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ABSTRACT 

The work on this thesis has been. conducted 'for the purpose, 

of investigating the effect of two variables ori �he printabi1:ity. · 

of a bleached softwood sulphate sheet; using. a _moistu7e setting. 

ink. The two variables are:· (1) rosin sizing, (2) furnish,· 

namely,· varying amounts o-r bleached hardwood sulphate fibers. 

Handsheets were made in the laboratory with four �evels of 

rosin sizing. and increasing amounts of hard,vood fibers. The amounts 

of hardwood fibers rariged:f'rom zero to 100 .percent.with.two in� 

termediate percentages� 

The calendered ha.ndsheets were then_printed and visually in-.· 

spected for quality of printing ob�ained.,- Other tests. carried out 
. ' ' 

ori. the sheets were, Carson Curl Size Test, · Gurley Softness Tes ti ·

. ;, � ' 
. �" 

. 

Bausch and Lomb Opacity, Bekk Smoothness, a:1� C�liper. :·" 

The experimental rt3sults indicate the following: (l) .rosin 
·,

sizing does not affect printabiltty, when :1-:l-sing a mois�ure setting · 
' . 

ink ( 2) . quality of printing var.ies with varying amoun�s of 

hardwood fibers when using a moisture setting ink. 



LITERATURE SURVEY 



. . 

INTRODUCTION 

· I1iuch work has been done to explore the. variables v1hich< in-
-

.. : f:Luence the _printability of a sheet of paper;' This ·thesis ifJ :;_

limited to the_ invest'igation of .two variables�. :n.amely, varying 

quantities of hardwood fibers, and varying degree's of rosin siz­

ing. Moisture setting ink will be used 'in place. of conventional 

oil drying inks in (3Jq)erime�tat'ion, in· order to ob�ain nJvv inf or-

mation as to· the effect of these .two variables on ·p·rintability� 

The literature survey deals with the �allowing subjects: 

1. Composition and use of moisture set 1n1i:; •.

2. Fundamentals of printabili ty •. '.:

3. Influence of furnish on printability.

4. Influence of sizing on coriventional• I?r'inting. as well as

on noisture set ink printing.

COMPOSITION AND USE OF MOISTURE.SETTING. INKS'. 

::( 8') . .   
According to Erikson and Th;ma/ moiiture: s'et: _ink. may be de.-

fined as a non-offsetting ink which: contains a: varnish' consistfng · " 
,,-'•' ,·•, 'r , ' -.. : -, .,' 

of a liquid polyglycol as a sol vent. . The resin dispe:·/;ef in� the 

solvent represents either a maleic; or fumaric a6ld· •• ·. 'Ynis re�in 

when subjected to steam i111r.10diat�ly afte;, "f)rinting forms. � �hih,

hard surface · film. The pigments used in moistur'e �et l:n.k�·. are· i:n­

soluble in both �Nater and polyglycol. 

From this definition one can readily see the ·difference' be...:
/"'.·� . ' 

tvieen an oil base ink ·which depends upon oxidation for> rt�'· drying,,

and a moisture settinr: ink which dries by precipit
i

atiorn of the 
• ' �...; • 

resin, due to insolubility in water • 
...... ' ' ( The moisture set inks dry

-1-



immediately when the �w-i'ak�· i:ci\ -�xp·o�·eci

and form a hard -thin film whicli p�events offsetting ;in :,tiig:1,1- -�pe.e·d: : " 
.•·. \ 

printing. T'.no precipi ta.ted, resin has a. ,melti;.g pa'int ofc'.i�botit:/.

130 degrees Centig�ade/·v:1hi:6�:is �·�g�er 'than.the '�e�porature bf' 
' ,' 

steam. Alth�:mgh the· resin· .is, i�soiub'fe .in·,,�t�r, it's :;olutl�n·:;in·.

polyglyco,ls has a water tOlerance Vlhich prevents precipft;ation on.' 
·. 

.· .- ': - .. ' '·. ,. - '�)�··,\-�'.'� 
.
: :' , 

the presses while .tho p_aper. is· beii1g p�i!"lted.i 'Tl�e viat�f)"t6lerarice\ 

is high enough to prevent <;recipi tatio11· in a room with; a··relative . 
' .. , -�. ·. '.· . ' 

! ".' .� 

humidity as'.high as 80, Perceilt�< After the ,hard.film fs. f�rmed,:on 
.... • • C � ' 

•• •' : : • • ' ' 1, ; 

the printed surface by precfp:i; :.1ti�n· the remai�ing solvent ;i.s 

sorbed by ,the sheet and the dry'ing i:s. complet� •. 

FU1fDAMENTALS ·o'.F<PHinTABILiTY. ------- ·- -------

Printab,ili ty is. that :P�op�rty of. a· paper. whi.ch:r�'sults i�i.·
:"•".'<'' 

printed matter ... of good quality.·•' T'nis··propert:r,'is\n6t'.�ccurateiy .·
. 

. ."; . . ·•. ·
.
• . ... 

defined at present. It iS. judged by:uniforriiity' qf �oio; :�f_,:the· ',, :•
< : '" .. , ·, ,, ,-

.
: 

. 
,·,�.- ,

. 
- -,' ,:.:.(.-·:·,:>:>��;���-:�\_>/ <;::r' :• .. ,.;<·, __ ;:: .. <;:>.'.� ·::' ... •_,_,./·:,

printed ar'eas � :corit�ast between .pr,inted and' C?lear 0 8.I\�_�.s ,.'ileB�bility 

of the printed matter, and �sBnke::;o_:Bs�hoY/••thl;'qugh�. ·· .It'.·i·�}g6'h,�r;.. .. 
ally belie,ved that the property d:s ·,' rel;8;ted:\t6\irik _r9c��t·i�lt:y', 

''' ., ,, ·,,i: ' ' . ; ,c,{ir· ', 
uniformity, compressibiiity; smoothness, .. and op.acity··of.;the paper< 

It. is. easily seel1>th'1t j)ri�tabtlitf llas. r briacl:���i�g:. t{i' 
sulting.1n'many definitions. similar.lo the orie,just,given�-.>EngEll� 

hart ( 
2 
l t.a te.s .· that prl.:t:�r littJ\ ".. jj�J�'.�[(t�; ll�Yi�c1:'t�1r�r({i\:•:{hi•\\ •. 

iables such s,s: . ink; stock, · pr.inting",:proc�_ss;·_\:press ,:-;:pl_a,t�s·;,: jop / )\ · .,.,·,: <'/ . 
< :'·' .:/,· i  

atmospheric. conditions·, ·and· s6nie�imcfa,-.t;he .· c'�p.ditip:q_,of,C,the',P:r,e·s,f:l:,/r'·,::: ··
. . ,., ,( 3}, , , :, ;·. :•i\:: /C:, · .. :":,:,,:,:,,: .. \'•.:>• ,':,:-: .'.- ' '. • · :·.,::•: :,> · ... <\:: :;(t>

man himself� Andell·a defiries P.rJrit�bil:tty :•a�: .tp.,a� ':gu�3:�t:f;:in: .. :\i/?i:1:'::.
', ' ,.'--_:"' ,,·•,:'.,::,\_:;,_·, .. · .':,·�.,,:·:

,,,:.·�. ->-�; ... '/i:!/.,,:: . .':->.',:�_:.,··<'}J:.: .. '.\,
paper that le.nds itself wel;t.i,to .,._fai}};?-f:ul:.:F.� produc�i.?:t:1:·91 .. J?�A�(:)s..t:·:}'::i\':<> 

I i "':," 
, • ,·•, ,' ,, :';'//·, i:_,:·:;':'.: ·-

:
, .. ,�

/'.:.•.,,' ,'.�··.,\_ ,·,:: .. ' • ·f,'•::::;..it.·:,'•,_'• ,·•·:·:\:•'.,'.'\:::-_':�:·:•(•::\�t�: .. :}/i",:,.'·"
sing the 11.ecessary a�fini ty _to_:: accep� -�n�cfro11� a .Pr.i _n�i?,8.J?�.a�_e. ·· :",_ :, ,·

and · .proper�y ••:.:��.:::••./(h�•.· ·�!;::�:;.�,i�.-*'j�:'�:::�:::\•�f;��t;0j���:}it\tit}W:.·•·· 
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( 4) '' 
dot structure. . ?asey repeats ,that pri:n~abili-ty. is 

ately defined property but i_s',:i:, b:t;>ol?A geno;al ,te,rm'. r~ferring to 

the property of a paper which _j"iel1s printed matter of ··a:'.-'g~od '. .. 

quality •.. · IJ.1he elements determ'i_ni11g i tl~e quality of. the print in; • ' •, ,', .. ' ' .,<:? 

are, the. amount of contrast .betyie,en .printed\and:• .. unp'rinted ·area~,· .. 
. . . ' ,., ' , ' ,- ' '. ·. . ,~ ' ' . . ' . : . . -~ '· 

the uniformity of. solid and' halftone,' are as' 'the ·leg:tbfli tir of' the' ' 
. . , ' ' . . ,. .. . . .... ; '. •' . ·••., ~'' ,. 

printing, the finish of the·. priritei an'd unprfnted areas· ancl' 'the, 
'"..:,··; 

presence or absence of show through. · 

VARIABLES IU THE STOCK USED .' ... 

The most important .variables affecti:ng printab:i_lity:·due to: the 

stock used are' according to Eng~lhartii (16c·.' cit.): s~:ta~e-- smooth-; 

ness, ink receptivity and affinity,' su~face strength',. chemical: reac-. 

ti vity, moisture content. and uniformity~:·, i · . . . ,: ," . ' . ~;,,.:;" ' .. '' 

Furthermore, factors. suer as· color,: sur-face refiec·tance, .di­

mensional stabili~y, ,.bo,dy st_rength, surfac~\ a:tr~sit~~~ss and .fiber: 

orientation; have to be considered. Th.'ere :are several ways.· in;,_, , 
I~ ~, . 

which the' papermaker c'an ~ontr;l tlle;e 'factors p'ertaining to. prf.i?:~-::-
. ' ~ .• 

>. _, .,. 

ability. Some of.these"are: .furnish _use'<i/ degree':o:f:',·beating'·and: 

refining' degree and. type of beater :~izing u~ed, s,urfac'e sizing' 

amount of' calendering' type and arao'unt of filier' ,~sed,, sp~ed o:r:·., .· 
"• ' ' ' ' .... ' ' ··, ', _,.. ·' . . .. 

the machine and moisture ·content left in the finished. product~.··· 
. -. •' ... '' , .·· '. '·: ·, ' ;. •;,· .· 

Basically there are two. ~rpups of pr6pe1~ties that affecf'.:1)rint'~·· •. 
,, . . ' ". .'.. . , . ' · .. ,·· . 

ability, namely surface charact~~ist'=t6s 'anc~ internal ·characte:srst.ics.:. 

The surface characteristics are particularly impo,rtant, 'as~~''th~< "fillll: >: 
, ~ . , ' ' ' " ' ' . . .· .. .·.' . . ''· \ -, . . : . " . ~:: ~-' ; . ~: . 

\., 

the sheet and very seldom comes in· con'tact vii th the inner part 

the she.et. 



Smoothness 

·Gener.ally' ?peaking, · one . cnn state, •that. inci>easing···smoothness 
. . . ( 2) 

improves printabili ty •. ·This 
. ' . ' 

!~. ~ '· __ . :- ·:_ - .:·: ~ . ' . ' •••• . . < • , • 

is esp'ecialiy. true_' in typ'ographfc : 
. , . , . 

halftorie printing. . rl is ·~e6cssary to ha;vei a s~ooth:'.~urf~c·~ if 

every dot; is to J.-eave a. clean impression on the. surface·.. At 'th.is' 
, ... , 

point smoothness under pressure, or printing ·sr.1o·othnes~ m.0:.y ·b·e 
. . (4) . . ' . ·.' : . . . . . 

int1~oduced·~ . Casey define_s_ printing .smootlu?,ess·. as. th;t 
0

proportf6n: 

of the paper which approacl1.es · a smooth' sur.face :v1hen}the paper is · 
. ; 1-,-;·' ·,,·_','; ·"· ' }' , ' ' ' 

. . . . .. ·,• .. \· ;. •. . 

subjected to pressure compare.blc to that whicn it:.receives::' during, 
• .f ·. : .. ,'' • • . •• -'.. ' '"_": _- '·. , 

printing.. A sheet of paper l;as\an initial smBothi1~·ss \vi1:tch is 

usually determined b7r one of th6 conventional. ~moothness··test'e;s 

without application of pres sure in the m.ag~j: t11cl.O app,lied in prihtin,g·. 
''., ·,-. • < 

Onp assumes that paper is sub jccted in printipg·. to v;es~u.r,e
0

S. ~~nging 
..• (2) . . ·, 

.,. ,r:;;om 50 pounds per in;h to .1000 :pounds per. inch.'· :'Therefore'.;. it 
- . '•· . . , ' . -. ', .. ' 

tmder such tremendous pre_~sures and e.ihibit. 2_' p.f'.ipt;ing; smoothne~s 

much higher th~i{:'.e1~e. i-~itial,:smoothri~:s~/ 
: .. ,· ,. ~ .. ' , ' ' 

;,~. ·.-_:''. ::-···./ , ,; 

,Compressibi
0

litv. arid soft-.. 
' ; . - . ·. '·.,.. ... ,) ,·... . . 

ness might be said to be interrelated.'• Along with c6mpr6ssibility · 
~' ' •', . ; . . . . , ' 

the property of. _resil~ency''.is . of' parainount:',in~por'ta:r:ic·e i~ ·nt;:l t·ic.olor: · 
.· . : ' . ·, .. , ' -·<·,-"· '• ; ' _,--::~ ~ ·,_: . - :' ·-. ·:-~" _'": _-::·<~·-·.._, .. _' .. ·· ', ... :/~<- , ·." 

printing. · Resiliency ds the ability of paper ·to return to its or;.. 
. . . . . . ' (5) / 

iginal. thickness after b~ing __ cbnipr~ssecl. •. · In multicolor. printing,' .. 

the sheet 1nust return to its •. o~ig.inal. thickne.s_s· ·.after ea.'ch impri~t. 

· if the ,.succeeding colors are tO .leave .irµpres~ions that.· are -clear 

and legible. 
. . 

Compressibility arid resili~ncy as meaSUJ'.'.ed by_ the Time, 'Inc.; 

Graphic. Arts Laboratory Compressibility 1rester ~8:Y ·,be defined· in .' 

the follovring manner: 

Compressibility'(%) Loss in caliper/in. iriclles at '.·a ;gi\Ten· .pr,e'ssure ·x,·100 

.... Or"iginai .:caliper· iri 
, I • ~/ ,. 



Resiliency(%) Caliper regained fro~1 1600··P.s;r. ~of::,.~ne ,minute -X 100 
Caliper• lost at 1600 n.s.i. · 

( 
,:.. ) : .. ' '. . . ' ·,- '\ . 

. ¥. ; , . ,! - , :· : ,.:,· ,• ' . . . ·,,, ; '· , . 

· Casey states that. compress'ibility' and, resiliency. in .·combfnation ·,, · 
' ' '·-' . ' ,·, 

• • ' I • •• ' • 

v.r:hth smoothness are therefor•e better indications of good printabi~:.. . 

ity than. smc,othness. alone. A compressible, resilient- pa1,er, h~ving 

an initially r:-ough surface will print better than a har,d .non-r.esil­

ient paper.tliat is initially ·sm6oth~. 

Ink Receptivity 

Ink receptivity is tho . second characteri~_ti~, gov;rning- .print-
" ' 

ability. If a paper is receptive•to·tlie ink being;applied, it., 
vdll leave. impressio'ns 'th~t have such characteris'tics, hs. go~d- corit~' 

, " ' ... ' .·, . ' ' . . " ,. 

rast between printed and unprinted areas' uniformity of solid: and'\ (4) ,, ' .. , , '', ' 

halftone .areas, and ·legibility. 
. . . 

Tl1e. receptivity_ -, of .ink_ .. is usua:11_ y dependent· to·· a certain ex-· 
. . . . (6) . ", 

tent upon ;the degree, of ~penness. ,of j:;hc sheet, •. An open, s~1eet will 

absorb .ink ·more readily- than 'a sheet>'t_hat is closed by'; incr,eased' . 
-~· 

density. and supercal~ndering. · On the· other hand a sheef:::tJ.i'.at 'has. 
•' C a 

been blackened due to excessive calendering_ will inhibit the rate 
. ' (4) . . ' 

of ink absorption. Two extrenies' may be· reached, one in ·wli.ic~· a 

sheet is too rccepti ve to ink;·. forming; ;-. gra-i;- print 'an<l not' enough 

contrast and the other in which the sheet<'iS too hard di.10 to· ex~ 

cessi ve calend~ri~g and lVill 'not be recepti v.e to; ink. Thi· result . 

of a: hard non-receptive sheet is usually,.~ mottie_a.;. glos.l f.i'~i~h 
' ' ',:. ' ., .. ; .; 

and may _be sub)ect to of,fset, whereas; th~ :op~; ~orous ··sheet; if: 
•, ·, . . .· . . . . . ' ,, ' .. ·, . ,, -' .. '' . . ., .··• (6.) 

it is too r.~ceptive to ink; :might be suljjoct to_ ll~trike:.:l?hroughll~ 

rrh.erefore, . it is necessary to form0:a surfa~e '·that :is. receptive to 
• ' ., . . • ·,<•· .. ' • ·,· •• ' 

:i.nk being,' applied unde~ p'ressure's re.ngi:rig from fifty to h~ndrod~ 
. ,·.. . . . .. - .. ·. ' ' 

of pounds and ls.sting from 1/10 to i/500 seconds' depen.di~g ·on,.· 
. (2) 

press .speed. 
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Ink receptivity is primarilv concerned with the transfer of ,, ( 4) 
ink to the surface of the p2,per. It is a function of both ink 

and paper, and is 2, pr•operty of paper when tested in combination 

with a particule.r ink. Even though it .is rather difficult to meas­

ure ink receptivity, there are methods available to do· so. One 

so-called ink r•ecepti vi t:,r, test" is made py smearing a standard 

ink on the paper, leaving the ink for a definite period of time, 

removing the excess ink, and measurinG the depth of color.· Tt·is 

best to comp2.rc the I'esul ts with a paper of knov-rn ink receptivity. 

Another nothod involves printing a weighed strip of paper \7i th an 

excess of ink, usins a solid plate of known areo.. and then blottins 

tho excess i::1k from. the paper, v10ighinz tho printed paper 2-eain 

to determine tho amolmt of ink retained. 'l1hus, ink receptivity 

is best evaluated by the initial resistc.nce of tho paper to the 

break through of the vehicle. 

Surface Strength 

Surface stre11gth is the third factor that 1nfluences print­

ability. It does not physicall:r aid in the deposition of· ink as 

does smoothness and receptivity but it does have a definite ef­
(2) 

feet on the printabili ty of a sheet of paper. If a paper does not 

have the proper surface bondinr:>:. it will enJiance poor printabili ty 

b;r releasing idrnd fibers fro::1 the surface. r11hese loose fibers 
( 4) 

may fill the plates or contaminate the ink. In our modern high 

speed printins processes it is of paramount importance that a sheet 

should have high SlU"face bonding strength because it is a physical 

law that the 11 pull 11 of an ink on pap or is increased directly with 
(2) 

the speed at v1hicll the paper leaves the inked plate. 

Furthermore, in multicolor offset printing the colors used 
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become pro.13ressi vely more taci{y and paper with a high surface 

strength is necessary to withstand.both the softeniri;,. effect of 
. C). 

the filr.1 _of \vater applied and the tacky· inks used plus the increased 

ttpull 11 inherent in hic;h speed printing. 
' . ·, , 

.Usually ·the proper surface 

bond~ng can be attained .by tho proper amount of beatin6 ,and re-

finin,:<'.> plus the use of proper surface sizing. 
- l 

Opacity 

Opacity is of major importance to }:)rintability due to _the 

fact that a sheet. \Yi th hirr.h opacity ~Till, as_;. a rul~' ,bo l less sub-
'·' (4) ~-

ject to sho\"l~tbrough. This.is especially iinport,ant in papers· 
' . . 

being printed, on-~both sides. Show-through is usually due to tv10 

reasons, namely, lack of opacity and lack of resistance to pen~t­

ration of the inli:: vehicle. T}1erefore, a h_igh original opacity is 

helpful in preventing show-through but is not a guarantee against 

it, if the pa:oe_r is not sufficiently resistant to the vehicle .of _­

the ink. Change of furnish or addition-of titanium dioxide will 
(2) 

usually increas,e · the opacity of a she'et. Res is ta.nee to vehicle 

can be obtained by proper sizing. 

Chemical Reactivity 

-The chemical reactivity or surface hydrogen ion concEmtraticm 

of a sheet will affect printabili ty in two ·ways, namely,· by re­

tarding the drying of inlrn, and by destroying the equilibrium 

necessary in lithography between the fountai"n solution and the 
(2 )_ . 

paper. Drying oil inks, as a rule, dry most rapidly . at a pH value 

of 5, and as the hydrogen ion concentration increases the drying 

- ( 4) 
time decroa.ses. 

> ! 
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Surface pH is especially important in lithoo-ranhv where the 
. ' 0 ..... t.J 

presence of a:n.y water soluble materials on tho surface of the 

rrnper are liable to destroy the rather delicate physicochemical 

balance i"lhich makes the pl&.te-imas;e ink rocepti ve and water rep-
( 2) 

ellent, and the non printins areas ·water receptive. It may also 

be mentioned, that corrosion of copper, zinc, and other metals 

used for letter press or gravure plates and cylinders, is increased 

by improper control of surface pH. 

11oisture Content 

Moisture content influences almost all-other paper charac-
(4) 

teristics that affect the printabili ty of paper. A one percent 

moisture change can change. the dimensional stability enough to 
(2) 

throw·r, sheet completely out of register. The surface strength 

of paper will decrease with increased moisture content. 'fue 

drying time of inks by oxidation increuse with increased moisture. 

Varyin,s amounts of moisture will vs.ry the porosity of a sheet 

and this in turn will influence the ink receptivity of a sheet. 

Unless the paper contains five to six percent moisture, static 

will give the printer trouble on the press v1hich leads to ink 

nflying 11 or mistine. ;Adding all those factors together, one can 

realize the importance of controlled moisture i.n printing papers. 

Uniformity· 
( 4) 

Casey states that uniformity is the most important property 

of paper as far as printabili ty is concerned. It is very im-
\ 

portant that paper be uniform from lot to lot in'respect to caliper 

if uniformity in printing quality is to be expected. Press make­

ready must be prepared for :Raper of a given thiclmess and any var­

iat:i.on from this th:i.clmess will give variation in' impression/ re-
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sulting in poor printability. 

'.l1.ho 0th.or vari2.bles, S11:1oothness, ink receptivity, surface 

strength, opacity, and moisture content milSt also be uniform from 

lot to lot, if the same printing results are to be expected without 

additional, time consuming adjustments on the press or on the inks 

usod. 

INFLUENCE OF F'URNISH ON PRINTABILI11Y 

Furnish is a mixture of various materials that are blended 
(1), 

in the stock suspension from which paper is made. The chief con-

stituent is pulp. Each pulp has its individual characteristics 

and those pulp ch2ractoristics will either malrn a sheet suitable 

or unsuitable for printing. This thesis is primarily concerned 

,vi th two t:rpes of pulp, namely a bleached softwood kraft, .and a 

bleached hr,.rdwood kraft • . 
Bleached softv10od kraft pulp has fibers with. an average lcn[;th 

of 3 to 3.5 r:i..m., has high strength characteristics and as a rule 

is relatively hard to beat. It is used alone in papers where 

printing is not of major importance. V,e .. ry often, it does not 

yield good printability due to its long resilient fibers and a 

lack of softness and cushioning effect gained from pulps vii th 

short fibers. Ti1e fibers of bleached hardwood kraft are, on an 

aver2.ge, one third the length of bleached softv:ood kraft, a.t"1.d 

papers rnade from them have a relatively lqw strenr;th, hi0h bulk, 

d l ' t b·1·t (l) high opacity, high absorbency, an gooc prin a 1 i y. 

In general, a blend of these two pulps gives a· .satisfactory 

printin~ sheet. The softw·ood kraft furnishes the necessary strength 

whereas the hardwood kraft furnishes other desirable characterist'ics, 
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such as opacity, and resiliency. 

INFLUENCE OF SIZING 

Sizing is accomplished by the addition of n1aterials to the · 

furnish for paper and board or the surface application of materials 

-ti:)~papor and board vihich increase the resistance of the sheet to 
(1) 

penetration by liquids. 

'11J...e common sizj_ng materials are rosin, wax, glue, starch and 
(6) 

latices of thermoplastic polymers.. Brakowood states that rosin 

beater sizing has no effect on printing vri th oil base inks as oil 

penetration cannot be i1ihibi ted by rosin beater sizing. Suter-
( 7) 

meister says that rosin sizing is not a factor of importance in 

connection with ink receptivity, as p1:..inting irik, using an oil 

base ink, vlill pep.etrate a rosin-sized. paper as readily as, or 

even more readily than, an unsized paper. '11herefore, it may be 

concluded that rosin sizing has no effect on the printability or 

the ink receptivity of a sheet v1hen an oil base inl:: is used. 

Since there seems to be no literature available on the effect 

of' rosin sizing on a glycol base ink, a part of our investigation 

shall deal v1ith that su1;5,ject. 
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INTRODUCTIOH 

The experimental vmrk with moisture setting ink and its 

printability on bleached sulphate sheets vrill be carried -out 

in the following sequence: the making of handsheets vii th ve.:ry­

ing degrees of rosin sizing and varying &ilotmts of hardwood 

kraft fibers, the calendering of handsheets, the printing sif 

handsheets on the Vandercook Proof Press usin.g moisture setting 

inks, and the conducting of other tests such as brightness, op-

acity, resiliency, smoothness, softness, and consumption of ink 

in printins. 

MAKING OF HANDSHEETS 

Tho ~)ulps used in making the handsheets .will be softvmod 

sulnhate fibers and hardwood sulphate fibers~ T'nese fibers v;ill 

be beaten individually to a four-hundred milliliter Canadian 
' ' ' 

freeness, and then blended in the desired proportions before 

beinG made into handsheets. rrne follovrine; for1:mlations will be 

rnacle: (1) One hundred !)ercent softwood sulphate, (2) Sixty-seven 
1 

percent softvmod sulphate and .thirty-three percent hardwood sul-

r>hnte, (3) Thirty-three percent softvmod sulphate and sixty-seven 

nercent hardwood sulphate, · ( 4:) One hundred percent hardwood sul-

Besides varying tho &'11otmt of hardwood fibers, the degree 

of rosin sizing will also be· varied. E8.ch formulation vlill be 

mado ni th the follovring a:·nounts. of rosin sizing: ( 1) No rosin 

sizins and no alti..c'..n, ( 2) No rosin sizing and addition of alum, 

(3) One percent rosin.sizinc; based.on moisture free pulp and 
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addition of alum, (4) Five percent rosin siz5.1'.lg based q_n moistm•e 

f1~ee pulp and addition of alum. 1.rho hydrogen ion concentration 
~ 

of the fur?ish, at 1.57 percent consistency, ·will be adjusted 

to 5.5 in t11e sheets vthcre alum. is used. 

Th8 sheets will then be mG.de on the Noble r.nd Wood sheet 

machine. Forty handshoets vrill be "c?iade from each subdivision of 

the four formulations makinz a to·t_al :-iof six hundre_d fo:vty hand­

sheets. This number of handsheets will'·be sufficient to carry 

out all the desired tests given in the first ~parar~ra,Jh~ · titled, 

11 Experimental Work 11
• Tho sheet~ will_bo pressed and dried on 

the rot2.ry press and drier, respectively, and conditioned at fifty 
' ' . . 0 . . 

percent relative humidity at 7_3 -F., before being_ calendered. After 

beinr; conditioned, the sheets v1ill have an o.veras:r,e weight of 2. 63 

CALENDERING OF. HANDSHEETS 

T1.1e sheets, e.fter being condi t:i.onecl at fifty percent relative 

humidity 2.t 73° F., will be calendered on a laboratory size cal­

ender. 1111is calender is placed :Ln a constant tenperaturc _and 

hu:,1-tdi ty room. at the sane conditions as the sheets. Two passes 

throw~;h the calender will be given the sheets after which they 

will be printed. 

PRDJTING OF HAJTDSHEETS 

The proof printing i:Yill bo done on a No. 4 Vandercook Proof 

Press at the same temperature and humidity co11di,tions .a,s .the .cal­

enderinr,;. All the sheets will bB printed identically the same 
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usiD.f, a moisture setting ink. T'ne ink will be set . by exposing each 

sheet, immediately after printin~, to an atmosphere saturated vii th 

vrater vapor. This v.rill ho accomplished by tho use ·of a dessicator. 

Both solid and halftone nlates will bo used in nrintinQ. - ,, . ~ 

After printing, the sheets will be visually exmnined and the 

printabili ty of each sheet will be judged by st,1-ch che:racteristics 

as the amow'1t of contrast between printed and unI)rinted areas, the 

lmiformity of solid and halftone areas, the legibility of the printing, 

the finish of the 1)rinted areas, and the presence or absence of -shov1-

throush. 

0 TF.,ER TES TS 

Other tests such as brightness, opacity, resiliency, snooth­

ness, softness, and anou.nt of ink consluned in printing vlill bo car-

rj_ed out on all tho handsheets. The tabulotcd results willcbe t.n 

averac;e of the five tests conducted on the sheets fror:1.each formul-

ation." From these results, conclusions may be made as to which 

!)hysico.l and optical characteristics, duo to the pulps used, are 

conducive to good printabili ty and which ones in..h.ibi t favorable 

printability. 
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. EXPERIMENTAL RESULTS. 

The sixteen formulations of handsheets which vrnre made. on 

the Noble and Wood sheet machine were- assigne_d numbers· from one 

to sixteen. The significance of each numb.er assigned may bewt 

be expressed by the following tabulation: 

No size; ·No size; 1% r.osin • 'd_ rosin 510 

No alum. 3½5& aluni size; 3½% . • 3U size, 2,0 

.. based .on alum, based alum based: 
moisture on moisture on moisture 
free pulp. free pulp free pulp 

, . 

. . --· .-,. ··~ 

100% Softwood -Sulnhate ,. . 
0% 

' ,. ' ',. Hardwood 1 2 3 . ' ,4 
Sulp_hate ' 

'•' 

: ,' 

66 1/3% Softwood 
Sulphate .. -

33 1/3% Hardwood . 5" · .. 6 7 8 
Sulphate 

I 
I 

33 1/3% Softwood,, 
•Sulphate 

.. , ' 

66 1/3% Hardwood 9 10 ' ll 12 
,Sulphate .. 

, , 

. ' 

0% Softwood 
; 

·' : 

Sulphate 
.. 

100% Hardwood .. 13,; ·.' , . _;14 15 16 
Sulphate 

,, 
•' ' ·' 

I 
,,. 

Table l: Furnishes Used in Experimentation. 

Printin~ of Handsheets: 

Printing of. the calendered sheets was. ·done on a Vandercook 
. , , .. , - . 

Proof Press, using a plate containing both solid.and.halftone areas~ 

• The halftone areas consisted of sixty-five and ei,ghty-fi ve line 

coverage, ranging from :Cd.ve to ninety percent etch. ·· Printi1¥s 
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was done in the conventional manner using a lmown constant volume 1 

of ink on the ink distribution rolls for each formulation printed. 
~ - ~ -

Four proofs were printed on each of the sixteen formulations, making 

a total of sixty-four proofs. 

These proofs were then visually inspected with the 'aid of a 

microscope. The identity of the formulations were not known during 

inspection, thereby eliminating biased judgment as to quality of 
.,. -- .. ,,. # 

l 

printing. Four quality ratings were chosen, namely, poor, fair, 

good, and excellent printing. These quality ratings were numbered 

one throug_p. four respectively. Criteria for inspection were: 

.contrast betvveen printed and unprinted areas, uniformity of· solid 

and halftone areas, and legibility of the printing~ Aft~r in­

specting each proof, it was assigned a number with·respect to its 

printing quality. The results of this inspection are ~abulated 

as follows': 
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No size; No size; l;i rosin 5Jb rosin 
no alum 3½% ~luni. size; 3½% size; 3½% 

based ·on alum, alum, 
o.d.p-glp based on based on 

o.d.pulp o.d.pulp 
-e• -•--•-•-----•• -• " ----·-----,. '" 

' 
100% Softwood .Proof l 2 l 2 ... l 

0% 
Sulphate 

1 

Proof 2 .2 2 1 l 
Hardwood Proof 3 l l I 1 

. Sulphate Proof 4 l 1 l 1 

66 1/3% Sof.twood l·Proof l l ·2 2 l 
SUlphate Proof 2 2 2 2 l 

33 1/3% Hardwood · Proof 3 2 2 2 l 
SUlphate Proof'4 2· 2 2 l 

'-· " 

33 1/3% SoftYrood ! Proof 1 2 3 2 3 
Sulphate ' Proof 2 3 3 4 3 

56 1/3% Hardwood -Proof 3 3 2 3 3 
Sulphate Proof 4 2 2 2 2 

I 
\ 

i ·-
·0% Softwood Proof 1 ,3 4 4 4 

Sulphate Proof 2 3 4 4 4 
100% Hardwood Proof 3 4 4 3 3 

Sulphate Proof 4 4 4 4 4 

Table II: Printing Quality of Proofs. 

This type of inspection may not be conclusive. It does show,· 

however,. a trend· of a better quality of printing produced on sheets 

containing increasing amounts of hardwood sulphate ·fibers. The 

. most noticeable improvement was experienced on a sheet containing 

up to two-thirds hardwood sulphate fib~rs. 

A test indicating the nbsence or presence of 11 show through 11
, 

was also carried out. This was done by means of the Photovolt 

Brightness Test taken on the reverse side of the printed solid 

area. _This brightness reading was subtracted from ~he initial 

brig~tness value of the sheet and the difference was used as a. 

measure of "show through11 • 1/linimum."show through11 was obtained 
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on the sheets containing two-thirds hardwood _sulphate .fibers. 

These results are-illustrated.on Figure Ii 

,·,./ 

Carson Curl Size Test: 

This test was conducted using both wat_er and d_i:-.~~h!l~ne. 

glycol as liquids. Di-ethylene glycol was ·included because it is 

the solvent most widely.used in formulation of moisture setting 

. inks. The rate of curl was· measured;. it was . express_ecl as time. 

in seconds needed to reach maximum curvature. · Averages of at least 

· five tests. are presented. When using water, the unsize~ sheets 

gave a reading of zero seconds;'/ the _sized sh_eets wi t:h one percent 

and five percent rosin size,· gave readings averaging ·six and. 

twelve seconds respectively. When using.di-ethyle11e glycol as a 

liquid;:- the sheets were immediately pe-netrated and. a reading of 

zer·o seconds was obtained regardless of the. amount of rosin · 

·sizing. This indicates that rosin sizing does not prevent pene­

tration of a moisture setting ink 1n~o the paper. 

The results of the Carson Curl Size Test using water are-· as 

follows: 



• 

' 
No size;. No· size;\ 1%·rosin · 5J{ rosin 

, no alum. 3½% alum size;' ·3½% ·size; 3½% 
Furnishes .based on alum; based ,aluni;based 

o .d.pulp ·o~. o·.d .• p~lR. _ono.d.pulp 
. ,. ~• .n -•-- • -~,. ''"" ... ·- ... •.' . 

l Results iri: Seconds Seconds :Seconds 
... ---~. - .. 

Sec·onds· ; ' ' ·' 

I 100% 
., 

·Softwood '. 

Sulpb,ate 
; .. 

t 0% Hardwood 0 0 4.9 10.9 .. . " .. , ... 

I Sulphate 
I 

• 
1/3% ~66 Softwood '. 

i 
1/3% 

Sulphate 
0 0 6 •. 4 13.6 !33 Hardwood .. 

' 
Sulphate . 

t 

l33 1/3% So.ftwood .. ·, ,, 
.. , . 

i .. _Sulphate 
0 0 6.0 12.9 166 1/3% Hardwood 

I Sulphate ., 

J 

i 0% Softwood 
f. I Sulphate 0 0 8.2 ·13.2 

i 100% Hardwood .•. .. 

Sulphate 
l ' 

Table III: Results of Garson Curl Size Test. 

Gurley Softness (Compressibility):. 

The results of the Gurley Softness Test, also referred to as. 

compressibility, increased at' all degrees of sizing· withlncre~sing 

amounts of hardwood sulphate. · A maximum was reached. at the blend 
. . 

oompo_sed of two-thirds hardwood sulphate and one..;third softwood . 
' ' . 

sulphate, slightly declining in a one-hundred percent hardwood. 

sulphate sheet. 
,, 

The results of the. Gur_l_ey Softness Test are in good agreement 

with our findings on printing quality. Good.compressf1:Jility seems 

to be a major contr1,buti, .~acto_r_ .~o .' good printabil_i ty.. The . 

results of the Gurley compressibii'ity test are illustrated_ on . 
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Figure II. 

Bekk Smoothness: 

Surface amoothness increased at.all degrees of rosin sizing 

from zero to two-thirds hardwood sulphate content in the furnish. 
' •• ... ... f ' 

A decrease in smoothness was observed on two levels of_sizing in 

one-hundred percent hardwood sulphate sheets. This decrease was 

not very significant in_one of the two cases. Figure III illus-· 

trates the change in s_moothness with very~ng amounts .of hardwood 

fiber and varying degrees of rosin sizing. 

Opacity: 

Opacity increase~ with increasing amounts of hardwood· 'sulphate 

in the furnish. There was a trend to higher opacity on the sized 

sheets. Chagge of opacity is illustrated in Figure IV. 

Caliper: 

The.caliper of the calendered handsheets formed from.four 

blends of pulp decrease'ci \Vith'· increasing amounts o·f' hardwood sul-
,. ' . ' . - . 

phate. Results ··of the test are illustrated _in. Figure V. . 

Conclusions: 

Experimental results indicate the,following: 

1. Varying degrees of rosin sizing do not influence printabflity. . . . ., . . . . . 

There were no definite t~ends sho\m, ~n · the_ four levels. of rosin· 

sizing, as to-quality of printing obtained when using·a moisture 

setting ink. 

2. Quality of printing varies with varying amounts o~ hardwood 

sulphate fibers when using a moisture .setting i~. Printing 

quality improves with addition of hardwood sulphate fibers 

• I 
I 
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