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TEE EFFECTS OF ULTRAVICLET LIGET
CKH THE CCLCR CF UNBLEACHED PULPS

SUMMARY

A literature survey was prepared which covered the
nublished iInfcrmation on the effects of ultraviolet light
on the color of unbleached pulovs.

Zxperiments were conducted with eight types of
unbleached pulp wirich were converted into optical test
vads under varying nk conditions, using sulphuric acid
and caustic soda as well as alum and sodium aluminate for
ad justment of the hycérogen ion concentration. The optical
test pacds were exnosed to ultraviolet irradiation. There-
after, reflectance measurements were taken, covering the
range of visible light.

IFrom the linmited number of experiments which were
conducted we can conclude that:

1. Unbleached coniferous xzraft, unbleached hardwood,

sulphite, and unbleached hardwood soda pulps brightened

wiren exnosed to ultraviolet light.

2. TUnbleached hardwood 11.S.8.C.(70% yield), unbleached

haréwood 11.5.S5.C. (783 yield), unbleached coniferous

sulphite, unbleached hardwood cold socda, and unbleached

hardwood chemi-groundwood pulps yellowed when exnosed
to ultraviolet light

7. Adjusting the pH to four with sulphuric acid

increased thie reflectance of most pulps while adjusting

the pE to ten with sodium hydroxide decreased the
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reflectance of the oulps. Thls was observed before
irradiation with ultraviclet light.

L, When napermalers' alum was used to adjust the

pil of tiie sheets to four, the reflectance values
before Irraciation decreased slightly in most cases.
There was a lerger drop in the reflectance value
when the pH of the »nulp 1s adjusted to the pH ten
with sodiun aluminate.

5. DBoth means of adjusting the pI to ten, namely
sodium hyércxide and sodium aluminate, decreased the
iritial brightness of the pulp. However, there was
1ittle correlation between the elfects of the two
compounc.s usec to adjust the pulp pH to Tour, ramely
sulphuric acid arnd papermalkers' alunm.

6. Experimental results showed that none of the
ccompounls used in pH control stabllized consistently
tl.e color of unbleached puln exwosed to ultraviolet

irradiation.

owid 7 s

David L. Brew
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THE EFFECT OF ULTRAVIOLET LIGHT

ON THE COLOR OF UNBLEACHED PULPS

Subjectively, a definition of light would be,- the
sense impression formed in the eye. This definition
would seem to include only that which can be seen.
Customarily, however, ultra-violet and infra-red lights
are included as a part of light even though they cannot
be seen. The distinction between the different types of
light radiation is one of convenience, since all revpresent
a single phenomenon. Their differences lie mainly in
wave lengths; ultra-violet lies below the limit of the
visable spectrum, and above the x-rays.(1) The usually
accepted wave lengths for ultra-violet light are from 400
to 300 millimicrons for "near" ultra-violet light, and 300
to 200 millinmicrons for "far" ultra-violet light.(2)

TEE COLOR OF PULP

Color, as it is defined by Webster, is- "a sensation
evoked as a specific response to stimulation of the eye
and its attached nervous mechanisms by radiant energy of
certain wave lengths and intensities."(3)

The color of pulp is regarded as the spectral re-
flectivity and is illustrated by a curve of the ratio of
reflectance in the range of visable light, with 700 and
400 millimicrons as the upper and lower wave length
limits. In more specific terms, color is specified accord-
ing to the standard observer and colorimetric coordinate

system recommended by the International Commission of
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Illumination(I.C.I.). However, the appearance of a pulp
sample 1s not completely defined by these specifications.
Cther variables, such as texture, may influence the pulps

apoearance. (4)

EOW ULTRA-VIOLET LIGHT AFFECTS UNBLEACHED GROUNDWCOD

It should be noted that the action of light produces
two recognized effects: a "yellowing" of the sample, and
a "fading". (6) "Yellowing" implies a deeping of the color,
while "fading" is a whitening of the color.

The effect of ultra-violet light on groundwood
produces, in general, a yellowing of the pulp. It has
been found that irradiation in the far ultra-violet range,
285 to 400 millimicrons, will increase the brightness of
groundwood for the first 18 hours, but subsequently the
brightness decreases. Lignin and the extractives are be-
lieved to cause thils yellowing, since both have a high
ultra-violet licht absorption.(7) There is some dissen-
tion on this point, as Forman (8) found the color of
native lignin relatively stable to the actlon of ultra-

violet light.

TEHE VARIATIONS WITH TIME

It is known that the largest drop in brightness,
resulting from the pulp being exposed to ultra-violet
light, takes place 1n the first two hours of exposure.
After this period, Lewls, Reineck, and Fronmuller (6)
found that the drop in brightness 1s nearly a straight

line function of time. Van den Akker, Lewls, Jones, and
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Buchanan renorted that the changes in the sheet are
strongly nonlinearly related with the time of exposure to
the light from a Fade-O-meter.(7)
Graff (9) found that groundwood exposed to the action
of ultra-violet light decreased in Drightness very rapid-
ly for the firet 24 hours, much less for the next 24

hours, and only very slowly for longer periods of time.

THE VARTATICNS WITE HEAT

Another factor which influences the color of the
pulp and 1is difficult to separate from the action of
ultra-violet light, 1s heat.

Launer and Wilson (10) found that temperature does
not greatly affect the yellowing of groundwood. This
evidence was supported by Lewis, Reineck, and Fronmuller.
(6) Lolan, Van den Akker, and Wink (11) found that heat
in the absence of light played a minor role in the color
change of groundwood. However, in the vresence of ultra-
violet light there was a marked change. This seemed to
indicate there was an apvreciable photochemical effect on
the groundwocd pulp. The authors (11) also reported that
the action of the ultra-viclet light on the lignin was
the cause of at least a vart of the yellowing of the

groundwood pulp.

THE VARIATICNS WITH pH
The pH of the groundwood sample, both before and
after treatment with ultra-violet light, nhas a large in-

fluence on tre trightness of the pulp. The optimum pH
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for the highest brightness was found to be in the vicinity

of 4.C0.(7), a fact which was verified by Lewis, Reineck,

and Fronmuller. (6)

THE VARIATION %WITE CXYGEN ANlD OZONE

The presence of oxygen in the atmosphere of the ir-
radiated sheet should also be considered. It was found
that groundwood fades faster in the presence of atmos-
pheric oxygen than when it is not present.(11) Launer
and Wilson (10) established that newsprint subjected to
ultra-violet light in the absence of oxygen increased in
brightness when the temperature was controlled. If the
sheet was subseguently exposed to elevated temperatures,
the brightness dropped.to its original level. When
oxygen was vresent during the controlled temperature ir-
radiation, tne brightness dronped. Other authors (7)
stated that the role of oxygen in fading of groundwood
was small. They also pointed out that ozone alone bright-
ened groundwood, but in the presence of ozone and ultra-
violet light, the brightness dropped twice as much as

with ultra-violet light alone.

HOW ULTRA-VIOLET LIGHT AFFECTS UNBLEACHED CHEMICAL PULPS

Little information is available on the action of
ultra-violet light on chemical pulps, but Graff (9) did
report that the brightness of unbleached spruce sulphite
decreased extensively for the first day, under the action
of a Sterilamp and of the sun. Further decreases in

brightness were noted, but were nuch more gradual.
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surprisingly, the report showed that the brightness of a
hardwood pulp, untleached basswood sulphite, increacsed,
after a slight initial decrease. It was also found that
coniferous unbleacied kraft and soda pulovs showed a
gradual increase in brightness when exposed to ultra-
violet light.

When Launer and Wilson (1O)Iexposed soda-sulphite
and refined sulphite sheets to ultra-violet light at con-
trolled temperature, the brightness increased. However,
they Tfound that in the absence of temperature control,
botl types of paper yellowed. Another interisting acspect
of their investigation showed that this yellowing, caused
by heat, could Lbe bleached out with light. Inversely,
Dleaciing caused by light could be nullified by heat.
They also reported that light did not cause yellowing,
but that the treated fibers exhibited, upon aging, rela-

tively rarid changes which were not pihiotochemical. Launer

=i}

and VWilson showed that soda-sulphite papers, irradiated
with ultra-violet light under controlled temperature in
absence of oxygen vrightened, but that the brightness
increese was smeller than in the presence of oxygen under
controlled temperature conditions.

Lewls,Reineck, and Fronmuller (6) found that both
bleached and unbleached sulphite faded when exposed to
sunlight for 35 hours. It was not stated whether this was
deciduous or coniferous pulp.

Because of the seeming lack of knowledge of the ef-

fecte which ultra-violet 1lizht has on unbleached high
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vield pulps ond to better study end understand the elfects
of ultra-violet lignt on unbleached chemical pulps, an

experimental study will be undertaken.
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TE ZEFFECTS OF ULTRAVIQOLET LIGHT

Cll THE CCLCR CF UNBLEACHED PULPS

EXPERIMENTAL DESIGN

Throughout the literature survey there was found
only limited information on the effects of ultraviolet
light on any of the high yield unbleached pulps. It was
decided, in view of the recent interest shown for these
pulps, to undertake some experimental work.

Two grouns of pulps will be studied as to the effect
of ultraviolet lizht on their color. The first group,
the high yield pulps, will include cold caustic soda pulp,
neutral sulphite zemi-chemical pulp, groundwood, and chemi-
groundwocd pulp. The second group of pulps will include
chemical woodnulpss kraft, sulphite, and soda pulps.

These will also ©e in unbleached condition.

The pulps will be formed into handsheets for optical
testing according to TAFPI Standards, with special empha-
sis placed on the removal of residual chemicals before
the start of the experimental work.

Variables in the experiments include time of exposure
to ultraviolet light and the pH at which the sheets are
formed. The effects of ultraviolet light will be checked
after 0, 4, 12, 24, and 48 hours of exposure. The pH of
the sheets Deins exposed will be 4, 7, and 10. Adjustments
to these pH levels will be made with alum or Sulphuric
acid on the one hand, and with sodium hydroxide or sodium
aluminate on the other hand. Six sets of handsheets will

be mace to cdetermine what, if any, differences are caused
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by varying the pH by two different chemicals.

The eguipment to be used for the irradiation of the
samples will be a Fade-Ometer. All sheets will be checked
by means of the I. P. C. Brightness Tester'%or brightness
and yellowness. If time permits, color curves will be
established, and if so, all filters of the I. P. C.

instrument will be used.
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MATERTALS

The materials used in Tforming the Optical 3rightness
Pads were unbleached pulps ranging from high yield chemi-
groundwood nulp to well cooked sulphites. These pulps vere:

Hardwood Chemi-groundvood
Hardwood Sulphite

Hardyood Soda

Hardwood ¥.S.S.C.(70% yield)
Hardwood 17.8.5.C. (78% yield)
Hardwood Cold soda
Coniferous Kraft

Coniferous Sulnhite

L] * .

O~ oV ol —

fhod
L

IETHODS

+

The forming of the Optical 3rizhtness Pac¢s was done ac-
cording to TAPPI Standard T-218, with the exception that the
pE values were adjusted to definite levels. The reagents
used to obtain these pH levels were 1% sulphuric acid and 5%
papermeker's alum on the acid side, as well as 1% sodium hy-
droxide and 5.25% sodium aluminate on the basic side.

All samples were irradiated in a type FDA-R Fade-Ometer
manufactured by the Atlas FElectric Devices Compaﬁy. The
samnles were exposed to the ultraviolet rays of the Fade-
Cmeter for periods or four, twelve, twenty-four, and rfourty-
eight hours. Compnlete color curves, ie.,.reflectﬂnce vaelues
determined with the nine Tilters of the I.P.C. Brightness -
Tester, were teoken before any irradiation of the sample and
after 48 hours of irradiation. Partial color curves, ie.,
reflectance values for filters 1, 2, 5;ﬁ7,and 9;ﬁwere produced
Tor the samples after 4, 12, and 24 hours of irradiation,
because of the time factor involved in ugin~ 211 filters.

After each period of ultraviolet exposure, a one inch sample
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was cut from the original’specimen so that a visual compar-
ison of the progress caused by irradiation could be made.

EQUIFHENT USED

The Fade-Ometer is an electrically overated device used
to approximate the irradiation of noon June sunlight both
gualitatively and quantitatively. Four and two third hours
in the Fade-Ometer is équivalent to six hours in the standard
outdoof sun test. The Fade-Cmeter gives this type of irred-
iatioﬁ'continuously and hence is valuable for accelerated
tests.

The ambient air temperature at the face of the specimens
is controlled to within * 3° F, if the temperature control
is get between 95 and 1500 F. There is also a dial tyve
thermometer which gives the ambilent temperature in accordance
with the specification of the A.S.T.I1l. The IFade-Cmeter has
a ventilating system for controllihg the temmerature in the
test chamber. This system incorporates filtered air and is
controlled by an electrically operated blower which is actu-
ated by a thermo-regulator.

Humidity 1s adjusted by a constant level reservoir
which adds moisture to filtered air by means of evaporation-
from a set of wicks parti&lly submerged in the reservoir.
Devending upon atmospheric conditions and the condition of
the wicks, the relative humidity may be up to 50% in the
test chamber.

The test specimens were held in a vertical position
supnorted at both the top and bottém. The specimen holders
used vere type SL-LSR stainlecs steel holders, giving an ex-
posure area of 1.3/4" x s",

The ultraviolet light 1s produced by the Atlcs Violet
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Carbon Are. This arc gives a continuous spectrum of light
from 279 mu to 20,000 mu. The arc is »roduced by passing a
controlled current between one solid carbon electrode and
two cored electrodes or vice versa. The arc is encased in a
Pyrex globe whicn Tilters out the shorter wvavelenztihs so
that the radiation ot the sheets will avpproximate summer
sunlight. The glcoe alsq orotects the samples from the prod-
ucts of combustion of the arcs and gives extended life to the
electrodes.

All recorded values for.zll filters were obtained by
means of the I.P.C. Brightness Tester. The recorded values
are the average of three or more readings. The I.P.C. 2Pright-
necs Tester is a photoelectric instrument which measures the
reflectance of a sample, as compared to the reflectance of a
magnesium oxide block.

The light is incident upon the samvles at o 45° angle.
The reflected lignt passes through a seriles of lenses and
one of the nine filters into an active phototube. The cur-
rent created 1n the phototube is regulated to opwose a cur-
rent set wp in a cdummy pvhototube. 7Then a current balance is
set up, the reflectance reading is taken Trom a vernier
brightness scale.

The effective wovelength of reflected light corresvond-

ing to each of the filters is as follovs:
Filter 1 457 millimicrons

2 00
3 43

5 ¥59
4 401
5 537
© 571
7 606
c 630
9 651
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The standard, which weeg used to get the reflectance
values, was ontained througn subscrintion to the Institute

of Paper Chemistry.
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DISCUSSION OF RESULTS

Figures 1-8 show the color curves of the eight pulps
before irradiation and after 48 hours of irradiation. The.
color curves shown are for the pulp:isamples without »H
control and are the average of two such samples.

Of these eight pulps, three showed an increase in
vercent reflectance at each filter over the 400 mu. to
650 mu. range caused by ultraviolet irradiation. Two of
these pulps, the unbleached hardwood soda and the unbleached
coniferous kraft showed a nearly ecual increase in reflectance
over this range. The third sample, unbleached herdwood
sulphite, shcwed only a mild increase in reflectance in the
blue and violet ranées, but a much larger increase.in reflect-
ance in the red, orange, and yellow range.

The remaining five pulps wnen exposed to ultraviolet
light showed a lose ip vercent reflectance in the blue and
violet range, but exhibited varying results in the longer
wvavelength regions. Both unbleached hardwocd E.S.S.C.(?O%
yield) and unbleached coniferous sulphite showed a loss in
reflectance 2t all wavelengths in the visable region.
However, the rellectance difference was noticeable smaller
in the longer wevelength regions. Unbleached hardwood cold
sode and unbleached hardwood chemi-groundwood pulp color
curves, before irradiation and after 48 hours irradiation,
were characterized by a loss in reflectance in the shorter
wavelength regilons, and a convergence of the color curves in
the orange region. In the red-orange regions, the vercent

reflectance of the irréddiated samples was greater than that
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of the non-irradiated samvnles. The unbleached hardwood
¥.8.8.C.(78% yield) pulp was lower in percent reflectance
after irradiation up to the yellow-green region but had a
higher percent reflectance than the non-irradiatéd-opulp
after thils point.

The sanples, adjusted to a pH level of four with
papermelers' alum, although not having the lowest color
values before the sheets were irradiated, lost more in per-
cent reflectance than the pulns adjusted to other pH levels.
In most cases the color curve of the alum adjusted seample
was the lowest after 48 hours of irradiation.

When sulphuric. acid was used to adjust the pH level to
four, the color curve was, in general, the highest of any of
the sheets tested, both before and after irradiation. The
one case which was obviously different was unbleached conifer-
ous sulphite. There the color curves for the control sheets
wvere higher before and after irradiation than the sulphuric acid
ad justed sheets.

The test sheets which were adjusted to o pH level of ten
with &ither sodium hydroxide or sodium aluminate can best be
discussed by comparing them with each éther end also against
the alum adjusted sheets.

For all pulps tested either the sodium hydroxide or the
sodium aluminate adjusted Bheets had the lowest color curve
before irradiation. The values obtained in the presence of the
two chemicals were very close, each having the lowest color

curve in four cases. There was no change in the relative
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c.
lJocation cf the color curves between the two -- the one

color curve that had the low values remained low for all
filters and all exposure times.

The original color curves for alum adjusted sheets were
above those of the pH ten sheets before irradiation. Fow-
ever, the alum adjusted sheets, after irradiation, lost
more brightness in the cases of the five sheets that yellowed
and gained less brightness in the cases of the three pulps
which showed an increase in reflectance. This loss or gain
moved the color curve of the alum adjusted sheets to a posit-
ion lower than the location of the sheets to pH ten. The
cnly excevtion to this fact was in éhe case of unbleached
herdwood soda pulp. .

Variables other than time and pH level which affect the
color of unbleeched pulp include temperature, composition of
the surrounding atmosphere, and the presence of metallic ilons.
The temperature at the face of the samples was 110 + 5%F. The
atmosvhere in which the samples were exposed may have contained
some ozone formed by the arc of the Fade-Ometer. Ilo effort,
other than using distilled water in forming optical test pads,
was made to free the sheets of metallic ions. The degree to

wnich these variables affected the results was not explored.

CONCLUSICKS

From the limited number of experiments which were con-
ducted we can conclude that:

1. Unbleached coniferous kraft, unbleached hardwood
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sulnhite, and unbleached hardwood soda pulvs brightened
when exposed to ultraviolet light.

2. TUnbleached hardwood N.S.S.C.(70% yield), unbleached
conifercus sulphite, unbleachked hardwood cold sode, and
unbleached hardwood chemi-groundwood oulps yellowed when
exposed to ultraviolet light.

5. Adjusting the pH to four with sulphuric acid increased
the reflectance of most »nulps while adjusting the oH to
ten with sodium hydrcxide cdecreased the reflectance of
the pulps. This was observed before irradiation with
ultraviolet light.

4. Then pepermakers' alum was used to adjust the pH of
the sheets to four, the reflectance values before
irradiation decreased slightly in most cases. There was
a larger dron in the reflectance value when the pH of the
oulp ig¢ adjusted to the pH ten with scdium aluminate.

5. Both means of adjusting the oH to ten, namely sodium
hydroxide and sodium aluminate, decreased the initial
brightness of the pulp. However, there was little
correlation between the effects of the two compounds used
to adjust the pul» pH to four, namely sulphuric acid and

' alun.

napermaiers
€. Ixperimental results showed that none of the compounds
used in oH control stabilized consistently the color of

unbleached opulp exvosed to ultraviolet irradiation.



EXPLANATION OF CODE

The sheet numbers C] and C, indicate
test sheets which had no pH control. The
subscriptes were used for identifying the
sheets during testinge In all other cases
the initial A indicated the stock slurry
was adjusted to a definite pH level. The
remaining letter(s) tells what chemical
was used to adjust the pHe The code used
for these chemicals was:

A — papermaker's alum

SA - sodium aluminate

Hp = sulphuric acid

Na - sodium hydroxide
The number in parenthesis was the pH of
the stock slurry from which the bright-

ness were formed.



I. Po C. BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNBLEACHED HARDWOOD CHEMI-CROUNDWOOD

Sheet  |[Filter 2 Filter 3 Filter 1 Filter L Filter § Filter 6 Filter 7 Filter 8 Filter9
Number LOOmu 439 mu LSTmu L9l mu 537 mu  571mu  606m 630 mu @ 651 m

EXPOSURE TIME — O Hours

C1 (6e5) 37.8 5064 5340 5840 631 6649 71,0 Thebs 7648
C2 (605) 3806 5103 53.b 58.5 6305 68.3 7103 7&.5 76.8
ANa (7) 38.0 5060 524}y 575 6242 6601 6945 7361 751
Asa (7) 35,6 k7.2 k9.7 55.5 | 602 6L,5 67e 7.3 The?
AL (L) 35.L L7.5 L9.8 56e3 6142 6547 6749 71.8 The5
AHp (L) 3845 5149 53,9 5847 6liols 6847 7245 Thel 7748
ANa (10) 3Le9 Li6e1 liBe2 53¢l STeT 62,5 6643 69.6 7242
ASA (10) 355 L6els L849 53k 58.1 62,9 | 6646 6947 7342

EXPOSURE TIME ==); Hours

Cp (6e5) 3245 L5.5 L7.5 SkeS 60,6 6648 694l 731 75¢5
Co (6.5) 32.8 L6.0 LBe6 5lLe6 6069 6662 69els 73s1 | TSk
ANa (7) 3246 L5e2 U746 5Le0 60,0 6.9 67.8 72,0 Thel
ASA (7) 3046 L3e2 L5.6 52,1 58.5 6345 673 70e5 | T263
AA (h) 30.1 h2.2 hh.3 51’7 58.3 63.11 67.9 70.6 7367
AH2 (h) 3247 ,-160] h8.5 5501 61.6 67oh 1.1 i 7,-105 770
ANa (10) 3145 L3e3 4545 51.5 5743 62,6 | 6640 69.8 73.0
AsA (10) 31.9 L3.2 L5.7 5243 5749 6343 66e7 | 7048 7345

EMPOSURE TIME — 12 Hours

Cl (6e5) 2645 11,2 Lliol 5243 6043 66.l 7142 Thek 7646
cz (605) 2740 ,-l103 ll,-lo7 52.8 6008 6700 700,4 7’405 7607
ANa (7) 27 L0.9 Lko6 5242 59.6 65,8 7061 73.L 7565
ASA (7) 2642 39.k Lh2.7 506k 581 63.6 6841 71.3 Theé
AL (L) 2.1 375 L4048 L9.2 STeki 63,2 69.5 7240 The2
AHp (L) 26,2 Lol7 LlieS 52.k 60.9 676k 72,7 75¢6 77k
ANa (10) 2643 3949 L3.3 5045 5840 6347 6949 Tlek 7440
AsA (10) 2742 L0.5 L3.5 51,0 5949 6le6 6942 718 Th.E

EXPOSURE TIME -- 2); Hours

C1 (6.5) 2ke6 L2460 591 7062 76¢9
02 ( 6.5) 2.l 1.7 5940 70.1 - 7662
u.' (7) 21105 u.? 58.2 7000 75.6
ASA (7) 23,5 40e1 57¢2 68,5 L 756
AL (by) 2261 3842 55¢9 68,0 Th.8
AH2 (L) 262 4049 5940 TLe6 7861
ANa (10) 2Le6 LOe7 57e2 6842 The7
ASA (10)  2heé 4069 57¢6 690 7508

EYPOSURE TIME&s[8 HOURS

C, (645) 18k 29,6 3367 L2,9 Skl 63e1  T06 | 75,6 | 7842
Co (6e5) 179 @ 28.8 3269 | k2l 53,9 63,3 | 0. | 752 | 784k
ANa (7) 17.6 2848 33,2 L2.6 53.7 62,8 7062 | The? = 7766
ASA 27) 1207 2201 3202 ,-8]8-02 5203 gg-o’é 2202 7207 | 760%
M h .7 2 .0 29. .2 9.q [ ] | .2 71.2 | 7 TP
AHQ (hg 17.1 2706 3108 Elol 2.[’4 6205 69.5 7501 73.7
ANa élo; 17.6 28,8 32,7 k1.9 531 6245 6942 T35 771
AsA (10) 17.8 29.0 3362 h2.3 53k 62,7 6943 Thel 772



I, Po C. BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNBLEACHED HARDWOOD SULPHITE

Sheet Filter 2 Filter 3 Filter 1 Filter L Filter 5 Filter 6 .Filtnr 7 .Filter 8 .Filtor 9
Number 40O mu 439 mm L4S57mm 491 mu 537 ma 571l mu 606 mm 630 mu | 651mm

EXPOSURE TIME -- O Hours

C; (7¢1) 39.0 L7k 197 Sheb 5943 6342 671 6945 R
Co (7.1) 39.h L7.9 L9.9 55¢3 5946 6346 6741 7060 72l
AL (L) 3L.9 42,2 Lo 7 5162 5640 60,6 631 6646 6942
AHp (L) 0.5 h9.5 51.8 56¢9 61.8 6640 70,0 72,6 The7
ANa (10) 39,6 U745 L9e7 She9 5849 62,9 6567 6846 7163
ASA (10) 35.3 42,8 LleS L9.8 Shel S leorl 61.3 6li40 6662

EXPOSURE TIME -- lj Hours

No change was noticable upon visual inspection of the sheets, so no values were
recorded,

EXPOSURE TIME — 12 Hours

Cy (7¢1) | 37.3 5040 57¢6 695 The2
C2 (7e.1) 3842 5069 5841 70.7 754
AL (k) 33.k .8 Sh.g 6763 T2k
AH2 (L) 3942 1.6 59 7243 TTeL
ANa (10) 38011 h9o9 57 0 68e1 | 73e3

AsA (10) 33.k Lle7 51.6 63,5 67k

EXPOSURE TIME — 2l Hours

C1 (7¢1) 377 5067 62,5 7042 75l
C2 (7¢1) 38.9 51,2 63.1 713 7646

AA (L) 33.3 LSe7 5867 67.4 T2.7
AH2 (L) L0.0 52,1 6.7 7h40 79.0
ANa (10) 3846 503 61.9 70,0 Theb
AsA (10) 33.3 Llio7 55¢7 6246 6749

EXPOSURE TIME — L8 Hours

C1 (7¢1)  39.1 18,8 51.0 571 6345 684l s, ] 7540 7648
Co (7.1) LO.3 4942 52,0 5749 6lel 68,9 7245 7565 775
AL (L) 3L.5 L0 L6é.% 5249 59,k 6l,). 68,5 712 13,7
AH2 (L) .k 50,7 5362 59.1 6547 7047 hols 772 80,2
ANa (10; 39.6 L8e6 5069 57.0 63.2 | 67.9 7049 The3 7642
ASA (10 3kl W2.7 4S.1 50,6 5662 60,2 6342 6601 68,5




I. P. C. BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNBLEACHED HARDWOOD N. S. S. C. (78% YIELD)

Sheet  Filter 2 Filter 3 Filter 1 Filter L Filter 5 Filter 6\F11ter 7 Filter 8 Filter 9

. Number 00m k39 mu 457 m 491 mu 537 m:  S71mn 606 mu | 630 mu | 651 mu
EXPOSURE TIME — O Hours

C1 (648) 20,0 29,4 32,6 38,7 LLo6 5066 558 60,2 63.k
C2 (648) 2062 3064 32,5 3846 LkLe8 51.1 560 60,7 6Lk
AL (L) 19.8 29,0 31.4 3745 Lle6 5006 5642 61.2 6542
AH (k) 2049 31.5 33,3 39.8 L6l 52,8 59¢2 €3.1 6761
ANa (10) 17.h 2740 29.3 el 41,5 47,0 5242 5Teh 601
AsA (10) 18,42 2746 30,2 35,8 1.7 L7.6 533 578 62,3

EXPOSURE TIME — !4 Hours
No change was notigeable upon visual inspection of the sheets, so no values were recorded,

EXPOSURE TIME — 12 Hours

C1 56.8; 2060 29.8 3245 3942 L6}y 5243 5Tl 62,6 65.9
C2 (6.8 19.9 30,62 32,9 3944 L6e3 52,8 582 6247 65.6
A (L) 17.5 2742 30,1 3667 Lhe9 51,7 5649 6246 65¢h
AH2 (L) 19.7 3004 32,9 39.6 L83 Sk.6 6064 6lie2 6743
ANa (10) 18,6 2845 30.6 3746 L34 k9.3 550 6040 63,1
ASA (10) 19.4 2846 31,2 3762 Llio6 50¢4 5549 6066 63.9
EXPOSURE TIME == 2); Hours
Co (648) 1840 31.1 L5.6 5942 6648
AL (L) 15.8 2841 4349 5745 6642
AH? (L) 18.4 31.0 L649 6043 6748
ANa (10) 17.1 2905 hhoB 56.3 6’4.8
ASA (10) 17,5 3060 Lho7 575 65.5

EXPOSURE TIME — };8 Hours

Cy (6.8) 1k.9 24,3 2743 35,2 LS.l 53.3 5949 6546 6945
C2 26.8) 14,7 240 276 35.0 bl 5247 5946 651 6848
A (L) 12,5 21.9 2l4.0 31.5 L0.9 Loh 5645 61.9 6545
AHy (L) 1h.7 23.9 26,8 3L.6 Lke6 53.6 6047 65.8 6948
ANa (10) k.3 23,) 26.4 33.7 L2.56 5046 5745 63.1 6649
AsA (10) 1.6 23,8 2647 3L,.2 L3, 51.% 5749 63.5 6746



I. Pe C., BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNBLEACHED HARDWOOD COLD SODA

Sheet  Filter 2 Filter 3 Filter 1 Filter  Filter 5 Filter 6 Filter 7 Filter 8 Filter 9
Number L4OO mu 439 mu 457 mu 491 mn 537 mm 571 m 606 mu | 630 mu | 651 ma

EXPOSURE TIME =- O Hours

cl (701) 2647 hBOh héos Shol 61.3 67.3 T72.1 76¢3 792
C2 (7.1) 26.6 h209 h6.1 53.8 60.8 67.2 71.8 76.0 7901
AA (L) 267 k2.6 L5.3 53.0 6042 6549 7063 4.0 7760
AHy (L) 2749 L5.2 L8.5 5642 6L.0 7040 7540 7845 81.2
ANa (10) 2646 k2,0 L5.1 52,5 5940 6543 7040 Thel 7740
AsA (10) 25,5 k0.7 L3.7 5048 573 6249 68.3 72,2 75.4

EXPOSURE TIME = li Hours

01 (701) 26.0 hhog 6002 7207 7805
C2 (7e1) 2640 k3.8 5948 11,7 7845
AA (k) 23.5 L1.7 5840 6942 7640
AHp (L) 27,5 5.9 6249 75l 8l.1
ANa (10) 2603 h3oh 58.9 70.7 7709
ASA (10) 25,5 42,0 5647 6746 75.0

EXPOSURE TIME -~ 12 Hours

cl (701) 2100 39.6 59.0 72.5 8002
Co (7.1) 21.0 39.h 5848 7243 80.1
AA (L) 1747 3566 5543 68.0 751
AHy (L) 21,0 39.7 60,5 7h.5 82.3
ANa (10) 21. 39.3 5749 7068 7845
ASA (10) 20.8 3842 55 678 75k

EXPOSURE TIME = 2|; Hours

Cy (7.1) 1949 36.L 5549 7043 78.2
Co (7.1)  20.1 3644 55.7 70,1 778
AL (L) 17.8 33.8 52.8 6742 The7
AHp (L) 20,1 36.8 £23 72,6 80.2
ANa (10) 20,3 36.3 5542 6949 174
ASA (10) 19.5 3L.8 52.8 6601 - 7he2

EXPOSURE TIME ~- 48 Hours
C1 (7.1; 18.1 29.6  33.2 l2.9 5L.5 6h.0 70.8 76e1 | 7945

C2 (7.1 18.5 29,4 33.3 L3,2 5he6 6ol 7049 7642 7948
AL (L) 164 26,8 30,1 39.5 5045 59.8 6641 7063 | Thek
AH2 (L) 17.6 29.1  32.8 L2.5 545 6h.9 7249 773 | 8043
ANa (10) 18.5 29.2 33,1 42,7 5349 63.2 706k 75¢3 7845
ASA (10) 17.3 28,1 31,7 1.1 51,7 6046 67.l 71.9 75



I. P. Co BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNBLEACHED CONIFEROUS SULPHITE

Sheet Filter 2 Filter 3 F:_lter 1 Filter ).; Filter 5 Filter 6 Filter 7 F:ther 8 Fllter 9
Number LOO mu 439 mu L4S7 mu 491 mm 537 mu 571 mm 606mu 630 m | 651 m

EXPOSURE TIME -~ O Hours

C1 (7.0) L7.L 5843 60,3 65,1 70,0 745 7861 8047 8145
C2 (7.0)  L5.6 5645 59.1 6Ll 6845 7249 7643 7942 81.1
AL (L) 37.k4 L7.6 5063 55¢3 61.2 6641 6945 7263 | The3
Ay (L) 42,9 She8 57.1 6247 6842 7248 778 7942 81.3
ANa (10) LOoY 524 Shel 6066 65¢9 7040 The5 < 79.1
ASA (10) 37.4 4849 5069 57.7 6lie3 69.7 4.5 7748 197

EXPOSURE TIME -~ L Hours

Cl (740)  LO.6 5Le6 6742 7642 81.5
C2 (7.0) 40.0 5349 6643 4.5 8042
AL (L) 32,7 L6e1 58¢h 6742 72,0
AH2 (L) 38.4 51.7 6542 7449 8040
ANa (10) 3866 S2.4 6le2 7249 7848
AsA (10) 35.1 k9.6 627 | 73.0 - 7849
EXPOSURE TIME —- 12 Hours
cl (7.0) 379 67 67.1 L T6.1 82,7
C2 (740) 3647 51.5 6l.6 75.9 8045
AA (L) 3062 N 57.8 . 6668 72,5
AHp (L) 35.8 5040 6348 75ek 81,8
ANa (10) 3602 50.0 6303 { 7308 [ 79.0
ASA (10) 33,1 L7k 6240 7342 7943
EXPOSURE TIME — 2l Hours | |
¢, (7:0)  3ha9 1949 6.3 7hal 81.8
c2 (700) 3h09 h902 63.6 73¢9 8067
AA (L) 28,0 k1.1 5448 6L.8 70,4
AHo (L) 33.5 L8.1 62,5 L 7561 81.6
ANa (10) 346 L84 6249 73.1 7942
ASA (10) 31,0 | LS8 61,0 71.8 - 7849
EXPOSURE TIME -- L8 Hours
‘cl (700) 3602 h600 h8.h 56.0 | 63.9 | 7102 7ho6 79. Bloh
C2 (7+0) = 3Le9 - Lk L7.0 Shel 6240 6847 7349 77.6 804k
AA (k) 2842 3747 40e2 L7.3 Ske7 607 6542 6846 714
AHy (k) 3lok L3.8 L6ely 5349 6149 6849 The6 7749 8045

ANa (10) 3h06 hh.S h?oo Shoz 610h 6805 { 72.6 | 7605 7900
ASA (10) 32,0 k2.6 k5.1 52,1 60¢3 6742 7242 7601 7847



I. P« C. BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNELEACHED HARDWOOD N. S. S. C. (70% YIELD)

| Sheet | Filter 2 Filter 3 Filter 1 Filter l Filter S Filter 6 Filter 7 Filter 8 Filter
Number LOOma  L39 mu  LS7 mu L9l mm  S37 ma 571l mu 606 mn | 630 ma - 651 ma

EXPOSURE TIME =~ O Hours

C1 (7.0) 29.2 L3.6 4742 Shel 5947 6L.0 691y 719 7507
Co (7.0) 2842 L3.3 L549 53.1 59.0 6345 6845 72,0 Th.7
AA (L) 29,8 la.9 45,5 532 60.1 6546 6945 1247 The8
AHp (L) 31.6 L5.9 4942 56el | - 6243 67.1 7049 73.5 7643
ANa (10) 2749 L0.8 L3.9 4949 5640 6le3 | 65.9 | T70.7 7345
ASA (10) 28,5 41.5 LheS 50.9 5742 6243 6649 T1.3 7h.L

EXPOSURE TIME -~ L Hours
No change was noticeable upon visual inspection of the sheets, so no values were recorded,

EXPOSURE TIME — 12 Hours

Cy (7.0) 2047 3643 5249 6le6 71.0
02 (7.0) 20.5 3609 5209 | 6ho9 i 7108
AA (L) 18.4 33.5 51.0 | 63k T1e9
AHp (L) 22,1 39.0 5640 | 6940 | 7he9
ANa (10) 20,8 364l 51.3 6347 7044
ASA (10) 21.3 3648 5243 6he2 | ol
EXPOSURE TIME -- 2l; Hours
C1 (7+0) 192 3ke6 | 5le5 | 6lie3 - T2.0
‘Cz (7.0) 1807 Bhoh 5105 6&03 7200
AA (L) 17.L < B L9e7 6343 7240
AHp (L) 2047 3643 5he6 687 7547
ANa (10) 19.6 3ke7 5047 63. Tl.1
ASA (10) 20,1 39 51.3 6ke3 720

EXPOSURE TIME — L8 Hours

€y (7.0) 1646 28.2 31.2 L0.1 L9.5 57.4 6345 68.9 | 721
C2 (740) 16.8 2842 31.5 LOel = L946 = 5746 63.8 | 69.0 | 72,1
AA (L) 15.4 2545 284k 3649 k7.0 554 62.0 67.7 1.3
Atz (L) 18.9 29.3 32,8 | l1.8 5242 6142 6741 | 72,6 7549
ANa (10) 17.9 28.7 3108 h002 h907 5700 6h00 | 68.8 7203
ASA (10) 18.4 2849 32,2 L0.5 L9.8 5745 63.7 68.5 7242



I. P. C. BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNBLEACHED HARD®ROOD SODA

Sheet Filter 2 Filter 3 Filter 1 Filter L Filter 5 Filter 6 Filter 7 Filter 8 Filter ¢
Number OO mu 439 ou  LS7 mu L9l mm 537 mu 571l mn 606 mu 630 ma | 651 mu

EXPOSURE TIME =-- O Hours

C1 (7.2) 3645 L3.5 LS.8 51.k 5646 61.6 6545 6842 70,5
Co (7.2) 3640 L3.7 L5.7 5068 56eL 61.5 65.0 6843 70.5
AA (L) 3564 L3.0 L5e3 505 56¢3 61.2 65.1 6849 71.2
AHp (L) 3647 L5.3 L7.0 52,4  58.5 63.8 6842 71.4 73.9
ANa (10) 35¢3 L3.0 Ll 062 65,7 60.0 6L.0 67.6 7060

ASA (10) 35.1 U2.9 Lh.9 9.7 56l 60,0 64,0 6742 69.8
EXPOSURE TIME — L Hours

C2 (7.2) 38.4 . L7.9 5846 6749 73,0
AL (L) 38.3 U749 59.1 67.8 7342
AB2 (L) L0+6 5040 61.5 7045 7546
AsA (10) 37.6 47,0 576 6644 71.8
EXPOSURE TIME — 12 Hours
C1 (7.2) 39.7 49,0 5949 6842 7he2
C2 (7.2) 4040 L9.2 60.1 6845 Thel
AA (L) 40.0 L9.3 604 6846 Thel
AH2 (L) L2.2 5146 63.1 71.2 7762
ASA (10) 39.2 L8.1 5847 66.L 7245

EXPOSURE TIME — 2l; Hours

c2 §7.2) Lh2.3 514 62.3 70.3 757
AA (L) Lh1.6 51.0 6242 6949 7he9
AHy (L) Lk.5 53.7 6542 Bt 7844
ANa (10) ,-l109 Sloo 61.6 6907 7500
AsA (10) L1k 5065 6l.1 6846 TheS

EXPOSURE TIME — L3 Hours

e2) Ll 51.9 Shel 5942 6le7 6942 721 | 75,6 7848
e2)  Lle8 52.6 5LeS 59.8 65.5 7042 7he0 767 79.5
) Lh2.h 5067 53.4 584 6l,0 689 71.8 The5 7647
) L7.3 5he7 5646 6149 67.3 717 75.0 7843 7949
10) Lhk.1 51.9 53.8 59.0 6.6 69.L 73.1 75¢7 7.7
10) L3.5 51.1 53.3 5843 63.9 68.4 71.6 The9 7645



I. P. Co BRIGHTNESS TESTER REFLECTANCE VALUES FOR COLOR CURVES

UNELEACHED CONIFEROUS KRAFT

- Sheet Filter 2 Filter 3.Filter 1 Filter h-Filter S-Filter 6 Filter 7.Filter 8.Filter 9
. Number OO mu | 439 mu  US7T mu 491l mu 537 mm 571 mu 606 mu @ 630 mu = 651 mu

EXPOSURE TIME = O Hours

Cl g.i« 17,3 zholf 2509 3101' 3609 h203 ,47.3 5200 5508
AL (7) 17.2 2L.0 25.3 30,k 3660 L.l L6k 51.6 549
AHy (7) 17.9 25.2 27.1 32.3 37¢2 | k3.3 L9l Sheb 58l
AL (L) 17.2 23.8 2547 30,0 36,1 1.1 4642 4949 53.1
Aty (L) 18,5 26,2 28,0 33.4 39.0 6.2 52.8 57.6 61.8
ANa (10) 17.0 23.1', 2501 3000 3!10).' hl.7 ,-1606 Slob 5501'.
EXPOSURE TIME = L Hours
Cvl (8.1‘.) 18.3 2706 3903 50.2* 5802
C2 (8.h) 17.7 26,9 3862 Lo.L 5648
AL (7) 18.3 2742 39,0 k9.9 5747
AHe (7) 19,2 28.1 39.3 51.2 60,0
AHp (L) 20,0 2945 Lo.7 54.2 62,7
ANa (10) 16.9 26,0 3567 L8e2 566l
ASA (10) 18,0 27.6 37.h k9.8 57kt
EXPOSURE TIME — 12 Hours
Cy (8Bel) 1847 2845 L6.2 5247 6063
Co (8el) 18.2 2845 Lo.5 52.7 59.8
AA (7) 18,5 2842 LOe7 524k 59.6
AHo(7) 19.1 29, 11,1 53,8 62.);
AA (L) 18,8 2840 39,7 : k9.2 5549
AHy (L) 20.1 302 L2.3 56.2 6li.9
ANa (10) 17.8 27l 38,1 50.1. 5843
ASA (10) 18.1 2748 38,8 51.). 59,0
EXPOSURE TIME -~ 2l Hours
Cy (8eh)  19.8 30.1 - L2.6 5hel. 6.l
Co (Bel)  19.0 29¢) k2.2 5347 61.5
AL (7) 19.3 29.6 L2,2 53.3 61,6
AHo (7) 20,9 3048 42,8 5Selt 62,8
AA%&) 18.9 2846 40.8 5061 57.6
AHp (L) 21.2 31.7 NI | 5840 6641
ASA (10) 19,7 29.8 L1.2 52.9 . 615

EXPOSURE TIME— L8 Hours

£1 (8sk) 21,0 2842 306k 36.6 L3e7 5061 55.% 60.C | 6346
C2 (8ek) 2049 28.1 3062 3646 L3.7 5062 5601 60.L 6he)
A (7) 21,0 27.8 3062 364k k3.l 5060 5562 | 6061 | 6349
AHo (7) 21,8 29,2 31.1 37.1 Lhe3 51,2 5645 61.6 6L.8
A Ehg 19k 2642 28.) 3L.2 Lo,k LS.k 506k 5448 56.

21,9 28.8 3L.L 3740 ko2 52.5 58.9 6307 6742
ANa (10) 20,8 2746 30.0 35.1 k2.1 8e7 53.9 59.0 632
AsA (10) 20,8 27.8 30,1 35.h L2, L9.2 Sle6 5945 6346



UNBLEACHED HARDWOOD SODA
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UNGCLEACHED HARDWOOD SULPHITE

PERCENT REFLECTANCE vs WAVELENGTH
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UNELEACHED CONIFEROUS SULPHITE
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UNELEACHED HARDWOOD COLD SODA

PERCENT REFLECTANCE vs WAVELENGTH
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UNELEACHED HARDWOOD CHEMI=GROUNDWOOD

PERCENT REFLECTANCE vs WAVELENGTH
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UNBLEACHED HARDWOOD N. S. Se C. (78% YIELD)

PERCENT REFLECTANCE vs WAVELENGTH
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