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This 1s & summary of the research reports issued in Jenusary
1945 which eover the laboratary experimental work on continuouz manue
faature of chrome yellows, Research Project #207, July 1, 1943 %o
Decender 31, 1944, (KB-44-77, 78, 79, @, €2). Bob included in this
gumary 43 ie work dane on Holybaate Orange and Zine Yellow (KN~44~81,

The mapufacturing steps for making chrome yellow which requires
study in conneotlon with continuous operation aret- 1) Precipitationy
2) development ~ hest snd ageings 3) hydrous oxide treatment; 4) removal
of sgoluble nalt by washing.

o .

" This report discusses the geaeral aspects of the problem and
deseribas the laboratory equipment. Earlier studies of continmuous menu-
faoture of chrome yellows matie concerned only with the precipitation
step. Laboratory and large scale work showed that é¢ontinuous precipita-
tion gave products similar to those made by batch predipitation, Recent
work has shoun that in the case of most chrome yellows, the mechanicel
econditions of previpitation ere not c¢ritical in the sense that pigments
of reasonable quality are obtained if chemicsl conditions and concentra-
tion and tempgratures are similar to those used in batch precipitation.
Oy the other :la&nd, veriations in color which are comparatively minor
from & scientific point of view, but which mey be of some commercial
importance, can sometimes result from changes in mechanical conditions.

: The object of the current study has been to mske the manufactur-
ing proecess ccmpletely ocontinuous. This implles that each of these
mapufacturing steps mentioned esriier shall inm themselves be carried out
contindously and each step shall follow the preceding one continuously,

Preliminary laboratory experimentation was carried out batehwise.
Ihe order of the various steps was arranged to correspond to the order
which would be mest advantageous in contimuous operation, and esch step
was oayried out as rapidly as possible to stimulate conditions which were
assumed would occur in continuous operation. However, 1t was realized
that it is impomaible to duplicate the conditions which ocour ip conti-
nuocus manufscture by batoh metheds. To what extent this batch method
of experimentation should be used to establish conditions defore going
te experimental work by the continuous method is still a moot point.

ER-44-78

~ This report covers the work on medium ngllow Y-469-D. This is
an ordinary type of medium-yellow which contains only a comparatively
small amcunt of hydrous Ti0z and no alumina. The first problem taken

" up in making this a coptinuous process was the elimination of the decant
washing step (which also undoubjdly serves asi an ageing step) between
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the dsvelopwent and hydrous oxide steps. Merely omitting the washing/
ageing step results in dark mssm:‘gnd poor i ‘ti‘astng‘sa'. A few
oxperinents were run to determine the causes of & dark masstone.

It nay tentatively be concluded that neither the presence of soluble
salts nor the higher temperatures of the yellow at the treating step

was. responsible. It was found that zansageing period of sbout 30 minutes
could be used to replace the washing/ageing step with some messure of
wgg:ss, glthough there was & tendency toward the less desirable dark
nasstone.

Baving eliminated the one step whioh made the process as a
whole discontinuous, some study was given to the individual steps.
Variations in mechanicsl conditions of the precipitation step werse
tried in the laboratory continuous unit. Regirculation of the preci-
pltated slurry back thru the region where preciplitatiiiss i{s taking place
nay have some little mdverse effect (the term "adverse effect® a3 used
in this discussjion usually means dark masstone and poor lightfastness).
Variations in the arrangement of the jets thru which the reacting
solutions enter the precipitation unit appear to effect strength.
Greater atrength 1s obtained when the reacting solutions meet at the
point of maximuw agitation. Incressing the agitstion speed also gives
somewhat greater strength.

‘Temperature and time of heat developuent was 2lso studied. Sub-
sequent work on other colors showed that heating i1n two or more stages
i3 desirable; this will be referred to again in subsequent discussion.
In the study of Y-}69-D, the continucus development steps appear to give

‘somewnat weaker ganws thani) bateh development at the same temperature.

‘The hydrous oxide treatment of this color consists in the addi-
tion of tltanyl sulfete solution followed by the sddition of & solution
of sodium csrbonate, These were zdded to the developed yellow suspen~
sion either in small agitated units or p3pe line mixing. In either
case theri’ was some deterioration in lightfastness compared to batchwise
hydrous oxide treatment,

A study was also made of of precipltation and excesses of the
reactant. The data obtained applied both to batch and continuous methods;
it was found necessary to do this work because the informaticn deaired
for control of the continuous preparation step was not available. Pre-
vious work has shown that a soluble chromate excess 1s necessary during
the precipitation and development stages; its absence results in poor
masstones and lightfastness. Too high tan ascidity also results in a
poor product. If the zﬂ of the slurry is more acid than about 5.4 after
the precipitation, as it passes thru the development stage the pi will
drop to 3 or below, and poor nsastone and lightfaestness will result.

A pH of about 6 after the precipitation, with & slight chromate excess,
is satisfactory. This pH will remain fairly constant during the sub-
sequent developnment.
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. thre¢e~stage davelopment, the first stage to 140

e
El=4ie79

Btandard Y-404~-D and Y-405-D processss have steps in them which
do not unduly complicate bateh manufacture, tut which are undesirable
in eontinuous manufacture. These are (1§em1t_1¢m of sodium carbonate
after the strike, (2) asddition of sodium sulfate after development to
precipitate lead ¢xcess &nd (3) as in the ocase of the bateh process for
Medium Yellow Y-A69~D there is a decant washing step after development,
before the hydrous oxide treatment.

These were sliminated ty (1) adjustment of the alkelinity of
thereteling solutions so that sodium osrbonate addition was unnecessary
and(2) with elimination of the washing step, which was replaced by a
short agsing period, the exoess lead was precipitated whem titanyl sulfate

or aiuminum sulfate was added for the hydrous oxide treatment.

. An improved Light Yellow X-1957 s been developed which differs
from the ¥-40,4~D process chiefly in the use of more hydvsms oxide;-

¥~404~D 1% of hydreus Ti0z
K-1957 3% of hydrous alumina plus 2.4% hydrous T40,

The E~1957 formula was prevised, ss discussed above, for continuous
operation. A detalled study of the heat develogx;ent step resulted in a

«s the second to 170°
and the final to 200° “br boil.

Best results were obtained by adding each of the ingredients
of the hydrous oxide treatment (aluminug sulfate, titanyl sulfate
sodium carbonate) separately, and in separate, well agitated small re-
sctive vessels of the *draft tubev type.

Ro studg of the continuous addition of the texture asgent was
carried out. Xt 18 planned to s&dd this materisl during the centPifuging-
repulp washing cycle, on the large scale. ' o

Eli=44-80

This is a progress report, already somewhat out of date. It
discusses work prior to Rovember 1944 on the laboratory development of
a continuous process for a new medlum yellow, K-1958, the batch process
for which Aiffers from standard Y-469-D in using more dilute solutions,
higher development temperature and higher amount of hydrous oxide, like
X-1957, discussed in EN-L4-79. A satiasfactory econtinuous process for
K-1958 has not yet besen developed.

It was found that this new medium yellow process is nore difficult
to convert to continuous operation than the old standard ¥-469-D; all
early attempts resulted in dark messtone and worse lightfastness. A
phenomenon which is particularly difficult to study is the darkening of
masstone as the pigment/oil mount ages and dries. Many experimental
products appesr equal to the goal standard when freshly drawm down, but
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.and. pay imuﬂy efter 1% has been
ymg mmkmﬁw ‘
_ gderk in- itone. This
it & large
muﬁea ba&ah

3. Ma%m@ with w&im ssmma.. &o ﬂaaimbla efmx:.
4o ﬂydmas wae treaatnent awﬁw emt .‘m steps. . Iaprovement was

e Mﬁﬁiw of 'citmyi sulfate bei’ew m alum, ¥o effetk.

6. &lmar addition of sodium mbamte ta precipitate the hydrous oxide.
This pinimliges darkening in oils

7. BSodium ﬂwmw m'amt mm strike (in chromate swlutiaﬁ). About
% grams per grom-mel of lesd chromate, Better masstone and light-
fastriess, weaker. %éﬁm chloride has simildy btud lesser effecha.
maemn ad.cmmyic exaxination ghows That these madterials cause
m inoresse Iw B Et&a&c size.

mmﬂmm‘ work done 1o the tiwm s aisé 4 2
gpt, Twoestsge hest mﬂam& was$ wsed; m evial
arn ehis aavas.awﬁnt step md fmim batehwise 18 satis~

faamm -

Thase 18 only & sligat loss in ms&ity amm bg mmaum a&&b—
tion.of the alum byt a marked M%@iﬁm&i@a with coptinucus addition of
titanyl sulfate smd sodium carbonate.  Comsidersble study has been given
gw &ﬁa stws, Wt no mlutim to i:ha mmsant difficultiee has ye’a %wsx

it was found that the aluminum sulfste 13 not precipitated \mtﬂ.
the pi is raised sbove 3.0, The titanyl sulfate hydrolizes guite rapidly
even before the sodium cerbonate is sdded, at as low s pH as 1.1.

' This report disocusses the wuéy of & ¢ontinuous process for
”shading* or Sgreening® yellow; 1.6., & chrome yellow designed to be
mixed with irop blue %o make & greenr. Buch yellows are Lesd Chromate/

Bl Lale miet azes wrReining
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;' “Bulfste mixtures containing & cemparative

| meltertio perticle sizs than the grdinesy

| . ' 'ghading YeXlowe ste ueuslly aa%m ;
- {as low ss.pi 2} then the 1ight and wmedt

9. v yel
4 precipitstion, 1% 15 neeess to stabilize the very swall pa 38 o
T formed by the addition of varlous so~called restraining agents, (tamnio”
' ascid, tsriaric acid, tin erystals, alutdna hydrate), and by partisl "
. neutralisstion o a pil mge in which grys graw{; is slow, {pH from:
2. . 4e3 to 6 depending on the lous preaent)y. ,

© " 'tnie study was based on & new batch process in walech all making.
stepe ere chirried out successively without any intervening washing or .~
“ageing periods. The steps Iin this process are as followst- e

1. Addition of Boda Ash to Lead Bitrate to form & Lesd Carbonate base, &

2. hddition of sodium bichromate/sodium sulfate mixture to this bese
o precipitate lsad chiremate sand lead sulfste.

3, Additicm of tin eryatals (restraining agent). C

4¢ BReutralizatlion with sodium cerbonate,

5. &ddition of aluminum sulfate.

6. Reutrslization with sodium carbonate.

Attempis were made to simplify this process further by
eliminating the preliminary formation of theé lead carbonate base and
instead rezcting lead nitrate and sodium chromate solutions directly,
adjusting thelr aciditles to give the samgs final acidity as in the
ebove process, Products thus made were satisfactory in color, but were
somewhat inferior in lightfastness, s0 this line of attack hag been
absndoned temporsrily.

Experimental work was carried out im the 1abaratorg b{ both
batoh snd sontinucus methods. Mechenical conditions in the lead
chromate precipitation step are such more important than in the other
yellows} large tinctorial veriations ¢an be obisined by changing jet
pesitionsg, egitation, ete.

4 vumber of minor variables were studied; effects obtained agreed
with previous experience with standsrd batch operastion. Aat sslecte
mechanical conditions, end with & forimula not 4iffering in eny essentials
from the batch process; produets close to the present standerd were ob-

. tained. These were satisfs otory by rubout, paint grind, and outside
fxposure.
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