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Thaw;ffagt of Jargables on the Penstration of 3Jtaroh Applied at
ths sizs Praus:|

Cre litorzturs from 19077 until the present woez gearched ag
it relstee L. 'he htovs fopic. 4 wu. erzarizad in%c three areus,
Tha first roletes Lhe roasuns for surface sizing 2 sheet and hoy
panetration affects 4 -eame The second topié atates th‘USeliafs

as Yo waiioh variabizye affeet penetrtion and how they are halisved
%o afroct 1. Tne last ars: concsrma the work that has baen doms in
this £iaid. Inis work has besn lasking dus to a lack of good
prossdura, aome wor- has been dons om atareh coating adhesives and

this waz searchsd for useable Technique.
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Reasons for 3urface iizing:

To determine why a sheet ie surface sizad it is, first of
all, important to define sizs., It has been d:fined by 4.l. Lreshfield
as, (1) ® any ochemical, other than bleach, fillers, pigrents, and
dyes which ar: added to the papermaking furnish or subsequently
applied aftsr the wed is formed which alter thoss characteriatics
of the sheet that relate to ite rssistance to the tramssudation
or absorption of liquids whioh osme in ocontaot with ithe web." ia this
definition states there are two basic types of sizing: internal
sising and surface eiming. In thie case the latter i3 to te discussed.

Surface sizing oan be stated as a method of altsring the
surface charagteristice of a shest. :t is applied to(2) increass
smoothmness, lay the fuzx, improve scuff-resistants, increase ressist-
ance %0 liguid penetratiom, (3)sontrol evemnaess of ink penetrationm,
and i{nerease surface strength, notably eurfuce piok and printability.
it 1s usually etated that to havs thoss actions acsomplished the
sise should remxin on the surface and not penetrate the sheet.

In most ocaees,(4/ the forming of a continuous fils of aize is the ideal.
fhen the sising eagent is oonsidered starch offers some advant~

ages. 3tarch has bdeen found (2, to have higher strength, lower

acidity, and greater veight whem used in the sheet in piace of rvsin,

starch has been found %0 do a good job in meeting It.hc needa of a

surfacs slzimg agent. itaroh improves the phyeisal praperties of the
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sheet. It improves (1) the burast and reduss surface fuzz o a _arge
degree. It aids the following properties to 2 izaser dsgree: tear,
fol% rattle, scuff resistance, erasability, amoothnees, and fasl.
It (4) also keeps printing inks on the sheet surface.

There are several types of starch avai.abla., Ths tvpe of base
starch determines to a large degree the future uses. The initi&gﬁzia—
cosity, per cent solubility, and degree of water rateniion amust be
taken inte ocn-idontia*.hon making the choica of staroh. Then
there are several msthod; by which the starch can bde dogradod(5ﬁ to
make 1%t useable at the sixze press.

The etarch choice is indicated by mashine and shest variables.
The machine speed and type of size proau(fgimgﬁy machine variables(3).
The furnish of the sheet affects *‘he ease with which & shest m;;“;:~
eized and hence the starch choice. The amount of internal eizing
oan affect this choice. Besause of the water solvent of the size
solution the meisture of the web at the point the aize is applied
is vital. The sixze particle that can be used and its ratention ise

influenced by the amoothmess of the basic sheet.

The method of modification of the base starsh that is ussd the

e ’

Fa \ 0 Yo Lol
.ﬂ—fktg:fgio (%) chlortnxtfon. This is because, ™Mrere ie a lesser tendency

of jelling than with other typees of conversiom, little or no etratifi-

cation and sxoeedingly good film, and little or no tendenoy to

foam."



Beliefs of Penetration:

There have besn many ideas concerninl penetration. Thay osonsarn

&V

two basioc idems. If penetration is goed or bad, by wiich ie maant how
does 1t affect the future use of the sheet ani what are the economics.
The second is, how to changze the degree of penstratiosn of the siza,
The thecoriee in this respset san be divided into thrse groups.
These are the machine, sheet, and size solution variablas.

Tho most general equation found of pemetration of a liquid

in a sheet was by R.M. Oobb(6). _,‘( S /F{"“ Je~ r{‘J?Lr-v"’d) ] )

12= 2 s 00 t
2 A4
1 = depth of penztration in cm
r = pore radius in om
o = surfase temsion liquid in dyne/em
© = emtact angle
+ = time in ses
M = goefficient of vissosity in poises
This equation deals with variables relating %o all three groups.

.

Of the variablee of the sizs solutiom it too;atho most important
is the viseeesity. Other wariablee appear to be Ln;—);rtant only ae
they affect the visaosity. The penetration, as can bs ssen from the
Oobd equation, is inversely preportional to the squara root of the
visscosity.

To increase pemstratiom (4) to improve stremgth the solution



should be kapt as not as practical {17011963. sepolymerizel starch
producte insure thin solution and inerasase psmetration. [he ahart chain
( modified corn atarch was suggested as one good material. The solids
'\/‘\\\contont of sizing ia important as to its sff3ct on viacosity,
yyy In the sheet, as in ths sizingz solution, there urs ;rizary
and secondary variadles whiech affect ths panetration. [hs capiilary
pron-ur.(?) on the surface of the cheet will pull the sclution
into tho sheet mors if 1t is high. This ie determinsd by the dspth
and radius of the eapillaries in the eheet. Thess ir turn ara a
result of the (3) density or bulk, (1) porosity, and manner of refianing.
The amoothness of the sheet will affect the capillary pressura and{2)
also the contact angle between the sheet and the asclution. Ths
type of pulp being used affects the ability of a shaet to be sized
and probably(3) affeots the penetration. The amount of internal
sizing that has been done and the migration of the slze in the sheet
will affect the penetratiom, the more the intermal size the iess psne-
tration can be expected. The moisturs content of the cheet at the
time the sheet comes in contact with the sizing solution ssems to
9 , be ef major importance. Tyo raange of moisture content is pptimum
' (\‘ between five and twelve per cent (9) with the panetration inesressing
! with the moisture content in this range.
The most important machine variable im surfass sizing is the
method of appliocation; size tub or size press. The tub offers
maximum penetration and also greater size pick-up. The size press(lQ)

pilck-up is twenty-five per cent less than the eize tub piaok-up.



The size press itself offers many variables 1¢ zi:s senatrailon.
The nip pressure of the press will sithsr (%) fores the size into
the sheet if the solution viscosity le low or mi‘}_ssuweza a nizn
viscosity solution off the sheet. The rolls (¢, should b2 of 4iffarant
hardnssees. ieneraliy, the aofter the roll ths wore uick-u;r ef girze
due to wider nip line, The hardness of the topr ruolil il ; of ihe
press must he fitted to the molaturs content of trhs soast as 1%
enters the press. As the moisture ef the shaet sefa nirher ths
roll sheuld get sefier. ihe diameters of ths roils {(}) have a
dirset relationship to the amount of roll loadir. rajyuirad. The
result of more loading on the press is less plok#up .f sizs, Ths
dwell time(10; both in the size solution and protably in the nip of
the press affects the penatration. The longsr the dwsil time the wmore
penetration. If the drive speed of the press (7, is faster than the
machine aspeed a larger of amowmt of size ie piciad up. The sondition
(3) of the prese must be considered aa a variabis.
The The maohine has seacondary variablae which de not directly
affect the psnetration but alter tne direct variabiss. The maakéme
spesd (1) will affect the dwell tlime and may affect the moisture
ocontent and sheet formation. Ths pravious preseing{7, cf the sheet
will affest the surface of the sheet und also the moisture comtent.
The previous drying will aleo affect the moleturs sontent.
Gat has besm done:

The amount of information that nas beem gathered in the area of
size peneiraiion ie very emall. The lack of technique has been

the biggest drawhaeok. A microscople ohaervation by H. N. Lee of



beater and surface appliesd starches(ll) sear to -e the o.iv work
in this area. ('ther worik or the penetration of cezting ainsaivas
with rather exotic procedurss hes heen done. hi:z wi. louked ir-e
for ussable tecimijque.

iee's work showed that surfece applied sterches do roi forn
the continuous layer as would bte heped for in an i{dea. surfacs
application. He studied internel sizing and foime thet) oo fact that
starch car be seen ~nly near the surface and not in the intsrior
of the sheet ies not positive evidence that the papsr heg heen only
surface treated.” This shows that migratien =n the “rysrs iz very great.
Me found that the sterch was on the eurface &f ths Pibers and
filled the interstices between the fibers. Nome of the starch
was seen in the fibers. The penetration was found to bs stronciy
affected ty the quantity of starch appllied and alsoc on the degree
of previous sizimg.

In the studies of starch ecsting adhesives Ussey(12) found =&
relationship to sheet moisture. The wet sheet hax, as was Dalieved,

greatsr penetration then the drier shset.

ocond ition penetratien in vicrone
air dry 52
no slze
vet 272
{ o Oappen(13), in his study on clay coatings found that the

heet surface was made up of hills and valleys hence, it would be hard

to eay just where the surface of the esheet is for deterxzining
[', penetration distance. He also found some of the atarch particlas

w3re possibly too large to zat into the porss of the sheet and



therefore rsmained on tne surface. His photovuiorivsicriz devars

mination of starch seems to be a cocd one. I Lei-sve 1t Wil s

& -ood guantitative methoc for determinatiocn o' sterch ir

cr

projesst.
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