been repeated and
- all other attempts have fallen short of the poal. Kovertheless, grinds
4n this type of solvent with chlorine free blue have,in gsneral, given
higher strength¥ than have been cobtainable with mineral spirits, There
has been no evidence that anhydrous solvents were signifisantly better
" than the same aolvents cont some water aend, in the oage of
cellosolve, mixtures of water and sellosolve were better than either
one alone. Very little attention was glven to the use of dispersing
agents in thess solventa, A
In addition to the superlor results obtalned with this type
of solvent (still short of the goal) they offer the posaibility of
much moye easy isolation of the finished dry pigment and the probability
of obtaining a much better water pulp . bscause of their reasdy soludbiliiy
in water, On the other hand, they are inherently more expensive than
hydrocarbons, the recovery problem is scmeshat greater becsause of the
neosssity of dlatilling larger volumes of liguid to remove them from
the water in which they are soluble, and a serious cormrosion problem
1g presented when they are used in iron ball mills,

It is noteworthy that the addition of inorganic salts suech
as sodiwm chloride or sodium sulfate to ball mill grinds of the blue
+] nt in any solvent have in no case given the same bensfisial re-~
sults as were obtalned with the green, This is d1£figult to under~
astand but the results of a mumber of tests have been mo consistent
a8 to leave little doubt of the valldity of this conclusion,
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A mumber of different devices have baen examined for obtain-
ing the desired grind astion., As noted above, the first indlea-
tiona of benefits in ding with hydrocarbon solvents were cbtalned
in rudbouts, mostly made on a Hoover ler. Consequently, a nunber
gilgx'go gcals devices using similsr grinding principles have been

t 1+ 1

A major improvement in strength was obtalned by grinding a
mixture of pigment and either sodium chlorids or sodium sulfate with
mineral apirits on a roller mill, Howover, the operation was extremely
msatisfastory from a michanlical point of view and the atpongth obtained
was 1o better, 1f as good, as obtalned in a ball mill without the salt.
The use of glycerine as the vehiele in place of the mineral spirits
gave 2 much mopre satisfactory meshaniocal operation and a velativel

gseparation of the pigment because of the water solubllity of the
veisicle but the results were stlill far short of the goal. It doss not
socu that any pracstical operation can be developed on a roller mill,

Simtlar attempts wore made to use a Bambury mixer with
abzolutely no evidence of Improvemsnt in strength in the absence of
a eryatalline salt snd only Sinowdwertvenent in the presence of the
erystalline salt. These results did not encourage further study of
the Banbury mixer. '

A study was made of the use of a Maroo Kombinator, This
machine 1s essentlally an efficient goar vump which forces the mater-~
412l under very high pressure thru the plates of & colloid mlll,.Studies
wore made in kerosens, anhydrous aleohol and water both with the pig-
ment alone and with extenders such as sodium sulfate and alumina hy-
drate. Only #iinor improvements in strength were obbained and, in any
case, the machine appears impractical for the proposed operation,

7
A study was mfde of grinding the orude blue with extendsrs in
a Gemoo blender with no significent evidence of lmprovement in strength.

Those studies of various grinding devices confirm the original
choice of ball mills for the operation as o wise ome, Substantially,
all sub;:gmﬁ work has beon carried on in this type of equipment and
some invetigation of the merits of wvaricus types of ball mills will
be reported below,

In view of the known behavior of chlorine free copper phthalo~
pyanine In the presence of hydrogarbon solvents, referred to above, and
in view of the demomstyated inabilifyto grind 1t to full strength in such
solvents, a oonsidersble study was made of mgthods of stabilizing the
blue asnim‘b the action of these solventa, It 18 already known that a
produst oontaining from 1/8 te 1 atom of chlorine per molesule of sopper
phthaloeyanine 1s relatively stadbles to the sction of hydrooarbon solvents.
Altho such products are easlly made by way of the phthalonitrile synthesis

they are not 5o readily msde in the phthalic anhydride/ures process.
However, a sample of the érude "semiwchlor" copper phthalocyanine made
by Orchem from phthalonitrils and ouprous chloride was ground in solvents,
and,for the first time, sabtisfactory strength relative to BT~»172+«D was
obtained, Equally sooa results wers obtained in kerocasens, minewrsl
spirits, alochol end cellosolve, Thia waa the first convincing evidence
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that the solvent ?mding method for finishing the blue was on & sowmnd
basis bub, since Newark had only academic intsrest in this type of
orude, it has not bu;u; investigated extensively.

- , Orchent has demomatrated that co=salt milling of a mixtwre of
tin dichleride phthalooyanine and ohlorine fyree copper phthalooyenine
results in a finished pigrent whigh ia spgmn’#ly stable to the aotion
of hydrsocarbon solvents. Attsapts wore, therefore, made at Newarkto
co=aolvent mill these dugts bubt without any success. Co-pynthesized
oducts of the same eal composition were equally unsatisfactopy
n the solvent mulig%iwoun. Por that mattey, Newark has been
utterly unable to sonfirm the benefits of oco-salt milling in samples
prepered at Howark, Howsvey, we have confiymed the pwopertles of
gamples submitted by s Dubt thare are certain apparently inherent
popties in theas samples, sush as reactivity and asome chemical in-
itebility, which reduoe ﬁwir interest for our uses and thlas method of
atback has been dropped, .

. Ceptalin methode of introdusing chlorine into the wmolesule,
such as gynthesis in the presense of a amall emount. of polychlop .
copper phthalooyanine and synthosis in the presence of & small amount
of tetra ohlor phihalic amhydride, gave produsts whioch were not sgbtia~
fastory in solvent grinding prooe 8. Other methods of synthesis
were also tyried unsuscessfully and these will all be reported in more
detall in anothey orts It weas only vhen the I1,0,I. mess fop
"Honastral® Blue LB (iuvolving the introduction of sbout 4% of chloring
tion the use of 4~shlor+«phthalle acid In place of its squlvalent of
thalis anhydride) n; used at Newark that a produst hesized via
hé phthalle anhydride/urea route was obtained that could be satis~
fastosrily ground in hw solvents, With only one or two exoép«
tiona, snd these roadily sxplainable, all products ayuthesized at Newarlk
by s t: process have been mcoumﬂy ground to the strength of BT=172+D
or better,

-1

IR

4 Thes first LB L sopper phthalooyanine blue crude was made
avalladble for grinding ;ﬂumk near the end of March 1946, It was
immedlately demonstrated that such produsts sould be ground in either
kercsens or mineval apirits t¢ the desived strength in a weasonable
poricd of Sime, All such products have been made abt Newark using
4=ohlor-phthalic asld of our own mamufaoture and, for the most pars,
have been made using kerosens as ths diluent, ﬁﬁwy have been made
available for grinding either as a kerosens slurry from the reactor
or, mope gonerally as a filter sale containing on the average about
40 to 48% of OFC, a total solids ecomtent of about 65 to 70% and wbout
30 to 38% kerosene, The physiosl appearsice is that of a slightly wet
granular solld,

In view of the kerosene content of the matarial available for
grinding, no susseasful grinds have been made to date using water alone
a3 the suaspending medium, Some study is contemplated for the future
aleng this line inwvolving ths mmvai' of the kerosene fyom the pressceke
prior to gyinding,

A limitod amount of work has been done the use of iso=
rropenel end ¢ellosolve as the solventa for grinding. Satisfactory
grinding was obtained with thege solvents even when the sellosolve
was mixed with an appesioisable smount of water but the residual
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kerosene in the filter cake used for grinding posed a problem in the
. pemovael of the solvent by drowning in water. The other dlsadvantages
pointed out above as inherent in the use of such solvents were also
present, Thelir use has not been followed up,altho 1t seems probable
that some of the serious problems,which will be pointed out as
apparently inherent in the proper gepargtion of impurities from the
pignent ground in kerosens or mineral spirits,may not be present
with these solvents, '

Except for this limited work on the use of water and of
aloohols, all of the grinding studies with "Monastral" Blue LB
bave been made in either kercsens o mingral spirlts and in ball
mills. The cholee of theae solvents 1s diotated by a relatively
low cost and by suffioiently high boiling peints to minimise fire
hagards in the ation. Since kercogens is the dlluent in the
reaction, it is the loglcal solvent for the grinding operation,parti-
cularly if it 1s possible to Find the reastor slurry without filtra-
tion, On the other hand, it 1a notably difficult to remove the last
traces of kerosene by steam distillation or, for that matter, dy any
eveporative prosess, On the score of the ease of solvent removal
alone, mineral spirits is greatly to be preferred and it has even
been proposed to remove the resldual kerosens from any reactor cake
by washing with mineral spirits after filtration, It has likewise
been suggested that an even lower bolling solvent, such as VM & P
naphtha should be used but no trials in this direotion have yet been
made, A final choloce between these two solvents 1a not yet possible
and will unquestionably be influenced by both the quallity of the
finished groduo'c and the ease of @lvent removal, Unless a subatan«
tial qual ity advantage can de demonstrated in the use of keroasne,
1t is highly “grobublo that the more easily removed nminsral spirits
will be the ultimate choice., Temporarily, it hea been selested as
thie solvent for routine experiments. It iu interesting that the
best productsmade to date haae all been Srowglc in kerosenej yet
in a mmber of direct somparisons of the two solvents, only one of
them has shown any outstanding superiority in the use of kercasense,

No ocomprehensive study has yet been made of the use of dia~
parsing agents in the mineral spirits grinds but several agents have
been tried on ocoasion, Confirmation has dbeen obtained of the bene-
ficial effect previously cbsarved with the use of ebout 8% naphthenic
aold (based on the pigment) in the mineral spirits., This has been
tentatively adopted as a standard procedure. Other agents tried
include Aerosol 07, TEAC and Glyseryl Monoricinoleate, The only
benefiolal effects cbserved by the inciusion of these other agents
in the grinds, not obtainable in other ways, have been that certain
oombinations, particularly that of Aerocsol OT with either of the
other agents, result in a materially lower viscosity of the grinding

apte than can be obtained with ag agent sione, Tt 1is doubtrul irf
his %rovmnt alons justifies the use of the additional agent at
thie point, In one comparison of various types of ball mills for
this operation, it was found that products ground in 1/2 pint glass
jars using steel balls of 5/33" diameter reached thelir maximum
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strength in from 4 to 5 days. In stirred ball mills of the "attritor"
typenﬁeo KN-46-19; for a description of this apparatus) equivalent re-
sults were obtalped in about 2 days, Attempts were maede to grind in
a larger ball mill, 6" in length x 12" in dlameter, using 1/2" steel
balls and equipped with lifter bars, It was not possible at Newark
to drive this mill at a higher speed than about 30 RPM (approximately
1/2 the optimum speed)., The maximum strength in this device was
réached in about 28 to 3 days but it was considerably below that ob-
tained in other devises, The reason for the poor resulis with this
mill 1is not clearly understood but it 1s assumed to have been the re~-
suls of the slow speed of the mill, A somewhat similed result was
obtained with 1/3 gal. porcelain mills using steel balls in which it
required from 200 « 300 hours to equal the resulta obtained in 1/2
pint Jars in a much shorbor time, One possible explanation is the
peculiar thixotrople nature of the paste and its complete freedom
from tackiness so that there may have been exsessive slippage of the
balls instead of the Jdesired type of ocascading action,

A similar study has been oompleted quite recently compar-
the rate of strength development in 1/2 pint jars and in the
stirred ball mill or,“altritor®,with esaentially the same results,
In this case the erude pigment used had & strength of approximately
657 that of BT+172~D before grinding. The following table summarizes
the results of this study. - : - -

Strength vs BT-172«D

" Time of Orind 1/2 pint fars TAttritop”

§ (Brude 1213~29) 66% as%
1 m - :.ggé
2 days - 1189
3 davs 1084 116%
4 days 112% -

8 days 1154 1204
6 days 116% 1204
7 days 1164 180%
10 days 116% -

This atudy demonatrates that the initlal improvement in strength
to something approximating that of BT-172-D 1s obtained quite quickly,
that an additional improvement of about 10%Z is still poszible within
& practical grinding time, that the last 5% or so of strength is ob-
tained rather slowly and &hnt the maximum strength obtalinable with
this sample is in the order of 120% that of BT~172«D, There was no
evlidenoe in this study of any harmful effects from prolonged grinding.

As ths work has progressed on the finlshing of "Honastral®
Blue LB by solvent grinding, it has become quite evident that the
roal problem 1s not that of cbtaining sstisfactory strength but it
is the problem of obtaining satisfactory tinotorial propsrties com~
parable to those obtainable by aocid pasting or salt milling operations
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on the same orude pi te Three steps have been considered
necessary in the isolation of ths finished dry pigment from the
ground alupry, namely the removal of tha solvent, extraction of
water soluble impurities in an aocid medium and sxtraction in an
alkal ine medium, preferebly mmmonis, Whenever the solvent has
been remcved bznuimple svaporation to leave a dry product whioch ia
then slurried water and given an acld and an smmonia extraotion,
the productshaw had,in %onoral » entirely satisfactory astrength but
they have besn distinotly dull both in tint and,’ more promsunsedly,
in undertons, This type of pigment 1s characteristically gresner
than BT=172«D but ths product finished in the way Just described
seems to be even more green than corresponding acid pasted produsts.

An alternative method for removing the solvent is that of
steam distillation and it has the practicel advantage of leaving the
product in a water wot form and avolding a rather nasty operation of
wetting up a dry plgment,

The conditions under which the steam distillation of either
keroseng or minersl spirits from the solvent ground paste 1s carried
out appear to have a pronounced effect upon the quallty of the result-
ing gimut. Simple removal of the solvent without the addition of
any treating agent haa not given results materlially betiter than those
obtained by removal of the solvent in an oven, However, Af certaln
treating agents are added at the begimming of the steam distillation,
or not later than the begimning of the acid extraction imnediately
following, the tendency to dullness has been, for the most part,

ccmplctoiy eliminated, In the tentatively adopted process 57 each
of TEAC]1g ester and Glyceryl Monoricineoleate have bsen used and
added at the begimning of the steam distillation, There is some
evidenos that both agents are not necessary and that thafe presence
duping the acid extraction ias all that is neceasary but these points
r to be oclarified in subsequent work, Whether the amount used
is ocptimm and whether these are, in fact, the best egents for the
purpose also remains to be clarified,

When steam distillations are carried out as desaribved above,
the operation is very wsatisfactory from a purely mechsnical point
of view because the firat action of water and agitation on the hydro-
carbon paste is to thloken it materially and then/ténds to break up
into rather large balls and to stiock badly to the sides of the con<
tainer and the agitator. This results in a relatively small surface
from which the asolvent can evaporate and an extremely slow rate of
solvent removal from the mixture. In those produsts ground in kerosene
i1t 1s veory doubtful 1f ocomplete removal of kerosene has ever been obe
tained during the steam distillation step, Furthermore, the presence
of the treating agent mentioned above seems to accentuate the diffi~
culties of the operation and the dilaums is faced in whioh the more
diffioult operation glives the better result, Recently, however, it
has been shown/when the steam distillation is carried out in the

that,
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presence of a shrongly alkaline suapension, as in the presence of caustic
soda, many of these difficulties are overoome, Under these conditions
thare 18 very little tendency to ball up and there is no tendency to stlek

to the sides of the gontaing or to the agitator, In the early stages, the -

product appeara emilsiried with a much greater suwrface for evaporation of
the solvent and, in the later s tages, much of ths plgment appears to be
campletely dispersed in the suspensiqn so that it does not settle out at
all, Produsts made by this method have been excsllent in quality, snd,
in view of the better operating conditions, it appears probable 05 adope«
tion in the near future. 7 ‘

) ; _
As pointed out above, under the Summary & Conslusions, it
1g believed that the datalls of this step of removing the plgment from
the solvent paste and giving it the nesessary chemical extraction rematn
&8 the most mmt unsolved gvoblom in the development, This stu

is going forward rapidly and will probably be the subjeot of a separate
raport at a later date, TFew, if any, of the water pastes obtained te date
have besn deemsd satisfactory fop many purposes for which a water paste is
réquired and the preparation of sush satisfactory pastes 1s also a part of
the problem of satisfastorily separating the pigment from the solvent.

It should &leo be noted at this point that the detallas of the
grinding step have not been given sufflclent study to state with cexr-
tainty that they are In any way optimum, It aeems probable, however
th;ao gotails will be much less oritical than the steps of removing &hﬁ
solvent. ,

X STUDI

Some attention has been given to the x-ray patterns obtainsd
from CPC prepared in different ways and this has developed good evidence
that two distinet patterns can be demonstrated, For purposes of ocon«
venlenoce they have besn arbitrarily designated as Pattern A & Pattern B
and thebgoﬁg:ing table indicates the conditions undsr which each appears
to be obta .

T‘r;:tmng of g%c Froe g:nxi-'gglor %uo Honochlor

gmen ] fran PN
Oé c& :3!% c; 4.4-;5 Cl GE CL

Crude A A B B

Acid Pasted B B B B

Salt H1lled B B - -

Solvent Ground A A B B

The ultimate significance of these results is not now apparent
but 1t is obvious that there iz ground for much more study.
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TIVE FROCESS

800 gus steel shot

20 gme dry pigment (oy 16 gms CPC in kerosene coke)
1 naphthenic aoid (or 0.8 gas)

100 ¢e mineral spirits (or kerosens)

Gprind for appr tely 100 hours

Add 28 oo solvent and mix we

Straln fyrom balle :

"Attpitop" (See KN-48-19)

1/3 gallon container with paddles or other device for
aglitation,
8000 gms steel shot
120 gms CPC in kerosene calw
gogna naphthenic aeid
so mineral spirits (or kerosene)
(with an open container it 1s neceasary to
replace solvent lost by evaporatiom)
Grind approximptely 50 hrs,.
Dilute with solvent to sultable consiatenoy and strain
from balle,

Rote
No detalled study hes been made of the optimm ratio of

pigment to balls, of the optimum viscoaity of the paste
nor of the optimum loading of the ball mills.

Btesm Distillation

To a pigment paste contlaining 20 gma CPC is added approxiw
mately 500 oo wabter gontalning 10 RaOH, 1 TEACy» sster and' 1 gm
Glyceryl Monoricinolsate., Steam distillation is startéd and continued
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until apperently solvent free (4«6 hours). In recent laboratory
work simple vigorous bolling with a steam sparger in an open con~
talner in & well ventilated room has been used., At this point :
mach of the pigment is in a highly dispersed condition and probably
could not be filtered,

The mixture is then acidified with Hp304 to approximately
3% concentration on the total slurry volume and boiling continued for
30 minutes. It is then flltered and washed acid free.

The filter oske is reslurrisd in 1000 goc water and OH
added to give a@goxm&tel‘y 3% concentration {approximately 100 co
cong, NH4OH). s slurry is boiled about 10 mgnutes, filtered and
washed and the filter cake driled st a temperaturs of at least 200°P,

Hote

No detalled study has been wade of the optimum concentration
of HaOH in the steam distillation nor of the optimmm concentrations
of acid or ammonia in the extraction, It seems highly probable that
the treating agents are hydrolyzed by the boiling alkall and that a
better and more economical comblination can be developed.

The high temperature drying is necessary to remove residual
gsolvent not removed in the steam distlllation.

Zvaluation of the Produats

All evaluations have been made by the standsrd rubout pro=-
cedure using a ratio of 1 part pigment to 2 parts lithographis vernish,
ground 5 times 50 revolutions on a Hoover Muller., RExtensions are made
at a ratio of 1 to 100 in zinec oxide.

The best products by the above procedure have been from 153 to
207 stronger than BT-172-D and very slightly green. The masstones have
varied considerably, some bolng lighter and some darker than RBT-172-D,
There is reason to believe that this variation 1s related to the use
of the treating agents but the point has not yet been controlled. Tnder-
tones have seemed to appear greener than would be expeocted from the tint,
Although the best products have not been significantly dull in undertone
many samples have tended in this direction,

Texture evaluatlons indicate that these products are at
lenst as good as ET-172«D in both grit and strength development and
there is some evidence of auperliority. It 1is noteworthy that the
inks are definitely softer than BT«l72-D, approximating "Ramepo" Blue
B?~1?3“D-1n. tmtnm-p.ct.’_ C s mom oman e i e m e —ea ms = [T — . e e e e m—— . e e e e e e e e e

Can stability tests indicate these produsts to be at least
as good as BT«172=D and there 1s aome evidence of superiority.
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EXPERIMENTAL DETAILS

Complete experimental detalls and records of the evaluations

of the products ean be found in the following notebookss~

NB»1186 =~ Exps.
Pages
WB=1206 -~ Exps.
Pages

1 = 76 inclusive
8 = 188 inclusive

1l » 858 inclusive
8 = 161 inclusive
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