
Western Michigan University Western Michigan University 

ScholarWorks at WMU ScholarWorks at WMU 

Paper Engineering Senior Theses Chemical and Paper Engineering 

6-1954 

Supercalender Variables (II) The Effect of Supercalender Pressure Supercalender Variables (II) The Effect of Supercalender Pressure 

and Temperature on the Physical Properties of Paper and Temperature on the Physical Properties of Paper 

Robert C. Walker 
Western Michigan University 

Follow this and additional works at: https://scholarworks.wmich.edu/engineer-senior-theses 

 Part of the Wood Science and Pulp, Paper Technology Commons 

Recommended Citation Recommended Citation 
Walker, Robert C., "Supercalender Variables (II) The Effect of Supercalender Pressure and Temperature on 
the Physical Properties of Paper" (1954). Paper Engineering Senior Theses. 559. 
https://scholarworks.wmich.edu/engineer-senior-theses/559 

This Dissertation/Thesis is brought to you for free and 
open access by the Chemical and Paper Engineering at 
ScholarWorks at WMU. It has been accepted for inclusion 
in Paper Engineering Senior Theses by an authorized 
administrator of ScholarWorks at WMU. For more 
information, please contact wmu-
scholarworks@wmich.edu. 

http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/engineer-senior-theses
https://scholarworks.wmich.edu/pci
https://scholarworks.wmich.edu/engineer-senior-theses?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F559&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/93?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F559&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/engineer-senior-theses/559?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F559&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/


SUPERC'ALENDER VARilu3LES (Il)' 
THE. EF.FECT OF SUPER.CALENDER PRESSURE•AlID 

Tl!MPERATURE .. ON THE :PHYSICAL_ PROPERTIES. 
OF PA.FER.)._ 

Sul:mitted to Mrt Robert T�d!IT.ias 
as partial. fullfillment · of the. reqtlirements 

. . of the Plllp ariclPaper Curriculum., 
Western Michigan College, Kahinazoo, Michigan 

Ts 
·qqq9

I .· w34-

. '· - _• , - ' ,
. 

. 

. 

Robert C..'1Wa.lker · · 
.. Septemberf' J.953 - .Ttme, l.954 

WESTERN MICHIGAN UNIVERSITY LHlRAI� 
j ,ttALAMAZOO, M.!_�µ�M �mJ. --· 



ACKNC1.itEDGMENT 

·,· . ..,· : ',. ' . . ·.· . ' .. i.j The author· wishes to express his appreciation·to Mr;.' Robert
. - , .  . . . ' , .  

T:� filias,. kssociate. :Professor, PulP and Pap�r·.�e�e,n�, ·w�stern_Michigan.

College�: Mr�: Elias t · assistance and guidance in compUi�e this. thes� ms: 
,'.. ' • ,-8' • ' . , . ' " ' I • • • 

inval.uafil:�•· The author also wishes. to take �s opportunity- to thank 

Allied. Paper i1ills and Lee Paper. Co�� i'or: supp].yin� the pap� ·used in. this 

thesis�' 



ABSTRACT 

This.thesis is the second in a.series:of fundamental investi­

gafil.ons of the variables of supercalendering. The variables studied in• 

this thesis are roll temperature and nip pressure. These variables were 

investigated by testing three types of paper that were supercalendered. 
' . . . 

at various controlled roll pressures and temperatures. Different values 

of these variables during supercalendering were found to cause notice­

able differences in the pbysical·properties of·su.percalendered paper. It 

vra.s observed, after studying the physical tests made on each of the_ three 
. 

. ' 
' - , 

types of paper, that the type of paper being supercalendered, influences, 

to a va:cy-ing degree, the effect.of the supercalendering action� 

The findings of this thesis are, for the most part, in agreement 
,_ '

. 
. . 

•. . 
) . 

with literature and also the first thesis in this series of investigations. 
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LITERATURE SURVEY 

Introduction 

Calendering and supoo;:calendering have had a large part in 

the expansion of paper related industries as weJJ. as the paper indus-

. try- itself� The modern, efficient supercalendering machines now in 

use prepare paper with. qualities desirable in many fields including 

the �phic arts industry. This industry :was the chief consumer of 

supercalendered paper in 1951, when 1,4DO,OOO tons were produced (l)� 

Some of the properties of paper which may- change during 

supercalendering or rather as a.result of supercaleri.dering include: 

1� gloss/ 6� 
/ 

·smoothness·
-✓

✓ 

2. density 7� brightness 

3�' opacity,/ 8� porosity-

4�· strength 9� stretch 

5:' thickness I 

10� oil absorption 

Variables seeming to cause the difference between supercalendered 

and unsupercalendered paper have been 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 supercalendering machine. E. E. Thomas 

(1) states that the standard in attainment of results from calendel'­

.ing is a matter of balance between the responsiveness of the paper 

and coating to the amount o:t calendering action provided� · 

1 



GROUP .! VARIABLES _ ( related to the paper )

l� Fiber Characteristics

In the case of flat fibers the pressure per unit 

area .. from a force would obviously be less than in the 

case of rotmd fibers under an equal force. It also 

round fibers 

area:. of 
contact 

flat fibers 

seems probable that rag fibers, ·which ar.e kno,-m. to be 

flat like ribbons, would resist a much higher pressure 

without breaking in fibel.'-to-fiber contact than would 

round fibers, their intrafiber strength being equal.. 

(b) individual. fiber strengta

According to F. T. Carson (3) lack of sj;rength in 

paper must be attributed to a: lack of fiber bonding and

not to a deficiency in actual fiber strength� Carson 

also states that the tensile strength of paper in the 

direction of its greatest strength ordinarily amounts 

to less than 10 to 15% of the theoretical tensile strength 

which would be obtained if' individual fibers were held 

together by forces equal.to intrafiber bonds. 

2 



(c) degree of beating

Using the Kozeny equation (5), Bro-wn(6) found that 

the area.involved in interfiber bond�g is not noticeable 

in handsheets made from unbeaten sulfite pulp� The same 

pulp when beaten to a Schoppel'--Riegler freeness of 610 :ml� 

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

of the paper� It -was found that the beaten fibers could be

bonded together under less pressure than ·was required for
\ 

. . 

the unbeaten pulp. F. T. Ra.tlll.f (7) .found 'While using un­

bl.eached kra..ft that the slope of the bonded area�strength

curve falls.of.fin the final stages.o.f beating� Ratlif.f

concluded that the pa.per failure -was due to breaking of

intra.fiber bonds.

It seems possible that� e�ination of the ei'.fects 

of increasing super-calendering pressures may- be similiar 

to_ that found for beating:· E. E. Thomas (2) found that 

there is a. critical point in calendering action after vhich 

the quality- of' the paper is decreased rather than increased� 

Higher pressure ? more fibel'o-to increased greater
More beating or fiber contact bonding strength

area .. 

Very high pressure \_�, I Very long beating or 
/

loss of st�ength 

3 

Beating is therefore a definite function of fiber bond­

ing- which must· not be neglected where paper strength is being 

investigated� 



2� Degree � fiber bonding 

Properly beaten cellulose fibers are capable of a 

4 

high degree of interfiber bonding, y�ereas fibers. such as 

artificial. silk, glass, asbestos: roid wool do not ·fonn strong 

paper due to the absence. of interfiber bonding. Of all the 

factors.detennining paper strength, 'W'hich include fiber 

· ' length, fiber surface, fiber size, sheet fonnation and

sheet density,, the amount of fibel.'-to-fiber bonding is most 

significant (s): 

Folding, bursting and tensile strength are some of the 

physical properties of paper··which are most effected by 

changes in interfiber bonding� Tea.ring strength is influ­

enced by fiber length as well as: interfiber bonding� Cello­

phane, for example 'W'hich is. a solid sheet of cellulose, has 

· a. very- lovr tearing strength once the tear is, started regard­

less ... of its relatively high bursting strength�

Theories and h;ypotheses have been proposed in an attempt 

to - explain fiber bonding but none have been ·substa.ntiaJJ.y 

proven. A.� widely used theory _ is the partial solubility theory� 

Campbell Is version of this theory {13) is based on an early 
,,. . -

hypothysis by Urquhart {14), proposing that cellulose is vra.tel.'-

soluble in certain stages� In this manner the fibers are ce­

mented together during drying by crystallizing of the cellulose 



as a resuJ.t of evaporating the water� 

Clark. (15) regards the surface of }'Tell-beaten fibers as 

a lttwcr,dimensionaJ. colloidal system, u ·�e surface fibrillae 

5 

having t·wo dimensions in the colloidal range, but fastened to 

the fiber in ·the third� Clark (16), in defence" of his theory, 

demonstrated that a strong bond can be formed when two sheets 

of viater saturated cellophane are pressed together and dried� 

Relating these theories to supercalendering, it seems that 

the moisture content of the paper when the pressure is applied, 

as controlled by the temperature of the rolls, would definitely 

influence the fiber bonding in the paper if this theory- is 

assumed factual.� 

According to Casey (ll) there are four types of. f'orces 

'Which.might conceivably be involved in fiber bonding� Of the 

ten factors.'Which Casey (12) lists as affecting fiber bonding 

one interesting factor was the effect of springwood and suromeI'­

·wood fibers� These two forms of wood fibers seem to justly

.fit into the discussion of round and fiat fibers on page 2

o.f this-.:.resea.rch paper� and perhaps. behave as such under the

calender rolls�

At. the present time it is believed that the predominating 
. . 

force in. interfiber bonding is, one of secondary valence or 

molecular cohesion between hy,dro:x;rl groups of adjacent 



fibrillae �; : 1 �i (ll) IL 

F/ai:fe 

3�1 . � Q!. filler 

J°�' Strachan (17) found that crysta.11:inity of fillers 

· like talc and clay �e a high .finish possible: Adjuvants

like starch and aJ.tuninum. stearate used in the .furnish help

to produce a.high finish: They are much more effective

when applied to the paper during drying and before caJ.en-­

dering�

It seems that if the particle size of the filler were 

relitively large in comparison to the fibers, cutting wouJ.d 

be likely- to occure� 

�' Moisture content of' � paper 

6 

CelluJ.ose fibers in paper become more plastic and stronger 

as the moisture content increases (18)� There is a critical 
·- -

moisture content of about 4% fox- most pulps ·where blackening 

occures� A:t controlled higher percent moisture, the same 

finish may be obtained at low pressures as was attained at 
,; high pressures. 
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The acting surface .tension of'. the im.ter in paper is so 

:iln.portant in relationship to i'iber bonding that the presence 

of, even sma1l a.mounts: o:f reagents· l.fltj.ch. reduce sur.face tension 

- will. lover the compacting £orce and result in a: sheet of low

densiizy- and loi1 strength properties(i9))
. . 

5: Hardriess . .Q! -� reels. o:r paper -

6�i Condition of_ naper resulting from treatment':!:!! machine calender 

Thomas (J.) states, that excessive ',-rork done on the paper 

·by-the ma.chine calender 'Will. restrict the desirable qual.ities _

obtainah1..e from the pap.er after final supercalendering.

GROUP II ·VARIABLES · ( related to the su.perca1ender) 
. ' 

1� �-- Q!: operation 

2;.· Working 'width. of' the paner irl. � supercalender

Unless the paper is worked .the_ .full width o:f the supe� 
. .  

,calender stack or nearly so, the edges o:f the paper will. 

receive more pressure than the center o:r. the width� 

The t-rorking 'Width also detemines the pressure, expressed 
. . ; . 

:i.n·pounds per linear inch, that is exerted on the paper •. 

3�� Pressure 

The - area_ of' contact of the paper 'With _ the supercalender 

is; the nip width t:ilil.es the 1-rorking. width: · The 1-rorking pressure 

is.there.fore: force on calender rolls The proceedure :for 
nip width X working width 

_j 
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measuring the nip of a calender will be explained later� 

In l.953 K. L. Maves (10) investigated the effects of 

supercalender pressure on the physic_al. chacteristics of paper. 

Maves conducted his investigations using a .. three-roll laboratory 

supercalender� The paper used was,:·. 

1: Thirty-two pound 50% rag ledger 

2�· Seventy-three pound coated folder 

A comparison of his literature findings with his experimental 

results is below� 

literature exoer:unental 

1�· smoothness increased increased 

2:· gloss increased increased 

3. opacity decreased decreased 

�· brightness decreased decreased 

5: caliper decreased decreased 

6: tensile increased same 

7: tear decreased decreased 

s:· burst decreased increased 

The only deviation from litenature that amounted to anything 

was a 15% increase in Mullen found at 5,000 p. s�i/ when the 

50% rag ledger was supercalendered� It seeins: that this increase 

in bursting strength might be due to an increase in bonding •. 

According t.o data. gathered by Mackin, !Celler· and Baird (9) bursting 
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strength is not greatiy infl.uenced by calendering. It was found folding 

endurance decreased up to20% in.the case of bond.papers and up to /40% 

in the case of kraft wrappings. Brecht (2), op. the• other hand, found a·­

slight rise in.folding endurance. 

4. � of filled rolls

The amount of resiliency or 11givetL which the filled roll 

exhibits ·while in contact with the paper determines to some 

degree the amount of damage done to the fiber during supe� 

calendering. 

5� Temperature 2f: the rolls 

Going into the first nip the paper isat the moisture 

content allowed by the temperature and humidity of the finish­

ing ro�. After the first nip, however, the paper is in intimate 

contact with each consecu.tiv� hot supercalender roll� The 

temperature usually is around 85 °c. The moisture content and 

resu1tent plasticity of the.paper in the supercalender is there­

i'ore dependent on the temperature of the rolls. 

A unii'onn. temperature across,. the width of the supercalender 

roll will help avoid hard and soft spots. wich cause uneven 

finishing of the paper. Control of the. temperature may be accom­

plished by- blowing cold air unto the heated spots. or 'Wa1'11ling the 
. 

.

cold spots 1zy- increasing. the f'ri_ction there (20)) 



Measurement of supercal.ender roll temperature will. be 

discussed in an. e:x:perimentai outline� 

6� Hardness of the filled !.Qlli. 

The hardness. determines how much roll· suri'ace will be 

working on the paper during supercaJ.endering� 

7 � Diameter � the supercaJ.ender rolls. 

10 

A�.possibl.e cause for the sheet caliper varying acro�s the 

paper is that the diameter of the. rolls is too small compared 

to the pressure applied. (20h' 

Summary- of l.i tem ture survey 

A: .. decrease or increase in strength properties will depend largely 
. 

. 

on the initial. characteristics of the paper being supercalendered. 

A. decrease after supercal.endermg, of burst, tensile and fold,

might be due to: 

l� a brittle condition of the fiber from loss of moisture

caused by intimate contact with.hot supercaJ.ender rolls 

2�· · disruption. of interfiber bonds caused by loss of moisture

3� breaking of intrafiber bonds (fiber is interna.ll:y weakened) 

caused by crushing pressures 
, . .  

Ar:· increase ofJmrst, tensile and fold may indicate: 

�; because of the properties of the individuaJ. fibers, the 
·t\;7:

paper. successf'uJ.1.y·resisted high temperature and pressure



LITERATURE �-

1� ✓ Thomas, �f E
.;
, 11Ma.chillery- i'or Pa.per Coating, 11_ TAPPI Monograph

, 
j, "" ,_ .., " ' 

Series - lf
o
.:l 8, page 44, New York, N.· Y.� Technical Association_ 

�J J 

of' the Pulp and Paper Industry, 1950�/ 

ll 

2�/ Brecht, Wal.ter, Paper-Haker 'zI., no�' 4:TS /41-52.. (April 1, 1939) / 

3;, Carson, F.: T.-, Pa.per Trade �' 2!!, No� 1.2: 113-llB (March 20, 1924) ✓

�- Dobrow, Morris c�, :f'aner � sI�- � no� 8:102.. (Feb� ·22, 1952).--

5� Campbell, W. B., TAPPI 32, No� 6:265-27.L (June, 1949)�/ 

6/ Brow, J.: c., TAPPI 33, No� 3: 1.30-1.37 (March, 1950)� .,/ 

7� Ra.tlii'i',. F., T., TAPPI .32, No� 8:.357-367 (Augest, 1949)./ 

8�- · Casey-, J .: P., 11Pulp and Pa.per, U: 1st ed�, vol:: I, page .371,New-York, 
� �

N •. Y., Interscience Publishers, Inc�� 1952�> 

9:, Mackin,. G.- E., Keller, E. L., � Baird, P. K., Paner Trade !I�

113, no: 5:.31-39 (July 31, 19.l;l) �>

10. Maves, K.· L., 11Supercalenderillg Varia.bl.es I, 11 undergradua.te thesis,

Western Michigan College,_ Kalallla.zoo, Michigan, personally published,

(June, 195.3) �'.

11: Casey, J.· I>!-,-, 11Pulp and Paper, 1'-lst_ ed�, vol� I, page 372, New York,

· N!' Y., Intersc:Lence Publishers, Inc�, 1952�:�

12. Casey, �f Pf, 11Pulp and Paper, ll- lst ed�, vol�;- I, pag�s 37/�401,

New York, N�- Yf, Interscience Publishers, Inc:,· 195�:,;,,

13.· Campbell, W�:-_ B., and Pidgeon, L,�- :t,��, �. ];>aper Mag: Canada 29, No�6:

185-190 (Feb: 6, 1930) �_-' .. 
·, ·.:· .. 

J.4j Urquhart,- A,. R�, l•' TEXTILE
,, 

Inst�: 20, T 125-13�:: (1929) :/ 
• � ' I 



LITERATURE.CITED (continued) 

J.5�'/ Cl�k, ;i:.� d'A�, Paper Ind� No�: 5: 507�510 (Aug�, 1943h / 

12 

J.6� Clark, Jf d,�K:-, Paper Trade ![�. 2(.,. No� 26: 25-31 (Dec�' 28, 1933):
.. ... _ .

J.8�/ Mackin, G. Ef,. Keller, E�: �., and Baird, P:f Kf, Paper Trade J.� 113,. , . . 
� 

. ' 

No�' .5:5.3-fil (July 31, 19/41.) ./ 

19:v· Jayne, J� ;., :Ton�en, J:f q�, and Jackson� D., T., TAPPI 33, Ho. 1: 

3�35 (Jan�, 1950)�� 
. - -

. 
i � 

20✓ Brie.0-.a.sten, Woclibl� PapieJJi�::Fabr�: 69, no�' 2:35 (J�?, 1938), 



13 

EXPERil1ENTAL OUTLilTE 

i.· Method and atmosphere of supercaJ.endering

(a) A: three-roll l.aborato:cy sheet supercaJ.ender will. be used for all.
. . 

supercaJ.endering� It is located in the constant temperature-.
. 

... -
. 

humidity room of the PuJ.p ancl Pap�r Department� . (See Fig�'. I)·

(b) Three kinds of paper will be selected for supercaJ.endering at

5 different pressures and at 2. temperatures� Pi, P2, P3, P 4'

and :e·5, .will designate the_ 5 pressures�; T1 and T2 v.i.11 signify

the two temperatures; T
l! 

being the temperature of the rolls

at room .or standard cond:i:tiop.s; an� T2. being an approximatiOlll of·

mill roll temperature�' (about l.80°F�)
'· 

' ' . ,. 

(c) Test.s will be run to detennine the effect of each su.percal.endel'-

ing condition on the the 3 kinds of paper�· Tests ·to be run are:

� caJ.iper 5�: ten�ile

2� tear 6:' smoothness (Bekk)

3� opacity 7�· Fold (M.I.T.)

�; brightness (Photo volt) s:' Burst (Mullen)

2�i Types of paper to be used and 1-my-

(a) paper :with coating on each side 
43 lb�' raw stock uith 27 l.b� of coating 25 x 38 - 500
BAW'STOCK: 45% West Coast Sulphite 

COttTIMG:

10% West Coast Bl.eached Krai't
. , 45% Bl.eached old pa.p_er stock

�'5% clay filler 
3�6% Al.um. 
o�6 lb:1 fortii'ied Rosin size per 2'..l00 lb:' beater.

High gra.9-e, c+q.�US caloim carbonate .·
adhesive.' •1 ;i : ,.1 casein. and Ia tex . . . .·· ,

. 
. . . 

. . . . 
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(a) contt; Practica.J.J:y- all coated paper is supercsl.endered to give

it the smooth surf'ace ·which is advantageous for good. printing:;.

Paper of' this type ·was chosen for e:x;permentsbecause of the sound,

practical. wJ.ue of the data which is to be obtained�'

(b) The second kind of paper to be supercalendered tr.ill be the ra'W'

stock of the coated paper wich vm.s just described� Tfiis paper ·

·was chosen for· theoretical. reasons� · Although rau·stock, as such

without the coating, may never find its ·wey to the supercalenders,

it YilJ. show, wen compared to supercalendered coated ra-w stock,

the effect. of the coating during supercalendering�

( c) The third paper' is a high; rag conten't uncoated bond� This type .

of paper. ,m.s. chosen largely :because of the author•� interest . in
-· 

how rag fibers react to su.percalendermg pressures and temperatures,

as compared to other fibers�1 

PAPER CONT.ENT: 24 l.b.1 
. 22. :x: 3-7 - 500 

75% rag 
(61. lb�1 25 :x: 38 - 500) 

25% bleached sulphite 
3% TiO retained 

starch fub sized 

. . , 



IABORA.TORY SUPEflsQ).It:fiNDER 
. ; ' .  
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The·supercalendering in'this thesis w.s carried out on a three-

roll. laboratory- sheet supercaJ.ender located. in a. room �tainecLat a ·· 

constant temperature of 72°F�' and. a: humidity of 50 %�: The supercalender. 

is e�ained in furlher detail in Fig:: 1} 

A·s-. the top roll is press� harder and harder against the cotton 

roll, an area of contact is formed between the steel. roll and the cotton· 
' ' 

roll� Obviously , it is while the. paper is · passing through · this area. in.

the nip that the paper is affected by :the pressure of the supercalender� 
' ' 

Various'. theories have been presented as to what happens in this nip· area� 
. ., . 

' ' ' 

At a lecture on May· 25, 1954, at W�stern:iiichigan Gollege, W;. · o. 'Whee
l

er, 
. 

. .. -,·:::,.. 
. . . . 

president of 'Wheeler Roll Co. of R'aJamazoo,.,Micliigan,. described his theory
' . . . � . . . ' 

of' what happensiin· the supercalender· nip�( Fundalllentally, Mr:·'Wheeler 1 s . 

discussion -was as follotro� 
' ' ' 

The filled roll is indented .. by"·the steel-roll, thus giving the 
· ,  ' J • ' ' • 

surface of the filled roll a ma.x:lnnmi and a minimum. .di�tance from the c�ter

of the filled roll� A. point on: the. suri�c'e 'ot tii� • kec1 rtl]. farthest .·

: . •:,, 



C 

L.\E0FAT0rfr: Su"PEnCALElIDER ' 

This throe :t•oll laboratory auporcalcndcr is lacn.tcd c.t 

Uontorn 11ichir;n.n Oolleeo in tho con...""t.'1.llt tc.":1pomturo-hur.tldit7 1-ocn 

oi' the PuJ.p o.nd Po.per Dor"''1.rlllont., 

The two ::itcru. rolls D.l'O 10. 5 inches in din.no�, and the() 
i ) 

Ilidclle cotton filled roll is l�O inches i.ll dinr.lcucr. \.·x1io nip between 

tho cotton and stool rolls is 13� 6 inches lone: Air pross:u:rc applied 
, 

to the faro cylinders, c, cauno forces up to .3.31000 poundo on the top 

I 

I Ip 

I � I 

. ' 

equivJ.J.c..-.,.t to 2,430 

pctru.do per linccl 

Speed opu.u.s 

about 36 £cat per 

minu. t 0 0 

Hcicht io 69. 

inches :trcrn tho :i.1oor 

to the 'top� 
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f'rom.:·its center will. have a. greater peripheraJ..speed than will a point 

on the surface at the roll 1 s minimum diameter:; The surface speed goes 

f:rom a maxim.um. to a. � and back to a ma.x:imum. as progression is made 

through the contact area.at the nip� The paper. going through the nip is 

gripped by the surface of the filled roll; As this surface slows doun, 

going :into the nip, the steel. roll slips over the surface of the paper 
. . 

with a;. polishing action� A; polish:ing action is also transmitted to the 

surface of the paper. on th� way out of the nip�i . In this case the. sheet 

of paper is polished as it is accelerated over.�� steel roll by the ac­

celerating surface of the, �illed ron;t In both cases the paper is more 

greatl.y pol£shed·on the �face that�s·in contact with the steel roll� 

As the f'orce on the top ·roll is increased, the nip gradua.lly 

widens:' Conseq1:1ently; supercalendering pressure is best reported as p�·s�i�1 · 

of pressure in the nip, rather than force on the top roll� A study of' the . 

relationship.between the force applied on.the top roll and p:s�i� of' nip 

pressure is given :in Fig;; II� We can see·�. this graph that an :increase 

in force does not result in a. proportional .:increase. :in p�"s;i;� in the nip:' 

In other vrords, the nip gets wider slower at :increased f'orces� 
. : ' - � - ' '-_: � ... - . . 

. ' . 
. 

The nip wi'!-th, neces� :in nip p� s:'i:· calculations, was measured 
. . . -. :-. . : . . . ,-._ . 

by putt:ing a crum!).1:.ed sheet of aluminum foil (0.0004 iri.' thick) between the . 

separated steel. and �illed roll�, ana.·then bringing the steel roll down on 

~ the sheet of foil. at the pressure I 1-m.s using. After raising .the steel roll, 

an ejQlc�., .· smooth :imprint of the nip area.. \Ta.S • found • on the al1llilinum foil� .

This method of finding • the area. of �ontact-. at the. nip. was also used at �� . · 
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of the 'fi;e dirrerent pressure� 'us�d ·before rov '.�ercaleildering lmS clone, . ' 
' . ., .... ,, . ' ' ' ' 

to make sure the applied pressure �s the same.fromone'side of the'rollto 

tlie other� 

Tb.e laborato:cy supercaJ.ender used is �ocated• in a constant 'tempel'-
. ' ' . ' ' , . . ' ' 

ature - h�idity ro0Il4' Heating the supercal�er throw· off the_ eqtiilibrium 

of the air in the room�: . For this reason, the: supercalender is. more conven­

iently· used at room temperature�' Since, however, mill supercalendering is 

'd�ne with roll temperatures as high �s J.9J°F;\ or higher, it seemed WO� 

vrhile to'findout how much difference th(:3re is between supercaJ.endering'at 

high and iow:temperatures�" 
' . ,, . ' 

· · The supercaJ.ender uas heated by placing an· electric coil heater

under_the bottom.steel roll, and·jack�ting theenti�e supercaJ.end.er with 

corrugated cardboard to ·prevent convection air· currents ·from coolilag the··· 
; ' ' '• . . 

rolls: After continuous running of the supercaJ.end.er for about l2 hours,· 
' . ' . . . ' , ' · . 

. a t:empem�e of l.85°F�. �s reached: How�ver, a roll .temperature .of.165°F�'. 

was the highest DU1.intainable durin.g. supercalendering�" .. The roll temperature 
'. :: 

· im.s measured· ldth a special surface pyrometer::

EXPERil•IBNTAL PROCEDURE

Three. kind� of paper were supercalmide�ed according to th El "following schedu1.e� 

·� pressure ·iws temperatures

•I 

F.a.ch pressure at temperalnre: 
· 'lJ_ or 79°F �{ . . 

· 
· T

2
. J.65°F.: .

... . 



The three kinds of paper used were: . 

l. paper; with coating on each �.ide · .. · ..
43 lb.1 rav stock with Z'/ lb.1 of coating 25 x .38 - 500 bl.sis 

�W STOCK: 

COATnm: 

45% West Coast Sulphite .·10% West Coast Bleached Kraft 
45%1:ileaclled·old paper stock 

�5% _clay, £pl.er' , .:". ; .· · ..
3. 0%. ilum · · ... ' : •

· · 

0�'6 J.b�: · of: fortified rosin size per 2000 lb�' beat'er 
♦ : ·- ·: /.- ·,_;."_;·i . ·-.,,�, - . ' 1. 

·:, 
�-:·� {· • • - \ ,

>

. '  -. . . . _,' 

body.' •. �: ,' . .',J?igh, grade clq plus cal.cium: carbonate 
adhesive •. <.•,';;. :casein· ana.· 1a.tex · · : . . · . · · 

�' the plain tmcoated raw: stock o_f _pap�r uo:1:1, ·

.3�� rag bond tmcoated tub sized 
24 l.b�·: 22 X 1.7 - 500/; .. .

( 61. J.b;l 25 X 38 - 500)'. . 
75% rag .•. . . 
25% bleached sulphite 

· 3% TiO retained .
.. 2 .. 

. 

Twel.ve sheets of each kind of pa.per we�,.super�endered at. each

combination of pressure and temperature �hat<w.s used� :rach sheet -was 

supercalendered. through seven nip��, The paper surface contacti · ng the 
. , .. . ' . ' '  ' . , ' . 

steel roll was changed after each pas;, thro� _the pip�� 

The supercalendered paper was then t�sted according to TAPPistanda.tiis 
' . 1 . "' . .  ' ' 

for the following tests: 

�- caliper 

'. ,. 2! ·\ear (Elmendorf) 

i: s opaoi.i;y_ 

\� 

. 5.1 
. tensile · 

6:1 smootlniess (Bekk) 

. 7 �� fol.ct (M;;' r. : T�:) · 

.Graphs_ were co�structed with .theiudiy.l.dual. t�st uaj.ts as. �ep;-d�te;
� 

. . 

and the nip pressure in p�·s.i�: ploted .. ·�S th:e abs�i.ssai>'i 
. ' .. ·�· ,' 

' 



19 

� FROM JWERJMENTAL §UPERCALENDERING .. 

Ca;tiper 

Figures III and IV are graphs. o:f ca1iper measurements· r4corded 
' . . 

. � 
fr�.- _paper sup�rcalendered at temperatures, _T1 and T2 respectively� The

numerical coordinates of each point that ws plotted may be found in· 

Tabl.e·�'
TABLE l. 

·. (caliper is in 10,000 ths of an :inch)
. . 

Nip press�; cal� Ti-rag T2-:-rag T
1
�C2S T2-c2S 1i-RS T2-RS

p O' 
Pl. 

P2. 

p·3 
p 4-
P5 

. .  

. .  

Note: 

45 45 II, II, 33 
39 37 37' .36. 29 
36 37 34 35 Zl 
.34- -Yl .34 .34, Zl 

35 .36 .33 33 Zl 

34 .35 32: 33 
· 25

C2S, means The paper having coat�g on two sides� 
RS; means the uncoated raw-stock.·, ·· 

33 
29 
27 
27 
25 
25 

A 1:111U-supercalendered sheet of 028 had a caliper of 0:0034 :inches;1 

Data_from _the tearing resistance of the different supercalendered · 

pape�s have been plotted. _on Graphs V and vr�i Table 2. is a numerical 

rep;esentatio� of this ·c1ata� · · 

Nip press� 

po: 
Pi 
p 2.. 
p 3: 
·P4
p·5 

· TABLE 2.- A. (temperature T1 only) •
(tear is in. grams per 1(> sheets) . · . 

. Af!L-ra& Aft-02fm · Jrt-�10

·. 104 86 6o. 50 . 1i2 YI 
98 85 · 49 IIJ 42 .35 
95 82 50 ·· 36 YI· 30 
91 78 /1, . YI ,IIJ 2.9 ·
86 77 M . 35 . 34 . .33 
,,<�2 76 _ 42�· 35 35. 29

,• ' • 
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Nip press� 

p 0
P1 

Opaci;t! 

p 2: 
p·3 
P4 
P· 5 

, --· 

.. · TABLE 2 - B (temperature T2 only)
( tear is in grams per 16 sheets) ·. 

T >< T?-02S �-RS · 
· A,!,�rag

MD 
.. · 

.AlC 1-ID. A,l,1 . MD 
.. 

6o 104 86 50 ,42 37 
96 81 46 38 42 31 

90 74 44 36 36 ·. 32 
92. 77 44 35 35 25 
88 75 43 34 .·· 35 25 
88 74 44 36 38 28 

20 

The opacity o'f each type of- paper was measured.after su.percalen dering 

· with. a Bausch and Lomb opacimeter ·ana. recorded in Table. 3 • .  A:. graph­

i_cal represeritatio� of this data :may be found in Figs�· if.CI and VIII.

TABLE 3 

rag C2S RS 
-Nip press� Ti T . T1_ 

T2 T1 . T2 2 

PO 94 94 98 98 
. .  

86 86 
Pl 94 93 96 98 84 84 
P'2 94 92· 96 96 84 · .. 82 
p 3. 92. 92 96 95 84 81 
P4 92 92 95 95 00 79 
p 5 92 92 94 95 83 .. , 82 

Brightness 

Photovol.t brightness.measurements of the supercalendered paper.were 
. . 

plotteda�airist·thenip, pressure in p�s.i� and are show in Figs. ll 
. 

. 
. . 

and � · Table 4, below., co�tains. the coordina. �es of the plotted points�

Table 4 

Nip press�· 

P:O 
p l. 
p 2: 
p 3 

'�:..4 
P5 

rag C2S .. TJ. · _T T1 T2; 

.79. 79 8() 00. 
78 78 &l. .. 77 
78 77 7,9· .77 
78 77· 78 76:· 
77 77 77 76 
77. 76.

'J7 76 

73 . 73 
" 

... 7I 72 
: ; . '. 7i 72.

71··. C 72 

·.· 7l. 69
7l

·. '68

. ./ __ _j 
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Fig�' VII 
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Fig�'.VIll 
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Tensile 

Tensile measurem.�nts were made with strips of supercalendered paper 

li5 mnt ·wide and 2.,-5 inches. long. Tensile tests were made with the 
. . .  

machine direction (MD) and across the machine direction (AM). of, the 

paper-. The observed data, as. shown belO'tl � table, 5, is represe�ted

graphica.J.ly- in Fig. XI. Va1ues are in lbs� per 15 mm wide strip� 

TABLE 5 - A.. (AM. values only) 

Uip press� 

p 0 
Pl. 

rag 
;1 Tz. 

C2S-
;1 T2._ 

- RS
�1 T2_ 

10�9 10�9 . 6:5 .; 6.5 5�9 5�9 

p· 2 
p 3 
P. 4
p 5 

10�3 l0.9 7�0 7�3 5�9 6�0 
ll�O 10.5 .6/1,1 7:6 5�8 6�0 
10;8 ll.9 6�8 7.7 6�1. 6.4 
ll�4 · 11�5 7;6 7.5 6�2. 6.3 
ll.4 ll.6 8�0 7.2 6�3 6�4 

TABLE 5 - B (MD values �nly) 

Nip press. �ll'l!g� 
028. 

T ;1 . T2.1. 2. 

p OJ 
PJ. 
P2 
p 3 
:e 4 
p 5 

Smoothness. 

27�0 
27�0 
Z7J.. 
26;1 
26�7 
26�0 

Z'l.O 16�3 
Z'/�2. 15�7 
24.7 16�7.· 
26�5 16�1. 
26,6 15:4 
Zl.4 16�0 

16�3 6�:5· 6�5 
16�4 13�8 12.5 
16�5 12;9 13.0 
16�7 13�7 13�8 
16�2. 12:'6 13�2. . . 

15.9 12.s 12.9

The results of the Bekk smoothness measurements made on the supel'­

calendered paper are shown numericaJ.ly below in Table 6, and graph-
. 

. ' 

ically in Fig� �I� 

TABLE 6 (cont: on. next page) 



' 
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Smootlmess (cont�)· 

I 

Nip press.'.' 

10•
P:L 
p 2. 
P3 

p-4
p 5

TABLE:6· 
{Bekk smootlmess· in sec�) 

rag - C2S · 
T1 T� Ti. T2 ..
19 1.9 29 29 
93 96 Z'/9 .300 

105 101. 333 .387 
100 112 331 3$0 

<;X) 108 372. 407
100 113 370 425 

RS 

Ti 
- T2_

. 37 ·37
123 251 
159 338 
J..69 358 
167 327 
148 348 

Fold · . - -. 
- �� <:>f. :tzie t�eE3 �es of paper were tested in both the machine

22 

direction.and across the machine direction i'or the number of M.I.T.

folds to bring the 'paper to· a tensil�- of 1. kg� The data .. shovin bel..ow

in Table 7 has. be� plotted again�t p:s:i: at the nip, as sho'tm in
- .,.� .. 

w • • • 

Figi�XIII.and XIV.
TABLE. 7 - A (AM val.ues only)

Nip press�_.· 

PO 
p l 
p 2.. 
p 3 
P4 
:a 5

PO 
Pl. 
p 2. 
P.3 
P4 
�,·5: 

, rag 
T- ·-T 
l 2.

D.6 116 
162 169 
147 148 
l.91. lcO 
2ZL 224 
1.75 221.

023·
T l T 2 

336 36 
13 20 
J..6 21.
20 19 
19 20 
2l. 24 

Ti T
z 

19 1.9 
20 20 

·21.
19 19 
21. 20
23 24 

TABLE 7 - A:._ (MD values oncy) 
rag 023· - RS · 

.Tl T2 T1, T2:. T1. T2 

545 
565 
642 
657 
592 
654 

545 
584 
647 
643 
975 
7/;S. 

jm5J�3. 
59 . 39 -
6o · 53 
78 64 
63 . 6o

87·. 55 

5l. 
74 
83 
84 

. 98· 125

51. 
73 
77 
00 
98 

107 



/6"0!
I 
' 



Fig� XIII 





Burst (Mullen)_
A�t�r·. ell.ch of' the three types. of paper had been supercalendered, they

were tested for bursting strength�.· The ntunbers, found in Table 8 below, 
" "• •  ,, - . . .. . 

. ' 
. . ' 

represen't the force in. p�s�i�' ne�de� .to break through each paper� • This 

data. is. show graphically in Figs. Xv· and XVI�'. 

TABLE .. 8 

N.ip press�' 
mg 

T1 T2 

po, 49 49 
p I. 49 5I. 
P2 52.· 51

p 3 54 52 
P4 54 52 
p 5 53 

DISCUSSION £r � RESULTS

52 

02S 

T1_ T2 Tl_ 
T2

26 26 20 
25 26 22 
26 25. 23 2l. 

26 26 .22 2l. 

25 27 21 2.1. 
Zl 26 21. ·-22.

The. conditioD:s of experimenting may· wall be· reviewed here� Roll 

tempeni:tiu:e and pressure are the variables of' supercalenderingunder study 

in this:thes,i.:3:· Three types of paper were chosen for_ supercalendering at 

controlled conditions of'these variables. Five dif�erent pressures were 

used in .c??perationwith two different: temperatures� The five �P pressures;

used, denoted as :ea�·--�� �3, �� �:P�, had the following values�'

P l i -�·• � -� 1890 p�'s!i; 
P_ 2 �' �• �, �-· 3340 p�'s�i� 
P 3 ;1 

� �- ·;. 4720 p.;,s�i� 
P 4 �-· .:: .� ;, 5390; p�s�i� 
:e 5: .: •· .: .- 6.l8o ·p• s.i. 

' .. , - . . 

£oi:Lo�-r.i.ng val.ues:; ' ··.
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Fig� XVI 
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. 
. . ·, . '. ' · .  ,, 

P-� w.s:, the pressur_e used that most closely· resembled common _mill..' pressures�' .

· The: three. types_ of paper used were::

{' 
. 

. 
. 

' 

. . 
, . . 

J.;1 .. uncoated. 75��rag paper .(denoted rag) ·· . · · 
�:· raw stock. ·coated. on both:.sides (denoted C2S) 
3� the. sallle raw· stock ·as. No�· � but uncoated (denoted RS) 

, • · , ,  
. 

- • ,. ~ ·- . .. 
' 

Aµ. �e�-- tr:Pe_s 0£ pape:L' were s1.1percs.i,��ered. a� all: passibl.:e. combiDirtions

of .the five pressures � two. temperatures 'used�: 

· P2. Tl
�2 T2 

P4Tl 
P4 T2. 

'• 

P5 Tl 
P5 T2 

. - . � . ' ,. . . . ' 

The·£ollowing teats were made.on the .superca1enderecl paper. 

�: ca:µper 5� tensile . 

2� tear· .. : 6/ �othness (Bekk) 

3�' opacity:· · · 7;' fold (�r.T�) 

�:, brightness (Photovolt) . 8�' burst (M�ll�). 

�. RESULTS. Qlf FACff TYPE: .QE PAPER:. 
. . 

�- c�ip�� 

T -1 The· caliper decreased. 20% between P-0 ru1cl P-2 .. a.nd 5%: between. P-2 . 
. �- . . , . . . . . ' ' . . . . ' . . 

,and P-5 for a. totaJ. decreaa of. 25% between p...o and P�;�· ..
' ' ' 

T.;..2 The caliper decreased 18% between P-0 and P-2. an
d 
. 4:/, between P-2 

and P-5 for a total.decrease of 22% �tween P-0 and P-5� 

. Connnents: The larger: decrease ·_o:t. the caiiper in the ca.se of the paper 

supercalendered at. �-l, as compared. to T-2, may be due to the fact 
. .  - , . . . ,. . . . . .

. 
,, . . ·- "' -· 

,J• ' • 

that the T.;..I. paper continues to be·more pliable or·compressable 
.. , . . . . . ' . ' '.. . . , . 

during supercalendering because 0£ the moisture held in the pa.per 
i • • ·, , - t � , • • • 

I . . . . ',. 
, . 

. : ·· • . . . . . . 
an.g· not driven off by hot supercalender rolls. 
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�-tear-AM 

T-J. . The:AM tear decreased 8.-6%. between P-0 and. P-2. and 2�9% between- . ' . ' . . 

P-2. and ·p .. 5 for a:total decrease :of ll.5%•betw�en P--0 � P�5 •.
. . - . . . . . ..... . .• 

- T-2� The·AM-tear decreased: 13i4% bett.,'een:P-0 and P-2- and 1�9%- between
' , .  

. 

P-2·.·and·P-5 for a total decrease-of 15�3% between-� and p.;.5�

tear �-MD 

T-J.: The MD tear decreased 4.7% betwe� :e-o and P-2. and 7%. between .·
. � 

. . 
. . 

. , , . 
. 

. . ·-· .· 
P-2.. and P-5 fqr a total, decrease of' 11. 7% between· p..o and P-5. 

T-2. , The MD tear decreased 13% between P-0 and P-�:-and 1�0% betwe�

·:e-2_� P-5 f'or a total de�rease of �0% betw�en- M and P-5�'
- ., .. , : . . . . 

; . . -, . 

Comments: 

�e T.:.i: teai- continued tci decreas� during· the entire range· of ·, · 
. . ' ' ' 

pres�ures. used• Likewise, in review of the previous caliper .. 

findings,:the T-J. caliper_continued to decrease dlJ!ing the entire 

range of pressures used.· However,_ � _both th� cases ?f T-2- tear 
._ ,-, 

and.T-2::_caliper, the decrease -was only initially substantial� 

Since the temperature of the rolls controls the_ moisture content 

of the paper, the paper supercalendered at T-2. is probably drier 
. . . ... . 

. · __ than the ·papE3r. supetcalendered at T.:.1�· The drier-paper appears 
• 

-
• , ' • • • • • < • • ' 

to' _be less. pliable and compressabl� than. �he. more moist paper� .. ;rt
• • ·, I 

i3J.so seems· possible that in the case of the more moist paper intel'-
, . . � \ ' '• . . . ' . -· . . 

fiber bonding.might occure during supercalendering between fibrillae 
' ,. .. t • - •• ; • 

' 
• 

• 

. ,'. . ·, : -� . . . 

... _ 'Wlidch had not.been 'in. close enough.contact bei'or�·supercalendering. 
< 

• • > 
• • • V • • • • 



RAG.-opacity 

T.;..J. The opacity decreased O�t between P-0 and P-2 and · 2% be�ween P-2 

and P-5 for a total decr�ase of 2% between P--0 and P-5. 

T-2. The opacity decreased 2% between P-0 and P-2: and 0% between P-2 :

and P-5 for a total decrease of: 2% between J:>-0 · and· P"'."5• 

Comments: 

This data supports. the idea. thusfar supposed that the drier fibers 

atT.;.2_do not bond togetherorotherwise.increasethe density.of 

the paper af'ter_f-2:. .Such an increase in density wouJ.d:have been 

seen as an· opacity decrease·b�t�een. P-2:and P�j:1 

BAQ,- brightness 

T.;..J. The brightnes� decreas�d 1�3% between P--0 ·. and P-2 and i:3% .between 

P-2- and P-5 for a total decrease of: 2:6% between P-0: and P-5�·

T-2 The brightness decreased 2.5% between P-0 -and _P-2 and• 1�3% .be�ween

P-2 and P-5. for a total. decrease. of 3�8 % between· P--0 and P-5�

Comments: 

The paper supercalendered.atT-2,had a larger initial.and total 

decrease ·in brightness than did•.the paper at T-� 

mg - tensile ..; AM 

T-J. The tensile increased �()!(between P-0 and.P-2,and 3�7%·between ·:

P-2:and P-5 for a total. increase of �7% between P-0 and.�5.

T-2 The AM tensile had a 0% change between P-0 and· p..;.2 and increased

6�'5%. between P-2:,and P..5 for a:. total..: increase of 6�+5%�: 
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mfl - tensile- MD 

The MD tens�e changed 0%.between P� and-P-2.,and decreased 3.8%

between P-2 .. and P-5 for· a_ totaJ. decrease · of 3.8% between P-0 and P-5� 
' 

>- < < ' ,; - • T • 

T.;.2 The MD tensile_ decreased J:8% between P-0 .and ,P-2. and increased 

back.to its.original sts;.te between P�2.and·P-5� 

Colllments:· 

This data.does not ·support the idea.that interfiber bonding 
-� - • - • • 

• • 
' ' •• 

6 
•• 

increases with increasing supercalendering pressures� Also since

rag 'fibers are relatively.ribbon-like they shouJ.dw:l.thstand high
• • r • • • 

-
• • ••• •• • • � • • � , � ,,_,, ' 

supercalendering 'pressures without. . being. broken. The author can 
·'- , ' + • 

' • 
• - , · •• • ' 

th�,- of no explaination• for the increase in AM. �ensile and no

increase in the MD tensile� 

MG - smoothness 
--., . ' . -

T""'.'l. The. smoothness increased 450% between P-0 and P-2, and decreased .. 
. ' . 

TO'. a 42,6% increase over the original .vaJ.ue. between P-2: and.P�5�' . ·, � . ' . ., ' ... .. . '' 

T-2:. .The smoothness· increased 432% between P;_O and P-2 and 63% between

F-2and P-5 for-a total increase.of' 495°/,between P-2and P�5� 

Comments: 

The surface smoothness. of paper (in most cases the only reason for 

su:perca.lender1ng) will be. seen to be •.very de?endent __ on the �e of 

surface on the paper before supercalenderirig: Although a,_smooth-
• • ; 

> • 
r '  •• 

ness:incre§�e is e:xpected;during.supercalendering, it is in.ta� 
••• ,., ·:_· ••• ,' .' -· .,.•, • ,, • •+>o "•�- ... , • :· •' • .,. ,. :·: .:_ .• , .•• '. ,' '. ·," ; •• , .• ' ·:·_ •

.
• (' 

· eating· to n�te .the dovmwa.rd. drop in smoothness ·aii.,ye:;7, high pressures�l . 
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�' ' 

; · MQ - �old �- �

T-1 The Al-L fold increased . .30% between P-0 and P-2:- and 2l.% between; ·
. 

' . . . . , . '. 

P-2 .. a.nd P-5 for a·. total increase. of 51% between P-0 and P-5.
. . 

T-:-2: The �r fold incre�sed .30% between P-0 · and P-2 �and· 00% petween 

P-2. and P-5 for a.: total increase or· 90% bet:-men P--0 and P-5.

- fold -MD

T-l The MD fold increased 18%�between M and �2:a.Iid 2%-between P-2
' ' . ' . ' 

and P-5 for a. total increase of a:>% between P".':'O and P-5. 

T.:.2:. The MD fold increased 19% between P..O and P-2 and 18%: between· 

P-2. and P-5 for a . totaL increase_ or 37% between P-0 and P-5�· ..

Connnents: 

;t 'W!ls found that the rol'd .. tests on the AM-T-2 and Ml).T2. su�l'­

.. calendered paper increased substantially between. P-2..:and. P-5�' 
' ' ' . ' . ..  

However, in both the cases of the AM-T-l. and MD-T-1 supercal.endered 

pap_er, the increase in fold in �e P-2. to P-5 range -wasconly ·minor�

These resul.ts contridict the idea. that the fibers should increase 
. . 

in. interfiber bond� on'.cy' during T-1.. conditions. where· more'moisture 
\ ·, ,, . . , 

� 

. is l.eft in the paper than during T-2 supercalendering. An e,g;,ilain-
- . . . , , ' . .  

ation of these results may, however, be found-in the asSlllllption

�t �e:lnterfibe:c- bonds, �tho� fewer, are more_set � less

yeilding in their dry' state�, -It is a know fact -that• interfiber 

bonding- in a sheet_ of paper� if not actually·disappears· 
.' ,·•· '•. 

when· the _pa._per.is �ro� wetted with water� 
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BAG -· burst•-·· 
-" 

T.:.l The·. bursting s.trength. increased.: 6% between l4> and P-2, and 2%: 
. .  , - ·' ' 

- . . . . .· .  ', . ,·.. . . . 
.· 

·-• . : . ' i 

. b�tvreen P-2.anclF,;;.5 for a:: total. increase of 8� between P-0 and P-5. 

�2� The: bursting strength increased 4$ b�tireen I>-0 and P-2: and 2f&° 

_ ��tween P-2: and F-5 for a. total. increase. of 6%: -between P-0 ·and P-5�' 

Comments:: 

IL J.'arger increase in bursting strength 'WaS recorded in .the. C§,S�. or . 
.. �.,._, .· -- -, ----- � -� -- ... , .. -'., -·--··-'.--·· .. ,•--· ._., __ .. ........ , ... 

T.:.Jl. superca.lendered paper� as compared. to T+2.: supercal.endered. paper� 
. ' . - - - . ,' ' .. , ' . . . .' , . ' -.- . -- ' . -·· �. - .. 

Whether- these results: mean that• bonding. occured to.· a greater· degree 
• • 

• • • •  •• •,·•• ·•• -,••• •- ; _,,• V , • 

under T.;..L colldi�ions, or that_· the drier fibers offered, :Le�s: resist,. .

· ance to b�ing pul:Led past ea.ch other d�g_ the bursting pressure,·

or other reasons, requires further study-�· 

�z.s:: ... · caliper· 

T:.;;.J. . The. caliper . decreased '26%' between J>-0 and P-2.. and 4_3'$ ��ween P-2 ,',

and P-5 for a total. decrease of 30.3%. between M and ·p .. 5� 
• • 

. . ,  • •• ; •.-, • .  r •• • \ ·· ., ,- , , • • 
• 

• • •  
, • •  

T�2: . The caliper d�creased. 24% between; P-0 and P-2� and 4;3% between P-2. 
. . . . . ··•·. 

. . . 

and P-5 for a total. decr�ase of 28�3%:between -i-o and P-5�
"'•·, '\. -, ' '• , .t :.: .: . ' 

Conmlents: 

These re�ts are s:imiliar to those rec6rded for. superca1ende� 

: nig: paper�1' in. that, the T-1..· supercalendered. paper has undergone a 
; . . ' . , . . 

a: greater· decrease in caliper than. has· the··T-2, supercalendered· pa.per� 
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0-� tear-AM

T-1 The.AM tear decreased J.7'/, between P-0 and P-2 and 14% between

P-2 and P-5 for a total decrease of 31%- between P-0 and· P-5;,

T-2. The AM tear decreased 27%' between.P-0 and P-,tand 0% between..
P-2 and· P-5 for a total decrease of Z7% between P-0 and P�5�

tear - MD 

T,;.l. The MD tear decreasqq 28%: between P-0 and P-2- and 2% between 

P-2 and P-5 £or a total... decrease of 30%: between P-0 and P-5. 

T-2 .. The MD tear decreased 28% between P-0 and P-2 and 0% between

P-2 and P-5 for a total. · decrea�e of · 28% between P-0 and P-5;•

Comments: 

A. larger decrease -was recorded £or. AM T-2 tear than £or AM T-1 ·

tear. This may be due to J.ess interfiber bonding survived or

resulted from. T-2. supercaJ.endering. The machine direction (MD)

tear remained nearly- the _same at. both T-J.. and T-2. supercalendel'­

ing. A reason may be that the very nature of ED· tear seems less 

dependent on interfiber bonding than AM tear� 

0-2-S - opacity-

T-1 The opacity- decreased 2% between P-0. and P-2. and 2% between p.:.2 

and P-5 · for a total decrease" of l:I, between P..:.O and P-5�' 

'IL-2 The opacity decreased. 2�t' between P-0 and p..;fana. J.% between P-2. 

and P-5 for a tota:L decrease of .3% be�ween P-0. and P-5�; 

C'omments: 

The greater opacity decreas.e in: the. case of -T�l:· supe:l:'caiendered
: . ,. ' ' 

. I 

__ .. .  ·_ -----·· --
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�2S
.
paper may indicate that more interfiber bonding and thus

. . 

�- denser more .opaque_, sheet results · from super�ender:i.ng under 
. - . 

. · more moist. con.di tions� .. 

0-2S'.- brightness: 

T.;;.l. The brightness dec.reased.1�3% between P-0· and P-2. and �5%.be-.
'tween �2.:and. P-5 for a.totaJ.. decrease of 3�8% • 

.. T0:.2._ The.·brightness decreased�3�8% between p� arid P-2-a.nd l�.3% between 

P..2�and P-5 ·for a totaJ.. 4ecrease of 5�1% betwe� M and P-5. 

Comments, 

The higher brightness-decrease in·the case of·T-2 supercalendered 

paper is� in .good coop�ration with the preceding opacity results�; 

i densily bonded paper. appears dark in colo;r due to. its semi-
. . ' ' . 

transparency� (e�g�, g.lassine) 

0-2-S�- tensile·- AM ·., 

T-1 The Af.1 t�sile fucreas�.,3�% �ween :P-0 and P-2-and 20% between

p..;.2__� P-5 f�r�a· 'total ��se'.of /23�1% between P-0 and P-5�
' • , , ' , I • • 

T-2�· The� A
M 
tensile increased'l7%: between :e-o and P-2-and dropped tack

to an.11% increase between �2.and P-5. for. a final increase of 11%� 

- tensile - }ID•

T;.;.l The MD· tens·ile increased 1�2% between P-0 and P-2..and.:decrea.sed 

2.,5% between-P-2.cand P-5 for an average decrease of 0.55% betwe� 

P-0 and P-5� . 
. . . . . . . · .  . . . 

. 
, . 

' 

T-2. The MD tensile'-increa.sed-1�2% between. P-0 · and P-2. and· decreased
. . . 

. l.J%:·between P-�·.arid P-5. for an average decrease of o_.55%. 
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C-2,;.S:- tensile - cont�
Comments: 

The increase in tensile measurements.from using moderate supel'­

�aJ.ender pressures and afinaJ. decrease in tensile from.using
. , ·  - . · .. , . ' 

higher supercaJ.ender pres�uresindicates that at a.certain point

in the. pressure range of the, rolls.·, bonding·· or strength. in gen-
. ' ' .· ' 

eral is caused to decrease •.

C-2-S - smoothness
' ' • •

• 
' a ,, '., •

• • 

• • 

• 

T-l The smoothness increased 1050!{: beween P-0 arid P-2: and 162% · between. 
' . . ,  ' - · ,_ ,• _· . · . .  , :- .. 

P-2. and P-5 £or &. total increas�. o:f 1212}f beween P--0 and p.;.5.

T-2_ The smoothness increased 1240% · between P..b : and P-2. and 130% between .
0 ~ V •. • ,  , •  ' 0 • 

p.;.2~and P-5 for a total increase o:f 1370% :between M. and p..;5-�:

Connnents:

The smoothness increases noted _here artf .. substantia.JJ.y higher than
. . 

' . . 

those reco�ed · in the case of uncoated rag paper as . can be seen by
. 

'. ' 
. 

ref erring to page Z7 • The surface of the pape;-: has_ ver,r ·much to
: ,  . ' . 

do with the smoothing influence �f -supercaJ.endering�1 

, 
. , 

C-2-S - fold - AM

T-J. 

, , 

The AM fold decreased_ 55%,between M and ��and :1:ncrea.sed to :a·

.ranai decretise: or:42% between P-2�and-�5 •. ·

The �- fold decreased �% )?etween P-0, and P..j_ and during P-2 to P-5

increased lllltil a final. decrea.se,:of 33· % ms ·reachecl.



C-2--S - fold - MD 

T-J. The MD fold increased J.3% between P-0 ·ana. P-2,and SJ.% between · 

P-2.and P-5 for· a_ totai incr�se of 64% between P-0 and P..:5�' 
, . .. ' 

-

T-2. The MD fold increased. 0% between p.;.o and p..;2" and 4%. bet1-1�en · p.;,..z

and P-5 for a total. increase of -411 between p.;.o and P-5:' 

C-2-S - bu:rst (Mull.en) 

· · T-1 The burst st.eyed the same between P-0 and P-2. and .increased,. 4% .

between P-2...and.P-5 for a: total. increase of ;4% from.•p.;.(j to P-5 • 
. ' . . �' 

T-2. -The burst decreased 4% between .P-0 and P.:.2 and increased enough

during P-2. to �5 to bring the average decrease ;to 0%�' 

RS - . caliper 

T-J. The caliper decreased 18% between P-0 and P-2... and 6%·between P-2.
.• •, 

and P-5 for a, total decrease of. 2/$ between P-0 and �5; .. 
- • • • S •••TI • 0 ' 

0 � 

T-2.. The caliper decreased 18%' between F-0 and P-2: � 6% b�tween P_._2..

a.n.d P-5 for a total decrease of 24%' between P--0· and 1\-5� 

Comments: 

It will be noted-from page 29 that this raw stock when coated and 

and supercalendered suffers a. greater %_dedrease·in _cal:y,er.

BS BS - tear - AM 

T-l The .Mt' tear decreased J.2% between P-0 and P-2.. and 4$'$ between P-2

and P-5 for a total. decrease. of J.6�8%" between P-0 and P-5: 
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RS- tear- AM 

T-2 The tear decreased 14% between P.;..Q. and P-2. and stayed the same

between P-2.and P-5 for a total ,decrease of 14% between �, and P-5. 
�, +' . • -� ' 

- tear - MD

it-J. The MD tear decreased J.9% between. P-0 and P-2.oand ·3}f between P-2 
" ' . . ,, �

and P-5 for a: total. decrease of 22% between P-0 and P-5� 

T-2 The MD tear decreased 14%-between P-0 and P-2.c ana.- stayed the same .
. . . . .  ' 

between P-2. and P-5 for a tota1 decr�se of 14% :betwe� P;..Q .� P-5.

RS - .opacity 

T-1 The opacity decreased 2.3%: between P-0 and P'.'."2.and 1.�%. between

P-2.and P-5 for a total. decrease. of 3�5% between P-0 and P-5. 
. . 

T-2 The opacity decreased 4.7%between P-0 and P-2.and. stayed the same
< • • • • 

between P-2 and P-5 for a total.· decrease. of � 7% from P-0 to ?�5� 

RS - brightness 

T-1 The brightness. decreased. 3;0% between P-0 �· P-2. and.· stayed the

same between P-2 and P-5 for a total decrease of 3% from P-0 to P�5� 
. . ' � . ' . -

T-2. The brightness decreased 1�4% between P-0 and P-2. anci" 5: 5% between

P-2.and P-5 for a total decrease of 6�9% betyeen � and P-5 •. 

RS - tensile - AM 

'.P-J. The AM tensile stayed the same' between P-0 and P-2.o and increased 

6�8% between P-2.and P-5 for a total increase of 6�8% from P�O to P-5� 

T-2 The AM tensile increased ·1�7%. betweem P-0 and P-2.and 6.8% between .
. . . . . 

P..2 and P-5 for a .. tota1··1ncrease.0£ 8.5$ betwe�P-0 and 'p..5�
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RS - tensile - MD 

T-1. The MD tensile increased 99% between P-0 and p..;.z.. and stayed the

same between P-2 and P-5 f'or a to.taJ. increase of 99% between P-0 

and P-5� 

'.11-2 The MD tensile increased 100% between P..O and P-2.and stayed the 

same between P-2-and P..5 for a: total. increase of 100% i'rom. P-0 to P-5� 

RS - smoothness 

T-J. The smoothness .. increased 330�f between P..;..p and· P-2. and stay�d approx.-.
. 

. 

the same between P..2 and P..5 for a total increase.of 330% to P...5� 

'.1.\-2. The smoothness increased 820%: between P-0 and P-2�arid, 33%. between 

P-2. and P... 5. for a total, increase . of• 853% between P-0 and P-5.:, 

RS - fold - AM 

T-1 The AM fold increased 10% between P-Q and P-2 .. and 10% betueen P-2 ..
# # # .. � , # # • 

and· �5 for a total increase of'. 20% between P-0 and P...5� · 
., 

. ,,. , . , .,,. _; .. 

'.11-2.. The AM fold . increased .$%- between P-0 and· P-�: and 21%. between P-2 

and P-5 for a total. increase ·of ·25% between P.-'3. and P-5� 

- f'old - MD

T-1 The MD fold increased 63% .. between P-0 and· P-2.and 82% between P-2 ·

and P-5 for a total increase of 145% between P-0 and P-5. 

T-2.. The MD fold increased . 51% between P-0 and P-2. and· 59% -b�tween P�2

and P-5 for a .. total increase· of 110% between P-0, and,; P-5� 

f 



�--· burst {Mullen) 

· T.;;.1 1,'he: burst. increased:. 10% betwe� P..O and . P..2 and decreased to such

·an, extent that ·a• final: :increase of 5%'. between P..O .. and· P-5 was

recorded�

T.;.2 The burs_t ·increased.. 5% between P-0 and· P-2 .. and··5%·between P-2. .. �

P-5 for a� tota1 �crease of 10% between.P-0 and P-5 •. 

SUMMARY: .Ql m! RESULTS_ 

This -summary of the.preceding test resuJ:�� -� _consist_ of three,

parts.- Part {A) v.ill summarize the effect of roJ1-pressure during :supel'-
. . . 

calendering o� the .physi� prope�i�� of: the three types of_ paper us_851 in 

theexper:iments of this thesis. Part (B) will summarize the eff��t of roll 

temperature during supercalendering.- Part · {C). • v.ill summarize. the resuJ.ts. · 
. 

" ... � . � . 

that show how different types of pa.per react differen�•during sµpercalen­

dering. Discussion in this. slllDlllary will _be made fi:om. data found in Ta.bl.E3 9. 
• , ,  .• ♦ .. • • , 

(.l) � :e.ressure .

- caliper·-

ResuJ.ts. front th�. _.te�ting of all three types .. of paper . used· show .,that 

supercalender pres�es cause.a decrease in caliper. 

� tear -

The tear test :was. .. fo_un� �o _decrea.s�- as a ·result of supe�ender

pressures for the three.types e>f paper used. 



.. caliper 

tear AM 

opaci-cy-

brightness.•. 

tensile AM. 

smootlmess 

:f:oid AM 

burst 

'• . ) ' 

TABLE 9 ·.

D denotes decrease I.: denotes increase . 
. .· ' ' All Nmnbers"A_re Percantages 

P.A.G.
T;...l.: 

25 D: 

11;;5 D 
ll�7 D 

2.,,D. 
r . . 

-Z.:6D
··p 

4;.7 I.._
.3�·s D. 

�6 r:

5l- I.: 
20. :t

SI. 

T..:.z.: .. •.

22D 

Jl5;3D 
14c D 

2::.D· 
Ii 

·.3;sn_ 

6(5 :t . . . 

same 

495' I. 

90 r

37 I: 

6 r

.c;..��, . 
T.:;,.l. T�2.-

30: D, -28.D

31. D 'Zt n: 
30, D 28 D 

4D 3 D 

3;8 D , 5� D 

23ji. r ·]l. I:
0�6 D- o:·6 D. 

12.iz.. r: 1379 :r 

/42.D 
. '.64 I. 

4 r:

' '.i • •. 

33 D 
4;I.. 

0 r

'T-J.·· T-2.

24D 24D 

l.7 D 14.'D 
22.:. D ·I4D.

4� 5 D 

3 D. 7-D

·7 I: .. ·9-r
99 I: 100 

330 I 853 r

20: I. 25 r
,145,I no I 

' 

5 I 10 I 
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- opacity -

The opacity of all three papers.was found to decrease as a result· 
, " . . ' ,. _ 

of the roll pressure during,supercalendering� 

- brightness·-

The brightness of aJJ. three pape�s. uscid was found to decrease as a 

result of supercalender.pressure� 

- tensile -

Uncoated.rag paper showed a slight average increase_in tensile� 

The coat�·paper increa�e,g-slightly, Yhil�- the·uncoated raw.stock 

increased· substantia.lly •. 

-- SlllOothness -
. -

The smoothness of all three.types of paper increased substantia.lly 
.. . . ., . �- . ' ,.. . : . 

·, 

4s: a result of superca1ender pressure. 

-fold -

The folding strer:� of all. three.types of paperincr�ased in their. 

machines direction; The. rag paper and·the uncoatedra�·stock inc�oo.s-
. . 

�-in their across mach�edirecti�n,. while -th� :coated ·paper decrea�

edin theia.cross machine direction� 
--- .· .· 

Increases in bursting strength as a-, result of supercalender pressure .. 
• • • • l 

were recorded for all.three papers supercdendered. 

lB) � Temperature 



(B) � Temperature

- ca.liper-

.. 
; . 
... 

Resuli.ts from testing o.J.i three types of pap:er used shoi-t that a 
'. 

. . 
- . ,, - . . .. 

larger decrea.s..e, in caliper occured during T-1. (79°F�) supercaJ.-
.. . 

endering than during T-2...(165°F�) supercalendering� 

- tear-

In the case of the rag paper .the, T-2.., tear was� ha,ghe.: than the T-1 

tear�: · Results from testing both the -supercalendered coated P?per 
• • 

• • , • , . '  1 • , , • ' • • • t 

(C-2-S) and raw stock (RS) show the· T-l: tear. to_ be higher,than·the. 
. � 

. . . � . 

T-2..tear� 
•· . 

- opacity -

The. opacity of the rag paper ·was. the same at .-both temperatllres of 
� 

. 
•• . • ; ' • . t " ' ,4 • 

supercalendering�· The coated paper. pad a higher opacity after 

T-2. supercalendering, while. the.1?11�oated rau stock had a higher

opacity after T�I. supercalender4ng:: 

- brightness --
. . . : . 

The.brightnesses of the three types of paper used were, found.to 
. . ' • f, 

decrease less. as a·. result of T-1. supercalendering than as a result 
, 

I', • 

of T-2_ supercalendering�'. 

- tensile -

The tensile tests for both the rag and. the uncoat,ed ra1:1 stoclc

papers were higher· as a result of T-2.. supercalend.ering�. The t�sile 

test for thw: coated paper was higher a.f'.ter _ '.r�l.. supercalenderingl' 
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.. -. smoothness. � 

Results showed that all. o:f the: three papers had 6reater _ smo�� : 

nesses after T-2.. supercalendering: 

- fold -

The rag paper. Juw. .. a higher fold a test. #her .. T-2.:. supercaJ.endering�'. 

The coated paper had a/ higher:. fold . test after. T.;;..Jl supercalendel'-
• ' • • > 

:i.ng:: The average fold test, after T.:.J>and T--2:. supercaJ.endering of.· 

uncoated raw stock was about'.the samei· 

- burst:-

Th� burst:µig strength of. th• e ·rag paper andthe coated paper was 

hipJier as a0

• result of: T-1. supercaJ.endering�: ·. The ·raw· stock had a 

greater bursting strength after T.;.� supercaJ.enderirig�i 

(C) Dfi;ferent. Paper TYpes.
' ' }# ' " ' "' "' ' , ,. , ,. ,,,  .- 11 , ,1- .,1<  

The effectsof superc�.lendering dii'ferent types of paper are' be�t 

seen in Ta.blle 9� lhta.may· be found. in this ·table that shows the 

extent or degree of' change .of' a physical. test as a result o:e:·supel'-
. . ·, . . . .. ' 

caJ.endering�' For e:xample. it ·may- be se� ·that. the. coated paper 
. . ' .. ,. . . . . � . . . ' - ' 

. .  

increased1in smoothness about 1,300%,.whil.e therrJ.g P1:1-Per only 

increased about 450% - over the range of pressures used� 

CONCLUSION 

The val.ues of the roll.. temperature and p;essure of 8, superca.lender 
� • 

•J- , •• � • 

were i"ound to ·cause, paper supercalendered :una�r these conditions 
1
to ·have.\:

',' ' ' . ', : :·'' . ' ' . 
. 
, . . ', " ,_ � . ' . . 

' ' \ . 
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