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ABSTRACT_

This. thesis is the second in e..: series. oi“fundamen’tal_ investi~
: gaﬂ:.ons of the variables of supercalendering. The'vafiables studied’ :.n -
this thes:.s are roll temperature and n:.p pressure. These var:.ables were
investigated by testing three types of paper 'bhat were supercalendered ; j
at various controlled roll pressures and temperatures. Different values
of these wvarigbles during supercalendermg were found to cause not:.ce—- .' '4
~ able differences in the phys:.cal propert:.es of superca.lendered paper. I'b”
was observed , ai‘ter studying the phys::.cal tests made on each of the th.ree ‘
types of paper, that ‘bhe type of: paper bemg sunercalendered :Lnfluences, v
to a varying degree, the effect of the supercalender:.ng act:.on.

The findings of thls thesn.s are, 4for the most part in agreement
with litemture and also the f:.rst thesis in 'thf:l.s sern.es ,of inves‘b‘:i.gati_ons.“
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LITERATURE SURVEY

Introduction

Calendering and supeljc;alende;'ing have had a large part in
~the expansion of paper related industties as well as the paper indus-
- try itself, The modern, efficient supercalendering machines now in
use pfepare péper with qualities desirable :Ln many fields including
the graphic arts industry. This industry was the chief consumer of
suyercalendered paper in 1.951, when 1,460,000 tons were produced (1),
| Some of the properties of paper which may cha.ngé duringl '
supercalendering or rather as a.result of supercalendering include:
1, gloss -~ 6, smoothness™
2, density 7. brightness v

| 3. opacity-” 8, porosity
4o stremgth”’ 9, stretch
5, thickness/ 10, oil ebsorption
Variables seeming to cause the difference between supercalendered
and unsupercalendered paper have kbeen divided into two 'groups by
Brecht (2). |
" The first of the two groups contains the variables depend-
ing on the,: properties of the paper. The second group is comprised
of variables encouraged by the supercélendering machine; E. E. Thomas
(1) states that the stendard in attainment of results from calender-

1ng is a matter of balance between the responsiveness of the paper

and coating to the amount of calendering action provided,




GROUP I VARIABLES ( related to the paper )

1.

Fiber C}mracterlsta.cs

(2) round .9_;‘_ flat

In the case of flat fibers the pressure per unit
area from a force would obviously be less than in the
case of round fibers under an equal force. It also

round fibers ﬂa:b :E'i’bers

con'baét

seems probable that rag fibers, which are known to be
flat like ribbons, would resist a much higher pressure
without breaking in fibezw?-to-fiber contact than would

round fibers, their intrafiber strenghh being equal

(b) individual fiber strength

Acconding to Fo To Carson (3) lack of strength in
Paper mst be attributed to a: la.ck of fiber bonding and
not to a deficiency in actual fiber vstrength;’ Carson
also states -that the tensile strength oi“paper in ‘the
direction of its greatest strength ordinarily amounts
to less than lO to 15% of the théoreticalJtensile strength
vhich would be obtained if individusl fibers were held

together by forces equal to intrafiber bonds,




(c) deg@e of beating

Using the Kozeny equa‘blon (5), Brown(é) found that

the area involved in mterf:.be;r bqnc_i:;.ng is not not:.cgable

. in handsheets made from unbeaten sulfite pulp;_' The same

pulp when beaten to a Schopper-Riegler freeness. of €10 nl,

was found an interfiber bonding of 25 - 30% on the surface

of the paper, It was found that the beaten fibers could be

bonded tog\ether under le'ss.-pi':'éfsz‘s'ifire thah was required for

the unbeaten pulp, F. T. Ratliff (7) found vhile using wm~ -

bleached kraft that the slope of the:w bonded ai"e'_a’a.-strength.
curve falls off in the final stages of beating, Ratliff
concluded that the paper failure was due to- breaking of
intrafiber bonds, | |

It seems possible that an e:@laizmtion of the effects
of increasing supercalendering pressures may be s:r.m.ﬂ.:.ar _

to. that found for beating,” E. E. Thomas (1) found that

there is a critical point in calendering action after which )

the quality of the paper is decreased rather than increased'.'

Higher pressure \
More beating

more fiber-to
fiber contact
area.

increased | greater
bonding |strength

<
Very high pressure
Very long ﬁeaﬁng or/}—» loss of stz;en@hl

Beating is therefore a definite function of fiber bond-

ing which must'not be neglected where paper strength is being

investigated,
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Deggee of :f‘iber bonding

Properly beaten cellulose i‘ibers are capable of a

high degree of interfiber bonding, whereas fibers\ such as

aftificial silk, glass, asbestos and wool do not form strong |

paper due to.the absence. of_'ﬁiterfiber bonding, Of all the
factors determining paper streng_th, wh:.ch include fiber |
length, fiber surface, fiber size, sheet formation and
sheet 'density-,, the amount of fiber-_to—fiber--ybor_zdz’ng is most
significant (8). |

,Folding; ’Burstiﬁg and tensile strength are some of the

physical properties of paper- vhich are most. effected by

changes in interfiber bdn_dingQ Tearing strength is influ~

enced by fiber length as well as: interfiber boiidingQ Cello-

- phane, for example which is:a solid sheet of eellulose, has
a. very lowtearing strengﬁh ence "bhe tear is: started i'egard- ,

less of its relatively high burs’cing strength._

" Theories and hypotheses ha.ve been proposed in an at‘bempt
to- ‘explain fiber bonding hu'b none have been- substant:l.al'l.y

- proven, A widely used’ theory is the partial solubility theory,

Campbellts version of this theory (13) is based on an early

h@othjrs:ley Urquhart (x4), propo:Qiné that cellulose is watez\- v

‘soluble in cerbain s’cages.? In this: manner the f:.bers are ce-

"'men’c.ed 'bogether dur:mg drying by' crysta.'ll:.zing of the cellulose
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as a result of evaporatzng the water,

| Clari (15) regards the surfa.ce of well-beaten fibers as
a “Wu—dimensa.onal colloidal system, % the surface fibrillae
hav:.ng 'bwo dimensions in the colloidal range, but i‘astened to
the fiber V:I.n ‘the third, GClark (16), in defence.of his theory,

demonstrated that a strong bond can be formed when two sheets

of water saturated cellophane are pressed together and dried,

Relating these theories to snpercalendéri_ng, it seems that
the moistﬁre content of the papér- when tné'ilij;'eséure is applied,
as: controlled by the tenpemtm‘e. of 'tne ro]ls,would definitely
influence the fiber bonding in the paper if this theory is
assuned fac‘lnzal = | |

According to. Gasey (11) there are four types of.forces
ﬁnich night conceivably be involved in fiber bonding. Of the
ten factors which Casey (12) listn ds a.ffeé‘bing fiber bonding

one interesting factor was the effect of springwood and sumer-

‘wood fibers, These two forms of wood fibers seem to justly

£it into the discussion of round and flat fibers on page 2
of this:research paper',‘ and perhaps: beha_.'ire as such under the
calender rolls; _ ' |

At the present time it isv believed that .the predonﬁnating

force~in, interfiber bonding is.one of sécondary valence or

" molecular cohesion between hydroxyl groups of adjacent




fibrillae ', . (1)
- LueEe
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~—Fono/als

J. Strachan (17) found that crystallinity of fillers

Y

3. .me.g_f_, filler : :
‘like talc and clay make o high finish possible, Adjuvants
like starch and alumimm stearate used in the furnish help
to produce ah:.gh i‘ln:.sh. They arev much move effective
| vhen applied to the paper dﬁring dry:i.ng)apd before calen~

~ dering, | | .

I‘b\seems ‘tha'h if the particle size of 'i;he filler were
relitively la;fge in comparison to the i‘ibérs, cutting’muid
be Likely to occure, |

4s' Hoisture content of the paper
Celluloée fibers in pa.pér become more plastic and stronger
a_.s the moisture content increases (18). There is a critical
moisture content of aﬁou’c L% for mésﬁ“'pﬂﬁs where blackening
occures, At controlled higher percent moigture, the same
finish mzqrm be obtained at low pressuies as.was attained at

high pressures,




The acting surface tension of the water in éaper is so
impo:c*i:an*b in rela‘tioﬁéhip to fi‘ber bonding that the presence
of. éven'sméll amounts: of reagénts-x-mich' reduce surface teﬁsion
'mll lower the: compacting force a.nd result in a: shee‘t of lov
dens:.ty end low strength properties(l9).

-

5. Hardness of the reels of paper

6. Condrl:lon of paper resulting from 'breatment in mach:me calender

Thomas (1) states that excessive work done on the paper
by fbhé machiﬁeﬂ calender will restrict the desirable quz;iities v

obtainable from the paper after final supercalendering, |

GROUP II VARTABLES ( related to the supercalender )

1. Soeed of opera‘b:r.on

2, Working Wldth of the paver in the supercalender = |
‘.Unless the paper is worked the full width of the super-
;:ce,_lehderﬁ‘s%&k’or nearly so, the eages of the paper will
receive méfe pfessure than the center of the width, ’
The working width also determines thé pressure, expressed
in pounds per linear inch, that is exerted on the paper, |
3. Pressure | |
The area.of contact of the paper with the éuperc_alende:}

ig the nip width times the working width, ' The working pressure

is therefore: ' force on calender rolls The proceedure for
: - nip vidth X working width




’ measuring the..-nip of a calende:c_' will be expla:i\ned-l_a‘k_;er;‘“

In 1953 K, L. Maves (10) investigated the effects of
su?eréalend'er pressure. on the 'plvsiéal chacteristics of paper,
~-Maves. conductgd his. invest:igatip_.ns: using a. threé-roll laboratory

sruper.calender;' - The paper used was s - | |
1, Thirty-two pound. 50%'1~ag ledger
2. Seventy~three pound coated folder
A éomparison of lhis..litemture findings with his experimental .
results. is below,

literature

’ emermenfal

1. smoothness ' iﬁcreased 'increased
2. gloss increased increased
3. opaéity decreased decreased
L. brightness decreased decreased
5. caliper decreased decreased
6. tensile increased same

7 . | téar decreased decreased
8. bﬁrst. _ decreased increased

The only deviation from literature that a;mounteq ‘to anything
~was a 153 increase in Mullen found at 5,000 pesois’ when the

50% rag"ledger was supercalenderedi ~I‘.;'. seems.: that this increase
in bursting strength might be due to an %.ncréase in bonding,

According to data.gathered by Mackin, Keller and Baird (9) bursting




strength is not grée.'ﬁly influenced by calendering.r 'I'b'- was found i‘olding
endurance decreased up to. 0% in 'bhe case of bond papers and up to 40%
in the case of kraft wrappings, Brecht (2), on the other ha_nd found a:

slight rise in. folding endurance.

e ZIL of filled rolls

The amount of res:.l:.ency or “g:.ve“ wh:.ch ‘the f:L'!.led roll
exhibits while in contact with the 'paper det_erm:.ne's to- some
‘degree the amount of damage done to the fiber during super-‘
calendering, |

5, Temperature of the rolls

Going into the first nip the paper is:at the moisture
content allowed by the "bemperatﬁre and humidity of the finish~
ing roo:_ﬁ. After the first }pip, hoyrevei', ;bhe, paper is in i.:;timate
contact with each consecutively hot supercalender roll, The
temperature usually is around 85°C, The mois’turefeep'beirlt and
resultant plasticity of the. paber in the superce.lender is ,tﬁere-
fore dependent on the temperature of the rolls.

A uniform temperature across.the width of the supercalender
roll will help avoid hard and. softrspotsvwhi'ch cause uneven
finishing of the paper., Control of the~,'te;npe1;att_11;e ma,y be accom-
plished by blowing cold air unto ‘the-heated- spots. or warming the

cold spots by increasing the friction there (20)3
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- Measurenment of supercal.ehder' roll temperature will be
- discussed in an exper::.men‘bal outl:me. o |

6 Hardness of the: i‘a_'l.led zolls

The hardness. determ.nes how much roll sur:f.‘ace will be

i:oi‘k:.ng on the paper durn.ng sunercalendering; :

7.; Dlame“ber of the supercalender rolls R S
‘, A poss:Lble cause for the sheet ca_hper varylng across the.
paper is. that the dlameter of the. ro]_'Ls is too small compared
 to the pressure applled (20). |

Sammam of ll'bem'bure survex

- A decrease or increase in strength propert:z.es will depend large]y
on. the in:.‘h:.al characteristics of the paper be:.ng supercalendered.
A decrease after supercalendering, of burst tensile and fold
might be due tos g
. 1, a br:.t‘ble cond:.t:.on of the i‘n.ber from loss oi‘ mo:.stu.re
' cal_;s_ed by intimate contact with. hot supercal.er_lc_lerf rq]ls _
2;’ - disruption of interfiber bonds caused by loss of moisture |
3. ’preelcing of intrafiber bonilsj i(fiber; is mterna.uy weakened)
callsed by crushing pressures - | -
An increase of. burst tens:.'l.e and i‘old may indicates
l. because of the propertles ‘of the individual i‘::.bers, the _'

paper: successﬁﬂ.lyres:.stedh:_.gh temperature and pressure
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AN

EDCPERIMENT&L OUILINE

1. Method a.nd atmosphere of supercalender:x.ng ‘ .
(a) A three-roll laboratory sheet supercalender wi.'ll be used for. aJ.l
‘ supercalendermg. It is 1oce:bed :Ln 'bhe cons'ba.nt tempera.ture—
hmidity room of the Pulp and. Paper Deparhnen‘b. . (See Fig. I)
(b) Three kinds of paper w:lll be selected i‘or supercalender:.ng e:b
5 qifferent pressures and at &tempera'tm-es, Pl, P2, P3, Pl,)
and 25, will des:Lgna'he 'bhe 5 pressures. Tl a_nd T2 wi.'ll sigm.fy
the 'bwo tempera’cures, Tl, be:.ng the 'bemperature of the roJJ.s =
' at room or sta.ndard cond:::b:.ons, a.nd T2 be:.ng an appro:u.mation of-
.m:x.ll roll temperatu:be. (about 180°F.) . S it
(c) Tes‘bs mJ_'L be run to de'bemine ‘the effect of each supercalender— 5 N

A mg cond:::bion on the the 3 kinds of paper. Tests to be: run are-

L

1, caliper 5 tensile | |
2. tear o : 6. smoothness (Bekk),‘%‘ R
3. opacity o L 7. Fold (.M.'/I.T.u)‘ A

4o brightness (Photovol’c) 8. Burst (iullen)
PX ‘Types of paper to be used and vhy o P

(a.) paper with coating on each side : i o
43 1b,' raw stock with 27 1b, of coating 25 x 38 500 o
RAW STOCKs 45% West Coast Sulphite .- L
. 10% West Coast Bleached Kmf‘b -
/5% Bleached old paper stoclc

4.5p clay 1:3_‘Ler L -_ T

3,0% Al o o ' B

0,6 1b,’ fort:.fled Ros:.n size per ZJOO lb. beater o

COATING: High grade clay plus calcium carbonate
adhesive, o o .. casein a.nd latex L




(a) con*‘tf Practically all coated paper is. supercalendered 'bo give
- it the smooth surface which is. advantageous for good print:.ng.
Paper of this type was chosen i‘or e@erments, because of the sound,' o
~ practical value of the da.'ba. vhich is to be obtajned. - ;
(b) The second kind of paper 'bo be supercalendered will be the Tay ‘:
 stock of the coated paper wh:z.ch was Just descr::.bed. Thn.s paper

was chosen for theoret:.cal reasons. Although raw’ stock, as suchf

without the coa.tmg, may never i‘:.nd its way 'bo 'bhe supercalenders,

it will show, when comnared to supercalendered coated ranr stock,
’ the efi‘ect of the coa.tmg during supercalendering.
(c) The third paper'is a. hlgh rag content uncoated bond. ‘I’h:.s type
 of paper was chosen largem because of the authoris interest in
how rag i‘:.bers react “bo sunercalendermg pressures and “bemperatures,’k B

as compared to other f:.bers, e
PAE'EB. CONTENT: 24 1b, 22 x 17 - 500 L
(6L 1b, 25 %38~ 500)
75{3 rag ' . S
25% hleached sxﬂ.pha.te
3% Ti0., retained
sterch %ub sized
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The. supercalendermg in’ 'ﬁhlS thesis was carr:.ed ou'b on a three-" e

roll ls.'boratory sheet supercalender loca:bed in- 2':L room mainta:.ned a'b a.

constan‘b temperatv.re of 72°F, and a hxmidity of 50 %. The supercale.nder

is explained :.n further detail in Eﬁ.g. l. DR _ _
As the top roll is pressed harder and harder aga:.nst the cotton;'_;.'.;

roll an area of contac‘b is’ i‘ormed be‘bween the steel roll a.nd the cotton L

roll : Obv:.ously ’ :rt is wh:le the paper :Ls pass:mg through th:.s area, in S

the nip that the paper is a.ffected 'by the pressure of the supercalender.

Various: theories have been presented as ‘bo what happens in 'bh:.s nip area.'

At a lecture on May 25, 1954, a'b Western M:.chigan College, N. 0. Wheeler, ';f,;__ '

president of Wheeler Roll Co. of Kalamazoo, \Michn.gan, described h.'LS theory e

of vhat happens..:m the supercalender mp. , Rmdamenta]ly Hr. Wheeler's

discussion was as follous,

The i‘llled roll is :.ndented by the steel ro]_'l. 'thus giv:mg the ;', -
surface of the filled roll a mamum a.ud a m:.n:mm dist.ance i‘:om the center
of the filled roll, A po:i.n'b on 'bhe suri‘ace oi‘ the ﬁ]led rgll farthest

”’_,, ar




| - m}:o“:ymraé‘s@mmmnm ot Fig.
This throe zoll laboratoxy .ﬂ.m colender is lacaw% d.
Bestern Michigan College in tbo cun'-t:mt tc:me:mturcvhmidl’y :*:oa.:z E A
- of the Pulp and Paper Departnent, : |
The two steel rolls aro 10..; a.nchcs ;m d.mncm , and tha)
niddle cotton filled roll is 12,0 ..ncheu in diamc ,, L {3‘ nip betweon
the cotton and stecl rolls is 13°6 inches 10710 Alr iﬁroémi‘d applied' B
to the two cylindors, C, causeo forces up oo 33,000 pounds on the top

roll, This is

equivalent to 2, 433

pownds per lineal

inch ot the nip,

Snpeed cpuals

o.bout 36 Leot per

mizmte,,

nci_m ig 69
inchos i‘ﬂc.n the .L‘loor

to t-La toDa
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fron its center will have a érea“b‘ert' peripheral Vspeed than will a point |
on the surface a'b the rollls mimmum diameter. ‘The stu‘face speed goes
from a: maximm 'bo a mmixmm and back to a ma:nmum as progression is made ‘v
through the Vcontact area at the n:.p. _ The paper_ go:i_.ng through the n:.p is

gripped by the surface of the fi_'l_led“roll‘;:’. As this surface slows vdorfm;

- going into the vnipf, the steel roll slips’ over the .isuri‘ace of the paper

with a polishing action, A polishing ac’tionv is also *Eransnitﬁed to the

~ surface of the paper on the wy owt of the nipi% In this case the sheet

of paper is polished as it is accelerated over the steel ro]l by the ac~

celera'bing surface oi‘ 'bhe ﬁ_‘L‘Led roll. In both cases 'bhe paper 1s more

':zgreatly poln.shed on the ¢‘u.w;';f:‘ace tha‘l: was in con'bact vﬁ.th the steel roJ_‘I.

_ I_ &s the force on the top roZL'L is increased the nip gradually
widens, Gomsequently, supercalendering pressure is best reported as pisils

of pressure in the nip, rather than force on the top roll, & study of the.

] rela‘b:.onship betveen the force applied on 'bhe tOp roll and p. Seis of nip

pressure :Ls given in FJ.g.- II. We can see from th:.s graph that an increase
in force does no't resul'b in a. proport:.onal inerease in p.s.i. :In the n:I.p.
In other words, the m.p gets m.der slower at mcreased forces. | _

‘ . The nip mdth necessary :.n nip Do s.i. calculations, was measured
by pu‘btmg a crumpled sheet of almimnn i'oil (0.0004 :Ln. th:.ck) between the | V'
sepera'bed steel and filled rollsg, and then bringing the steel rol‘!. down on

the sheet of foil at the pressure I was using. ‘ Ai‘ter raa.s:.ng the s‘beel roll

an e::a.c‘b smooth mpr:lnt of the mp area was - found on the alumimm foil,

This method of finding the area. of contact at the mp was also used at each
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of 'bhe five dzrreren'h pressures used bei'ore any supercalendermg uas done, Tt
'bo make sure the apol:u.ed pressure was the same from one s:ule of ’ohe roll to :
.'bhe other. ‘ Rt | S ; |
| The laboratory supercalender used :Ls located in a: constan'b temper— i
| ature - hum:.dity room. Heating 'bhe supercalender throws off the equ;l:.bnwn
| of the air in the room. ' For this reason, ‘bhe supercalender 1s more conven- : ’
iently used at room temoemture. Since, however, mill supercalendering lS
’done v.i:bh roll 'bemperatures as h:.gh g,s l90°F. or h:.gher, ‘:rb seemed uorth—
Wh.ile to f:.nd ou't how much da.fference there 1s between supercalendering at
high a.nd low 'bemperatures. h | _ o | - i s |
- _ The supercalender vas hee.ted bY Placing an electrz.c co:l hea'ber e ’,
- under 'bhe bot‘bom steel roll and Jacketn.ng 'bhe entire superca.lender u:.th
corrugated cardboard to prevent convect:.on alr cun'en'bs i‘rom cooliﬂg 'bhe
zrolls. Af‘ber con'binuous running oi' the supercalender for abou'b 12 hours,
."la temperature of 185°F. was reached. However, a ron temperature of 165°F. : "

‘ was ‘bhe h:l.ghest ma:.n‘ba:nable during supercalendera.ng. The roll temperature ~ f e

z 1;;;,_s measured vrith a special suri‘ace pyrometer. e |

i EXPERBIENTAL PROCEDURE

'e"

Three k.mds of paper were supercalendered accord:v.ng to the fonoving schedlﬂ.e.

_Emmém:tme tures

Ee.ch pressure at tempemnu—e
s ‘_165 F,




The three kinds of paper used wer'e'-" S

1. paper with coating on. each: s:.de B N P i
43 1b,’ raw stock with 27 lb. of. coating 2_5 % 38 = 500 basis

RAW STOCK: L5% West Coast Sulphite (R

10% West Coast Bleached Kraft =
45% bleached old paper stock R
445% Clay, i‘il‘.Ler e _
0.6 lb. of fort:.fn.ed rosin s:Lze per 2000 lb. beater

-

CdATING:  bodye el ;aigh grade clay plus calcium carbonate
N ‘ adhes:r.ve. e casein and Iatex

2, the plain uncoated raw stock of paper Ho. 1 o
3, rag bond uncoated tub s:.zed o
24 1by 2. x17 =50 ,
(63.l'b 25 x 38 - 500) SN
g
25% bleached sulphite
3% TiD z:etained N
Twelve sheets of each k:.nd of paper were superwlendered a.t each
combination of pressure and temperature that was used. Each sheet was
supercalendered through seven n:Lps. ‘l‘he paper surface contacti ng the |

steel roll was. changed after each pass through the n:LPo SRR

The supercale.ndered paper was then tested according to TAPPI standards
for the following tests: B ' “ R
-1, caliper ._ 5. tensﬂe

2, tear (EImemdorf) 64 smoothness (Bekk)
3. opscity | ~.~i{f:.;7.- fold. (iR I.va.)

4+ brighthess. (?hotovolt) 8. burst (lﬁﬂlen) SR ;o
-Graphs. were constmcted with the mdividual test um.ts as 'bhe ordinate, :

and the nip pressu.re in peseis plotod as the abscissa.
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‘ F:Lgures III and IV are graphs of caln.per measurements récorded
from. paper supercale:ndered at temperatures, Tl and T2 respect:.vely. The “
‘rrumerical coonlmates of each po:l.nt that was plotted may be found in

Table 1. _
: ' TARLE l
(caliper is in 10, 000 ths of an :.nch)

Nip press, cals Tl-rag Tz-rag Tl-C2S zrz-czs '1‘1-RS T -ns

PO 45 5 4 4 33 33
Pl 39 3. 3 3% .29 29
P2 36 37 - 34 35 2T 271

P 3 34 3T 34 3L 21 27

P4 35 36 33 33 27 25

P5 3k » . BB 425'

Notei GZS mea.ns T.he paper ha.ving coatmg on two s:l.des. S
: RS, means the uncoated raw stock. SRR

X m::.ll supercalendered sheet of C28 had a callper of 0,0034 J.nches., e
| .De.ta.’ i‘romthe tee.ri;ng"resietazi‘c.e ef the different superealendered o
papers have been plotted on Graphs v and VI. _ Table -2;»ié.[a mnnerical :
representation of th:I.s da.‘ba. ERTY |

" TABLE 2-4A (tempemture Tl only)
(tear is in grens per 16 sheets) '

" Nip pressp._ At "mﬁn.' | AMl h MD o ~ES

. MD. Dt
PO ‘104 8 60 50 .42 37
P1 98 8 49 M k2 35
P2 95 8 % -3 37 30
P 3 9 78 46 3T 40 29 .
P4 8 T 15 35 34 3 &
PS5 92 76 R 35 35 29
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Tear (contt;) ~ TAELE2-~B (temperature T2 on]y)
A (tear is in grams per 16 sheets) RS o

L T - T°RS -

Nip presse - Fﬁragm : \AMZ.C o AMTZ' w
W s & % ‘2‘142f~' 3
9% & 46 38 7 42 3Ll
0 7% L4 36 36 32

SR 77 M 35 35 25

155

LT
uswpHO

88 75 43 34, 35 25
8  Th 3% 338 28

acity

The opacity of each ty'pe of paper wa.s measured after sunercale__germg EEERE

Vm.th a Bausch and Lomb. Opac:.meter and recorded in Table 3, & graph-
Aical representata.on of th:.s data may be found in F:.gs. VII and VIII.

: Y rag .,czs;i . RS .

9% 9% .- 98 98 - 8 86 -
9 93 . 9% 98: 8, 8L
9%, 92 96 96 - 84 82
92 92 9% 95 - 8, &
92 92. - . 95 95 8 79
92 92 9% 95 838

R R R A
‘wthHO

Br:.g. htness _ S ’ » ‘
Photovolt br:s;ghtness measurements of the supercalendered paper were

'plotted aga:mst the nip pressure :Ln p.s.n.. and are shown in Fn.gs. X

s :and X. Table 4, below, contains the coordinates of the plotted pon.nts.‘ .

Table 4

L. .. _.rag G2 S
Nip presse’ . B T o Tp Ty -

N
Sy~

c72

e

79 9 8 8.
78 78 . & .M
8T T
8-t 18 76
oo 7 %
T T 6

RwREe
fﬂﬂaﬁﬂa*@a;f
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Tensile
Tensnle measurements were made with str:.ps of supercalendered paper
15 m wide and 2,5 inches. long. Tens:lle tests were made m.'bh the :
machine direction (D) and across. “the mach::.ne dlrection (A.M) of the |
psper, The observed data, as. shoun below 1n table 5, is represen‘bed
graphically in Fig, XI. Values are in 1bs, per 15 m mde s‘brip. '
. MEE 5~ & (AII values only) '

, L ‘Tag 625 “RS
Nip presse Il Tz_ Tl Ta Ty T2
PO 109 10.9 6i5° 6,5 59 5,9
Pl 10,3 10,9 7,0 7.3 5.9 6,0
P2 11,0 105 6,7 7,6 5.8 6.0
P 3 10,8 11,9 © 6.8 7.7 6,1 6.4
P4 104 115 7.6 M5 6,2 6,3
P 5 JJ..Z,, ll.6 8.0‘ 702 6‘3 : .4
| TABLE 5 ~ B (MD values only)
. rag g8 RS. -
Wip press. o 0 T LT
P 27:0 27,0 163 16,3 6.5 6,5
Pl 27,0 27,2 15,7 16,4 13,8 12,5 |
P2 271 24,7 16,7 16,5 12,9 13,0
P 3 26,1 26,5 16,1 16,7 13,7 13.8.
P4 26,7 26,6 15,4 16,2 12,6 13,2 _
B> 26,0 274 16,0 15,9 12.8 129
Smoothness. ' : b

The results of the Bekk smoothness measu.rements made on the supez\-
calendered paper are shown mzmer:.cally below in Table 6, and graph-
ically in Fig, XII, |

TABLE 6 (;oorit'." on next page)




4§

[ ]

Fig, XI

teds

————

sonn ot e

4+

DI S

g o S

'

7




Snoothness ‘('con'b;) :

" TABLE’ 6 '
(Bekk smoothness in sec.)

Trag " CRS

Nip pressf L Tl Is Py »vT‘zﬂk Tl Tg_ .

Fold

19 19 29 29 .37 3 .
93 9% 279- 300 "123 251
. 105 101 333 387 159 338
100 112 - 331 380 - 169 358
20 108 372407 167 327
00 13 - 370--425 o us '348

'wwmmwm
uRWOHO -

Fach of the three 'bypes of paper were 'bested in both the machlne i

dlrect:.on and across the mach:.ne dlrectn.on for the number of II I.T. 7

'i‘olds to bring the paper +to. a tensile of l kg. The- da‘ba shown below ‘

in Table 7 has; been plotted aga:.ns’c p.s.:.. a.t ‘bhe m.p, as shown J.n -

Flgs.mx and v, A |
o ‘ TABLE,;'Z -A (AMA v_alues only)
Nip press. L Ty, T . T4 Ty o Ty Ty

116 16 @ 336 36 . 19 19 -
‘162 169 0 13-2 20 20
147 18 6 2 A2
gl 160 20 19 19 19

21 22 19 20 - 2 20 -

5 2L A 2% 23 %

CELT TR
GRWPHO -
B

TABLE. 7 - L (MD values only) K

Nip Press, Ty Ty o Tz Ll Tl'gTz,.fk

545 545  &S3 %53 AL AL
565 58, - 5939 T4 73 .
62 67 . & 53 . 8 7
657 643 78 & 8 &
52 975 63 6 9 9%

E—
vNWN RO

o ow @ s ww
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Fig, XIII
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‘Burst (Mullen) L B - R
After each o.f 'the tbree types of paper had been supercalendered they |
were tested for burst:mg strength. The numbers, i‘ound :z.n ‘I‘able 8 below;
'represent the force in p.s.::.. needed to breal: through each pa.per. _ Th:Ls
data is ‘shoun gmphJ.Cale in Figs, Pt and XVI.

. R mmEsﬁﬂ
ST T . . 025 ~ R8  -
Nip press,’ '1.‘1_@' ng__, o T Ty T
PO 49 49 26 26 . m 20
P1 9 5L 25 26 0 2.2
P2 52 5L 260 25 23 2
P3 54 . 52 26 26 0 22 A
PL 5 52- 25 27 . 21 2
) 53 5 21 26 22

DISGUSSION OF TEST RFSULTS

| The cond:x.'b:.ons of empermenting msor we:L'L be revu.ewed here. Roll .
temperature and pressure are the var:zables of! supercalender:.ng under stuzxr
in th:.s 'bhes:.s.‘ Three types of paper were: chosen for supercalendermg at
controlled cond:z:b:.ons of these Varla'bles. Fz.ve different pressures were |
' used 1n cooperation with two dn.fi‘erent temperatures. The five m.p pressures
: used denoted as Pl, Pz, P3, PA andP5, had the i‘ol'l.ouing values.

. 1890 pisiiy |

o 3340 posolo:—' '
& 14-720 ptsolo R
o 5390 poSolo -

¢ Q80 pis.d.

gL e

IR Y X e X

LRI
?mswme
. “ o

L @, ":i":’-”‘

The 'l'.wo Toll tmpemtures ussd, deno‘bed as- Tl s.nd ng had *bhe ‘

.following'\ralues._r _Tl,«..«'?‘? 1“. j,
Tt?»t auo 0165 Fwﬁ.' S
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» P-2 was the pressure used that most closeJy resembled oommon mi'll pressures.f‘..‘
' The three types oi‘ peper used were: : |

15 wncoated 75% rag paper (denoted rag)
2, Tau stock. coated on both: sides: (denoted G2S)
3. the same raw stock as No. 2.but uncoated (denoted RS)

A1l three types oi‘ paper were. supercalendered at all pass:Lble comhonat:z.ons

: of the i‘:r.ve pressures and two temperatures used. o

‘pim  P2TL  PB3TL mnf 5T
R RBR  BR MR B2

| The following tests were made on the supercalendered paper.‘ o ,k :-

i 1. ca;iper S o 50 tensile i ‘
2. tear o “' 5‘ 6. smoothness (Bekk)
3 opacity '.:fa; ?i?'f7: fold (M.I;T.) |
' 4, brigh'{m.ess (Photovolt) 8. burstgv (bﬁﬂ.’!.en)‘_ B

m _megu e_ E OF P J& )
T- 1 Ihe caln.per decrggsed 20% between P—O a.nd P-2 and 5% between P-2

wde5mramm1®u ﬁofﬁ%mw%nKOmde&’jnb

'r-z The ca.l:.per decreased 18% between P-O a.nd P—2 and 4% between B—.?. |

| a.nd P=5 for a totaldecrgse of- 22% between B—O and P-5. i

comments. The Jarger decrease of the cal:n.per .m the case oi‘ the paper

7 superca.lendered at T-J, as compared to T-Z, may be due to the fact -
that the ‘1‘—1 peper contimles to be more pl:.able or compressable

dur.mg supercalender.mg because oi‘ the mo:l.sture held in the pa.per

ang not dr:.ven oi‘i‘ by hot supercalender rol'Ls.

. 3



T-l 'ﬂle AM tear decreased 8.6% between B—O and P—2 and 2.9% between B
‘ P—2 and P-5 for a total decrease of ZL'!. 5% between P—O and P-5. |
-T-2 - The: AM tear decreased 13.4% between B-O and P—Z and 1.9% between - -
. P-2'and'P-5 for a total decrease of 15.3% between B-O and p-5.g
T-l The MD tear decreased 4.7% between E-O and P—2 and 7% between
L P—2 and P-5 for a. total decrg_ase of 31.7% between P—O and P-S.
T-2. ' The MD tear decreased 13% between P-O and P-.?. and 1.0% beWeen-ff
P2 and P-5 for a total decrease of 1.4.0% between M and P—-5.f e
Conhnents. _ | e '_ : ‘ - :
The T-l tear continued to decrease dur:.ng the ent:.re range of S
| pressures used. L:zkemse, in review of the prev.Lous cal:.per
: f:mdn.ngs, the T-l caln.per cont:.nued to decrease during the entn.re
: vrange of pressures used. However, in both the cases of T-2 tear
and T—2 callper, the decrease was. only im.t:.allv substant:.al.
_l_.Since the temperature of the rolls controls the mo:.sture content s
;of the paper, the paper supercalendered at T—2 :|.s probably dr:.er .' )
fj;than the paper‘ supercalendered at To-l. The dr:n.er paper anpears -
‘to e 1ess pl:t.able and compressable than the more mo:.st paper. It .

,ﬂlalso seems poss:.ble that in the case of the more mo:.st paper inter— '

?

fn.ber bonding might occure du.nng supercalendermg between f:.br:.'llae

which had not been in close enough contact before supercalendering. ’



BAG -~ opacity

T-'-l

26

The -opacity decreased O% between P—O and P-z and 2% between P-2
and P-5 for a total decrease of 275 between P-O and P-5.

The opac:.ty decreased 2% between P-O and P—?. and 0% between P—2

T2
and P—5 for a total decrease of 2% between P—ﬁ a.nd P-5. S e
Commentss | | N

This data supports. the ides thusfar supi)osed that the drier f'ibers‘ "

at T-2_do not bond together or. othemse :anrease the dens:.ty of -

the paper after. r-a . Such an increase in dens:.ty would ha.ve been L L

seen as an 0pac1ty decrease between P—-Zra.nd P55, w‘;'}g-,'

BAG - brightness

The br:x.ghtness decreased 1.3% between P-O and. P-2 and 1.3% between

=1
P=2: and P=5 for a total decrease of 2.6% be‘bween P—O and P-5. |
T=2 The brlghtness decreased 2.5% between P—O and P—2 and 1.3% between "
P-2 and P-5 for a total decrease of 3.8 % between P-O and P-5. kP -
Commentss i |

The paper supercalendered at =2, had a larger im.tial and total .

g decrease in brightness than d:.d the paper a.t 'l‘-l.

BAG ~ tens:le - AM

‘I‘-l

=2

The tensile mcreased 1.0% between P—O a.nd P-2 and 3.7% 'between :
P-2 and P-5 for a total increase o:f.‘ 4.7% between P-O and P-5. o

The AM tens:xle had a o% chsnge between P-0. and P-2 and. :anreased o

6.5% between: P-2:and B-5 for a total :_ncrease of 6.5%.




BAG - *bensile- MD -

o =1 "l‘he MD tens:.le changed 0% between P—O and P-?.,and decreased 3.8% ’
| between P2, and P-5 for a. total decrease of 3.8% between P-O and P-5. k
= ™2 The MIJ tens::_le decreased 3. % between P—O and P-2. and increased
_":w‘lback to- its. orlginal state between P~2. and P-5. :
Commentss - o |

‘Th:z.s data does not support the :Ldea ’cha’o :Ln’c.eri‘n.ber bonding

' :anreases m'bh :.ncreas:ing supercalendering pressures. Also since S
' rag f:.bers are relat:.vely r:.bbon-lﬁie they should withstand hlgh

' supercalendering pressures 1nthout being broken. » The author can
'bhink of no. explainat:z.on for the increase in AM 'bens:.'l.e and no

_-_‘;-f;increase in the MD tens:z_'l.e.

RAG - smoothness

vThe smoothness :anreased 450% between P—O and 3-2 and decreased

10 426% increase over the origmal value betyeen P-2. and. P—S.
=2 /The smoothness increased 4323 between P—-O and P—2 and 63% betueen
B2 and P-5 for a. ‘botal n.ncrease of 495 between -2 and P-5.

Gomments- - | ‘ |

¥ :

~ The- surface smoo‘bhness of paper (:n.n most cases the only reason for

supercalender:ng) mll 'be seen to be very denendent on the ty'pe of

’surface on the paper before supercalendering. Although a. smooth- B |
ness: :anregse :1.s expected during supercalendermg, 1‘1: is mter-

"esting to no‘be the dowm:ard drop in smoo'bhness a'b very high pressures. |
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M- fold m

The A fold increased 30% between B0 and P—z_and 21% between

1
: _.P—2 a.nd B—5 i‘or a. to‘bal iner eg,se of 51% between P-O and P-5. e
2. The AM fold. mcreased 30% between B—O and P-2 a.nd 60% be‘bween |
"P-.?. and B—5 for a. total crgs of 90% between P-O and P-5.
- fold =MD -
o E‘—l The IID fold increased 18% between M and P-2 a:nd 2% between P—Z
a.nd P=5 for a. total increase oi‘ 20 between P-O and P-5. s
- T2 The MD fold increased 193 between P-O and B-2 and 18% between
| _,’(P—2 and P-5 i‘or a total crgse of 37% be'bween M and P-5. o "= |

. Commen'bs-

Tt vas found that the fold tes‘bs on the AM-T-Z and MD-T2. super- o

' calendered pa.per :mcreased substantiany between ?—Zand P-5.

» However, in both 'bhe cases of the AM-T-l and MD-T-I supercalendered

' _‘paper, the increase :m fold in. t.he P-?. to. P-5 range was: only minor.

‘These resul'bs contndict the J.dea. tha,t the i‘:l.bers should increase

_ in :mterfiber bondmg onilq,r during T—l conditlons where more moistu.re }

, is lefb in the paper 1'.ha.n during 1\-2 supercalendering. An ex;ﬂaim

’ ika.‘bion of 'bhese resu'!.ts may, however, be i‘ound in the assumption :

vtha‘b the interfiber bonds, although fewer, ‘are more set and less

v ye:lding in their dry state. It ise known fa.ct that interfiber

bonding in a sheet of paper vutualxy if not actually disappearsf

-- when 'the _paper is ‘t.ho:.:ough];,r wetted trlth water. '
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T—l The burst:mg strengbh crggs 6% between P-O and P-2 and 2%

between P~2 and 5 for aJcotal crggse of 8% between P-O and P-5.

2 fEhe burs*bing strength :anreased 4% between?—O and P-zand 2% ERE

| between P-2 and P-5 for a 'botal increase of 6% beteen P-0 and P-5. o
.&larger :anrease in. burstlng strength was recorded :Ln the cg,se oi‘ 4
'T-.'L supercelendered paper, as oompared to r-a supercalendered paper.' |
‘Whether these resul‘bs mee.n tha:b bonding occured to a grea.ter degree
under T-l cond:.tions, ‘or tha.t the dr:rer fibers offered less resist—

- 'ence to 'be:.ng pnlled past each other during the burst:.ng pressure,

N or: other reasons, requires further st‘udy

G-z-swcaliper ‘ , e R , : i

L -.The eeliper decregged 26% be‘tmeen P-0 and P-Z and 4.3% between P-2 R

o and P~5 for a total gmgg of 30.3% between PO and -5,

T=2: “:’The callper decrgs 24% between P-O and P-2 and 443% between P-2
| o and P-5 for a to‘bal decrease of 28.3% between 1’-0 and 1’-5. R

' Connnen‘t8° - R ’v . i

These results are similiar ‘bo those recorded :f.‘or supercalendered B

rag paper, :.n that the T-l supercalendered paper has undergone e |

a. greater decrease in ce.l:.per than has 'bhe T-:?., supercalendered paper. :




C~2-8 tear - AM o , .
-1 The‘AM tear decreased 17% betv’:een"P-‘C‘). and P-2 and 14% between |
P-2 a.nd P-S for a total decrease of 31% between P-O and P-5.
T~2 The AM tea.r decreased 27% between E—O and P=2. and 0% between
P-2 and P-5 for a total decrease of 27% between P-O a.nd P—5.'
tear - MD ;
71 The MD tear decreased 28% between P-0 and P—2 and 2% between
P-2 and P-5 for_ a tot&l_‘decrease_ of VBO%;between P-0 and»P-S.
[ ) The MD tear decreased 28% between‘P-b and P-2‘a.nd O}‘g between
P-2 and B~5 for a total decrease of 28% between P-0 and P-5,
Commentss B | | ‘ | |
A 1a£ger decrease was recorded for AM Tl-z_n tear than f‘oirAM_ ™1
tear, This may be due to Lless interfiber bonding surv:.ved or
resulted from T-2. supercelendering; The machine directicn ) .
tear remained nearly the same at b'oth; L end -2 'supercalenden-
ing, A reason may be that the very nature of MD tear seems less
dependent on interfiber bonding tha.n AM tear.
C~2-S =~ opac::.ty } o
T-1  The opacity decreased 2% between P-O and P-2.and 2% between P-2
| and P-5 for a total dgcregse of 4% between P=0 and P-5'.‘ v ;
T2 The opac:.ty decreased 2% between P-0 and P-2 and 1% between P—z |
and P=5 for a total decrease of 3% between P—-O and Ph5.
Cormentss |

The greater opacity decrease in the case iof »~T-;l,-supercalendered -




"G'-ZS“paper nay indicate that inore interfiber bonding and thus .

a denser more opaque sheet results i‘rom supercalendenng under' _. L

. ~more molst conditions. LT

025 - brightness

The brightness Qe_mge_d_l.i% between P-O and P-2 and 2.5% be-,

| 'Tehl.,-
e i’,tween B2 and P-5 for a. total g,g_ﬁegg_ of 3.8%. |
’l‘-?. :The br:.ghtness ecrgg ,3.8"/2 between P—O and P—2 and 1.3% betweenkf
f. ","‘P-z-and p-s for a. total decrease of 5.1% between B-o and -5 T N
Comments- : E |

b “The higher brighimess decrease J.n the case of T—2 supercalendered

o A dens:ly bonded paper appears dark in color due to its semi- S L

paper lS in good coopera.tion with the preceding opaci'lw results. -

(transparency. (e.g. > glassine)

0-2-5'- tensile - AM

T—l

' '.T.'-‘-Z~

The AM tensile 6ncreased 3.:_Lz betmeen B0 and P-z-and zo% between S

p-z and P-5 for a total 66crease oi‘ 23.1% between P—O and B-5. :

The AM tens:tle increased le%; between P-O and B-‘.Land dI‘Opped be. ck e
to an]_'l.% :mcrease between P2 a.nd B-5 for a fmal 1ncrease of J.’L%.‘i R

- tens:le - MD

1

-2

‘ The MD tensnle incrgsed 1.2% between M and 9-2 and decreased
2.5% between P-z and P-5 for an average decrgas of 0. 55% between o
r—o and 5 | ‘ |

The MD tens:le\increased 1.2% between P-O a.nd P-Z and decreased

o 2.’% between 3-2 and P-5 for an average decrease of 0.55%.



C=2-S:~ tensile = con'b.
. Commentsg U

The increase in tens:.'l.e measurements from using moderate super- .

calender pressures and a. final decrease in tensile i‘rom using
higher supercalender pressu.res ind:.cates that a.'b a certa.m poi.nt
in the. pressure range of the rolls¢ . bonding or. strength in gen—”

/ eral is caused to decrease.

C~2=8 -~ smoothness

T-1l The smoothness mcreased 1050% between P-O and B-?. a.nd 162% between'i’J.”;f.ilr‘;"{ ‘
| P-2 and B-5 for a. 'botal :anrease of 1212% between M and 3-5. Gy
T-2  The smoothness increased 1240% be‘bween P—O a.nd P—2 a.nd 130% betw’a'een",;\.
P-2 and P—5 for a total :mcrease of 1370% between P-O and P—5. I
The smoothness mcreases noted here arA substantiallv' hlgher than

those recorded in the case oi‘ uncoa.ted rag paper as. can be seen by , _
' referring to page 27. 'J.‘he surfa.ce of the paper has very much to ';/:

do with the smoothing ini'luence of supercalendeﬁng. RERY PRt N
C~2-S.~ fold AM :

2 'z

Tl The AM fold decreased 55% be‘bween P-O and P-.'Land :v..ncreased to a’
| fénal decrease of 428 between P-2. and 3-5. e e
2. The KM i‘old decr eaged 42% be'bween r-o and B-a and during P-2 to P-5 o

'a.ncreased until a fi.nal decrease of 33 % was reached.
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d-ZeS;fold.—~}ﬁJ R _ o
-1 The D fold increased 133 Abeﬁieen P-O and ~B-2‘axia- 1% botween
P-2. and P=5 for-a. total crggs of 64% betueen B-O and P—S.
T-2. The MD fold increased 0% between P-O and P-2 and 4/9 between P-2
and P-5 for a fogei'mcrease of 4.,"5 between P—O end P-5. :
C~2-S = burst (Mullen) o R
- 71 ° The burst sta:yed the same between P-O and P-?. e.nd :anreased 4% :
botween P-2 and B-5 for & total increase of 42 fron B0 to -5, -
-2 -The burst decreased yA 4 betweetl B=0 and P—?. and mcreased enough :

durmg P-2 to B-5 to br:mg the a.vemge decrease “to O/o. S

RS =~ ,ca.a.:.per v ” ; | ST
71 The cal:.per decreased 18"’ between P—O and P-2, a.nd 6% between P-z |
and P-5 for a . total decgg oi‘ 24% between P-O and B-5. S )
T2 The ca.l:.pe:n decreased ]LS% be'bween P—O and P—2 a.nd 6% between P—2
~ and -5 for a totel decrease of 21,5 between P-O and 3-5. |
comments- | o S |
It will be noted from page 29 that thls raw stock when coated a.nda'
and supercalendered suffers a. greater 7 deérease in caliper. )
RS BS - tear - ar S |
T=1 The AM tear decreased 12"’ between P-O and P-2 and 1.8% between P—2‘

and P=5 for a 'botal decrease of 16 8% between P-0 and P-5. ‘




34

RS = tear - AM

T-2 The tear decreased 14% between P~0 and P-2.and stayed the same

between P-2.and P=5 for a;tctelfdecreasejofll,.% between P-0 and P-5, B

- tear - MD , : L
Tl The MD: tear decreased 19% between P—b ‘andiP-'z,»and'-B%._betWeen p-2
and R=5 for a:total decrease of 22% between P-0 and P~5. | :
-2 The MD tear decreased 14% between P—O and P-EL ‘and" stayed the same

between P=2 and B-5 for a: tota], decrease, of ll.% between P—O and B—5. o

RS — .opacity : Dol
T-1 The opacity decreased 2.3% between P—O and P-?. and l. % between
P-2.and B=5 for a total decrease of 3.5” between P-0 and P—S. :

T-2 The opacity decreased 4.7%_,betueenv1?¢0 and P—Za.nd stayed the same

between B-2 snd P=5 for a total decrease of 4.7% fram B-0 to P-5,

RS -~ brightness

T-1 The brightness decreased 3.0% betweeu P-O and P-2 and stayed the ,

same between P-2 and P-5 i‘or a total decrease o:f.‘ 3% i‘rom 1’-0 to P—5. o

T-2. The brightness decreased 1.4% between P-O and B-2. a.nd 5.5 between
B2 and B-5 for a total decrease of 6 9% between P-0 and P—S. o ‘-
RS - tensile - AM

Tl The AM tensile steyed the same between P—O and l’haand J.ncreased

68% between P=2_and P-5 i‘or a total increase of 6.,8% frcm P-O to P-5.’ |

-2 The AM tens:.le increased 1.7% between P-O and P—Z and 6.8% between |

P-2 and P-5 for a total increaseoi‘ 8. 5% between_P-O and P-5,

i
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RS - tensile ~ D

=1

-2

Tho MD tensile tncreased 99§ botiosn P-0 and B-2 and stayed the
same between P-2 and f—S f_or a.total increase; of 99% between P-0 -
and P=-5, | o : -

The MD tens:Lle J.ncreased 100% between P-0 a.nd P=2: and. sta,yed the

same between P-2. a.nd P-5 for a 'bo‘bal :.ncrease of 100% from P—O to P—5. :

RS = smoothness

-1

I=2.

The smoothness:increased 330% between P-O and B-2 and stayed a.pprox.
the same between P-2 and P-5 for a total :anrease of 330% to I%5. :

The smoothness increased 820% between P-0 and P—.?. and. 33% between
P-2.and P-5 for a total. increase oi‘ 853% between P-0 and P—5.

........

RS - fold -~ AM

The AIvI fold increased 10% between P-0 and P-2 and 10% betueen P=2.

=1
and’ P-5 for e.“be&;i‘z‘ncrease oi‘ 20% between P—O and P-5. ,
T2 The AM fo1d mcreaseé’é%'éé{meen -0 and P—z and ?_1% between P2
and P—5 i‘or a 'botal :mcrease of 25% between P-Q and P-5. S
-fold-M ! B
71 The MD fold increased 63% between B~0 aha'Pé-z ana 8‘2%‘be"’tween§ P2
and P-5 for a 'botal :anrease of 14,5% between P-O and P-5. 7 |
T2 The MD fold increased ﬁd between B—-O a.nd P-2 and 59% between P-2

and P-5 .'f.‘or a .total n.ncrease of 110% between B—O and P—S.

i
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RS~ turst (Mlﬂ_'!.en)

T=1 %e burst :anreased 10% between P-O and P-2 a;nd decreased to such

__~anextent that a-_i‘i_naldincrease of 5%.between P-O-and-l?-5 was .. '
recorded B . |

-2 The burst. mcreased 5% between P-0 and R-2. and: 5% between B2 qnd
" B=5 for a total i’r_xcrgse of 10% between P=0 and P—5. ,

M OF TES _Mm

' This summary of the preced:mg test results will cons:.st of three, .
parts, Part (A.) wi.‘Ll summarize the effect of ro:ll pressure during ‘super-

-calendering on the phys:.cal propertres oij_the three. types of. paper used in

- the: expenments of th:.s thes:zs. Pa.rt (B) will sumarize the efi‘ect of roZL'!.

temperature during supercalendering. Part (C) ‘will summarize the results

that show how d:.fferent types of paper reac'b differentlv dur:mg supercalen— :

| dering.-' Discussion in th:.s sumnary will be made i‘rom data. found in Table" 9.

(A) @A;l.r._es&
| --4 caliper - _
| ~ Results. from the testing of all “hhree types. of paper used show 'that
- super.calender pressures cause a decreese in caliper.. L
& tear - | R |
| The: tea.r test was. found to decrease as a result of supercalender

pressures for 'bhe ‘bhree types of paper used.




-caliper -

tear

A
m .

opac:z.ty'

brightness 2.6 D 3.8 D o 3.81) : 501 D

smoothness 426 1., 5T 1212, I 137 T

fold AM

PR . P WA el »

D denotes decrease I deniotes increase '

- A1) mnnbers Are Percentages
§ :‘Té«l'"-‘? T-’z'-" - ', T-l T-z, :
25D 20 301) 2an,7"

}1.1.51: 153D ,: ®LD 2D
7D LD %D 2D

2.D 4 ",2;.1)\ o _ 4«D~a"‘f 3D

01 NI . 84T LT
31 6T 4T oI

241) : %D S
4 b uD

tensile AM 47 T 65 I ‘,_*-23.1:; mro

| i e
M 38D sme . 06D 06D

9T 0T
"‘33(7":* ‘ 853 T

=T wI 42D 3D . 2T 25T

.L145 I 110 T
5T 101:
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o

- opacity ~ | R Y
The opac:.ty of all three papers was found to decrease as a result 5:" o
of the roll pressure dur:.ng supercalenderlng. o SR

-»br:z.ghtness- e _
The brightness of 211 three papers used was found to decreage as & -
result of supercalender pressure. B w T e

-tensile-r.r . / o .

Uncoated rag paper showed a. sl::.ght average increase a.n”tex»lsile. .

The coated paper increas gg g@, wh:z_‘l.e the uncoated raw stock :

Msubstantm G TR T e
~ smoothness - RUTTNONS VST SN e
The smoothness of all three types of paper increased substant:La:lJy .

as a result of supercalender pressure.

The fold:.ng strength of all three types of paper increased in their

machine dlrection. The rag paper a.nd the uncoated raw stock increas-'

ed in their across machi.ne dz_rect:.on, while the coated paper decreas-.

ed in thera;cross machme d:.rect:v.on.

-buxst-_ 4 o
Increases in hurst:.ng strength as a. result oi‘ supercalender pressure N

were recorded for all three papers supercalendered. ;

YB) Roll Temperature




(B) Eoll Temperature

-~ caliper - o
Resul'bs from testing all three ‘types of paper used show' that a
larger dgcreage in cal::.per occureé during -1 (79°F ) supercal-'
endem.ng than during ‘1\-& (165°F.) supercalendermg.

~ tear - ' : ; . ’.

Inr,the case of the rag paper the; 2. 'be'ar‘ vaszhigh_};»th'an the T—i |
tear, Results from testing both the - superca.lendered coated paper
(G-2-S) and raw stock (RS) show 't.he T-l tear to be ____g__g_z; +than: the
T-'a tear.

- opacity ~ o | ; A
The. opacity of tI;e rag paper }iés. the séme .ﬁé’t bothtempera’cures :'of‘ o
su.percail.endering‘.'= '.I.‘he coat'ed papér had a higher opaéity" after' |
-2 supercalendering, while the uncoated raw stock ha.d a _gg
‘opacity after T~-L supercalender:.ng. B

~ brightness - . B e
The: bri _gh’cnesses of the three ‘bypes of paper used uere i‘ound. 'bo
decrease less. as a restﬂ.'b of T—l superca.lendering 'bha.n as a. resul'b
of T=2. supercalendermg. | » L |

~ tensile = . o : "

The tensile tests for both the rag a.nd the uncoa.ted raw s‘bock .
papers were highexr as a res‘u_l'b of~_T-2?.supercalender;ng._ The tensile :

test for the: coated paper was higher ai‘lteri _T_el.sﬁperéa'lenderlng[*




- smoothness -

Resu‘l.ts showed that all oi‘ the three papers had éggg smoo’c.h- ]
nesses:after 'B-a.supercalendermg. A o '..' :‘, |

‘‘‘‘‘‘

= folid =

The rag paper had a 1@er i'old ’cest g,i'ter T-z. supercalendering.l -

II’I!‘

The coated paper had a h:.gher foId tes‘b a.f'ber T-I supercalendez\-‘ SRR

ing, The average fold test ai‘ter T-l a.nd T-Q_ supercalendering of

uncoated raw stock was about the sameﬁ .

rv",;

- burst =

The bursting strengt.h oi‘ th e rag paper and the coa'bed paper was '

higher as a. result of T-l supercalender:mg. ‘rne rau’ stock had a.

gmjgz burs’cing streng'bh ‘a.fter T-&supercalendering. g flf“;i St

;;;;;;;;;;;;;;;;;;;

The efi‘ectsoi‘ supercalendering' d:.fferen‘b types of paper a,re best
seen in Tale . mt&may be i‘ou:nd in this ‘talle that shows the 'v
| extent: or degree of change of a. pmrsical test as a. resul'b of supezs-
calendering. For emmple :r:b may be seen tha:b the coated paper
increased in snnoothness about l 300/0, whn.e the rag paper only

J.ncreased about 450% over the range of pressures used.

CONCLUSICHN.

'.Ehe values of the roll temperature and pressure of a sueercalender ‘

were found 'to cause paper supercalendered under 'bhwse condn.tions to have




md:.v:.dual phys:z.cal -propertles different from 'bhe propert:.es of ’che same paper

if supercalendered wdered under difi‘erent cond:.t:.ons.

| It was: observed, from. physn.cal ’cests recorded 'bhat the type of
paper be::.ng supercalendered influences, ‘bo a varying degree, the ei‘fect of

the supercalenderlng action,

B Bnber’bC.’Walker SRS PR
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