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CHAPTER 6
CONCLUSION
Tt has been found that the freeness has little influence upon
the ratio of the tensile strengths. The operating condition for free-
ness should be determined for each type of furnish and it mﬁst be
proper to the operating freeness. Too high'freeness will produce low
tensile breaking 1engths, but t o low freeness will increase manufac-

<

turing cost and the consiBtEncy aﬁiﬁot be reduced as rcquired due to

slow drainage rate at tﬁ’//enrériﬁler ¥ire and the wire of this paper
/

machine is short. The,;é}at%ya»welocity between jet and wire also has

a little influence upe /fﬁe ratio. But “higher jet velocity than wire

\y“‘

velocity will reduces - nsile atgsnvthﬂ ‘of the dissue paper. It is

v

/
suggested that operating”/ canditlﬁn for jet velocity should be equal

or lower than the w1re vélocity. ) ,

7._4»

Consistency of gtock in “the hg?d~boy and quality of furnish
are factors which have influence upon the ratio. The ratio decreases
rapidly as the consistency.in ther head box decreases. To the quality

of furnish the ratio decreases as higher tensile strength fibres are

used, but it has a limitation on production cost.
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APPENDIX A
Result 1
Head box level , TN, 100 108 15
MD, Breaking length,M. 620 625 545
CD., Breaking length,M, 207 204 168
Ratio SN 0 34 353

— A ———

— r

Effect of head box level‘Sﬁfh&eaking length and the ratio

of tensile strength. Macking/ #peéd 1450 feet per minute.

Result 2

Freeness yC8R=—— = o) 363 273
MD. Breaking 1ength,M;MHu‘ ' 493Uf 580 625
CD. Breaking length;M. 136 176 203
Ratio 508 5‘3 301

Effect of freeness on breaking length and the ratio of

tensile strength. Machine speed 1450 feet per minute.



Result 3

~6p.

Head box consistency,%
MD. Breaking length ,M.
€D. Breaking length ,M.

Ratio

0.303 0.243

715 660 625
147 162 215
4.9 Lol 2.9

Effect of head box consistency on/breaking length and the ratio

of tensile sfrength. Machiné_spee& tﬁﬁo feet per minute.

Result 4(a)

Furnish Type
MD. Breaking length,M.
CD. Ereaking length,M;

Ratio 2

1 2
615 725
oL 157
6.6 4.7

Effect of quality of furnish on bfeaking length and the ratio

of tensile strength. Machine speed 1420 feet per minute,

Furnish

Type 1 : 83% Export sulphite (soft wood bleached sulphite pulp)

17% Sekunda (hard wood bleached kraft pulp)

Type 2 : 80% Export sulphite (soft wood bleached sulphiite pulp)

20% Coho-k (soft wood bleached kraft pulp)

0.217
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Result 4(Db)

Furnish Type 1 ‘2
‘MD. Breaking length,M. 625 705
.CD. Breaking length,M. 140 ] 219
Ratio | 4.5 3.6

Effect of quality of furnish on/ b;%gklng length and the ratlo'
of tensile strength. Mach&né speed:+##0'feet per mintte.,
Furnish - 77 '\,‘ <
Type 1 : 50% Coho-k (sofz/ﬁédﬁ-ﬁleachedukraft pulp)

50% Rottnerosl(épéuﬁerd&d)
Type 2 : 36% Coho-k (soft wood;bieached kraft pulp)

28% Rottneros (groﬁné.iﬁa&j

36% Tyee-k (hard=wood=dplesched kraft pulp)

LF
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APPENDIX B

TABLE 1 Yankee speed versus 100% theoretical head.

YANKEE SPEED HEAD VYANKEE SPEED HEAD YANKEE SPEED HEAD

FEET/MIN. IN. FEET/MIN. - IN. FEET/MIN. IN.
1000 52 1200 74 1400 101
1010 53 1210 76 1410 104
1020 5l 1220 77 1420 . 106
1030 5% 1230 73 1430 107
1040 56 12645 79 1440 108
1050 B 1250 8150 1450 109
1060 58 1260 &2 1460 110
1070 59 1270 83 1470 112
1080 60 1289 85 1480 113
1090 62 1290 86 1490 . 115
1100 63 1300 87 1500 116

! 1110 64 1310 89 1510 118
1120 65 1320 90 1520 119
1130 66 1330 91 1530 121
1140 67 1340 93 1540 122
1150 68 1350 Ol T Y550 12l
1160 69 1360 96 1555 126
1170 71 1370 97 1570 127
1180 72 1380 98 1580 129

1190 73 1390 100 1590 130
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TABLE 2 Freeness correction.tq-O.SO% conéispenby.
" Free- ; .' ; Consistency of sthck at test, %-
ness : : ' iy SR 1 ) |

read 0.15 0.16 0.17 0.18 0.19 0.20 6.zJ-o.aalo.23'o.24 0.25 0.26 0.27.0.28 0.29 0.30 -

Points freeness to be substradted

I

e e

2

e

S SN

_ 2607/ 100.°95." 286 ' 99 . 92 " 65 .58 55 94‘_"37 30: é& 218 12 }.6_- Y
(B70.::107 .99 91, 83 75  GINWIISORT k5 138 K BT an Sl TR g o
280 108 100 92 84 76 68 60 53 46 39 32 25 19 12 ¢ o
1290 110--102. ‘94 86 78 70///62 Sk k7 .40-,I33';b26 i A TR
300 112 104 96 88 80 72/ 64 56 48 4171 Bl or R0 1% .f?__ 0
310+ 113f'105.'97 89 ,‘81'~_73 65 '-5?;'_49 US S N IBEGY IER Lj7 0
" 3205 7120 111;~1oz‘ 95 84 .?5-|“$éf-_58Qﬁ_5p.: 42 35 'a7r 20 13 ;7 0
330 122 113 104 95 86" 77 68 59 51 43.'35 27 20 13 7. 79
© 340 123114 105 96 87 . 78 69 so{f §' 43135 .27, 20 13 'f7 ‘0
350 124 115 106 97 88 79 (0 6i "5a 45 35 ‘27 20 13 .;?. 0
360 130 120 110 100 90 80 70 61 52 43 '35 ﬂigai 2= e o
570 131 121 111 101 91 81 '71_«f61gf 52 4y Liggin 28 21 Wole o
380 431 121 111 101i -y el T ;u61;§}52-5 44ﬁ”?35J"a9 B e b
390 isa- 122 113 102" .92 .. 82 92 ' 62 fu53 45 * 37 ;ag okl TS Lo ¢
400'_ 132" 1d2 " 143 102 éa 82 -72-162 755 45;"3? 20 ety e g
420 f}s 122 113 102 92 82 72 62 3158 4?'ﬂ'3? 29 21 1 [
o 7 133 122 115, 102 92 82., 92 1;62‘;.53-\.lﬁ§3'372 29, 21 14 g g
460 133 122 113, 102 92 82 72 . 62;' 53 " 45" ‘37 2 21 57 ey
14,80 '133 .122' 113 102 92 82 72 6;_'“53- 45 37 25 2l 14 o o
560 .35 122 1% - 102792 »82. . 72'.. 62, 55 . W5.= 37 29 "ot 1 70
iy o |
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TABLE 2 (continue)

Free- Consistency of stock at test, %

ness
read 0.30.0.31 0.32 0.33 0.34 0.35 0,36 0.37 0.38 0.39 0.40 0.41 0.42

Points freeness to be added

2BE 4017 713 9 T 2kl (B0 485 §0LS b 150 5% - Y60- 5160
O R DRSS T, S TR ) 31//436 41 46 51 56 61 66
280 0 W A5 e, MISSEe U 47 B2 57 68 el
2901 0 7 - 13 92T NN k4, BY 52 57 .62 62
300+ 0 9 13 19/",%5 : 53 I 42, 4853 VB8V 65 . - 68
30, 0- 7 - 13 19" /Bprmd 7 k3 48 53 58 63 68
320 O 7 13 19 J/dbswetesy 50 45 48 < 55 584 63 .66
330 0 .7 13 19 88 pRe38 43 - 48 53 58 63 68
30 0 7 14 éq}’456 52"'”35, bt 49 5S4 .59 64 69
350 0 7 14 20 26 .32 3B il 48 5h CESCLek 269
360 . 0 7 Vi 30> 20 22380 Skl o 49 S5 59 6l 69
370 . 0 7 i 20 26 "B2438 b RS Sh. . 59 6k 69
380 O 7 Jh 200 367 B2 BB R 59X CBE L 99 Teh 68
590 7 14. 20 V26 B 58 4l [ B9 9k 59 64 69
OO O 7 2267 86 32 38 Uk g UBRE 99 Bl T 68
420 0 7 1 20 26 32 58 ko - K9 B4 59 64 | 68
kLo 0 v . 20 . 26 327 38 k4 49 - D% 59 " 64 69
460 O 7. 1 .20 26 .32 38 ik 49 53 58 63 6B
480 O 7 e, 20— 86% 32 }8 Roi ges SEANE TN HE e
500 O 7 Jho. BOWw=26 3R L 36 K <l B 4 F56. 16 966
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TABLE %3 Freeness correction to 20°C.
Free- Temperature of stock at test, °C
ness
read 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Points freeness to be substracted
260 20 24 28 32 36 4O 45 L9 5L 58 62 66 69 73 78 82
270 20 24 29 33 37 41 46:50 5@7595@; 67 72 76 80 84
280 21 25 29 34 38 uaﬁﬁS;ﬁ?(56é% 65;59 74 78 82 87
290 21 25 29 34 38 42 qui',é,éi‘gs 61 65 69 74 78 82 87
300 2125 30 34 39 43/kE 45 5762 66771 76 80 84 89
310 21 25 30 34 39 43 48 53Q5§/§2 66 71 98 80 84 89
320 .21 25 30 34 39 43 4B[B3-5762)66 71 76 80 84 89
330 22 26 31 35 4O &4 49 5k 59 6468 73 78 82 86 91
340 22 26 31 35 4O K449 5k 59 64 6B7F5 78 82 86 91
350 22 26 31 35 4O bk 49 5459 6l 68 75 78 82 86 91
360 © 22 26 31 35(40 Lk 49,54 59 64 68, 73 78 82 66 91
370 22 26 31 36 L1 45 50 55 60 65 70 75 80 84 88 93
380 22 27 31 36 L1 45 50 55 69 65 70 75 80 84 88 93
390 22 27 31 36 41 45 50 55 60 65 70 75 80 8k 88 93
LOO 2% 28 %2 37 41 46 51 55 61 66 71 77 81 86 91 96
420 23 27 31 36 41 45 50 55 60 65 70 75 79 84 89 93
440 22 27 31 36 41 45 50 55 60 65 70 75 79 8k 89 93
460 22 27 31 35 LO Lk L9 5S4 59 64 69 73 78 82 87 91
480 21 25 30 3l 39 43 LB 53 57 62 68 71 76 80 8L 89
500 21 25 29 34 38 42 46 51 55 61 66 69 74 78 82 87




DEFINITION
4

Furnish

Stock

. Broke

Stuff

YETs

: The fiberous and non fiberous constituents comprising

paper.
A term loosely applied to papermaking ;i fibrous material
in all stages before formation on the machine wire.

Paper thrown out in sorting, reeling, and other fin-

. ishing processes which is usually returned to the stock

preparatlonigiant f6§;§r006551ng.

¢ Stuff 1s~?fiﬁ5ﬁhiﬁh\1s‘seady for forming into paper by

White water :

Pulper

High density

7 cleaner

Deflaker

two chie; //peesses, commonly referred to as beating

and refipd
o = s
All wate f ;,ﬁager milY whigh have been separated

from s{ock ﬂr pulp-saspen51on either on the machine or
accessory equipmehtwhsuch 28 washers, save-alls, and

E .,

also frt \pnlp grinders v
Oﬁ\ ""’/‘?Ln

Pulper is used as a stock preparation batch. The ma-

jority of applications cover

1) The blending of slusﬁ pulps with chemical, additives
and filleré. -

2) Disintegration of wet-lap or dry balded pulp, Biend-
ing, and mixing with non fibrous additives; and

2) Disintegration.of wet and dry paper machine broke.

It is used to remove the impurities irom stock. 3

Deflaikter is used for sc¢parating fibre bundles.



Save all

Refiner

Consistency

controller

‘Selectifier

screen

- 2Goe.

Save-all is used to save both fibre and filler and re-
turn them to the machine chest in suitable condition
for inclusion in the sheet being made. A proper de-
signed savé-all system should recover at least 95% of
all suspended solids for most grades of paper.

The purposes of refining are beating and cutting fi-

bres.

N \ l/// /
Sz

In any formjg /;apefmﬁking, the contrel of the con-

~

sistency of stuff £o1ng,. to machlnes is of the utmost

importance. / thaqﬁxunifonm consistency, . pﬁpermaaing

/
is 1mnoasiblo._5a31c411y, three important factors en-
/ OA
ter into the prasent«methods of consistency controll:
e

1) Preparatiﬂn and. sampllng of' the stock going to the

e )

— = e

contra ers. AY
‘}l N e ﬁﬂ
2) Mcasurement of the apparent viscosity.

3) Transfer of the measurement to a dilution valve.

Selectifier screens.immediately ahead of the machine
headbox serve geveral purposes. They are a final means
of removing as much as possible of the dirt, lumps,
glivers, pipe scale, and other foreign matter that
ﬁight otherwise get into the sheet or damage tﬁe wire.
Passage of the fibres through the fine screen also

serves to straighten them, comb them out, and



Headbox

Slice °

Breast roll

separate the individual fibres. Another function of
the screen is to take out strings, lumps and slinme,
passing only stock that is uniform in character. De-
livery of a homogeneous mixture of stock and swWater
aceists in maintaining a constant output of the pagp

per machine.

: The headbox proper/lles between the distributor and

slice and perfoémsékéigral functions. The primary

function I//fd provide“afvolume where excessive tur-

bulenceg gpﬂ,crass flows created in the distributor

are equallzed» igﬁquallties in velocity of flow are
&/ 2.6

corregteu, and bhe ﬁuOCk is delivered to the slice.
It also must E;oyidp gufficient pond depth to allow &,

opcrat&ng at the proper hﬁad to give the required

,.,—,‘_,,

ey — / J

stock W??Qgity throqghzﬁ%é slice opening. If the head

R ———

box is an air-cushioned one, construction must allow
for regulation of pond level and air pressure,

That part of fou;drinier machine which regulates the
flow of stock from the headbox onto the fourdriniep-
wire in a sheet of liquid oi even thickness or volume,
The slice extends across the wire and forms that part
of the headbox adjacent to the wire., It is usually
adjustable in width within limits to the width of

the sheet being made.

The first large roll over which the fourdrinier wire



py 4 Y3

passes before the stock is run into the paper machine,

Deflector :+ Deflector is essentially prevents any water from being
tﬁrown from one roll to the next, and will aleo scrape
off any water adhering to the bottom of the wire.

Foil

-

Foil is used to remove water from the wire.

Suction box : A device used to remove water from the paper stock on
the fourdrinier wire of the paper machine, or on the
wet felt of the‘cy%igger machine prior to pressing. It
consists of‘a_box haﬁiﬁé’a perforated top over which
the wire_éijg;%ﬁ éassé;;‘watcr is removed from the
stock or‘w;b by[auptlon caused by suitable evacuation
of the bOXU

Yankee dryer: The term "Xwnkésﬂ dnyar is used for the type of paper

machine used ior maklng 1ight papers, such as tissue,

1"§iggrghig paper ete. It has one large

creped

b
dryer rokﬁ?\e&yeredﬂhyfa.@@od. In drying a sheet of

paper two) basgic  physical processes are involved, heat
transfer and)magsitrensfeniCHeat is transferred from
some source subh-aé steamito, the wet sheet in order %o
provide the enargylrequired to drive the moisture from
the sheet. The moistﬁre evaporates and is then trans-
ferred from the sheet to the surrounding atmosphefe by
the mass transfer onrocess.

Tissue : Generally term for paper, substance less than 25 G./M?

made from chemical or semichemical or both, depending on



Tissue paper :

Theoretical

head

Consistency

Freeness

65

the use.

Generally term for lightly cmeped, unsized papers in-

cluding handkershiefs, facial tissues, table napkins

and toilet paper, made mostly from bleached sulphite

pulp derived from soft wood and hard wood which are

only lightly beaten.

Theoretical%hSad mqééﬁé defined as the headbox level

or pressura/ u{re&tib\give the stock and water com-

// B

ing out of/t%p bl%ce a velocity equal to that of the

)/ 7
- /

wire. /,/ ‘ (
/ //’vewV*

Conclstcncy/;s a m@ane of expresging the weight of pulp

in 100 parts of~gu&p and water. For example, a stock cocn

consi%tency of ‘B% wnuld contain 3 parts of pulp and
l

97 partsiof water. iy,
fﬁ\ —— {Iﬂ

Freeness is the drainage characteristics of stocks. The

more a given type of fibres has been beaten or refined,

the lese freely will water drain through a mat of

those fibres. Stock which permits water to drain - - =4

through it freely ie called free stock. If it . offers

more resistance to flow and the drainage therefore is

less, it is called slow stock. Various freeness tests

are in use to measure this characteristic of the stgiﬁg

and to predict how it will drain on the cylinder molds.

It will be clear from the abwye

+hat the amout of drain-



o

~ age water through the cylinder mbld will be greater
for freé stock than for slow stock and the consisten-
¢y will therefore be lower.
ﬁreéﬁing .
langtht : The breaking length of paper is the length.of 2 uni=-

' | form strip just sufficient to cause the strip to break
under;ﬁﬁf;gfff@g%ét%j%meﬁ suspended by one end.ie. It
is the 1e\r@§6f\;&:§/ﬁj of any width whose weight
equals.EEgjg;ivx:ngsigéﬁffor that width. The signifi-

\

cance of”byeAkipg lensth lies in the fact that it is

y / | P \ i
roughlyiégé;?giéggil to.the conventional tensile

strength/;@ﬁéf?é&gﬁé a unit cross section,
A AN |

Y
A

Basis weight : Basis weigﬁﬁ?iﬁ?iéi?@eﬁ as weight of paper per unit area.

X IO

Tear strength: Tear s@ggﬁgfﬁgié”&éfiﬁquas the force which is required

s e = =

=<
to maiﬁ§§in\an initigte%@fear in the paper.

fﬁlding endu

endurance : Thé paper is;folded backwands and forwards, while un-
‘der aconstént tensile load. The folding endurance is
the number of foldings, backwards anc forwards, which
the paper can withstand before breaking.

Bursting . i

strength : The paper is held fast by a ring against é table

fitted with a centr%l, collapsed, diaphragm. The dia=

phragm is forced upward by an increasing o0il pressure

and finally bursts the paper. The oil pressuré at that



Opacity

~67=

exaci moment, the bursting pressure, is read off on

a pressure gauge and is stated in kp./cm.a. By di-
viding by the basis weight, expressed as kg./m.a,

the burst factor is obtained. The burst factor is
important for packaging papers.

Opacity is defined as the ratio of the brightness of
the illuminated paper when backed by a standard black
backbround“thits ﬁ%%égtness when backed by a stand=
ard white/éggggce and I&entically illuminated. Opaci-
ty in pqper'iw chiefly important in preventing ink on
the OPPDSi‘Ee 53.;‘_1@( !

/ J s

/ o a A
- // / /’ o . ’
; 4 4

" M— f"u’
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SAMPLE OF CALCULATION

Consistency determination

The sample has been diluted and 1000 c.c. of diluted stock
was measured out. Test has been done in a Buchner funnel on weighed

filter under vacuun,

Weight of oven dry pulp pad and filter paper = L. 40 G.

Weight of filter paper ) 9 = ~1550 G.

.". Consistency of stock - % ;}f; = LJRO'= 1.50
'jffija ; = "290"%

Freeness determination

/

The diluted stoek has been lalso taken out for 1000 c.c. and
temperature was measure&, thel measured temperature was 28°C.
From consistency détermination we knew that there were 2.9 G.

of fibres in 1000 c.cu of dilutéd stock.

1000
= 0.29 %

.. Consistency of the giluted stock . = 22 100

E 18 The 1000 c. e, 0f diluted stocg was measured for freeness in
Canadian Standard Freeness tester, the measured freeness was 620 CSF.,
This freeness must be corrected for temperature and consistency.

The measured freeness was 620 CSF., and diluted stock’s con-
sistency was 0.29%. From table 2 (appendix B), points freeness to be
substracted was 6. ;

Then the freeness must be corrected to 20°C. The measured free-

ness was 620 CSF., and the temperature was 38°C. From table 3 (appen-



dix B), points freeness to be substracted was 75.

620 - 6 - 75

.". The corrected freeness was

Il

539 CSF.

Breaking length determination

Two strips of tissue paper has been tested for tensile strength

and the tensile strength was 309 G./15MM., the basis weigth was 16.5

2
G./M.“. \ ,,»//// ;
.°. The tensile strength of one stPip- So= 309 G./15MM.
B 2
N~ = 309 , 1000
/ i.\‘ R S > * 15 G./H,t
TG = 10300 G. /M.
.".-The tensile breaking ie&g&h o : = 10300 M
— 3 ‘ . 1 15 p =y
s y % = 625 M.
v A JJORR 15
5 ) - i x4 ‘/{.ﬁ'\‘-(
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