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Light-Sensitive Papers as Controls for Testing Textile

Colorfastness and Stability of Materials
Under Arc Lamp Exposure

By Herbert F. Launer

A slmple method of eontrol of the integrated exposure of the Austusting ars lunps used
in the textile and other industries for testing lightfastoess of textile dyeings and atabilicy
toward light of materials in general, & deserlbed, A piece of light-sensitive paper is placed
in lsmpe slong with materislz to be tested, and the exposure is terminsted when a match
with & standard, cbservable with the unalded eye, is obiained, The staodard is a strip of
the same hateh of paper that haa been exposed in a master lamp to a definite light dossge.
The methed Is based upon standard light quantities gnd 8 thus largely independent of
variation between baiches of light-sensitive paper.

The variationy among fadiog lamps used in the textile industry snd the causes, suoh aa
differenees in lamp models, and line voltage, sre discusaed. A 4-percent difference In line
voltage lends to & difference in ratiant output of 11 percent in the waveband fram 300 to
430 willfraferonz, the region probably causiog most of the feding of dyed textilas. Varia-
tione in line voitage coneiderably larger than 4 percent are probehble in many comrmunities.

The papers were made In batches of 20 to 30 thousand test ploves by dip-dyeing spegial
eotton-reg or woorl-fibers papers with saqueous solutions of Niagers FElue (3, or with Victoria
Blug B in aguecus pthanol,  Ooe paper wos made by beater—yelog wood fibers with Niagars
Blue G to give s nonleaching paper snd was siged with melamine resin to impart high wet
strength, making the paper suiteble for lamps with water spray, Other paper-dye com-
binationa were atudied.

Data are presented indieatiop the visusl sensitivity of the varfogs types of papers from
1 to 108 hours of usual sre exposure, the permanence of the pepers during sturage in the
dark, the yoiformity throyghout eash batch, shd the effeet of nowoniformity, tempersture
effect, lasting qualitiez of the steodsrd sfripe during use, correlstion with textile dyeings,
and the effect of intermittent exposure,

The msster lamp used for stendardizing the papers, ita secesaories, and reprodueibility
of input powet and radiaot output are diseyszed,

1. Introduction

The textile and other industries vee carbon area
for the testing of colorfastness of dyed fabrics and
of stahility of materials in general to light. There
is considerable variation in performance among
lamps and of a given lamp from time to time.

- Bince the testing is predicated uwpon cemparahle
performance of such lamps, varation introdvces
uncertainties and frequently vitiates the results.

Light-Sensitive Paopers

The extent of such variation has been the
subject of recent surveys by Wood [1];! the National
Burean of Standerdz |2], and Seibert [3]. The
results of all three, obtained by distributing
various types of dyed materials for test in lnrge
numbers of lampe, showed the variations to be
very large. Selbert, in particular, showed thet
gome of the weakest lampa required from two to

1 Plgures 1o braokets ndicate the literutiurs paferences ot the end of this
paper.
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three times as long to produoce the same fading as
the strongest lamps, and that over one-third of
the larmps deviated by more than 15 percont from
average,

Although practically all textile fading lamps are
of one manufacture (Fade-Ometer) and involvs
the same fundamental arc characteristics, they
differ ameng the several models a3 to type of
current (altervating or direct), as to power input,
and in the arrangementa for thermostating,
humidifying, aud exposing the samples. Such
differences in desipm probably give rise to differ-
ences in performance among the various instal-
Intions [4].

The differences, however, in fading action among
identical models, or in & given lamp appesc to
erige from variations in ling voltage. The radisnt
output in the spectral region, approximately 300
to 480 my, probably the most generally effective
spectrel region in such lamps, changes by 11
percent for a 4-percent chaoge in line voltaged

Data were cobtained by regulating, at various
valves, the line voltage of an alternating-current
F D A-R mode] Atlas Fade-Omoter and measuring
tha eorresponding relafive radiant output with an
RBCA 029 phototube—Corning 58350 filter com-
bination, having a spectral maximum near 385
mu., in a cireuit with General Electric recording
microammeter. Typical data wore as follows,
integrated over ¥-hr periods:
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Voltage variations at most substations in the
Digtrict of Columbia are about 4 percent,® which is
probably exceeded in most communities. To thia
muet be added the variabhle voltage deop in the
maing, transformers, and individual plant wiring,
which may be as high as 11 percent [6].

Another factor is the gradual decrease in ultra-

A unpublisbed paper prosetbed of & Symposiule oo light aging mt The
Boreau of Bhipd, Novy Twpmrimeent, Weshlogion, v, O, e, (45 o o
tpgklng of - the Techinlw] Assicintin of the Fulp & Faper Iviustry, Mew
Tork City, Feb, 1945 mod st & toeeting of tbe Amerlean Assoriation of Textile
Chemiats & Coloriats, Philedelphis, Fa., Apcll 1045 [2, 5,

1 Qooted with the permisabor of George Blsset, Potomse Elsctric Powar Co,
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viglet nenr the transmission cut-off of the glass
enclosures, through solarization of the glass.
However, Cady and Appel [7], who exposed 1,252
textile dyeings to sunlipht, showed little difference
in fading with and without intervening window
glazs, Cady and Smith [8] found little difference
in the fading of 40 dyeings exposed to the Fade-
Ometer with plain and with Corex-D glasa globes,
which indicates that that region of transmission of
glags most affected by solarization, namely, below
330 my, may not be of decisive importance for
textiles. The visible discoloration of the glass
caused by extended use may cause considerable
difference between lamps.

Since uniform performance of arc lamps is a
practical impossibility at prescnt, recoursc must
be had to a method of exposure control by esti-
mating rediant oufput with & light-sensitive
material,

Simple methods of exposure control have been
described before. Krais [9] used the light-sensi-
tive dye Vietoria Blue B on china olay, the latter
then brushed on te paper, Robson [10] used eosin
on o filter paper, Seott [11] vsed Victora Blue B
on silk, and Clark {12] used zine sulfide on paper.

A method using & light-sensitive solution is that
proposed by Werkenthin [12] and his assoeigtes,
of the Burean of Ships, U. 5. Navy, for the control
of are performance in the testing of rbber, in
which a solution contsining essentially uranyl
oxalste in a silica cell is exposcd to the are. The
method is a noteworthy, suecessful attempt to
aystematize the use of testing ares, hut it is not
simple to use, atd it its present form is limited to
exposures of approximately ¥-hr duration. Other
detailz of the method have been studied by Greider
and Bowditch [14]. -

A control for fading lamps has been discussed
by Wood [1], who studied varions combinations
of dyea and appropriate vehicles, such as silk,
wool and cotton textiles, paper, ete., and found
Formyl ¥Violet S4B on nylon to ba the most sensi-
tive. An arc was ysed as a master, or reference,
lamp, but the idea was discarded when it was found
that the lamp changed 20 percent in 4 months.

Christizon [15] recognized the desirability of &
master lamp, but in its absence stressed the repro-
ducibility of shade {rather than of fading rate) of
the blended wool materials he developed, which
bave zince been adopted by the AATCC for the
prading of dyeinge into classes of Lightfastness
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differing by steps of 100 percent. However,
these materials, of which Cady [16] has given his-
torica] background, were intended for only rough
control.

Seibert [3] proposed & procedurs employing o
light-sensitive gray paper and gray cotton, with
standards based upon & fized “‘percentage color
change," determined frem reflectance measure-
ments. Hiz materizls were distributed to 2 num-
her of lamp users and shewed the difference in
exposute pericds among the various lamps that
were necessary to reach a given extent of Iading.
The muterials, however, were rather insensitive
to time difsrences under 20 percent.

In the above methods, the standard with which
the fighi-sensitive materials are compared, In
estimating exposure, is either ‘‘colorlessness,”
[9, 10}, which is dificult t6 evaluate, or some final
shade [11, 12, 3], defined by preserving & sample
or by means of & spectrophotometre reflectance
eurve,  With such a standard, the light-sensitive
materiala muat be reproducible in fading rate from
batech to batch, as otherwise the amount of ex-
posure necessary to mateh the standard may vary
for ench batch, thus nullifying the method to that
extent.

The present article describes a method bascd
upon standards produced with reproducible lizht
dosazes, rather than from reproducible batches of
the light-sensitive media. The method has been
found to be generally satiefactory in large-acale
application to textile fading and lamp calibration,
{2, 5].

The freedom from the difficultiss of bateh repro-
ducibility, the easc of recognizing extent of ex-
posure, the ressonable assurance of uniformity
within each hatch, the wise range of exposure
perigds available, and the peneral standardization
of procedure constitute the main advantages of
the methed.

II. Principles of Method of Conirol of
Lamp Performance With Light-Sensitive
Papers

Special paper was made and dyed with a light-
gensitive dys i quantities of 20 to 30 thousand
test pieces per batch in the experimental paper
mill nt the Bureau.

A portion of the bateh is standardized in a
master lamp hy exposing it to a convenient,

Light-Sensitive Pupers

measured light dosage, defined in terms of “stand-
ard are hours,” This standardized papar becomes
the secondary standard wsed to gage light dosage
in other lamps,

In a typical application, & piece of light-sensitive
paper is sitnultanecusly ezposed with materials
being tested in a Jomp, When a match between
the test piece and the secondary standard is
cbserved with the unaided eye, the materials are
sseumed to have received the correaponding light
dosage. Estimating the degree of under- or over-
expozure is facilitated by auxiliary standard strips
representing $0, 90, 110, and 120G percent of the
light dosage.

The actual time of exposure is thus immaterial,
unless it differs consiatently, perhaps 30 percent
or more, from the number of standard arc hours
identified with the exposure, indicating that an
adjustiment on the lamp may be desirabla.

This method has ns its fundamental basis the
production of secondary standard: from each
batch of lightzensitive pnper, with a definite,
reproducibie doszage of light, Thus the batches
can, and do, vary, or the paper type may be
changed without affecting the validity of the
method.

Light-sensitive papers can be used, without
secondary standards, as light-toialing devices in
photochemical or other research with a given
source of light. Relative intensities in many parts,
otherwize inacesesible, of & given system may be
simultaneously measured very simply. The papers
dyed with Niagars blue were found te be colori-
metrically unaffected by ozone and may thus be
used near quartz mercury lamps or lamps of the
germicidal type. Combined with photometrie
megsurement of reflectance, precision in using
light-scnsttive papers may be expected to equal
that of acceptable radiometric technigue.

III. Light.Sensitive Papers

A variety of types of lightsensitive papers wera
developed for various periods of exposure and for
exposure in lamps with water spray. The method
requires that the papers be colorimetrically stable
in the dark, both unexposed and exposed samples,
producible in large uniform batches, normslly
repponsive to temperature, are charscteristics, and
relative humidity, and visually sensitive, as defined
by the additional exposure, expressed in percentage
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of the light dosage already received, necessary to
produce & change cbservahle with the unaided eye.

1. Components and Methodzs of Dyeing

Fifteen kinds of experimenta! papers, varying in
type of cellulose, filler, sizing, and finish were dyed
and irradiated to datermine the optimum charae-
teristica of papers for the work., Twe neutral
{pH 6.8) unsized papers were thenh produced in the
Bureau’s paper mill. Paper 1444 was made
entirely from wood pulps (309 No. 1 soft alpha,
209, hardwood sulfite pulps), and paper 1370 was
entirely of cotton origin (40% new rags, 409 old
regs, 209 clay). Papers of these types show con-
giderable cellulose atahility.

These two papers were tested with 47 represent-
ative dyes abt various concentrations. It was
found that National Aniline Niagera Blue G
Cone., lot 64704, Oolour Index 502, and, to &
lesser extant, DuPont Victoria Blue B, Cone., lot
22, Colour Index 729, gave the most useful
products,

By varying dye, fiker, and methed of applica-
tion, papers of differing fading rates wore obtained.
The sxposure times represent approximately the
time necessary for most Atlas Fade-Ometers to
fade tho papers to the region of most perceptible
change, which oceurs when the paper bhes sufficient
dye left for easiest judgment of the effeet of further
incraments of light.

{a} Paper C, exposurae tima 3 to possibly 10 br;
paper 1370, tnb-dyed with 0.09 percent of Victoria
Blue in 1:3, 95-percent ethanol-tap water
golution.

{b) Paper E, exposure time 1{ to 40 hr. Paper
1370, tub-dyed with 0.54 percent of Niagara Blue
in tap water.

(e) Paper F (or A}, exposure tima 40 <o 100 hr.
Paper 1444, tub-dyed with 0.65 percent of Niagars
Blue in tap water. A somewhat lighter modifica-
tion of paper F has besn referred 0 ws paper A,

{d} Paper 3, exposure time 20 to 40 hr in lamps
with water spray. This paper was beater-dyed by
adding a solution of Niagara Blue to pive & 0.5
percent ratie, dye: fibers, using the same kind of
fiberz az in paper 1444, Melamine resin, 3 percent
of fiber weight, was added to the beater to give
high wet strength {for use in lamps with water
SpTAY.

Thesze four types serve to indicate the methods
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of producing papers of various desired characteris-
tica. The tub=<lysd papers, which are finished
papera run through a dye bath, must be used dry;
the beater-dyed paper 35 ponleaching and mey be
nsed for “weathering” lamps, but iz decidedly
inferior to the tuh-dyed papers in sensitivity. The
tub-dyed papers have the disadvantage of tending
to exhsust the dye bath, which thus requires
replenishing from time to time.

2. Visual Sensitivity

Cooperating commercial and governmental
orgenizations found that paper A had s visual
scnsitivity of 10 percent; that is, the color dil-
ferences hetween pieces exposed for 18, 20, and
22 hr conld be casily distinguished, although some
observers encountered hue difficulty in matching
the standardized strips with their own exposures.
Investigation showed that the difficulty was eltmi-
nated if the saamples were matched in the absence
of the unexposed blue border of the test piaces.

Bubssquently it was found ihat this type of
dyed wood fiber paper is considerably more sensi-
tive after 40 hra of oxposure, whereas paper E,
made of eotton fibers, ahsorbing less of the same
dye, 18 more sensitive at the 20-hr period.

A comparizon of the wisunl setiitivity of the
various papers is piven in table 1. The results
are hased upon the estimates of a limited numhber
of individuals and are probably more reliable on
a rajative than shaolute basie.

Paper B, made from an wnusually umforra, soft,
base sheet had the highest sengitivity, because its
smoothness of texture detracted leaat from chade
differences. The coarser texturs of the other

Tasrs 1. Minimum incremenda in UHght dosage nroducing
virible * differences in Hphi-renailive papere

Futeam lotal l!ain dodags: ® After the
f.mwln of EXpaLrE—

Txp2a ol apers

¥ 1] n L] 100
3 L1} Whlia White White

13 10 b ] 1}

] L] 1] ] L]

n n 16 14 15

w n 1% 1 White

= By vislble k= meant & differenms that pan be Been, With Lhe nbatdad eye,
betwoets Loro plecas of paper, one fitely Superpod wpsst Lbe other, pather
than diferapdts tm otie ot

* Par gxwnupdy, il it B possiblo o ditingoiah betoroen & ece sxposed Lot
A br moed oot axposed for 2004 br, 1o the wsl Atles Fade-Qmatsr, the incra-
want produeing & wisikle differencs 18 exprersed 38 214 percent.
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paperz, or the moitled appearance of faded papera
using unsuitable dyes, acts like camouflage in
appearing to break up the edge of two fields being
comparad, whereas ease of comparison depands
considerably upon sharpness of borderline.

Theze papers were all unecalendered after dye-
ing, bacause it was found that the gein in fineness
of texture was raore than offset by the production
of highlightz due to specular reflection.

Paper S, beater-dyed, the simplest to produce,
was wlao the most ingensitive. Since all constic-
uents ware the same a8 in F, and since differances
in the amounts of dyo were largely withont effect
o gensitivity, the method of applying the dye
must account for the difference. A beater-dyed
paper can be expected to be more uniformly dyed
throughout its thickness than a tub-dyed shset,
in that the latter is darker on the cutside. This
wis atrikingly so in paper C, of which the internal
fibers remuined white. Tt is, thercfors, possible
that & lighter interior causes preater contrast, snd
uniform beater-dyeing, less contrast.

The rate of fading of paper 8 iz dependent
upon the wet-dry ¢ycle. As the ratio, time wetf
total time, is increased from 0 to 30 percent, the
rate increages considerably, apparently because of
an accelerating effect of water, remains roughly con-
gtant to 70 percent, beyond which, to 100 percent,
tha rata decreases. .

The decrease in rate is probably due to the
lower temperatures of the paper when wet, and
wll of the papers sprayed over 5) percent of the
time, except those continuously sprayed, showed
less fnding at the bottom, where the water tended
to remain longer. This wae not & leaching proc-
eas, since papers eprayed in the dark, or thoze kept
continuously wet during exposure, ghowed ne
inhomogeneity, The effect of temperature will be
disenssed in a later seetion. [If this type of paper
i3 used in “‘wenthering'’ lamps, the wet-dry cycle
ghould he specified. If it is used for outdoor
cxposurea, the amount of rainfall, and, of course,
temperature will be a factor.

Fading in this and other experimants waa taken
from reflectance messurcments made at 45° from
normal incidence at 578 mu, with eguipment
previously described [17].  The papers were
sucled flat against a black backing during meas-
urement.

Light-Sensifive Papars

3. Colorimetric Stubility in the Dark

During storage periods of 8 to 18 months, the
papers wera found not te have changed signifi-
cantly, with the cxception of paper . This was
found by measuring the reflectance, at warious
times, of 100 pieces, taken at random from each
batch, the total change being within the Lmit of
reproducibility, 0.002 reflectance, of the instry-
ment,

Paper C, during 8 months, was found to have
loet color corresponding to approximaiely 5 per-

. ¢ent of its 3-hr period. This paper for short

periods, therefore, tnust be considered unstable,
but can fmd practical application by frequent
standardization. For periods beyond 5 hr, it is
probably sufficiently stable,

The other papers, both exposad and unexposed,
were aubjected to & rather severs process of
“nccalerated aging,’ by being kept at 100° C in
the derk for 3 wecks. At the end of the time they
were found to have lost color corresponding to
§ percent of a 20-br exposure period.

4, Standcrdized Strips During Usze

The standardized stops are mounted n &
comparizon boolklet that has flexible black cellu-
lose aectabe covers to protect the strips from soiling

and light during nonuse,
Thiring use, the strips are exposed to interior
daylight and artificial light, It was of interest to

datermine the additional fading of the strips during
nortnal use. Some exposed pieces of paper A
ware placed under Corex I} glags to keep out dust
and exposed to the daylight of a well-lighted room
for 3 weeks in the late fall of tha year, This
corresponded roughly io 4 daily exposure of 10
min for 2 yr, The refectance change was found
to be 0.004, corresponding to less than 1 hr of
lamp exposura out of 20, and constituting an crror
of lesa than & percent for this rather zevere test,

Under conditions of extreme atmospheric dry-
ness, such as prevadl in nerthern latitudes in winter,
or it desert regions, it has been found desirable to
humidify briefly, with the breath, the test piece
before comparing, inasmuch az the reflectance of
the warm, dry piece, just removed from = lamp
eperating vnder the extreme conditions mentioned,
is too high by approzimately 5-percent exposure
time. Under all other conditions, including ex-
treme humidification, the refiectance is unaffected,
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During the comparizon, it has been found advis-

able to keep the test plece in the exposure frame

80 that the unexposed blue border shall not have
disturbing chromatic effcet.

5. Uniformity of Baich

The reflectances of 100 pieces ench of papers
C,E F, and 8 and 255 pieces of A, chogen at
random, were mensured. The resulting {requency
distributicns were analyzed statistically for stand-
ard deviation,

S= (3" — S¥a/nin—1,

which were found to he 1.07, 1.12, 1.40, 1.80, and
1.85 for papers 3, E, F, A, and C, respectively,
indicating increasing dispersion and nonuniformity
in that order. As might be expected, the beater-
dyed S was the most uniform, with the soft E a
cloge gecond. Dyeing from a partially nonagueous
polution, s in the case of O, resuited in least
uniformity of product.

The real test of uniformity is, of course, the
uniformity of fading rate of pieces having various
values of initia]l reflactence. Pieces within the
loweat, middle, and highest reflectance ranges of
each type of paper were simultaneously exposed
fo light dosages appropriate for each type. The
changes in reflectance were then measured. It
was found, for paper E, that the final reflectance
was practically independent of the imitial reflzet-
ance. For paper F, however, it was found that the
lowest reflectance group faded & percent more
slowly, and the highest group 5 percent more
rapidly than the middle group. For papers A
and C, the corresponding values were 7 and 2
percent, reapectively, for both extremes. Thess
represent: the errors involved in using off-color
pieces of the papers. Apparently, the papers
made from cotion fibers were considerably more
uniform in fading rate than those made from wood
fibers.

6. EHeot of Temperature on Fading Rate

Although the papers are atable in the dark and
temperature alone has practically no effect, it
waa found that temperature haz considerabla
influence during exposurs to light.

The resylts in table 2 show that the extent of
fading of two typical papers for a given exposure
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waz considerably increased by raising the temper-
atore. The effect iz seen to decresse with riging
temperature, and as the AATOC specification
for air temperature in the Fade-Ometer s 46° C,
the temperatures of various materials therein
will be near the higher values.

From the results in table 2 for papers E and A,
neglecting the last value for the latter and wsing
instend a valve obtained from o smooth curve,
and from the fading rates of the iwo papers, it
can be estimated that an ervor of 10 percent would
occur using the paper in two lamps operating at 40°
and 50° C, disregarding the fact that the mnto-
rials being tested may also show temperature
cffects and thereby decrcase the error. It is
obvious that temperature specificationa for the
teating of all materials are necessary if the paper is
to perform satisfactorily.

Taere 2. Foading rele of papers A and E or o fundionof

femperalure
Change In reflactance
Temperatets & of paper

Paper A Paper E
o |
. 0,043 I [
B 1 i [
T BE) , 262
1 ,142 |5
B oo e .143 .32

v Twmipreagores of the papers were closely omntrolled durlng sxpogure by
Apcking the gheel ogainer o thermoagated metal basking. Tha light of w
Fade-Omcter nee, opanaled e sontrolled voktage, wad pasted Lbrpugh an
114mim layer of cool Dow g distilsd water By Cone-T? coll,  The telative
humidity was raintsined m:at 8% for 811 esperiments with & sflation of Ma
Br, saturated st the satrio Letnperstures 35 in this takla,  This equipment ia
doeacribed In detsil in rederence [14]

Frow a fundamental standpoint, the faet thet
the fading rates of these papers have temperature
coefficients larger than unity shows that thermal
regotions, with appreciable heats of activation,
accompany the photochemical renction.  The tem-
perature eoefficient, corresponding to the error of
10 percent iz 1.1, in {air sgreement with the find-
ings of Schwezow [18], who found coefficients
ranging from 1.040 %o 1.084 for four dyes in collo-
dion films. Lackiesh and Tayler [20] found little
effect of temperature on the fading of silk rikhon
hetween 29° and 49° C, but “appreciably’ more at
66° . Both of these studies were, howeaver, too
limited in acope to allow conclusions regording
temperature coeflicients of fading of textile dyeings
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in pemeral. It seema probable that temperature

would affect the rate of change of textile dyeings *

and other materials during irradiation.
7. Cormrelation With Textils Dyainqsh

The trend in the degign of textile fading Jamps
haa heen in the direction of closer control of tem-
perature and relative humidity of the air in the
sample space. Also, greater uniformity of spec-
tral distribution may be expected with the increas-
ing prevalence of installations by vsing alternating
current, of which the voltage ia more easily control-
lable than with direct currant. Thus, with the
later models it is possible to draw up standard
procedures t0 minimize thess sources of difference.
However, many old models ere not only in use,
but vaiidity of comparison of performance is
frequently expected.

It was, therefors, desirable te determine how
well a light-sencitive paper could serve as a control
in lamps differing in type of arc, relative humidity,
und tempersture in their fading action on textils
dyeings.

The open-arc lamp, in which the humidity
could be wvaried over a wide range, since the
humidifier consisted of an electrieally heated
water trough, was used for this experiment. Two
sets of conditions, probably more extreme than
general practice, were used: dry trough, relative
humidity 13 percent, air temperature 38° C; water
in the teough et 85° O, relative humidity 37 per-
eeht, with air temperature 54° €. Textile dyeings
wera exposcd under both sets of conditions to the
game reflectance of paper A, and the reflectances
of the dyeings were measured, before and after
expoaure abt 436, 546, and 578 p, The resulis
at the wavelength of greatest reflectance changs,
which for all of the dyeings studied was one of the
latter two wavelengths, uzually agreed well with
visual judgment.

The results showed that the fading rates of
paper A and of most textile dyeings studied were
affected to much the same extent by moisture and
temperature. Of 42 dyeings, 22 fnded cquaily
(within 5 @ of reflectance change), 17 faded less
and 3 faded more, at the higher temperature and
relative humidity.

In wnother series of experiments, dycings were
exposed in two widely differing lampa, enclosed
and open arc, to the same refloctance of paper A.
Of 33 dyeings, 16 {aded equally, 13 faded more

Light-Sensitive Papers

under the coelosed arc, and 4 faded more under
the open arc,

In spite of the agreement, however, the results,
even for the imited numberz of dyeinge, indicate
the desirability of standardizing such factors as
relative bumidity, type of are, voltage, etc, as
well ap temperature, in test procedures. If that
were done, the method could be expected to have
genera! validity for many types of meaterials.

8. Effact of Interrupting Exposure

The light-sensitive papers showed excessive
fading whencver the exposure was interrupted
through failure of the are in overnight runs.
Paper E, for example, changed in reflectance by
0.158 for a continuous 18-hr exposure, whereas
for two 8-hr exposures, interrnpted by 18 hr. of
darkness (during which no changes occurred},
the reflectance change was 0.200. Further, if
instemd of 20 hr continuous exposure, imterrup-
tions of 1, 2, 3, or 4 hr accurred st 16 hr, followed
by 4 additional hr of axposure, the incrense in
reflectance change over continuous exposure was
0.018, average, after all four periods of interrup-
tion. (In all of these cxperiments the are was
allowed to reach normal operating conditions
befare exposure.}

This intermittancy effect in  light-sensitive
papers, and perhaps alse in textile dyeings and
other materials, requires a more extended study,
which is beyond the present acope.

IV. Master Lamp for Standardizing Light-
Sengitive Papers

The original intent was to develop a lamp that
would provide 2 given light dosage, and frnctions
thereof, in given time periods, the light dosage
being related to & given number of photons of
constant wavelength distribution. The various
measures to he described resulted in a lamp in
which a pgiven light dossge sould be reproduced,
hut it was not possible t0 obtain a precise fraction
of such & dosage, that is, 80, 90, etc., percent, for
the auxiliary standard strips, bacausa of vaviation
of electrode resistence during the bumning of the
carbon electrodus.  For this reason light dosage
is measured by means of a “exposurs meter.”
This is an adaptation, to high intensity sources,
of a device developed by Douglas [21] for the
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megsurement, over periods of time, of extremely
small quantities of light. This device will be
described in detail in a subsequent publication.

1. Lamp and Accessories

During operation, the globe of the enclosed are
ocquires & deposit of soot and &sh from the elec-
trodes, varying in thickness snd transmittance,
apparently as & funetion of the composition of the
arc gases and of the ash content of the electrodes

and thus changes the radiant output. Thercfore,

an gre wae used that burne in & current of air
that removes the arc residues and mekes deposition
negligible npon the 18-cm Corex-D tube that sue-
rounda the arc and aids materially in simulating
the fading action of the enclosed are by providing
a short-wave cutoff near 290 mp.

The open arc hurns cored electrodes, and gs the
nature of the core material determines to & great
extent the spectral distribution of the are, it is
necessary that the electrodes be uniform through-
out the batch. An effort was made to achieve
this by purchasing a large quantity of electrodes,
spoecially manufactored at one time from one lot
of ingredientz, culled to very close tolerances as to
diameter.

During standardizaiion the paper is mounted
oh s drum mtating &t 1 rpm around the are. The
vertical face of the drum was machined to within
0,003 in. of perfectly circular sand the papar
mounted under tension against the machined face
by wrapping arpund the drum, thus minimizing
any tendency toward curveture im the other
direction. Ae the paper extends downward from
the drum by 5 cm, and its midpoint is 25 em from
the arc (which, furthermore, is not & point source
but is about 15 mm long), the amounts of incident

radiant energy differ vertically over the paper by

lees than 1 percent, end probskly not at all hori-
zontally, during rotation.

The lamp is housed in a special room at 25
£05% C and 50 £1 percent relative humidity, in
order to avoid seasonal eifects.

2. Power Input to Aro

Regulation of are current snd line voltage is
necessary for reproducible performance of the are,
A device, which i essentially & contact-making
ammeter, regulates the arc current at 30 amp by
controlling a raversible motor that regulates tha

ATC gap.
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The line voltage iz kept within a tolerance of
=%0.5 percent by means of an induction voltage
regulator, mechanical type,

The lina voltage is applied to a fixed transformer
that operates the arc near 40 v,

Constant power input during the buming of a
trim of the carbon electrodes is not obtained by
regulating line voltage, becanse the JR-drop in the
clactrodes changes with length, In a typical case,
as the elecirodes were consumed, the carbon
regigtance * changed from 0,19 to 9,44 obm, and the
clectrode holder voltage (the “are’ volts actually
meagured} changed from 42.5 te 40.5, the cumrent
remaining at 30 ampa. From these values it can
be calpulated that the truc arc voltage rose from

36.7 to 39.2, accompanied by a rise in power input.

3. Reproducibility of the Arc

By limiting the tests to a definite portion of the
electrodes, it was possible to obiain & mensure of
the reproducibility of the arc by relating radiant
cutpat to power imput.

The experiments were spread over a period of 2
weeks, each test as described in the footnotes of
table 3. An exposure meter, the receiver of which
was mounted on a drum rotating at 1 rpm around
the arc, thus scanning it from all engles, was used
to measure radiant output.

The results in table 3 show the following: (i)
The power input to the are iz quite raproducible,
as the coefficient of variation in, the wattage was
chly (.59 percent, with an extrems difference of
2.7 percant. {2) The radiant cutput, in terms of
counts per hour and counts per watthour, is re-
prodycible to the extant indicated by the corre-
sponding coefficient of variation, and the extrems
differences. This reproducibility reflectz varia-
tipns among electredes, variations in average line
voltage, shifte in wavelength distribution, as the
exposure meter i3 spectraily selactive, and errors
in the latter. Sinee, in ordinary practice, triple
trims of electrodes are burned simultanecusly,
elactrode varistions will prebably be less than
indicated.

The problem of varintiots among taxtile fading
lamps was suggested by William D. Appel
Members of the lightfastness committess of the

1 Diata turniabed throogh the mmum:ol‘ F. T, Rvedlich of the Watlonal
Carban]Co,, Cleveland, Ohlo.
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Tasrm 8. Reproducibilely of master lamp in the tpegiral
fagion * approzimaiely 300 Lo J50 nt, mp

““Photon eoantec”
walnes
A
Run & Time | e « Commnta
T e
our] wati-
honr
miw 1w
Lvcvivmwmneeoec| 10B0 [ L2 | 1,200 | 7.2M
i 1130 1071 1, T 154
. 1.9 1,07 1, &0 | L
.| 11l.8 L, ok 1, @ 1.2z
| S I § | - 1,0 1,292 1168
Boeeeeeee...| 11LE L 075 1,28 1 iee
e 1115 1,0m 1, ¥d | B
- 1113 1.0¢A 1, &d 1. 20
B IR 1.0 1, 0 1. 1
W ___.._....] 1nNLE 1,073 1.7 1. 188
I8 L0732 1,288 L2

LW L 481 1| 1. 184
1L 2 Lqm L 1. W
L] 1.0m8 1 b L Fay
/) [ I, Bk L 208

i

110,10 L, 81 1, ¥R 1
ILL4 LT 1,23 1. 200
11L& L3 1, 306 Lar
i LT 1, & 1. 196
Medil e L0 1, ¥ 1.0
Btawdwtd devintion 4., [ 631 L4 | 03
CoafMebint of varisthen,
permanl . ____.| &8 038 Ll
Extrams difereace, per-
oont . 7 35 3.8

= T spiectral replon wae defined by the specivsd seneitdvity and Lrans-
mieslon aurves of the BOA 808 bigh-rpaeuury phadotwbe and Lbe Gomming 5550
poilshed filter, tapectivaly, tbe Dmadmyo aoetiring oesr T35 ma (Twoi-
fartnrara” daka),

T A Frpahy aingle trit of cored earbvon ghoctrodes was weed (or exch ran, snd
the ocsIments wers atartad 60 minates alter the firet atrikiog of 1he are.

& Thw soergy Input to the arc for each oon wan 20000 watthanm, moasured
with & Hotsting Standard watthenr metar, Gemers] Blestrle medel TBEY,
capable of being read Lo 0.0L watthour, using the proper curesnt and voltees
traneformers. ‘Thus, the nnmber of pouniz were Jivided by 2,000 te 0btain
the veluea of counis per watthour. The valoss for waklt werr aboaibed by
dividing watibhouts by bowes.

4 Btandard Dwrhtlun--\flm—:-'"F 5 Lrak =T
* Cpefficdent of variaton=1005/nean.

American  Association of Textild Chemisis &
Colorista and the American Society for Testing
Mauterials cooperated. Merle B. Shaw, Martin

Light-Benaltive Papecs
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J. (VLeary and Joshua K, Missimer, undar the
general supervision of B. W. Seribner, Chief of
tha Paper Section, rendered the indispensible aid
of making and dyeing all the papars. Paul J,
Shouse made some of the measurements and equip-
ment,
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