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PAFLIN LABCRATORY REPRET 10, 501

SUESZGTE  COLD SRACKING CF MARDON METALLIT ®Duce?

1o _IRTRODUCTION

In 1942, numercus complainte wore recaived from
the rafinish f£ield on account of tha sariy fallure by crack-
ing exparisnced in Marcon Matallio *Iuoee". A study was made
¢f this problem and the trouble waa dl2gncsed as ~0ld crack-
ing. Although very fow complaints wsre actually rsceived
on the original finisgh; 1t besame apparvent that the oracking
was prevalent with this particular soloxr dbafore the caras
wore refinighed. Thsae cracks ware hapdly ever completely
rexcved when the cars were refiniahed, and. thegefore, sarved
a3 a starting peint for cracking of the refinigh filn. Ag
a result of ths study, the formula was slightiy modiflsd
whereby the ratic of nitrocosllulose te other film forming
ingredisnts wag reduced. This wag done by eliminating the
97 of slear base ocalled for in the original formula. {Sae
formuelag on page 3. ) Zven though this change was relatively
gmall, 1%t appeared, from %2sts carried ou? at the time tao
hers accomplighed $he purpose dealired. ilowevsy, this was
apparently dua tc the faet that the tegting equipment, then
avallable, was lnadequate; for when tho new formula wasg re-
tessted; using lmproved equipment, 1% was found to lack sulfi-
clent ocld orack reslstance, sven though it represented a
noticeadls improvemant {Table I).

Sxperimental Froleot No. J-330 was drawn up to
cover further work on this problem of cold sracking width the
ehlesct of obtalning a sagisfactory answer, : ‘

II.  SUMMARY

The pressnt work embodied the testing of thiriy-
five compositions representing modifiocations in nitrocelliu-
lose, rosin; pigmsnt and plasticlzer content, and hasg re-
gulted in the formulation of a finish which combines sabia-
factory hardness and buffing properties with greatly lmprovwad
cold crack resietancs. This product has besn given the &z
perimental code J-213-X-6493, It is formulated from 3/8 sec.
nitroceilulcge and paw castor oil {H-22) gubstitutsd for
1/% ses. nitrocellulose and pals blown castor oil (E-120).
Osherwige, L1t i3 idsntical in zomposition to the material
rreviously used in the fiold. equaling it in hardriess and
buffing propertlss. Therefore, it should bs possible tc use
thia new lacquer without any change in applisation teshnigqus.

III, _CONCLUSIOKS

It has been ooncluded ¥hat the most important
Z13 facter affesting cold orack resistancs in mandfon
tabgs 19 W vigcozlivy of the nitrocslluloge uasd.
' SO0 TIE IV, and V) WAthic the practier”
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ritrecellulese viscosity range for this work, 1/8 sec. 1o
- 1/2 sec., the oold uraock rsalatance improved ss the niltro-
celluloss vipcosity inorsaged. 1t wag found that in order
¢ incorporatie gocd 00ld orask resistance with the assessary
degree of hardness, the nitreoslluloge visoosity had to be
increased from 19.9 seconds {5C15) to a minimum of 28 seconds
{5015). Ths Latter figzure rapresents abcut the middie of 4he
range for 3/8 seo. nitrocellulege. If the viscoslty of the
nitrocellulose is parmitted %o drep balow 28 segonds (5015),
the formula cannot¢ safely tclerate the additicnal claar base
80 nscessary for hardness. . ’

, Formulationa containing raw castor oll (H .22}
rroved ¢ De superior in cold corack registance to like
foromlas contalning pale blown sastor o4l (H-120, Thi: im~
provemsn: was net attended by a sacrifice in hapiness, an
addesd roecommendaiicn for the raw cil. '

- 0f ths cther plaaticigzers tested, the Baker oils,
?D-1& and PD=)6E, wers the only ones that gave improved cold
orack resigtanne without ocoprresponding sofiening of ths fin-
ish, They apreared ¢ be about squal ¢ rew cestor oill
{H=22) in this respect and could presumably be ussed %o re-
vlaze the lattsyr 17 ever the need arcsge. Thelr use, of course.
would be contingent on satisfactory durabllity results.

Thie work hag demonstrated marksd differsncss in

- ocid orack reglstance betwsen the 213-33039-M Maroon Matallls
and 253-2122 Black on one hand and 214-36259 Lancagter Gray
cn the othsr, The latter two wers included in the sxperi-
mental work ag controls for the maroon. However, at squal
"f4li thicknasses®, the black proved tc be litile better ir
cold orack r3sighance than the marcon; wigreasg, the grey

wag shewn to be definitely superlor. These differsnses can-
nct b8 explained on ths hasis of solids ratios, prlasticizer
differences or nitrcoellulose viscosity (Table II, L mid
panals). The average viscosities for the nitrccellulosss
uged in these lacquers ars 19.9 assc. (501L5) for the marcon.
20,4 asa. (5015) for the bdlack and 22 sec. (501.5) for the
gray. Theoss differences are too slight %o explain thelr cecld
aspracking Lehavier. The gray is not only much more cold srack
reglatant "t 1% 1s alsc harder than sither the marcon or HThe
blaok. It 18 believed that the pigmentz themaslvss must be
tnportant fastors in explaining thess differences (Table Ii-B).
The naturs of the marcon pigmenht is probadly ascountabls fcr
. much of the weakness expsrisnced in the marcon finish, Ths

R Y R R PRI R R T

SR ‘ \
#In rrasilice, ths black is applied at considarably lower fiim
thiocknegses than the narcon becauss of the wide 4diflsrencs in
hiding powsr. This, no doubt, sxplains the fact that no
cold eracking ALfLioulty has besn expsrisnced in the Iizid
wish bBlank szcept 4n a few apecial inetancesz whers excaaslivs

film thicknessss were smploysd. #.g. on hearsss and anbulanoss.
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higher viscoslty altrocellulogs s balisved to compsnsase
for the presumably inhsrent Weaknesa cf %the pigment, thsreby
produecing finisghes ¢f sufficisnt toughness and flsxibility
to resist cocld oracking. - ' .

I¥, EPERIMENTAL

The cold orack data for this rsport were obialnsd
by apraying thinned enanels cn 4 x 12 inch panelsg whioh had
" been prepaved with siandard sutomosive undercoats, The laz-
quers wers sprayed at approximately 2 and 4 mile thiokneases,
baked at 180%F. for 20 min:%es and then dbuffsd.

The lacguera uged in thig work wers 213-33030-i
(i1aaued Cciober 21, 1901}, 213=33039-i (issusd July T, 1942}
- and modifications of the lattar, The solids compositicen o2
the two ‘aroon lietallios coded 213-33039-} are?

21 3-33039=1
(Ieauad Lo

PX {19.9" sC15) 11.9% 8.0
RL-233 . | 5.9 5.9
Fe120 -7 3503 55
-3l -5 3.6
‘l‘!@sa:.. o 5;\ 5 l;'
55%2?’; : ::l : o Vl 08?
‘v-‘.l ’ - 000’: o OE (4] "'
. . v Lg L‘§35; o

Tha tsesting equipmsnt used throughou’ this work
conalated of an owal kept at 1CC®F. and a dry Lose satiyia’s
capable of maintaining the redussd temperatures requirsd,
Tie time lapae Latwsen changing ths pranels frem the cvsr %o
the Loe=bex <= fyrym tha loe-box S0 the ovsn was as short ad
pcsaivla. ‘

Preliminary work waa carrled cut %o maks z2eriain
that the ccndltiona shossan for the cold srack cyols wers
strenuota gnough: te Jamengiprats dilfarencss in ths finfahss
w8t 1oy sirenuousz encugh to eliminate thease aof provan fiexi -
418%7. The gyole salaoted consisted of 20 mimutss at LCCOP .
ne hour at -20%F and Pinglly 20 minutes at 10092, again, .,
The vanels ware ,exaninsed for oracks after esch oycla.

'In ths tallesz thas Pfollow, formuls 213-33039-¥
(ismasd 7/7/42) ia %aken as the standard maroen ¢ wiitoh ke
cthers are compared. ALl the lasquars ars nmcdificaticios of

nife Tormuwla unlsas ¢thsrwiaa statsd.
In s8zh ¥abis the »ooulls of the Lfirat and laash

cFois ars rescrdsd siong with $he cyslise it wWhich changes
Lolurred. * :
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, Results of the first set of cold orack teets are
recorded in Table I slong with pansl hardness mesasurements
which were run on ths twe mil pansls after they had besn
sublected to 20 colid creck cyocles®,

In the astached Tables I-A and I-B, the first
three results show the effects of increasing the nitrocsllu.
iose content of the formula. Hardness inoreased mut cold
erack resistance dsoreased. o

The next rosults {4-10) show the effects of vari-
ous plasticizers. Raw cagtor oil (F~22) cansed a zarked im-
provemen’ in cold arack resiatancs. 2Practiocally nc laprove-
ment was gained by substituting biown cottonseed cil {F-103)
for pals blown castor oil {K-120) or by replacing dituiyd
phthalate (H-111) with 2-ethyl butyl phthalate. The lattsr,
used as the total plastiocizer, produced sgome improvenments in
ccld orack regliatance; however, diffioulties were inourrsd
in preparing the Maroon Toner Stock. The Baker oila, FD-16
and PD-16E, seemed to possess good ocld orack resisgtance
when subgtituted for the pals blown castor oil (H-120). A
formulation using Baker'e PU-16 ag the total plasticizer was
attenpted tut the Maroon Toner Stock ocould not bs prapared
from 4t. Dibutyl sebacate greatly improved cold orack resis-
tange i caused %oo much softsning of the finiegh. ‘

When the plasticizer content of tie formula Was
ralsed, ccld orask resisiance increased; but hardness de-
oreased (11-12) and redustion in plasticiszer content produced
the cppcalts effsot whioch Was expested (13)

Cold oraok reslistance improved when the plgusnt
gon%tent was reduced (1Y) and when the pigment content was
increased, the oppesit. result was sxpeoted; the discrepant
result {15) ia probably an experimental error.

The following results (16-18) show the #ffaect of
nitrocellulose viscositly; } 8 sec. PX 1s infericr to 1/L assc.
PX (1), and 3/8 sec. and 1/2 seo. PX are guperior. Relatively
ne improvsment was gained by using 1/% seo. PXO nitrocellu-
lose (12) and 1t was found to bhe rather unsuitable for use in
the pulp rroceae.

_ Replacgenmant of ococoamut oil resin (R~233) with
hydrogenated castor oil resin (RL-272) prcduced no improve
nent,

The pefinish panel (21) was included %o compars a
typloal rafinish srstem invelving Yarcon Metallic to the
criginal factocry Iinish.

RO TRORPODOHERED

®Thig ascounts for the differences in hardneas messirements
botweer Tables I and IV. In the latter tadbls She pensil
hamdness weasursmonta wers mede on glass panelg prepared for

SRAY TUMCas.,

DUP030001040




“5-

The lagt two resulia shew that the bliseck ascatrel
(22) is hardlf any better than the maroen {1; and That the
gray contrcl {(23) 15 markedly supericr.

The finiches that showed promiasing resulis in
the first aeries of ccld oracking experinants wers reshsckad
along with soms new fomulaticna, which the previous work
gseoned tc guggest. The reagults obtained in this serias,
- Tables II~A and II-B check the first. '

The firat four resulta in Table II ars arrangsd
%C show the offact of incrsasing the nitrocsiluloss vis-
ccally, and the seocnd four show the effsct of incraasing
the nitrocelluloss. vignoality plus the effsct of avbastituling
raw oastor oll (H~22) for blown sastor cil {H- 120}

The iaat %two compositlons were formulatsdi o »rove
that the difference in cold orack resistance between tis
gray and ths rarcon has something to do with the plgments
themscives., Thesa reaulla substantiate that opinion for the
marecn enmpesiticn based on the gray solida (13) was rela- .
$473%y no better than 213-33039-H (2); whereai, ths gray
{12) wag definitvely superior. This maroon was formslated
mgrely to oblaln dalta. for ths pigment contsnt ol ks gray
fermula L3 Soo low Yo glve good hiding power in ths marcon.
Thersfexra, a compoalition waz formulated containing piasis-
cigexr Tresin, and nitoecellulosgs in the sams sclids ratic as
the gray Wui with the pigment content of the mayoon {(1li).
The resulis show this finigh %c be deflinitely infexior.

Ths panals in Tables II-A and II-B that withgiccd
- 20 cold crack cycles at ~2C%F, without oracking, wers sub-
Jeated o il cycles of progwesalively lower 108-box tanmpora-
tures., The results ass found in Tavles IZI-A and ITI=E,
Trha changes in Loe.box temperaturse arz recordad above this
cyoles. The cven temperaturs was maintained at 100°F.

The results in Tables IXI~A and IXI-B dsmonsgtrais
the importancs of nitrcoellulose viszcosity on cold orasking
and algo ahow that formulaa contalaing raw castor oil 23422)
ars better thar like onoa containing blewn caztor odl (H-120).
The results obislned front 3/8 ses. 2% with E-120 and 3/8 szsc.
PX with H-22 appsay %0 he discrepant; for rast experiments
have shown the lattse plaaticizer %¢ be superior. Rowevar,
%his Qiffersncse ig boliaved to be dus %o z variaticn in the
nitroosllulose viscesitiss. (889 ths note a% the 2nd of
Tabla I1I-3). -

Thuas fapr, thiaz work has maliznly sirezsed ths iz
portancs ¢l 20id srack vealstancs, foy thay gesmed o bs
the first prodblsy.  However, Ihs Isportance of haArdnsss has
not been cverlucked. Bince S13-33030-H (10/21/41) was usad
in the Fisld and fourd satiafastory ln hardness and uffing
proeparties, L% was considgred Sesxlipable te st least agual
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4% ih Jardaaab‘. Therefors, tha f@rﬂdlitaCuﬁu that geenad
acld emck “msiauant snough %o felsrate an lnorsase in
nitr&@a-?v‘"sn cont ant, ware seiscted for tha Zollowing
Lia4s.  The wodificatens coniaining /2 zac.

g Wars umw 3¢ in ordsr net to *a"ss *rhe "a?ia'-—'
casit% cx ’%a ”1u¢shad rdi"ﬂu any highar fthan nse: ssary.

The reaulite ¢f the third se2rises of cold crack
Laﬁus a¢ong ¥ith rencil hardness measurements ars rounA in
Tanlie IY, The cold erack oycle used ir this serias acnaisted
of ge minu*as at 100%F,, ons hour as ~L0°F. and 2C minutes
at Loe® 3 . _

only the 2crmulatlona gontaining 3/& zec, nitrce
cellulese with no inorease in plastiolizer {5 and 7) oqualad
913~33o',ge=m {10/21/51} 5in hardnesa.

*To recheck the results obtalned theas two laoquora
wer? prepared from new material using the same lota of
nitrocellulose. The rasults are found in Tabls it vag
neceggaary %o run thess at -LO®F. in crder %o demonstrate
aiffersndss in the last twu compoesiticns., The tempernuuro
~bange from LO0®F., to ~20°F. waa not sufficient %0 maks
Lnu. S0 QZ‘JBuo ' ¢ ’ .

The oomposibicn sentalning 3/8 sec. nitrosslilu-
loge and pay ﬁastor 0ll {H-22) waa finallv selected and
given “he experimental code numbery J-215-%-6493 Thias com.
binaticn pzcannad relatively 1ittle 11~vease in the thinning
viscceity of the finishsd produst compared with the suanamrd
using /4 sso. nitroselluloss, and 2qualed 213-33039-M
(10/31/%1) in hardnsss and buffing prorarties.

The first two compcsitions in Table V paprasent
the past standard and the presant standard, resuliing from
pravicus ?aboratory work The last twe reprasent what was
ADCT mg;isgdb in thne work dsscribed in %iis repCrto

¥, MISCELLANEOUS DATA

Included in this work wors 4 = 12 inch dupadiliir
w&ﬂVNS'«pf Parli: and Florida exposurs. These wers spraysed
1%k the lasquers desoribed in Table I and oxpossd at two
aﬁu fou mlls thicknesgses, No. J=2973, 1-i4f covers shils
aarizs, These pansls will Zurnish durablility informaticon

cn ths varisus p¢a1t¢f*‘arg uw86d in this work,

Larba 12 & 22 inch pahsig wars prepared fcr Parlin
8XLC ZUTA. 4“339 waﬁﬁ alze spravad at apprczi abely twe ahﬁ
fory ndls m.. uz..»r« tzaguersin Table I. Thay ape *'-sinﬁ, gl

' 3 wondibicns suoh As tﬁon» axparisnzed
' : rw;gf \qu’”qﬁﬂaﬂ 1,91.2‘&@63@ vo bolew Frsening
: Vt;!a"l‘ s« B .'\“!‘?-t"% 3 0"‘\: \‘“a? $-118 tgi:@ C.a. em'ashre ‘wlwl
Lring out differsncse Rel mAnifosted Ty sentinuoud Qw?csure

TRH?DKZ

’ ~ Lres
Jeuted b0
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"TABLE I11.--B

Cycles

B s B R S e S
3 %%: PX_replased by S e e or o,
L, 1/4% PX replaced by . = = = - Tr.
1/2% pX ' | ‘
6. 1/4% PX with E-22 - Tr. 8lo- 81, S, ai.
7. 3/8" PX vith He22%* . - ®.  Tr. e, Tr.
3, 1/2" PX with H=22 = - -
'laoigégetioizer inoreased - o - - _— ™,
12, 214-36259 Gray R - - - = .

*Viecosity of nitroceilulose used is 31% {5015}
##Viscoslty of nitroocellulose used is 27.2" (5015)
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" TABLE V_

Pane& ” mu' ' T - | Cyoles e

i -5 e — s 8. i

_"213a33039~n €10/21/41]  81.% Def, Def.® Def.® Bad Bad  Bad

| 21333039-K (7/7/42) Bl B, 8le sl Def., Def. Def.
3/8" PX and H-22 = = Tree  Tpee  Iree  Troe  Troo

| 3/8" »x and H=120 .= T, Tr. Tre  Tr. Tra o
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