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ARSTRACT
Thi~ »erort i~ » review of the curven -~ te-1~ of know-
ledre in the orer o ~ize vre~ veorizbles, i1 Felver into
the ~heet mnronertiec ~ffected by the anvlication of ~nrfrce
cirve.

" nilot nlont ~tudy wees conducted wrich evolurted the
etfect of Tenford Gum 280, This ~torch wee =rrlier to the
A5 nound 50%hnriwood,5.% coftwood,15% clav filled sheet being
formerd on the 20 inch wide.nilot nanerr=zchirne ot Wentern
Michiecan Uriversitv, 2tarch svnlicstion wes mede £t verious
ternerctures =2nd ~o0lids concentrations to obtein different
amourte of ~icYun ancd veorirktle Aenthr of nenetrertion,

T™e re~vli~ of this tucév inclucde = =nliot of the in-
tirete relstion ¥'n of =0lide, terverature. viccoritr, and
atelrun, ‘Mere ic ~1lro o nlot of ro0lidr-, terneres*ure end
denth of nere rriions influence on the omourt of n»nickun.
‘reet nronerties of btur~t, e ~ile. tesr, TE', elonsetion,
=tiffre- =, w'x »nic. ¥&N in* holdout, smoothner=. 2nd r~ir
nerrenbility =ve eveluated, All vronerties were found “o
hatre meyi=um hewe®iti fro~ o 3% nickuv ronre =1 different an-
nlication termnerc-nre-, n qfie“nt wer mode to evelunte the
influence n* menetvation oﬁ the sheet vrovertier., This eval-
vrtion wes A9 f7%eonlt hecenu e the incrercsed cderth of nenet-

rotion w2 anly helf o~oin ne daen £~ the oriciral devnth,



LITERATJRE REVIEW
INTRCDUCTION

An investigation of published literature on surface
sizinz and coating operations was carried out. Primary
objectives were to find which properties of the base sheet
are influenced by surface size, how to alter them, and their
ultimate effect on the printing qualities of coated paper.
An abundance of material was found on each individual topic,
but very 1ittl= relatinz the three. A shortage of man hours
was forseen an? therefore a condensed study was decided
APON e
HISTCRY (1)

Starch sizing agents have probably been around as long
as paper, beginning with the Chinese in 312 A.D. It is
believed that Arabs usad starch for surface sizinz and
uncooked starch for filler. Starch, however, was largely
disolaced by a+nimal size about the fourteenth century,
in a tub size apparatus, which remained until modern times.
Chamical modifications of starch improved properties so

that animal sizing asents have been virtually eliminated.

=

DIFINITIONS OF 3RFAC= SIZING,
There ares probably as many definitions for surface

3izin~ as there are papermakers in the world. Some are



o
very general liks, "anything added tc paper." (2) A little
less generally, sizins mav be defined as the addition of
materials to the furnish for paper or board in such a manner
that these mnterials increase the resistance of the sheet
to penetration by liguids or vapors, witn surface sizing
beinz the addition of the sizing maferial to the surface
of the sheet after the sheet has been formed (3).

Size 2an be defined as any chemical, other than bleach,
fillers, pigments, and dyes, which are added to the paper-
makinz furnish, or subsequently applied after the web is
formed, which alter those characteristiczs of the sheet that
relate to its resistance to the transudation or absorption
of 1liquids which com2 into contact with the web.

Sizing, then, is the chemistry ani processinz of paper
products to alter their resistance to the passaze of liquids
or gases into and throuzh them (4%). There is a calender
stack treatment used on heavier grades of paper. Application
requires generally higher viscosity, size, and temperatures.
REASQHS FOR SIIFACE SI7ING

There exists a varietv of reasons for apnlying surface
size. Surface sizing of paper improves the finish, produces
1 hetter surfaze for printing, minimizes scuffing, controls
air permeability, nravents excessive or undesirable pene-
tration of other finishing azents, decorates or improves

app2arance, and improves strength characteristics (5,6).
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In addition to the ahove reasons for surface sizing the
followinT are incliuded:
1) Increase oick roasistance
?) Increase smonthness
3) Improvements in erasability
')  Improved physical %trength'
5)  Improved resistance t» the passage of 1liquids and

ases

J9

A) Paste lint or fuzz to the sheet

7) Decreases ink absorption

3) Modify handle - touch or feel of the sheet
9) Enhanced appearance by uniform cockle finish

10) Increase hardness or rattle for quality impression

1)

TYPES OF 3IZE PRE

Wl

.~
2850

Basically there are two main typ2s of size pressas in
use todavy, a recently developed one and another on machine
application methnds available for use. At the present time
the vertical size press is the most used in the industry. (28)

This vpress desi=n 1is shown in figure 1.

DRIER [ \:wwc: EXPANDE DRIER

SIZE PRES

ROLL

US’WV[-ALL

FIGURE 1
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The rolls are arranged on a vertical centerlinzs with the
movable roll arm connected to a 1lifting-lcad device. Under
the bottom roll is a save-1ll pan which extends 3'ichtly
above the horizontal centerline. The size outlet from the
save-all can Ye varied in height to control the depth of
the size nond. The sheet is led into the press at a slight
downward anzle to hold the size at the nip ~f the press.
Size 1is flowed onto the sheet in front of the press and
pressed into the sheet, The bottom of the sheet is either
sized by dinving the roll inteo the save-all p3~: or by
sprayinz the size »n the bottom roll and all-owing it to
deliver the s3ize at the roll velocity (12,14).

The second type press that has recently recelved atten-

tion 13 the horivontal size press shown in figure 2,

f \ LEAD ON ROLL
SPRING EXPANDER

DRIER _ ROLL
SIZE PRESS
LEAD OUT ROLL PRIER
FIBURE 2

This tvpa 2f pr233 i3 basically the sama2 as the vertical
with 2 pair o7 rolls and a2 1loading devica. Size is usually
nnnlied, with on» soout o1 each side of the sheet, located

at the ce ter 27 the sheet. A sufficie~t giantity of starch
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is appli=d %o =plll over the ends of the ronlls. Sheet
entrance 1s critical hHu*t tensinn is not 23 oritical as it

is for the vertical pre=x (12,14,15,27). There is no heavy

Yoadl of a3 3i7e »nonl nn the webh. 3ize apnlizd in this prass
ps less lik=21lv to nrnduce the two sided effects sean in the
%e”t1011 prezz, (27)

The latest pnress nn the market 1s the inclined size
press., It is stiructured 1l'ke the two 1bove presses except
the press rolls are arranged on an ircline. The size is
apnlied to the sheet just in front of the press. The angle
of incline ~n the press has been adju=ted so that the paper
can he fed directlv into the dryers. This press eliminates
the problem of wrinkles, which is caused in the harizontal
nress hecause the sheet expansion can not he fully compen-

3ated far by exoairler rolls.

Tih sizinc is R method whereby the paper is submerced

i1tn the size f~or about seven feet ir a2 lon~ pan. The excess

size is squeezed cut by a reverse lead aroind the hottom
soft roll, 2nd a wrap of the wire side 2agai:n=t the tcp hard
rol”’. This vrocess requires slow machine speeds and there-
fere is »39allv done off the paver machine,
STURPA TS 3IZICNT THEORITICAL

Weitir~ a~d peretration of all solids is dependent upon

1 numher of basic principles, which are hest expressed by

the clessic Duwnre and Washburn equaticns.

I- the ccnt@ect a+wgle phenomenon of wettinz the angle

betwear the 1ic:17 2d s501id determines whethar the sheet is
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wetrable or nen-wettabla. “or this paper the -2 -weittable

+
"

prope~ties arz Importan

LIQUID

If the shest is tn resist spreading thin it 1is desired to

Fag

have the Tree snerzy nf the sclid vapor interface lesz than
or e331l to the frece 2rerzy of the liquid plus *thut cf the
snlid 1igni? i~te~face. The angle 6, when this situation
is obtaired, 1s above 90%and the shest is referred to as
non=-wattablea, ‘

Ducre {?9) further develcped a mecha: ism for pznetration

of the liguid into the sheet which is rzlated to the dAriving

force.
= 203 -9 r
aP (jsv ’71)/
8P = pressare differential drivi-g force
Sov = free energy of solid vapor interface
h)
SS1 = free ererzy of sclid ligquid intarface
r iz the nore radius

*esistance tn welting therefore wonuld require a small driving
force. This w>iuld be obtained by makins the value of the

o

‘ree enargy of the 301id-1liquid interface cleose to that of
the 52114 vapor interface. In addition to the drivinz force,
the rate of peretration of liquid entry into the sheet is

imnortant,

#ashhors (30) presents the following equation for the

- —

rate of entry.
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tailed above. This =cdification measures
the Adenth ¢ prietrition a2t any given tire.

The parareters from absve that can b2 chanzed includas
Prze eneray o8 Lhe 321id iaterfaces by the addition of in-
iz a-4 ~the~ compo':ds; the pore radliz
he plusrsl by fillers, gurface sizing comneunds

~

additives, “r B othe use af 3mall fibers 2awd Tib

It 3ho:’4 MHe noinis" out that the por=s are nol n2eessarily

V7

G, o) S S PO (= TN < 1 P n - ~ 3 ~ey e ¥
rcail, hut ooald »e “lockad at one end, squares, cracks, and

may nther =vmpe3,  The viscensity of the fluid will iaversely

VARTARLTY IV 37727A%T 3IZIG
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Vaterial Variables

o

(qh)

t5y its s~1formity of quality, supply, its wide

ranve of viscosities, 27?1 in particular its low rrice, starch

hts beer ths most used product. (1) Cor=, potatn, 2nd tapioca

are the predomi~ant types of starche; on th2 market. In the
7.35., ccrn i3 the mest widelv used of the three. In addition
to starch, cther are its are presently beine ns:d for surface
sizirz. 3Some ol thzse agents include; arimal 7lue, polyvinyl
alzohol, 3l7ina%tes, and caerxxméihyi ?éllll&ii_-zlgli_(gz)

Shirlev (5) classified starch nroducts used in surface
sizing intn the “nllowinz sroups: enzyme crnverteds;medium
to hi~h flaiditv thi~ boilirg; low soluble dextrines and
o ms; oxidized s+tarches; and starch derivatives and chemical
cordensatin with other products. Because of lesser solution
instability, #xceedingly 2o0d film properties, and 1ittle or
rno tendancv to foam, 3trasser (8) and Casey (1) claim the
oxidized starches are best siited for this overation.

A secn1d variakle in the materials catesory is a group
of interrelated factors. Temperature, sclids concentration,
and viscrsity are the components of this gronp variable,

The affect nf the starch temperature 2n its penetration
into the =zheet was found contested by six a:thars. Half
(g,ll,lﬂj felt that an inerease in the temperature of the
starch would 23 :se a~ increase in penetration intn the sheet.
The othzr ha1lf {5,14,12) felt the increased temper=ture would

decrea=e the venetration.

-
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Ton¥irs at the the-retical discussinn ibave, hoth
sroups could be cecrrect. If th2 temperature =affacts the
free energy of the 1iqui? more than it do=s the viszcesity,
the~ penetratinn woald he increased, as in Tctb's eguation,
The incre=aze c¢conl? he due t» an unbalancing of t
hold nig the c~~t2ct ansle, The driQing forcz AT may have
increqased ennush to caise it.

Temperature ircreases will increase the rate of pene-
tration (3). There is some disvute as to how viscosity and
penetratior are related. It is contended by s~me (5,12,19)
that if there is an inacrease in viscositv the vpeetration
will decrease. They feel for the most part that penetration
is e7ual t~ one over the sqnare root cf the viscosity. Two
a:th~rs (10,1%) feel that penetration will increase when the
viscosity inacreases.

The first argiment, that the petetration deptn is equal
to ~ne over the «gquare rnot of the viscosity, relates directly
back t» Cobb's modified equation where ths depth of penetra-
tion =qvarad varies iaverselwy with the viscnsityv. The second
argument co:ld e due tno the particle size, she2t formation,
vore radias, or pvossiblv the oressure applied at the nap
cansed the Arivinag force AP to be hish ennugh to ircrease the
pen=2tratinn.,

Temparaturet!s effect on biokup is also questioned as
some authors (3,14,16) felt increasing the size temperature

would increase the pickup. However, cother (17,18) felt that
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the size temperature ircrease would cause a decrease in
pickup. This 1is vos=zitle 1f less solids reach the sheet.
The first argument conuld be due to more venetration
holding more starch on the sheet.

Viscosity is decreased by temperature within a range
as the particles are able to move farther apart. Outside
this rangce, evaporation of water would proceed at a suf-
ficient rate to increase the viscosity. The viscosity is
affected by the molecular size of the compound. It depends
on the network structure of the molecule, how svread it is,
and how well hineed touether. The viscosity will increase
the amount of starch picked up , when the viscosity is in-
creased. Increasing the solids content will increase the
viscosity which will decrease the depth of penetration ac-
cording tn €Cobb's equation. Increasing the solids content
will increase the pickup is the belief of some authors (12,
15,16,1%). One other important variable of the size press
solutions 1is its solution stability characzteristics. Some
products have a retrogredation problem, sometires settirg
up like a Jjell, other times crystallization caused incomplete
cooking.

Machine Variables

In the size press, sizing operations are affected by
some variable and some non-variable factors. The major
variables includet the roll loading, because of its ability

to squeeze the size out of the'sheet; roll 4iameter influen-
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tial in the amount of pickup; and the crown required for the
roll. Today controlled crown rolls are used to minimize the
roll diameter and therefore the necessary crown. Small

crowns are desirable because larger nip pressures can be
applied. Roll hardness and material are the design features
prasently in dispute (12,15). The onl& feature agreed upon
here is that one roll should be harder than the other.
Some of the materials in dispute are bronze,stainless, or
gunmetal versus stonite or microrock. Different hardnesses
used include those in the plastometer ranges of fifteen to
fifty-five. Most people agree that the hard roll should
be used on the side needing the better finish, btut they
question whether the better finish is due to hardness of
the roll or surface smoothness. The hardness of the roll
will change the pickups. By purchasing a softer roll one
could increase the surface size pickup (12).

The speed at which the paper machine is running is
important because of the dwell time which influences the
penetration (14). The larger t is in Cobb's equation, the
deeper the penetration (12). The sheet leaving the press
on a slight angle will provide clean pull away and a mini-
mum of sheat waver (;g,l )« Other factors are: dryer
temperatures; sheet tension going through the press;

teflon dryer rolls; and bowed rolls.
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Increasiie the nip rressure which is influerced by the
above machine v=arl=:-~les will ircrease the penctratic-, This
factor can he dirently ex»lained in the thecrzti cal discussion.
The nip pr2ssure cnru~es a 'arge AP or driving feorre c22:31ing

the fluid tn penetrate the sheet. (Nip prezsure whon in-

cre3sed will in fact decrease the percent rizkuv T the papszr.

Web Variables

Thiz classification can be broken dow: into twn sube
classes; surface 1rd sheet structures. Qne surface property:
nf intere~%t here 1s smcothness which aids ixn re-ilating the
size pickup (5,12,13). Another key property is wettabtility
of the si~fac:, The penetration of size is ta- 3 on rela-
tionships which have already been discusszedi, A ~*thar factor
is the amcunt of inter»al size that has beer a17ded t» the
sheet., The lorser *he amo:-*% in the sheet the 1oz will
he picked up at the =ize pre~s. The distributin  of the
interral size 1z als ir - affect the size vleked up,

'he caonsens»s 32emed U he  nat increasi-~ th~ " er-al size

nf the she=t »i ! decrease the oizkup (3,12,15).

3
3
°
w4
3

3heet s~tructare consists of density, » re size,
mnistiure nontent, and formation., In the density considera-
tionsy the avourt ~f beatiag t'me (3) which aids fiber
packin-j *he type of wood which influences individual fiber
susityy the amrnnt of broke added tn the stock slurry which

affe~ts ' ‘'ar, “iv'r length, and fines; a»d nther additives
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must he conaidered. Thene sheet density affe-~ts are agreed
spon by a number of authers (32,12,15,26). Iacr2asing sheet
density will decreqse oo~ =1ize which, from thes pruvious
discussinn of Washhurn's 2quation, shoul? roduce the pene-
traticn. The d2n3'tv couli also have an affect »- the free
enerzy of th2 sheet, which would change the coatict angle
and therefore the wettability of the sheet. I :rzazes in
the sheet density due to the above reasons wi'! de:re=2se the
pickup (15)«

The vore size which is partly due to refining and fur-
nish as an influential factor is agreed upon »y Clarke (22),
Dappen (23), Durfy (1%), and Lee (20). The pores perform the
disservice of lettinz water into the sheet sc¢ the surfact
size is adda2d i+ roduce the aumher and/sr size [ the pores
to reduce wettabllity.

Increasing *he radius 1~ the Dupre equaticn decreases
the driving forc= w~hich should lower penetratin~., It should
howsver, from the ¥a:kbarn equation, 1-°creaze the rate of
nenetration. Ti .ce the 4P irn Taore's efgq:ition s altered
by the nip pressure larger pore sizes sho:ild iqcrease the
penetration.

The moisture content next in line for discussion has
many stat=d ranges, including 3-35% (17).and 5-12% (5,10,
15,13), Optimum moisture was stated as 127 by 2 coaple of
“e authors. The moisture would possibly affect the free

2ergy of the 353114, thas increasing the contact angle,
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It may reduce the driviac force, and inhibit the rate of
penetration through the ~23ina2 of t'2 an7l . as p-oevinasly
discussed.

Pick:r i¢ increased '+ increasing moisture witni . the
above 3tated ra-gdes. The 1iast variable i3 she2*t f--m-tion,
nader whi:h comes uniformity, desired in this study 7. some
auth-~rs (13,2%). Reif (25) says that the prese ¢ f fines
on a sheet surface gives maximim printing characteristics.
He also says thelir distribution in the sheet is of ,tmost
importance he-ause of their relationship to pore siz~.
SHEET PROPHRTIZS AFFZCTED BY SURFACE SIZING

In the strenoth propaerties category the burs: and ten-

sile and f~1d will increase with increases ir the surface

size (4,8,10,14,17,18), Tear is not reallv azree’ ipon by
all, Durfy (14) claims it decreases with surfsc: size in-
creases., Dreshfield (4) states tear increases with surface
3ize increases. Walker (20) argzies that teat streasth is
not improved, btut it he efits indirectlv fr-~ reduzed stock
treatmz .t providing dr’ ~z is osntrolled, Thitsoo and ?ahey
(18) conclided inrere is na affect on tear.

T~cluded °~: the surface properties is-sm~otnness, which
many agree is improved by surface starch (4,2,10,11,13,17).
Fuzz, 2 bis problem to the industry is decreased by applica-
tions of starch o the surface .of the sheet (4,8,11).
Improveme~t in er-»sability is gained by the incrz2asing of

the surface sizz (4,9,12). Pick resistance is improved by
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increasing the amourt of starch on the surface cf the web

(2,10,13,16)., Scuff resistanre, Dreshfield (%) claimr, is

improved by increasing the sirface size.

Ik 2bsorption and water absorption, factors cc-isidered
2s sheet wettability, are bnth considered herc, ani noth are
altered by surface sizing (12,18).

Optical tests reduced by increasing the surface size are
brizhtness (11) and opacity (18). 6Gloss is improved by sur-

face size (18). Two summary tables have been compilzad. The
first ralates penetration tn each of the material, machine,
and web variables, and the second relates pickup o each

variahle.
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A

TABLE I

INFLUEICE O VARTASLES 2. PENETRATICN

TYPZ O VARIAZL S PENETRATION PE iZTRATION
IICREASES JECREASES

MATRTAL

Higher annlication temner-=ture 3,11,14 5,17,18

Hicher viscosity 10,18 5,12,19

Hizh2r solids content author

Solution instability 5,7,8,17
MAGHINE

Increasing nip pressure 18

Increasing recll loading 12,15

Increasi=ng roll hardness 12,15 12,15

Type of material (roll) 12,15 12,15

Increasing sveed 14

Increasiag drier temperature 12,15
WEB

Increasinz internal size author

Increasing beatinz time 3

Increasing pore size 14,20,22,23

Increasing moisture (5-12% range) author
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TABLE II

INFLUENCZ O VARIABLES ON PICKUP

: PICK UP PICK UP
TYPE OF VAIIABLES INCREASES DECREASES
MATERIAL
Increasing temperature 3,14,156 17,18
Increasing viscosity author
Increasing solids content 12,15,16,18
MACHINE
Increasing nip pressure 12,14,15,17,18
Increasing roll hardness 12,15
WEB
Increasing moisture (5-12% range) 3,5,10,15,18
Increasing internal size 5,12,15
Increasing smoothness 5,12,15
Increasing sheet density 3,15
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Table 3.

Sheet Properties

TYPE OF
PROPERTY INCREASE DECREASE UNCHANGED
Strength
Burst 4,8,10, 14,
17,18

Tensile 4,8,10,14,

17,18
Fold 4,8,10,14,

17,18
Tear 4 14,20 18
Surface
Smoothness 4,7,10,11,

13,17
Fuzz 4,8,11
Erasability 4,9,12
Pick
Resistance 7,10,13,16
Scuff
Resistance 4
Wettability 12,18
Optical”
Brightness 11
Opacity 11 18
Gloss 18
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EXPERIMENTAL

The obhjectives of this laboratory studys, cornduizted on
the vpilot paper machine a3t Vestern Michizan University, using
Penford 7Jum 230 as the surface size,being aprlied to a +5#
sheet in production consisting of 50% hardwood, 50% softwood,
and 15% clay, f21ll into twn hasic categories: to study the
effects of starch vickup on sheet propertizs and to relate
the degree »f penetration to these properties. More speci-
fically, the sheet nroperties to be evaluated will include
the stre gth properties of tensile, elongation, tensile
enercy absorption (TZA), tear, burst, and wax pick. The
surface properties of K& Ink holdout, smnothness, and wax
pick ani the structural properties of stiffness and air
permeability will als» be evaluated. In examination of
increased pickup, the factors of temperature, snlids, and
viscosity will be looked at in terms of their inflvence on
the pickuop, sheet properties, and penetration.

There ar~ four zrowps of orocedures followed in this
report, consistinz of; preliminary, run conditions, starch
application, and testinc.

PRELIMINARY PR0OCEDIRES

Sixteen five-gzallon buckets were coded each to receive
starch at the correct snlids, which were adjusted to the
richt temperature before running. Sixteen jars were also
used in order to save starch solﬁtions for viscosity and

s~lids testing.



Stock preparation w3 the next order of business required
bef~re the pi3permachine run. The furnish co~siszted of 50%
bleached, Araft hardwood, 577 Samoa softwood, 157 3.W.W. clay
filler, a d 2% alum. A Hellander ‘type beater was used which
handled a charze »f 220 noands of dry fiber. The f~1llowing
weights were addad in oven dry quanfities for the fiher and
other additives; 110 nounds »f hardwood pulp, 110 nounds of
softwood pulp, 33 rounds of clav, and 4.25 pounds of alum.
Bach of five heaters was: charged and beaten to a Canadian
Standard Frecness (CSF) of 440 I 15 ml.

The starch was orepared as follows: U41.5 pouids of
Penford gum 230 were added to the starch c¢ooker and heated
to 1950 F at 20% solids, where it was held for fifteen minutes.
This snlution was siluted to forty gallons, and four of the
five gailon c ntainers with corresponding code far solids
were filled.

The rema‘nin~ starch was diluted to 13% solids, and the

s F at this vpoint. Again the

temperature fell to aboutllgﬂ
aporopriate four hucket~r were filled with this starch solution.
NDilution to 10+% snlids was the next steo, and the starch was
rshe~ted to 1207 F with steam. The appropriate four buckets
were then filled with starch. In order to obtain the last four
sample=, sevanteen vounds of starch were added to the cooker
2124 diluted to 7% snlids, where it was cooked for fifteen
minutes at 1950?.

The solids I had anticipated I did not reach, so an

alternative canking method is suggested here. Remove the samples



from the cooker at abonut 2% more than desired and draw off
only about 43} 23alloans. Then when the rin is start=d4, steam
can be 2added fo raise the starch temperature t» about 150
above the desirad run terrmerature. The solution shoild then
be diluted t» tre five gallon mark with hot water of equal
temverature. Cooling water 23an also be addsd *t» reduce to
the desired temperature for the run.. This will give a wmuch
better snlids control.
R'™ COMDITIOYS

Paper was made continuously on the thirty-inch wide
Lounis Calder Papsr Machine at Western Michizan University.
The sheet wnas 2d4justed to L7 pounds basis weizht (25x38-500)
with a machine speed of eizhty feet per minute. The average
dryer surface temperature was ?550—2600 F with 2 438 moisture
entering the size press and a final moisture of about 5%.
The pH was trimmed to 4.8 with sulfuric acid. Rosin was added
continuously at the mixbox at a rate of .2% based on the fiber.
This was obtain=d by dAiss»lving five nounds of rosin in fifty
gallons of soft water.
STARCH APFLICATION

The temper=ture of the starch was raised to the desired
range by direct steam he~tine or cooled to range by pouring
water on the outside of the bucket. ©One feed tank of the size
press was filled,and the starch was circulated to the tub and
showar of the size press. The size press on the pilot paper-
machine is a verticle size press with a rubber bottom roll and

steel top rnll. While the temperature was being adjusted with



the steam coils i1 the bottom of the storaze tank, the next
starch was prepare'. When each starch solatinn reached the
desired temmeratura, the reel was flagged as the start of the
run, and shortly after a “wentv foot sample was saved from the
roll. The next star-h samnl~ was then added t» the second
tank, adjusted to temverature. The roll was flazged as the
end nf this run. The new starch was then circnulated through
the system , and the above stevs were repeated. Table IV
rives the sequence nf temwerature and solids us=2d. The solids
ware checked bv evaonration of a samovle of each starch solution.
TESTINT OF SAMPLES

?or these tests devmendent on basis weight, averaze test
values were divided by a ratio of the average weight of eacth
type paper divided by the average weizht »f the run (46.4
oounds).

“nr the tensile, elongation, and TEA te3ts, four-inch by
twenty-five-millimeter samples were cut. The Instron tester
was used for elonzatinn, tensile, and TEA tests. The TEA was
calculated accordinzg to fhe equation TEA =3.774 times the
integrator reading. The 3cheffield Smoothcheck was used to
test smnothness,with the average of five tests per side being
recnrded as the smoothness for that sheet. Porosity was tested
using the Scheffield Porosimeter with the 3/8-inch diameter
holes. Agai~, five rea”ings were used as the average. The
burstinz strength tests were recorded as the average of three
~2adings per zheet, with one test felt side and two wire side

om the Perkins Mullen tester,
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TABLE IV
SAMPLE TESTING SEQUENCE

SEQUENCE # SAMFLE SOLIDS % TEMPERATURE
_CODE F

1 AW 18.0 185

2 BW 13.1 185

3 oW 10.8 185

4 DW 7.1 185

5 AX 14.0 150

6 BX 13.1 150

7 CX 10.2 150

8 DX 7.2 150

9 AY s 120
10 BY 11.6 120
11 cY 9.9 120
12 DY 6.8 120

13 AZ Sa® 92
14 BZ 13.0 92

15 Ccz | 10.4 92
16 DZ 6.6 92

a This starch solution ran long enough to collect a 16 foot
sample but then became too viscos to be circulated. It
was diluted before a solids sample could be obtained,

b This starch solution was too viscos to ren at all. No
sample was saved for a solids sample,
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/ The Dennison Wax test was run on each side of five
samples. 'In differerze was found between the f~1t and wire
sides nf the samrles,

The Elmendnrf Tesr tester was used to test s-mples in
both machine 711 cross machine directin~n.

The “urley 3tif "mes~ *tester was used tn t2=t samples in
hoth directions. The averaze of the two sidad swin- was used
for the value roported fnr the sheet.

For the X&%N ink test, ink was spread on a zlass plate.

A rubber roller was rolled throigh the ink, which picked up

an ik film, and the film was then transfered to the sheets

of paper beins tested. The ink was allow~d to n=netrate for
twn minutes then scraped off with a metal spatula and wiped
clean with a3 cott~n cloth. The brichtness wa23 m»asured on

the anivnked ani the inked portions. The inkesd brizhtness was
divided by the paper hrizhtnesszs and multiplied by 1100 to give -
the revported valua., A hizh values is equivalent to z7od hold-
nut of ink. The Wlrevho was 13~d to test the<e »rir-htwesses.

The percent pickiun by the sheet was determined by analyzing
for the total starch i= paper using TAPPI Standard T 419
su-70. The <-mples were corracted for turbidity due tn the
suspended fill=2~ hy standardizing against extract from standard
samoles of paper which contained no starch. Table V and
Tigure 4 presert the calibration curve values and curve
respectivelv f~r the starch determihations.

The 1last test wa- a tapergrinding process, conducted

aceoardinT tno 2 nracedure ~f Wink (31), to study the depth of



penetration., A vacuum plate was made by the machine shop in
the Physir~s NDepartment at Waste-n "ichizran 'Jmiversity which
held the paper s2mples to 2 ground to its face. A .NO4 brass
snim was placed under -~ ead of the plate, and the plate was
magnetically held t»o the ~rindirg table. A vacuum was pulled
usinz an indvsatrial t-ove vacuum cleaner with 4:31 motars,
The samples w2+e oroind with a course stone by the surface
griider i the Physics Dep~rtment. Mr. Richard Dourbin
verf-rmed the -~rindinz and is here thaxed f»r his contribution.
A 3/%-inch ~rind was made nn each side of the sample. The
samples ware measured for depth of grind on a caliper tester
and ma-ked accordin~r tn remaining calipe~. The samples weare
then stained with potazsinm iodide, iodine solution. The solu-
tion was apvlied by a paint hrush on the groind area. Where
the sta~ch could he detected as partially removed, a line was
drawn. The oricinal caliper minus the caliper at this line 2
determined the depth of wnenetration.

Tarle VI is a chart summarizing the number of samples that
were tested and the tests that were evaluated in this labora-

tory studv.




milliters

et 2 g/l

CALIBR:TION

CURVE DATL

FOR REL.TING

S7ARCH

CONCENTRATICN AND ABSORBANCE

starch
~olution used

~t2rch concentrntion
mrillirrems ver liter

Absorbance

5 10 .130

10 20 .265

15 30 .417

20 40 +545

’5 50 . 7100

TABLE VI
NU¥BER OF JAMPLES TESTED ANLD AVERAGED
™0 RE PLCTTED AS ONE VALUE
TEST NUMRBER CROSS MACHINE FELT
OF 7F3T3 TECHIT WIRE
Stiffnes- 20 X
Tensile 25 X
TEA 25 X
’

Elongetion 25 i
Tear 20 X
Smoothnegr 25 X
Porosity ?5 X
Burst 25 X
Dennicon Wex 10 X*
YeN Ink 10 x"
Deoth of -
Penrtration 4 X

¥ Tach te~t iv “re evelu=tion of one side
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Table VII summarizes the test results by litting signi-
ficant 4Aifferences bhetween types of paper far their stated
property. The temperainure of starch aovplication evhibiting
the hest performance for ea~h paper property is listed. The
best performing sheet is listed above the slash line, and the
samples of maper over which it showed the mnst significant

Aifferences is listed below the slash line. For example,

the tensile tes*s most improved by starch application in the
low range (1%-2%) were the 18509, 1500, and 1200 (all others),
a-d the least improved tensile value was found to be the 920F
starch anplicatinn. Tests like this with more than one value
ahove and/or below the line mean that the multiple samples
showed the =s1me or n2arly the same resultes for this test.

The followin: discussion 1s aa in-depth look at the
resilts of the testir~ summarized in Ta»le VII. Each area
discussed will he fallowed bv the fizures apnropriate to
discussion.

SOTLIDS, TEVPERAMIRE, VISCOSITY, PICKUP RELATIONSHIPS

Figure 5 shows the rclationship of the solids to the

viscositv =2t constant temperatures. The starches at less than

107 solids in the 1200 @ {5 185" p range all maintain about
the same viscesity. From here they spread out with the high

temperature raridlv increasineg in % solids but slowly



T+BLE VII

TP DR

"RTIES EVLLUATED

BEST TFRON TR/ WORST PERFCORER

TEST

STRENGTE
Mullen
Ten~ile
Tear
TEA
Elonration
We x

SURFACE

1-27% Tickup

1720 ‘a2
others/92
120/185,150
185/o0thers
185/150

120/92

¥&N Tnk ‘bsorbance 185/92

Smoothnecc
3TRUCTURE
Stiffness

Lir
Permeability

185/150

92/185

185,150/120,92

3-6% Pickup

150,92 /120
185,150/120
120/155.150
185/1°20
185 /120

185/120
a2 /120

92/185

185,120

6-8% Pickup

92/o0thers

92/150
92/150
185/120

150/120
150,120/185,92

92/150

185,150/92




increasine in visconsitys. The 15-’)q F and 1°Oq ? starches follow
abo:t the same sl-p:» of 321145 irncrease over tha vischsity
inc~rase., The ircreme *=1 ircrease in so2lids produces more
nf a1 increase in vizcesity. The 920 # starch h2s a nearly
linear relationsnip with 1increasing solids versus increasing
viscosity. From here tren viscosity can be held lower with
increasing solids by increasing the temperature.

ficure 6 shows 301lids versus pickup at constant temperature
and constant viscosity. TFrom here it is apparent that a sharp

7 so0lids will not zive a large ‘ncrease in pickup

increase i=
at any temperature until the 10-11% ran-e of s»lids is reached.
Prom here small increases in % solids will sharnly increase
the pickup in all temperature ranges, with the largest effect
n1 the 1?,0O F starch. At constant viscosity solids can be
doubled by dnubling temperature,and pickup will increase about -
four times its previous value.

Figure 7 is an operating curve for Penford Fum 2°20.
From this plot it is possible to establish a desir=d pickup
and then chnose 2 set of nperating conditions which will give
this pickup. For example, for a 3% pickup, 1850 F co11d be
applied at 8% snlids 2and a viscesity of about 25 cp. At 150o
a2 9% solids would be needed,and the viscosity would be about
32 cp. 107 snlids would be needed with a viscosity of 42 cp

for operating conditions at 1200

F. At 920 F the viscosity
would be about 84 cp, and something over 10% solids woild

have tc be used,
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These three fizure~ show that there is i1n intimate
relaticnship betweon visc~sity, 3 solids, temperatire, and
the % pickup which is in:-pzrable. Accordi-z tn izure 56,
belrw the 10-117 s~lids r= ge, neither solids now temperature
have a very vr~at e“fect on nickup because »f changine vis-
cosity. At 2 constant viscosity, however, onickun c2. be
increased almost linearly with simultaneous temperature and
s~lids ircreases, Viscosity, therefore, has nn influence of
its nwn ~1 the amount of pickuv, but the solids and temperature
have a siTnificant combinnd relationship t» wnickuo.
PICK"P, PENETRATIO{, THWPERATURES, SCLID3 RILATIC iSHIP

Firure 8 shows that below 10% solids and atore 11%
snlids, the amount of pickup will vary dir-=ctly with the depth
of penetration. As the depth of penetration increases, the
7% pickup increases. In the 10-11% solids range, increasing
the devoth of peretration has little effect on the 7% pickup.
This is the ran~a from Figur~ 4 that showed a sharp increase
in pickup for a sma'l increase in snlids. At this range also,
from Fizure 5, ths viscositv began to increase ravridly. For
this range the, it appears that pickup increases as the pene-
tration increnszs, due to an increa=e in viscosity. Above the
11% range, % pickup ihcreases rapidly in relation to depth
of penetratinn, with rapid iwcreases in visconsity. This starch
seems t» underzc some type of transition state in the 17-11%
r~n7e which alters the relationship of vpickunk nen=tration,

and viscnsity.
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Figure 9 shows th2at temperature has a marked effect on
penetratinn at a cHnstart 30lids.  The denth »f penectration
raaches a peak in 2 Jdifferent s0lids ransze for each temperature.
This zraph then tells thet the depth of penctraticn will v-ry
accordins to selids level »7 each different temnerature.

Fimyre 19 shows the r-lationship of solids 2.1 pickup at
constat temoneratire and denth of penetration. This indicates
that small chanves 1n pick:p at constant depth »f penetration
requires changes in % s»1lids. The realationship between % s»lids
And temperature i3 ae denendent that neither can be isolated
a3 the most influential on the depth of penetration.

BURST

For the low pickup range (1-2%), from Figure 11, all
values were close except the 1207 F application, wnhich gave
the most improvement. <The starch for this samrle was found
closer tn the surface than the other samvles. 1t could be
agssumed that the sta~ch n=2arer the surface will improve
burst more rapidlv than nenetrated starch. This theory is
supported by the 1°50 F application, which after its increase
in penetration and retur: towards the surface, it regains the
initial sl»npe increase. The 1500 F starch reacted completely
differently as the starch venetrated rapidly, but the strength
improvement was the same as for the 185o and 9?0 F applications.
The 92” F starch maintained the most constant increase in
burst strencth ahove the 3% raAgé. The penetration at this
point be=an to increase gradually-'which caused the change in

slope, ponssibly in preportion to the amount of increased depth
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of penetration. Therec 1c 4 lirear increase 1n burst strenszth
to the 3% ranc2 which seemz t~ “e optimum for strenzth improve-
ment per pound of pickup. It conld he concluded that starch
clo=er to the surface gives the hest improveme~:t in burst

strength.

<]

TENSILE

Ror the tensile in the low pickup range (1-2%), from
®icure 12, the 1?00 ¥ starch gave the best improvement, as
it 4id in the case of burst. As the starch began to penetrate
more, its strength improvement began to increase less rapidly.
In the 3% ranze, the 1350 starch has a far superior strength
than the 920 starch. Both of these starchea were at the same
depth of penetration, which tends to discount the surface
starch theory. The best improvements are seen in the 3% range,
again on a per voind of pickup hasis. ror tensile strength
improvement, it wnuld be hest to aim for 3% pickup and apply
the starch at 195O 7
TEAR

Ricuyre 13 shows that a1y application of starch will
decrease the tear strength. This is probahly due to the fact
that increas~d bonding will decrease the tear strenzth. It
may also he related to the stiffness »f the sheet. Some feel
that the stiffer the sheet is, the low2r the tear strength
will be. This factor does not appear to be mnre influential
than the bonding factor. This is seen in rigure 14 as the

0

stiffest sheet, the 22 ° F sheet,dnes not have the lowest tear

strensth in the 3% pickup range. From Figure 13 it is seen



mmER

ERER =1- ESEERE

I R

-4

ey
=
]
L

1
H

H

T

11

T

U SEEENSEEES &1

BRSNS NEREN B

IS IRAREBNNES &1

1
11
Ll

I

- 41 -

I

BT

o

HHH+ HE-

88 a6
1




T

Buss

L2




|
1

___.,_,L__,r-..

}
]
1
|

SO WS
i
|

e

|

4

|
i
|
l

b
- 0 pm—
|
{

{ T

| |
-— ) S -

'

}

I~
i L]
HanY

TabHAGtHoE d

[

t




- 44 -

that starch annlicti-n 2t 120" @ is best for least strength

loss in tha 3% rance. T“rcanse stremgth is continually lost

ul

from starch Aaprlizasiar, the less starch anpnlied is hetter.
I* is necessars tn =2onle  -ar2h for 1ts other henofits; and
tharefora, it shonld he armniied at 1?0O F in the 2% pickup
range.,

TIFFLESS

(@]

[S

Figure 14 shews that the Q?O F starch acplication is
best f-r the most rarid i crease in stiffness up t» the 3%
raige. The 195n * starch, which has the sam2 venetration as
the 9?q # starch , has the lowest increase 1w stiffness in
the 3% ronge. The sti“fness apparently is not related to
penetratin~ i» this range. for the most part, azain the
stiffress increase is hest up to the 3% pickup range. In this
range, the 92" ® starz» is the bhest t~ usz2. It i3 seen that
p st the 2% pickun ranze for the 1950 ? starch, there is a
marked i-screasze in stren7th almost equal to the increase in
the 37 range., Yhat this means I do not know.
T=A

Frem Figire 15, the mnst rapid increase is obtained by
the 1".50 starch anplication in the 3% range. These resul®s
parallel exactly th2 tensile strength results. For starch
anplicatisn at IQSQ ™ 21d in the 3% pickup range, the mast
ranid increase in strenzth can:be found., It is therefore best
ta u3e this »inee a4 temperature for optimum strength improve-

me 1t.
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ZLONTATION

The 7 elonn

Fr-m ] -jre 16 is alm:a3t a» exact

Uy
)
o+
to

D]
3

replica of the t=2-:ile nlnt, In fact, placi .t ~ne over the
other wauld alm-st canse ¢ s-c¢ond one to vanish. 1t does
not apopaar that any corr:l2tion can be found “eiwean 7 elonzation
and the devth Hf peretra inna, It can azain »c s1id that the
3% pickup range Tives the maximum incr-ease in elong2tion
nsine starch % 1QSO F.
NAX

This prepertv is actuallyv a strength ard surface property
and is shewn i» Fizure 17. It is seen here that apvlyinz
starch at 120" = will most rapidly improve this test. A maxi-
m:m wax was fond far this starch of 18, reached by the 37
range for a2ll 3amples. It anpears that there wonld be no
berefit from addin=s more starch tn the sheet for this property.
The 3% nicknp range and any starch apnlication will give :
optimum result-.
K&N I7K APSORBAICE

Fizure 12 indicates that the more penetrated starch;:in
this case the 1600 starch, will zive the hest hnldout in ranges
of 1-2% and above 5% pickup. This indicates tha* the starch
distrihution iz moyre importan~t than starch lumped in one area
of tha sheet f~» holdinzg out iank. For best re~sults in ink
holdout, it would he mo3t ad‘vantageous tc apply starch at 1509
and a per point imoroveme 1t would be maximized in the 3% pick=-

up ranse.
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SMOCTHNESS
The lowe=% vil:2z repr sent the smoothe=t sheets, from
Figure 12. The smnoth = Jdecreases rapidly for all cases,but

N . . .
the 150 ° star~h qaonlicai>~ has the ledast loss i+ smoothness

. Tne 1850_or 9?0 starch has the

Y
L}
ct
D
L)
g
=
L]
)
\){
O
—
J
{‘"
3
|
Q
(0

lowest decrease in smoothness up to this noint. Penetration

cin noct really »2 related L3 smonthness, probably hecause of

()

the initial deptn of peratratisn of the samples. Lor optimun
3moouh1ess, us? as lithle starch as possibla; but if using starch
in the 37 pickup range, apoly it at either 920 or 1‘35O F.
AIR PERMIABITITY

For permeability, the lowest values are the “est, as seen
in Fimire 29, There is a strong improvement in lowaring
permeability in the 1857 and 150" F starches in the first 3%
pickuo ranges., Thezs taper off in the 3-A% raages, but then .
decline ranidlv again. In the 3% ranges, the 1850 and 150O
represent opvoosites in depth of penetration, the 1850 being
1215t penetratad and 1500,most penetrated. There may be a more
uniform distridutinsn i these areas which is causing these to

0 0

be lass permeahle than the 92 or the 1207 st r-hes., PFor maxi-
mumreduction 11 1ir permzability, either 1850 or 150O starch
should bhe apnli=i i1 the 3% pickup rance.

Throushout all *hese tests the 3% pickup range wis found
to be optimum for r-tes of imo;ovement. More improvement could
be obtained, ®it 2: 2 sharp increase in costs. The optimum
temperature was indicated each time far the test. From these

v1lues then, nne coild rzfer to Figure 7 and see the needed
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s2lids to riun =2t t= cet thase sheet properties. The properties
a1d temperatures are summirizel below.
STUVIMARY

1) Burst sireccth 13 improved most by the starch closer
to th2 surfacze, :and the mn3t rapid improveme-t comes up to the
3% opickuvp ra-gn 2t 9?0.

2) Tensila does not support the surface theory, but does
supnort the 3% nilckup range. It also shows the 1‘35(J * tempera-
ture t oo best far strength improvement i1+ this raqze.

3) Te-=r strenéth does not improve with starch 3prlicnation.
It is noces:arv t~ improve sther strenzths "B ap.lication of
starchs 141 thare®ore, the 120 7 starch i3 recemmzaded in the
3% pickup range becanuse it zives the least loss in stren-th.

) Ttiffness is increased most by 920 ® 3tar~ch application
i1 the 37 pickup r-nze.

5) TE4 parallels the results of tensile, and the 1850 F

application at the 3% pickup ronze is best.

5) Per czt elong - tinn is 2 cuplic=ting of the tensile
) I ' 0 . .. .
and TEA resalts. This m22:33 that 1257 and 3% vickap is most

desira»le for imourovement of this test.
7) "ax is best imorovad by a 3% pickup ~t any temperature
apnlicatinn.
0 . . N . . .
3) The 157" ™ application of starch is hest for improving
ink held~ut i1 mo=t nickup ranzes.

. . )
9) Apzlying starch at 185 or 920

and keepinz it below
she 3% pickup ranze will minimize smoothness loss due to

starch ap~licatinn.
L
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10) The optimum temperatures to apply starch at in the
3% pickup ranve for be=t reduztion in permeability are 1850

and 150° 7.
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CONCLUSIONS

Viscositv has no influence of it s own on the amount of
pickup, but the snlids a~d temperature have a siznificant,
inseparable rela‘ianship an the amouﬁt of pickup.

There is a transitinn state in the 17-11% snlids range
for this starch which alters the pickup, renetration, and
viscosity relationship. 'The depth of penetration ias also
inseparahle from the solids-temperature relationship.

Each sheet property has a maximum rate of improvement
up to the 3% pickup range for this type paper and this starch.
The most beneficial temperature has heen reported in the sum-
mary, and the necessarv solids can be read fr-m Figure 7 to
give these results.

It can not be proven from this study whether the depth of
penetration has any strong influence on sheet properties or
nét. From the results herein it appear~s that penetration has
little effect on most properties. %t depends on one's defi-
nition of "surface" starch. For the most part, the penetration
started at .8/1999 inches, so can this be considered surface

starch?
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S"AGESTIONS FOR FIJRTHER STUDY
Make a study similar t~ this for other types of starch
to see if there is a trasition state in 2ll starches or just
this »ne.
Take paper with the base qualities discussed i~ this
papver and cnat them t- stady how surface sizing influences

coatine.
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3p3lin  PERVEABILITY W
50.75 60 18
46,53 69 18
45,32 70 18
44,48 78 17
48.29 60 18
46,21 70 18
45.15 74 18
45.24 78 16
47.64 60 18
46.55 74 18
46.76 2 18.
44,74 86 16
4.5 77 18
48.75 76 18
46.21 87 15
45.43 95 7

47.08 ‘83 7
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TABLE VITI
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TEA TEAR STIFFNES® F&ENIHK PICFUP VISCOSITY %<SCLIDS LEPTE OF

L HOLDOUT PEYE"R.TICN
1318 47 3.9 53.3 9.94 55 18.0 .8/100C
1171 47.4 3.25 52.4 8.17 54 13.1 . 9/1000
1020 47.8 3.05 52.5 3.21 21.6 '10.8 .R/100u
754 54.2 2.9 48.2 1.78 31.3 7.1 .B/10uC
1297  45.5 3.3 55.9 11.05 90 14.0 .8/1000 :
1120  46.4 3.2 53.7 7.10 59.5 13.1 .8/10G0 4
991  48.7 3.1 51.7 3.30 32 10.2 1.15/1060 :
710  53.5 2.9 50.2 1.96 37.2 7.2 .85 /1000
1163 43,1 3.4 55 10.67
953  48.5 3.35 51.9 5.95 66.2 11.6 1.10/1000
806 53.5 3.3 50.8 3.G3 41.3 9.9 1.00/103C0
678  53.1 2.95 247.4 1.36 7.0 6.8 «6/1000
1202 49,8 3.75 53 8 146 13.0 1.10/1000
957 51.6 3.6 51.1 .14 88.4 1C.4 .8/10w0
681  55.2 3.2 47.2 1.69 34.2 6.6 .8/1000
665  59.3 2.55 42.8
623  59.3 2.45 43,2 1
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