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1.

A. Introduction

The prsparaﬁion of metallic coleor pansls through
the use of spray techniques has leng bsen recognized as a
‘prime source of difficulty im color control and shading
due to the lack of reproducibility under moderately varye
ing environments, In previcus ysars, products had more
latitude due to thelr formulation and were relatively
darker, less sensitive colors. It was posmsible $o re-
‘produce metalliic color pamels for color, gloss and film
propertiss over a8 wide range of environmental chengss.
The rocent trend has been toward less gpraying latitude
-dus $o0 the formmlation changes required ¢o improve film
properties and the lighter metallic colors now im vogue.
The 1963 colors now have very littls latitude and require
exiremely narrow test method specifications %o rgproguce
color panels.

' - As meta&&ic odlors becoms mwore sensitive t@
spray variations, color controel could oply be ashisved

- on & practisal basis through the expedient of respraying
these colors with minor environmental changes until the
pane) lecked ®right.® The present prastice is to adjust
eonditions within the limits of the current test memwe
randus to obtain a pamel with & smooth appearance and a
high degree of glamour, resulting in panels being pre«
pared on. the "wet® side and decreasing the application
latitude. The variance in ¢dlor obtained, although
following the present test memorandum, is greater than.

- the variance that can be tolerated for autometive solor
control. This condition iz the direct result of the
inadeguate characterization ¢f the current sprmylng
taehnﬁquna by ﬁhe app&i@able Test Hsthods,

) - The trnnﬂ toward Aight mahall&c colorw conteining
a hzgh percentage of aluminum has served to grossly -
. emphasize this lack of spray reproducibility. Portumately,
" the application of instrumental color control in this
area of pigmented finishes soon fellowed and it becams
apparsnt that immedizte and positive eorrective actiom
.was necessary to provide a technique for reproduction
ef metallic coler panels and provida tha ‘nacessary basis
- of &nstrumantal control.

f The cbjectives of zhia p@rtion of ﬁma color
study bec&mas

‘1, To define those variablss imherent in the prepara=
tion of metallic panels amd to determins the sig~
n&ficanc@ of each on the ov@mall ‘panel var&abil&ty,
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2, To develop suitable techniques and appliication
- apparatus in oxrder to provide positive control

of each varisble and thus éstablish overall control
of metallic pansl reproducibility. Success in this
area of study was obviously essential, not omly for
the future development of instrumental shading
techniques, but also for the maintesnznce of our
current position a3 a supplier of visually shaded
Autamotiva metallic finishes.

B % . sults

An analys&s was made, using colorimetric techniqu@sg
of all variasbles which might conceivably affect the coler
and two~tonse reproducibllity of metallic color panels,.

Many of the variables thought to bave a major influence
on panel color were found statistically to be minor in
sffect. The results of this investigation proved comeclus~
jvely that the pansl color varaatien was primerily a
function of 3

1. The wetness of the @eposited‘film.
2, The rate of solvent evaporatson £rom thié £ilm.

Further study was directed toward, the isolation
of each of the paramsters comtributing to thess tweo :
factors and defining the extent to¢ which they had ¢o be
controlled, As a result of this investigation, the

17 factors illustrated in Pigure I were isolated for studyo

PIGURE X

~SAMPLE
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 Yarisb] °  _Studied

1. Compressed M.z'
Bregsure

4 kam

2. Gun Setﬁngs
- Fluié Flow Rate
Fan Pattern
Cap, Heedle and Head

3 ? m@l

.8, Distance from Qun
b. Position in Pan Pattern
¢. Temperature of Panel Speed

4, Sample
2. Reduction

ixg Type of Solvent
2) fmount of Seolvent -

b. Viscosity

¢. Temperature
d. Eroduc'k cnamcteﬁawics

5 mwiromm Tmperature
Humidity
Alr Flow Rate

Of all of the pammtex*a studied, the enviren~
~meni; {spray room) temperaturs, humidity and the rate of
flow past the panel were ths most important contributors
to panel varisbility amd the least susceptible to positive

- control. It will be noted from Pigure I that most of the
remalning . variables can be rigidly defined under normal
operating conditions, Previous attempts have beon made
to control envirommental conditions through the use of

. extensive alir-conditioning apperatus., This approach was

* believed to be too costly for routine. plant operation

. and sccordingly, based on our test results, a new approach
was imade to the problem of envimmntaz com:ml of the
air afrectins the rate of dry. .

. ‘This new approach utilized a comept known as
the Controlled Enviromment System (C.E.S.).. Basically,
The C.E.S. derives all of the advantages of spray room
temperatyure and humidity control at a fraetion of the
cos8t. It achieves its purpose through providing a local -
air environment controlled for temperature, hweidity and
velocity in the very area through which the pansl must
pass the flash period. This air is essentlally
roon alr heated o a high temperature in order to drop the
%ﬁbﬁ.@m humidity below the critical mvel established in
38 study.
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Equipment and definitive procedures were
developed to perndt the utilization of the C.E.S. concept
to the rcutine spraying of production metallic color
panels, Extensive trials over a g-month period at
Process Engineering and the Flint Plant have proven the
validity of both the concept and the techniques used for
definition of the varicus spraying varisbles. Working
Grawings of the apparatus and a defimitive proposed test
method are appended £o this report. 'Study of the test
@method will indicate that pansels prepared by this ftsche
nigue can be directly baked without the "flash® period
%emm‘; in currently effective panel preparation pro-
cedures. o

C. Gonclusions

_The reproducible preparation of "Iumeite"® metallic
eolor panels requires a reproducible orientation

of the metallic aluiinum flaks in the £ilm, This
condition can only be achieved through positive
control of those factors which affect the applica~
tion rate and composition of the applied £ilm and

. the visocotsity characteristics during the drying stage.
The Contiolled Environment System achieves by rigovre
ously defining the methed of application to provide
8 reasonably reproducible applied £ilm thickmess and
composition end then controls the £ilm viscosity
duding drying by reproducing the rate of solvent

- gvaporation from the film.

2. The inherent advantages galned from improved metalliic
. ‘panel reproduction achieved under the C.E.S, tedh-

niques will improve the capability of the Production
Division %o cope with the manufacture of the newer
and more spray sensitive formulations currently .
comprising our offering te the Automotive industry.
As a result, the practice of “gun=shading" (i.e.,
color menipulation resulting from spray variations
within the context of current testing procedures)
will g elininated under the more definitive pro-
cedurses developed under this study. '

3. The adoption of the C.E.S. gmmﬁums ‘and equipment
-are advocated not omly for "Lucite™d Automotive
products but also for "Dulux®# and ®*Duco”¢ products
of this maturs,. Preliminary tests at Toledo and
AJax imdicate thé validity of the application of
these concepts to the "Dulux™# product rangs.

{=) DIu Pont Registered Trademark

DUP030002270



4, One ares remaining to be resclved concerns the
preparation of Automotive mstalllc color standards,
The C.E.S. because of the nescessity to obtain .
reproducible aluminum flake orientation and thus
rapmducib&o pansls provides paénels of lower '

Yelamour® than the current Autemotive atandards.
Automotive standard preparation is traditiomally
. geared to provide stendards of utmost gloss and
glamour, This result can only be achisved through
spraying wet films = a condition which sacrifices
any possibility of panel reproducstion with current
spray sensitive formuletions., Some idea of the
panel reproducticn problem can be obibainsd when
it is manzad mat a p@z‘oam:age of the standards
sprayed from the some can _game time must be
rejocted m:' gm &DPPE difTerences.,
Additionally, spot maaaummn&s aade on virgin
accepted standards indicate that their variabllity
excesds the acceptable color tclemm@ for the coler.

Std, 1961 (Random Sempling) 0.60 .80 .20
) 1962 Sgds, * - ® 0,80 .50 .50
| 1963 Beas, * " 2,00 1,20 1,20 12
16 0,K. Color Panels |
867-95183- 2,20 1,50 "1,50 12
10 Ouxn Reteins Resprayed : _ :
867"95183 2,00 1,10 0.75 6.0

Req'd Control Telerance Limita
{Panels evaluated by E.T.A.
- and B.AJM. for OaKo th@n

867“%5183 1,00 190@ 0.50 &

It 48 obviously impractical to expect Production to
consistently watch panels prepared undsr these
conditions; therefore, the system of standards

loaea mach nt‘ its value by resulting in the-
sunnshading necessary %o achisve a satmz‘actow mi:cm

D, . e _, y .

Instau the GoEoS. tww and pirogram for
the preparetion of all metallic color panels, Although
these pansls 4o net mateh the material as applisd at the
Augomotive plants, this is not ‘a2 serious problem as the

‘eustomer will be supplied material within clussz* solor
limits than under the presend system.
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It will be necessary to establish the first
standard on the C.E.S. equipment then match all
standards to this one by adjusting solvents to produce
pansls of equal color and two-tons,

The wet film thickness and drying rate must be
centrolled within very narrow limits so the aluminum -
particles that arrive at the panel in & turbulent state
can orient into a position closely parallel %o the plane
of the panel substrate., If the spray is too dry the
particles will remain in the random positions as they
hit the pansl and if the spray is too wet, thermal
currents within the film will cause flooding., Both
these conditions have a marked effect upon the L, a, b .
and TF valuss, Changes in wet film are very difficult
%o characterize as the film viscosity does pot remain
conatant long enough to be accurately measured so an
effort was made to correlate wet £ilm weight with film
viscosity. :

-~ The high percentage of H~30, Acstone, in the
867 .1ine formulas makes the wet £ilm of spray application
vulnerable to minor changes in alr temperature, relative
humidity and/or air velocity, The variance in the losa
of H=30 between the gun and the panel causes various
- degreas. oL wetness which im turn resuilt in different
color and TT. ' : , '

- CouPH SHorinG RATE.
 of CHANMGE W WET
FitM WESHT

TE @% — rWﬁ — e

DUP030002272



o/

755 Eo° T 859 90° ds°  j00°

DUP030002273




‘e 7 @

o This loss cannot be controlled but can be
tolerated if the rate of dry is controlled by a controlied
environment system, Such a system was developed which
would achiesve the reproducibllity nscessary for an I.C.A.
program, . The controlled environment system keeps the
rate of evaporization from the depcaited £ilm constant
80 the orientation of the aluminum particles form &
conslstent pattern over a wider ranges of room temperatures
and relative humidities, ‘ ‘

Wo adequate spray facilities were available in
the P, & P, Departwent for a quantitative study of spray
variables, The high number of uncontrollable variables

- made it impossible to study one veriable vwhile the others
uere held constant and to determine if the variasbles were
dependent or independent. variables., JMNost of the studies
were qualitative for an approximete set of conditionms.
They served as a guide to develop a program to yleld the
most reproducible psnels and give an approximate range
of the variable effect,

The propesed controlled environment system (C.E.S.)
~ is based on results of work conducted over a ysar and a
half a% Philadglphie and Flint Plants. )

{(*} Du Pomt Registered Trademsvk
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The importance of metallic color panel reproe
dueibility has been brought into sharper focus as the
application latitude has narrowed due to' increased demand
for high initial gloss and glamour. This is in sharp
contrast t0 the latitude that was experieneed when
producing "Duco™? metallic panels.

' The customeris added demand for very close control
under a system of marrow latitude has placed a demand
vpon production that has increased cost due to longer
mixer cycles and shading man-hours., The customer's demand
for very closs color control may be real or imaginary as
his limits of reproducibility are now only an opinion.

It 42 suspected that he is unable to utilize to full ade
vantage the narrow controls being exercised by the plants
due $0 his lack of comtrol of temgerature~humidity on the
production 1ine and method of applicaticn. To minimize
our production cost it is esssntisl that practical color
limits be established which can be expressed in terms of
Adams Coordinate System AL, 4a, 4b and ATP. This would
eliminate the excessive contirol now being practiced and
establish & pattern of uniform color production tailorad
to fulfill the éamands of the customsr, .

This will nmt be an sasy task as tho whole color
'¢ent@91 program 48 in 2 stabe of frustration &as a result
of decisions being based on opinion and not facts, There
ere no established limits except those in the minds of
individuals which fluetuate brpadly depending upon many
physical and psychological factors, The eye is an extremely
sensitive organ in discerning very small coler differences
8o it requires good Judgemen$ to determine and maintain a
conasistent level of acceptance that is not adequately
defined by nnmarieal values,

: A besic reguirement for the evaluation of color
panels is a degres of reliability in the preparation of
the standards and control panels that is cunsiatent with
the color limits established. At the present time thers
is very 1ittle latitude in preparing "Iucite”¢ metallic
color panels and small deviations in spray conditions
change the color of a panelfrom an approval to a rejece
tdon. It is common practice to respray a color if it is
close in the hope that a2 change in environment is such
that an approved panel w&ll be obtained,

It becomes obvious that a standard color panel.
gan only be used for a standard at a given set of con~
ditions. In the past, the test memorandum 349-F was
adaquate since the products controlled under it had a
brosder latitude for preparing color panels, It 4s also
gbvious that it is not adeqnate rer the present 867 1line,

{#) Du Pont Registered Trademark
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867-95185
95191

95187 -

95183

867=95183

5 Panels of Esch Color 1961 Stapdards

AL da. 0 46,
. Q.72 0,15 0.32
Qelg 033 0.09
Qqs. QaGB ' _00a3
0.58 022 0.7

5 Panels of'1962 Standard

C.T9 0.l 0.07
1963 Standards
1,04 050 0.24

16 Panels of 0.K. 1962 Colors

1.80 1.53 2.00
,’1632 1.65 0083
2.55 i.12 1.04
" 2611 1927 0.93

S
P

10 0.X. E%&aﬂm o .Sprlayedf Same Day
1,95 1.3 . Q.75

ALL.

2.7

' 1"98

8.0

13,0
7.2

6.0
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. mu@wm the present test memorandum 3&9% very.
“elosely, it is possible to prepare iwe panels from the
same contalinsr with a color difference that exceeds
© contrel limits when minor changes in temperature are
encountered, Seé appendage for ”R@po:‘t on ‘lucitelts
Metallic Color Panel Preparation.”

This color difference is dus to different
orientation patterns of the aluminum particles in an
appllied film and is a function of the wetness of the film,

M//_&r/qw%' Q/zf
vs 77
-4567- Gt &b

e T M/{:@&‘a’

. L B I | ll
T 3 +2 + o = - -

@ AT ' R Coars) ! | . .

&oms, ) :
\\5 gmgg WET L
\ XS "6!.
| E6J- D4 696
\§ M@
‘k 2235

@28

e 3o 1ae 1o jje0 iéo
7@ REALECTANCE 34/ Cort’s.
{#) Du Pomt R@gﬁsmmd Trademari
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C’olox' and T dgersase in value a8 wetnsss
inoreases; therefore, it becomes nscessary to maintain
a given wet Lfilm thiclmess for the degree of reproducibility
required for the X.C.A. @mgmma The wet £iln thickness
changes with the followlngs - . .

1. Spray Gun
2. Cap = Needle ~» Pp
‘be Fan ?&tﬁ@m
¢, Fluld Flow Rate
2, Panel
8., Oun Yo Pansl Distance
b. Poslition in Fan I’a&tem
¢. Panel Speed
do. Teumpsraturs
3. Flash Mme

b, Temperature of Bake

5. Compressed Air

a8 Pressure
b, Temperature

6, m&@

&, Heduction
bs Temperature
co Agitation
d. Solvent

To Environment

&, Temperaturs
b. Humidity
- Adr mw Rate

- e ef‘f@ct of each mrﬁ.&bm on £3im wethess was
studied to determine its range and type of control that
would be necessary to yield color panels with the pee
producibility required fox Lc A, progran and Automotive
color control,

The wide range of teowperature and humidity
experﬁ.enced througheout the year is shown in the appeada@,g@a

&o Sa P&g @m -

The spray gun adjusiments are mechanical adjusts
ments that do not vary with changes in environment
but have & marksd eoffect on the wetness of the fils,
Tz method used Vo conbrol the fén patbern is currently

DUP030002278




one of Jjudgemsnt that allows & wide deviation of film
wetness, It . is propesed that a wet £ilm weight for

-8 f£ixed set of conditions be the final check on spray
gun adjustments to eliminate the Judgement weasurenent.

The fonowmg Bpray gun t'aetox-s affect film
wetness @

m pms mambem are specified and it is only
necessary to guard asgainst wornm parts. They will
cauge a fan distortion such as hour glass figure
and affect film wetness, If the fan pattern is
not elliptieal in shape the medm and tip should
both be replacmd. , é }

bo

e tan should be adJusted %o the recmndea
10-1/2" and have a uniform elliptical pattern.
Tiie center of the panel should pass through.the
center of the fan, The fan pattern is not a
precise measurement and the 10=1/2° distance en
the majol axis of ellipse is one of Judgeme
that serves as a guide for the first round ot
. adjustments, After all other spray gun adjust-
ments are set, a final check should be made on the
fan pattern b measuring & wet £ilm of 100 ce of
standardized 368-0124 peduced with 125 ¢c of sole
v . vent and sprayed for a fixed number of passes.,
This should be compared to an established standard,
{See proposed Test Memorandum) The fan can be
adjuated to obtain the established weight and still
meet the 10-1/2" pattern,

4o keep the fan pattam constand it is eaaentiax. ,
that the gun be kept thoroughly elean, free of worn
parts and adausemats aacmdo v ,

b zgﬁf.f{"é” S

GCRAPH SHOWING
ELLEECT OF F4n
ADRTUSTIFIEN T~ N
WET lLng wor
AT S~

W/

s B %1 b
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‘The £luid fiow rate of the reduced sample is
very critical because any variance directly affects
the applied fllm vwetness., The fluid flow rate is
easy Lo adjust and can be controlled closely by
adjusting the feed to flow 100 cc of H»583 in
14 seconds. This should be checked each day.

The effect of flow adjustments on flow rate is
shown below, _ :

Brasiy Stowns |
ELLECT 0F [EED

A LT TIIENT™ O/
S low RATE

| 1 [ |

-2

24

@ .
)

- o 8
2@ (Becieks) )

The distance from the gun to the panel is 11°®
and should be checked daily. A change in distance
has a direct effect on the applied film wetness or
welght due %o the change in concentration per unit
area Iin a cresswsection of the fan, The applied
film is wetlter as the distance decreases and drier

a8 it increases. ‘ |
. 10=1/2 L=1/2
0

AL 0.7
Aa 0 0,08
AD 0 0417
ATE 0 2.3
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‘I'ha paml shoum be set on the panel holder
8¢ that it passes through the center of the fan.
The gun position should be checlked daily so that
the center lins of the gun is always im the same
position. - A measurement can be made from the gun
cap to soms fixed point as & moans of control.

¢. Panel Spesd

The panel speed control is adequate as no
change in color and T9 was cbserved by changing )
the speed 4 100° per minute if length of travel is
constant, The panel should pass egual d&st&mw
on each sidé of the center limns of ths fen.

When two pamlm are being prepared, the
. right=hand panel will differ alﬂ.ghtly from the
-lefeehand panel. This is due to differences in
flash time between passes., Therefore, it is good
practice to always select the panel from the same
. 83de 4f two are prepaved at the same tLime, Por
best reproducibility only one panel ahoum be

prepared, |
laft
AL 0
da . 0
Ab 0
ATE 0

do

A small heat exchanger was used as a panel holdex
and temperature varied from 75° to 180°F. At high
temperaturss the pansls werse flcoded dus to reduced
viscosity of the film, The film is thermoplastic

~ and there is intermal flow at high temperature,

contmnmg the temperature at a constant 78°p
increased the reproducibility. At 90° thers was
a aughe ox'ange peel.

The heat exchanger was not studied further ale
though it affected the rate of dry of the applied
film bscauvse at ths desirsble high temperature the
film was adversely affected, The C.B.S. panels '
‘maintain & eonstant temperature of 120°F,

3. EFlash Tims

The flash time had no effect on the color after
ggmg flashed 10 minutes. m px"oposed C.E.S, almmtw
e £lash, ,

DUP030002281




" The temperature of the bake 48 mot critical for
color as the comparison of two bakes 40°F apart is
not very large. | <

160°

i20° 60
AL 0 = (.25
As 0 4+ 0.32
4b 0 - = 0,10
ATE 0 1.0

The length of bake in excess of 20 minutes had o
effect on the color or TR, ) '

" a. Pressure

A difference of 2#/sq.in. has very little effect
on color, A change from 55#/8q.in. to 50#/sq.in.
has the following effect dn solor.,

AL 0
2

4% 0
4 TP 0

The air pressure is usually consistent but a
simple alarm device could be put om the line ahead
of the transformer if wide fluctuations are common,

b. Temperaturs

The temperature of the compressed air has &
minor effect on the wetnesa but no change im color
was noted when the compressed air temperature was
held between 75°F and O5°F. Tempsratures in excess
of these values should be corrected by installing a
large surge tamk in the spray room,

N

-~ The 867 line is reduced to a specific viscosity
with a range of two secends., The resolution of the
test is 2 seconda at 25°C. The temperature is ot
measured when testing viscosity and ranges from
22°C to 28°C which results in a 'viscosity change
of two sdconds, The total range- for the test is
4 seconds which would mean a 30§ difference im the
amount of solvent used for reduction. The effect
of changes in the amount of reduction sslvent is
shown on the followlng pages.

DUP030002282



154

%7’ Lo INE.

 CHAMNGCE IN VIS |
Gy VoLurE KED.

“ JosvenT Pepccrion
oce  JoDce o  L20cc

Er /oo co off Ko rar

CHANGE Ine 77
AS SOLVEANT IS
INCREAS ED

SOLVENT REDATION
QOCC | LPQcec I 120cc

oer /00ce oF LeesE”

DUP030002283




2,00

Aa AL

/00 |

CHANGE I~ aa -4l
AS SOLVENT /S5
INCLRELS EL

— - | SOLVIEA T |
Poce. . LRoce MOce SRIcc

per /o0 cc S67-L5/83

320

CHANGE m 4Ll
AS SOLVENT IS
INCR EASED,

LlOcc /&?0(.6,.' |

,aew-mcc &67-95/83
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100 cc 130 e
Seivent  Solvent

AL o e 0,15
As (4] + 0,85
Ab 0 + 0,08
A r 4] % 13,0

It was found that a fixed amount of solvent for
reduction gave significantly more reproducible
results and the small difference in viscosity had
no effect on the flow through the gun er on the
panel viseosity.

The following table showa that the viscosity of
the magerial before. reducticn has very little effect
on the mduced visconity. .

867°95183
_ﬁscosgtx
, . Visc. , "
, Init. Visc, mfore maucuea 100 ¢c B67
Serjal = Farldn 30 cup _Parlin 10 oup 110 ce Solvent M-8
18157 5 15 43 Becs 5 24 60 sec. 43,5
18156 /15 2 f';e. 6g ¥ b1.5
17783 5/16 1 "f 5/24 g * , bi.2
b

The temperature oi‘ the mﬁucad material should
be held betwsen 75°F and 85°F as exﬂmm temyemtmm
will effect color,

¢. Agitation

In the mtudy, it was also found that the sampx@
increased considerably in viscosity dus to loss b
evaporization when the agitator was used and the
booth air velocity was 300 £t./min, If possible,

8 closed cap system should be used ang no agitator,
There has been no difference observed in agitated
and non-agitated reduced samles in cur st\ad&aa
(“Lucitew only). .

de &lﬂen

The rate of evapcr&zat&on ©of a solvent in
combination with an 867 ling is one of the most
important fasters im the f‘ﬁ.lm wethess. :

{*) Du Pont Registeved Tredemark
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To maintain constant {ilm wetness for

consistent coler the solvent loss betwsen the gun
and the gaml must be constant. The loss of solivent
from an 867 line product let down with 3T767 is
25% from the gun to the panel at 80°F. The loss
varies with Cemperature and humidity as shown on
the chart below., Changs in film weight or wetnsss

- causes changes in TP and color, ' :

- BEFOHYE0T7
MARSIHALL LAB
C 7R, SERAY RN,
A VEL Jof frgn

| g RATE oF CHANSE
g OF WET LI WE
o WITH TEME
~
Y
&, o) RH
X3 | |
,} 6654 H
¥ | 3% RH
35| 75F Go°  $5° 90° 957 [00°

- The fan epproaches the temperature of the
surrovnding air at a distance of 3 to 4 inches
from the gun, . A% the gun tip the temperature
iz 10 %o 15'F louwer, To overcome this problem
an attompt was made to set up & method of
controlling the temperature and humidity of the
-air surrounding and -affecting the rate of solvent
less around the fan. The fumnel or horn-shaped

DUP030002287
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device as ghown was tried but falled as the booth
air flowed back into the fan dus to air currents
created by the fan. An attempt was also made to
-supply controlled sir to the funnel nsar the gun
but this also failed to stop the air currents
rlwing back into the mouth of the fumel,

mg should be further explered as it is the

minimum investment to controel the loss of solvent
betwwn the gun and the panel for maximum repro-
ducibility. It may be possible to shield the fan
from the surrounding air by a fin and coil arrange-~
ment that had a constant temperature., This would
be based on the assumption that high hwaidity would
not be a problem.

The loss between the gun and panel can be reduced
.%o a minimum which no longer affests color by selecte
ing suitable solvents for ranges of temperature and
humidity. (See Chart = Page 20.)

It was found that if the £iim watmss remained
censtant no change in color developed regardless of
the solvent used to maintain the constant film
characteristics under wide changes in enviromment,

An atteompt was mada %o use the Shell Thin Pilm
Evaporator to develep data for use in adjusting solw
vent strueture to correct film wetness that changed
due to temperature and humidity. There was no
correlation betwesn the Thin Film Evaporator
results and applied film wetnsss, The loss of
solvent in combination with “Lueite™® and the high
degree of atomization had no relation to the solvent
evaporating rates obtained by the Shell Thin FPilm
Evapogimr, The data ahm are for reference
use only. ‘

{*) Du Pomt Registered Trademark ‘
DUP030002288
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Temperature

The rate of solvent 1088 from the applisd film
on the panél is a function of the enviromment and
temperature is the most oritical element, %o
control the rate of dry it is nscessary to maine
tain the tempsrature of the envircnment surrounding
the applied f£ilm of the panel while 4%t is flashing.
It was found that the most reproducible results
were obtained by maintaining a temperature in
excess of any spray room temperature., 120°P was
selectqd and found to be easy to maintain regard-

- less of room temperature., With the contmusd

environment at 120°P for the flash period, a
uwniform metaliic pattern was nbtaimd &8 tho
a%uginum particles orient under a atandard rate
of dry.

.The relative humidity is very critical at
temperatures below 80°P Af it increases above 308,
As the temperature rises, h:.%twr relative humidity
can be tolerated and does not affect the wetness
of the film, The relative humidity will affect the
wetness of the applied film if it drops beleow 15¢
as the temperature rises over 85°p,

There appsars to be a wide tolérance of relative
humidity as L% changes with temporature. In most
situations the temperature and relative humidisty

increase or decrease in the same direction and

prevent extrems conditions in the environment.

It iz dmpossible to outline the "comfort zome® fob
constant solvent eveporization with the equipment
now available in the P. & F. Division and extmm&y
costly to control a marrow "comfort zone.® It is
possible to avoid most of the effect of changés in
relative humidity by maintaining the spray room &t
80°F minimum a8 most high temperatures are accom=
panied with higher rslative humidiueso '

’rwperatm and mlative hmﬂ.d&ty bacoms mors
eritical as the air flow rate inoreases. There is
no advantage to maintaining air flow rates in excess
of that required to remove the overspray. The
present rate of 300 fest/minute is dift&cult to

maintain and 150 feet/minute was found to be adequate

for spray dust removal and easier to maintain at a
constant rate, At the lower rate the film wetness
varies less under temperature and relative humidity
chanses 80 panels are more uniform in color and TT.

DUP030002292




Iir the f£iim yvetnese oy wet film weigm can be
controlled within 4 5% end rate of dry held cone
stant, excellent reproducibility can be obtained,

Wet £ilm waight can be maintained bys

(1) cmm,@t@ sireconditioning with a range
ef 5° and 208 relative humidity,

{2) Changing solvents so the rate of
eveporization is constant under a range
of temperature and humidity.

{3} Use a slow evaporating solvent free of
B=30 to minimize difference in loss in
combination with a controlled enviren-
ment for the flash parﬁ.ode {Details
discussed at end.) '

éh)' Remove the H=30 from the formuias and
substitute a slower evaporating sclvent
to use with controlled enviroment system,

{5) Use a combination of two proposals.

The C.E.S. was dmml@md late in 1961 as a means
of aveiding the wide fluctuations in temperature and
humidity experienced at Philadelphia Process Engineering
When am‘ang "xmﬁ.t;a"@ mmn&c p&m&ao

e et gt

{#}) Hu Pont Beglstersd Tradomerk
DUP030002293
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The purpose of the C.E.S. is to control the en-
viromment of the applied film of a pansl so its rate of
dry is conmstant. constant rate of dry allowa the
aluninum particles of a coanstant wet film to orient in
& uniform manmer s0 reproducibility of color and TT is at
8 maximum, The system operates at 120° which is easy to. -
maintain by heating the sprey room aiy, Raising the
temperature avoids high humidity which reduces the re=
producibility. . No attempt was mede to control the humidity
as its.effect in this range of temperature did not adversely
affect reproducidbility, ,

1. The Controlled Enviromment System operates at 120°
for controlled flash temperature. :

2, Uses a slow evapémtang solvenit B=T9/H=UT equal paris,
Minimum loss over range of room temperature.

. 3. Pixed veloscity 150°/min, Eab;y to control.

4, Pixed reduction = 100 cc material
» 110 cc solvent

5. Filtered air givéa ¢lsaner | panels,
6. No flash time before bake, |
7. Sixepass system 1=1/2 min, flash for 24 coats,

8. System minimizes ‘var:;.anee in coleor but does not
- eliminate it :

9, Por meximum control air temperature of fan must be
controlled., - : ‘ : 4

10. Pancls show a very light orenge pesl and are higher

in 77 than regular standards. . ]
11, Iimits of reproducibility over a range of 80° to 95°F.

2L & 0,10
4& 4 0,30
b £ 0,10

+ 2,0

- SR ¥ 7

D. puure Stustes
i, ,;._:': SPTEY

The alroless spray would decrease the variance but
would not eliminate it =s some solvent is required to
reduce viscosity., The unit is impractical for panel
preparation due’ t0 cleanup times required, PFanels
prepared had a goed appearance and if a simple unit
can be designed it mey prove useful, :

H

DUP030002294




2, Steam Spray

3o

This system appears to have & very good potential
a8 it would be completely independent of temperature
and hunidity as all of the faster solvents would be
evaporated, If used in eonjunction with the C.E,S.,
& very high degree of reproducibility shov.!.d result.

The panels appear darker and in the direction of
the f:um obtained on the automotive pmduction line,

. .Further work is planned to determine the ‘
feasibility of a st.aam system end its rcproducibuity.

Test Mswmndm

Report on Preparatiom of ”wcite"* mtallic co;.ox'
Panels

Temperature~Husidity Plant Reports

DUP030002295
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{or some such assigned no.)

Page 1
4/13/62

S?RAY TECHNIQUE & PANEL
PREPABA‘I'ION = SPARGER szsm

PURFPOSE = To pmv&da a detailed pmedum for pmpaxving *Iuolte"s
Aeryiic zmquer golor pami in the most reproducible manner. -

PRINCIPLE = The method consists af preparing panels under closely
eenmged air tempemtum and velocity. The Lemperaturs of the
air in the G.E.S.*is normally sbove the temperature of the spray
roum, in order 0. reduce or éliminate the effect of Liuetuations
in mom air environment.

# Controlled Environment System (Sparger System)

STATUS -~ This 1s a proposed control method and has been used

ext 'naiveﬁ.y for Instrumsnial Coler work at Fiint. It has been
evaluated for reproducibility over & wide range of temperature,

It 48 the most reproducible mothod of pmparing "Lucit:e"* metallic
pamla ab the present time,

1, llﬂ’ x 6“ alwmmm paml.s unaemoated with 881-94027,
o W Mo Go Sealer, reduced with 37767 .

Apply one double coat and air-dry minimum of five minutes.
2, Common sense strainer or 100-mesh screen.
3. Environment Contrel

 Sse drawings PWP13119
Pi=13120

Bluaprmts may be obtamed from ?wcess Engmeer:.ng,
Philadelph‘.!.a Plant, . .

‘4. Spray Gun

EW Machm Spray = De Vilbiss AGA 502 with AanS»E .
tip {Order AV=601-E Tip and gasket which. includes
the AV=Pip, AGA UOle-E-Neoedle and 30 cap. @Refer
Ds Vilbiss Parts List 1820=A,) -

Do Gum should be inspeoted mnthly for wom partse.
The gun should be completely ovemaul@d and new
parts installed where nOCeBBATY.

¢, Fluid Stem ~ 3/56 inside dismeber,

{¢} Du Pomt Registerved Trademsrk
DUP0300022986
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- 27 = Page 2
h/13/62
Adr gauge on gun = D2 Vilbiss H=6054, 0=100 pounds,
Air valve on gun - equipped with positive open and clese.
Thinner M-8 (H=47/H-T9 squal parts).
Oven {260°F 4 4°F),

If necessary to clean panels, use ?Iz“m(il‘t‘. Do not o4l
or use rubbing compound,

Daylight lamp (THe350).
Horizon ma . |

Test Panel Rge;c_xpmcatm ‘Unit,.
a. Eclipse o

b, 2 = GA=85 Gsars for all Ratlo

¢, 18-inch stroke _
d, Pensl spsed = 822 inches/iinute ¢ 25 inches/uinute.

ggmfy booth linesl velocity of 150 feet/min. i 25 feet/min,

40

m@mtm _O_f 60?.0

EDURE |
Standardizing Spray Gun

8, Adjust the alr regulator to give am air pressure of
55#/8q.dn. 4+ 2#/8q.in. et the gun with trigger wide
opest, - Comprassed air temperature should be betwesn
T5°F and S0°F,

b. Set the gum so that the ear of the cap i3 11" from
the panel. The center lins of the gun should be
perpendicular to the panel and in line with the

.~ center of the panel, Lo : :

After gun is set, measure distance from ear éf cap
. to top of Panel Reciprocating Uait and record so it
can be checked daily. ~ o

¢, Adjust the fluid flow to a rate of 100 c¢ of
H~583/14 seconds. :

g, Adjust fan to form _a.:' unifom 10=1/2" pattern.

DUP030002297
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e. ‘The above ad,juatmnta are e guide axzd should be

) checked by spraying six passes of standardized
868=0124 white base reduced with M-8 solvent
at a ratio of 100 cc of 0124 to 125 cc of MN=8.%
The panel should be prepared with the spargers-
operating at 120°°F. The wet film is the moat
epritical pmperw of a2 color panel and must be
very closely controlled for wet film weight.
The wet fiz.m of six continuous passes should
weigh 0,62 grams % ,03. The wet film weight -
can be changad by adjusting the feed or fan and some
Judgement is required to make adjustments so the
feed rate and fan are as close to specification
28 possible, NMinor adjustments are best made with
the feed, The fan is limited by the formation of
ggtzso\ar glase figure or mn»unifom&ty from i;op %0

o

£: After ehaﬂgﬁm any one adjustment on the gum, all
gdgustwnts should ba rechecked until all are in
BAEN0R

If unable to adjust gun to give the speo&.ﬁed nm
welight, it will be necsssary to change solvent
reduction under extreme conditions by mcx‘easing
th@ % Of H*79.

As a fﬂ.mx check, spray a panel of 867 1ine and
ghgcgi gry film build, It should be 2.0 mils to
B

Check wet t"ilm weight once per day.

Check feed raw aaﬂ panel distance ome per day.

Check fan pa’ctam onee per week,

1, The C.E.S. should be plaee& 80 that paml travels 3./2"
from the face of the apargem.

2 'fhe tamparawm should be set at 120°F to obtain 2
temperaturs of 120°F at the panel, This can be msasursd
by attaching a thermometer to the panel and completing
a spray cycle. Adjust air t@mrawm 1f nascessary to
get 120‘? at the pansl,

3. . The average air flow over the face of the spargers -

. should be 150 feet/minute, This setting should be made .
with a clean filter on the blower and the filter should
be cleaned weekly to maintain uniform sir flow. The
dampers should be locked in plade after adJusting for
apecimed air flow, -

# ;equal parts Hed7/H=T9

DUP030002298
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1. Use undareo&ted panela with one end of the reverse side .
marked "Top,"

2. Set panel in holder at 90° angle %o canter line of
spray gun and so it passes in fromnt of spargers at
squal distances from top and botbtom edges of spargers.
g?gﬂpanels should be set in the same position at 21l

: 8o

" 3, Sprey as follows:
&, Reduce 100 cc of materisl with 110 ec of equal
' parts of He47 and H~T9. Avoid hot or cold

solvent and mater&al. 'Reduced sample should be
betwean 75°F and 85°F. ‘

bo Spray six single coats,

- 6. Flash 1=1/2 minutes with pansl in holder paeaing
behing spargers. :

d, Repesat for nmmber of raquired coata specitied
on formula, '

@, Flace in oven imm&diataly and bake 20 m&autes
at 2 OoFo .

£, Examine'rnrlcainr, S89 TMoscowme

The equipm@nx has baen used for the x.c A, enmmarcialzzatiun
program at Flint wzth the following resultss -

A one seb of ccnditionax

Resolution
AL 0,10
A8 Q.15
Ab 0,10
- AT 2 -

DUP030002298




1/13/52

Range of W.eggtm and M1dﬁt9-a
TGGF hae 20% R.H. %0 QSQF hid 50% .Roﬁ!

" Fesolus
AL 0.20

Ad : 0.50

Ab 0.20
AT? 4,0

This variance is less than tha varmnea found in new standarda
and O.¥e color panels.

To use the sparger system of preparing color panels.

Eo A, MILLER
EAMzIL

DUP030002300




Philedelphia. Plant

: | . June 18, 1962,
W, H, EDWARDS :
COLORT CHART COLOR ADJUSTHMENT sszsm €P°=57§
REPORT ON rmammbgc ggs “vgm% \

In the preparation of "Lucite"s m@tallm color panels, it -

has been found that the present 867 Line -is extremely semsitive to ,

any change in drying conditions or in the wethess of the applied £ilm,
m £ilm wetnees is a function of many variables which can be son= ‘
trolled but the most important variable is the roomk temperaturs whish
cannot be controlled for the desired reproducibility. The high pere
centage of H=30, Acetone, in the materisl reduced for spray applicae
tion and the high percentage in the reducing solvent result in wide
vardations in £ilm wetness snd color variation due to varying losses
caused by changes in temperature, The present problem of peproducie
bility is that the variation in color due to envivomment changes
sxceeds the limit of variation required for production color control.
Although ths specifications ¢f the present TH-340-F are followed,
the color variation is excessive, This ls a problem in production
control and preparation of s’tzam%ardsa

. . There ave two solutions, One is to veurite the T.M. with
mach narrower limits and the othér is %o adopt another msthod of
prepering panels that allows a wider variation of awbient conditions.
The detans of sach are outlined in this report,

. mm are certaln b%&a concepts of a coler control standard
that must be adopted for 867 Idine color control dus to the fact that
minor envirorment changes affect the eoler. The color standard can
- only be a standard for one set of conditionsy therefore, the standerd
color panel, to have & true standard value, must show the following:

1. Teimperature of the alir
2,. Velooity of the air at the panal
o Relative humidity of the alr -
Pilm thickness or film welight
5» Solvent reduction
6o Wet £ilm weight for a given number of passes

If these are known and can be reproduced within navrrow
iimits and the following are in lime with the test memorandum,
axcellent repmduc&bﬂity shmam regults

{#) Du Font Registered Tredemark
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Te PFluid fiow
8. Panel distance
9.9 Pan pattern
10. Panel speed
11, 0Oun, cap, needle, and head
® d2. MNumber of passes
13, Plash tims
14, Oven temperature for bake
15. length of bake
16, Air presesure

The ilimits of the first three variables for the present method
of preparing panels are not known bub they appear to be very marrow.
The best “gussstimate™ is as followss .

1. ‘Temperaturs of air 82°F 3} 2°
2, Velooity of air 300 £t. per minute g 50 ft. per minute

3. Rumidity 309 4+ 10%

These extremely narrow limits would require a very costly
installation to accomplish the necessary control. . A

A second basic concept to be adopted to avoid the above
costly installation is that a production control system need not use
pansls that mateh the customers’ production line applications, Two

< customers using the same material will not apply it under the same
‘) conditions and will obtain different colors; therefore, the most
. important factor is to give them uniform materisl, This can be

" .aceomplished by using the best methed aveilable for color control
although the color of the conbrol panels will be different than the
color obtained by the customer, If this is objectionable to Sales,

- 3¢ may be necessary to prepare a second sst of pansls for customer
usage under conditions similar to those used in his plant. The same
materdal would be wused to prepare both control panels and customer
standards but each would have a separate set of conditions om the back,

, If a new control system could be adopted, it would overcoms
the present problem as panels now prepared for standards are held very
close for £ilm appearance, To obtain this film appearance, it is
necessary to prepare panels on the wet side which is an area where
veproducibllity is very difficult and any slight change in environment
brings about a change in color, Although these panels are prepared
within the limits of the test method, they cannot be matched at highey
temperatures without using a retarder.

. It is proposed that the sparger ¢r controlled environment
system be adopted that produces panels that are on the dry side with
a very slight orange peel that is only perceptible at specific angles
and is much more reproducible over a wider range of conditions, These
panels would not match the color obtained by the customer but the
system would give us a wider range of reproducibility at a minimum
eost., It 1s estimated that the cost per booth would be $660 to $800.
I should be recognized that there will still be some minor color
variance due to changes in room temperature, This temperature change
affects the perscent of H~30 lost betwsen the gun and the panel which
gives various degrees of film wetness, This variance could be reduced

by increasing the percentage of H=T9 for higher room tenperatures.,

DUP030002302




: To sdopt this aystem, u, waum m necessary to have
standards prepared with the same £4ilm charvseteristic in order to
have maximum conbtrol to & given standard, This would require a
complete revision of the present method of preparing standards and
would also require all "Lucite"# preoducing planta %o have controlled
environment aquﬁ.pmnt to use the new standards.

. An alternate method would be to establish a mster stan=

. dard on the controlled envirconment system and use it as a gulde te
-prepare standards with the present equipwsnt., This could be accome
plished by changing the esmbisnt air in the spray booth or changing
solvent used for reduction; The casiest way Lo acemnsh thia would
bs when new standards are prepaved for a model ysar. The 1963 stan~
dards hava been pmpamd but 1964 Mandarda could be a realistic goal,

If the aysmm warrvanted imsdiate mtallatian for 3.963
colors, it may be possible to use present standards with & minor
-~ off~get, A study is scheduled and an answer to the probl«m should
be known in the near. mtm.

cemmma Emvﬁ.mment Syat@m

Se.

A, Outlins of System
o Opem'bes at . 120° for afmtmn@d f‘lash twperatum,

ép mes a slow evaporating solvent H=T9/H~4T equal parts.
' Minimum loss ovel range of room mmpemtumq

3, Fixed velocity 150'/min, Emey to comtrol,
4, Pixed mduct&on‘ o

100 'cﬁ material
110 ¢¢ solvent

5 _Eummd air gives cleansr panels,

6, Mo flaéh time before bake,

7. Six=pass system 1“3./2 min, fiash for 24 coats,

8, Systam m‘&n&m&ms variance in coler but does mtz e&imi.mm it,
9. Fox*

10, Fanela show a very light omnge peel and are higher in o
- than regular standards,

11, Limits of mpmducibnity = 867-95183
AL £ 0.20
A HIE & 0.30
ab 3 Qn 15
A W :_t 200

e@ntml air to fan must be cmtroued.

{#} Du Pont Registered Trademark
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'me present 867 Line requires & new @c—:sﬁ Boporandum f@x»

des&red wepraﬁuc&b&liﬁye

To produce color panels undsy the new test m&m@vam&wm wild
g;sgiie installation of high cost equipment throughout %ﬁ@
on,

Alternate msthod would be to adopt ths controlled env&m@ﬂmﬁmﬁ :
syatem‘which gives a £4lm with different characteristies.

8o N@wotypq'panala must be acc&ptabla to Ssles,
b If not acceptable, two sets of standards could be a@apﬁ@éa

¢, If present study shows thad the prepared 1863. c@u&ﬁ ba’
used with the C,E.S. using an off~zset in celor, then
convars&on of control units would only be necessary.

d. It would be poasibl& t0 prepare new contrel standards
tolmatch $.E.8, standards and adopt system for 1963
{40 QN# '

.If change is made, it must be on a Divisional basis and
probably should be with & model year change,

The C.E.S. 48 am improvement on the present &y&k@m aaﬁ hag
proved to be adequate for I.,0.A. color control., Thers will
8till be some minor variations in panels duec to lozs of H=30
befween the gun and panel ab varying ammunt& dus t@ TOOR
temperature changes.

Automatic spray guns will have to be converted to a &ixwpasa
1,5 minute rlash 2h=goat system.

Raqnaat Salas nevelopm@nt &&borat@ry Bo su@ply the foliﬁwing

on all standards at time of preparations

. air temperature
Aly humidity
&lr velocity )
- Film thicknsss or welght

T™he sbove date should also be r@cerﬂwﬁ when sbandards ave
preparsd,

AdJust sclvent for un&f@ﬁm st&mﬁarﬁ preparation,

deuee booth air velosity t@ 1609 if spray dust removal
satisfactory.

Investigate pos&ﬁb&ii%y of controlling temperature of

air to fan with gr&sanﬁ adr conditionsr and use &a
eonjunat&un w&%h CoBado

DUP030002304
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6. Use volume reduction for semples Lo bé sprayed.

7. ALl colors should be formulated to give the some ﬁ‘um
characteristics at constant conditions,

PROCESS BHG , KEERING

gﬁ,m%u

Es Ao Miller

EAM 2 IL
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PLANT 23%
Tucker 95°F 95°F TT°F 77°F
95 Rcuo 25 Roﬁb 95 Rciao 25 RgHo )
So. San Franm. 72 91°F 67°% 59°F
. - 80% 30% 67 Raﬁu 38% RoHe
Chicago 92°F 93°p 70°F 70°
o | 38% 32% 10% 5%
Fort Madison 100°p
95%
Flint 2°9 g2°p - Q¢ 20
: 5% 37% 85% 59%
L : ?5% .,25% - 35% 20%
Phila, 100°F g5°p T0°p 80°F
98% 20% 95% a5%
; Av,
Max, /Min, Yax. /Min, 1962
Pariin 3 75/42 Jan.
: 33522 851#8 Feb.
hg9/33 80/39 March
56/40 80/39 April
. 69/50 : 8o/42 May
Bg/gg 84su3 June
2 . 85468 ° 85/49 July
- 83/68 89/54 Aug.
\ -~ 83/66 89/ it 5@9*0
" /50 87/50 Ost.
54740 80/49 Nov,
39/27 79/50 Dec,

, The "comfort zons™ for good spray reproducibility under the :
present system appears to be T8°F ¢to 83°F with a relative humidity between
20% and 404, The higher the temperature the higher the tolerance for
relative humidity. The moat objectionable conditions are high temperature
and low humidity and low. temperature and high humidity. \
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Lry

ot/

we”"

| 7"&/?7 /c'/“ﬂf?./rc / /é?:/a'/:%: //cm 117y
Low 195

It is impossible to define the limits of good weprmdu&ibil&ﬁy
28 uo equipment is avallable to run a seriss of tests, The large volume
of alr required for a spray booth mekes it impractical to comtrol to the
narrow limits required over the wids range of ’cmpemtum and humidity
experienced at each plant,
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Research Reports
Marehall Laboratory
Mottiing and Deppling of Metallics
9/11/51 by 3. R. Humabarger

mm.s.ng and Dappling Metallles IT
2/27/52 by J. R. Huntsberger

Study of VWeorking Pr@pertms of automotive k\ktalno Fins.sh
-- 3/26/62 by J. A, Ant@mni --
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