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This will susmarize the experimental work carried out in the labormtory
during the latter part of 1947 with the object of developing blue tint grum
stronger than our present *550" line. )

Reoent samples of competitive greenms, notably Imperial's “Vals dGreens"
are definitely stronger than cur products. As & specific example, OF50256
(Imperial A-4442) bludod with blue to approximately equal mmsstone depth was
reud as vs yollow, slightly dull in magstone vs G»550-D and strong snd slightly
yollow in tint, 1100 parte Gf plus blus was siightly strong ve 135 parts GeS50-D.
Reference [1263-65). The yellowness of tint was much less than that of our "604*
1line and attcmptt to iuprm tinting strength by adding the latter were unsuccessful.

: Some years ago, ws had & line of strong blue tint greems (G=503«D,
G=504«D, ote.) which are now obsolete, Retained samples were examined but were
found to be very olive; obviously, they had flopped on storage, 014 exhibitse
indicate that their sirength advantage would probably be imsufficient to matoh

- the presgent compstitive productse

Current production of the *550 line hus run stronger than ttmdard but
only in the meighborhood of 5% (Reference 1263-52).

Experimental work was limited for the most part to a study of the
yollow component, of the greon, tests being made by mulling the latter with varnish
drier and blue (B=216+D) pretes A few other blues were investigated triefly but
aone appeared 1o offer any advantages Some furiher work along this 14 ul
desirable,’ Yellows made by the standerd Y=493«D procedure, (K=2009, K~2448) gave
greens which were bluer than standard in masstone, more intenve in tint and about
oqual in strength and lightfastness. Increasing the bichromate (with or without
adjusting the sode ash) gave & mors yellow (olin) masstone but no ﬂry oigniﬁ.mt
increase in sirength,

A closer match to standard ¥-493-D was obtained by a modifi “-(stnyliﬁod)
procedure similar to thosunder investigation in comnection with o gous
maniifacture and most variasble studies wore mmde on formulas of this 'tyiw. Mtwh
to increase strength by changes that might be expected to inoresse the lsad chromate
content of the ysllow or to decresse particle size wers only partly successfuls The
resulting producis gave gresns which were gemerally too yellow (olive) in masstone
at the desired depth or too yellow in tinis Nore premising results were chitained
by striking at a elightly elevated tamperature or by the simmltanes 3t ot
lead nitrate and bichromate t0 a soda ash solutions Thess modificat! .
which were 1ight in masstone and approximately equal in tint (equal blue 6o ,oat‘);
with additional blue, fairly strong (es: 110/100). blue-tint greens wére obtained,
These represent the most promising results obiained in the present study,

Some attention wap given 10 a formula based on that of the uréng Lmn
yellow ¥-318«D, The latter is much worse in lightfastness than Y+493~D but
adding stannous chloride prior 20 the final pH adjustment, the um!‘ntuou
improved to approximately that of Y-493<Ds This procedurs appears to give s tlight
strength advantage over Y-493«D but the (green) messtone is somewhat dull.

Attempts to replace stannous chloride with other miterials wers
unsuccessful., Various chemigcals appear equally effective m mir rcﬂ._ Akng
but none gave products of utilxaetory nglxthﬂm“. ) o

gs sotion
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As indicated sbove, most of the work was based on a simpiified Y~493«D
procedure, A comparison of various experimenmtal formulas | vith the latter is
. given in the appendix.

bluer and more intemse than standard and which were much alike in ol
K~2448 formula (low tin) gave v.s, worse lightfastness. Iaweuiag;

wate gave a slightly lighter and yellower masstone and very slightly ¢
Judging from pest experience, this yarisble must be used with caution
excessive reddening of the yellows Incressing the strike temperat
gave & lighter masstone with very little ohange in tint, Variation
had very little effeot in the range studied, ‘

Biepiified Formulag

These differed from Y+493«D inithat all the tin was added Mdintoly L
aftor the strike; this was followed by the other imgredients without dn Antermediste
washing stop. In one modification (1263-66D, F), tin orystals, s0da ash, sodium
sulfide and mlum are added in turn followed Ly more soda ash to br the glurry

to @ definite pH. 4 further simplification (1263-668, G) comprissd simply adding’

tin orystele, alum and soda aeh in turn, (F & G employed slightly wdre Yichr
than D and E), Tinotorisl results were much alike with the four foriulas but the
yellows made without sodium sulfide were very elightly worse in uszustmu.
The simplified formulas gave products closer to standard Y-493-D then when the
standard procedure was used, 1,e. the gresns wore yellower (more olive).

The yellows obtained by both the K-2009 and K-2448 tomm -gaw greens

& considornblo gumber of experimental series were run to determine
the effect of strike variables on oolor and especislly tinting strength, Famdeo=
meter teste were run on most samples. In general, the results in roapoe‘k to
strength iuprovement were negative, The only leads weres .

a) the use of a slightly elevated ntriko
temporature (Ses Y+493«D above) and.-

b) the uss of s simultanecus strike yro-
cedure as discussed delow,

Both.of these modifications gave light massione greens w:ltb 1ittle chax
tints additional blue gave stronger, blueiint material, Var .
inoreased lead chromate content or decreased partiocle oizo umlir rei
" yelloy (olive) masetones and/or yollov tints, Results of n&ngonmon,
are i.adicatod bolows =

4yon it

1. Omitting salt gave very olive productn. Variations in the amount
did not give any clear-~out effects the standard qmtﬁy
appeared to be satisfactory (Ref. 1263~8, 19, 44), Addin
the salt before or after the strike offered o admtaga

1263-27)

2. Replacing binhrmto with chromate, i.e. precipituting at a
relatizely high pH gave dark masstone greens. A low pH 1
apparently n sary to obtain the light mmsstone (blue tint)
tyP’o (n‘fo 1253"1" 15. 1?. 23, 32, 3$' ‘9)0
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The final pH before flooding was apparently mot oritical. In
goneral, the slurries were adjusted to pH 6.0 (Ref. 1263+2, 54).

High dilutions gave somewhat bluor and very slightly stromger
products (Ref. 1263-20, 47).

Addition of sodium mcetate to the lead nitrate gave very
dark masstone greens, This varisble should be gtudied furiher
in any future work on products of the latter type, emo:lully
thoge bassd on the 1033~72 procedurs (Ref, 1263=17, 19). -

Variations in the amount of bichromate altersd the magstone
more than the tint, Large amounts gave yellow productis end
vice versai; Too high an amount guve unmw products
(Ref, 126324, 25, 26, 32, 33, 35, 40).

Reducing the amount of mlum gave some improvement in rbrmgﬂs
but at the expense of lightfastness. Replacingthe slumy with
1M Liquor or sulfuric acid had the mame effeot. The point of
o.d«;dtion of alum don not geem critical. - (Ref, 1263-25, 38, 40,
13).

Beocause of its well known effect on surfsce pwpm:lu unt\ ity
"restraining® aoction, a number of samples wers made using sodium
pyrophosphate in variocus ways. There were some indications. that
this gave a slight strength improvement but the results were uot
cleareut and, in most cases, lightfastness was affocted adversely:
Addition afier the tin or after the alum appeared least harmful
(Ref, 1263-21, 23, 26, 29, 46),

Increasing the saount of stennous chioride (to more tm 6 grass
per mole) or udding it during washing hnd very little effect.
Btepwise addition during the sirike likewise showed no advantage.
Added to the lead nitrate and thus present throughout the sirike,
£t had a powerful restraining aotim ?ving bluish gresns of
poor lightfutnou. (Ref, 1263«25, 26, 29, 30, 31, 33; 49, 50).

Szal) variations in soda ssh (added to the lesd nitrnto) were
without any clearcut effest; Omitting it entirely and striking _.
with ohromate instend of bichromete gave & dark masstone; {yellow
tint) greens Too high an smount results in & “flop®: Replsce~ -

ment with caustic resulted in warse nghttutmau (ReZs
1263"22, 23; 2‘g ‘0’ ‘1)6 ’

Tho presence of & small smount of soddvm sulfate inﬂu uehrmto

sppears desirable o prevent olivensss, Too large an smount
rnult- in a flop (Refs 1263*28, «w)‘

It vas observed that Y=316-D gave greens :Mhr u color to tha« m
from ¥-493<D but somewhat stronger. Lightfastness was much worse but could be
greatly improved by adding stannous chloride after the sinc sulfate (Bec Appmﬂ.x)
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prior to the final pH edjustment with soda ashe, Heat development was found to
be unnecesearys, A wumber of varisbles were studied om this formula (1263-66A)
but the work was dropped as the greens obtained wers duller in masstone than
those made with Y=493+D or mvﬂ.ﬁaa‘tiono of the latter (Ref, 126342, 43, 45,
53y 54 55, 58. 59, 60).

In veiw of the favorable resulis frequently cbiained by wc&pﬂa
chromate pigments at high diluticns, several experiments were run in which the
" vichromate and lead wers sdded from separate funnels to a sodium carbonate solution,
keeping the lead in excess throughout and following with the usual treating agents.
This technique was tried out with several basic formules and in all cases the
 yellows obtained gave greons whioch were definitely lighter in masstons than the

gontrols at equal blue content and spproximately equal tint (Ref, 1263+43, 49, 59,
€0, 63, 67, 69). &% equel masstony, they were strongers

Several blues were scmpared with B-216-D especially in reppest to
strength of the green which they produced, The work was limited for the most part
to board mixes of dry blus and dry yellowe The blues included B-197-D, B-140-D,
K-6579 (soda blue), B-63-D, B~257~D, Cf=49658 (Imperial 4406) end mimecellian
experimental products. Noss of these appeared to offer much promise bub

.work is deeirable, especially the proparatlon of “struck® gresns using a elurry
“mixing techique (Ref, 1263-12, 18, 56).

festralning Aaento

In most of the work, stannous chloride was used se & resirsining age
Other materialy gave satisfactory color but none was found glviag equally satisfao
lightfastness. Sodium ferrooyanide, cuprous chloride, trivalent chromium end
carboxy methyl oellulosn were investigated (Ref, 1263«39, 61, 62, 65, 72).

Attempts to prepare sirong products by blending "550" greens with "604"
greons were not sucdessful, Additlon of the "604" type gave a yellow tint but
1ittle improvement in strengthe 014 ssmples of the obsolete”503" line (monz
blue tint) were found to have mppnam storage, (Ref, 1263-13, 52} \
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Notess pH of Lead Kitrate Solu., oae 4.7
pH of Biohromate adjusted 10 4,7

COMPARISO0N OF SHADING YELLOW FORMULAS

Lead N¥itrate "' 165.5 ‘ 165.5 165.5 . 165.5 165.5
Voluue 36511 3053.1 3.51 .51 5.01
Jesperadure . ... . . N— | . 79° Jo° .. 190
Add to above
8trike in 20 minubes with the ronoﬁng diesolved together

Bilchromate Sodn . 59 - 62 62.573‘5’ | ‘62.5/63’

Sod, Sulfate anhyd. 9 6e5 5

£alt 10 pL¢) 10 10

Chem. 56 nane. . none - none none

Yolume (ptrike tem 8¢ 80900 e ... 500 oo
Add the following in furn o
Ghem. 56 nons  none none. none B

< Zine Bulfate (2nB04)  none none none none 14

Tin Crystals 2 2 4 4 ¥
Boda Ash 5 5 8. none none
B}cd. Sulfide 0-5 095 005 none ‘m‘.
Na -~ 5 RS T— A2 -none
Adjust 4o pH 4.6 and : |
Wach 3 waters yos yeos no ne - no

Add in turn
Aam ;Lo T30 meme . mome
Tin Crystals I SR . ma N
Yash no no 3 ntera 3 waters 2 ntoru.
Dry at 140°F ' yos yos yes Fou yon

1263=66 F & G differ from D & ¥ in amount of biechromate uud
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