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In many ways, the wost important part of a paint film is
the surface of the film. 7The surface is aleo, possibly, the least

known paxt of che £ilm, Cricieal gmmeit perfornence properties, such

Jepend on the chemical

adhesion, weathersbility, and sppear
nature of the surface of the paint filwm, ﬁgmwladg@ and control of
the paint £ilm surface, W&:&l@i Besm m be an importent step in com-
trolling these important paint performance propertles.

composition

The only way one can ﬁ@mmﬁn@ the chemical
of the surface of & paist film is by divect smalysis, The surfsce
of the f£ila is different from the buléa of the £ilm: it is not the
same a8 the formula compositiom. ‘

. Theve &m several reasons ”w‘;&sy this 4 so. First, surfaces,
by their very nature, differ from bulk compositiens. | Second , @u@ﬁmé
activity phenomena - acting in the diverse m:&xmxé that is & paint -
cause the surface to be diffevent. Third, diffusion processes,oxygen
and thermal gradients in drving paint films, insure that the suzface
layers of peints differ merkedly from the bulk ox formula composition.

This situvation places lmportance wpon the ability to de-

termine the chemical composition of the surface of a paint £1lm,

In a fairly real senne, the surface of the paint €1llm is the paint,
4 / /K /, o
( ,:‘“ Y

and it is unbnown.

*-Prasented at the Third Delaware Valley R@g&ﬁm&:& k 1
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The Surface :
The surface of a paint film may ba defined as the upper
10 A of f£ilm material. This iz shout a eingle molecular layer; this

is the surface. Fraectically, the extent Lo which one spprosches the

anslysis of the wpper 10 A of film surface is the extent to which

one approaches surface amslysls.
We developed & method for determining the. c

SRR c&l Wu
sition of gmﬁmi £ilm surfaces s few years ago in this laboratory.

This method spparently allows us to azppz'meh rather closely, if not

actually reach, true surface m&yﬁis; We @aﬁm&te .ﬁ:hm: e anslyze
about 25 - 50 A of surface, and the qualitstive nature of our results
supports the ides that we arve malym#g surfaces; the surfaces ve
deternine ave markedly different ﬁm the total £ilm compositions.
The Method

We discoverad that we could analyze the surface of a p@mm
£ilm by lightly polishing the surface of the £ilm with potassivm
bromide powder, then collecting the pmsd@ere - nOw mnmmimmd with
sucface material - pressing it into a dise, m& infrared analyzing
the disc. 7Thies procedure |7 §mxm an ﬁnﬁr&m@ gpectzum of the £ilm
surface, giviog the chemical composition of the film surface, as
defined by the infraved spectrum. |

This means that one can get a falrly comprehensive pice
ture of the chemicel naturs of eﬁ'gmﬁ.é £iim surfaces because of the
cheracteristic definition and broad applicebility of infraved

Bpectroscopy.
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The problem, for this type éﬁé surface snalysis, is to

rERove only a wzy thin Ww: of the ﬂmﬁm, yet obtain & amm.@
size that is Mﬁsfmwxy for infraxed wﬁysm.

| To achieve this gosl, we use @ large film avea, very light,
uniform, abrasion, md efficient sample wuwtﬁ.@n. We use 24Y n 24"
panels, giving en apparent £ilm area ok 3?210%5245 The £flim surface
is lightly polished by rotating & finms steel wool pad amid potassium

de powder seattered over the film ?mrﬁam. The potassium bdromide

cum dwiw.

plus semple is then collected with & vawm

The surface abrasion appmmms is shown in Figum L. The
apparatus consists of two mein pavts: 4 panel support asnd cerviage

unde, in which the lscge sasple panel xidma, and a serew-drive

traversing wnit. The traversing unit carries the drive maguet
snd forth accpss the panel.

The @mmﬁ@n of the ﬁw&mm@ can m visualized with the
&m of Figure 2. %The sbrading

dise is composed of a bar megne
mm&m in waz in an alumimm cup, This cup fits into an outer cup
to which a steel wool pad is wired. This abrading disc is caused to

rotate and traverse the panel by the action of the drive magne

seen in Figure 2. The white limes on Che daxk .paﬁ.m; surface axe
patcerns of swizied potassium bromide é@wﬁ@m@ ¢caused by the rotatiom
and traverse of the abrasiom disc. | |

The abresion discs ave shown im Figure 3. The lighter dises
are used for softer films, the beavier iscs for harder £ilms. The

dises zotete at 300 rpm and trvaverse the pawel st 2 £, per minute.

DUPO030024817




M&N

The pansl is wmoved 3-inches wmumually at the end of each twvaverse 80 -

ace ls abreded uni

that with these two motions the whole m@k
formly and veproducibly.

The steel wool used for the grindis
and dried before use. Depending upor
being snalyzed, we used #0000, £#00, or $#0 steel wool. Fox the very

g disc is solvent washed

 hezdness of the surfsce

lightest possible sbrasion we do not use any steel wool; the potassivm
bromide powder (1.5 grams) is sprinkled evenly over the film surface

and then simply collected with the collector. Surfsce sample

ie obtalned in this way.
After suvface abrasion, masmmy one or two tiwes over the

£ilm surfece, the potassium bromide powder, plus the surface sample,

is collected by sweeping over the film mﬁﬁm@ with the vacwss

eyclone gepavator collector, This .mlm{f:mx is shown in Figure &,

To operate the collector, a vecuum line is attached at the

top of the collector., 4s the vam

wam foot s drawn over the film

surface, the sem

nwle ig sepirated inte the collector and deposited in

the semple cup at the bottom of the ey@s}.m sepavator, With this

procedure about 95% of the potassium bromide powder used is vecoverved,

The coliected semp le is Emmms;h sereened, small steel wool

fibevs are removed with & megnet, and the powder is pressed into &

trangparent 13 mm., dise in & potassium bromide die im the mmvmxmwl
IRESRS Eé 1} o |
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The infrared spectra were obtained with @ Perkin-Elmer

trophotoneter, ing & blank EBr dise in

soander actackment for the
spectrophotometer sllowed increases in detection semsitivity of up
to 75 times, This allow

ad us to maly@zg wvery emell (thin) surface

panmples.

Bulk or totsl film samples (sbout 1.0 mg.) were ground
with EBr powder in & mechanical vibmﬁ:@%, then pressed into discs
for infrared amalysis. This g&w us m@ total ﬁiim a@mtm o;f the
£41m, | :
Water Absoxption by

There is uwo problem due to th@ absorption of water vapox
by the potassims bromide powder during the abrasion process under
normal leboratory conditions. The reason may be that thewe is very
iittie grinding of the gmms;éﬁm no mgmifimnt reduction
in particle eize, im the abrasion process. The abrasion time is
ghort, uvasually less than five minutes; 80 thet the potassium bromide
is not long exposed to atmospheric wawﬁ vapor. | |
side in @ mechanical

In comtrast, grinding potassium bros

vibrator glves strong water sbzorption bands in the spectra. Come

pensetion, using simllerly prepaved m&m:& diges, lg the only way
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in importent mm&m about the method conserns the extent
to which the goal of true surfasce amalysis is schieved, the snalysis

of only the top 10 A of flim surface. This requi:

smont 1e qualified,

wever, by the possibility thet actusl surface compositions ave wove:
than & single moleculax layer thick. Surfece compositions, as thick
as 5 - 10 molesulsy layers, would we

100 4 of surface, @ﬁd still determine the true surface.

Qualitatively, our results suggest that only very thin

face layers ave vemoved in our surface abrasion. The surface

compositions found sre quite different from the total £ilm tﬁom@aim

tions, and are not Jdetected in totel £illw infraved snslysis. Furthern,
successive surface analyses ghow nearly the same surface compositions,
indicating relatively thick surface layers and/or very thim surface

layer removal. In our lightest abrasiowns, there is mo wvisusl evidence

of abresion, sven after soveral successive surface analyses.
We have made & vough guantitative estimate of the thickness
of surface leyer rzemoved in abrasion. Using the fllm sres of 3721.

cm.?, an approximate £ilm demsity of 1.0 gm/cec., and a surfece sample

weight of 0.2 mg. {(estimated from the intemsity of the spectrum), we
obtain an ave

rage £ilm thickness equivalent of semple of

T0 anlce, & 370 .cad 3
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even if it is in exvor by & factor of 5, it etill sugges
are only removing about 25 & of surface.

We plan to attempt a direct measurenen
smoved at & later date.

aples of simple applications of film surface
analysis ave given im the followlng
i,

& appropriste initial test of & paint film surface ans
method is the detection of a surface active sgent at the surface of &

paint film, A successful result amounts €0 a rough certification of

the method,
We enalyzed the surface of a findsh containing 200 ppm,

gure 5. The spectiys

gilicone oil. Our results ere shown
the film surface is that of silicome oil; 1t is completely differvent
£rom the spectrun of the total £ilm, The spectrum of the totsl £ilm

shows no trace of silicome oll. The method has passed a flvst vough

test of validity.

2. nt and Silicone Distribution et a4 Palnt Film Surface

eagongble to expect that if one could measure the
distribution of 4 surface sctive material in a film near the surface,

ind 2 high surface concentration thait decressed vapidly

& phort distance inte the intevior of the £ilm. On the other haud,
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to be just the reverse. Palut @hmi%s have long spectulated
have a clear £ilm layer at the film gurface -

free of pigment, Our studies on a pigmen

ppm. silicone oll at & pigment/binder weight zatioc of 50/100, provide

date on thess questions, |
Ve made gseverael successive surface snalyses on the surface

of this finish, and our vesults way be seon im Piguve 6.

Both distributions are a8 expected. The silicone concene

RIS ;;i.t & ghort

tration is very high at the surface and decresse
distance into the film, This appears to be the espectsd behavior
for a surface active agent in a £ilm and this suggests that our method

concentration - as the silicome vatic - is

of mesguring the silicome
probably valid. The silicone ratio is the ratio of the sbgorbence
of & gilicone band (12.5 microns) to 2 £ilm band (5.8 microns).

The pigment distributicn curve suggests there sctuslly is

a layer of clear filw (bindew) over the pigment at the psint £ila

surface. The measured pigment concentration is zero st the surface

and increases gradually geolng toward the interior of the fllm. Ws
et Lo bindew

centration s the ratio of pigm

messured the plgment con

using the absorbemce of the 14.3 micronm pigment band snd the absorbance

of the 5.8 nicron binder band.
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Hote that the surface levels of both are quite diffevent
from the votal film levele as shown at the 10%‘3: right of the Figuve.
As wmeasured in the total £ilm, the silicone xatio is zero aad the
pigment sbearbance ratio is nearly ome.

The wmits of f£ilm thicknws' shown in the graph axe the
sample abgorbances at 5.8 microms; they are pmﬁor&iﬁm& to £1lm
thickness. A rough estimate suggests thet the .ﬁﬁt&l film thickness
vemoved in this study way heve besn asbout @um mil.

The pigment distribution vesults reise the guestion of how

vapove 2 £ilm

gmall pigment particles are in a paint film. If we
layer sstimated as 25 - 50 X thick , ave there pigment particles this
smell in the paint £ilm?

| It iz possible that theve way be, and that the emallest
particles might conecentrate nearvest the f£ilm surfece. This size

{50 %}‘ is below the level classified in pigment particle size dis-

eribucion neasurements; where as much ass 10-207 (by weight) of the

plgment particles may be classed as below 0.1 miceon (1000.4) .
Our present belief is thet there may be pigment particles
this size, and that the distribution curve ghown may be valid., The

alternatives are that the sbrasiom shears off portions of pigmen

smoves large pipment particles from the film. We do

not presently believe sither to be probable,
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3.

be & ﬁmid test of the general performance of this wethed

of surfsce enalysis, we analyzed the surface of 8 £ila of o
sgain, thet the surfece ls quite differemt

wl‘wmme e Ffound
layer is & long chain

(el mi&l ‘

from the total film composition. The surfacs
saide. This emide is probably a slip-agent; similer wacerisls sve

frequently added to polyethylene at 2 few hundved parts per williom

to improve £ilm sllp. The surface end totel f£ilm spectra are shown
in Figuwe 7.
ests that we ave é@ﬁ.ng actual sgurface

This result also sugg

analysis and shows that free polymer filus may be surface spalyzed
in this menmer,

4. The Comcentration of Plasticizer at s Paint Film Sucfsce

Surface studies on & lacquer type paint film revealed that
-the phthalate plasticizer -emcmmmmé at the £ilm surfece, The V
r was 4/10;

gorauls rerio of plasticizer/polymer for this lacque
surface analysis revealed that the surface plasticizer ratio was
about 8/10.

We then nessured the surface plasticizer level as a function

of the plasticizer level in the total file, The vesults axe shown in

Pigure 8. The greph shows that ouly at the 2/10 plasticizer level is

the surfsece level the seme as the total Film level., Above this film

ievel, the surface plasticizer level rioes wapldly, mé.ahmg 2 mastisnms
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lzer ratio, for a film level of 7/10.
{bility with the £ilam in-

0 f m pi&sﬁﬁ.cimr Coanpas
resse in the surface concentration.

us objection to this method would exist if the

surface ebzasion chemically changed @ significant fzaction of the
: hown indications of such

surfece sesple. Ouy resu
changes. _ .
The first evidence that this abrasion does mot slter the

gsurfece sample is that, in the amalysis of £ilme deying by solvent

W&@t&tﬁ,@n, where there le the least opportunity for mfxa

e during £ile formation, the surface spectya we find ave those
dified. Thare fs uo

© of @ £ilm
we of chemical change

component, such as a plasticizer, v

ee fa that the surfece snelysis of poly~

ethylene £ilms, carried out in %@m oxidizing and inert atmospheves,

results. The surface spectra were idemtiecal,

when the analyses were done im oxygen and nitvogen atmospheres. It
agndfy

is reasonsble to empect that these differemt conditions would ms

differences coused by the abrasion of the £ilm surface, if such dif-

feremcss existed.

The question of surface sewple modificaticn by the abrasion

process is still, howesver, a contimuing question,

DUPQ030024825
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We have briefly descwibed & method for determining the
int £ilms based on the light

chemical nature of the surfaces of pa
gbragion of the fllm surface with potassiua bromi
by pelieting this powder, and Infraved analysis. The method sppeags.
Using this method we have detemmined the chemical composi-

ably sensitive.

to be zelatively sim

at £iln surfaeces. The method aleo appears to be of

poseible uwiility for the cross-sectiomal anelysis of paiunt £Lilws.

idhegion and durabllity, ave surfece properties - the abilicy
te anelyze paint film surfsces should be of considevable veluz in

undergrandd bohavior of paints.

i would like ¢o ecknowledge the capable assistsnce of

kvard J. Rellly in this work. I would alszo like to themk ths

mg 6, 2?@'@?? {19523
Sciupson and O'Donnell, JACS szgg 1805 (18582),

6/14/60
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MAGNETIC ABRASION DISCS
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SURFACE ANALYSIS
SAMPLE COLLECTOR
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ABSORBANCE RATIO

1 T
| ? - | ABSORBANCE
4.0 | COMPONENT MEASURED AS: ___ RATIO
' 1 (MICRONS)
SILICONE SILICONE /BINDER 12.5/75.8
PIGMENT PIGMENT /BINDER 14.5/5.8
3.0
C
2.0} SILICONE OIL
TOTAL
FILM
VALUES:
1.0} PIGMENT
e »
PIGMENT
SILICONE
0 —t N WL e So—
0 0.5 1.0

FILM THICKNESS (IN 5.8 MICRON ABSORBANCE UNITS)

FIGURE- 6 THE DISTRIBUTION OF PIGMENT AND SILICONE OIL
"~ NEAR THE SURFACE OF A PAINT FILM.
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SURFACE PLASTICIZER RATIO
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TOTAL FILM PLASTICIZER RATIO 3%

¥ PLASTICIZER / POLYMER RATIO MEASURED AS THE

ABSORBANCE RATIO 7.9/8.4 (MICRONS).

FIGURE- 8 THE CONGENTRATION OF PLASTIGIZER AT THE
' SURFACE OF A PAINT FILM —AT VARIOUS TOTAL

FILM PLASTICIZER LEVELS.
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