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ABSTRACT

Computer contrel of paper industry processes is becoming a very signif-
icant segment of the industry, OCf major importsnce is on-~line measuremant
and control of moisture and basis weight in the web, these twe parameters
affect practically every other sneet characteristic, Accurate closed loop
control is essential to keeping the product within customer~demanded speci-
fications,

Board mills in particular ntilize large quantities of waste paper, with
the rate of usage expected to increase from 20,5 percent in 1970 to 26 percent
by 1985, The conceniration of contaminants will increase at a similar rate,
One such contamirant, carbon black, will reduce the effectiverness of on-line
IR (infrared) moisture sensers, Carbon black is the mo:st important pigment
in printing inks, since it colors virtvally all black inks,

A1l materdials will absorb cr reflect light cenergy, the amount being a
function of the material characteristics and the waveleneth of the light beam,
Carbon black being a black body is nearly an ideal absorber, Whon presant in
a web of paper the carbon black will absorb Ir wavelengths used to detect
water in the sheet, yielding erroneous moisturs centenl reasurements,

Experinmental results showed that the relationship batween carben black

level and the deviation frem actual moisture is linear,
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TNTRQJUCTICHN

The increased use of recycled paper in the paperboard industry in par-
ticular poses a problem for on-line physical analyzers, loisture measurements
become inaccurate when carbon black, the main constituent in black pigmented
printing inks, is present in the web, Carbon black ard water Lioth absorb
wavelengths of rediation in a similar infrared bard, Since this 1R principle
is used by many on-line rmoisture mezasurement systems there shculd be erroneous
readings yielded when carbon btlack enters the process, This can create uneco=-
nomical situations when rclated to quality centrel in the industry,

By sirmulating carbon black concentrations in test samples and testing them
on an IR gauge some type of relationship may be arrived at, Carbon black
levels are characteristically less than one percent in paper mill situations,
However, by controlling the addition of carbon bluck to levels of zero to eight
percent more trends can be found,

Calibratine the on=line IR moisture gavge with the information arrived 2t
will allow for more precice control of moisture in the web, Rasis weight mea-
surements would tend to be affected by a lesser degree by carbon black being

present in the sheet,
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THEORETICAL DISCUS3ICH

Computer control in board prodnection

In order to analyze the research prevlem it 1s first necessary to under=-
stand the related topics that lead to the preblem, The first such heading
is the realization of the importance of on=line guality contrnl in board
mills throurh computer usage,

The carly 1950's saw the introduction of some of the first pauges for
on machine eualitiv mcasuremenls in an attempt to cvercome problems of testing

1 But the instruments wers installed on

paper after removal from the machine,
fourdrinier machires producinrg lishtweight papers, not en cylinder and liner-
board machines,

Actvalily the first combination paperboard mill to install a compulerized
process control system did sc¢ in early 197h.2 In Juns of 1971 there weore
only five U.S. linerbeard machines under dedicated compuicr contrcl.3 Since
there has alwavs been some doubt about the applicability of computer centrol
to cylinder machines, acceptance hes been on a step-by=-step, "let's see¢" ba-
sis,

Uniformity of molsture and basis weight are the two principle factors
that determine sheet qualitv and also the profitability cf a nachine.u With
beard machines this makez accurate gavges excesdinegly imporiant as compared
to lightweight paper producis, Basis weight responss times are limited to
transport tiwes from the stock pump to the sensor at the ¢ry end ( 3 to 4
minutes dependinrg on machine spzed); the dead time for the moisture loop

(4
is about 100 seconds,” Obviously if the 1ill is producing a produet in the

range of 100 1b/1000 sq., ft,, erronecus measurements are an expensive item

to deal with.



Basis weight ard moisture measursment information in some cases is
achieved thrcugh the use of three scanners, The scanners are usually lo-
cated as follows: (1) The first at the wet pross tefore the dryers; (2)
the second ahead of the size press; (3) the third at the reel, Thz in-
stallation of process control systems, with respect to meisture and basis

weight uniformity produce the following benefits to fiberboard:

=~ Tncreased molsture level resulting in a better product and fewer dryer
breaks

- Accurate on-line measurements of moisture and basis weight averages

- Basis weight control maintains the ideal target for ths grade centin-
uously

=~ Moisture contirel to a desirsd target

- Reduced basis weight and moicsture spreads

The incresase in the molsturs content is achieved without the cther
quali{y propertios teing altered., OQOverall computer control results in
better centrel of auality and in rore efficient utilization of the machine

to increase preofits,

Use of wastepaper in board

The availability of vast ferest resources as a forcs leading to de-
clining rates of wastepaper rccycling still generally prevails, However,
external forces should provido incsntives and create a demand for recycled
products and increase the recyclins rate to 26 percont by 1935, compared to
20.5 percent in 1670,°

Before 1955 linerbesrd furnished by wastemaper supnli=d a significant

part of the market ard diminished for the nexzt fow years, Durinz the ezrly
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seventies some plants began using 5-25 percent wastepaper and presents onz of

the substantial eopportunities to increase recycling, toth with supplemental

fiber or using 100 percent wastepaper,

Corrugating medium using recycled fiber can te produced on an equivalent
basis to semi-=chemical medium,

The use of wastepaper in corrugating could

increase to 5,1 nillion tons by 1985 compared to 1,4 million tens in 1670,

Combination paperboard is the most important user of post-consumer waste=-

papsr grades, accounting for two-thirds consumption cf a1l wastepaper for re-
cycling., The wastepaper is going to be available in the future for recycline,

but manufacturers realistically rust consider technical factors such as runn-
ability or aesthetics,

Combinaticn paperbcard mills can bs constructed using
modern technology to be coumpetitive with virgin fiber mills for commodity

grades of paperboard, but at present unattractive economic return will prevent
new investment by the industry,

Considerable benefits to both the industry and the community arise
from the recycling of wastepaper,

However, the optimum benefits to beth can
only be obtained by operating a rationzl prosram which takes into account the

varying preperties of each specific grade of wastepapor and the constraints
on its use,’

Furthermore, toard producers will adapt continously and rapidly to a

changing market for beard products, especially with a greater inpat of waste-
paper than usuval is expocted.

The previous discussions deall with computerized board control follcwed

L]
by use of wastemaper in board.

The link betwcen the two is carbon black, its

presence in ink and its effectls on infrared (IR) moisture erauzes, and to a

lesser extent eff'ects on beta ravges for reasuring bacsis weight,
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Ar: enormous drawhack to the paper industry is the large capital outlay
required for processing wastepapor, Facilities and equipment to undertake
deinking fall vrder this category, and without this process carbon black
enters the board mill through recycled wastepavner, Even if the mill does

have deinking facilities, the efficiercy is not 100 percent,

Carbon Mack

Carbon black is one of the three main headings of pigments for printe

ing inks, the other two being inoreganic and organic pigmznts, Carbon black
pigments consist larpely of the element carbon, the basic censtituent of ail
vegetable and animal materials, When these carbon centzining substances are
burnt in air a soct is formed, Ty controlling the air supply the soot can

he deposited in extremely fine form which behaves as an effective black pig-
ment, HMeny different types and grades of carbon tlack can ba produced differ-
ing in chemical purity, surface properties, ard particle size, Printing inks
normally use grades of either furnace or channel blacks, made by burning oil
or natural gas in a limited supply of oxygen,

Carbon black ranks as the most important pigment in printing inks, since
it is used to color virtually all black inks, It is relatively cheap ard
possesses a remarkable range of properties including gocd color strength and
excellent resistance to light, heat, moisture, and most chemicals, Carbon
blacks have a verv srmall particle size, rangineg from 10 nm for channsl blacks
to 200 nm for furnace and lamp blacks, These tiny particles present a very !
large surface area to be wetted bv a vehicle and acccunts for high oil ab-
sorptions and difficulities in disversing the piqment.7

The printing ink industry emplovs by far the major gquantity of carbon

black in ncw inks, Hich coler blacks, the most erpensive pgrades manufactured,



are utilized in high-grade letterpress and, particularly, in offset inks,
Solid dispersions, or resin bonded blacks, are used for hipgh quality web
heatset inks, High viscosity pastes (base blacks) represent the largest
volume ussd in the ink industry., In 1975, more than four million pounds
were purchased by printing ink manufacturers, BRase blacks are used to

8

meot every requirement of thez formulator in a wide variety of products,

el

{ moisture pgauce

—_—

Moisture gauges are available in a wide variety of forms; dielectric,

DC resistance, AC conductivity, radio frequency, ard infrared gaures, There
are two types of IR gauges, cne is reflectance and the other is the infrared
transmission type,

Any material will rei'lect and/or absorp light energy, The degree of
absorption is a function of both the characteristic of ths material and the
energy speclrum or wavelength of the light beam, Since it is desired to
determine the moisture in the paper, a wavelength of light is reqguired which
is readily absorhed by water. Althouzh the light may be readily absorbed by
water, it is also absoroved to a depgree by the other materials in paper like
fiber, clay, TiOQ, and carbon black,

In order to determine whatl percent of the light absorpticn is due to
water and what percent is due to the cthor materials, two wavelengths of light
are selected, The first is absorbed by water, the second wavelenzth selected
is essentially absorbed by the other paper materials to the same dogrees as
the first but is not absorbed nearly as well by wator, The difference in
absorntion of the two wavelencths of light is thea due to the amount of water,

Determinine the degree of light absorpticn is done Ly detecting the

amount of light which is transmitied by the paper cr reflected by it, The




amount of light transmitted or reflected is measured by a detecior which is
sensitive to light intensitv, The gauges are rated to measure a wide range
of basis weights, bul papers containing excessive eamounts of carbon black
cannot bte measured (presum:dlv this is true of all infrared gauge:).g

farbon in one form or other has obeen used to {ilter out short wavelengths
since the beginning of far-infrared spactroscopy; sooted guartz was used for
many years.lo Carbon black, from inks in wastepaper, could scatter as wsll
as absorb the trarsmitted light. The scattered radiation may rezach the de-
tector if the distance botween the particles and detector is small,

The constructional materials for the deotectors mentioned above must be
blackened by applying an absorbing coatine, One of the simplest mezans of
blackening is to apply a thin layer of soot from a candle flame, such a film
has an absorbiance of 0,99 in the visible,'l Recall this is the same msihod
used in preduvcing carbon blacks for printing inks, The cuarben black in the
web of paper will cffer a surface that absorbs any radiation failing on it,
instead of reaching the dotector,

The actual instrument has one licht source ani ore detector but tro light
filters. The source and dotector ares sensitive to htoth wavelengths while the
Iight filters aro selected to pass only ths desired waveliength and are opaque
to the undosired, The paper transmittance is msasured throurh one light filter:
then the other filter is inserted and the sccond measurement made, This is
accomplishcd by fillters mounted on a spinning wheel shown in the accompanying

illustration (Fig. 1-1).1‘ ;
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The ratio of receivsd eneryy througzh transmission is stated mathomatically as:

R= Ig = 1y Wrere R is the ratic
1, is the intensity of znergy
= L 8 ~ )
IR rocelived at the reference

band
is the intensity of enerey

received at the sbsorption
band

-

A

In additicn tou the transmission typs meters are the raflectance type, which
alse use IR rediaticn, but in these the source and detector are cn the same
side of the web, The internal compernents and theory are the came as the
transmiseion tympe with respoet to filter wheel, wavelerngth utilized, msa-
surement, ete, Tho web is exposed to rarrowebsnd radiaticn at the two wave-
lengths throu~h tho two filters, Reflected radiation, collested in an in-
tegrating sphere, aclivates a lead sulphide detoctor., The signals are amp=-

Y

11fied, and troc ratin of these signais is read out dircetly as moisture con-

tent,  This measurenent technique cssentislliv ¢liminates the effect of paper

13

variables othier than moictnre content,
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Basis weipht gaupe

The beta gaupe has evolved along fairly narrow lines with great sime-
ilarities between manufaciurers, OCn-=machine basis weirght instruments were
developed first and widely accepted because basis weight variations effect
almost everv other paper characteristiec,

Beta particles are hich energy electrons émittcd by a radioactive iso=-
tope through dicintegration, PRy focusing this stream of radiation through a
given material or absormer, the numboer of elecirons reaching a "tarpet" will
be depondent on the weight per unit area and the composition of the absorber
(Fig. 2-1),1%

A high DC voltage connectod across the detector causes a minute current
to flow through the detector whenever radiaticn is present, The current is
a functicn of the radiaticn and a develoned voltape is rmeasured,

Again carbon black in the path of the transmitted radiation ma2y cause

measurement. orrors in the unit,

Fig, 2=}
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EXPERIMENTAL PROCEDURE

Yquipment and raterials list

Balance ~ a high resolution weighing device to measure carhbon tlack addition
and test sample weight,

Carbon black = the black uscd in these tests was a powder ferm of oil furnace
black with a2 trade name of Regal 4CO, It has applica}ions in letter-
press, cffset, flexegraphic, and packapging gravure,

Hardsheet mold < to produce the test samples; includes wires, vress, dryer,
felts, and asscciated equipment required to make Noble and Wocd
handsheets,

IR gauge - moisture measuring device for sample testing (instrument used in
this project was an Inframike I, nmodel 114W2)

Miscellaneous = freeness measuring instrument, pH meter, mason jars for
stock storage, ete,

Molsture bar = to put sawples in for use on IR gauge

Pulp = a controlled variable, all itsst sheets were made from the same commercial
pulp = Espanola, a bleached softwoed kraft,

Valley beater « to refine the pulp under the sams cenditions to approximately

325 ¢S
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Procedure

The procedure utilized in thes determination of the effect of carbon black on

infrared moisture measurements was as folleows,

The key variables to be controlled were the amount of carbon black in the
sample and the amount of moisture in the sample, Samples were made using
standard Noble and Wood proczdure of basis weight 70 pounds/3300 square feet,
as this is the practical 1limit for IR backscatter gaunges, The same pulp was
selected for sample preparation, a softwood bleached kraft variety. The pulp
was beaten to approximately 325 Canadian Standard freeness in a 360 pram
Valley Leater; several beater runs were necessary te obtain 125 samples, of

which seventy were selected for teosting, Conditions were tho same in each

beater to minimize any effec. other than carbon bhlack concentrations in the
samples (i,0, keeping the po and 8,0 throughout),
The methed of addition of c:  'n black to the sample was a difficult selec=-

tion. This was due teo the fact that any additien to the fiber while in sus=
pension will run into retention prcbloms, Since the percentage of carbon
black present in the sample is the controlling factor of the experirent,
knowledge of the amount present is of the vtmost importance. Lossecs cf carbon

black in white water and to the drying felts had to te avoided,

The method selected achieved this by surface addition of the carben black

to the sample. A handzhset was formed in the sheet mold and removed, Prior
1o being pressed the carbon black was dislributed on tho surface of the sheet
by avplying the fino particles with a shaker, Thon a second sheet was I'ormed
in the mold and placedi directly on tep of the first carbon-covered sheet, This

i )

sandwiched the carbon blask Uaolwoen the shoets to provent losses to the felts,
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The sample was sent through the press, after whicihi one of the wires was re-
moved, and finally was dried by contact with a rotating steam=filled dryer

can,

The shaker was weighed before and after application of the carbon black to
obtain the weight of the carpon in the sample by difference., From this in-
formation and the bone dry weight of the sample, the percentzge ¢ carbon
black was calculated, Thils required making twice as many hanidshecets (354/

3300 sq., ft,) as samples in this production stage,

From the 125 samples made, the best seventy were selected (42 were actually
used) to be tested for data collecticn, The criterie used to determine quali-
ity was vniformity of distribution of carbon black, basis weight, and forma-

tion,

The samples were placcd on the sensing head of iheo Infromike II to cbtain a
gauge resding of moisture, This figure was compared to the value of molcture
determined by laboratory procedure in evaluating the effect of carbon black

on IR moisture moasurcments,

Bone dry weight determiraticns had to be performed on all samples being tested
in this riaznner, This was done three separate times on each of tha forty two
samples in order to obtain the correct and most reliable figure, This bone
dry weicht was used in the calculation of carbon black pasrcentage {or each
sample, Tre following formula was used, the percentage is based on the bone
dry weight of fiber in the sample,

Percent Carbon Rlack = _ CRB__ x 100
E) = CB

CB = weight of carbon black

=
)
il

bone dry weight of sample
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The samples were then coded, the code being a number that described the

amount of carben black in the sample,

A special plastic bar was reguired to put the samples in while taking read-
ings on the gauge, The bag 1s not sensitive to infrared razdiation, that is
it does not hinder the transmission or reflectien of IR, In this bzg the

samples are not in contact with the envircnment, thus removed from fluctua~
tions in humidity. The moisture in the samplc when being tested under tho

gauge is the same as the actual moisture dectermined by the follewing:

W = wet welght of sample
Percent H,0 = W - B> x 100
il BD = bone dry weight of sample

Note: This is not the coaventional method of representing percont moisture,

although it is not incorrect,

The sample &nd bag were weighed immediately after the readings were taken
from the gauge, The sample was removed from the bag, aud the weight of the
bag was obtainad, From these two figures the wet weight of the sample was

ca2lculated,

The gauge reading that is used in all comparisons was chtained by averaging
tcgether five values taken from each sample. That is, 2 rcading was taken

at each of the four corners and the center of the sample when placed on tihe
gauge, The mathematical mzan of those five values is referred te as the pauge
reading or Irframike reeding, This helps eliminate scms of the effect of

nonuniform distrioution of both carbon black and moisture in the sample,

The above procedurs was used in obfaining data at three woisture levels in

looking for trends on tho effect of carbon black on TR moisture messurements,

Sanples were ellcuwed to stand te the machine room ervircnment which conditioned
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them to a medium level moisture of approximately six percent, To obtain
readings in the low moisture rance, the samples were dried to nearly bone
dry in an oven, then put in contact briefly with the atmosphere to pick
up moisture in the one percent ranse, A steam line was used to treat the
samples for high level moisture data; the samples abserbed encugh water to

have moicture levels of the order of ten percent,



DISCUSSION OF RESULTS

The raw data were arrarced in table format for the three moisture levels,
Each table had headings of Sample cecde (defining the forty-two samples),
Percent carbon black, Gauge reading, and Gravimetric (actual) mocisture
reading, In order to plot this data and visually determine trends, a fifth
cclumm was added to the table, This column waé denoted by A, which is
simply the mathematical difference obtained by subtracting the gravimetric
value of percent meisture frem the pavze (Inframike) reading, A AR of -3,72

means that the Inframike "sees" and displavs a2 moisture resding of 3,72 per-

cent less than the actual percent moisture present in the sample,

Plots were constricted usineg the parameters of AR, percent carbon black,

and moisture level, The use of this information led to the development of
seven plots; two for the low moisture level (Ficures lea and 1-t), iwo for
the medium moisture level (Fipures Z2-a and 2-b), and two representing the
high moisture leve) (Firures 3-a and 3-b), and the last one (Fipure 4) show=
ing a family of lines plotting gravimstric moisture versus gauge reading of
moisture at variocus carbon tlack levels, Fircures 1=3 are similar in construc-
tion and plot /iR on ihe ordinate 2s the dependent variable and percent carbon
black on the abcissa as the independent variable, Keeping in mind that the
AR variable is not an abisolute value, it reads from positive to negative,
More on this later, The plctted raw data availeble at this point was then
further insvected for the purpose of analysis,

After a quick glance at the eraphs or tables one might contend that this in-
formation is perhaps tco rardem to have a defined trend, This is espzcially

true when considering thae plot of Takle IT referrinc to the medium level
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moisture data, Put it would take no imagination whatsoever to see that thers
is a very definite linear trend in the data points associated with the high

moisture level (¥Fiz, 3~a),

e

Any data that is obtained by makins gravimetric determinations is inherently
subject to error, The wet weight of the samples was found by first weighing
the bag plus sample, weighing the bag, and subtracting, This bases the weight
of the sample on two separate gravimetric determinaticns, twice the possibility

of recording an inaccurate value,

The eabove discussion is berm cut when concgidering both the /R and gravimestric
colurns in the table pertaining to the medium level moisture, Inspecting the
AR column a deviation of positive to negative values, especially for the mid-
range levels of carbon black is seen, There appears to be no definite itrends
in the data without further thourht., All of these sample§ nad beer under the
sameg environmental conditions prior to testirns, For all practical purposes

the gravimetric readine should be all very nearly the same, but they ere not.
They range from a low of 1,50 percent to a high of 9,49 percent, This is due
to the fact that the sample and bag were weighsd to the nearest milligram,

and thoir total weight was in the vicinity of twoniv erams, and problems with
the balance existed, This is where the poor correlation between AR and psrcent
carbon black originated, Ficure 4 eliminates these fluctuations by averaging
topgether the high ard low values and yields linear lines of gauvse roisture

levels plotted agzinst gravimelric nolsture at four carbeon black cencentrationa,

It is not the intent of the experiment to use coy statistical tricks to make
the data prove a preconceivea supposition, It is the intont of the project

to interpret tho results of raw, untreated, laboratory dataz on the effect of
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carbon black concentration on infrared moisture measurements,

Discussion, so far, has not touched upon the distribution of carbon black
within the sample, Due to the crude method of application, the uniformity

throughout the sample has to be questioned.

Previous mention was made as to the AR valuos being positive and negative,
This could be eliminated by calibratinz the Inframike to read out the per-
cent moisture in the control (0 percent carbon black) to be the same as the
gravimetric reading, Although the gauge was standardized prior {o use con
overy occasion, it was not calibrated, This turns out to be inconsequential
as the purpose of this experirment was to seek trerds, This trernd turned out
to be the linear relationship between AR and the percent carbon black (dis-
cussed in the conclusions), Calibration would have yielded zero offset be-
tween the gauge and gravimetric values of moisture for thg control samples,
This would have eliminated positivo<éR's and fixed the y=-intercept, but doss

not effect the slope, the rm2in parameter of interest,
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TABLE TII - HIGH MOISTURE (ALL DATA) 22

SAVPLE % CAREON
CODE BLACK GAUGE GRAVIMETRIC 4\ R*
0l 0 10,14 g, 0L 1,13
02 ° 9,84 8,98 1.26
03 0 9.68 7.89 .79
Ols 0 10,78 8,98 1,80
05 0 9,76 8,06 1,70
001. 0,52 7.92 8.37 -0,45
002 C.68 7.66 _ 7.38 0.28
co03 0.75 9.56 9.35 0,21
00l 0.88 11,16 11,2 0,02
005 0.93 &,60 8,46 0,14
101 1.0h 8,70 9,138 -0,68
102 1,15 8.18 8,48 -0,30
103 1,15 9,80 10.40 -0,60
104 1.28 9,60 9.77 -0.17
105 1.33 8.10 8,41 -C,31
20). 2.14 8.50 9,89 -1, 39
202 2,33 8,58 7.85 0.73
203 2,40 9,88 10,27 -0.39
204 2,45 7.96 8.79 ~0,83
205 2,48 6.80 8, 74 ~1,94
301 2,97 6,52 8,95 -2.43
302 3.02 7.08 9.97 -2,49
303 3.11 7,84 8.85 -1,01
304 3,13 8.82 10,98 2,16
305 3.25 7.88 9.31 =143
L0o1 3,98 6.14 8,36 ~2,22
402 3,97 8,22 10, 57 -2,35
103 b, o7 8.20 10,68 ~2,48
4Ol b,22 8, 5 14,36 -5.82
405 4,34 7,86 10, 74 -2.,88
501 5,16 7.74 12,50 4,76
502 5,21 6,40 10,040 4,00
503 5,22 6,36 10,48 -4, 12
504 5,48 6, Gl 10,14 -3,20
505 5.78 6.88 9,92 -3, 04
601 6,11 8,42 12,67 4,25
602 6.87 6.88 = -
603 6,87 8,60 12,76 -4 16
701 6.7 7.10 11, % L, 2L
702 6.96 6,86 10,34 -3,48
703 7.19 &, 34 13.75 =5.41
601 8,01 6,52 11.15 L, 53

* R = GAUGE -~ GRAVIIHTRIC
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TAELE V = Compariscn of Readings at 28
Varicus Carben Elack Levels

9 Carbon 1,207 Carbon 4,107 Carbon 6,989 Carbon

Plack Plack Flack Klaclk
1OW:
Gravirstric 0.62 0,62 1,42 1,54
Gauge 1.40 1,88 1.40 1,24
MEDT1I}M:
Gravimetric 6.19 6,064 5,28 7.66
Gauge 6.32 5.48 4,36 3.4
HIGH:
Gravimetric 8,50 9,28 10,94 12,00

Gauge 10,04 8,87 7.7S 7. 64
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Figure l~a and 1~=b
Figure 2=a and 2«b
Figure 3-a
Figure 3=b

Figure U

07 Carbon black
1,20% Carton black
4,167 Carbon black

6.98% Carbon black

TABLE VI - REGH

RESSION ANALYSIS

Iina Eanation

-0,23x + 1,02
-0,46x ~ 0,49
"'Oo '/63( + O- 59

-0,81x + 0,85

1,06x + 0,52
0.77x + 1,16
0.67% + 0,60

0,60x ~ 0,10

0.85
0,84
0,92

0.98

0,99
0,98

1,00

30

Correlation
Ccefficient
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CONCLUSIONS

Mention was made earlier in the report (in 'IR moisture gange') that carbon
black absorbed infrared radiation, particularly the IR emitted by moisture
gauges, Therefore, it is nct possible for a properly calibrated IR moisture
mez suring device to display a percent moisture value greater than the actnal

moisture present in the sample,

Construction of a table (Table IV) that eliminates such data points that do
not belong to their respective populations due to the above consideration was
then made, These points are plotted in Figures l-b, 2-b, and 3-b, 4 linear

regression analysis performed on these thres sets of plois resulted in the

following:
Fipure 1-b  Equaticn of line - y = «0,23x + 1,02 (1)
Correlation coefficient = 0,85
Figure 2-b Equation of line = y = ~0,46x - 8,49 (2)
Correlation coefficient = 0,84
Fipure 3-=b  Equation of line = y = -0,81 + 0,85 (3)

Correlation coefficient = 0,93
The line described by Equation (1) is the line plotted in Figures l=a and l=b,
Equation (2) is likwwise the line shown in Figures 2-a ard 2-b, Figures l-a,
2-a, 3=a shos the plots of 3ll data points and represent the scatter that did
resalt, By comparison, Figures l«b, 2-b, and 3=b shcow the more well defined
linear line that results from the data plottad from Table IV, Tables I-ITI

list all data points that were obtained during the experiment,

The line drawn in Fig, 3-a is deseribed by
y = «0,76x + 0,59 (%)

which differs slishtly ©rom Equation (3), The date ploited in Fig, 3-a (1)
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is raw and untreated and (2) contains the drawback of non-ideal distribution
of carbon black, With these two facts in mind the conclusion now made is
that:

There is a linear relationship between /R and ths percentuge ol carbon
black in the sample,

The correlation coefficients arrived at support this conclusien,

5

Although the slopes {(/\R/porcent carbon black) beceme more negative as
moisture levels incroace, this probably cannot be attributed to the ecarbon
black, This trend is due to the sheer maenitude of the numbers involved, at
higher moisture levels the AR will increase while the percent carbon black

remains constant,

The carbon black does definitely play a rolec in measurements at equal roisture
levels as svgrested Ly the liroar relationship, This is due to the increased
surface area exposed by a large concentration ef infrared-absorbing carbon
particles, This information could be used to calibrate IR moisture sznsing
devices to provide accurate readout if the carbon black level is known,

The end-all answer to thie dilemma is the develogment of a carbon black in-

sensitive moisture sensor,
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RECOMMENDATIONS

This experimental discussion is conspicuous in its atcence of the effect of
carbon black on beta ray basis weight measurements, And it 1s concerning this
phenomena that 1 begin my recommendations, t should be folicwed up on because
what has been discovered in this paper, A detailed study of the effect of
carbon black on IR moisture measuremenis has éontained enough material to
produce a paper in itself, Perhaps carbon black doss not affect beta ray basis
weight measurements, but this renort can do nothing but suggest there is a
possibility, Along the same lines, a very interesting project would be to
determine the effect of carbon black on TR transmission type gauges relating

to moisture measurements, This could then be compared to the conclusiocns

drawn in this paper, which dealt only with the reflection pauge,
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