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ABSTRACT':' 

In this paper the author 
' 

> 
-: •• 

investigate'the 1 ·irifluence 
-.;� �! 

,·, .. ' : 
,..,,,. �.� .. ,, ....... ' - :,,,{. · ... ' ,: ... "' --�'"- ' . ,. ' , ·� 

The variables,;.con 

,beat�t1g time, consist ency, and ·.-tempera 

The instruments ·used: ·were: th� ·VEill 
' ' • :,, '. I 

••• �� : ,,° • 

- •, 

the._ Stormer Viscometer, and. t ' · ·- ·

Classifier. 

. has •at~emp:ted/to' · ..... 
,' ··:-.-:'./'"; .~·::. t' .- ' '/J~i~"-':.,--•~~~;·:~::: :~.::·'~_·, t:c~)-, '/.:::_:_~.;/:'(,·:-. ' ' 

,·ot: te'fJrif:ri,e;;,;,MPPrifS,toFw~r.:. 

. . . . 

•,.; ~:•. ·; .. 

Viscosity.·: te·ac1.ings ~ 



-E.XPERIMENTAL PROGRAI-I�

.OBJECTIVES: The purpose of the 

mine_if high consistancy pulp vis�o�ityTs;,:�-�o�d\111eariEi'.:.9/f: 

predicting, -the physical and optical �ha,r'actefist'ic;·�::·Si thi::.:>··· 

final she�t. The reiationship b_et�r�:�/-�hJ;•�h:��-L�Jirieb:do�ffici�i7it. 
• • .. . • , ;,. .: • ·- ,·, 

� .. , ,. ' ;· 
. ' ' . . :. •. ,. - -i' • < • '" 

. ·. �-: _,. -· .. . - .. ,_ .• 
( ICubellra� and· .HU:nk ) and the viscosi:t,y:· \·1i:J;;J;. pe::·consider�� 

• ,.- � . ' • • ' •. • .•· l ' ' .; . . . ,. 
" ,,, ' 

, 

conjunction, with the physical ana.>opt:i.ca{\sfieet :. test�. 
'· .. - '.. _, . : ' '• 

BASIC EXPERIHENTS ,1._Q BK PERFOHMED: 

l. · Sulf it�';, pujLp "at 2 • 5% C:On Sis tency /\vill be
· · or �'-'-6/ ;Se,e,uR.. < •• . ·, ->< . , . . . . . . 

I-Iead refiner"to set viscosity 1evels •. ·Beating :;time wil,l· be
� ", , . .; ' . " . . � , -·

· 
. .- . '•, ' . . '. 

2 •. Samples� will be removed from, !he-r\iifiner;';,and�viscosity··,· 

measurements ( on: the Stormer V:isco.simeter ) , :·free,�ess r�adi�gs: 

( on the Canadian. Standard Freeness: t:ester./) J '�rid·h.and shee,ts:, 
' _,, ,I • ''. • ,. ._' > • ' . ·.-

·
·:-� .... "; . ' '·: . : ' "· 

( on the British· Sheet. mold ) will be. made orii eac
_: : 

. . . : ' . , " �- ;·/ 

3. Each hand sheet. will be test'ed'; for tensile�

iv eight,. brightne.ss, and opacity., 

4. The Kubelka: and'. Hunk scatteririg··c�efficf�nt/wiJ.l,.:he cal�
. ._,' ·�··,. . ,: . . ., .'-' ,•:' - ;,:•-

culated f cir e2:�c.?f s�ample fl'lOlil t_�1e �.a4;u,:f;_:,:9f,::,�rf'�iµ�:sJ;','·01?;:·
arid ·basis weig}),t. .. · •· . ' 

.�.,•·•·:: ·.
!

.?·•·::•:. / ··:::•�•':; t_,.,•�-\.� �t· i,\l'\
·
:·;!.-•

.,

:t,��'i, ,.. '·(;.•'•l• '-,•• '•�•• 

5. A graph/�of sdattering coefficie�t':•'vs'� v'iscolI't�Y<,\�ii:i:-<b'e

plotted. 

SPECIAL. EQUIPMENT AND SUPPLIES NEEDED:'. 



CHANGES. IN PROCEDURE: 

1 
. . 

The Stormer Viscometer.with- the '"Paint 'Testing .· 
' . ·. . . . � ' . �. . ' " 

. 
. . . 

. ' 

Outfit" .attached, showe·a extreme sensftivi:ty to any 
' • . � ' '. • . ... t 't•· ', ·, '• .. '. ' "',. ' .... ,. .. ' : ; . . • " • 

to remove:_a representative consistency sample from 
. . .. . . . . ,. 

the Mead· refiner after -�h�.:d�sir�d :be�ti�g tlme t

Therefore, ···tf!ebleached sillfitep�lp; was·· bea{ i,n a
,,· ". '. s: • '-�- � f :·· 

laboratory Va.lley·Beat·e·r'.at 1·.56% cons_i\itenc:j�···r! 

slurry sar,nple was rem�ved 'a.,t�.e�'t�y.;�f'ter- "the roll­

bedpla te nip in. the op�ratin,g VtiiJte.;y-°_j�_ater., a., .. :si�rrf .·
� '·. . • ; 

'. 
• .-i:., ' ·-- :�·. ·., •• ' 

. 
� ••• '• �" 

of constant consistency: cduld· b'e: remo:v�d,! ·a:fter
. 

-.: -
.. ,. .. . . .. .·" 

any desired *amount of refining�-' :'.Thi's chan;ge in-.
r : 

·
, .' 

. 
,: • ,

. ·
, ; ;' , , , ;•; ,1;,, , J 

·
.i '\,. '' .�• ;' 

' : • · ' • 

procedure. solved the sa!ripling \probl!3m ! ', 

.·, Physical and optical; tests,.on·<,;i:l.rio{is .Jiand' 
. . . •, ··: .. '.· ·., ',· .. ' ' 

. sheets were not run-no·riwer�/any-hand·_,,s-heets<made. 
- •• •. · ,_, . I> • ••· • '·, ·: ," ' ' , ·. •. • •  ' • 

h, ::',::,. • • .··,.;: '• 

The harid she_ets and physical 'and ,optfcal tests were. 
� . . ' . . . .. "

· '
, 

'' ...... ';- : . ,
. ,

, .. . ·. ' � ;. ·., ' ';'. � . 
'
. 

'.Orinin'ally ,i_ncluded. in•,th�. expe_rimental' procedure·>·•
•· . _._

:.,·.. ;_·, .. :\·: �-. :::. ·.;:·, ._:·: .. ·.,·�.·r.·_.-,·.·�-· .:. .·�.· . ·. 
as ·a poss_fble tool to compare: the' Ganadi'ari. Standard · .... . . . . . . . . . . . . 

,.'j 
" 

, Freeness test to the Stormer Viscosity_· r1:;adings. 
. ' �: i .. :' ,: • 

' 
'-·� �-" •. ' '. -�.: \·. :;-;��;-- "<"..�:;" " 

How_ever' . early experimental .aa ta repeate_dly. sri,ow�d 

tha;l? tha·t the Stormer Viscosity readings; were
·,,!. 

-iri
f

'eficit'. to· C. S .Freenesso reading� .as a.n-appro-iimaiion .· 

of .the de-gree bf. 'refinirig of"_the p�lp •. · 
'. ,,·., ; 

the· h�nd �heets were not ·made._; Ho{1e,ye,r.,' i�au_e;t;;_McNett •

fi b_er length tests were run ,tc;>, help deterrhine. 

relative fiber length. 

,I 

. i 



LITERA.TURE SEARCH:.· 

Blalrnn.ey showed that ti1e viscosity increased rapidly at 

concentrations e;reater than about .0042 which is approximately 

the 11 critical 11 zone for fro:: rotation of fibers as predicted 

by liason. ( 1) At' greater tl1an 2% consistancy a plot by I•Iyers; 

torque vs. Angular vi loci ty s110wed the f ollo-wing: ( a) The 

line is concave to the torque axis. (b) A small chanc;o in 
� 

tor9.ue in the hiGh tor:iue ran,_;e Hill cause a large change in

the ant,ular velocity. (c) It toolc some torque to start the 

bob initially. ( 2) :;:,Iyers also pointed out that the Relative 

Viscosity= ( slone of slurry 
slope of SUS()Gndine:; solution) 

-'\'There tho 11 slope 11 is taken from a torque verses anc;ular 

velocity plot. lu1.d if the L/D ratio is less than L:-0, the 

relative viscosity varies directly viith the concentration. (2) 

The curvature of the fiber seems. to be an important 

f'actor in determining and ex9lainin5 the viscosities of fiber 

slurries. Blalrnney found that with nylon fibers a slight 

curvature ( (:: 162-178 ) had a large effect on the relative 

viscosity� He also observed that above a certain decree of 

curvature the ( intrinsic viscosi tv ) rE1,tio depended ONLY on 
·· relative viscosity

. . 

the CURVATURE-:--and HOT on the L/D ratio'of the fibers. (1)

- - 1 d d 11 " �i' 
' .,_ . �-.:.yers cone u · e , curveG 1 oor s cause a ri1uc11 5rea uer increase 

in viscosity than strnic;ht fi:Jers of the same axis ratio in 

sus�;entions of t::10 sa1t1e cor:.ce:crt.ration. 11 ( 2) 

1-�yers pointed out tlmt b0cause of' the complexity of fiber

interaction forces, little theory on experh1ental uorlc has been 

done in this area in relation to viscosity. He noted that 

. ,. 
t:J'r· 



"the fi1Jers uoulc1 bo e::rJectecl 11 to spend i,!Ore time in the flovr 

direct,j_on them. in other �)osi ·�:tnns. He founc1 that inertial 

effects for the f'low around :1 r7linder becoE1e 2,l)�)reciable 2,t, 

Reynold's Number 1. O. ·.n-1e:ee Re -: AI D __ ( vel .• ) x (Dia.) 
( - Kinematic Viscosity

At a consi stancy of 2. s:,:;. usL1s nylon ;Gibers, Eyers noted the 

follmrinc;:tor�fJ.e-fiber characteristics,:· (a) ·At low torg_ue the 

fibers touched the bob. (b) At medium tor9_,ue only a fc,n-r fibers 

uovec1. (c) At a hi5htorgue a clear-fluid anulus developed 

betueen the bob and fiber phaso. Eason and Hanley shovred that 

an apparent collision betHeei1 t1:ro fibers creatly change their 

rotation orbits. Such collisions do not occur at very low 

concent1�ations. ( 2) 

}3lalrnney found that the degree of flocfulation had a big 

effect on the relative viscosity •. He found that the relative 

viscosity at any concentration was higher for flocculated 

susi)entions than for the uell-clis9ersed suspentions. ( 1) I-Iyers 

noted that the type of liquid in the slurry uas an important 

factor in determining t11e de;rGe of flocculatio11. 

He found that for nylon fibers in .a sucrose solution 

flocculation and fiber net worlcs formed at much lower consis::... 

tancies ( .08;.;..6Jb). than in orc_sanic solvents. He thought this 

could be explain�d via physico- chemical factors. He also 

noted that in the sucrose solution, the flocculation increased 

o,s the pH decreased dmm to tuo. 

The wall effects. usinc; a bob anc1 cylinder type Viscometer, 

seemed to have only a ne5ligable effect on the relative viscosity 

even for L/D fiber ratios equal to O. 358 •.. ( 2) 



The DeZurilr Corporation manufactures a consistency sensing 

device v1hich works on the same principle as the Stormer visco­

meter. However their research department had the follo·\"rinG 

comment: "At· the present tfme tre have not conducted extensive· 

tests to determine the amount of or direction. of chanc;e in. 

trans;;1itted · signal when the freeness is changed. Ue do know 

the affect exists.and that it differs with different types of 

paper stoclr and that the affect is proportionally more prominent 
. 

. 

· .. at higher consistencies and freeness. 11 ( 3)

( C.J 



BE;?T//v'(; 
77,.,;irs 
.. W/M)· 

.. IP.l(rli/) 
.. 

0 

.20 

40 

Gn 

l<uAJ(;;?..) 
.. 

··o·•·· 
'/o· •· 

.SToRME,,R ¼cr>s1rr 
(-S"�-C//co r?eK} 

3�0 fr"", 
"· 

-
·-

/""'.S-

/.z. � 

✓.�.s-. 

--� � .,. . ' ,.�. 

- �l.;o�-

,1'PO fin,,, .. 
",• .. ,. 

•: 

V 

.3'0,,o 

/3,3 

. /£A 

/,2�:!... 
.. . .. 

·;'.a '3, 0
:. ·/�/0 

:·:so /3;·7 //.R 
so · /.?,·J- -I� J:(
.. 

·
;'.,: ' ,  ,::•.,' .:.: ··,: . > .. ',· .· ..

Co-R 1?6" <1 r .::--.z> 

/-A'ec/'le:.r .s 

(fi1/.) 

·7/�

?9o
;::z. �o

ffo 

·. 
700 

'1-, .;;::_ � ..

�·�O ..

A/0 

SAUER 

28 /41£S'rl 

• J -

?o 
66 

Sf/ 

�9' 
. . 

J?t? 
80 

·6h.
.6-0.

/efCAkrr r✓$cR 
(�) 

?B /?/GS# 

r::3,.0 

'7,. 3 

/,.S:..S-

�?.. 0 

: .. 
;::? .. ;;,

. ,$"'; (;? 

g,7 
·1.J.-1":

6.S-#GJ#

/, .$-

s:o 

6 .. .3' 

/t:) .. O 

;2. .. 0 

:::! ,., 7 

6 .. 6. 
� o···. . . 

. 

c��S$' /F'/�/J //D�/ 

/$" t:>#ES'"# 

o .. Y 
.s:o 

/1/,t? 
/::l 0 

.::< .. o ·

/.3 

·.·�.7
d",6

. , . .  
• • . . ;; " ' ' • 1 • � 

< • •

•
· 

. 

Sek/&� 

J;,/ 
/(.,, 7 

/t?. 2-

�o 

, -�--�,

�..:? 
·.//.0

/2..,.0 ..
::z o.o .. . .. 

I 
I 

I 
I 

I 
I 

I 

I 

-

I 

I 

I 
-

I 

I 
-

i 
i 



I 
! 

-��---� --�: --�--,-,,....,..�.,.----��------:,-----:----:--------:--:c---\. 
(BJ, 

. I 

. TCJi<i1feR'' ��-�!Al<S. - ._ - .· •; . _-.•�lsS'·•·

. 'J . :  , ··· . .

' . . . 

C"N�' s-rFAtC 

(¾) 



:ti
 
t 

t
r 

+--r+-+-+++
+

•
++

+
1�

+H
+r+

+-+-r++-+
+

-+++
·I+

 
ttt±

: 

� ·rtU
.2±ttH

H1JH:1-1
itf

m
ff

w-t.t.
tt 

::_ti
;

�+ 
H

--
· 

,-f 

t
+
 

H
-H

H
-H

+
t· �

 

i
-+

-
• 

r
 

R=
 : i 

=i ,_ 
Ii 

.l..,
♦+

t-+-t+
+-,+-

1-H
 

Jc
 

.. ,I 

1m
m

E
1:Lm

m
m

tm
:ftB

_.H 
· 
·· -\ 

.... :..1. 
tttt:J

::tttt
ll.

ttJ:
jjjjj

· tttt
ttt

-1 
: '. ·.· . 

"I
D

O
 

. 
. '' "

"
O

: : ' 
. ' ' ; '4

C() ; : 
/ ... ' 

I
 0

()
()

: '

rA
i.�

/
..v

c;
. · .. )14

;,1 ... ss
:'-'S;i<:(

Gn
1J

 ·:\
/o:-:::. 

(
f.) 

·I

.
.

' 

' 
5 

ti) 
0. 

2 
C, 

iG
\~ 

C
z
~

 
z 

[l'. 
L.! 

w
 

l'.l 
0. 

N
 

f.. 
0 

W
 

rl 

0 
X

 

0 
0 

Cl 
N

 

0 z 

qvr-TTlt. 
•fr 

1+ 
,:;:: 

+
 

if m
· tttl±±l±±I 

0 

s t 

R
 

tt 
I+ 

_
j 

+-

+
 

·1+
· ++++++w. TT 

lJ11. 
,2.C

O
 

j. t +
 

.j 

±t +
 

-+-· 
•
. 

. . 
:..: 

C
 

=r-
+

 
jJ··• 

f 
f~-

b t-
J . 

=:;+~~ 

l 
_

j rtt .. · 
ll 

11 

1+ :il 
. ti' 

:-+· 
t· 

ti· h
· 

1. 
H·+ 

t 
, ..• 

s+ 
, 

J: 
. 

. 

~
 

-
~

 
.. 

. 
~

rt) 
i 

~ 
Iv

 
i 

~
 

. 

' 
~
 

,;;:. 
-+J'.o 

Ii 

~i'Jt. 
~
 

:.....:, 

--r. 

-+:l.l 
1-1..j..jC

L
I 

ii~
 I r 

··············.u
 j 



D
 

LI
 

/
0

 

0
 

e
 

� t i + -t 
T

T 
++-H

-+
++-tt+-

H
-+->+

-H
c++-1

+
4 

+
+-+

l-
J::t 1 

-:l
J)

-
it

 
� -ri

 
rn=l+

+R=tt
tlt

tt:ti:j:
 

+
 ' i

F . 
H

 
1 

+
 

t 

t
+++

H-
+

+ 
t
 

�-

+
 

4
1: 

"!-
tJ

 

w
 

[j 
J:±
-i 

t i 

R=+
 

+L
 h

ll 
f+ 

+
 

::u

r:i
 ' H+

 
-_:1_,

_, L 

++ 
-+ 

I 
-l 

-t:l:
.. 

J_
 

., 
_Jt

:;: 
P

J 
ft+

 t 

b-.:tl:-
H

 
++ 
HH

±l:
ili±

i_;
 

. u.,.;,,
 

+x
 rtr

J 
�

j
 

·+ 

� � tn
 = x ·· 

➔
· 

. 
' 

1 
-

. 

H
+

t-
H

++
H

+
·· I: .. 

j
_ 

I"
 

,._ 

1+-l
 

.. �
, 

re
.:.

.r
.. 

I 
. •

 · 

.t..:,. 
J
I
 

.•. 
, .,;.-;·::-/

_',.; ,,_·.··r.i:;:.\· 

'�
-r��

�e;
: �

--��--��·�:.:;:r
i'�(;;;., ·_:·rs

;1_;;/;
o ,::l<

�ii::'i,::•':::;,L::E/,_.:�:r::<::·L' :LJ
. • ;,, . ,. 

'•' ·-· /
'. '_ ,. ,, '.' t, .. " / ·.' . 

. 
'.,,, ·, 

.-J
 .. , ..: .. ,·

1
···.,••

'•,,·.
-

_' 
-" 

.· 

i 

+
 

I F
 

I 

i 

~ +
 

It 

I;' • 

,I 

e
+

~
 

-!-.Ll 
1

:
' -+1..-i­

'' '-:S
g; ,~+-' 

·+ 
:r::,j 

1.-U
 

' 
• 

i-:---

7 

t+
' 

+-~
 l.l 

1 
_

, __ [ 
1-

-~ 
G

Z 
~
~
 

A
 

t-lj 
~
 

.,. 
, 

0 ~~I tti-tH
-W

-L
I 

i 
---,-l-

H
 

l 
LJ u 

TT 
p:.j 

+
+

 
f+

 
., 

' 
:; 

: 

m
 

-! 
·I 

'+-
F

; 
' 

I 
'; 1-i-

0
: 

' 
I 

l 

H
+

 

ti: t± 
T

 

1. 
ct-4 

~
 

., 

L
, 

I ~. 
:, 

) ,/ 
H

 
r 

u
. 

I_
I 

l::;:: l;jr 
~

' 
.\-

-
,,,,,,,,,-

!If 
--.l:....!...., H

H
+

 
t 

r+ 
~ti-' 

+
 

"' .hf..jt~ 
l-

1-..:,.. 

_J_ 
.u

 

<
 11 

1-1 
I 

'] 

l -t
i
 

' 
L

l. 
:1 

_)_ 

r 
I\ 
l r 

:-t 
+-I 

+
· 

',' '' 

l1c 
+-l~~ 

+
 

liJ I 

i+1 j 
,. 

ttt -i-

~± 
~

: 
++ 

u
. 

T
l 

=
 'l
 

tr 
H

 l ;, 

~r _; 
' 

-i ,-, 

.± 

I I+ 

;-

'::((")" 
' 

'' ' . ' '' 

' -I . : 

. 
--

..... 
~
 

' 
--:, 

I-+
+

 
J 

b 
:ci:: t:c 

_J_ 

1., 

I 

,', 

I 

+
 

++-
'I 

-~+-l 
[1 

I· 

"1 !:t 
1;,,.· 

': 

;:, 
' -

I 
•. 

" 
-~ 

=l= 
.
,
 

' 

~
 

1 
" 

I, 

" 

·:,: 



□
 

u z
.:

 
"'.(!)

L1
 

N
.

;-
:i

 

".:
 z

 
o

-

... �2
<(

 
w

,:
 

(!)
 

;�- �

�
-

0
 

,-
o

o
 �tt

-i
 

t-ti++ 

·
4

-

.,.
 

t_ 

r
 

,,

�-

H
 

t �
 

.· t 
,..: 

8l . l 1 
•
 

. r. 

·,
.r
:: 

·'
'-
:

-,s-_.

. s
�

 /?
. "4

 e
-,
;:;,

:s:
 
I 

,
. 

1,
. 

5 "> 
~ ti 
~ l.ij 

~i lJ :1-0 

~t I-. SJ 
N

 

o
x

 

□
CY) 

Cl 

D
 

~u D
 

z 

rhlff +
t+

+
+

+
-l--1-W

-+
-C

W
-, 

+rf.tl 
t:tt-1

-~
'~

'"~
 

li:±
±

,J ,c 
f 

j: 

ff 
;,, •tr 

-i..-
!a 

•·+ 
rn-t4 +

 

I+ 

&
Je,q 

-
-H '. 
~
 iu

 
T

 

:t 
,;·+

..:~
It:~

 
"'-·. 

tH
H

' ·+
H

+
H

+
+

+
+

I t-I+ 

·1,.-t 
~ 

ri 

¥•• 
tt 

----+ 
.L

 

' 
'-'· 

+I 
I+ 

H-
+

, 
' 

H
-

.· H
+

 
-R· 

t 
q: 

f=j::tjJ+ 
It 

i:· 
f+

 
~

l 
➔
 

+
 

* 
fl at 

tl:f 
·l 

3
0

0
 

+
tt 

+
 

$-' 
~. 

..;. 

~
 . 

.2
.0

• 

t 

7 

f+ 

A+ -t 
. :t:;: ·• 

+
 .A1 

····t 
-+ 

__ ,_......,.. 

~~tt. ' ., ., 11 
1

.o
 

, 
.. 

·.~
1

,.f'. 
-:1.1? 

''·>
·;

.n
 .

.... ··. 
,
>

·
·
 

i<
j.~

~
$

/rj,'.'>
.'' ~i~:~~o ,,R~Jf)·· .. 



� w (L
 

<
 

(L
 

T
 

<t
. 

I
 

�
 

[J
 

CJ 
z

 

z �
 

w
 w

 
t:l

 a.
 

N
 

I-
D

 
W

 
N

 

0
 X

 

0
 �

 
" ci

 
z
 

lL
T

 

R r1ff
 

+4�

-;
-

r+
 

.+ 

.j_
 

J
 

tt
. 

.t 

tr
 :it 

+,
. 

t
+

 

l+t
 

+.
 

f 

t
4

 

' tt--±f 
.-+
·:1 

-!-
t .. �

--
j

 
' 

+
,

 

m
 

.,
.
 

--· i = 
'M

tg
, 

·"

tF
L
 ·;-'-� i,l'i-

H
 

!--'£A"
·

-rt
 � U

i
'-':"

 

[
1 

. 
•· 

t
+ +7

 
llH

: 
4

r:t-
. ; 

; 

]]
 -

·'·i· 
.)

 
+' 

±
 

.:j .. ..;;;,.
 i 

. +t-
1'

l e 
j j' 

7
 

I . .

I 

.,. 

±
q

 
L 

+,
 

. 
. 

. 
'\"'I

 ..b
 �· P

J-l
> 

-�
, 

s
o
�
.:: .

. ·· 
'-
"
!?
 

·-�
o
er

•

c.
4

 s
 .. 

F
 R

E
l5:N

�
SS 

'0'7
.(-'j:: 

'/
D

O
 

. 
·.. 

. . 

..
 

. I 

I 
ci 

7
"
i 

~< ~
 

w
 'v

 
{Ju

i 
N

 
I-

:i 
w

 
-
Z

 
o

-
w

'" 
z
~

 
w

::;: 
C

l 
:J 
w

 ii 



1
 

g�
70 

Z
<

 

t'.)
 ui 

N
 

t--
j 

':'.:
 z

 
o

-

}
w

�
 

Z
<

 
w

;;:
 

�
�

o
w 

�
 

1,q
 

'\I
 

e
t s o 

i�
 /

0
 0

 

t 
+ 

:j:
 :,_'i a 

r+-
l:j

H
-+

 
�

t 

-l-+
 !--1--l-

H
- --i-

' 

W
. 

"' ' ,:..�
 

�'t
 

-' 
._ �

h
 +
-l 

H
 

-! 

t 

ffi
l 

-
-1-

-+;:tt 
+

-l-+
-W-+

-++H
--'--'-++

--1--l--
1-' 

j n
 

--+:",_ 
i+

t 
+

H
 

-l

-,-

_ /
C

. 
_2

0
 

·E
.it::

�
7

/N
G

,,
. 

"" 
.

.
 

J
; t+ 

. 
-

t 
� 

. -
•i·. -i-

f : 
. -� ·-

j.
 

:_ 4
:; 

,,..,.
 =! 

j 
-

j--
r ' 

h
 

_: '.;;-:'. 
L

 

1 -. 

I I, 

... 

w
 

Cl 
::i 

T
 

N+_-t~ 
-u:i-R

· -
t 

i=d ts 
~ 

ff;-3 
8" I] I+

 
I.J 
H

-

-I-

fiffl~ 

L
 

T
 

H+ 
t± 

f-

T
 

:r 

1 
t:fth 
Hrr4 

H
'·

 

.L
 

lif! f . -n
+

+
+

-'-'L
I. u':f .' rr 

ii.□ 
4 

1:1" 
. .j.. 

t 
.. 

. 
] 

-H T
 

tt-1-1· 

. 
1-..J.. 

tt 

-1-

.L
 :r 

t! 

:r:r:r. 
' 1±: 

--~ 
I .. .L

 
t:·i: 
.;+.+-;.. 

=t :'. 
L

j 
'.1-f 

. -~t 
.: t 

=
t ·:t 

T
 

1
·1

. 
_,_ 

~
 

ti 
:':. 

t­
... :...-t: 

::t 
·!. 

+
 

j ,. 

L
,.-+

-
t-• 

.. 1-F 
;_-f.ti. 
ii _fl 

I 

..,. J 

.. )Fn 
-,){{ 

._;: 
. 

·< 
'. 

,:.-.-: 

tt 
t! 

.. / 

t--
.. I·> 

r
t 

1..: 

.L
J 

~
 

1i 
1i:. 

};•, 
. ,,::-· 

_.,,:,:i 
,::,:;,._ 

n 
.. 

j\: 
' 

... •_: 

-
-t+

 

tt!: 

' 
I 

-
r
 

·I--~ 

Wf .1; 1 
-I\<: 

..... 
· -if ::tr /::S: 
. 'r · .. /\ 

IL \ 

..J.· 

•
I
 

r 

::w
.. 

1 

. >+ 
~ 

r 
n 

'J
o

. 



ci
 

LI
 

t
z

.,j_
 

�
 U1 

N
.

f-
:J

 
'::!

 z
 

�
 

o
-

w
�

 
Z

s
 

w
:;

 

ly
 

0
 

::J
 

I#
 

r
.

+
 

-j t +
. 

·H
 

w
-

,1 

t
 

J
O

 

+-

-

"
 

I 

'1
1 

J
" 

11
 

++-1-

~
 
~
 

~
 

lij lQ 

~ 

+
 

+
 

I 

i 
~+d:J::+J:+ 11 t, 

·
~

 

i~
 

.j 
ct! 

H
 

J 

j ·t·!-t-
+--> 

.!-.,-

H
 

~ 
+

 
.:j:f 

p:: f+ 
·H

 +H
-t 

tttlm
:ttt.:,K

'i.:t:j:j:j:tttm
t:iu 1 -E 

·•
 

l 
+

 
-i--+.--l--

t{> 
-") 

4-n 

t±W
 

~
· 

s 
J..T.t~ 

tt+
 

-T--i+ 

00 
±:j: 

Hi 
-j 

.&t 
+-t: 

t 
4

+
 

.,-+ :,-
+

 
T

 
-., 

+
 

-i 

r1EiHEiii1"!L;-,;..~,.,r +
 

, 
+

+
+

.j•+
+

+
+

+
+

.,.+
+

~
t+

 £i':R' . 
-

+
 

I t :1':n 
lti'tti-H

-tt-t 
l+

J+
 

i 
, 

ttT
i t1 TT 

, rr-r 
I 

... -~± 
__ -J:H

it±:t ttt:t.t:tttti±±±±l±±±± l±
llil±

!H
 :1 '-

-
~

~
-
~

-
-

/ 'L 
Ii./ 

I 1, 
l i 

2 <I 
. 

. ·. 
2 'I _ . . 

. . -2 i . 
:,l e> . · 

·. 

S
,T

C
?

R
M

E
R

 
J4sd'i~s1fy· __ ;: 

CsEc..//oo·, ·Rs};.J ', 

I·. 



RESULTS AND· CONCLUSIONS: 

The sensi ti vi ty of the Sto,ri:ner Vi scomete� 

toward consist ency 1 s shown on,. Graph (1 . ) ·•· Eiere 

the TIME in seconds per 100 revolutions is plotted.:: 

against the falling mass in grams:\ If one follows 

an immaginary horizontal linefrom.l�ft to :r:-1ght.a� 

a time .of 15 seconds·,_ five intersec·tions.;...;.;..on.e_ �t. 

each consistency level-wil:l b_e not�d. )rhe ffrst 

intersection shows that a O .5%,corisist��;; pulp. s�a�ple
. . - . . . . 

required a falling mass of only 175 granis_ to: l'spi.n" : 

the submerged· "paddle wheel!'._ on.. the viscometer in the 
. ' ' ,_t, ,· ·_ :·:�·:.:::;:�-',�,,;.:_> ... <�t·_:,�-<-<�- ;_·:_,,:· 

pulp slurry 100 revolutions� in _ 15 seconds'.:� · The final' 

intersecti·on,. on the far.'right, shoivs:· that at. a -pulp 

consistency of 4%, a falling mass,:·of _8.bout110·25 ·• 

grams is required to spim the· paddle wheel 100-
. :,�-.. �� . � �'--� ... , ,. :  

revolutions0 in the same time intervar�15,seconds<­

This shows that at a low cqnsisten.cy of pulp,_·· 
the viscos-ity (resistance •to· flow) _'is• low; and at 

. 
' . ..,.. ·._,·· ' 

,. 
. • • : •• -" --� , 1�- ·; :. : •• ::.. r .. � - -: . , . -�- ·_ -,. . -.-. -- .. -

a hig�er ,;consistency the :viscosity·_1s, mtich-'greater.� 
•. "' .. � � ' . ' . . .: 

- , . 

consistency if one is-, tryin�:·.t,o measu;� the· change 
.· ,.,,; 

., ... -. :, ·.·· .... · •. · . t: ··.,., .. . . 

in Stormer Viscosity wi.tli refinihg time�·:,·'· .. '
.. � ' 

Gr�ph (2.) shows the Canadian Standard Freeness. 
' ;t • :, ".� 

"·· ; '·, 
(measured in millileter�) versUSt the Stormer;Viscosity . ·.,, '·.,'. .:;, ', ;-i :· ·:

readings. measured in sec�nds p�r-· 100, revcilutions. 
, • 1 I.• I ' , , , • .·-�. ,•i' ,,,' ,'. '1 :·.. ; ,, , • 'I •: •.1',, 

A falling mass df-"·350 •gi-13.m&"wi�: tlsed �---:'and: t\'IO.·
"ii j! ·.,.,_\: ;>i·,<;, \ ··.- . .', . .- ' :.:· .. ' .-r:: .. :_,::;.,'·>'.�,: 

11 ident1cal- l' runs are sllowµ �·' Gra.p;h. · J3·.) ·1·11ustrat�s ·
'• 

-; ,.\,•:,·�: 

' .. , . .-·· . . 

. ' ·, .. � i ,' �
.. 

; 
: '.. ' 

Graph (1 .) emphasizes the demand, for a•,constant 



the same trend as gra-ph(?.J...::...the cmly difference 

being in the mass- of the ·falling body,.·used-, :which 
'. � .

.
. " . .... . . . _· ," . . . . . . ,; ' 

was· .400 grams instead of :.35Q:grams'�.: !If b?th graphs::· . 

the temperature and consistency are cons�an,� at " . 

14
° 

centigrade and 1 .56;( consi�:"tep.cy-�:_ 
: . ·. ',' . 

Graph (2.) 

decreases� (with 

shows .that_�� :_th.�, C{�\, Ffee�e�s :\

beating)Lfrofu ·a.110\1tt659 ml. to.·:450 ml:.' 
.. ·}: ,,- ' . \ 

... ,/.., . .' ' w. . � "." , ... . �".' ' ·"·,�/ ' 

the Stormer Viscosity decreases:, from�about 

(sec ./100 1 rev�l to· 14. (,��oXtooi:'re;.):�: 
� '" ' ,;'. V ' • •· .: . 
'. � . 

decrease in freeness (with.,increa�ed '.beating)_ , 
• . ,i-. ,, ' ·- •. ;· .·-:�:\?�::: .. : ·,··,.. 

}, � H • • •• > '• 
'. '. ,•, ' 0 • • , 

from 450 ml. to 100 ml. ·-:(or·iower) do'es'.:�change. _. 

the Stormer Visce>si ty -�alue�:�t.hey· remai� const�nt' at:: . 

about 13.5 (sec :;100 �e�,.). . 
. , .: .. :· .: ·•· ··' . 

; .... ' 
. '\_�;· '/, 

The second II stage,".' o'r'. this gr�J11> ¥·�111es0 .below. 
. ' 

' • .. ·.-.>: . 
. 

. . ,. ' 

450 ml. free:nes1:1-shows t}:lat .;the Stormer· Viscometer: 
' ; .. , ·;t•. 

is definitely· inferior;, to/the. C .S". Fre�heersc, Tester ·as. 
�- ~.• -, "· � • ; . , '-

a tool· to.· aid in 

beating of a pulp 

quite obvious, since the .. Storm�f '.Vis·c6ril�ter r��orded, 

no change while the freerie�·s decreased '.350 ml �---dtiE?1o 
••• ' , • < ,. - •�' • 

• ,� • •• < 

approximately 40 mi nu tel. of·. "r:oil�dowri� ti�i!'_· ?Tl the 

Valley Beater. The, grap�s (4-.);a.nd.:(5.).show :tlla(< 
. ' ' .. ·-;_ . . " .' .. , .' "<·' '·. .· '. '. 

there was a good deal of ,fi'ber, length '.�h�rtenirig a·:tirfng 
-� ···:•,, \ .,� - : .· '. 

both II s·tag�s"; 
� · --- .\·�� ..:r;· :-��!·.r .�, 

but the. decrea,se in fiber length 
•· t • ' • 

evidently had no affect cm .the. S·to·r�er y:i.scosity. 
. . 

• . ' �� '. . ,. ! 
. ' 

readi:ngs in the second stage. · · 

. Graph (3.) shows· the same.• ,tr•end �' and'tlie, fotir .·' .,, � �- ,::•�;-�-�f:.:;; ;,"' · .. ,_ ·
1:::

·
:
···.,

_: 
._,, : .. 

runs�lthough the two runs· at· each·-weight do 'not: .. 
,.•,.• :,("· "' -;,·'. . . 

coinsid'e• exactly-::;-:show the va:1iafty: of· �he 
' -····�- t" '; 

•,• . 

. ' 

•. . . •, ·, ·, .<, . >1. ,••, ' :. ,I .. , ., • \ . ~ ') ,: ·,, ,'. :1i,,•_,., ::_'.-,' 

measuring. the' de~·~eJ{6:f·:f .. efi,nihcf d:r'-:, . 

sl\lr;Y ii t ,:: io%~ bii~~ ;iilci; /il,l: s,1'~ 



Graphs (2.). and (3.f fnafci'a.te· ;gf '.decrease:in:.r>

Stor�er VisCosity as the ,�re};;:�:(;�;ret���
ygt'\, 

.
•
. 

values above 450 ml·. B'e1ow· a·'.A5O:""mlr: '.-�freeness,. the 
. '.. :,)._·:';:> ! . '._: ?\;> . }<::>•'· : ·:·.·;>_'..· ;J<.Stormer Viscosity remain_s:: consta11:t with,:changing 

· freeness values . Grap�C}l/))' •iow,:,, �
�{;1ii�;;f 1;:'

McNett f.1iber length decreases� linearly as' th�. freen�:ss: 
' ' .. ·'. " ·:,:· �/.:•:·"·::;

' 

decreases" over· the entlre ;range, (ffom ,700
< 

mf .)_{o 
;,, \· . . -�< ,J.>:: 

.. 
". . . . '.i; • . , ... 

200\ ml.) •. 
�· ! ·• ; . :· .. r: -:�.-�"£·:,: i.�,: · -� ·:�·.: "\:> : .. · ,�,·i·:<\\·.:::·--: .. �:).\·_ :-!., • , ·. • _. 

This data tends· to show '.-_that fiber length;·i_S•;not'. 
.: -\ '; •. ,. • ,-:��._. ! • :.�<: ·- .. :'';\�·'.·\�::,.I;:-�_:>t 

an important ·variable to ·.ato_rmer. V:isc6sit,y mea-�ur.ements_,:: 

when .the "Paint Testing ,��t}it" t:hf;:;roto�. :{�:;. ··· 
- , _, .: -

. 
. �> 1-· ..... :�, �--:. t' �-:� ··::- �1 •.;.: ·S '·:

!

_:>
'" 

:.-..... � • • - ·-

employed. Eerhaps with-a differently designed � ,t / /�: .:..... j • ;; �' 

fi tier length could become. an:: impo�taiit••· factor. ·. ·-··•
,T . 

.• .. :���-••:,.: .· _:' .. :'.·.':::;�·��>,,,:�:fr?·.· ,, _,. �. ��t'-:-?_:·�,r: :/('�;., 
However, with this partic�lar; r>otqrt 'th.e·1 res�lts� : . -·, ,;·, .i:, •: • ': � I �:.-.-� ·: ?, i., �' '(11 . 4� � J-f,:' '.�• •'!., 
indicate that fiber length_':ls"not�n·:1miqrt�rit< 

' . ·,. .. , .-�.:. : 
" . 

factor. .,,, 

If fiber length is nl{ian'.'��po;{��+//iac�·b;;\ 

:� :o�.: .:: 
8 

t:::
d

:1::/:�::::�
0

{:•:
c

rt::�:tJt,trttjE'· 
to ·Stormer V�scosi ty values_;_,.�1�-�-�{\n��:�:i·i�·.d·:��ii.tin;· . : ·:.

•. ·:_ • 
°' 

: ., ' . -:· :, '',.;'. _:. ::·;.:-.:\? .. : .. �: ,{-":.\/:> '._:"_':.i. ";!•··/?'
would decrea..se the. Stor,mer V:i.sco�ity ?;;:': ;· ::L_:fi:\' 

.· Graphs (2.) and (3�')-:wt'u1� :�A�"lcat.eC{��t:;the 
," <'· •·•� • -�•· •'

. 
::{•\_:• :l� .. :••�•,•••,:_·�:.:r� .. �,><<·:�• .... •;.('/))·.-�-•.·,-\}•��///'.f\!/:.:.��,:•·\., • ,. ;, 0 

fiber ts wetted as the :freeness\:arops' fr-om,::650/ml�;<�o 

450 ml . . However' be l
ot "f i� .. mr '.}re�:e��❖S6.

£�,rttiJlE;.,{!
beating does not tend to :_we't·'. ·the .fiber· to :�-: gre'a'tef.'/;:.: •. 

: ··� •• • .. �- ..... _.4_:_(·'.·�··-.''' ·--�-- ·\f .. _/··. --�� �/;) :>t·�--;·:")\.
-:: .;: __ :�: 

0,,:: ''.:"' � • • ,\:\,\';�(\_) \ ·;; ,.
degree. And the Stormer -Viscosity 'remains::constant·:: 

<;• _'·'. +·-:_ . :>''..:/:· .: ,: C:1;>(\/ >.· ' '._ ...
This-would0 be a good 'a�ea.: offfutur_e:}study�tfr _._·. 

'.•\ :•v •/\,,�•,:' :, ;:::;••;\\•�•:-'>:�}/��••• .;:,\ );:.,:;/�:/�.:•�,\ < • ,'h, :•, •�-;i,'\' \'{ • �; :, • • •
see how a fiber is wetted: ,wi.th._pe¥ti"ng •..

?.' .. '.' ·, ._�,' .. •�." "'·• ··-: ;'' : • �-\\:�":/ • ·:· � • • r • � -. •••� • 



APP LI CATI ONS'l 

The information ana· the\ideae�;brou'ght 
: \ \ !_ / / , / ,, ''·'·, -,, ••. � 

A ,,, • .• •\ :1:::• ,'t.' ., �• • • : ,-,. 

paper might ·be- of' value· to ··p'aper; mills, using ·"paddle:-.'·.· 
' ', ' \ ' ' . '\. 

Paint-Tester..:.rotor used in :this. experimeni:.'.s_eem�, 

to be based oll the same. priiiCiJJ�a�:tid their 

operation is probab.ly iff�c-��a.·�;_·t�e.·.s:�e: �ariableEJ�.;>;,. 
- ' ' ; • ' � 't:. . ·; ' ' : '.. ! � . .. C. '. • • �: ... ' 

If_- th.a .. above assumitr,qi{,::t� .. ·'tr:ue.t·_�lie :p�d.clle�
. t' . .  ;; : . ; ,, -:·1·>-i .. �-: _\; :· :· \ � ; . ; ·.;' .... __ :> :·, .

wheel-type ,consist ency ,,.r,egulator<.f� :' a_ffec'te4: by 

freeness changesr-• -as· well,.a,s the. consis'te:h�y 
••• .. ... f •• : ; \• ,, • •• _. 

for which ·it .was installed·�: . · 

If a single paper �achine produces ,�:\a..riety: of, .. . - ' ... . . ' ; .. '· ., . ··t 

gradesr· 9f paper-especially' rangin� f�o:m i:�<a.ense 

(a low freeness s·tock) -to a :.free -' slieet-.:(a>higb. 
. . . :: �;::, ·,._ · ·. · ·  ·-.�·-:··•,·!·'�-�=-�-,- . .  ·- .

freeness:· stock)�the paddl�:.._ihe�'r-type co_n'.�isterid}t·: 

regulator_· error �ue. to vi�bo�i�y ���Ilg�·� �£:·,the:,;�iP

could become. an important-·factor. "' .. 

. Further work along th'.�' l:iii�}of thi�,'�ip�
{
�iment;:

• ''· ' ' • .· ' . • �. i , 
'. . 

�. - •. 

, <, • .• 

could perhaps: produce a' visco,eiity: 9q�r,e9tion 
�:-. 

for the ·consistency readingEE tra.nsmitte'd, form 'the/ 

paddle.;wheel�type .·consis���;�-;·· sJrisinl ;de�v.i6e\ .:: ,.,. 

A corl'ecti on facto� : of '\i:u-'i.l't�pe 'dci�ia :b� 0 f

utmost importance to a, wet-ena.',' ·inii1hei:co.rnp-uto'.r . · . , ,: .,.._: ,�.· ,'. ' . . ·. ' ;. .' - ' . . . "• 

,., . .,.. . 

installation_ on a paper machine., :Th�>comp{itor:imtist<}i '. .- ,:,,

be fed accurate, exact' ;�';d.eni�,;;�J.f�s,; ;:{��·i·:·1�i;�;�� -_,::·,. 
to utmZ� 1 ts full pot8�k�;t�:c)\}1}? <''./;:, \};/;. 
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