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The Iffect of Thrust on the Develonment of 3Strength
/_..~
With the Mead Refiner/



ABSTRACT

Several different thrust pressures were exerted on
the nlates of the Ilead Laboratory Refiner and oulp
samrvles were refined over a wide freeness range for
each of the severa! »nressures. The strength characteristics
develoned iwere mezsured zand it was found that maximum
burst and tensile strenzth was developed by a thrust
wressure of -31.22 nounds. Maximum tearing strength was
develoned at a thrust w»ressure of 25.94 rnounds.

The relining time reguired to reach a glven free-
ness increased as wie thrust was reduced, but reached
a naxinmum at 20.C5 pounds and remalned coustant for

lesser pnressures.,



Some General Aspects of Beating

The terms beating and refining are used in the

vaper industry to describe the operation of mechanically

treating pulp fibers. Refining refers, in the usual

sense, to fiber sevnaraticn and fiber cutting, whereas

beating action may include these two effects, and also

a fibrillating or urulsing effect on the fibers.

Caskey (1) states that beating in its broadest

sense includes a wide range of effects from:

1.

2e

3

Cutting without wet beating, i.e., blotting paver.

Wet beating without cutting, l.e., grease oroof
or zlassine naner.

The range vetween these two extremes in which
most mllls onerate thelr beaters.

The following things are listed as effects of

beating

1.

or refiniunz on wood pulp by Casey (2):
Increased freeness

Increased viscosity

Decreased tear

Increased burst

Iacreased tensile

fiber swe ling and iancreased flexibility
Breaking of the »rimary wall

Cutting tre fiter



Beating and r=fining are v»rimarily mechanical
nrocesses resulting in nhysical changes.in the fibrous
structure and colloidal nature of the pulp. No major
chemical changes may occur as a result of the-great
increase 1a surface activity of the fiber.

The Bffect of Mechanical Action on the Cellulose Fiber

In July, 1943, James d'AClark (3) published a
treory of beatliuz which exvlains the effect of mechanical
treatment on fibers. He maintains that mechanical or
cnexical treatment of fibers causes the primary wall to
be nartly cracked, rubbed loose or removed from the fiber.

This primarv wall, althouzh consisting of carbohy-
drates, is not true cellulose, and 1s not capable of
adnering to adjaceat fibers through sccondary valences.
The primary wall is completely insoluble in water aad
forms an elastic orotective layer or sheath around the

outside of the fibers. _ ¢

4

O

Further beatlng causes this primary wall to be
rubied or sheared oIf as the  fibers become wetted and

swell in the water medium. Besides rubbling off most of

g s
¥

the orimary wall, a coarse fibrillaticn also occurs.

This exnoses the i:mer cellulose material and a surface

>

colloldal solution forms on the new surfaces.



As beating proceeds still further, the fibers
become mzshed u» =nd reticulated, as well as ﬁeing further
shortened. The «dditional strengthening causes are, in
general, almost comnletely offset by the shortening and.
weakenlng of the mashed fibers. After this noint, there-
fore, little further strength can be developed by beating
a~d because of :rogressivevshortening of. the fiber
length the strength of the sheet may actually decrease.

The. ex»osed surfaces of the fibers are strougly
hydrophilic and form a surface colloidal solution with
water. The layers of water forﬁ what is termed "hydration"
in the »aperazking sense. As the fiber dries, the
hydroxyl gzrouns are fréed from waterland their residual
valencies are nutually satisfied by'édjacent cellulose
molecules, thus causing secondary valence bonds to form.

Cuttine and Fibrillafion

Yadlemun (4) states that’thése are two basic actions

of stock.pféparation*equippént:?(13 the fibers may be cut -

a:d (2) the fibers may bve split and unraveled.

=

ong fiberé wfovrde_more area of contact for_bonding‘x“
"than do short gibers and %ﬁ%réﬁore'should »roduce a stronger
shezt of naver. It would seem that a high degree of cutting
action should ﬁe avoi@é@-in any,tyﬁe of refiniﬁg oyération.

Short fibers provide "bridges" for gans between longer



N

fibers and therebr im-rove formation aand ontical qualities,
and cznnot be eslinm’nated Tfrom the sheet.

Abbott (5) Tound that meximum fibrillation leads
to maximum fol i streungth. A slight amount of cutting
lncrcases onln tensile strenzth, but with larger amounts
of cut stock the te-sile strenzth decreases rapidly.
Pibrillation was fou-d to be the n;ime requisits for
mexinum burét, whlle cutting exerts-an adverse effect
1f it is extremc. As with tensile 2 slight amount of
cut stcclk apnears -0 be beneficial to bursf strength
develonuent. fibrll ation sezms to be of the utmost
la~2rtance for oztinmun teaf dévelopmeﬁt, but limited

¢ tinm iz tlso re1uired.‘»3i?hly fibril 'ated stock gave
zrester opacltir volues ihon did nishly cut stock and
fibrillation arszors to »nlay the Jominant role.

The frzeress of a pulo does not distinzulsh betweén
slowness duc to zhiort fibers and slowmess due to fibril-
lzation, since %ot reduce the average size of the pass-
azes in the wet a2t (2).

Becnuse of tris indefinite nature, the freeness
value Joes 10t always correlate with the strength of the
7iln.  Por exzinle, Sutermister (&) rencrts thzt the tear
f.ctor on a Draft wilr varied Troax 1.5 to 2.75, even

thaou~n tie vuln w.s heaten to the sane freeness value,

In order to ohtoli: ore comnlete information on a given



amlon, 1t is desirihle to run & Tiber claszlficutiéﬁ
accordineg to le:izth, ia aldition to ghéjfreeness test;
Varizblesz in Béating and Refining

Thus far, thlg »aper has been limited to a discus-
sion of wnxt a2onens to »uln when 1t 1s placed undef
mechanical stress in an instrumehtldeSigned for the
nrenaration of fibers for.paper.production;l.It has -been
stated that there nre two bhasic actions of stock nremar-
atlon equilnuent, i1.2., cutﬁing and flilbrillation. The

L]
L

discussion will meow be turned to the aspnzct of what can

be doie to control the actlion of the stock »nreparation

()
(=9
D

equinuent to =2t o sired results,

s thzory (1) 1s thet when spzaking of hesters
whan 3

she roll bore ceets the bednlate, the cutting edges

1,

have coupleted thalr tasks the moment they touch one“?
anot2r, whiles + 2 wet beatling surfaces h ve not’ come
iuto setlon =t 2ll, The cutting effect is devendent only

on the nunber of bars. Wet beating occurs as the surface

of the bar ~uszss over thzt of the vlates " The wet

beztin~ nower of sty beater dependesolelv on the total

gls)

saicimess of tae L.rs in the roll and the total thickness

4

o7 the bars 1in the hednlate,

m:

T.e 2bove theory has tq do with deslzgn of equinacnt,

.

Bquiomant with manss narrow bars 'will give nrimarily




cutting action whila ﬁﬁose providiﬁf'a larze anount of
contact are: will flveugood wet beating =zction,

The choZce of caninmant then, 1s of great ilmnortance
cne action on tae nulp.  Jordans and other
t:rues of coniezl refiiers are noted for cutting the fibers
whlle the ceonventinizl Hollander bteater will. give a
~izgher devrez of Ifibrillatlon,

In order to obtain the maximum reflning treatment

ad vet sec ire soze jordaning characteristics, many

. -

mills hayve Lns

t31 . 2d jordazns having three-eishths inch
daplex pluz and shell bar structures. (7). ‘This arrange-
__ment ives contact area and -~revents the operator frox
settinc the Jjordarw uo to baf to bar metal contact. This
treatment provides reasonable tear development and good
mullen and tensiles development.

Clark (3) asiitains that 1t is »robable that the
efficiency oF rewoval of the srimary layer by rubbinz in
the tub and under the roll accouants for the suverlority
of beétiné fesults with the old-fashioned Hollander. The
del~y necessary. bafora sewting down the ro.l nard on the

3

stusf for t ne bect re sa‘t :a 2 also the advanta-es of

hign conslistn:cy Ln beating Tit in very nicely with this

u

concantion, S ERFEE

~Tne dilference between the reficer aand the jorda

fg that the roliner utilizes wide bar (1/2 to 3/4 inch



twckle) onerat.ng 2zt hish sneed anﬁ relatively hivh
stock consistency (5-27%). The hi%h speed*and ‘rge
areas of bar arevent close 1ntimacy of tbe bar structure
at the relatively low horsepower connected ' Any attempt
to bringzg it into cutting 1ntimacy;o§ cpmpagablé_intimaCyv.
0f the jordan would tend to stéil the unit. 350}3aning
commrises the use of narrow bar tackle,_loﬁloerihhenal
sneal, nilzh horsenower for the low spned and relat1Ve1v
low coasistcuecy. The lary e amount of qorsenower COnnected
neriits the onerator to nlace the jordan 1n close 1nt1macy _;a
or in bar to bur st.l contact without stalling tﬁé eon-. |
nectzd usotor. Fiber lengtn reduction is.an. im“ortant
functiou of Jordan treatment (7,.A_ e J“J

Certain thinzs can bé.doﬂé tQﬁchén§efthefactioé of: :

the beater. Baxter (3) maintains that if.a°s1OWneSS of

o

stoeck dne to cutti

'4

of the fﬁber is wunted the flybar

edzes mnust be sharn. Also, the flVbars oref°rrbly should.

nave narrow edzes -4 the wood snaces between_bars should

';.

be well under cut. "Hydration" and tne 3roduction of

long slow stuff 1s nfomote‘_by lon coﬁ%i%ﬁ;a be&ting

wita very lizht orassure of the roll on the bedplate, and

with dull =24 wiie adzes zlvb TS and smoqtn oedolates..

The =actlion 1s thaut of brulalnv and- mashin~ ratner thqn cutting.
With ths disk rezlner, Brdwﬁ (9) maintained that |

¥

with pulps of high alpha callulose coatent high bar-




nressures ca be used becausa they are net only toudh but
sliant, and thev do not cut readily when well designed
equinment is used for stock prenaration, Only extremeiy~
lirht oressures nay be exerted between the bars of tne
refiner when jrouni-wood 1s used, otherwise, the ﬁulﬁ
is r»duced to fines and flour, by.breaking, by cutting,
and by :crindli~g. Trough hicgher bar pressures may bs
used with semi chemical nulmns than with groundwdod,
the amount of such »nressure is relative.tb the degree to -
whnich the lignin rssidues are oresent. When refining
regular chenical -»ulps we are dealing Wlth pliant tough
fibers which require and will stand up under heavy load-
ings. |
Caskey (1) states that "dull beater roll bars, high
consistency of stock, and low temperature favor the
rubbing or bruising action. On the other.hand,'if the
consistency is low, the knives sharp, ‘and the beater rpll
is »2ut down hard on the bsﬁplﬁfé, the action becones
nredominantly of a cuttiﬁg'ndture. In general, beaters
with dull bars produce panars with hlvher burstlng,
tensile, and tesring strengths ‘than, beaters with sharp bars.-s
From the above discussion it can be seen that there
are nany thiags which affect tne oerformance of a beater
or refining instrumsnt.' The;type and sharpness of the

tackle, the snace hetween the bars, width of the bars,



.

tennerature, horsenower aﬁiéchéd;fetd:'cénnot be changed
readily by the operator:of’ghg macéhiné and are inherent
qualities of the uachine, Lihg opefétor_caﬁ,-howevbr,
resulate the 'ressnre an lied toﬁthéiﬁlates, bedvlate,
pluz or disk to change the refining pféeéﬁré. Thdéibin :
nractical beating overatién fhe bést %gét can be done 1is
to regulate the clearanée;aﬁd‘pé%séﬁfé;tq‘obﬁa@h'the
desired teating action. R

In seneral, lizht mechaniéalkaction gives maximum
length of fibers with vood opoortunltJ for bondlno angd -
maximum strength. It seems obvious tnat low oressure
would be more conducive to fibrillation than to cutting.
Strength Develooment As Influenced By Contact Pressure

In an article written forfTappi,‘Oaskey (1) found
that wnen less pressure 1s adniied to the beater roli

7 the bednlate, more time 1s required to reduce the

freeness to a givea level (iﬁ the one and one-half vpound
laboratory beater). However, at the same freeness 1evels,
t e bursting stre:cth develoned bj the beater with the
lower apvlied contact pressure is greater than that
develoned under standard conditions. He obtalned the
following curve (Picure 1) byjplotting.£he bursiing
strength at a given freeness agaiﬁst the coﬁtact pressuref

nplied to the roll by the bedplate.
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In all tests cn the several pulps the maximum dburst
was developed at a contact vnressure of anproximately
8 ves.i. (2.5 kg. on the bedplate lever).

It was also shown that the tearing residue at a
ziven freeness level 1s increased by reducing the contact
pressure as shown in Figure III,. | |

Studies mzde in Great Britaln substantiated these
results. Glover (10), using the one and one-half pound
laboratory beater obtained data indicated in Figure II,-

For the three nulops teated, two of them developed
a mazimum tensile at 8 p.s.i. This coantact pressure was
equal to the oressure ovntimum for burst found by Caskey
u:zinz a similar bezater.

Caskey found that in a serles of tests on a given
puln, the beater test using the 2.5 kg. welght on the
bedvlate lever arm (contact nressure, 8'p.s.i.) develop-
ed the hizhest burst at any freemess Ieﬁel,'not only at
400 ml Canadian 3tzndard Freeness.

In an earlier -a»er (11) Caskey considered con-
sistency, materiszls used 1n tackle, peripheral speed,
contact oressure of .the bedglate on thé'beater roll, and
the ratio of cuttinrs edgé_tq wet beating surface, as
variables worthy of‘consideratiog%in_a study of tﬁe
beating wnrocess. 5e§£ral trials weré made varying the

nressure from 10 n.s.i. tb 121 p.s.i. in the five pound
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laboratory beater. At a con31stenoy “of 2. 25% a maximum
burst was obtained for all bednlates tested at a nressure
ranging from 30 to 50 pe.s.i. Its tearing strength forss
all trnes of tackle dropped quite_sharply until_its,
contact nressure of 50 p.s.i:‘was.reabhed where 1t
leveled off. Thsi contact _pressure: flgure of 30 peSede
‘ is nearly four times as crreat as’ tn4t showﬁ prev1ously'.
for the smaller beater. Tals dlscreoancy indlcetes the

Y

need for determining a contact oreseﬁre for each plece
of equipnent. ? .
Caskey compared the burst develooed by the Jordan :
equioped with 1/4 inch tackle with that develo)ed by
the TAPPI laboratory. beater. At the noer1 settinw offf.
300 to 350 xw rel.v_velv 1ow values for burst ratlo
were obtained becanse the contact pressure in these
cases was excessive. On a few ceees when_testSE#ere;ﬁade
at lower Jordan settlings, high burst ratios were Obéeined..t,
At an uausurlly low setting of 210 kw, the jo;qen develau
oved a hisher burst than did the laboratory beeter for.
the same freeness level. Caskey attr: bated thls to the
fact t iat this high burst resulted at a low co=tact
pressure in a wmanner similar to tnat of the laboratory
beater., In a siullar wmanner the trend of tear teste_
indicated an im~rovement in the tearing resietenee,;

but this was not as a-ocarent as in the case of the burst.



gffect of Jordan Settings ‘on

Burst Ratio

102
104
105
o4
9C

%

< p—

%

Burst Development

' Burst Developed at Same Freeness

‘Jordan Settings
kw

330

Jordan

s
86
78 .
76
78
97
92
98

Lab Beater

81
83
T4
81
87
108
106
113

In the above table, the "burst ratio" is the

ratio of tne burst develoned by the Jordan to that

develoned by the lab beater.

A ratio owver 100 indicates

that the Jjordan developed higher burst than did the

laboratory beater.

In an investigation of the Escher-Wyss refilner

as an instrument for stock testing, Wultsch (12) found

because of 1ts adjustable beating »ressures and change-

able beater tackle.
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Ccasey (2) reports that at 500 ml. S-R freceness,
burst and tear factor dro» waen the applied load increases,
and tnaot at low oressure there is better fibrillation
and less cutting in most stock »oreparation anparatus.

He presents the following table:
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Effect of Refining Load on Douglas Fir

Kraft Pulp
Hp Burst Tear . Fiber Length

Load 7o Factor - mm.,

Hydration Type Wide-Bar Refiner
¥orden Stockmaker)

110 127 52335 : 2.35
128 123 2.30 | 2.16
164 117 2.20 2.13

Jorian-type Narrow-bar Refiner
(Morden Stuff Maker)

110 136 2.50 -
128 129 2.30 | 2.1

164 114 2.15 1.80
Laboratory Beater ﬁ
164 2.35 - 2.68 -
The Mead Refiner

The Mead Refiner is a disk-type refiner, where
one set of slots set in a disk remain statienary while
the other disk containing slots revolves.

A force 1s exerted on the stationary disk by
aonlring a force of 5 pounds on an 18 iach lever arm
against the rotating disk. Eighty grams of dry »ulp,
at a consistency of 2% 1s required for each refiner load.

Pulp rajuires a-croximately 5 - 8 minutes for refining to
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200 - 300 freeness.,
. Wright—(l}) found that the Mead refiner coanares
quite well with the Valley beater and that it is nossible
to SubstiputeAa Mead refiner curve for a Valley beater
curve for a particular pulp and vice versa with only a
small error, |

Wrizht obtalned the following curves for burst vs.
freeness and tear vs. freeness: (see figures V and VI).

The curves cbtained with the Mead Refiner for burst
vs. tear are similar in shane to those obtained with the
Valley beuter., The Mead fefiner curve is slightly under
the Valley beater curve. The difference 1s snall,
indicating.fﬁat tnere 1s 1itt1e‘or‘nd dezradation of pulp.
wnen refiniag with a_disk refiner as compared to a beater-
tyre refiner. (see figure'VLI),

Tﬁe followins is a diagram of the Mead Refiner

showing imvnortant narts.
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S-erimental Design

Ti.e objective of this work was to compare the

streazth develonment (mullen, temsile, und tear) as
influenced by contuct pressure or thrust on the plates.
of tie Mead refiaer. Variztions in’thrﬁst,on the nlates

cun be obtulned by olacinzg the five=-pound weisht on one

Jan
» oy ‘

of five different ~ositlons nrovidea-along fhe;ioad bar
at different disth.ces from the fufcfum or thrust bearing.
Equilonent reguired:
1. :lead Laboratory Refinéfi o ‘.
2. TAPPI Disintegrator
3¢ Stos Wabch " o

. Canadian Standard Freeness Tester

1

3
4
5. TNovle -:i Wood Sheet lMachlne
6. Co-ditioning Room (50% RH, T72°F) -
7

. calsnce, Testing Ecuipment for Tear

(ilemeundor?), Tensile, and Mullen”

Tae i1nvesticotlon wwas carried out as follows:

1

ightr grans of oven dry Wheyhouser zulphite

“d

1 L] I

pulp was liced in the TAPPI disintegrator
for 1700 rzvolutions,

2. The weilz t on tha lever arm was placed in the

- A 3

3. Tre motor was started. with the nlates disen-

S
~y
]
jon
pus

~

>
4

elohty gram samnle was asided

Nekels

pe
L
—



into the flolr 'box with“a-total volwme of four
liters.

The »lutes were tnen enzazed and -the stoo watch
started. 4t the end of the desired refining %ime
the vlote were disengaged and the puln drained
ont., The refiner was then rinsed with about

twec ~nd one-half liters of water.

Three zrams of the nuln sample were then taken.

for a Canasdian 3Standard Freeness detcrmiaation.,
Por ench wei-ht ositlon on the lever arm,

four wulp samples were nrenared. Tne freeness
of iiese saxnles was aaroximately 150, 240,
325 wnd 520 al.

A nortioa of eaech »ulp sample was taen tlaced

into th

[¢]

iixing chamber of the Noble and Wood
sheet nachine, and the machine was adjusted to
12ke handsheets of 2.5 grams. 3ix handsheets
were made for each refining coadition,

The sheets were conditioned for at least 43 hours
at 7297, and 50% R.". prior to testing.

The hzndsheets were then tested for basis weilght,
mulian, te-sile, and tearing strength according
to TA®PI 3tandard - (T7-220, m-46). The strengtﬁ
tests were corrected to 2,505 oven dry geams

coa.0:x dznominator in weight,



Disqussion;gg Regults

Tée results of thé-WofﬁﬁdOndfare represented in
the_foliéﬁing graphs. {The profile over the entire free-
ness rénge.éovéréd ié ziven for ténsile, burst. and tearing
strength in figures I, II and III. " The sosition of the
welznt on the load bar is denoted by.the number one, two,
three, four; Tive wnd‘six resnectively, on the gréphs;
The number one 909itioﬁ?;s-the last hole from the fulcrum
and the number five oogitién is nearest.the.fulcrum. The
fnumber.six ngsition.is the' load bar with the IZive pound
welzht left off. The hursting étrehgth of 320 and 150
.1l C.S,F.Aié biotteﬂ‘ag?ih%t”fhé ﬁeightvaosition or
thrust in figure.IV. . Pigure. V represenfs the same data
for teéfing strength. :Iﬁ figure VI,the_tensile developed
at 300 nl. C.S.F. is “olotted ag@instIWeight nosition.

The fime of rrilining variea ffym four to six uin-
utes for refiﬁiﬁgztoua freesness oﬁ anproximately 240.

The refining time for each vosition (freeness 246)'1s

given on the followingapagezi.«



Position Time (Minutes)

1. 4
e 5
3. 5.5
i, 6
5. 6
6. 6

The constant refining time for the last three
positions may indicate that there was 1little difference
in the action on the »nuln between these three positions,
and may saccount for the fact that maximum burst and
tensile was reached at positlions 2 and 3. The maximum
mullen was developed by a thrust pressure given by the
second weight position on the lo0ad bar. Thls 1s con-
sistent for most of the freeness range covered,

It was found that tensile strength followed fairly
closely the nattern set by mullen., The maximum tensile
was developed with the five pound welght 1n the second
position over most of the freeness range;

The tearing residue of most freeness levels reached
a maximum when the welght was placed 1n the third posi-

tion.
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Conclusions

Maximum burst was developed by a thrust pres-

sure of avoroximately 31,22 pounds on the

plates of the refiner,

The maximum tensile strength was developed at

a pressure of 31,22 opounds,

Maximum tearing strength was developed at

25.94 vounds pressure on the plates.

The refining time to obtain 240 freeness voc\ed $row
four to six minutes, remaining constant at

8ix minutes after the thrust was reduced below

20.66 pounds,
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