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I. Purpose.‘

In the demandlng and ever changlng area of paper f1n-7fjh

ishing a new and relatlvely unpub11c1zed operatlon\ha"‘appeared. T%JTQT
The operatlon 1s one of brush lelShlng, wherei i pee i
cyllndrlcal brlstle brush 1s employed contlnuouslvragalnst a paperf
web in order to develop de51reab1e surface propertles.' The prln-.
ciple involved is. a szmple 1ow pressure pollshlng actlon not un-:'
11ke~sh1n1ng one's shoes;. The performance of thls new method |

however, is obscure due to the absence of publlshed 1nformat10n S

on the subJect 1n avallable llterature.‘;ﬂif=?’;"'u

Through local 1ndustry a portable, 1aboratory.model

brush flnlsher was made avallable to the Paper Technology Departgf"'

ment of Western Mlchlgan Unlver51ty. Because of the avallabllltyfpfihftﬁL¥
of both thlS apparatus and an exrstlng 1aboratory supercalender,1E§;j7:bavf
and because. of the complete lack of llterature 1nformat10n on ?ﬁhff

the top1c of brush f1n15h1ng, there seemed good reason to conduct~

an exploratory comparlson of the two flnashzng methods.- ThlS
1nvest1gatlon w111 evaluate and COmpare many common opt1cal and :

surface characterlstlcs of both brush flﬂlShed and supercalendered

papers and 1t w111 eSpeC1a11y compare the prlntlng fadellty ob-:n’

tained onieach.kj"w

- II. Description‘of“Apparatus;andlTeChniques;};5?7**"‘y“*

, The 1aboratory supercalender used 1n the 1nvest1gatlon

is ar three roll calender havang a soft whlte cotton fllled roll,

'ngth a: twelve inch dlameter, 1nterposed between two ten,and one:

half 1nch d1ameter steel rolls. The w1dth of a11 rolls 1s fourér




teen 1nches. The calender runs- at a constant speed and is pneu-
'matacally loaded

In u51ng the supercalender the stack was pneumatlcally

loaded to glve approxamately 1660 pounds per lineal 1nch n1p pres-.

sure. Samples of each paper tested were subJected to one, two,
,four, elght, and S1Ateen nlps._ The sheets were fed through the
stack in the machlne dlrectlon of the paper and the felt sade of
the sheet always contacted the steel roll. All tests.were,conf -
ducted on the felt 51de.,__f |

The brush flnlsher (Flg. 1) consasts of a twelve and
one half 1nch dlameter brlstle brush, W1th an elght 1nch face,
draven by a 1725 rpm one- thlrd horsepower motor. The V-belt drive
rotates the bearlng mounted brush at approx1mately 1150 rpm, or
at a per1pheral speed of~about 3765. feet‘per-mlnute.. The motor »
and brush are mounted in a box constructed of half 1nch plywood.
‘ To facalatate u51ng the brush 1n thlS study 1t was necessary to
modlfy the apparatus as supplled by the manufacturer. The un-
shaded area~1n rlg. 1-1llustrates the nature of the modification. )
This arrangement allows the "back-up board” to be moved perpen-
dicular to the brush ax1s and tangent to 1ts surface. A paper ;'
sample 1s attached to the board and the board is passed across
the brush in a dlrectlon opp051te to that of the brush rotatlon..ttt
Thls "countercurrent" motlon 1ncreases the effective. perlpheral
‘speed of the brush to about 4000 feet per m1nute.‘wq

The brush flnlsher was employed in a manner 51m11ar to
that of the supercalender., Samples of each paper tested were
brushed by one, two, four, elght and 51nteen passes. The brush

pressure was 1n1t1ally adJusted to produce a 51gn1f1cant surface‘f;



gloss 1mprovement W1thout creatlng dlffrculty 1n manual

the board across the brush;ﬁ All sheets were brushed 1n the ma‘

;chlne dlrectlon w1th the felt srde recerv;ng the actlon of the

brush. All testlng was performed on the felt slde of the sheets.

The aforementloned flﬂlShlng operatrons were conducted

~ on each of three samples of paper.y Sample,Ians a 100 pound
(25x38 500) coated two srdes cover stock.“
' offset formulat1on conta1n1ng clay, CaCO3

Ja caseln and 1atex adhe51ve*"

:as sample I.

Sample III was a 47 pound ba_ﬂr'””““"'g’

and secondary flber Content,b;ﬁtcu‘:f“‘g

B

‘5f14'tCa11per - ten sheetséf““':"“
2§M:Br1ghtness - IPC t o _
'pg3.";0pac1ty - Bausch and Lomb_ﬁlﬁljffﬁ7*~”'”
4-*1Gloss . Photovolt | "'
5Q~ Vanceometer 011 absorbance}f“”

6.f"K&N ink absorbance “"““;““

7.LfDennlson wax plck R v Sy

‘8.‘"IGT pr1ntab111ty

All lelShlng and test1ng was performed 1n a controlled atmosphere

at 73 degrees Fahrenhelt:and 50 per cent relatlve humldlty.

III; ‘Results.

The mean results for all tests are tabulated in Tablesfﬂ«;:yxa"

1, 2 and 3. ThlS same data 1s also presented graph1cally 1n‘




Figures 2 - 13; A convenlent commonfdenomlntto

Iv. Discuésion.Cf'ReﬁﬁirSFjVC

The data tables_show that 1n‘order for the brush to

‘develop as much gloss per pass as the supercalender e1ther‘hmgher

brush pressures would have to be applledfor the_bruSh paper‘con-

tact tlme would have to be 1ncreased.ﬂ Fo”

this study, however, both of these\alternatzve‘1éreiim§reefie 

_calender.

RET R

‘hlgh pressure 1ron1ng prlnC1p1e 1t 1s 1nev1table that somefalr




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

air- cellulose refractlng 1nterfaces.a As the number of these re-fdhﬁf L

fracting 1nterfaces 1s decreased the opacaty 1s also decreased,

as Figs. 6 and 7 show. The low pressure brush, however, shows‘ff

little adverse affect on opaclty as gloss is developed Flgure 7:7QQfV¢:ﬂM

indicates that a sl;ght 1n1t1al opaclty 1055 mlght be assoczated S

with brushing an uncoated paper, although contlnued brushlng re-ﬂ;;?fW"

veals no clear trend
Whether or not a paper 1s coated 1s the 1nfluen01ng

factor in determlnang the resrstance to 1nk penetrataon of brush'ptl

f1n1shed papers. In Flg..8 hlgh degrees of brushlng can be seenfgff"hﬂ'

to increase the 1nh penetratlon res1stance of a. coated paper to i

a greater extent than supercalenderlng.h Flgure 9 shows that the:lpt~mﬂ“"

same amount of brushlng on an uncoated paper 1ncreases the 1nk
resrstance only sllghtly. The supercalender ralses the 1nk re—~a"°.
sistance equally well forvboth coated and uncoated grades._ The

supercalender develops 1nk penetratlon resastance by 1ncreasrng 5

the sheet dens1ty whereas the actlon of the brush appears to be

entirely a surface phenomenon and thus dependent on the nature of5:f“wu“i3”

the surface. This. behavaor 1s further exempllfled by measurlng

the rate of oil penetratlon 1nto sheets prepared by both flﬂlSh- p']j;”j"”

ing operatlons.p Flgures lO and ll show that by brushang a coatedfl;f;ﬁxx“t

paper surface the rate of 011 penetratlon can be gradually de__m‘h
creased but that thas same amount of brushlng causes only a L

slight initial lowerlng of the 011 penetratlon rate 1nto uncoatedptA
paper. o p_tf:;hbd; }rt]‘_ rhlﬂff}jlhh‘?tfﬁy?

The Dennlson wax p1ck values 1n Tables l~- 3 1nd1cate

that brushlng a coated Paper surface tends to reduce the ple '\T- R




resistance of the paper sllghtly but that no such reduct1on 1s
apparent for‘an uncoated paper surface.v The supercalender lowers‘
the pick value of the 11ghter welght coated paper but 1t,'1n turn,v
raises the surface strength of the uncoated sample by two wax
numbers, | A | o

| The'nature.of the printing surface produced by'both ::
hbrushlng and supercalenderlng is sharply contrasted in Flgs. 12_..:'
and 13. - ThlS test reveals that the gloss produced on a brushed ;f
.surface has essentlally no bearlng on the f1de11ty of reproducép
‘tion that‘can be expected fromwthls surface. on the otherihand,
the'supercalender:glossfdevelopmentvshows}a‘correspondinghand |
very significant improvement in printing'Quality. This behavlor .

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 substantiallv;raise,the!surface gloss of coated
and; to a lesser extent, uncoated‘papers. However,vas in any
other paper fanlshlng method ‘a partlcular effect is achleved
along W1th accompanying desareable and undeS1reab1e s1de effects.,
This study has revealed some of the 51de effects of brush f1n-
1sh1ng. To dec1de, though wh1ch of these accompanylng factors
are desireable and whlch-are'not 1s beyond the scope of this in-
vestigation." The goal here 1nstead has been to conduct a llmlted,l_‘
exploratory comparlson between the new brush flnlshlng operatlon |
and the presently routlne supercalender flnlshlng method

Based on the technlques descrlbed and on the Sp€C1f10



papers tested the'followingiconclusions}seenjjustifiedi{""

1. Brushing w1ll develop satlsfactory coated paper gloss, al-;

though it is somewhat 1ess effectlve than supercalenderlng 1n

this respect.

,:__'.. IR

2. Brushlng develops uncoated paper gloss much 1ess than does f SR

supercalenderang.

3. Brushlng has llttle effect on paper callper whereas Super_al-rf-r_“‘~u

calenderlng greatly reduces callper.g.fpf

4. For equlvalent 81055 Values the br1ghtness of brushed paper T

‘1s lower than the brlghtness of supercalendered paper. ’

5. Brushlng has llttle effect on paper opac1ty, 1n contrast to |

supercalenderlng Wthh reduces opac1ty.,

6. Brushing 1ncreases 011 and 1nk penetrat1on for coated papers ?7'—

but does llttle to 1ncrease thls property of uncoated papers.a

7. Supercalenderlng 1ncreases 011 and 1nk penetratlon re51stance'*r,;

of paper 1ndependently of surface coat1ng. Jp;_?.fpzrﬂ

8. Brushlng coated papers reduces the p1ck re51stance sllghtly

but brushlng uncoated paper does not affect thlS qua11ty.

9. Supercalenderxng may reduce the plck re51stance of coated

papers sllghtly ‘but 1t tends to 1ncrease thls property 1n un-f’“E”:J'“l”ﬂ”

coated paper. -

10. Gloss developed by brushing offers no obvious improvement in



the fidelity 'of reproduction of printed matter:



Caliper
Brightness
Opacity
Gloss

K & N Ink
Vanceometer
Dennison Wax

Printability

Caliper
Brightness
Opacity
Gloss

K & N Ink
Vanceometer
Dennison Wax

Printability

Table I

100 1b. coated paper

Unfin- Brush Passes Supercalender Nips
ished 1 2 = 8 16 1 2 4 8 16
.0765 .0770 0776 .0767 .0766 .0767 .0562 ,.0544 ,0528 .0512 ,0508
81.9 80,6 79.4 T78.,8.78.3 17.4 83.;3/-80,9..80,2 80,3 80,0
97.8 98.0 97.9 97.6. 97.8 97.7 97,67 97,8 .96.9 96.9: 97.0
5.5 16.8 21.4 28.1 31,7 36,2 29.8 36,2 44,6 44,4 49.9
45,5 38.2 35,8 33,3 28,999 360 - 308318 29.%.0 8154
16.4 10.2 9.4 9.4 9.8 T<6%: 33,8 10,8 7.8 4.8 4.0
11 10 103 10 93 10 11 11 11 11 11
652 622 636 616 640 630 276 214 170 114 90
Table 1I
70 1b. coated paper
Unfin- Brush Passes Supercalender Nips
ished 1 2 4 8 16 1 2 4 8 16
#0565 40555 .0556 ,0353).0553 (0552 ,0395 .0381..0376 .0368 .0362
82,1 80.8 80.2: 79.1 77,8 . 77:2 81.480,7 808 .80,1. '79.6
95.4 95,7 95.4 95,3 95.5 95.0 94.9 94,2 93.,6'.94,2 92,9
S.1° 21,1 23.1 28,1 3343 -.34,6 29,8 36,8 40,0 48,1 48.5
38,0 55,0 55,1 SX6: MO5T 34,1 47,3  A4,6 43,3 8.3 -SiB
49 36 40 36 26 26 17 15 14 15 10
11 10 10 10 10 103 11 11 103 10 10
625 654 614 632 616 623 186 143 133 110 78




Caliper
Brightness
Opacity
Gloss
K & N Ink
Vanceometer

Dennison Wax

Printability

Table 1III

47 1b., base stock

Unf in- Brush Passes Supercalender Nips
ished 1 2 4 8 16 1 2 4 8 16
.0433 ,0432 ,0432 .0428 ,0427 ,0428 .0335 ,0319 .0317 .0311 .0300
T84T TTeT TIoT: Tle¥: AT5d i TT4R. THE 309 TE59 1.1 T . %
84,5 83,6 83.6 83,2 -84 "Bl.b B3, 4. 825 83 F  83:0 845
6.9 - 10.3 10,6 <3357 185D X359 2188 15,4 1852 19,6 2313
54,9  51e5 S51.40 8.7 84 53.8::47,0° 44,0 48,2 T45567 43,3
104 78 80 80 80 78 16 10 6 6 3
14 13 14 14 14 14 16 16 16 16 16
1235 1209 1079 1144 1040 1061 546 494 487 280 233
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