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FORMULATION PROCEDURE AND SPECTRAL DATA FOR

A HIGHLY REFLECTING COATING. FROM 200 nm TO 2300 nm

" Charles. M. Shai.
John B. Schutt

ABSTRACT.

A method for formulating a highly reflecting and mechanically stable
coating from very pure bariﬁm sulphate is. ca;'efuliy-défz‘liled. Re-
flectance data are presented for this coating from 'zoo nm to 2500 nm
and compared wit!-x the commercially available Eastman Kodak pre-
formg.ﬂated c;'oating as well as freshly smoked Vma,gn-esiumvoxide. Com-~
‘pared to the Eastman coating, the one detailedrfin,&e‘,bojy,éfjhis,xepgﬁ‘ E
has the aﬁvanta,ges of somewhat higher reflectance fv;é.lués ﬁoughout

the spectral region of interest as well as greater ease of handling.
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FORMULATION PRCCEDURE  AND SPECTRAL DATA

FOR GSFC WHITE REFLECTANCE S’IANi)ARD

INTRODUCTION

Contmumg interest in mghly reﬂectmg diffuse eoatmgs has prompted investiga-

~ tions into the p*om;se of éuch materials as the 2lkali metal halides, particularly
sodJ.um chloride! the alkaline earth carbonates, particularly magnesium ear-
boxiatg. aluminum oxide - mwagnesium oxide - potassium silicate paihts, barium
sulphate-powder, barium sulphate powder in rpolyvtipyl al'._colicil and smoked mag-
nesiurﬁ oxide to recall a few. Most often used among thése. candidates is ‘sn;ioked
‘magnesium oxide. When freshly smoked, both its average diffuse reflectance énd
the magnitude of its reflectance ffom 200 a.m to 2400 are unchallerged. This
property is pmicularly true in the ultraviolet. Howev:er, the atmospheric
mstabx.hi:y 2.3 and fragility of smoked magn&mm oxide spurred investigations

- for the purpose of finding compromise coa.tmga not suffermg from the disad-
vantages of smoked magnesium omde. This search is respon_lble for the iist

~ of materials and systems given above.

Although barium sulphate has been investigated in our laboratory previcusly, it
~ was not until a high purity barium sulphate'poWder, a;nd a polyvmy‘; .aleggpl sus-
pension of that poivder were introduced by the Eastman Kodﬁl\i{ C-omp';.ny that
barium sulphate based diffus'e;reﬂei:tance coétings rece‘iyed extensive-attgntion.

A paper by Grum and Luckey® summarizes the Kodak process for purification

1Stuare, J. ., Tech. Brief 71-10110. :

2Hammond 1M1, H. K., J. Opt. Soc. Amer. 45, 904(1955)

3Weber, H., Z. Phys. 130, 392(1951).

4Grum, F.. and Luckey, G. W., App. Optics, 7, 2269-2294:1968).
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and precipitation of then: h1gh purity barium sulphate and gives the historieal
\Tbacxgrou.nd servmg to generate their interest in this particular powder. Also
included in fheir publication is corﬁparative data with smoked magnesium oxide.
Because these authors are complete in their treatment of the virtues of barium
éuiphate powder .and the polyvinyl aleohol coaﬁ.ng formulaﬁon, we are content
with meticulously treating the formulation problem. Experiences in our labo-
ratory with the Eastman paint dempnstrated that problemé were Ausually en-
countered in its application because of phase a.ggloineration between pigment-
pigment and pigment binder due to interactions. Redispersion of their formula- -
tion has been found difficult. It is with this aspect of the problem that this ‘
wrlte-up isiprimarily concerned; na.mely, prov1d.mg instructions for- formulatwn _
 of the coating wherefrom these aforementioned mteractlons are mlmmal. Also,
the formulation as givieTritizrs found after standing to be redispersable by hand

stirring after the addition of water.

Included also are reflectance curves comparing both the Eastman coating and
6ur coating with freshly smoked magnesium oxide. For easy reference, data on

sodiure chloride is also incorporated.

FORMULATING PROCEDURE

Referring to the formulation presented in T;z.ble I, the dominant vehicle, >water,

7 is split into two portions. The first portion, weighing 72 grams, is to be com-
bined with the polyvinyl alcokol while the remaining portion is mixed with the
absolute alcohol. After weighing cut 72 grams of water into a suitable container,
the wa.ter is heated to about 90°C or to a temperature su.fﬁclent for meltmg the

polyvmyl aleohoi. After the proper meltmg temperature for the polyvinyl



Tabls I

Formulation MS-125: - Barium Sulphate Polyvinyl Alcchol Coating
With Extended White Reflectance

Ingredient Weight (gms.) Percent ' Remarks
Barium , Eastman Kodak
Sulphate - White Reflectance
(Ba So, - 2 H,0) 400 55.2 Standard No. 6091
Water 197 ° 272 Distilled
Polyvinyl R 99% Hydrolyzed
~ Alcobol 3 0.4 (Hot water soluble)
Ethyl Alcohol 125 17.2 Absolute

aleohol has been reached by the water, the polyvinyl alcohol solids are sprinklec}
slowly into the; water, while the solids are kept under rapid agitation to prevent
agglomeraiion and the formation of the PVA into large globules. Provided
formulations of this coating are not excessive in si~~ this initial operation is
most conveniently w.rri;d out usiné # magnetic snr;ér While the polyvinyl
aléohbl is dissolving — a procedure normally Tequiring about fifteen minutes —
the remaining portion of water (125 grams) is mixed with the required 125 gram

portion of absolute alcohol in a separate container.

Oncé the polyvinyl alcohol has achiéved complete solvation, the solution is
‘allowed to cool down to room teﬁ:perature under continued aﬁéat_ion. Once room
tempefafure has been reached by the solution, it is added to a blender jar. Sub-

sequently the blender is operated at high speed afier which the 250grams of



N

alcobol-water solution is added slowly. Care must be taken to prevent dissolu-
tion of the polyvinyl alcohol. A safe duration time for this step is two minutes.

Care must also be taken to prevent noticeable heating of the mixture.

Finally, the required portion of Barium sulphate (400 grams) is added to the
rapidly agitating mixture. The powder may be added rapidly. The required
dispersion should be obtained in ten to fifteen minutes. Care must be taken

once more to prevent over heating of the coating composition.

SURFACE PREPARATION AND APPLICATION 'PROCEDURE

Prior to a.ppl.catlon of the ooa.t:ng composmon to ‘metal surfaces, the nurfaces
must be thoroughly degrease" Since most apphw.tlons of this coatmg are to
small objects such as mteg'ratmg spheres, degreasmg may be readlly 2CCom-
plished bygipir.g with acetone, methyl ethyl ketone, etc. Only in unusual cir-
cgmstancés is alkali cleam‘ing followed by aqid etching required. Once the sur-
facés éré ;grease free, a suitable priﬁxe coat must bé spplied. A saﬁsfactory
primer for this instance is a flat acrylic white. The intermediate application
ofa white pr)mer 1.=' required because residual bisulphate or sul Eunc a\,1d
_meieties a.re gradually released from the surfaces of the plgment th.ch are
capable of dlﬂ:'usmg to the metal-coating interface a.nd reacting with meta.l to -
form hydrogen. Siﬁmlta.neously, sulfuric—bisulpﬁate migration is/'ga:a.lleled by V
-the oounteridiffusion of metalli_c pa.rﬁcles and ions capable of stammg or de-
Vétmying the coating. Conseciuently, surface preparation and su.ita.l;xly precoating '

are important.

Prior to spray application, the coating composition as in the Formulating

Procedure must be thoroughly sﬁrﬁéd and diluted with sufficient distilled water



o allow the paint to regain-its freshly formulated cons1stency Nor:mally after -
a shelf life of two weeks Oor more agglomeratmn can occur during spray appli-
- cation. Consequently, prior admtxon of water expedites application and provides

V;’c:he desired cosmetic appearance.

The coating composition as forpmlated is best appl'ied using a spray appa.raj:us

incorporating a pressure pot. A suitable system 1s BINKS model number seven.

. As in the procedure recommended by Eastman Kodak premarking the primed
surface with a pencil prdvides a convenient way for monitoring the coverage of

" the coating over tﬁe primer. Normallsr this hide is- a_chieve‘d w_iﬂ:i about 40 miis

of the barium sulphate coating.

After application, the coating is air-cured. Heating is winecessary and is to be

avgified.

SPECTRAL REFLECTANCE DATA -

Spectral comparisons of the Eastman diffuse reflectance with the one descnbed
herein (MS-125) are presented in Figure 1 along with smoked Mg o and sod1um
chlorlde‘for the sake of completeness. Data for the Eastmar, MS-125, and
smoked Mg O edétings were obtained on a Céry model. 90 spectrofeflectometer
obtained by means of a Beckman PK-2A spectrorefiectometer with a Gier-

Dunkle attachment.

Applications of MS-125

The ilse of barium sulphate dispersed in polyvinyl aleohol as an integrating

coating is now nearly universal. Sodium chloride is also currently in use, but
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because application is more time consuming and regaires considéi'able experi-
ence, its use lags MS-125. Wheﬁ‘the highest infrared reflectance is Tequired,
sodium chloride must be used; however, if high ultrav,iolét reflectance below

295 nm is required, use of MS-125 is required. o - o

Diffuse reflecting white coatmgs are oontmually in demand for calibrating .
photomultlpher tubes used m fh.ght expe"lments. Ca.hbratlon coatings have been
prepared for OAO-A B, C a.nd HEAO. Smnlarly, the Cerenkov cha.mber for

; HE CR]:." has been coa.ted w1th tms composxtxon bemuse it ctrr:rently offers ‘he o

'best reﬂectance in Lhenelghborhood of 200 nm, as weuas mecha.mcal stab:.h:v.,m o

-

_' Uses for the Nlmbus PrOJect ‘are numerous, but the continuing use is for: coatmg
one mch fused silica mtegratﬁg spheres flown on .-.ou.nd rockets to obtam cah— )
bration points for the BACKSCATTER ULTRAVIOLET EXPERIMENT ﬂown

on D. E ' : = j )
For ERTS A; a thirty inch aliﬁniﬁuiﬁ‘épheré was coated, again to provide a’
su:.table surface for cahbratlon of a scanner with sensmwty in the ultravmlet '

i wsﬂale as well as mfrared regions of the electcomagnetxc spectrum

Future of Pa.i.nts as Ultr_aviolet Reﬂectiﬂé Coai:ings S /:
Within the context of the term ultraviolet reflecting as used in this séction is -
meant high ultraviolet reﬂecta.nce a.nd diﬂdgéness in the neighborhood of 200 nm.
‘Srnoked magnesium oxlde not only exists as the most refiectmg eoatmg in th15
Tegxon but also the most dl.ffuse s Optlcally therefore, banu.m sulphate- and po,.y-

vinyl alcohol are less satlsfa.ctory. A ma;or '.’ufficultv in further development of a

SPrivate communication from Aclen Kruger, Nnnbus Project.
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: mechkanically stable "coating for this regi_or; is purity of the powder — not with-
;;mﬂding the :'ac;t that a binder could rot be-used since all are strongly absorbing
m this region. The essential concepts required for a choice of powder are the _

. 1omzauou pofentlal of the v‘terspectwe ca.tlou a.nd the electz on a{ inity of t'ne

perSpectwe anion. To maximize the ph.)ton energy for reﬂecta.ncp cn*-oLf the

dl[ference ’\ecween these guan tities must be maxmuzed From the perlodlc

table therefore, cesium fluonde fits this condlnon best, but not optunahv s nee

it lS too moxsture sensztl.ve. ‘With elaborate centam:ment precautions perx:aps\xt
. could be used thhmm fluoride is a more optlmal ch01ce tha.n cesiwm Eluorlde
‘because it is less moristure ‘sensitive.’ Carrymg on now.- w‘ithAthe sub_j‘ec‘t of :
) purity, it is é\ear tha;t whenever a host like 'litb.ium ﬂuvoridse., i.c. ‘bhé witi “a —
wxde band gap. is impure extraneous absorptlons are mtroduced at the gap
energies for the impurities because theL lomza.tmn potentxal e'.e;ﬂtrn:- “fu.atv
differences are less than that of the host. It appears therefore that smoked
magnesium oxide and barium sulphate-polyvinyl alcohol are'optimax sc:tths—ir

respective mechanical strengths.



