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The reflectometer described herein for measuring re-
flectivity of white-plgmented membrszne curing com=-
pounds wan designed and built in the Hesearch lahora-
tory as & development in continuing resssrch on con=
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short, dependable method for accepbance testing of
white nembrane curing compounds in lien of compleats
gpsctrophotonetric snnliglis.
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MANUAL FOR REFLECTOMTER OPERATION AND MAINTENANGE

Thig reflsciomster 1s designed to debermine the luminous directionnl
reflectivity of white membrane curing componads. ®luminous directional
reflectivity® is defined in ASTH method D307-b4, and supplants the obsolete
term, Yapparent deylight reflectance®, which ocours in the MSHD current :
specifications for white curing compounds. The method described herein is
based on the ASTM method but refleetivity is determined from reflection
velues obtained st wovelength bands of light shrough three colored filiers
instend of at & continuowve series of wavelengbhe througheut the visibls -
spectrum. Many tests have ghown » sabisfactory sgreement bhetwesn resulibs
obbained by the abridgsd method and the longer ASTM anmlysis. Iluminous
directional reflectivity, By, iy expressed as percent in relation to some
arbitrary standard., Sinee freshly prepared magneslium oxide reflects more
than 98 percent of incldent radistion at all wevelengths, it 1s the stan~
dard usually employed for such tesis and hes been sdopted herve,

Included in this manual sre & descerinptlon of the reflectomeber, in-
atructions for ita care and meintenancs, and complete operating directions
to determine I?minous directional reflschivity.

APPARATYS

Deseriotion

An abridged spectrophotonmetric method is incorporsted in this instra=
ment, based on thres primary colored filters. The prepared sample and
standard white {& masnesium oxlde coated plate) sre mounied in the instru-
ment in such a way that they can be aliernately illuminated at an angle of
4% degrees, The instrument is shown in Figure 1. The reflected light is
meagured in & direction normal te the surface of ths sample,

A blackened tube is wsed %o shield the reflected light belng measured
as 1% passes Sthrough & hole in the wall separating the two sections of the
instrument; thence through the particular filter in place to the photo-
aleotriec eell. The photocell is connected to the galvanemeter and & shuni
aoross the terminals which 1s activated by s microswiteh sz needed. The
three filters are mounted side by side in & single holdsr which slides in
guldes so that esch filder can in turn be placed in front of the photocell,
a8 shown in the figure. VWith this arrangement, it is voasible to obtain
& complebe set of rendings showing the relative gusniltiesn of light reflsc-
ted Wy the sample and standard for esch of the three colors. & vollage
regulator iz used b0 maintaln o constant illumination on the penel during
the test.

Oparation

The apparstus should be set wup in s location vhers it will be free
from vibration, smoks, or any bright light shining dirsctly inio the
instrument venba.



The power line of the voltage regulator is connected to & 1l0=volt
60=-cycle 4.0. source. The reflectometer is plugged into the regulator.
Tne gelvanometsr can be plugged directly inte a 110-voli ouilet,

Before the gnlvapomeber is connected to the photoesll terminals, the
shorts across these hterminals should be removed. The galveanometer hailrline
indicator should then be sed %o mero, using the knob merked "afjust Zeru¥,
with reference to the lower scale (resding 0 %o 80, left to right)s. The
galvanomsber shonld nod be moved afber this adjustment has heen made since
doing 30 will disturd the zero sebting. The galveanometer is then con~
nected o the photogell terminals with the wire lssds provided, taking
cears that the polarity of these connections is correct., The terminal
poste and lesd wire conpsciors are color-codsd to pravent epror, The
lamp is furned on by depressing both switches on the riéht gide of the
instrument. This also turns the fan on.

With the standerd end ssmple inserted in the instrument, the lamp
shonld be turned on for & minimum warmeup period of twenbty minutes. This
entbles the voltage regulaior, vheitocell, shunt, and galvanomeber te st~
bilize t0 test conditions.

Yhen the best is compleited, the insstrument should be coiled before
moving it by Surning off the lamp (bottom switeh) and permitiing the fen
to run. When cooled, the fan switeh should be turned off and all plugs
disconnected, including the voltage regulator connaction 40 the power
source, The filter control rod is then pushed to the sxtrems left {red
filter) position. If the instrument is to be moved, the standard panel
ghould be removed. This will prevent particles of magnaaium oxide from
dropping on the black surfaces of fthe interior. Disconnsct the galvanom-
ster line, msking certein {0 replace the shorts across the whotoecsll and
the golvanometer bterminals,

When moving snd storing the insitrmment, 1% must he kept in an upright
position. Chooss a storage area relatively free fromw dust, vidration, and
a corrosive atmosphers, Frior to storing the aluminum penels, they should
be cleaned in trichlerethylene or a similar solvent, to be ready for the
next test,

THRET PROOCEDUIE

Proparation of Stendsard

A8 o standard white, & panel coated with megnesium oxi&é iz obtained
by berniog megnesivm metel ribbon in 2 well ventileted hood, The ribbon
can be ebtained in 1-0%, rolls, 1/8 in. in width from chemical supply
houees.

The ridhon is taken from the roll and aliernately folded beck and
forth until it forms a stick of six layers thickness, and about § or & in.
long. Before bresking the end leocse from the roll, it is spirally wound
sround the folded stick %o hold it in shape, as shown in Filgure 20, Seve
sral of these should be made up before the actual comting of the plate
commences, These sbticks can now be essily bhendled with clesn tongs while
burning 80 that the magnesium oxide can be deposited on the panel. The
panel should be held with tongs &lmo, since it geds very hot. While burn=
ing the wagnesium, it is not advisable to leok dirsectly &t or near the
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flewe since the intensity of the vislble light and the ultravioletb:
energy emitted are definitely injurious to the eyes. Welders?! gogeles
or & piece of the glwes from these gogeles should be used nas proteciion
when burning the magnesium.

The megnesinm ls lgnlted in & Bunsen burner f{laue and then held io
one aide of the flome se thet the magresiuvm oxlde sucke vises Ireely snd
romaine unconbamineted. The panel to be costed 1s held avout 4 or 5 in.
above the hurning magnesivm. Az an ald to determine when the ranel has
baen cobbed suiflolently, a Dblack mark cen be made on the panel prior to
~eopbing.

thia fine powder cosbting of magnesiuvm oxlde must bve hendled guite
carefully since it tends to flake from the panel. This is perbiculariy
true if the prnel becomes %eo hot while applying the magnesium oxide, or
if the previous coatings sre boo old. To aveid {laking when placing the
atenderd in bhe instrument, about 1/16~in. of magnesiuvm oxide must be very
carefully removed from the top and bottom edges (Figure 2), Yo do this,
use & ravor blade, using & drawing motlon., 4 a pracaution, bthe standsrd
shonld he placed in the instrument as soon as possible. The sawple
retainer shonld be stendied with one hand while sliding the panels in,
alding in provection of the coabings. 4 copy of the Nationnl Buresu of
Htandards circular entitled "Preparsiion and Culorometric Propertiss of
& Magnesium-oxide Reflectance Stendard® is attsched,

Time can be saved by adding & new eoat or two of megnesium oxide
daily. ‘The panel should be complebtely stripped and an entirely new
standsrd coabing uilid wp weekly. 'The powder tends to lose its bond to
the alunimm with time, meking it diffieuld to handle withoud flaking off.
Magnesivm oxide ls not abeolutely stable as far as ite color proneriies
are soncerned snd any change in its color would affect the test.

BTE: Cersmic stendards which bave good color ebabillty sznd
wileh can bs used a8 secondary standsrds in place of Mgl are
available from the Fetlopal Buresu of Sltandards. ¥We & net
have these ia the Zast Lansing laborstory, however, bhecause
we felt that all the development work should be hased on the
primery Mgh standard.

FPreporation of Sample

In preparing the membreane curing compound ssaumples 40 be tested, 2
gtandard procedure hns been developed and adapted uweing two conis, a
prime and a final coad, The prime cost is sprayed on uptil the panel
eppears coverad. This coat is then dried in an oven at 40K, for 15
mimates. The panel is cooled to room temparature before the final cost
ie spplied. The finsl coat is dried in the M0%F. oven for 1 hour,

If & hiding power test is o be run op the sample, time and work ¢an
b8 zeved Wy spraylng the preliminary cost enough in ebvance ¢f thle test
g0 that the pmnel is dry and resdy for ite finel coat et the time the
hiding power cards are sprayed. Bach penel should be properly identified
and sbhoub 1/16—in. of the boltom snd top edges masked with tape during
spraying so that the pansls will alide easily inte the reitainer. This
same btape cen be used to hold the pansl boos paper backing for convenlence
in handling. 1In spraying the best samples, the vesulting surfmce should
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bs diffusive {coarse in bexture) ms shown in Figure 24. This type of
surface more nearly epproaches the type of surface obitained in field
applications. (A flat smoothesurfeced specimen will give resulis 2 pere
cent or more lower in the value of B, than the same sample sprayed %o
£ive a coarse-texiured surfscel. To obtain this coarse btexture, the
penel being spreyed ism held sbout 8 in, from the spray gun, The panel
should be handled carefully, taking care not bo touch ihe face., The
pest should he run as soon as pousible afier the ssmple has dried.

Frocedure

Two controls are vsad Lo operate the instrument during the tesy -
the test panel selector (on the top front cenbter of the inetriument), and
the filter selector rod (protruding through the right side near the
hottom at the back),

o insure consistent and proper orientation of the test yponels, a
mebal guide le secured on the top of the lpstrument. The guide has twe
YW plote cut into 1% so that the test panel sslector lever will slide
into these slots. The lever must fall inte thess *WY sloks to assure
proper positioning of the panels. Since the instrvment hes been cali-
brated with respect to these "V® glots, any change in their position

- would necessitate a recheck on the insbtrument calibration. IFf recali-
bration becomes necessary, the ingtrument should be returned e the Hast
Ionsing Iabtoratory.

The filter ctoentrol rod is directly connected o the filier frane
. which retains the threa filters. To place esch of the filters into
position, the following procedure is observed: =

Green filter: Pull the conirol rod f¢ the exireme »lght
until the green filter-siop is btouched.

Blue filter: Pueh the rod back into the box carvefully
until the blue filtere-stop is touched,

Red filver: First depress the blue filter=stop relenpe
utton (on the instrument top 40 the back left);
then push the rod into the box until the red
filter~atop is touched.

in eseh case, the control rod must be moved until the filter freme is
brought up againsgtd the filter-gtop.

After the Instrument has besn warmed up for the necessary 20 minmtesn,
proceed with the test, using the following stepst =

l. Blue filter in positiont Mp0 gelvenomeber reading, bthen
sample galvanometer reading. '

2. Green filter in position: Smmple rending, then Hgd reeding.
3e Hed filter: Mgl, then sample reading.

4, Repeat 3 steps above, but taking sample reading first,
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These steps are followed untll three complete sebts of actual resd-
ings are obteined for emch Tilter,

After the data has been obbalnel, 1% shonld be checked over cars—
fully, comparing esch pair of readings o see thel they compare reason-
ably with others for the same filter. If it is felt necessary, repeat
any PAIR of readings {i.e., Mgl and sample).

Compubations

A sample of the date form iz attached. In the extreme lefd column
are listed the three filters in the instrument. The second and third
columnsg are for galvenometer readings with the Light incident on the
mggnesiun oxide and the sample, respectively. The "MzO® snd “sample®
readings are made in pairs, three peirs bveing made for each filter,
"R, ® (spectral directionsl reflectivity) is the ratio of the sample to
the Mgl reading for each filter. The "av. R," is obisined by averaging
the three R, values for each filter,

% and §, are the relative spectral irradisnce of ICI Illuminant B
and the luminosity function of the egual energy spectrum, respectively,
The mean wavelength of light trangsitted through the three filters found
by the centroid method,-is 495, 552.3, and 655 my for the blue, gresn
and red respectively. Values for H, and ¥, for these three wavelengths
taken from the tables in ASTHM D 307 have been multiplied together and
inserted in Golumn 6 of the sample date sheet for convenlence, Thess
three values for H, ¥ will be always the seme for this particular set of
filters when compubing Ry for Illuminant B (patural sunlight) and may be
incorporated permanently in the data sheet, The last column, headed
¥y, Hi B, ¥." iz the product of these thres values. The sum of the
values in the lsst column is divided by the sum of the values of thse cone-
stante and multiplied by 100 to obtain r,, an uncorrscted wvalue of ihe
reflactivity., From a comparison of the results cbialned with this instru-
mank with those from & complete spectrophetometric analysis, & correciion
of 1l.43 must be added to the uncorrscted r, determined in accordance
with the foregoing procedure %o find the acbusl valus, Ry The compu-
tationsl steps are listed below: =

1, Divide fgample™ by #Hg0® for esch pair of readings o obbalin K, .

Z2e Ubtain the averags of the three values of R, for esach filter
to obtain the ®av, R, ",

NOTE: (Compare Wi, * values with ®av. H,\® values for each filter
group. The usual maximum deviabion 1s sbout 0.5 percent.
If the dsvisbion of the individusl value from the average
is greater than L percent, the test should be repeated.)

3. #ultiply each ®av. ¥y ® by the constant “H, 2r“-for-each filter,
4, Divide the sum of the "av., R, Hy ¥. " products by the sus of the

ghree constants *Hy 3 " and multiply by 100 to obteln ry in per=
cent (the uncorrected lumlnous directional reflectivity.)

5. 4dd the cerrection factor, L.43, to obtain the actuml reflec~
tivity value B, and round off to the neswest unit, Thig is
the figure reporbed. '
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Written in the form of an esyuation:

= £ R, HyJy Y00 + 1,43
Ry =B Ha v
Z Hy, ¥

CARE OF TuR INSTRUMENT

To keep the instrument in proper operating condidion, the followe
ing should be obzerved: =

le ©il the ventileting fan occasionally (1 drop of oil per
bearing pad)}, wiping off the excess oil.

2+ HKeep the insirument interior clean and frae from dust and
- magnesiug oxide perticles,

3« If necessary, paint the Interior with blackboard paint,
{(The finish MUST be a dull, flat black).

4o Do nobt remove the back of the instrument unlese it is
absolutely neecessary to elean the filters or photocell,
or for nsdssanly repairs.

5. Glean the lamp, wmirror, Filters and photocell with lens
tissues annually (more often if necessary)s. Instructions
for removing these parts for cleaning are given below.

Homopve the leoft side of the instrument by removing all wood screvs
sat into it through the btop, frondy, bhack and bobtom; aleo into the pare
tition. Hemove the filter-atop nearest the side removed; then loosen
the lock nut on the filter control rod and unscrew the rod. How, the
filter rack can be slid out of the Srack for cleaning. The photocell
unplugs. Flgure 1D shows the instrument dis~assesbled in this menner,
The lemp, which is slso easily accessible now, has & bayonet prefecused
bage. 1% must be depressed slighitly end turned ecounter-clockwise for
removals The reflector can be c¢leaned in place, using cuare not to axert
pressure enough to move. it out of adjustment. All of thess parts should
be elennad with asoft lintless cloth or lens itiesus only. In replacing
thene parts, the reverse procedurs 1s followed.

The instrument i3 supplied with aluminum panels numbered on the
“finger tabs., I% is this numbered side which should bhe considerad the
face of the psnel. These panels are made %o slide into the sanple
retainer in the instrument,



REFRROTOMATIE FAVTS AHDR ACCHELOUTES LIST

1 ~ .8, Projection Lamp, 100 ¥; 100 T 8/108 sc

3 - Corning Filiers:; color specification Wos. 4-104, 4-102, and P-78
1 -~ Weston Fhotronic Celly model 594 HR

1 - Micrp-switch; eatalog No. BZ-ERLZ

1 =~ Bola Censtant Voltags Transforner; 120 V.A4.; catalog Ho. 30806,
serial Ho. D o4RO2

1 - G.M, Laboratories Galvanometery int, res, 370 ohms, sxi. orit,
damp, res, 2640 ohms, sensliivity 0,033 microampere per mu.,
catalog No, 570-402

1 - Bausch and Lomb welding glass plate; 2% x L-1/8", shade No. 12

20 - Aluminum tes§ panels; 3-3/8% x 3.1/2", numbered
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Date

519 R

SUPPLEMENTAL LABORATORY NOTEg Yhite Membrase

Sample o, 51 MR=-12

Curing Compound

Filter Mg Sample R, ave H, Hy ¥a Ave Ry Hy ?éd**__w_~
blue 39.9 29.5 0,739 | 0.740 24y o Py 18,31z
39.8 29.5 0,741 - - - )
39.8 2945 0,741 - - -
groen 7.4 | 28.3 0,757 | 0,756 101,499 26.773
374 28,2 0,754 1 - - - -
~ 373 2802 0s756 7 = - -
red 6207 L7 0.756 1 0.758 8,530 6166 i
62.2 | 47,4 0,762 1 = - -
62.2 | b7.1 0,757 | = - -
134,776 101.512
T

B =

101.512/134.776 = 75.32%

Ry = 750325 + L.l3%

= 76.75%

it

77




REFLECTOMETER,VOLTAGE REGULATOR,
AND GALVANOMETER ASSEMBLY

@

FAN MOTOR N
s-2 [ .
@
TO VOLTAGE
LAMP REGULATOR

-CHIOV. ACD
MICRO-SWITCH ' . m‘

APPROX.89 OHMS

NOTE:
MICRO-SWITCH CLOSED
FOR GREEN AND RED
FILTERS ONLY

PHOTO-ELECTRIC CELL
SAMPLE MOUNT SUPPORT 5 FILTERS
SAMPLE 6 VENTILATING FAN
LIGHT SOURCE 7 TUBULAR LiGHT SHADE
WESTON PHOTOELECTRIC CELL

SCHEMATIC DIAGRAM OF REFLECTOMETER

AN —

O
TERMINAL POSTS
(TO GALVANOMETER)

CIRCU!T DIAGRAMS ' REFLLECTOMETER
INTERIOR (REAR)

®

MICHIGAN STATE HIGHWAY DEPARTMENT REFLECTOMETER
FIGURE |
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HIK:EMR U. S. DEPARTMENT OF COMMERCE Letter

NATIONAL BUREAU OF STANDARDS Circular
WASHINGTON LC~-54L7
Superseding
Mareh 17, 1939 LC-395

Preparation and Colorimetric Properties of a Magnesium-Oxide Reflect-
- ance Standard.

The smoke from magnesium freely burning in air deposited on a
satisfectory bese forms a uniform, fine-grained, diffusing surface
of high reflectance. By observing & few simple precautions, this
surface of magnesium oxide (MgQ) may be made reproducible; hence, it
gerves as a convenient and reliable standard.

1. The magnesium should be obtained in the form of turnings

of approximately 0.02 in. in thickness end 1/8 in. in width, pref-
erably of spirsl shape, and containing a minimum of magnesium dust.
Suitable material may be obtained of the American Msgnesium Corpora-
“tion, 2210 Harvard Avenue, Cleveland, Ohic, the Aluminum Company of
America, Gulf Bullding, Pittsburgh, Pennsylvania, Sterling Products
Company, Baston, Pennsylvania, the Pfenstiehl Chemical Company, Wau-
kegan, Illinois, and others.

2. The oxide must be deposited on a surface not affected in air
by the heat from the burning magnesium. A satisfactory base may be
made of {a) aluminum, (b) bloeck porecelain, f{c) sheet steel coated with
white vitreous enamel, or (4} & baked surface of a gprayed mixture of
magnesium oxide powder and distilled water (7, p. 21)*. Milk or opal
glass 1s often unsatisfactory because it easlly cracks from heating.
Depolished surfaces are better than polished because the oxide ad-
heres better; for the same reason, metelliec surfeces are usually to
be preferred to non-metallle. Surfaces of reflectance high and uni-
form throughout the spectrum sre better than dark or chromatic
gurfeces because with the former & thinner layer of oxide is trust-
worthy. The thinner layer 1s desirable epart from speed of prepara-
tion because it does not chip off so readily.

3. Place a small quantity (about 5g) of the chips on a refrac-
tory dish (zirconium silicate and magnesite are suitable refractory
materials) and ignite them with a hand blow torch or bunsen burner.
Work the unignited chips beneath the flame until a slowly burning
ball or clinker is formed; this gives & steady stream of smoke.

L., Place the surface to be coated about 8 to 10 ems above the
flame and tilted about 30 degrees from the horizontal. Use of
smaller distences results in a coarse-grained deposit and risks con-
tamination by possible impurities in the magnesium (3).

(¥) NWumbers in parentheses, sometimes followed by a page number,
indicate references in the bibliography.
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5. Move either the combustion dish or the surface being coated
from side to side in order to obtain & uniform deposit.

6. When the clinker hes to be turned over or broken, in order
to permit the megnesium to burn completely, the surface being coated
should be temporarily removed, since the burst of flome is likely to
carry up large dust particles.

7. HRepeat the operation several times untll a sufficient de-
posit 1s obtained. The layer should be so thick that further in-
creagse produces no sensible change in reflectance; the critical
thickness is about helf & millimeter (4, p. 17). Do not attempt to
burn a large charge of magnesium at one time. Rather, build up the
required thickness by a large number of small charges. 1In cases
where it is inconvenient to measure the thickness of the coating
place a small dot of india ink on the original surface near the edge,
then deposit oxide until the spot cannot be seen in good illumination,
If the original surface is dark, put on one coat of MgO first; a de~
posit of bleck smoke (from a candle or smoky gas flame), in a small
spot near the edge, then supplies a similar test.

8, The operation should be carried out under a well ventilasted
hood in order to dispose of the exXcess oxide.

9. The operator's eyes should be protected from the high in-
tensities of visible and ultraviolet radiant energy by suitable
gogeles (4, p. 30), or other means.

10. Magnesium ribbon may be used for small surfaces instead
of turnings, but for large surfaces it requires careful manipulation
to produce & uniform coating because of the irregular burning of the
ribbon.

The properties of & surface so prepared are as follows:

1. It is a good diffusor (1, p. 59; 2).

2. Its light reflectance, 0.97 to 0.98, is very high (1, &, 5).

3. The reflectance varies with wevelength in the visible spec-
trum by less than one percent (2,4) when the oxide is first prepared.
{But see 5, below.) :

L., The apparent reflectance for L5-degree incidence and normal
viewing (standard conditions adopted by the International Commission
on Illumination, Cambridge, 1931} is 1.00 {4, p. 29).

5. Its reflectance varies slightly with time. Although the

reflectance is apparently constant with time between 550 and 750 mu,
it decreases at wavelengths less than 550 m; this may amount to as
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much as 3 percent in the violet (6, p. 378), and causes the oxide to
become slightly yellower with time. In such a case the changes in
the trichromatic coefficlents, x, y, z, and the luminous reflectance
R, computed on the 1931 I.C.I. basis and for I.C.I. Illuminants A and
C are as follows:

A x Ay i AT AR
I.C.I. Illuminant A +OnOOll +0=0009 ~O.0019 —0.0013
I.C.I. ITlluminant C + °OOlh T qOOQO - .0035 - .0023

6. It is extremely fragile. However, 1if the Mg0 is depos-
ited in a flat trough the edges are protected from chipping off.

The first four properties listed meke this reproducible sur-
face & convenient reference stendard of reflectsnce; its usefulness
is limited by the fifth and sixth properties (lack of constanecy,
frogility), which make it often desirable to use working standards of
reflectance carefully calibrated in terms of the freshly prepared MgO.
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