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INTRODUBT I (N

The developnent in eemparstively recent times of photo-
olestric instrwmnts for Ahe objective ncazurement of She 11sh% re-
nman«. of paper has made the acoursts mesurement of the common
optical properiies of peper, sush as ¢:acity end spectiral reflectanes,
8 routine vetter, In the past decads, as a remlt of idis, greater doe
velopnent has daen made ia the etedy of the eptical propertiss than in
any of the other physical preperties ef paper,

The effects of beating, losting, &yeing, ooating, snd asliendare
isg on the optical properties of a papsr sheet have dean the subject of
consideradls inwestigation in the past few years, Hovever, very littls
fundsmentsl work has been dene om uummn of fider dimsnsions en

thase proparties,

I8 10 the purposs of thie Anveetigstion $0 make s fundamentsl
~ atuly of the effect of fider dimensiens en the eptieal charsesaristiss
" of & paper sheet,
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| DEFINITION OF TEEMS

Tm wt,’ -~ B‘Il ”

Mrpnen seffieiont, the ludunf value of the relative
sheorption of 1l ght snergy per wnit thickness as the thick-
ness of an iu‘hury lmr of the m%-or:n booom very suall,

Reflsctance, or the ﬁ'utlen of 1nnidbnt nm Mlum frcl 'y
sanple,

Reflestande of material basked by z boldy of reflectanoce R',

Reflectivity, or reflectance of meterial dDacked By an opsque pel
of the sane material,

Reflectancs of matarial when daoked % a b%ody having & reflee~
tanas of sere, ‘

Reflectance of material when baskad by s vody having a refiess

Reflectance «umnmwwawmu.unu-
sance of 01”.

Seattering aufﬂohﬂ. the limitin: valup of the relstive
I ght energy peor unit thickness soatiored Leckwards frem s
imezinary layer of s material as $he Shiokness of the layer
becones very small,

Callpar

Pasis veight

Killisioron
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RISTORICAL SURYEY

_nom‘mmzmmm-nmwmmm.
1%y, trsnsparensy, reflscience, sad gless, Of Abess, $he two meet
inportent sre opesity snd reflestivity (trsnsparency is the mtithesie
of cpacityl eo my factors inflneneing spacity ales iafluenss Vrense
mw).'OunmnfamimMMMth.u
‘thal they are useful ariteria of pulp quality «= epacity mnd brightnens
of & pepar shoot are influsnced greatly Wy the type of fider used,
High \remsparendy snd gloss ave the recults ¢f special treatments of
‘he pulp amd of Ahe paper sheet. Tha teva reflestivity refers te the
A ffuse reflosisnce of sn opaque pad of ssteris), This mseouremeat iy
ofton nads e a0 adridged spestirophotonster ‘u m offestive AL vaves
mamm—mmﬁmmvwemamm.
1a referred %0 as "trightness” in the paper Ladusiry, Of mere general
‘usefulness is "spestral reflectane® w= s eurve giving refledtunce as
a funetion of vavelengthi from Shis curve sclorimetyic date mey de ob
~ talned, mwm«%w is contraat ratie, vma
Le the ratio of two reflectanse valuss == vis, tbe ratie «mm
mgw&mmwwamwnwumd
the sheet Basknd By & Swhite" Bedy, Shere are two cesmenly aceepted
contrest Fatiost (1) TAPPI opecity, in whish the vhite Dedy has sa
absolute reflochanse of o.ds. and (2) nrinting opesity, in vhich the
M“Mltlﬁmm.‘? m:_uuu.

.‘&
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I8 &5 Shus seen that, 1n stuiles of the optical eharscter-
Lattes of a pap;r sheet, reflectanse maceurasents are of the greatest
valus, It sheudd be Beted, Doverer, Akal % serdais instruments
epediiy Lo datoriue by meshs of & irinsaiViinse messerenent. Uee .
roquivensnts of paper, Dovever, dletaty thad the meet slgnifiemt
ssagurencat of specity is thed given By reflestanes valuee sush as ia
ghe oomtrast ratle messuremsmt, -

Harrisen (1) hes sumartsed ho varioss relattomships that
have bess Gswolaped 13 the mathamatissl trestoent of Wb 11ght Tefleos
Vanoe and transeittenes of translucent materisls, The wost Swpevtend
of thess equatiods sre those of Ryde (2), Ourevieh (1), emd Kudelis
and Mk (N). 'mmum.nmnmmm«rmw
of » homogemonia material ia ferms of funiavwnmtal ooinum

The squations of Kubelka snd Suak are the mest readily
applicadle 30 practical messurement, bHosmse these Lavestigutors eare
ried cut Yhsir Serivation in such a vay thab the quantities messured
are simpls reflectence meaguresents, Ths applicetion of the Eudelia
sni Mmk squatisa $0 paper Ras been stuiled Wy Steele (%) sad Juad (§).
»mumuuwtmm_ummmmu;m ' |
shost may de rolated ia terms of twe mm—m _mmu.-mwm-. |
ing sseffiocient, §, and the sdsovpiion cesfficient, K,

A wenful squation of the Kubelks snd Wunk theory isd
| /8= (1897 /2o
Fren this relatiom the ratio of X %o 2 nny be evaluated Yy o visple
vofivetivity moaguremsns. Othar eguations persi$ the ealounlntion of
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charts by neans of vhich § and subsequertly X may de svalusted,
Steels (%) hae pudiished charts of this type, A ohard dsvaloped ¥y
the Nattonal Puresu of Standards, whioh Sas found mite vidsspresd
uee, shovs ABe iaterrelation of Ry, K aad § goe

fbﬁ voattoring and absorpiisy coefficienta ave charactoristie
af the palp fiders meking wp s shesd, Simple changes in a shoet, such
as varistions 6 \he dDasis weight, would have very little effcel on
these goeffiotante, It is Slls fact %:at mukes these ooefficients,
particularly the scettering ovefficiont, of yalue in predioVing changes
of opaoity with changes of basis veight, |

Toots (1) end Prodes (§) cive dsta shoving the verisMon of
the uaitortnc ad adsorption Mﬂeﬂm&u over the visidle light speo~
trws, Thess data shov that the seattariag coefficlent dssreases with
tsareasing vevolength of 11ght, This dcsvesse may be due te e of $wo
things. As shown by Frayel¥yssling (§): the fndsx of refrectien of
colluloss fibers shovs a slight deeyonse with insreaging ‘delm of
i ght, m-' debireess in the uld Index of refraction of remie fider ie
fres 1,6083 ot N66 mem to 1.5969 st 656 mam, Yoot () feund that the
35 valne of & papor shéet férmed froa vlesthed sulfite pulp desreesed
from 1,12 o8 %00 mma %0 1,05 ab 670 mea, IS would seem deudifel that
the samil m in the tnb: of vofrsetien is sufficient te c:ph!n
the lsrgsr ehange in the scatiering agsfficient.

Another explanstion for the desrease of § with the lenger
wavelengths of Light 1s that sems of the soattering of light may take
plase within the fider, If this is oo, then the Rayletigh lu of
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seattoring vould hold here, in part st leest, sinee the partiels sise
«‘Wun vidhin Ahe fider are of the mnpltwu\in
verelength of Light, The Bayleish lav eleter that the tatensity of
1M seatternd from particles soaller than the vavelength of 1ight
varles inversely vith the fourth pever of ke wavelength, |

the sphical impresvion sf opauity ¢f cellulose fidews ia
sarived 1n part frem the seattering of i{ght frow the meny Aleesn~
Vimasus surfaces 1s » peper shest, The igh sbesrytion eceffictent of
Mmpmmmpn-mugwm Paper makers
VMmrmmm!mmﬁtmuntmot@lmtww
lty“smﬂl”M he ralp thel hme besn wsed mest commonly feer
m:mtnmmmam Wﬂm.ﬂm
mnh-rtmﬁndlwwm The wee of repulped dry brolm
Ve Lapreve epasity 1s spperestly prsstised 1a seme miile (30).

148330 13 %0 e found in $he literaturs eoncerning the opase
4y of different pulps, Nessbier (A1) sives dats showing \he Mgher
opnsity of kyafS pulps ss sempsred with wulfite pulps, Bs states Ahat
 un ineresss 12 epaaity ie odiained vith the shert<fidered frestion of
s paly ever A leag-fidered fractiem, spparestly besing thie conolusies
on he chessvation Vhat strav pulp, & short~fibered pulp, s rather
opagee,

WM Asta volleoted Yy m stadente taking the sdvenced
p‘lm mdﬂo !amsnu ot m Mﬂw llw She following
m-mm ta m oase d’ plpa bloached ta (he same drightnsest

1. Inereacing the dsgres of ooeking ef the pmlp prier te
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M-mmmwam‘mmm
2, Kardwood pulps in mest szses shew & mach higher opacity
then softveod pulpe,

Viekar (J2) stotes thal transparency depends en the fellowe
tug faetorst (1) mechanieal strusture of the shest, (2) surfece
mesthmens, (3) foreign meterials, snd () aptlesl comtust of fiders
in the sheet,

The yeasen for the Mgher spacity end sesttaring eeefficien
of shortafidered pulps 1100 1n the fost Abst Shere sve more eelluloses
alr interfaces vithin & sheet mads frea sueh pulpe, Boswase of Vhe
”Magm.uuu-t'mlp“ &ry yroke, nwm;wm

. -m or opuul outut of tShe ﬂ.tm N muwﬂy Y- cpaelw.

mummwmmnutmmuwuhw'
mhmunmxmmunm«mmuummmm
mwm thie, in tuwm, hwionmm“m
f1vors o7 %o & greater mumber of dtseentismeities vithin the fiver,

mrfumhmmmumwmsmd
Mmﬂmmumofmmmhmihomlnmmw
- tiem sosfficients. lewis ($3)) oumm»mumpfmu
avsrage fider lemgth of 2 mm, %6 0,5 mn, viihoud chemglng the values
.d;,oig,,.

~ Peaga (14) hes rodlished & Jinited wmount of dats on the
transuittanse and reflectance valuse of different frastions of s
salfite pulp. Mis data in part are &g Follewst |
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TFrez thece data it Lo appwrant that She short frestioms of 2
pﬁ;zmmomthnm,mwfm |

The degres of physiesl trestueat that & pulp has received
has & w effect on the optical pregariies kﬂu remulting paper
shaot. Ineressad besting ef pulp rosnits ia & detter donding of the
fivers in the aheed snd consequently & larger arca of optical seatash .
Detvosn the fiders. This results in & desrensed opscity vith ma fnm
oressed degrec of deating, A nolabdbls amq %0 Ahis (s the resull
Provst () found e bestiag of @ highly parified jalp ~ vis, & palp
that hed beat Arested vith & sufficlent sencemtraties of emustie sods
in the oold te oonee mereerisaticn, %mh thie palp the seattering
‘eseffiotent showed sn Lacresse on beating reiher than & Gearesee,
Fhotomicrograstis of Shis pulp after Banding showed s sonsidarsdle
degres of fidrillstton, Apparsntly, Bowaver, the filapetowfiber bonde
Iag vas poor with Ahis rRlp ae \hat inereased f1drillstien ent fider
eplitting Bad the offech of imeressing the mesber of selluleseesly
 interfaces 1n the yaper sheet, .

Toote (1) end Prodes (E) Doth shoved that the edveryaion )
soefficient of a mlp umun on hmMm. ,Thle sesms -ud. sinoe
ths paper -hnt Yeoouss Wore trmym-mt wuh tnoressed Mtu.
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A» Yosts (§) measured the sdeorpiien and sosttering ooefficlemts
~ of wxtures of tvo pulps. Wis data shoved Ahat mmmss-omn-"
clent olnMdM of bleached uﬂuWulﬂhpdpnm |
She arithmetio am qt she adserptise coefficients of the separste
palps. This relation 452 mos Meld truc fer the scattering coeffisient
of the mixtwre,
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" PRESENTATION OF n%m.m -

 the W'%&*. stndy of $he affest of Tider sise on the
optieal charasteristice of a papsr sheed 3ould Do made 1n &% least
\ve vays, Ons #8Ah0d vould be ts taks coveral palps of videly dife
ferent fiber dimensions and evaluate th: 4 tieal properties of
W“ forned from these pulps, hiyn %o be used in sush o
study would logieally Saoluds reg, iotmu, blesshed malfite, hard-
vood Uleashed sois asd growndweod pulps. %afh a method, Nowever,
L6 sudjest 1o exitieien, besauss 1n afdition 40 varistiens in the
optical effects produced by d1fferesces ia Tider dimensions, there
~ weuld bo als® the wm sffect on tha a;tigel propeviies of ifw
- fepences resuliing fron’ the physiesl mﬁ cvhemical treatment of the
several palpe. A method vhieh vould reinze Yhe musber of verisbles
to thet of f1ber sime alems’ would bo 4s fractieaste s sives pulp
and sake optieel neasureneats on hamdshests prepared from the aife
foreat frestions, It vas deeided thsd ths mest logleal approach
vould be She latter method, using seversl representstive palpe,

To avoid wmnecessary cemplisaiions 1% seened wise %o wark
with relatively free pulps that had receiwed s sinimum of physiesl
trestinemt,

1. ™hie statement s made eiviasdly bessuse it {8 recog~
xined Vhat 4 tforent fractions of a pul- may vary slightly in chamie
aal compesition tnd also thet ghests mude from cntfomt fraotiony of
a mlp say vary slightly in mmr.
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1% i- recognized that thess measurements vill be of more
theerstical than prestical Lwportancs 14 the case of ehemical ralps,
beomuse the frusticnsiion of chemical rulpe to give frmotiens of
specified aptteal propertics veuld Bs ca esonodo improbadility,
Hovever, in ths ease of growndwood, sush stuiles would de ef deth
\hasretioal sad prasticsl interest for with e plp the paritole
itte aay Yo varied ly chunging the Wnditions of grinding.



The palps used {zoludad a bleashsd eprese selfite, blasshed
wmwwmpﬂummuunms stages of
bleaching, m&vood. Yleached peplar suifite, snd a Mgh alphe
celinlose pulp, The spruse suifite amé tkr seda yulp vere in dry
lap fers; the kynfS pulps; the groundwéod, mdtbpoplunlﬂ_h
vere reseived in wet form vith from TO te 75 per oent water, The
groakdvood was reseived Just prior to woe snd oo nesded mo sterege,
The Xrsft pulps uad part of the popler wulfite wers stored sad weed
{n the wet eendiifon. To preserve thene palps, thay von sprayed
1iderslly with & coe per cemt selution sf sodium pentachlorephensie
and stored 1n als-Aght comtaimers, Part of the poplar sulfite -
‘air dried and stored 1n paper hage,

The digh alphs~eelluloss pulp was prepered in the memmer
um-nma by Prodst (§). The dry up #orese mulfise pulp vas used
ia the preparstiog of the alpha palp, Mu vas disintegrated in vater,
pressed out to sbout 25 par oeat dryssss, snd Vreated st & oonsistensy
of 3.6 per vent for one hour at 25° O, with a 15 per cens solwtien (Vy
weight) of sodiun hydrexide, The rulp wur dralned after this trest-
meat snd washed with softened water for 15 wimutes, Them the pulp
was stirred at ¥ per omt censisteney with 1 per ot acetie sald (W
welght) for five aimutes, | The pulp vas sgein drsined, washed for ﬂu
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 minates with weler, snd treated with snstic astd, Ninally the pulp
var Arelned, weshed for five mimites, vressed 40 25 rer sent drymess,

v‘m«iﬂmd'."' ‘ | e

S

In the freatiouadion of & Miv which 1s $o ba uend for
optical meesuranents, the effact of imwarities in the veter used on
the drightness of the pulp e of graat importanse, Softened water vas
used in these Cractionations, The wpicor was softened in a Permiit
“DowAcidite" ayeten, which is & Svo usii ayatem, the first unit deing
the Daseeexshenge it asd the secend wnii, sn sold-abeerdag wit,
The wator passing Shrough \hle systew aise passes through an astivated
oarden filtor, whieh 1s a third wall t2si was added S0 remove a plaxigh
ooler in m wndlor eoming fros tha soiiemer, This sories of treatmsnts
wﬁ«suuﬁ&rﬁt&whm&hﬂmutnu its sffect m
the Wrightuess of pulp is ceneerned,

Befora the pulpe were frectisnated they were Alaintegrated
1n the British Meintegrates, using 90 srems of dry pulp in twvo Jiters
of water., Dry lap pulps were soaked for st lesat thres hours in vater
sed broken wp vAth 25,000 revelutioms, Pulps {a wet form were soaked
in vater for s shord vhile and brolwm u» with 12,500 revolutions in the
dleintagrator, with the exseption of geoundwoed, vhich vas dlsintegrated
vlth 1:%500 revolutions,

The freotionation of the ipy wos cerried oul ia o Bauere
No¥ett fiber classifier, vhich {s previded with 20, 75, 65, and 150-mech
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mm.‘ ‘Tha shandard prosedure Mw&m as followvs! The equl~
v-lsat of 10 grame et over«dyy pulp tn conpletely defidered fernm

were sdded $0 She firvet cemparinent of the classifier with the mmn
wmlu. md vith wvater passing Shroug: at a given yate of sbout three
callena por ilmnte, The time of frasticastion vas 1% sinutes, The
contents of exrd cowpartamt vere thes é.mnt mi the fiders emght

on a mslin eleth, |

The mips used sontained vayylng mscomts of fine materlel
vhieh vould po,u m‘xm seresn, (Hereafter in this thests, the
word "fines® will refer %o Ahis fraotfon) Necsuse 1% vaa desired to
atudy \ese finss, provisions had 0 bc mads 40 osllees them, A
firss all of ths vater passing theeush the clsssifier wvas collested
a4 filtered Virouh & fine mesh muslin cleth, umtmum the
fines thms ocoliseted vere usually rethor uw. pctudnly {a the
mnasmmhmammmmorMmm
smll, In colleoting ho fines in his way, sbout U5 galloms ef
vater por claseification sows infe iatinsts soutest Vith & very small
quatity of fines and any 4ird in tmmnmomdh\ogdcbam
Gns oxmznmunmmumgamzmmm,mnmm .
0clleeted as chave, ,ﬁu fines were 98412 rether dlﬂy, whioh mey hm
besa Ahe result of Syeces Of greass fron the bearings ef the stirrers,
Pizally, » nethod was adopted which avoiied the oonteed of the fines
with axtyemely large quantities of vatsw, «nd in Ahis vay fines vere
oslleeted that were relatively clewn, Ia the emss of & softwsed pulp,
vhich ooutained a very small peresntoys of ttn« (useally less than
5%) & large dateh of the pdp. sbout 500 grems dry weight, ves soeked |
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h._.ﬂnndthnmup.w;f;twv stirrer, A cuspension of
" the pulp ve then rus over ea ineliae? aoTeen of sbous 90 mesh, ALl
mmuummwmm«umxmaum.
The m—uw frectiien ts oonuud vis alloved %o sedtle and
the momm water siphensd off, i censenirated shert-fibered
paly was then yan Shrough the classificet all the wator passing Shrough
~ tho last soreen wes collected snd Ahe iines allewed to settls, The
separastant vater was \hen siphensd aff sad the sonsextrates fines
fiitered en a mmalin oloth, . The finex ilma obiained were in contect
vith Felabively small queatities of v:6s2 snd se vers quite sless, In
'th'-,ono of Nairdwood pulps sud grewmdwsod, vihich contained o large
mt«numionmthaﬁ‘mt preesdure wea used, The
vater passing threugh the classifier inving $he first six er veven
mumutes was 00lleated, sines mesd of 4hc flnew vould have passed throwgh
the M soresn by that time, Tha flaws verw then alloved te settls,
the exsess wator siphensd off snd the vousemiveled fines fllbersd as
 before,

18 was desired te mix togiher Mfferent Trestions of a palp
1n definlte proportions and 0 measure \he sasitering snd sdecrpiion
eseffioclents of handshests forned frem sush miztwres. Thls of eourse
" mseessttated $hat twchmlmofﬁw in She M-Muw
‘en, mnmm«rmnmnmmmumm |
neld oould mummtmwxumxuummw
uuwm mﬁo Wnuummm “



~ The possibility of forming the handsheets om & mm'm
uaMMmmmmmtunt»mMmd
s palp i¢ vas mum«u $o oMain geed formation by the use of
‘such s precedars, The suggestion thet shests be formed e a silk
cloth plaged ever the wire of a Pritich sheed mold ves fellowed snd
it vas found that this procedure gave :wold results. A $est wes mads
tomu’ﬂunmwﬂmlmhnmtushanhtusnm.
Athtawlpmuya.iummmdnlntmmwmu
pelp. Kqual volumes of thie pulp sueponsion were filtersd through
(3) & £41%r proer of the type used in na¥ing pulp consisteney tests
end (3) & ailk aloth plaoed ever tha vire of the Pritish sheet mold,
The pulp was zeitated 4n the meld as in She regular shett-forming
aperation vith the same volume of vater, The weight of the fines
colleoted on She ¢1oth was sdout 1 par eent less then $hat colledted
on the filtar peper, Thls 4iffevemoe is ¢o small that with the
eozresr fraations of the palp the less weuld de negligidle,

™he alsth used wves & fine srrds of vhite silk, It wes
beiled in a seap solution $0 remowe sizing snd loalding materisls mmd
was then thoreughly rinsed with water, After drying, the oloth was
out into squares adout eight iaches ez 2 side,

In tha shesh-foraing 'ometia the water leg of the sheet
| w014 vas f1llsd vith vater mnd the sil olotd plased over the wire
i osrefully smsothed oul, The sheot meld was elosed snd water
added from the top, sinoe 18 was net poseible Ve fores wvater wp
through the cledh vithout Aleplacing it sonesdat, Softeaed weter
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vas used 13 ¥Av sreparstion of a1l $he handsheebs, e i seple |
’ 'mmmummmoomewm
(TAPPI Seandsed T 205 mel0), The chset vas evuched off vith » fhlter
pud next 10 the sheet dacked Wy Swo Miotters, After ressval fyem ths
| nn.zm'm-auiﬁuumwmmmuanmmm
handsheet, in al) ctﬁhtomrtuatu sxsept thonmum'o dosi gnatoii
.nzmmwmnmﬁnm««wamumm
shoet vas presesd asd dried vith o f1lior pad on both sides of the
shast. A medal plate vas plased over the Sop fillver psd ey clossly

/ mw_mtummu for \he parposs of lining wp the
eheets for pressing sod to ald fn She stering of \he sheets for drying,
- BoAh sides of the shoste Ahus formad Mol & meSte wurfase rother thm
s glossy mad one nette surfess, a3 18 the cuse of & handshest
proseed ma dried with & motal plste is eentast vith one side, The
‘imtnm&ﬂ“imtowmmw;thno‘fnMwntM
wack & shast would Ve Bore homegeacus fhrenghout ite entire Vhioknesy
\hen would o shoot Vith oo glessy surfues, |

I8 was fomd that sheets eould not de satisfasterily nrepared
mi&mwwmmmmnmq-\w

- Mumunhnnmmcmwmumum D

mm.mmnmummmm:mummm
palp were fornod en a Geineh Bletnsr fwmmel. A f11%er rat eud frem
Mlerting stosk vas used as & flltering mdium Vo avoid the tentenay
for the paip 40 eoliset over the holes 12 the Dichmer funsel, vhleh
vas shesrvad vhen a thin pleve of filtar peper was emplayed, 1a
forming & husdebost 1n the Blahmer fuanol the filter padk vas placed



KTR
in the fomsel, wet vith vater, and tho sstion appited 1lighly,
Tho funnel wap rartly £111e4 with wuber snd the pulp added. The
‘#idas of the Awnel should be Sapped 1ightly 4o help dstridate the
pelp. After Araining, the f11ter pad sad ehest were reasved frem |
thoe funnel, = fllter pad wes placed srer m-hm snd the assewdly

A1l handshests, with ems ormaphlan, wore pressed seserting
40 the standerd procedare = 1.0,y & five-uimite pressing st %0 pomés
pﬁrmntwﬁhmim. mzmwnmucbmmm.

nadwtmtummmat&wmwmuhfm. ™he

- #prace mnupupmnmamhmmmomm
u:yﬂwdmﬂu.

As previcusly mentioned, s Rudelka~Muak equetion affordy
a neans of expressing the diffuse reficctanes of a paper sheed in
torns of two Fastamental gonstants o= 1.0y the Mmtu md adeorps
tie mmam. |

hnuw.mm-ctmmbn-mmmuw
‘mmmmuummnnmamuawmama
is clven st A - SRS
'w'.yz-«wwm* o

mmwmmmﬁmm«.mwva
Yolly of reflociamos B st
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Byt = /RSB -B) oyﬁl_”&) .BWMJ
] sitx/w (2)

(3%=By) « (B'-1/B) »
vhers  is tha base of natural legerithes} tho other quastities sre
defined in the seotion, "Definition o Torme®, Over 3 bDlaghk dask-
growd, X' o 0 end the sbove equation Desgaes! |

1. (81) WY T
Bove - (3

(/g o heom B

Ro

From squations (2) and (3) % 10 rossihle to evaluste the
soattering power, 55, 1f $vo Teflestnse meamarements are ma's,
- Houever, the selutien of thess equsbions 1s ee Affloult that 4% i
impractical t6 vork with the equatish «here namy dompubations sre
invelved, Zor this ressom sharis A:ve besn aonstyucted from theee
squaticns to fasilitate the seloulation of BX. The Deresn of Stendariy
veflectanos-oraeity chart 1s of pariiouwlar velue becanse it shows the
interrelation htvun_g_"”. R, i By, which are commonly neswared
queatities, This chart has values of i, a9 oriinates ant valwes of
G g9 88 sdseivsse, The oonstent B, Jines bave pesitive slopes snd
the constamd 3X lines have negative slopes, Knowing the values of
R, snd Ry, for & paper eheed mogwm may %e read from Vhe chers,

™he 5X valus 1s the seatteriny power of the sheet and 1 &
 peve nasber, having no uaits, For » riven valus of reflsctivity the

opesity depevds upon the value of 1X, Obviomsly the guantity $%
dopends wpon the thickness of 4he shect snd therofore this quantity
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fs & sheet property. The scattering coeffieiemt, 5, s a property
of the sudatenue of She fintehed pepur,

In the evalustion of § 4he SX valus i divided Yy 3, the
 Ahickasss of the shest, This gives ths 5 value of the fursish as

50 exiute in the shest. Hewever, in vartaln ceses gush sa eveluse
Viom ef § 1s rather mogninglens, m.omh is s dry peper ehwet,
vith a high Wk snd o certain 5X value, wvhich is cempressed %o one
helf of its original thiekness, (It {s aseumed that the cenpression
10 secomplished by & statie preesuro tist does not effaot the surfase
of the sheed {n contrast 10 a shearing yressure, sush as in 2 ealender-
Snz eperstien, vhich venld ohenge the rurfave charssteristies of the
sheet,) VWith the dry shoe$ there ghienli be no aprreciabdle incresse
in fider boniiag uwpen cempression and so the 3X welue of tho Gome
presssd shest should be very nearly tie sans as for the wnsonpressed
shost, The asliyer is half ss great and thercfore the § valwe will
have been Asudist. This i expletnod by $he fack thad there wre
ioudle the Huber of scatbaPing psrilsies per uaty Whickness in Abe
caupressed ehath, The fact that the 5 valus of the furnish has Meen
doubled {n an opsratien shat hes sot changed the opacity of tiw sheet
shove that this evaluation uf‘g f¢ poGiar useless, 1f, in this ouse,
the 5X valus had been divided by tus Doals weight of the sheet, the
*3" valus odtstmed per unlt veight of the furaleh would have Weea the
saze Yefore ond after compression, Suah em ovaluation of "5" wewld
oten mere meeatngful, Decsuss the ertiscl properties ef the paper
shoet vere not changed by She eomrression, Sush a prooedure sight be
oonsidered as Wt belng eirietly adrract metheustiocally bessuse X e
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properly the thickness, However, the imcorrsctness ariges in dividing
8X by the basis welght ead calling the result 3, Properly, if gh_
divided by the dasis weight, expressed as ¥, the value SX/¥ 1s cbtalned,
This zives sn sxpression of the sssttering pover per wnit areal |
veight of sheet, which should be more wseful im most cases than mm

expression for the scattering pover per wnit thicikness.

v I% was 4scided $0 evaluate the seattering pover of the pulps
by thls mesns, Since the quantity SK/¥ shewld set properly de eslled
the scatteriag coeffiocieat, the designation of *Speeifie Seattering
Coeffisieont” and the symbel $' will be used for it, Cerrespending
te the valus, $', vill be the “"Speeifie Abserptiem Cosfficiems®, k',
obtained by multiplying X/3 vy 8'. |

It 10 0lesr thet the ‘eontridution of sa individusl compoment
of a sheet %o the total uatt-oria‘ po;cr of that sheet is the produnost
of the veight of the oonpomt in one resn ares and iss specifis |
.-o-ﬁ‘rl;(' seeffietont, Phue, | | |

S 80e B3V, o ’i':"»""
vhere ¥y ¢ Wp 4 V5 cee = ¥ Or,

5t - “I“ » (S{¥) o 805 & SV, veee ¥y
that 19, the spesific scattering coefficlient of the sheed is the
velghted avorage of the 5' valuss of the components. These formulas
presume, of wsurse, that redustion of scaltering through internal
bonding is neglijgible,

That the Kubelkm~Mank equatien is applicable in descriding
the optical characteristies of a paper ghset has been shown in ¢



folloving engail

Fort {(§) mate meagurements to datermins 1f the Kudelka-
unke mum is walid in Mwim tha eptieal properties of un ,
: vhmt l:rpn »f m no uuhm zm hig swoa thad, swoepd
for deviatioas less than one per cemt, the squstion does apply %6
paper, Steslo (5) has demenstrstol thw value of the equation in
avilusbing the effeots of flller in piper, Harrteon {15) showed
'tho mnmmw of Shie equation fx weasuring the retention of dyes
in peper, Tongrem (J6) wsed the oquatiem 40 study the disooleration
of ortificially aged papers. Bolan {1]) wsed the squation in pree
AloMing She scler of paper dyed vith & oeubimetion of dyestuffe.
Peste (7) evaluated \he souttering s sbsorpiion coeffieieats of
€yed handshaets by nse #f the Fudelka~'nk aquation, Pavie (35)
descrided the use of Shis squation in avalwating the optical propere
tias of paper sontalning losding materdals,

1% 42 Vhms svident that thy nse of Shis equatfon in ovaluabing
the optical oharacteristics of a ypapar sheet is fundsmantially sound,
snd thad 1% apriicatien hes been proved 4n practissl experivents,

™he Senwral Blestrie rocoriing spestrephotonster vay used
$0 melcs reflocianes measuremenis sa the samples, This instrument hes
besn disenssed in detail wﬂwi(w. By mosns of this inatrument
s veflsetance gurve for the sample sould bo obiained for all vavee
lengtha of viaidle 1ight from 50C %5 70O uom vavelength, Oassefally
serfased bloaks of mugznasiun sardonsty vhieh were coneidered » have
a' abmigta rofisctanss of 0,97 ware used ns stendards for the
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refloctanse mesgursnests. Thess bBlocis were ehecimd sgalnst s scale
of brightness vhieh 1s stendardised iy means of fyeshly prepered
surfaces of magznesiwm exidet the partieulsr mypply of nasmesium esre
bonate ie umsonal &{n ponudu » refisstance squal t¢ that of meg-
uesian oxide, t.8., 0.97. Fer practinel yuryosss reflestanes walues
wers token only st s limited mambor of savelangths = vis, 420, %00,
600, snd TOO mem, |

In muing the reflestanes tarsuromsnis the handsheste were
ot into snsll Sade that would fit eonveniently over the saplo
opening of ths gpestrephotometer, The refledtnes messuremonts vers
thoss of R, far vhich m_mnu'u the single sheet vas a oavily
lined vith Mask velvet, and of B, tho reflectense of the sheot
bmvt»ymwmd sheets, :amm@csmm
in cdtalaing average values of thess two reflectsnce messurenents,
tThe reflectancn neasuremenis were madce with Vhe lipsht soures inoident
e e Sop side of the shest,

Thieknese snd dasis uld:i Wt- vere nade on inohe
sxasre speainens, vhich vere cet frem Lie \shs 4n such memser as o
inciunde as alonsly as possidle $he avtnal area fllusingted in the
reflooctancs usomresents. These measuvrsmenls vers mads on the mmiire
sushor of tabe An the sssple and the veluoy divided %y the vuwber of
tabp in order Lo odtela aversge veluer of the caliper and Basls
wel ght,

The rverage values of R, sl _g,om*mugu.a w 0.97 -
0 obtain abnclute reflectances sad thanze walues were used %o M
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ho ST valus from \he Buress of Stusdords reflectanse-opasity charb,
mgmmzmmmawtu syarage valus of She dbasis
velght, ¥, o ohiain S', The Desls woisnt wes expressed im torms of
posnds por 25 5t M0 =500 ream, The valie of LS vas evaluated frem the
velstion X/2 o (LB I¥/2R, which L2 rnother ferm of equatten (1),

The valus of X' was then odtainod by »eitiplying E/3 b S'.

o8

The soattering ecefficient 4f a pulp is influenced W sush
facters as pmuh sine snd shaps, ths dogres of}Mu dotven
fiders, end thi index of refroction ¢f Lhe fiders, The adsorptiom
oseffictont 1e {aflnamoed 40 eeme extcus hy the dsgree of donding
bebusen fiters md the fndex of refrsesisn ¢f the fidare, Tut 10 o
mach grestor e:fent by chenges in the Lioashing or the dyeing of &
palp, The freajions sf any ens giwen 7lp, with the exesptions of the
fines, would bo expected to have sbout the same degree of Donding
betvesn fibers vhen Formed in s papsr +hoat, and elso the index of
refrrotion of Shese fractiens should o neerly alike, Aay chenses in
the scattering sesffiotent of the difiurwnt fractions, with the exoep-
Vion of the finss, oould them de mpluingd dy differences in the f1dar
dinenstons, Any varistioa in the shoerptien ooefficiest ¢f verieus
frociions would Be due in the most part to Alfferences ia the degres
-fn arifieation of these fractiess wnd vouald not have my direet Yoo
- IatiomsMp to ihs pardiele un._ ‘

It wous mtm mnmr §0 maice nome mo % 4 mmﬁ
of um size Lin order te hawe an Lnds2 3o exnslalin variations in the



seattering M1ctutn of the ALffsrmi pulp fractioms, If the
scestering corfficlont depended upem thc fider length elone, tw
seagironent of fidar sise would be relsfively eimpla, It might e
posaidls to etiain an Wﬂmim &0 the cverage fiber lengih of o
gZiven frastion in Sermg of the mosk oi.: of the soresn upen vhich $he
Pelp ﬁutim vas retained, Howevor, i seattering coefficiont de-
pends on fider WidWh as well ss fider Iwmmamah
siaroseopie myumrensnt of the fiber Lasgth would de of 1istle wilue

Some Sype of ares messurcmnt for the JAfferent yulp frao-
tiens was thus Decessary, A sicrosontis measarement of langth end
wvidth oould b= used for Ahie purposs, lowever, Tiders vary videly in
She shape of tusir arose e¢sotions sné, thersfaore, this $ype of neasurs~
¢ $s only amproxinetely correst, beuiues the obape of somp of the
fiter aress soetlon must bo assaned in ssloulsting the fiber nres.

A ragdd method for the rousise determination of the warface
sten of pulpe s avallabls through $he “spocific surfece sres mesvare-
mexd® as daveloped Wy Clark (20)p wesdT{eations of the original pre-
oedure have Lran made by MeYwen (2. |

In tide method of aven detorduation the filers sre soated
vtk n wniforn Laysy of silver smd $hu xres of this silver sosting
aitorained, The masrement of the srea of ailver coabing demends
upon She fast that hydrogen pesrexddn v eddﬂ;uﬂy Aeconponed vhes
fa contaet vith 2 ailver surfaoe, Piis reastien Ls prosmebly e firs
sriar reaction ani & measurement of i rate of reaction vill ¥ims
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d.n.mzm of the botal sres of z&im. mm«mw
Slark (0) for \he messurement of ths rate of reastion vas Vo deter
nine the macunt of kyiveges peroxide decompoesd by 2 silvered pmlyp
savple 4a & Wu time (200 seccnis), In am aVSempt to chtain an

" sheolute velws fap the wurfase arem cf fibeps s celidration m
was nads. The amomt of hydrogen uorazide sonswmed in shiy deSer
ainstion vhan small squeres of eolloriene of Jmewn srea weve silverod
and Sreated vith hydrogen perexids wiisr the stenderd Mﬁm of
Ahe deteyminztion wes weed e She DLuiis for the owmstrustien of this
calideation shart, A reprodustion 27 this chart le M m

Figare 1, ¥2o consbruction of Mo wart is desorided Yy Olask (mh

mmmmoammmmmtunlmm |
the modified proeedurs ss given Uy Nowen W. Ia Vs proecedure
ghout 15 te 20 milligrans of fiver »ro silvered ty Sresting vith
10 os. of a 1 per eend oﬁnﬁin.d swonissel eilver nitrate ab
the botling potnt, The silvaring 1» carried owt for o weffieiems
tise to prodsoe a mifers opeqne layer of vilver on the fibors.
This length of Vime 13 roughly Sviee tho time that 13 tekes the
palp Lo go through a red solor snd turm blawk, The zotucl time of
silvering for most of the pulpe wvas :ieut fiftesn minutes, he
fibers ere thsn thoroughly washed wiih 41stilled water smi Vrane-
forved to o Yesction flask together with 9% o, of dlstillsd water
and 5 68, of a berate Luffer selutiom, prepared ty Aesolving
2G grems of kyirated sodinm bopate and 0,8 gram of sedium hycrentde
in 500 en. of water, The dewvate duiior selmtion is used %0 dnep
Vhe pR of the reastion selution shovs 7. The conteats of thy flssk
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e aunﬁd 5% a moderate speed bty vuma 0f an eledtric astivres,
Twerty-five ea, of 0,5 J hydrogen secexide are rapldly inbrofused
and the $imey started, At the end &f 30 pe¢, the tewperaturs of
the reaction mixture 14 tadea and et tho end o:’iod pea, tha ress~
tion h ttnxr'hd by the replé tdltu% of 15 ao. 0‘ 3[ NI.MO
au. The ormess lvdrma metda L S,mdutoly tidrated ﬂth
0.5 X potnssion pornangssate wolutisn, Prom Ahe amcunt of this
solution useé in ths daek fittrﬂ;!mv e fron the temverature the
area ot Bo rosd off the shart, Ths welght of the fidey is ‘mowm
uivly thevofers, the area per grar of mlp o do oslsulated assily,

One wsperinent was nade to (shoredne the ofieet of boauu_
on the eptiesnd Mau of & papor sheet, The spruss sulfits
wilp was usod in S experiment, ﬂ&np tho optiasl proverties
af 2 paper siest would Be affscted Wy the prodedle inavease in esh
content of pilp vhen Besten in a inxurztory beater or nebdle mll,
14 vas Qpelicd 10 oarFy oud the reCinlng \reatmnt ia s Lempi
rdil, Erestwant of yulp in moh o il offars the srdnimun of
sonatanination to the pulp of sy relising equipmens avalledle,

¥ineky grems of dry pulp wore soeked 1a water overnight
(scfecnsd wnter vas used Mm& in this exporimsst), The
pulp vas then brama up in twe ltory of vabler With 75,000 rovolue
floms in lhe Iritish disintegrator, ihe dlsintegrated pnl» e
than thiclensd on a Dishuer fumnal @i Alvided into three Lwgram
(oven=dry) partions, One of these V~grsm partions wns them
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&w_«d‘m water in o total voluss of ome 1iter and the pulp
suspemsion added Ve the mill, Tha %1l wes closed end run for the
dasired Leagth of \ime == 15, 0, sad 60 aizutes = after vhioh
the pulp vas Temered snd & volume o7 steak equivalant te 12,5
crums of oven-dry pulp vas dlluted to 2 1iVers and stivred for
74500 revelutions Ln the British Mﬁnhm. Frooness MG
vare wh en dbe mpp» Rieglsr fracness hsm

MWMpWMﬁMMMM
before 1in thal the sheels were fornmed diveetly on the wire of the
British sheed mold. The stendard aheotmeiking precedure (TAYPI
Steodard ¥ 205 540) wee nesd throuskows vith the folleving expepe
‘Sens, Ome esh of shesta was presssd vith a flter pad in oemtest
vith both shdee of the sheet oo thed beth sldse of the sheeh had
2 uatte wurtase,. unmmormum-mmmm |
prossed WD & 711007 ped 1n aontes) WSk the op sifs 6f the
shest md & metel plate in coateoh vith Aha vire side of 4he shest,
m-mnmuthmmu:Mmmtom The pure
m«thhmtonhuthdfutdaalwmtmum
msmmm.

Qus experimeat vas mads 46 chov the affeat of varistioas
nmﬁrﬁcﬁumusmoopﬁmmﬁudnm
shost, ¥he spruse sulfite pulp smé the alpha pulp prevered from 44
vors tasd in this ewperiment, Miaciy grams (oveneiry welght) of
sach of thoto [ulps vers scaked 4n viler everuleht snd disintegrated
with 25,000 revolutiens tn the British daintegrater in tve liters



.
of vater. Tho ehaets were forwed iristly om the wire of the
Fritish shoot meld Wy she standard :roosdure, Ia pressing $bese
sbests 5 Ti1%er pad vaa plased in eentant vith Mh sideq of the
shoet, The rreseing vas ourried put for five minutes, followed by
» ohangs of Blotters, and amother vrassing for two simutes ad the
same prassure as defore, The follening prm vere used in the
pressing of dhess sheskst 10, 50, €00, end 5000 pounds per squers



The speoifie ssattoring and sbsorption ocefficiunts were
svaluated for $he fraotions of stz 4ifferevt julps. Thess muipe
s5d Ahe numbars used in Shelr desiomztions sre ss follevs!

5%6 Flusched spruce sulftte
7 Llsaghed poplar sulfite « &ry lap
. {a . Elegehed hardweod e0da
' Yolly blesched jack piune krafd
n ’ K ghtly Sleashed Jask pine kraf$
12 . Sueges grouwmiwded

The mesh sise of She sgroen vpon widoh the waricus fryae~
‘Mtoms of the yulps wore refeined vac used Ve destgnade these frao-
tiong, Pérmh. Frastion 620 would refar %0 that portien ef
She Bleached spruce wulfite pulp theé was retainsd oa the 2-mesh
sereen of ths olesssifier, Ae axpliised Yefore, the portiom of the
alp pasuing through the 150umesh narwin of the classifiar wvas
mmu ta “fines,"

Tas soresu retefiion of b« variows pulpe ie shown in
. ,‘ |
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. TAME Y o
SCRYEN RETVETI'V OP PUIBS . .

Sample ma%m‘mgsina mbgm m;;o-:m ﬂ:u

2 76.8 12,% Jo“ zou g:ﬂ
7 oS 34,0 1,0 14,8 12,7
9 33 237 %.g 9,48 2.1
i) 66,0 18,2 8.55 2.7 %.10
n “ﬂo 17.3 Ts S 3 60
32 0,52 10.1 2.9 2.2 47.3

In general, the methed of saseuring the optiasl coastante
of the ifferemt pulp fractions wex to srepars Shres hondchests from
cash frzatics and meke the necessnr: neagereneats on thess, In
adition 40 tMis, handsheets vere :revared from siztures of the
various frnetions. This vay done te detersize 1f the X' amd §°
values of g walp frastion ave the :;na vhen nsed alone ae vhen
simwd with odher pulp fraotioms, In zeneral, these frsotions |
an mixnd in proportions that wears tho sane as in the origiual
pipe

Swswles ledelled *O* vere mnis up from the originel une
freotionateld mlp, Samples ladelict A" wvere made from pll the
frastions rocoubined %o approximats the eriginal, Tadle 11 shows
 the sompositiam of the ether mixtwie of pulp frastions,
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Ay 1t

COMPOSITION OF SAKTLY ! TRPARED BY MITIVO
THO OR MORE  “1ADTIONS

le 0 3 3 Mnes
Sovep
5 X 7 i 3
3 ™.6 12,8 8. b6 5,08 0.0
5uld 0 15,0 0,0 0.0 0,0
. KD 90,0 0.0 0.0 10,0 0.0
Bl 0,0 2 32,8 15,9 0,0
T 0.0 o 7.0 0.0 0.0
70 0,0 £0,0 0,0 0,0 20,0
J=B be 30,0 5248 12,0 0.0
Goll 0.0 0,0 10,0 0,0 10,0
> o0 00 %8 oo T
Gull . X
103 69:2 19,2 5.3 2. 0.0
113 1£.1 7.9 1,5 0.0

Ths values of Rye Boe §5, o §' end X' far the aifferent
mlp and paly frections at feur S877arent wavelengihs of ths vieidlo
light speatrum ave shown in Astadl iv 2able XIII 4n the Appemdin,

D, ADDISIY FAOPIISY OF X' AWD 5"

 Cahis 11X eontaing date nr. 5he speelfic soattering and
abgarption oosfficlents of 4iffsrent mixtures ef pulp frestions at
two 41ffarent wavelenghhs, The valuss labelled "Obe, are the values
aotually obt:ined for hendsheats madi» from $ha various conbinstions
of palp fractions. The values lebslisd “Cale.® are those ebtaimed
by taxing the XK' or §' valus for »nsh frootion of pulp in the mine
ture, malttslying this valws by the »sroentage of that frantion in
the mizture, addng together the proimats thus odtained for esch



frastion, snd Mviding ¥y 100,

g [ A

GO W)
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TARL2 X11
T2 OF THZ ADDITIVE vt oy QF 8% A0 RY

9 g 108 ',K'st 3¢ x 30t X x 300
Bp e B Salae e Oale, O Calse
. St 3 sl sk )
2% 9% 35 5%
AEERENE
22 58 2E Gk
% fh Wk B 5 2T
a0 2070 ez o) B 10 1478
iz 3 me myome 1w TR
By S S ¥ o h
2 Y 2R 87 2R
hao W22 2% AN Y 1 1020 bﬂg
79 MO 1220 15%: 69 128
SE R R 22 23
B 1 uso 3 % M o 1599
Yixture A vas a 5050 ufriure of dleached epruse
salfite and the 1ightlr tisached kraft,:
W)mawﬁmo«uouhw.pmv

. #lfite sad alpha puly,

Mixture C was a 50«50 mirinre of bleashed sprase
tifite and gromndwood, ihis gave a twowgided
sheat, 0 and O' refar %0 the seme sheet with
She refleotance messursunts mede vith the light
Mdntmmwm&ﬂuvtn sids of the
Nl&l..tn "Wi”!’.

. Sha above dada show thct, ie genersl, chora isa M

nmt batwsen the ebserved and mm.m value of g' i | L
of s mixture of yulp frastions, In £ha ocass of ssmples midn—
ing fines this M wes not very s00d in some Oaees, particularly
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ia semple S.4 nd 7-A. Sample 7 42 s hardwmod pulp and conbeined
& large perountege of fines, This mny have csused a twe-alisd
shast or the fines may have had diffurant X' and 3' values vham in
s sheet aleno than whem wixed vith otliar frastions, In the mese of
pulpe omtaining small quantities of finse, rertimilarly the two
kraft pulps (Samples 10=A and Il-h);,_ A% 19 seon that there i3 good
agroement between tﬁ. osloulated axd aium& values of X' andt §°,

Tho sgresment batwesn ths siscrved sni salmalatod values
of X' and 8! s not 80 good in the ¢nse of the sromndwsod, This is
perkaps sxplodnsed by the fash thet the measurements of ' and §
on She gromivood wre the least sorzuate of thoss for any of de
ilpey the groundwoed sheets wers na W that there wes very
iittls differanse betwvaen the reflevtangs oorve of s sheet bosked Wy
_ nmuw,«w of a shest bDaeind by & Shiek ped of shoets,

The purpess of the measursesats o Sho sixtures of Nleashed
sulfite vith Yhe 1ghtly dlesshed ksl and the alpha pulp vas Ve
staldy the oftm of differances in iha dagree of Meaohng or {a
tho» refraotive index of pulpe upon 4o additive properiies of 3 o
E's Kemamorw (22) has shown that tw dewble refraction of selluloss
fiders ingrecses with the degree of ramoval of nonoellulosis metew
rials from the fiders. The cmstic 6eed in the preparation of the
sighs pulp shonld have esused ab Lesst & small change in Ahe double
refraction oi the fidare, The dstz shiained show that ths cheerved
~ aal ealoulated valaes of $' for mixiures of these differeat pulpe
sgres within about two per cend, bui sha agresment Detween the two



values of K' Lo not ss good as WM,

Loaving oub Ahe cosasiossl stmormality which ecowrs ia &
sheetl contaiming & large proportion of fimes, 48 88 spparent from
the above date Shad, vhen pulp freciions are mized, the X' ana §°
valuss are sdditive, This i» tr\;o wprarently for mixtures of fraow
tions of ons given palp or for diffurens types of pulps providing
the sheet 10 hWomogenous. In $he ases of $he shest mads from the
nixture of groundwood snd sulfite puips A% 4s seen in Tadle UL
Sist the reflestivity vith the vire tids Sovards the 11ght source
is less than vhen the top side of tha sheet L sqmdo the 1ight,
s would inidloate that there w:s o groater proportion of gromde
wood in She wire side of the sheet, This osused a nonbomogenous
shoet mnd grvs & substantial difforuncs in 3' end X' depending upen
viieh s1dn wes exposed $0 the 14gh% 1u the reflectance messurements,

Ths fines from ocertaia pupa. pﬂiuhrly ths twe kyaft
p\lpc end tha poplar sulfite pulp, he? very lew specific seattering
esonffisionts and high specific adsorpiion acefficlents, The fines
frea these 7ulps gsve very dense she:ts] 3hoge from the two krefs
bpllpo olud; rosembled giaselne, ii:u siroag fider<te«fider bonding
usodaud W ih Shess dense sheete onll accoms, in part at leset,
for the lug’ uhn of she fines from thonmlps. If the dogree
of bLonding bem the fines was granter m the fines ware alone
\han vban AhaY vere in & shest WASL vikor frasticms of mulp, \his
vould explein partislly the dlecrepwasy between the obssrved snd
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saloulated valuse of sowe of the mimiures of pulp frastiome,

Certain mixtures of julp ivagtions wore mado tp',to PG

videa nesng of ealeulsting the k' mi;-, valnes of the fines Wy
nﬂm .mu'ﬂm vere oe-hinatioms of the fines w!fh one
soaveer frasiion, and inclwdet Sawsloz 7-3, Tuly 9eC, 9D, snd -3
which wvere aule up vith the preperiivas as given ta Table I1I, In
s4ditton the K and §' values 0suld de ealeulated by differcace
frem the valuss for the '1" unphe *inoe Ihuc ssaples, 88 e%
$isined bdefors, muuwtommuhmoﬂglmmm :
\herefore, onitained fines,

In 2udle IT are thovn sbsurved ' end X' values of the
nmﬁuw-onhmmmm these eoefficieate
s calealsted Wy differencs, Thie eulealatien 1a \he reverss of
~ \hs methed ueet in obiaining the ssleuiated values of §' smd ' for
Ahe mixtures, | I |

- Thove dats shev \hat, far Pulp 7, the fines evidamtly
ware behaving dlffevest optieally vhen aleme than vhen (a & sheet
with other Tysetisns, This 10 ohews Yy the faet ummm»u
vuu.nnnunmmowmers'mmnmm
" {n s sheet sleme,’ M@ﬁwemﬁmyaﬁn. 18 1a
mmmg&m& the fimes ie appreciadly the ssme vhetber
ihey are alane o Mixed vith other ﬁ?s‘BMimofpdp. The Aala
mmmgmumwmumwxvmmvmumml
12 maeh lest vhen the fines are mizsd vith other fractions mm
t&mmm m.w,u_muam-nm.mum{ |



TR
7-fines - |
Obssrved valne %4 - 3900
ﬂm "nhh : : -
Sample 1—« ey | i
Mla T4 A . ap
- Oaloalatol valpe G e E
Sample 9e8 , ﬁ% ) ?
Sample 3-R , . R ﬁ
Sawple 9.3
Mtuc ' L e |
Obgermd valwe ' 31 %000
Celouzloted value
Sampie Aled | 140 - 668

iight ocour is the case of & koot that emtelss fines, This
offest is d1ecuseed under snother hosding, There is a posst.
BILty of 00 sart of & “hiding® offset videh veuld tend te

obseure in purd the sbserting pover of the finess

| mmm.rm-umm mm»mmuw
m.tmﬁnmotM& wagd n!ﬂtopulpo. !tndu
spperent that o Vwo-slded offest WLAM scenr in shests sontalsing
& Large amount of fines. In the eesr af Smple T-4 thmm |
iigorepansies detvesn the »«m@ st ealenlabed uluo of ¥-md
E's I8 vag thooght that this nizht be due V0 & Sweepided #Mlo
Yesmase S 4 smmple centained a relstively large preportion of
fises. Reflestance msasurensats -mr: made on eifher side of & tad
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- firon Nl uﬂph Yt the Aifference in thess meesurements vas $eo
slight %o Ve msldu-w’ !Imr. in Samples 75 and 90 a slight
Swesatded offect vas motiesd. Thuo two sasplos oondeined 20 w4
19 por eeat of nnn._ rospestively. The data for these twe samples,
together vith Clﬁ for the gromdwoodesullite ah@oﬁ. are shown ia
Tadls ¥,

ALY ¥ S
SrypcY. OF NMIW!% on O?ﬂdﬂ. PROMI‘M 0F A Pﬂﬂ mn

VMM 500--:

Sempls R s'dn' raf a. wad® ok
70 o.rms 625 agro %772 %92 19%
9-0 - 0.806 8 825 o.803 8% 830
wlfive ‘ : :

s xtere 0, 7% (] hiyo S A ) 0% 520

ummmuu«mmmumwmm
higher Teflectivity 1% veuld be expeoted that the virs side of he
sheet wuld ecntain the dargsr proportion of the frastioe havisg the
leaser reflestivity, In the case of Semple 9-0 mod the growtweede
_sulfite mixture, the freeticn Raving the less reflectivity alee hed
the highest ' valus, IV would be sxpected then thad the higher
maasured values of 3} and K vould be obtainst vhen the vire sids ef
the sheot was ineldeat 4e the light souree in the refiectance msasures
mests, The dsta show thet Ahls helds for K' but met for §'s Thds



e

mtnﬂﬂtu presunshly ariess from the feod thel the Eudelke=
Wenk equation 13 Bo% sirAotly valld vhen used vith a Reshenagunens
shost wnoh as a twve~eidid shest,

I8 $3 %o be wticed that even vith & shest centaining
20 per eend of fines, 85 1n sasple T<C, the & {ferenses in §* emd
B as measured ou slther 1160 ¢f Vhe sheet are Mot lavge sasugh V¢
sxplain dlseropancies betveen caloulsted and shserved valuss of g
and X' for sheets containing fines,

L x;mun mdmﬂuu forﬁunw t-;tv.
rm, aarmotm.—ummmtmmn

aupnlpwnm umm:nthmmtmwaﬂhuﬂnm

frectiong,
TABIZ VI
Apparent . Sarface
Samle Densddy® e ST I W
Q00 /8
8. 13,000
g i3 M B B
6‘25 l.g 13,900 29
E1%0 5s 1m0 o ,’22
> I T2 S
T=0 9. A8, |
' 7:25 9.h7 13,30 ‘
= 47 B OB OB
® s values for at density vere odiainmed by dividing

i
1
.
4

the basis vei Al (pounds per 25 x
saliper in mile,



TABIZ 71 - Continwed

Apparent

Sarfaoe
20 e o - P
2 6400 B ' i
Te 18,%0 783 m .
% 8. 3,900 9%5
Sufines 9,17 3!.100 - mo 5590 |
10-0 1.0 18, 500 L)Y Y
1020 10,6 , Q‘m "; %80
m-zg 1.2 4200 53%
11.6 17,100 - 573
20u180 12, 19, 300 w3 781
10fines 17.06 38,000 1ss 5360
1140 VUL T 1%, o 960
11~ 11,2 15,600 “g | 1020
u.% T 1200 1080
3l 12,2 0, 76 " 129
 Lefises 2. Wb L 5000
Bk - R
mﬁ 8,9 13,300 | Tk zgz |
12150 h80 © .. 100 2680
12-fines 8, Y00 - 1% 690
286 |

Duvie (L) has wiated that the scatfering cosffiient ehoult
de mpontw’so the surfase ares per unit mawa ¢f the material, On
She baals of Shis ststessat 1% ves consilered &f Kntersst %o ﬁm
\he 3t values ageinst tha surfass area of the Aisfarest frastiocus mad
stuly $he resuliing curves,

The surves for dhe two sulfite pulpe are shown in Mgure 2,
shese for the renaising pmlps in Vigawe 3, I8 $5 sesn that the
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Figure 3

1400 VARIATION OF S' WITH FIBER SURFACE AREA
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values for‘ all fractions of amy oue gnip. with the exoepiion of the
fines f21l on the same straight linme. A eriticion might e directel
st Avaving s stralght line through the pointe for sll the ulp fraee

" sions with the exception of the fines and mot alloviang the value fer
the fines to isfluence the shups of the ourve, However, aunim«

of the utm of the sheche ul! from the fines justifies the consired.

tisn of ths curves as showmn in the m figures,

The data for \he ml'.“ samples ars the imi accurate
of any ocbtained, Ome reasom for this is the dAfficuldy of obteining
sozirate S5 valuss bessuse of the small difference detvesn X, sod Lo
for the rsther opuqee shests formed from the finer fractions ef the
gmmt- Slee, 14 vas ALffienlt %o odtain scourate Ares Neasure-
pents on the fine fraections of greundwood besmse of the hmhnq of
thess fristiens to lump togother, The curve for the groundwood
| tmtiéu may be slightly misplased 'bnt in sonsideration of the above
" \mﬂd uon mpor to draw a amm 2ome %hmndh the poinn fu‘

mama ‘fractions 3s vas done for the cheniesl palps.

I8 is seen in-the case of the fines frem the groundwoed
that the peint fell en $he curve, iluriu the aorresponding point fer
the other pelps vas wsuslly far from the surve, This is sppavenily
to be explained Dy the fact that She fines of groundweed avre quite
different from those of s chemical palp., In grouséwood the fines are
sads up of a fine material or dedris which is the rewals of comsinu~
tien in the grinding operation and which has mo definite sSructursl

forn, The fines from s chemical pulp contain some struotursless dedrie
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rosulting from mechanical trestmeat of the fidars, dut they alse
have a large proportion of the ray cells of %the vood, I Ls poss
sidble that, in the fines from a chemical palp, a Hfferent gube
stanoe optically fs prosent \han in \he oaso of the acarse frase
tioms of the pulp. W4ter and Mitohell (3Y) have ablished dabe
shoving that the ray uu- of bassvoed helesellulese behave 41ffere
 eatly ta poleriaed 21 ghy then ¢ the fideps. The vibraten plase
/vef tho ao-nm oompanent of fiders i¢ parailel te the long axis,
vheress tha op;mito is true 1a the case of the ray cells, Pimes
'mtuuwg s largs proportion of ray oells, therefors, aight behave
differently than the coarse fractions of » mlp. MMs would ase
sownt, 1o cart, fer the very lov 5' values of tha fines from the
xreft palpe, although 4t is equally poseidle that this is due Vo
the high density of sheets formed from thess fines,

Ia additien 90 \he above, 14 should be moted that She
fines from groundwoed formed a sheet that Aiffared 1ittle frea
\hose prepared with the other fractions, In the case of the ehoni~
oel yulps the shoets made frem the fines wers weually "tinay® and
britile, |

It 1o secn shst the slopes and hel 22t of the curves fer
the various pulps are quite diffevent. It would ba reanonadle %o
boliave that those difforences are csunsed by variations in the
shest density of the different frastions but eselysis of the data
MW- this, Yor example, the groumdweo! frestions have the
lowest Aensity of any of Whe pulp fraotions end henes for a given
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gurface area it vould be expestad that they would have the highest
M{h scattering eoefficiente, The 4ata, however, shov that for
a civen surfass sres the greunwvod hes & lover §' value tham elther
fhe spruoe sulfite oy the hardwesd soix mlps,

In the oase of the chesical jmlps 1t was thought that 14
might de possihle to develop aa empirisel relatien betwoen fivey
sres, shest density, and the scatterisg scefficient. By using s
relation et the Sype

8 -538,
= 8 gonstant ' = spesifie sonttering
. l. "y oon-tni: & doefficient, and
:- appavent density, 4 © surfaee sres,

18 ves pouhle o find valuss of k and 3 Vhab wonld satisfy the
date for all frastions of any one palp eweept the fimes, However,
vhen the formels vith the comstemts o¥teined fer ome pulp ves spplied
te ansther pulp the valuse of §° caloulsted from Ahe surfece ares
and density 414 med agres vith the obearved valuss, More eomples
onpiriesl relaticas were tried dut She results vers mo better, I8
ts ovident thet conolusions te be drsvn from the sleps and helght
of the eurves vill have Yo de quluawn‘

o rmanwoffho curvey and the Maonwpaqonl dant-
'tlu of the 9:1) fuottm 1% 1s ananut thas, in general, the |
n'utn tho imeresse {n qporcnt dmﬁy vith imndu nﬁm
aren, the less stewp lh slope of N surves, l.pln 10 and 1},
in particular, show repid inoresses in sprarent demeity with in-
muluMm ares and §t is these samples wiich have the eurves
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of lonst slope, The frsctions of Sample 11 chew a slightly larger
Inersass in apparent dsasity vith surfece arss $hea &s the fraotions
© of Semple 10, and 1t 13 seen that the ourve for Sasple A1 has a
lesper slope than thot of Buph 10, These rwsalte m vhat would
e expected, for with incromesd sheel deasity there ccours a lowered
velue of §',

The £agb thal grounpdwood hn he h«mﬁi.nhpﬂ; donsity of

¥ aug of the palps, vhish would Vead Vo gv LV u very high specifie

saattering coefficlent per unit surface area, $ogether vith Ade
£as% Vhat 3 has & lover seattertng opeffietont per mit eurface
ares than sither the soda or the spruce wulfite pulps, might be
used as & dasis for ressoning that 12 the pulping of wood changes
sosur in She fider stzesture vhich inereass m soattoring coaffle
sleat of the fiders. "uch ghanges would Ve &Munmo. in the
fiMr strosture, or dhanges in the deuble refrzetion as mentiomed
by Kansawrs (Z2), osused ly the removal of iserusteats during the
duﬁu precess., ok ressoning assumes that soms gostterisg of
1tght 4a taking phu on the interior of tile ﬂ\an shioh way, or
may not, ba Shs oase, ﬂovovor.: sach reasening, vhile very plemsidle,
_oanaot be sarried 10e far, The alyha pulp showld be almst free of
tm&m: a& yﬂ‘u has 8 very lov séaddering Mnnieﬁt por unit
of warfece arva,

The opacity of a pulp is releted $o hoth the k' and §
valuse. Recept far he fines, the X' valuss of the various fraee
tlens of growndweod vore neerly alike, Prodabdly the fines hed
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pleked tp some dirt in the frastiocnation for their specifie sdsorp-
tien coefficlient ie vm Bigh eompared vith tint of the origlinal
palp. Stnoe (ho soattering ontﬁchnt fe peon Lo be a naau'-m- ‘
tion of the surfece ares, it is appcrm Shat, exeept for a &hyhu- |
mend dus to a possidle high sbaerption Mnos.m of the fines,

the opasity of the greandwood 1y & dlrect function of the surfase
ares, Thie ssme rosseaing holds trus vithis 2inits for the ehemicsl
alps, hl in t!wu enses theve h no opmtmuy to ury thc mrc-

, ttoh stu 8s can be. deme vlth cm&nod. Eah Yﬂ um nlm
of b surface area of the gremdweod and printing orasity values

at 600 wma wvavelength ,obtpinédllby d}vlding & W R, for this wave-

SARIZ V11
RRLATION OF SURVACY ARKA 70 OPACITY YOR GROUNDVOOD FRAOTIONS
Vavelenghh ~= 600 mmg

mom  mme Oy

1220 M0 79.8
13 12,500 5,0
12468 13,900 7.8
124190 24,100 91.1
12.Tines 7,500 98,8

120 W, 200 92,6
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\ The preceding data élearly shev the M gh spacity odtained
. with the fine fractions of groundwood,

¥

One exparimont was earried ut to fllustrate She offect om
optical propsriles of drying a pulp. The Blusshed poplar sulfite pulp
was availshle Dotk in swt lap ead in airedry fsem,

The dsta for Sempls 7-0 sexve ss $hs resulte for the sir-
dry palp. A sample of the wat«lap pulp was 3Sointegrated and formed
into sheets in exactly the ssme mennar as were the shests frea the
dried pulp. The neoedsary reflsctance snd basis weight measurenents
are shewn {n Tadle VI,

TAMZ VIII
DIFFSRENONS IN OPTICAL PROPERTISE OF SENVES
FONKD FROM DEIXD AND VRSLAF UL

Yaveleagih == 600 mum

TR o - JortealN B~ 0 2 nie

Shee\ Formed Yrom . ‘ :
st JorwdTrom kG728 06% O bR &5 T

The greatly increased value of 3! for the dried pulp is
spparent, The sheets formed from the dried -nlp hed s sidstantially
lover denglty then thtss formed from Shs wet«lap palp. This meens
Shet the dried pulp hsd poarer Donding qualities than the wetelsp
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palp, and prevumadbly this ia the only reason for the higher E' valme
of the dried pulp. The X' valus fer ihe shest mede fyom he wet-lap
palp is seen %8 o higher than Shat of the sheet fonﬁ from the dried

pulp. This is perhape owing im pert b4 the increased density of the
former sheots; Yut ie more likely cmused tht satirely Yy s rever-
sion in brightness of the wet=lap pulp, This reversiea is shown W
mm&mefmihotfoMMMWtdnmIpum
vith the By velus of the shest formed from the dried pulp,

The ratio of By t6 R 4s taken as a measure of the opecity
of tha two types of ahests. The opasities of the two sheels are nad
direstly comparedle hmu of their A{fference in mﬁ veight, The
* sbests forsed from the dried pulp hed the lover dasts veight sd, had
” the opacity Mm basn Qo&ootod 49 ﬂw sm bu;s Mdn. 14 vo‘ld
" have wade Ahe 41fference 1n the opasity valuss of Shess twe types
of sheeds grester than that indlested in the tadle, The increase in 8¢

enéd opasity resulting fyos lohc puly Vhat had m Yeon AMHM
is curprhla;. Thie inarsassd opw!ty ilhstnﬁn olearly the resson
for using dryelap pulp or dry broke to impert opassity to a peper shest,

Studies on the effeat of doeting on ths optical propariiss
of o paper short have been male by Pratpt (§) amd Poote (7).
over, 1% was folt $hat a atuly of the offect of beating on the optieal

properties of one of the p‘lpa'uud in ¢his investigation should be
nade, Blesched spruse sulfite pulp ves used In this experiment, 7The
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gsero interval was pulp that had Deen given o dlsintegration oome
sleting of treatment in the Pritish disiatagrator vith 25,000 revelw
tions, The rosulte of this experiment are ghown in Table IX,

!‘AIIJ lt

Xrreory o MI” 0! onwn. mmxm
G@t;u.l -""".."“ at 600 wm “

Beating Interval — mn, 0 P p 6.
Tresaeis ~ oo, 5, R, €35 6% 520 »
Sarfsee Ares — squoa. /g 11,900 12,700 15,0 16,000

Shoots A M Dongily —eee R 15.8 ir1.0
0,980 0.853 o, 2%

e b 5 B o

Mhl‘ Wm Dcmlw lt!.g56 g. 1;.351‘ lg.z”

$' = 0% 5 3’8 298
r x 106 33 218 39 §32
Sheets A vere pressed with a netal plate in eontest with
one gurface of the uheet glviag » glossy svrface, shests 3 weye

pressed vith a £l1tar pad in dfrest contaot with both ¢ides of the
shest 26 thal they had a mite surfaoce,

It 49 sesan from the adove date that mbnnﬂa'; domm
in 3 esour with inareased besting, The 4¢ta show an inidial 4dew
svease in k' in the firet etages of deatdng, followed by an increass,

‘The effect of the ;lased surfecs in glving inareased valuss of §!
1s zather surprising, The magnitude of Whle ALfference in S' s nod



large, but the same effect vas Boted te c greater extent ia @ pre-
ndm experiment oan unbesten pulp. The sheets vith » glazed
curfsce had s highet density \han the others and, therefore, it
vould de expected that thay sight have & 1@1‘! 5" walue, That shis
Alfferenss may be dus %0 laak of homegenity 4n $he sheet with the
glased mirfase is somm from the faod thed tuie difference in 3 for
the two types of sheets dissppesrs vith ingressed besting w— the
2 valuss for the tve sheets at the GO-simete interval ers aserly

equal,

An experiment was slss made on the effect of different
degress of wet pressing on the eptical premniu of & paper sheel,
The metholy used h forﬂac hqdchooh tor tkh .mtn‘t m been
| unﬂbod, Pwo mpc vere usedl spruse sulfite sad the alpha mlp
prepared fm u. ?ho romln ore showa 3n Tadla X, '

‘!ho rnulu fn the bhuhd suifive ptlp lhn Y mrom
in 8' vith inaressing apperent density whdeh was obeerved nleo i the
ense of the beaten rmlp. The results for the sheets labelled 3 in
Table 1X ave cowparadle vith the results in 2adle X decauss the
sheets §n both easen were jrepered vith a ratie surface on doth sides
of the sheet, Thess dsts shov that the sheeds mude from deaten pulp
had lover §' valuee $han 414 sheets made fren wabesten pulp pressed
%0 the seme spparent demsity. The seme tmitial decreass in X' with
ineressing sheet dansity is shown %o cscur vith inoreased degrees of

pressing ss was observed with inarcassd degrees of deating,

The resulds for she alphs puln show an inisial iaeresse in
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TABLX X

EFPECT OF VARIATIONS IN THE DIGREX OF VAT
PRRSSING ON OPTICAL PROPRTIES

Vavelength == 600 rm

Pressure % 6
Semple  Xd/ssald ML. Bo £x0. Ex
Salfite 10 8. 0,88 i
R S - % e
200 13: 0.880 :
5000 0,652 3o
Ad; 10 Se 0,628
AR T I
5000 13.5 0,873 ot =2

B! vith the fire) imerease in spparent denaity, 7This is rather une
usual for there is na reasen vhy the SX value should insresss and s
probably besanse of experimental ervor, After this spparead initlal
Increass, the 3! valus fell off rapidly witn inereased spparest demsity,
It was not expected that this repid 4drep in 2’ m‘l& be observed, for
this iwutn a uluunly hlxt Mmc ol hom!ing vhieh vuu nesn

" wausaal vith \nle type of pulp. Prodes (§) has shovn $hat & polp of
mn tyee hn very poor bonding qualit!.og.

T, RVALIATION OF ARZA OF OPTICAL GOTYAOT OF FINERS

It has been shown ressonsbly woll that, wvith the exoeption
of the ines, the 3' value of the different fractioms of any ene pulp
13 = linoar funstion of the surface area 0 the fibers, This offers
a Dasis fer the evelustion of the area of sphlesl contast between



fiders in a sheet, A given frictton of wulp has a oertain FAd

valne vhen formed £n4o & sheet. Of the tetsl avea of this fraction
enly a portion eonividutes $0 the 5‘ value, dodsuse pan of the
ares of the fibers nre in optical contast with other fidars ia the
#hoot, If & sheed oeuld be prodused in wvhich there vas no fider
bonding, there weuld be no fibors im epticsl senvach eud 1% could
%o sasumed ihat all of the azres of the palp eentridutes to the 3'
~value, If the 3' value of the fiders in sush a sheet wers mowa, 1%
should be pessidle frem these 3' valuss an: the areas of other valp
fractions that are bonded together vhem in z shest, to caloulste a
valus for the arse of the fibers thal s in opsical contact,

It ves nm monam $o form & shest with no fider bonde
iag, vhich was doas in pedutyl dcohel. ™15 has been shown Wy KXvess
aad Bialwewexy (24) % have practieally ne mwelling uoﬁon o oelluloes
fiders and presumsdly theve should be no Fidsyate=fidber dondags u (Y
sheet formed fnn palp fiders h Shis wedfwm,

‘w sulfite ulp was bdrokan uwy in Mcr in the BPritish
sieintegrator for 25,000 revelutions, A small pertion of thh palp
wss then treated with acetons several tines %o remove ss mush Mn |
a8 possidle. The pulp was then treated repsstedly vith bulyl
" alochel and f42ally allowed to stand cwmsht in the duoizol. after
whish {1t was pressed out and d_lcp-rud‘ fa freash dutyl alochel, The
sheots vere formed on & pleas of wire _frcn & British eheot mold owt
Yo £1% o 6-inoh Pahuer funnel, It ves poasible te obtain o fiver
.. 9a% thatl weald hold hegether well m 40 ta. gouched ort outo a



I'uhr i, The formetion was very poor, however, and al quentity

, ifthuumcahwurtomnnmghnﬂnm
stssurenents to yermit an aceurate svalustion of 35, The Mt
vore pressed o8 %0 u./il.’ prumo for T nimtes with a filter pal
| In esatest vith eash sids of ¥hs sheet,

The eurve shoving the relation bedwoen the §' valwe snd iu
' wurfase eres of fractions of Ahe spruce sulfite is & etraight iine
which de8s W0t pass $hrough the erigin. The Tesults for seme of the
sther paips, the pth salfite pulp in pertisuler, mzm. that

1e all frastions of » wlp had ‘he seme muw Shis eurve sheuld
pass Vhrough \he erdgia.

Tas §' valus of this pulp under the senditions of ne fiver
m&iumm:i\?nm"‘mm ™he evea of the sulfite
an;mmmt&%»c per gram of pulp, m.m‘
.Mmmu.mhmmmtmmmmnu
VQMQAWMM mnmmnmnrtblunlf

"'m. selerial m;h the vive, 'nun num sive mpotu on .

“owrve n,a!' mtm vafess sres. rmmmmm
eurve shoeld pass through the erigin, A siralAt lime was Sherefors
fravn from \xle poﬁut to the oﬂgla et Wig ogrve (ﬂm N) nesd
is evaluating mn d mzm mtm. ‘!n!dn the valus of 1’ for
Ahe sere Lnterval fros Table X, widah is Zound $o de 537:10"'
| .amudmmmtﬂhtmumng‘ uﬁmmhm.ﬂ
_ Ahe eurve, Am«g{m-.?/g. 1 oMalined for the arve oene
\ritutiag to the sestterieg soefficient, the sgtual ares of the



800

€00

400

200

Figure 4

VARIATION OF S' WITH FIBEx SURFACE. AREA

WITH NO FIBER BONDING IN SHEET

. / -
.’//
)
."‘A
s
{g,‘ e ‘/",7/’/ ‘ Z ISR N TS I‘S"(’AJ\:““F}
l 'l ;’J l l
— 10,000~ - 20,000 - 30,000 .

Specific Surface Area -- 87, cm./g.



57

mlp as measured is 11,900, fThe diffarence batwvesn thege two or
xgoo fs therefore the area in optical contaet, This evalustion e
was carried out for the samples used in the deating experiment emd
also for the ssaples subjested to Alfferent logrees of wet preseing,
The valuas cbiained are given in Table XX, |

2ABIEZ XX

‘Area contritut- Hoasured Ares 12 Perowntege
ing to 8' from surfede Optical of area

.ﬁnph s'zm" Higure & - o Jontacs in
sq.om. /g oqeomi/z.  sq.em./g.  Oontect
. Beatar 3amples
Oetnterval 5 -umg;w 11,900 ’;Sé&“ “ef |
nte ' s
15 min, Y 3600 12,700 7100 %
min, p 10, %00
un, e 4000 Biwe 1200 15
mﬂ,’ﬂ'm ™ly
Preseure ‘
13./«.1!&.
10 561 9000 - 33,900 2900 &
% S L 11,500 3200 7
200 7200 11,900 700 L)
5000 310 5000 11,%00 6900 58
. Al g —
1y, /eq.18, -
10 B gv 6300 $800 2900 29
2 @ B = = 3
5000 ?al u?&g 2600 4200 Y

The adove date clearly shews N iarge incresss in the degree
o: bonding for a bdesiea paulp.

Outslide of the anomalous dehavior of the shest mede fron
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alpha ralp vhiah was pressed st 10 1lbe./vq.in,, 1% Ls seen Shat ia
‘Ahs alphs pulp, She srea of fider im optiasli comtsot is maeh less than
that in sulfite puly for ghests presesd et tho esme prossure, Also,
it i{s sean thed the percentage of ares in consoat ¢ ] Logo:far the
slphs palp, | o

Nlumir_n the meacurement of he opticsl esntact of
ﬂbon"'i; oibjovt ti_; orulciu becsuse of ths aseamptions wads 1n
She &-sardkattu snd, for this reason, the 4ata in Tedle XI are
prosented with no clalm as to its sooursey, Hovevey, this method
hss She possidility of being developed into 5 methed of weasuring
the relative donding sress of palps, vhich sonld be of consideradls

value,

The surfece area of the alpha mls was evaluated om a
tample frem s sheot formsd on the sheet meli, This was done in
order %0 obtain an sres measurement vhich would represent thet of
the fiders sctually ia the sheet, It {3 acen thal the ares of the
alphs palp is muoh Jess than that of the suifite pulp froa vhich the
_ oiph. pulp was formrd, This observation fnilestes that the treate
mant of the alphs M‘p has csused some bux;a chenze in the surfeos
of the fiders, Ihis ohamge is presumsdly caneed sither by She dis-
selving off of say fidrillae (mioresoapio or sudmioroscopie) on the
wirface of Ahe fider, or by sush fidrillee aollapeing onto the sur
fass of the fidar s0 that they are sffoe¢iively removed in the area
Asterwination, The »ossidility exists, hovovsy, that the silver
surface fermed on the alpha pulp is of & siightly different mature
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then that formed on the sulfite mlp. If Shis ia so, 1t might

ascount for esome of She Jiffersnces im ths sres messurement of the

Svo types of palp,

Tonsile tests vare run on the Selsrper tensils tester for
some of the handsheeds prepared i $he exieriments on the effect of
bnung‘ud variations in pressing on optiesl properties, ,Only a
small emount of semple was availadle and thu toste were run on
strips one inoh leng, 7The data given in Table XII represent the
regulte of these stremgth tests. The data for the alphs and sulfite
pelps pressed at verying pressures are given to indicste the degree
of streangth to b§ realized Dy wel pressing, ani to inAlaate the$ 4
consideradle degree ef strength cen be dev:loped with alpha malp oS
presscd st sufficiently high rressures, Of parttoular interest is
the comparisen of the temeils strength of the bdesten palp ocamples
vith the oaloulated values for ereas of opblesl contast as obtained
from Tadle X1, The value for tensile strengdh in peints /100 lde,
is odtained By Aividing the tensile stremgih in pounds por shest
by the dasis wvelght and sultiplying by 100, Ia T!.gnn 5 the tenelle
strengths of the mmu palp at various !ntm'v&h af desting snd
varying ,;ron!ug prm m plotted ngaint the ulmlahd velues
of tbo aren in dptienl oontset for thess nsﬁzphu. It io seen that
fke valuss for the gheets from unbesten pulfite palp pressed at
200 and 5000 1b,/eqeim. fall approxizately sn the same curve ae
3¢ the nxnin for ‘A ‘he beston mp. ‘Thh inicates the relation
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betwesn tensile sbrength and area of optical contant ig the same
vhether the stirengih vartations are obtainsd dy beating of the
palp or by varying the dsgres of wet presiing of the sheats,

The share of the ourve in Figurs 5 indicates a lineay
relationship betwcan the area of opticel contast of the fiders
and fhe tensile sirsagth during the firet atages of beating, This
is followed by & lewsling off of the curve which is presanadly due
%0 & decressed fider streughh ocemsions? Ly bosting, This deersesed
fiber strength would partlally offset incramsss 1a streagth crused
by an ineresse in the arsa of optical seniset. |

TABLE XIX

TRNSILR STRYNOTR OF NAND ZHERTS

. Tonsile
iéc % M 1ha,
Pressure
1‘.,“.’.‘ N v
Sheets from alphs ~ulp
. 200 | o LS g.a ' 31
Sheets from unbdeaten sulfite pul . vo.h 0.1
00 | | 3‘¥ us. 6 \38
Soxfﬂ wlp samples
Zere Interval 8.3 2,3 10,3
Mno . ‘mt MOY . 23"
uin, 12, U8, 7 27.6
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COMDITSIONS
m the acaditions of this work, g"am frmua of v;-lp |

mlml or u'unm nwt lw&r of . S\t surrovudings w-
Le00s the mly tmu- Uae \hq -m nputﬂo mttor!u ut

- sbaoypiten oeefficlent when dnd with ether frastions as vhiem

alone,

1a certain eesee, the fimss from » walp ds not give Fegults

 vhieh sgree iR the M ob.gnsﬁu. In most ceses sp-

parsutly, thie di sorepeney osa be attribubed to o Svesided

: mmmmwmpmnaiﬁpm“nmh

She shost,

The mﬁﬂc seattoring aumclm of the fraetions of &

_pulg, viAh e nupuu of the fiase, 1s s laear festien

otlhmfmnu.

: mttorn{-t ﬁuum of & pulp -v give shests of varying demsi-
ties ever when presssd wder mm sonditiong, ‘ln moul.

mlupt the surfase aves at‘ s polp Mun the greater i%e
lensity, and the grester this vartatien {n density vith sarfess
ares, the less the slope of the cerve of ths wpecific scatber-
ing ceefficiest agalnst wurfase mres.

¥4k a groundweod pulp the specifie westisring eoeffistent of
#31 frasions, including the fines, 1s & livesr fumetion of the
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m ares, This inilastes that, sxsept for small changes

" ia Ahe sbeorpiion cesffielent vith surface eres, the opacity
‘deponds directly om \he fineness of the gromadwood,

Oreuniveed kos & lover spesifie sesttering coeffiolent pev wald
surfase ares thsa any of Vhe cbesieal pulpe Sested with & oene
parable sheet density, The higher specifie assttering coeffi-~
ciend of chexicel pulpe with shoet dcnsities comparadle with

Ahose of grousdwesd Ls presunsbly ewised by chenges oosssiened

in these pulps Yy the pulping procasses used, These chenges
nay Ve in the asture of shanges ia the aoudle refreciien of the
fiders or diseontinuities 1a the fiver strosture coased by ihe
renowl of tnevustasts, |

theets made f¥on & 4dried pulp haw a Mr 1ight scattering
power and apaeity thas thoss formad from wer-lap pulp. This
tnereased seadtoring pover mey be the regult of the pesrer

bonding qualidies of this pulp,

Inerensed sheet demsity, vhether ocessiened by besiing of the

‘m or by tw asgress “‘,m pressing, gives Jearcased

valuss of the spesifio mt@qrhg sosfficient, Increased shaet
dsnsity apparently causes She specifis absorpbion ssefficiemt

0 firsy mu.’numuxuwmausm
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TABLR XIT1
OPEIOAL GONSTANTS OF YARIOUS PUIP TRACTIONS
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OPTICAL GONITANTS OF VARIOUS PULP FRACTIONS
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OPTICAL OONSTANTS OF VARIOUS FIN.P FRACTIONS
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TARLE XIII = Combimued
OPTIOAL CONSTANTS OF VARIONS MILP FHAOTIONS
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ABIN 311 -~ Continmed
OPTIOCAL QONSTANTS OF VARINUS MILE® FRASTIONS
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SANLE XII1 « Contimuesd
OPTIOAL COUSTANTS OF VARIOUS PULP FRACTIONS
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TABLE XIIT = contimuad
OPTICAL CONSTANTS OF VARIOUS PULP® PRACTIONS
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OPTICAL COWSTAND'S OF VARIOUS YULF VMIOIS
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OPPI0AL CONSTANTS OF VARICUS JUL> PRACTIONS
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