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I. Purpose.

In the d'emanding and ever changing area of paper·fin­

ishing a new .and relatively ;unpublicized operatio�·: has appeared. 
. . 

The operation is one�of biush 0iiriis�ing, where �_high:��ee1' 

cylindrical bristle:bru�h is employed conti�uously :against a paper 
' 

. . ' ' ., ., 
. . . : . 

web in order to develop de�ireable surf ace properties. The prin-

ciple involved is a simple low pressure-polishing action not un.:. : 

like shining one's shoes./The performance of this new metho�, ·· 

however, is _obscure due to the· .• absence· of published inf o:rmaiion 

on the subject in av�ilible literature •... -

Through l.oca.l :industry a portable, l�boratory Iri�del, •. 

brush finisher was made avail.able to the Paper Technology Depart-
. . . 

ment of Western Michigan University. __ Beca�se.of the_ avail�bility 

of both this apparatus and_ an existing laboratory supercalend.�r�· 

and because. of the co�plete .lack 9f liter�ture .information on 

the topic of brush finishing, there seemed good reason.to.conduct 

an exploratory comp_arison of· the ·t;6 ·· f i�ishing me:thocls�. ·Thi�.--'· · 

investigation will ·evaluate and_compare rriany �ommon optical .and 

surface charac.teristics of both.
0

brush- finished a'nd sup.ercalendered. 
. . ',; ' "'· 

papers and it will especially compare .the p.rinting'fi�elity ob-. 

t ained on '. each. 

II. Description ·of· Apparatu�· and Tecl:i.niq�-�s:.
•
·

, .:. • . �, . . ,' .....,, ,
·
.; • 

·
• ,''•, • ,

· 
l •

, 
:,.' ''. . .

,
• I ; ,"\ ',. 

, . .
. ,;•-

1 ;, I 

'J ,-,1•;,• , 

The laboratory supercalender used in, the investigat,ion ... 
"I'. t. ' ' . . ' ~ -... 

is 'a,i three)roll calender having a .·soft 'white cotton f illecl'i-oir, 
. . . . . . _. .. ,' •-. 

with a· tvrelve inch. diameter, interposed between two tenjand::,One 
'·' -~-~- '•. ~ t.- -;._.- t, -~· 

half inch diameter steel The, width of all' rolls is: fen.fr-
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teen inches. The calender runs at a constant speed and is pneu-

matically loaded. 

· In.using the supercalender'the stack was pneumatically 

loaded to give approximately ,1660_pounds·p~r lineal inch n~p'.pres:-

sure. Samples of each paper. tested were subj~cted· to o~e; .· t~o·,: 

four, eight, and sixt~en nips. ·The sheets were fed through the 

stack in the machine direction of the paper and the felt .side of 

the sheet al,iays contacted the steel roll. All tests were con­

ducted on the feit side. 

The brush finisher (Fig. 1) consists of a twelve and 

one half inch diameter bristle brush, with an eight inch face, 

driven by a 1725 rpm one-third horsepower motor. The V-belt drive 
, , 

rotates.the bearing mounted brush_at appr~x~mately 1150 rpm, or 
, , , 

at a peripheral speed of -- about 3765_ feet ·per :Cminute.. The moto·r 

and brush are mounted in a boxconst~ucted of.half _inch plywood. 

To facilitate using the brush in this study it was necessary to 

modify the apparatus as supplied l:>ythe manufacturer. The un­

shaded area in Fig. 1 iliustrates the nature of the modification. 

This arrangement allows the '~back-up_ bo.ardfl to be moved perpen­

dicular· to the brush axis and tangent to its• surf ac~. A paper 

sample is attached to the board and the board is passed across .. 

the brush in a direction opposite to that. of the brush rotation. -

This· 11 countercurrent11 motion -increases the effective peripheral · 

speed of the brush .to about.4000 feet per minute. 

The brush finisher. vias employed in a manner similar to 

that of the supercalender. Samples of each paper tested ,1ere. 

brushed by one, two, four, eight, :and sixteen .passes. The brush 

pressure was initially adjusted· to produce a significant surface 



. ' . ' . . 

gloss improvement without creating difficulty in manu ·. . 

the board across :the brush'. All sheets were· brushed. iri 

chine direction with the· felt:side receiv-ing· the act.i~n .. of· the 

brush. All testing war pe,rf ~rmed on the felt side of ~·he sheets. 

The aforementioned ·.finishing ope~at ions were conducted 

on each of three sarriples.·.of paper. Sample I ,;,~~ a· 100, pourid_· 

(25x38-500) co~ted two sid.es cove~ stock~> The coating :was a.n 
'_,··· . ·. · .... '.·.· ,. '" :· .. 

offset formulation _containing .clay;· CaC63, and Satin WJ:i1t~:\\'i'tfr 

a -~?,Sein and latex adhesive. Sampie II 1.ias a 70: potind, (25x38~500) 
. . ;, ... ' ' , ·.· ' ,'. . ._. . -.-. ;~!'. ( . ; . ., -~ ~ ' 

-;'l'r' :,. 

co"a:ted.,j:wo sides paper having the. same coating . .-£:ormul'a appl,i.e~,' 
" 

as sample' ·I. Sample III w~s. a 47 .pound ·base stock o:f'~heniica.i' 

. and ses?nda.ry fiber conte.nt •. · 

The following tests were conducted. on t:he finished arid 

unfinished papers iri accordance with·staridard TAi~I:proced~r~s: 
• • • 1 • • • 

1. Caliper - ten sheets, 

2. Brightness - IPC. 
• ••~ -,M 

·3. Opacity - Bausch and Lomb 

4. Gloss · ':"' Photovolt : ·. 
. ,, . . . 

5. V.anceomet~r oil absorbance 

6. K&N ink. absorbance, 

7. Dennison wax 'pick;.:,·. 
' . -. ' 

~- " '. . 

8. IGI' pr int a_bili ty 
. . . 

All finishing and te~ting \\fas perf' ormed in a controlled 
' . _.. ' ,, . 

at 73 degrees Fahr~nheit and 50 per cent relative·h~Illidity. 

III. Results. 

I •.. 
The mean results for•ail tests are tabulated 

, . • I 

1, 2 and 3.· This same data is also pre.sented· graphically· 



Figures. 2 - 13.· A convenient common denominator ,bf:'b6.th 

finishing and super~alendering }s' glbss'developmet1t .. 

the ref ore'. is used in 'the graphs' as the basis ag~:i.~st 

other tests are plotted in comparing t:tietwo finishirig.operafions. 
. ' ~- '. ' •. . - '. : '·,' ' _· ' .. -

IV. Discussion of Results •. · 

,, ' . ',• ' ' . 

The data tables show. that.,in. order 

develop as much gloss per p_ass · a < • .. either 

brush pressures wOuld have to be 'applied or th.e brush:...paper. con;\ . 

tact time would have to be increased~ For. the.methods used iri. 
. . 

this study, however, both•of.these ~lternatives are impractical 

and the results obtained with the brush' c1.~e considerecF optimum. 
. . . . . ', ,-" ' '. '_· .: · ... , . '",• __ ' .\ ; ' . ':. ' 

As might be expected the· brush shovis· es·~entialiy no ·effect· ori 

sheet caliper (Figs. 2, 3) whereas the superca.lender. 

typical caliper reduction with- eacksuccess:ive :~ip. 

ior is characteristic for ea.ch operat:ion since th~; brush dev~lops 

gloss by a low 'pressure buffing or polishing of,'the p_ap~r surface· ' 

in .contrast to the high pressur·e 

c·a1ender. 
__ ,._ -·~ f 

As ·the brush develop·s gl_oss· 

: ~endei1cy; ~o:·yellow. the ~heet surfa~e ·:and .. thus .10\\Ter 

bri"ghtness by shifting the area of maximum ,reflectance 'awai from. 
. . ' . . . ,, .. , ~-- . ·. , . ' ' ·• 

the preferred .blue-white tegion: of >the spectrum';(Figs. :4, '~5):._, . . 

This brightness "loss due .. to :Y~llo~ing::is signific~nfly greater·: 

than the loss d~e to. blackening inherent, in the' ·:super~~leI?,dering: . 

operation;. 

Since . super~alend~r.ing works,· at 

high pressure ironingprinc1p1e•it is inevitable 



. ' 

will be squeezed from the sheet-and thus reduce the number of 

air-cellulose refracting interfaces. As the number of.these re­

fracting interfaces is decreased the opa6ity i~ also decreased, 
.. 

as Figs. 6 and 7 show. The low pressure brush, hcn\Tever, shows 

little adverse affect on opacity as gloss is developed. Figure 7 

indicates that a slight initia\ opacit'y _loss might be associated 

with brushing an uncoated paper~ although·continued brushing re-

veals no clear trend. 

Whether or not a paper is·coafed is the int1uen6ing 

factor in determining the resistance to ink penetration• of brush 

finished papers. In Fig. 8 high degrees of brush:i"ng can be seen. 

to increase the ink penetration resistance of a,coated·paper to 

a greater extent than supercalendering. Figure 9 shows ,that the 

same amount of brushing on an uncoatedpa".per increases the: ink 

resistance only slightly. The supercalender raises th~ ink re­

sistance equally well for both coated and uncoated· grades. , The · 

supercalender develops ink penetration resistance by-increasing 

the sheet density ,;,he.teas the. action· of .the_ brush appears to be'. 

entirely a surface phenomenon _and _thus dependent 'on the nature of 
' . ' . . 

. . . 

the surface. This. behavior is further ~xemplified by measuring 

the rate of oil penetration intosheets prepared by both finish­

ing operations. Figures 10 and 11_ show. that by brushing a·.coated 
. . ,;j ('. ··.-.. 

paper surface the rate of· oil penetration can.be gradually'de- · 

creased but that this same-amount of brushing causes only·t-. •,•. 

slight initial lowering of the_oil pen~t~ation rate into ~ncoated 

_paper. 

The Dennison wax pick values in Tables 1 - 3 indicate 

that brushing a coated paper surface tends to.reduce the"pick 
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resistance of the paper slightly but that no such reduction is 
' . . . . 

apparent for an uncoated paper sur~ace. The super~alender lowers. 

the pick value of the iighter weight coated piper but it, in turn, 
. . . 

raises the surface strength of the uncoated sample by two wax 

numbers. 

The nature of the printing surface produced by both 

brushing and supercalendering is sharply·. contrasted in Figs. 12 

an~ 13. • This test reveals ihit the gloss produc~d on a brushed 

surface has eisentially n6 bearing o~ ~he fidelity of reproduc: 

tion that·can be expected from.this surface. On the other,han.d, 
. . 

th~-supercalender: gloss'development shows i corrispondingand 

very significant improvement in printing quality. This behavior 

is the same for both coated and uncoated grades.· 

V. Summary and.Conclusions. 

It has been demonstrated that a brushing operation can 

be employed to substantially raise the surface gloss of coated 

and, to a lesser extent, uncoated. papers. However, . as in any ·· 

other paper finishing method_,. a particular· effect is achieved 

along with accompanying desireable and undesireable side effects •. 

This study has revealed some of the side effects of brush fin­

ishing. To decide, though, whic:h of these accompanying factors 

are desireable and which are not is beyond 'the scope· of _this. in­

vestigation. The goal here instead has been to conduct a limited, 
. . . 

exploratory comparison between the new brush finishing operation 

and the presently routine super:cale~der.finishing method. 
. ' : . ' . 

Based on the techniques·described and on the specific. 



1. Brushing will.develop s~tisfactory· 

though it is somewhat lesseffeci:ivethan 

this respect. 

.paper gloss:,. 

2. Brushi~g develops uncoated paper glo_ss·much-less. 

supercalendering. 

' ' ' 

3. Brushing has little effect on paper caliper'whereas 
,:,, _, .. '; ,· 

calendering greatly 'reduces caliper. · 

4. For equivalent gloss·vai,ues the brightness of 

is lower than the brightness of· super~a.lenciered,;pa;'er. 

5. Brushing has.little.effect.on paper opacity, in. 

supercalendering which reduces· opacity •.. 

6. Brushing increa·se~- oil and ink penetrati~n-for coa.ted 

but does little to increas'e thi~ property of unco~ted papers.· 
, . ' ' ' . -~ _- . ' ,.··: _· . ' . . ··_, ·:'. 

. ' 

7. Super calendering increases. oil and ··ink penetration 

of paper independeritly.of.su.rface•coatin~.· 

8. Brushing coated papers r_edt1ces the 'pick. resist_anc 

but brushing uncoated paper,, does not :affect this.:quality·. · 

9. Supercalendering may reduce .the· pick resis1:an_ce 

p~pers slightly:but it.fends to increase 

coated paper. 

10. Gloss developed by brushing offers no obv1ous,1mp:r 



the fidelity'of reproduction of.pripte 

11. Gloss developed by iupeicalenderih 

to be greatly improved. 

12. There is no significa.nt.reiationsliip 

fidelity of reproduction in printing. 
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-
Table I 

100 lb. coated paper 

Unfin- Brush Passes Supercalender Nips 
ished 1 2 4 8 16 1 2 4 8 16 

Caliper . 0765 .0770 . 0776 .0767 . 0766 . 0767 .0562 . 0544 . 0528 . 0512 . 0508 

Brightness 81 .9 80 . 6 79.4 78 . 8 78.3 77.4 81 .3 80 . 5 80 . 2 80 . 3 80 .0 

Opacity 97 .8 98 .0 97 .9 97 .6 97 . 8 97 .7 97 . 6 97.8 96 .9 96 . 9 97 .0 

Gloss 5.5 16.8 21 .4 28.1 31 . 7 36 . 2 29.8 36 . 2 44 . 6 44.4 49.9 

K & N Ink 45 . 5 38 . 2 35. 8 33.5 23 . 0 17 . 9 36.5 34 . 0 31.8 29 . 7 27.4 

Vanceometer 16.4 10 . 2 9 . 4 9 . 4 9 . 8 7 . 6 12 . 8 10.8 7.8 4.8 4.0 

Dennison Wax 11 10 10.b. 2 10 9½ 10 11 11 11 11 11 

Printability 652 622 636 616 640 630 276 214 170 114 90 

Table II 

70 lb. coated paper 

Unfin- Brush Passes Supercalender Nips 
ished 1 2 4 8 16 1 2 4 8 16 

Caliper .0565 . 0555 .0556 .0553 . 0553 .0552 .0395 . 0381 .0376 . 0368 .0362 

Brightness 82 . 1 80 . 8 80 . 2 79 . 1 77.8 77.2 81 . 4 80 .7 80 . 8 80 . 1 79.6 

Opacity 95 .4 95.7 95 . 4 95 . 3 95 . 5 95 . 0 94 . 9 94.2 93 . 6 94.2 92 . 9 

Gloss 5.1 21.1 23.l 28 . 1 33 . 1 34.6 29 . 8 36 . 8 40 . 0 48 .1 48.5 

K & N Ink 58.0 55.0 55.1 51.6 40 . 7 34.1 47 .3 44 . 6 43 . 2 47 . 3 37 .8 

Vanceometer 49 36 40 36 26 26 17 15 14 15 10 

- Dennison Wax 11 10 10 10 10 10½ 11 11 10½ 10 10 

Printability 625 654 614 632 616 623 186 143 135 110 78 
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Table III 

47 lb. base stock 

Unfin- Brush Passes Supercalender Nips 
ished 1 2 4 8 16 1 2 4 8 16 

Caliper .0433 .0432 .0432 .0428 .0427 .0428 .0335 .0319 .0317 .0311 .0300 

Brightness 78.7 77.7 77.7 77.5 77.3 77.0 78.1 77.9 77.9 77.7 77.2 

Opacity 84.5 83 .6 83 .6 83.2 83.4 83.6 83.4 82.5 83 .1 83 .0 82.3 

Gloss 6.9 10.3 10.6 11 .7 12.5 13.9 14.4 15.4 18.2 19.6 23 .3 

K & N Ink 54 .9 51 .5 51.4 51.7 51.4 51.8 47.0 44.6 45.2 45.6 43.1 

Vanceometer 104 78 80 8 0 80 78 16 10 6 6 3 

Dennison Wax 14 13 14 14 14 14 16 16 16 16 16 

Printability 1235 1209 1079 1144 1040 1061 546 494 487 280 233 
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SAMPLE I 
100# (25 X 38 - 500) 
C2S 

UNFINISHED 



SIXTEEN BRUSH PASSES 



SIXTEEN SUPERCALENDER NIPS 



SAMPLE II 
70# (25 X 38 - 500) 
C2S 

UNFINISHED 



SIXTEEN BRUSH PASSES 



SIXTEEN SUPERCALENDER NIPS 



. SAMPLE III 
47# (25 X 38 - 500) 
BASE.STOCK 

UNFINISHED 



SIXTEEN .BRUSH PASSES 



SIXTEEN SUPERCALENDER NIPS 
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