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prooeee'for the menufaoture of m%henioal pulp for- the

s

preduction of neweprint end-other "groundwood" epecialityh *
i:iere. The hiqtory of tﬁe development of chip refinerd//

inning with th/;ir use Iin- pulp property mdifications in
4

the early LBOO B end their use for. eedlchemical and .

,‘. T nmchanioal pulptrg prooteeée at present ie briefly reﬁﬁ wed.,

. - . Di§k refiﬂing, as’ a pulping proceee, has in 8 ite )

.y A . .

of - itp prOmiee to replace dhemioal pulp not been without its .

technical difficultiess the major ones - being the high energy

_in quelity and Inadequate plate life. Each of the variablee

. aueocieted with these diffioultiee ie reviEHed in an

s "‘:-. Qv

extensive literature review. . S ';
- ‘

— Q— s&:nce’refrner—‘pi:ate—wear—ana—refiner p].ate BN
N - ’ H ; )

e a—-'CD‘I.'I'OBlon both invo].ve loae of plate material and are.

critical faotora in plate 1ife, the review of ZI.:Lter.atl.lrc:-L wee.'
extenﬂedﬁ\ cover theee varie.blee. 1though literature o

® . weay “and corroeion df refiner plates is exteneive, little wag

.found direotly pertaining to refiner plate 1ife. Becauae of @

;o this deficiency of informetion in both theee important ereas.
" ' Tt

"_etperimental work was oonduoted on both the wear and FIHH“‘;ﬂh%LjR ..

*

*

corroeion of Hi—hard refiner plntee.. »

'The weatr of refiner plates run on a Sprout Waldron

42-113 refiner at Price (Hfld ) Pulp and Paper Company

.‘ Digk. réfining hie become an increaaingly important '

. . o,
o e, Ly o T, e el P e M i (s T

..inpute‘requlred as bompared to stone groundwood, variatione -}

v -
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_ _ , ’
Limited, Grand Falls, Newfoundland, was monitored uaing a - .

syétemn analytical appfoach coupled with standard -_ R

The’ refiner platea after use were .
Sy #
found to have 'crorn in sharply defined *dhnular zones at CL

... . o -
" " o

In each zone the wear Was = - ¢

metaLlurgical taqpniques.

randomly defined radii.'

asymmetrical with one of the oppoalng‘plates wearing morel

than the other.'

-

exparlencing wear (rotor or " etator) wetre fBund -to be rarldorn.'
T . .

At first,.it waa Ualieved that this unusual wear.

pattern waa the result of platp nElthing and/or damage by ‘ _ ¥

. _
f’pteign material. Metallurgical“ and electrochemid’ll etudiea

of the platee within the framework of syetema analyaia‘

I-

clearly showed that this was not the cahe, and that the‘metal

removal patterns obaerved were indicative of- that. produced by T

+
LY

a proceas noﬁ‘dialimilar to electrochemical machining.

3
-

] . . ‘The corrosion characteristica of Hi—Hnrd platen

yeredanalyzed by'potentibstdeic polarization methods uning'an -
: .

intact refiner plate as the working electrode.

was :|.mpreased upon thia electrode cauaing it to. corrode. The:,

reaultant, curren't denaity a(a fdnction of applied potential

wag plotted giving a polarization cutve for Hi-l-la.t‘d. . The

procedure ‘followed was based upon\\ ASTH Starrdnrd Method GS,
modified auch that an\intaot rofine\r -plate could be used. No

attampt.‘ was made to duplicate the teémperature and ,conai,stency

"\ B} S o -

*/conditions in;the refining zone of a*commetcial tefiner

- N
L]

s Ao e
'

The lot‘.'ation of the wear, zone and the: disk 1 Ol =

A potential PPN

v
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- disk’ ref-:l.nera. Refore t‘heir intreduction into t‘he paper

Iindustry about a hundred years ago, d:l.sk refiners were:

rotatinq_ cpncentric ‘dlsks fitted with toothed abreding _

.. intermediate bars and fine bar zonea.; with each performing a

"are cha_tra'cterized'by three basic v_ar,-d.ab':lon: p'_atter.n}

‘adopted and continue to d:l.splaca othor typee of stogk -

-¥

1. INTRODUCT IOH

1.1 Historical Development of Reﬂner Groundwood for
Newsprint Hanufacture

The t.erm refin:l.ng, as it pertains to the‘mecha‘nic_al

trea"tment of papermef;ing pulp'a, ie of relatj.vely' recent

'origin and appears tb have derived 1a.rge1y from the uge of

o
bl

extensively employed £or flour mj.lling and extraction of . oila '

4

from vegetable seeda. ' e _' C I . . r

L]
Diak refiners conei.at eeaontlally of twad counter-

‘ plates. - Aftar adjuatment ‘of the plate aeparation by a ’

predetermlned amount feed mater:n.al is fed from the conter of

one disk .and is _reduce_d _:l.n glige as it pasaee bhrough t.he I. S .'..«'_;g

‘refining ‘zone to the’ péri‘j‘pﬁeral gap. T'he eurface of the

abrnding plates conej.st. of a series of bars—-breaker bare. ;
-~ 9

specific task in.the refining process.. " The. refiner plete_a -
profile, and matorial. ' ) : ‘ ;

W It wae just over fifty yeare ago that precision '

L]
. i

.enginaered digk=mills were succegsfully litroduced "into the,
paper and board induatry'. This led 'ﬁo serious consideration
of their potential application in the whole field pf stock

preparation. The repidity with ‘which d:lsk refinera lbw-e/ﬁ"l —\j K







gl

. develolpment of reflner mechanical pulping.
. |

’ -Pystem El_.t Kenogami, Ou_ebec, eve_]:uating equipment anﬂ

using 3,000-4,000 h.p. wag’designed and installed at two

locations--Crown Zellerbagh Mi11l at West Linn, ‘Oregon, and

Iﬂ:lblis}iera_"! Paper Mill at Oregen ‘Cilty,'Oregon;' Both theﬂ_e:.-
installations were sincj'le ntage refi.ning 'systeme. n'eecund
1arge refiner wae installed in the Orxegon City H:I.ll in. 1982

giving rise to the first two-stage system. '
In 1962, Holzer, Henderson. Heat an.d Byington (13)

-;

report.ed I:he advantages of refining wood c.'hips at’ * ,

';' iconaiatenciee f}‘ excese of 15 per cent. - Low noneistency .

- -

refining was characterized by very h:l.gh power usage .and

N feeding difficult:l.es. T‘heir etudiee were not only a
"precureor to the development of 'high c“d.stency refining

..technique, but alaaq ‘a mejor evolutionary step in ’t.he

-

. Dur‘:l.ng the same periad, 195563, a'nwpber.h"of'o'th'er .

3 -~

investigatore were also working in this field. 'Fimdamehtal

,.

etudies were being carried out by N-.ack and Ha.:( (14) at the

Pulp and Paper Research Inst‘.ituta of Canada. Forgacs (15)

'was doing work &n t‘he cha-)ﬁ'terization of mechanieal pulps, ‘

while ‘Beath and Neill (16} vare working on a commerciel

'invesi:i'g'ating pulp latency.* : SEewarﬁ (17) was worlging' on a
comnercial- ‘plant pulping sawmill residuala at .Powell River; -.

B.C. while’ Dorlend, l-lolder, Lensk. and McKinney (18) were

+

doing 1ebroratory pilpt plant studies in the _cani_:rai reaearch

‘r
i, *

Lo ' -
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.+ must. be 'vercome if the process ia to develqp further. _e "f"~: v

r 3

Woiny -
v L] : 4 A . l-.l
. L
diyision of Abitibil Paper Company. Jonep, with Consolidated
Bath&%st CoOmpany, was alsc working on the conaistency - ,h'
problems and did much preliminary plate deaign work (36). At
1
Hanstique, Michigan, Hoholik was studying grinding foliowed ‘ “

[ - .o

. !
’ - . i . -

by refining:

. . M . Lt
R . ) s T e . ’
Y a - r ' -t -

1.2 Preaent mhy Problem Areag ' . e e

Although commarcial experience haa shown that

‘has not been optimized and con derable work and reaeardh

remaing to be done. Power requirements for refiner C T -

-\ )
mechanical pulp are much higher than for atone groundwood,‘_,:”Ja

and the escalating price of energy is a cause of concern and

LI Y

P

‘there 1in preaaure—on newsprint producers to reduce energy
requirements, a design of plata capable of maintaining pulp

quality at reduced 1evela of power conaunatgon will have a

’ major impact on the economics of'newsprint manufacture.». T

In- reaponae to the neod to reduce energy - .
v ‘

reqﬁirementa,.improve pulp.prppa;tiaa and increase place

life.?dewelopment ﬁprk by‘eqhipnent eupplﬁbrs.and pulp and '

ug
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paper man&facturere is on-going.' A large amount of detailed
‘data. particularly on plate~dife, had beéﬂ_gatherEd; and

-there is also much data on apecific energy conaumption,

effect of additives. and plate pattern. Unfortunately. much
of the data'which hae been gathered hae not been correlated

with measured plate parameters, and, no syetematic approach

to the'problem has been published in the literature fwith'the

. _poasihle exception of work done by Holzer (13) and Atack (20)

- on plate taper)

-

Further improvementa in plate aeeign to reduce .

o (energy consumption and improve pulp prdperties would seem to

-~

hlﬂ%ﬂ on eolving the following problema-"'
l. How to characterize platea.‘
2. :Development ofﬁmethoda to correlate eneﬂgy
consumptidﬁmﬁnd pulp properties to measured
. plate parametere. - ' |

_R...rhe maintaininé of the desired plate

?// h " | .cheracterietice over the life of the refiner

| {plete._‘L U L Ty

4; fThe 1nterre1ationeh1p betueen plate parameters
s “and other refiner variables such ae epecific

'-; enetgy, coneietency, power ‘density and apeed.

A eyeteme \enalytical approach to the problamwd

data collected on the basis of etatietically de?:gned
experimental techniquee would help achieve the t ina\\ L

. -. o T ! ) . . o ‘II" l.







quality depende not only on refiner plate design, but also to

o

a large extent on refining consistency, feed rate

(production), stability of feed, type of refiner, type and
quality of ﬁeed material when platee are being designed for a

particular'installatidn. all of these factors must be

- conaldered. ' o - ' -

- R

1.3 Obijectives of Thesis '

-~ h N
In summary. there ie a need for a systematic

approach to the deaign of refiner platea if progress 1is to be

,made toward improving pulp properties while decreaaing .costs.

A eysteme analytical approach ie needed.- For these reasons

the objectivee "of this thesis were ! eet as follows:
| il;‘_To rev1ew the literature on.the design and."
0peration oﬁ,the diek refiners. with particular
emphasis on factors important in the design of
refiner plates for extedﬁed plate 1i£e/power
'reduction/pulp quality improvement.
S 2, ' To monitor ‘the WEar of refiner plates run on a.
‘Sprout Haldron 42-18 refiner at Price (Nfld.) .
; o 'Pulp and: Paper Compeny,-Limited, Grand Falle,
! Newfoundland, ueing a asystemhs analytical
:approech;coupled with standard metallurgical
tecnniguee. rfbe this etudy'to elucidate the
wear mechanidme'inGolved’and to propose

.solutions to the wear problems. . . »










2. FACTORS INFLUENCING PLATE LIFE: A LITERATURE SURVEY

2.1 Introduction

During the early stages of development of the
refiner mechanical pulping proceas, circa 1960, the prime
concerns were not with plate life, but with increaeing the
strengti of the pulps producedlwhilet maintaining reasonable

power coneumption. ‘Helleur and Jones (19) summarlzed the

the range of 8%,. very high'etrength pulps could be produced .
but at an energy-coneumption un to three'tinee required for
stone groundwood. Raising the consistency improved etrength
~ and reduced energy consumption but caused difficultiee in

;feedipg and’maintaining motor loads. Holzer et-al (13) and'

—_——

Atack| and Wood (20) deecribe gome of the work done during

that Feriod to overcome ‘the problem.' Eventually, it waa

recognized that the ntroduction of a small amount of taper

/
lted in- sufficient eelf feeding which’

enabled coneietenciee t be increased to the 30% range and -

between the plates re

energy coneumption to be reduced to 100-120 HPda/ODT.

The main’factorekidentified in the literature as
; j
having an influence on plate life in addition to taper, ‘were

plate geometry, hardness, the addition of chemlcals such.as

eodihm eulphite and eodium carbonate to contza pH and euch
i

operating variablee as plate clearance, diek epeed and

' 1

: whether or not the direction of rotation ia revereed over the

-\,

2

diffiIultiee typically encountered. At-low coneietenc1ee,.in-
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life of a smet of platea. The effects of plate wear” on pulp

properties and on power consumption are well understood and

fe

have been commented upon by several investigators notably .

Dorland et al (18), Mihelich et al {21), Nyetrom‘and Okell

(22), an@)ﬁe&th et al (23). As the plates wear, at any given

level of gpecific energy consumption strength_prqpertiea

: deteriorate'end debris content inc:eeaee. #efy little,
\ . ' . - .
I,hqwever,'abpeera in-the literature about the causes of plate
. . ) B

wear. . A S g .- C '

2.2. Plate Pattern

Refiners, of @iffetent slze and power inputs used

for different end results, need different refiﬁer}plate
patterns;b Each plate pattern is used for'a_epecifid'purpoee

and the use of an alternate pattern invariably resulta in

fahorter plate 1life or clashiné. The plate patternﬁinvolvee

'length 0f each refining zone, width and height of bars and

groovea, teper (SectiOn 2.3), and the eymmetry or asymmetry
of bars. _
Holzer, et‘al.'(laj deaEfibe work done on two basic

refiner platee illuetrated in Figure 1. 1In general, thelr

s findings were that a plate which had a relatively fine radial

bar. ‘harrow grooves, end numeroue intermediate damsg, was' the

moet aatiafactory for their type of operation. " The .

difference in the. two platee studiad waa in the width of bara

|
‘]'\,“ - “'\\ ‘

Y
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and grooqee. Thelr work indicated tbat with wider. bare and
grooves, horeepower.requiremente-were reduced; high
conalstency could be attained; and throughput wae increased
at the eahe freeﬁeee‘IEvel. Holzer stated, "it is obvious
ﬁhat the field of plate pattefn etudy offers good

p0551b111tiee of slgniflcant improvemente, and undoubtedly,

o -

 invest gationg in thig area will-oontlnue for some time."!

A*féw'yedre after Holzer'e wofk [1966], Hecﬁenical

. " -
Pulp Henufacture (24), relterated°the point that the ideal

plate configuration would differ with wood 5peciee. chip pre=

L]
t;eatment,:rate of. feed, copeietency, inetalled.horeepower,-'

and diek velocity. It‘aleo commented on the usual aymmetry

-

' of plate patterne. 80 thet the refining -action would be the

same irreepectlve of direction of rotation«_ The effect of -
Ehe plate grooves. Wthh had been diecueeed by Holzer. et al.
-(13) and, Atack and May (14) was aleo given in the report.

Atack ﬂnd'fgy stated - that,_

A § appears ‘that' the’ grooves are rapidly plugged
" by a mass of shives, which becomes a¢ hard that it
~can only be removed by manual cleaning with a
suitable tool.. Still, the plates thus plugged
/ .perform much better than plates.wlth grooves as
ghallow ‘as the ¢ ining grooves in plugged plates.
Thie -le explained by the reeilienoe of these "wood

-

Refined @roundwood Fhlp“, Tappi, 45, 3, March, 1962, p.
210.. "\ ! , . - » '

\.

1 Holzer,izt el., "The Development and Prié;ction of Dlsk-

RN
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.fillings" 1in the éroovee. The particles are
evidently pressed down each.time a bar of the other
disk passes and therefore léss damaged.?

. It was aleo eeen—fﬂEt for full utilization of the
_-'f"—

refining area, the radlal veleccity of the pulp particles
ehould'really decreaee exponentially with the distance ,from-

the disk center, which ie, of couree, nbdt so easy to arrange.

e

. Photographic etudieq_by Atack (25) on a double dlek refiner‘
" )
have indicated that in some cases ae little as. 20 per cent of

'the plate area’ was actively doing refining work at any one
: dil‘ {time. Thle is an important refining variable, which ils
controlled by plate deeign and which ie manifested by non-

PR

unli form plate wear ae well as inahulity to load-a refiner te ~

full capecity.
SN

Three publicationa reflect the importance of plate

.

pattern. Arneejo and Dillén (26) [1975] state that at

.Halleta paper Mill, Sweden in cooperation with Defibretor,

they have run and are etill running a eubetantial eveluation ’

program to £ind the moet suztable metérial end patterne for

‘ thelr purpoeee. Their aim is to- use plates which allow a
high energy input at high diek clearanee. They believe thet

high energy input is achleved if the space between the pl?tee

.ih 2 p. Atack and D. May, “Hechanical ,Reduction of.Chipe by .
Double Disk Refining", Pulp and Peper Mag. Cen.. 64, C: p.
T-83 (Convention, 1963). : , R

|

R
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1s well filled -and the impact frequency exerted on the fibers

r

is high, -
Some work from Norway by Haydahl and Hauvan (27)
{19751 on comparison of results.fnom small refiners in

evaluating full scale systems pointed out the importance in

combaiin the smaller refinér results to a larger refiner of

the-plate pattern. For, Varioua reasans, they stated, that

the plaﬁe pattern’in the small and larga refiner is not the

_ aame since each type of refiner has 1ts own aspecial deaigned
pattern and taggr. AlthOUgh similar in principle. tpe‘

. operation of different refinera w:.ll be influenced by the .

total dxsk araa,'total power applied. feeding aystem. gpeed,

and whether the refinerﬁgs a .single disk or double disk

';machihe. ‘

The third, and perhaps the most imppftant p&pér to

date on platé paEterﬁ? is by Hannstr;m.(za) wofking with the

Finnish Pulp and Paper Resgarﬁh;Institute._ Basing research
k

;Prk on Ha?'a (29) model of exponential chip breakdown; he

fstates that : - - i "' .

*The influence of refiner plate design upon the
quality of the pulp in A one-~stage process, is
. decisive. In the preliminary comparisons. that ware
made .with plates available on the market, stone~
. . groundwood quality was attainable.” In a one-stage

RMP-process with cold chips, these plates were leas

sultable, ‘and accordingly another plate was
developed. Ag a starting point for this, there was
- taken an approach put forward by W.D. May in 1971
f " (29). Mathematically, it .is assumed that chips-
' ' splitting is’ explicable by :a exponential function,
which would imply that tha number of bars should
-

T M e e b e e 7 T Se =

. mm—
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rise radially in ayreement with the same function.
However, with regard to the quality of the pulp,
gimul taneous consideration should be. given- to the
bar width,~the contemplated degree of filling in
the refﬁﬂ:; zone, the plate material, and the.
heceasary taper. - Fig: 2 illustrates a compromise
between all of these factora. The refining plate
ia divided up into five sections. 1In section 5 the
number of bars ig 252, and that in section 1 is
792. . ) .
With this plate. it 'became an epasy matter to obtain

. RMP pulp.of high quality, and the -shive content of
the pulp also béing 'low. Moreover, the -strength,

_ propertiles were without exception 30 per cent
superier to those of stone groundwood of standard
quality. It ié evident that. a plate of this type

operates with conaiderably lesn cutting than does a’

standard radial pattern.
However, a more interesting point was that the new
plate behaves with reepect to loading in a way
different from that of standard plates available on
. the market. . The loading curve for multi-sect oned
plates 1s more linear. This could.be taken t
indicate that the refining energy released in a
radial direction occurs more evenly. Consequently,
May's model appears to be correct." .

. The literature points out the importance of plate
pattern but says little except that a different pattern_is
needed whenever any refiner variable changes. Careful atudy

must -be madenof the relationship between changes in, plate

e

~ pattern and ohangea in. refiner variablea to lead to correct

patterns for increased pulp quality, production economy. and

b
maximum plate life. - Hannstrom @ (23) reaenrch may hold the

key to much progresa in the area. of plate pattern.‘

3 Hannstrom, Be, Ig:ernational Mechanical Pulping Conference
Proceedinga//ﬂefsinki, 1977, p.-915, 9186, i :

*a

L

——

|




TR LR —

15

2.3 Running Clearance = Plate Taper (Profile)

Pléte taper or profile has been found to be

extremely important in plate pattern evaluatione. It is one rfw"_
- o
of the basic factors of plate design and is critical in

regard to maintaining pulp quality and extending plate life.

Holzer, et al. (13) publiehed gome of tha firet-

. data on plate taper at West Linn, Oregon. . The initial’ plate
_.sets, (evaluated).were all ground with a standard plate taper.

of 0. 005 inch per inch. These initial plate seta exhibited
- ®

vety short 1ife (100 hours) 1arge1y due to deep tongue and

4

groove scoring in the perlphery--the apparent area of contact . 4.
between the oppoeing nev platea. ~ Upon reducing the taper in-
atagea to 0.002 inch per inch, the peripheral wear: was'

reduced significantly. They surmised that the reduction in

plate taper increased the amount of refining aur face
'ﬁ

availahle for use on new plate start—up'and caused the

¥

available poﬁer to be more evenly dietﬁibnted.qyer the entire
plate hurface_and not concentrated at the periphery.',Thin
increased normal plate life’ to 500.to 600 hours. Kurdin (50)

reitefated that for uniform pulp quality the power input per-
- B . . - "
sguare inch of ground plate sur face muat remain conetant.

‘ Great Horthern Paper Company, Hillinocket, Maine
iy ]
N (30) e:perimented with several typee of plate deaigne ‘An the

't late 1960 8 and found that a Bauer Pattern proved beat for

3

their use. This plate pattern had a ralatively large taper

— ’ v M
. B

A
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would not permit feeding above 8,500 h.p. (on a 12,000 h.p.

refiner). ~They found thit their best combination was

“flat-ground plates running sgainst plates heving a taper of
0 oQ5 inch per inch with the outer fine bar eection flat.'
]

I‘.hia work on disk misalignment, May (35)

coneidere the running clearadce between the eurfacee of

v “ . oPpoeing platee ag a critical perameter that determines the.

L
performance of diek refinere. For a given throughput of

1 "

\Whe maintains, thie clearance Hetermines the ‘amount of
' energy expended ber unitheight of the material and in tarn
" the characger“ and quality“ of pulp produced., A var&gtion
of plat? clearance from the inner eection of the refir{in\q?
zone to the outer periphery ie ueually prdvided by a \\\
aearefu ¥ derigned taper that may have ‘one or morgfétepe ‘o
it. HS* etatee that-ﬁhia taper was thought to promote self-

feeding in the refining zone and also’ to control the quality .

-
. ) Wt ;

~of etock. K o ) .

-

Plete taper ia neceeeary to enable meximum feeding

of the refiner (34 35}).- Too much taper plecee excess wear on
'|I | 3
.emall ereae--probably the outer edgee—-of the platee. An

. obeervation heregis‘the feaeibility of determining correct

and optimum tapers through a etudy of the’ ﬂeer on “the platee.

»

-, A’firat epproximmtion is\that , ..

m

Nhar h.p. d‘Y‘/anmfin:z

A

TN
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If this were true then the numbers could be used to set
correct plate tapers. If the plate taper ils not optimum the

flux of eﬁergy ‘disg'ipation will vary over the plate. Early
4 ' '

experiments by Cbri'aolj.datedlﬂathurst. (36)-on Spiut Waldron
refiners with retaining i-ingg should be reevalufted.

+ r " s + N -
IR A I -
2.4 Plate Haterial L o - L TN

~

~ 7 one qf ‘the earliest reports [19661] on plat? '

. ,

'material is cont.a)ed in Hechnnical Pulp_Hanufacture (24) | J

which n&rne& the two most frequently used plate alloys m chip

groundwood manufacture as Ni-Hard and M-alloy coutaining

'molybdanum and nickel but ne chromium. With very corrosive
pulps x-alloy, a stalnless steel alloy; is used but: is

coneldered too aoft for other applicationa. With the advent

N

of more efficient methods for heat treatment ©f the plates

Py

for Iﬁcreaseﬁ hardness and wear resistance, 1t 1is xsurmisedl

®

,--"'that better pulp quality ar{d process economy' might result one.

day- ' . I\\

. N\ ' LI . ' o
" Bergstxom, et al. (31), at the Swedish Cellulose

b

“ 3

mill in Ortviken, Sweden, ﬂave.'evalﬁated plate "alleys. In -
'., their Iatl‘.'ldies t ﬂs\ve devaloped two alloys (a martanslitic

stainléss steell and a\igh chrome* cast iron) w‘h.ich proved to
he very euitable material for the 1,500 r. pam. Sunds—Baue;-
488 refiner with tha _Atainleas steel alloy showing vary

little wear after 1,600 hours of operation. . They stats that

a
[l

-3




e R N

-

/

factors in plate design®.®

-~

20 .

“a good plate imaterial can almost eliminate quality

'variatigne-and glve a mudh Ilonger plate 1life than standard

Ni-hard type materiale”.’” From perscnal correspondence they

state (37) that Qlete material "ls certainly one of the Tain

‘: ‘_’Nurminen and hia‘group (33) deeoribe various atart-

up problems associated with new refiner instellations at

: 7 _ :
Ra.uma., rinland..especially with. t.he durabilit.y of the refiner . ; ’

plates in the beginning. Five. plate materiale were tried

(Table 3), but none. could exoeed ; 400 ~hour run due to heavy
corrosion. which reeulted in poor qualﬁtY‘pulp and ' imbalance
in the refiner oausing vibration.‘ The corroaion ‘pProcess waa
wtll nsolved at that time but bel ieved to be a combination g

of stean oavitation, ohemical corroaion and mechanioal

o/;ring.

l

They eventually found a materlal that is fairlf

reeiat‘ant to.cavitation and chemidal corroslon and th& age' of s
p .

the plates was subsequently doubled. and even tripled,.

depending on refiner poeition. 'I‘he material was deeigneted

vddeholm B: a summary of the plates is. glven in Table 4. ot

7 J. Bergstrom, G., Da‘nlquist, B, . Fredrikuog and .V, R *
Peterson, "The Deslign of Refiner Plat‘e ulp amd Paper .. —l—

Mag. Can., 73, 6, June, 1972, p. 56.

f perecnal corraepon ence from V. Peterson, Hay-27; 1977,
Sundsvall, Sweden. . 5 . . :

"
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Speclfications as to the chemical analysés. heat treatment,
etc,., are unavailablé‘ for the new material.
In the dealgn of refiner plates, plate material ls

~.

one of the extremely important factors to be considered.

* e

Conditions must be kngwn or determined-within the’ refiner and

. sultable materlals aelected’- to minimize corroslion and wear

basel on these conditlions, l.e., pH, temperature, additives.

' fz .4.1 Hardness of Plate” Material
L]

The structure of the working surface of refiner
plates is determined by the material. It is known from the

work '6f Beath and Mills (34} that a good p¥ite material can

' almost. eliminate quality variations and give much longer

plate life than standard N:I.-Hard type materials.

Holzer, et al. (13), iw 1962, eva].'uatgg three basic

wlate patterns, and three plate materials of varying

hardneases, 350, 450, and 600 Brinnel. They found that

.sevaral baslc factors”of plate design were critical in regard

.to maintaining pulp quality and extending plate 1life. Plat‘e

alloys seamed to affect groundwoud qualit}r Bignificantly in

most caaes. In ganaral. ybetter quality pulps had been -

‘produced uaing 350 Brinnel plates rather t'han the harder

alloys, although the 600 Brinnel had shown some promise. The

- — - 3 )
softer plates were readlly conditioned I{Saction 2.4.2), i.e.,

t.'he. sharp edges were worn from ‘tﬁe radial bars soon after

[

!

- start-up and were.'?aplaced by a rounded edge of amail radius.

™

P
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/
I't was not known how the hardéralloy plates conditioned, but
if conditloning did not occur l;:he.quality was 'generally poor
' because of the excessive cutting action of sharpt plates.
- \|
The use of softer alloy plates for refining was

reiterated by Graham {38) of CIP Gatineau.at a.l'neeting
‘[ November, 1976] of the Mechanical Pulping Committee of the
CPPA. ‘e stated t'hat CIP in their ney THP mill were using
‘ Japqneae atainlasa ; uI pla.teu which are a soft stainless

(Rc 48-50). «They have used different al'loya .but found the

softer ones to be the best. anything over Re 50 wasg too hard._

r

They found that the soft.er plates would, once they were

ridged ( from contact clashing] smooth out and still be very .

¥ ] oo -
good but the -harder plates, once ridged, debegiorated. No

signa of erosion or corrosion were seen on the plates but
theysgere \gprn.doin after 1!360-1,500 hours_(even wear—-down
on bars )‘. ‘ | ’

- Tyralski (39) suggests that to obtain a durable
inclined surface the refiner plates should be made of
‘materlals of- dlfferent hardnaas. to create a scale of
waa.rability along’ the':l‘ﬁ:}dth. hAp a condi‘tion for uniform

s

"
wear over the whole wStking sur face area, the pressure Bhould

decrease radially in. the direction from' Ehe axle to the

e e e gm = - -

—periphery-of the disks, since the peripheral speed increases
in “that direction. Ueually, as wec;_;' l'aei-.s in, the gap at the

external diameter becomes larder than at thq-.‘inte'rnal

T
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diameter of the disk, and this results in a higher pressure
at the internal diameter and a reduction of pressure at the
oxternal diameter. This favors f}ber ghortening at the

intePnal diameter and fibrillatiod at the external diameter,

i.e.; highly unfavorable conditions which become worse as the

ratio of the internal to the- external diametera deoreeeee.
At the same time there is reduction of efficiency because the

#orking surface 1s utilized only‘partiaily. BAn 1increase of

-t

the ratio from the usual 0.45~0.5 to o. 6*0 65 can remedy thia_'

situation, but at the expense of reducing the width of the

beating aur face and in effect still reducing the efficiency.

According tor Tyraleki (39) this drawback can be eliminated by _

conatructing the disk's operating zone of at least three

eircular concentric ‘zones of different hardness, e.g., 600—

400 Brinell for-the external zone, 300-220 for the middle _
'J ) ' ’ . L ’
zone, and 160-200'for the internal zone. Thie would maintain

uniform wear and improve efficiency b a ratio ofadiameters

-

1

‘oflo 45 or even 0.35-0. 4. - : - L %.

'i' The peint to be stfeesed is that pulp quality and
cheracterietica‘must be maintained over the 1ife of the
ﬁlatev Hence, soft plates subject to wear are cqnaidered

'nore liKely to change away from the shape designed in the

e
// ‘

PR . e
plate and that preeent at start-up. Indications are that/f/'o

there is an optimum herdneaa necessery to prevent exceee

et i et S A
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cutting of fibers and maintain pulp quality and

:, ‘.-:P‘.:'\Tnnw-‘rv—- e —

characterdi stics.

2.4.2 Conditioning

» Whether refinar plates -condition-or not“r'nal‘y not be

. ) o ~considered .a very Important factor in attempting t.o prolong .
L h_- - - ' _-_plate life (with aasociated good pulp quality) Holzer- et v o
; ., . ‘ . al {13} atat.e that softer plates are: readily "conditioned'
A i. e., the -gharp edgas ara worn from t.he radial bara -8Qoon
‘after start-up a:{d are replaced by a rounded edge of emall,
radius._ 'I'ha harder alloy plat.es may Oor may not conc'lit:lon in
t.he ea.ma manner (Sect:.on 2, 4.-1] A set of platas, however,
s which con,ditiona will continue to show an incnease in- the
. _ . | wear radius of the radial bars and if this wenr becomes ‘

excesslve,’ refining ;;'ower _w-.Lll rioe and }hroqghput ‘will drop, _
- l‘ea'd.trig w1-.-:; early i)late removval, . ‘All plates, however, produce

inferlor pulp' durieg'a wearing in period.' caused bir- the

}ttlng action of the sharp edges on pulp fibere (24)
T ' Beath, et al. (21) made an intereetlng obaervationo
/ . . regarding plate wear under high consistency oporetion (25-
/_/l - . 30%). . They stated that {t .Ls unnecessary, and may even be

: undasirable, to "'coridit.'io‘n' new plates juat after

. _ititat:.allat..ion.“9 They do not, however, ‘alaborate on tihe

et e ah oA e s

e —— ey

-~

o ' 9 W.G. Mihelich, D.J. wild, S.B. Beaulieu, ands LK. Beath,
! A “Single—Staga Chip Refining ~ Some Major ‘Operating
s ) - Parameters and Their Effects on Pulp Quality™, Pulp a
: ' Paper Mag. Can., 13, 5, May, 1972, P- Bl._
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observation. The factor of plate condifioning may therefotre
be iqpor;ant if it were able-to be quantified with respect to
rate of wear and decline -of pulp quality.‘

i v

2.5 Different Platé'Patterna on Rotor and Stator Disks

ST f A factor which may be .very - important in refining
: and may lead to improved plate life 18 that of the use of
diffarent plate pattarna on the rotor and stator disks of a:
refingr. TPxﬂ,technique ia.mentioned by Arneqjo and Dillén
{26) and.ﬁz Béath.and Miils'(34)r A ccqcebt of the"refiﬂlng
action‘iq é double disgk refiner has'arisénfthat t%e wood -
particlesl;re‘ﬁainly stationary iq the refining zone but,
' 'spihning around“theirfarls ﬁnggr the action of rhe'two
«cérntarrofating disks. In ndrmal commérclal refining,r
.howeVer, the- particlea tend more to follow one or the other
diak around, preferentially the one with the central antry
ports. the rotor. while baing pounded by the other oné. ‘

. " 'Mills and Beath (34) have described single atage
groundwood production from a 12 000 h.p., 1 500 and 1 BOO
r.p.m. double disk refiner. They commented after various

late design triale that "over a span of time, the beat ﬁ%}

combination haa proven to be flat ground plates running

against plates haV1“9 a taPGr of .0, 005 inch per inch with the
. ) " Heh €
v outer fine bar aection flat. w10 T ‘
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Arnesjow-and Dillén {26}, in describing

thermomechanical pulping at Hallsta Paper Mill in Sweden
& . »
essentially extend on the idea above of 5artic1es following a

disk. Their aim was to use plates which allowed a high

energy inpiat at‘h#gh disk clearance. They believed that high -

enérgy input was achieved if."the space between the platea-eae

"well.filled and the:iﬁgacﬁ f;equencyhexerted on the fibera‘

was high. T'heir.idea resulted in t}'le * of patterns wit‘h

: rather narrow-epaced and thin bars. eepecially in the stator

.ba used. -

plates, "the main task Of which is believed to be to 'hold’

'the'mhterial in the-refining zone."}! ‘on the'roeorfplatee a

somewhat\more open pattern with some cross bars, which

prevent a .too rapid radlal transport of the materials, might

2 6 Conaisten_y

In 1962, Holzer, et al, {13) showed that newsgrade
mechanical pulpa produced by refining hemlock chips were
Qefinitely stlonger ;han-hemfbck etone groundwooda of
eqﬁivalént_freenesses proyided that the refining was

~ -

+

.. .
10 ¢, Mills, and L.R. Beath, “"Single Stage Groundwood from 5{

LY

.
*

S

presented -at I M.P. C., gan Francieco, 1975), p. 58.

11 g, Arneejo and S, Dillﬂn, 'Thermo—Medhanical Pulping at”.

Hallata Paper Mille.“' {Paper presented at I.M.P, c.. San
Francisco, 1975): p. 101. . :
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. — 9
conducted at a conslstency in excess of 15 per cent. Low

’
conslatency refi;‘nini;-requirea relatively large,v;olume
throughput at a given-tonnage rate; this ‘means a reduced
reter_g_tion‘ time for chips and a low ‘shear for.ce'allowing
random poa‘itioni‘nq of chips. On the other hand, ih high
density.refining,‘ a pulp pa,d of Bigniﬂcant; th:i.cknesa’l;‘is

éatabliahed betweén the plates ‘maki'{lg the shearing force

-between the plates more effective for defi‘bering and

1
Ideveloping the groundwood ‘fiber.

Chip refining 1nsta11ations in the late 1960's

operated at 20 to 25 per cernt consistency, which appeared to

" be the practica.l optimum, although energy conaumption dropped

up to 30 per cent conglstency, which was t‘he maximum feagible
consistency. The difficulty above 20 per cent conaistenc_:y

ﬁna iﬁ maintaining constant conslstency and stable _fylw.

Beath and Mills {34) have conduéted refining trials at
dischai‘ge con‘si:'a‘tanciea ranging from the low 20's to over 60
per cent. They found, -in general, that ps.p gquallty ilmproved
ateadily with increasing consistancy up to 50 per cent or a ’
little higher. Above the.55 to 60 per ¢ent difcharge
consistency range _p;:llp quality diminishes . Conglstency

fluctuations -result in.nonuniform flow, £luctuating load,

lower pulp guality and may con‘i-.ritgu@:e dlrectly ¢to plate

I

clashing., S{othert and Crotogino ‘(40) showed from the work®

oosney (41) ‘that low\consi.st'ency ’re’fj.lning', where

i
i

¥ ) s,
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the grooves of the plate are not filled with stock, has a
detrimental effect resulting in a conslderable amount of _“
fibez;, cutting. “
Refining consistencies in “the range from 3 to 35
per cent were inveatigateﬁ on a rejects refine:;' by Wwild (?2).
He found that the refining operatiqﬁ vasa improved when
'- refining at the hi;_gheat_cbnaist'ency whare' load 'awings \.;rere
least, ¢ 5 pe;r cernt-'fl load, and alsb the refin'er cou_ld‘-_be
brought to f‘:lll load faster than at low co]nsiate‘hcf. '. wild J
also found that the high conesiatency refining repult‘ed in
much _:I.onger plate life on Ni-hard plates; at 30 lp‘nar'ceqn'-nt..

plate life was averaging 900 hours as opposed to 400 hours at
15 per cent, and only 150 hours at ? per cent. He v h
contributed most of the decline in plate life to extreme
water-erosion at lovr conaistencies._ ‘

It appeara that higher consistencies contributing
tol}'nickar pads and lesa water ercsion lead to much longer

plate 1life. There }s also the poasibility that thicker pads

reduce the risk of cladhing, again ‘contributing,. to longer

-
plate life.

2.7 Additives and pH Control

o : -
The major portion of reported data on the use of

additives and pH control is from Beath, st al. (23,43). They - _

have reported (43) that in the manufacture of refiner
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.grcund_food at high refining concistencies. Ni~Hard refiner
plates wear" larlgg],y as a result .of corrosive attack by wood
acids. By the additicon of about four pounds of scda ash per
ton of chips, which raised the pH from a normal 4.3—-5.2 range
to about 6.4::6.‘8,‘ '£hey e:.ho_\‘-fetifthail: plnte- life could be almost
doutnied. | | | o | |

© In- their original work; Beath, et al. (235 fep_brt
that the use of soda ash with Ni~Hard plates gave a ver); '
substantial cost reduc_tionl (Fignrc 6). In part, this'
reduction resulted f.l.:"Om an extennion of economic plate lif‘e.
but the mcre important blen‘ef.i-i': of tﬁc sodn a;sh tre:tl:nent cmr:e_
by way of slo:.rer loss of refining efficiency and consequent
gsavings in specific anergy and production capacity. The best

results waere obtained by 1ncreaaing the pH from 4.8-5.2 to

the range 6.2-6.6.

-

Beath, et al. (43) alaso compare sodium sulfite used '

in one rafiner with soda ash used in anot‘her. Sodlum sulfite
.
la a readily avyy lable chemical which can also be uged. to
iad;’mat pH. Additionally, 1t is Known to react with-wood and
e
the literature (44,45) reports that effedts other than those

_resulting from the pH change are obtained: Tables 5 and 6

give the results of their work ahﬂ' the figures shown in Table

. L N ) ) .
5 were used to compare plate life associated costs:for three

conditions: (1) no treatment; (2} sodium carbonate; (3}

sodium gulfite. Resulte are shown in Figure, 7. . Some related.

<

“lv‘_,J
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data from Figure 6 is summariged in Table 6 which a'ho,tda that

i ,
plate life costs are lowered by $1.20 per ton by the 'uae of no

i
]
;
!
j
|
!

| '
sodium carbonate and by $3.55 per ton by the scdium sulfite.
The sodium sulfite also has a substantial pulp brig‘htﬂeni_n'
'effect. Good ?late protection and balance of other ctor

. suggest 20 to 25 pounds per ton ag a good rate of add tion\
\

At that rate a brightnass incraase of 4 to 5 unlts is
i

cbtained. ) ' ;
Sodium carbonate is a fairly strong baae so onl

N
four peunds per tcn is required-to increase the pulp f om pH

5§ to pH 6.5 where substantial protection against platell. .

' X i - -\ 4 *
corrosion is obtalned. However, gfjall increases above that’

]

level raise pulp pH to the polint wherc'the well known ' ! ‘ -
yellowing effect of caustic ‘occu'ra strongly and substantlli‘.a.l ' .

loss of brichtnesa results. Nurr;j.nan, ’et al. {(33) found,,

) -‘nowever-. chat,the additicn of sodinm carbonate to keep pl—l‘

between 6 and 6. 5 did not reduce chemical corrosion and n

prolonging in the life of the plates could be aatnblished. . .

2.8 Reveraal. of Pla.te . ' /

il

N

'In conducting aarly laborato:y tostsa, Dorland, ELi

al. (18) in 1961 raverued ‘thea rotation of platep every 50(#
passes (10 to 12 pounds of chips per paas) to 1nsure unifor

wear and t‘hus thain ccmparable pulps. Holzer, et %1. (13) ‘ 1

found from aemicomarcial )—.ests run in t‘ha anrly 1960 B, tha.t
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periodic reverasal of motor direction helped maintain a €

o

relatively high throughput during the fifst half life of the

n

plate. Be5ond this point they found that reveraal did not

appear to help to any quat extent. ThlB reversal wag
. ‘ helpful on platep-ﬂhich conditioned {(Section 2.4.2) and
. . showed increaaea'in wear radii of the radial-bars, since -if

\ r

the waar becaif exceaaive, due to nonreveraal, reflningrﬁcwer
would rise and ;hroughput would drop. . ) L . a

]

. Plate patterns were, usually symmetrical at first-

" _ 124) 80 that the refining action would be, the-same

'v ' " n
irrespective of the.direction of rotation and moﬂarﬁ were o

often reversed once a week to avoid a xﬂvhaidad blunting of.
the plate pattern. As stated, however. this practice wag-
being queationed aince all plates produced inferior pulp ‘

and a similar pulp quality could

»
7 ‘a

: during a yeering in period,

. be expected at each reversion of .rotation.

. . Great Northern Paper Company. Hfllinccket, Haine, a

:

-started up a modified rejects refining ‘sygtém in 1963 (45)

and fcund it neceaaary to réverae\refiner motora weekly to-
° " aven out plate wear and td improve refiner efficiency and

- quality. Upon initial start-up of their new refiner plqnt,dn

1969, Price (Nfld.) Pulp and Paper Company,_Limited, Grand

" Falls, Nawfoundland, initiated plate reversal on a trial

+

basie but apd}t from the detrimentel faét, that ammeters and

. . . t | L ".
- , . other instruments on the refiners were not reversible, there

-

“ . _ ' \ Y -?‘ KN
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were not enough benefits indicated to continue the practice

£

of plate raversal.

y

Limited, New Zealand, stated that they found it essentlal to

reverae the direction of the dieke at leeet every iOO

megawatt hours of operation or, the plate life was, drastically

reduced and_the feediqg ebility of the refiner.deterio;ated
repidly.'.BequIOn.their'revereel of direction 6f dieke“ae
eapproximetely every two daye. they vere able to get a plate
life of somawherb nearyl 1000 houre or 3 500 megawatt houre.'
at a production rate of 140 AD.MLT, pe; dey.l In thelr
.opinion, alee. blow blg!k conditions in refinere were elosely
. .eeeouiated with the revereabiliﬁy of the ;efiner end the
ability to feed evendy into tQp'refining &one.
Thie facet of g;tendlng plateqéife via periodicj{'
) pf-te direction reversal seems today to have. become e.muchv
: neglected prectice.. Some very ‘serious study End

'experimentetion ie quite evidently needed to velidete cleime

decide the optimum times of reversal if indeed‘reve;eel is

benefieiel. . .

v 24 9 Reéiner Speed R S '-' R .

. The peripheral velocity of refiner disks lies in

Ehe :enge 12 500~ 20'000 £. p.m. end for. double disk refinere,

n
L

R.J. Scott (46) of Carter 0ji Kokusaku Pan Pacific

of beneflts from the iaract-:ice and.to detern_li.ne‘peremetere- to -

e

v

oun®al
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the relative disk veloclty ls probably what counts, with the

top velocity being 30,000 f.p.m. The exact effect of ’

velocity chang;; on refining and pulp quality has not yet

been determined.

) Ludhe (4?3 reported 50'per cent dacra?ae in ‘energy
conqumpﬁion but afso 1ower‘strength when going fron 1,200 to
1,800 r.p.m., but these experiments were made at an ear1y°
stage Ei9ﬁ2] in-the‘hiatory of cnip refining. Henderéon
.(48). by incraasing the velocity from 1,200 to 1,800 L Dol

-got a much 1ower freeness and a correspondingly higher
strength al; a given energy coneumpticn. The earl;{ op:l.nicn
[1966] mseems to be that the pulp quality increases with the
Jhlocity but that- the effect is small compared to other .
varlables, whic‘ have to be controlled. If, however, a’
higher. reldcity makes 1t poaaible to put more horsepower into”

»a glyen refiner, this will hnve a major effect on the capital
cost. -

pergstrom;'ég al. iJl)‘rencrt the replacement of

{Suna-Bduer 480 Refiners (1, 600 ri .m.) with Sund-Bauer 488
Refiners (1,500 r.p.m.) in 1968 with the increased rotational
speed changing }:efining conditions coneiderably. The new
refiners had a much higher capacity than the previouelmcdel
.and couidlrhfine firat-stage-pulp to a lower fresanass level, .

%ran at higher.prcducrion rates. They dlscovered, howev

tﬁht.the rafiner-plate material and plate deasign, which had ,

b Y

e - SRR - _
™ S \.& ‘

»
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‘.'(1 500 r.p.m. }- and 60 Hz {1,800 r.p. m J. After solving
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given satisfactory results at 1,000 r.p.m:, were not suitablé
at, the ‘higher speed. A study of pulp quality in relation to

plate wear revealed that the plates were breaking down much

faster than in the 1,000 r.p.m. refiners, and that pulp

quality was deteriorgting at a correspondingly high rate. As
LY

a result, a programitﬂideve}qp‘entirely new fefine; plates

‘was started. ']
An intereating anal&sia of the effects of an
increase in speed has come from Beath and Hills (34) on the

operation of "a Twin-50 inch double disk refiner at both 50 H=z
AT

start-up problema on 60 Hz operationa, .

.+« the refiner waa ptdrted on 50 Hz power using
the plate pattern which had worked well at 60 Hz.
Abnormal vibration ‘occurrad and the machine shut
' 1tself down due to overload on a load sensing
conveyor. On opening the refiner the breaker bar
section of the plates, and the ribbon conveyors;
were found golidly £illed with chips. This and
result was reproducible.
The problem was clearly due to the speed rquction
from the prior 1,800 r.p.m. to 1,500 r.p.m. While
only 16% in speed. the change was 30% in terms cf
the maximum breaker bar impact on chips. The
breaker bars at the lower apeed would not reduce
JChips to the small gizes needed to leave the
breaker bar space at the rate of chip feed; that
- "apace then filled and the plug=~bullt back along the
ribbon conveyors. The process ended, when the load
sensing conveyors, having no free volume intg which
to disoharge chips. filled and ' stopped on
overload,!l

12 ¢, Mills, and L.R. Beath, "Single Stage Groundwood from .a
' 12,000 h.p., 1,500 and 1,800 r.p.m. Refiner." (Paper .
presented at I.M.P.C., San Pranclsco, 1975), p. 59.

L] N » L]
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The solution was "to restore the loss of breakexr bar impact,
the plates were changed with the new plates having a ionger'
breaker bar section ....".l1? It is not kﬁown whether Beath
and Mills predicted trouble in changing from 60 Hz to 50 Hz,
but it can be readily seen that as the refiner speed changes

so does the ngceééary plate pattern to accommodate changes in
- 9

throughput.

-

/

)
2.10 Steam Generatlon arid Removal

Dana et al {49} have given a detalled description

of steam geﬁeration in the refining zone of diak refiners.

" " They alsoc state that: ’ -

- b

The direction of flow of steam in the refining zone
and the pressure gradient developed the e ns
h the stabllity of
1p preduced in the
e themselves/determined by the
ometry and speed of the refiner, thé plate
pattern and plate taper, and t oparating _
¥ ‘conditions of throughput, motor load, and the inlet
/ conaistencrvand temperatura of the feed
material.! .

In their description of single stage groundwood
from a 12,000 h.p., 1,500 and 1,800 r.p.m. refiner, Beath and
Mills (34) discusaeﬁ the egrees of steam, from various plate

-
{' .

la Ibid' pl 59! R . Y

l% 4,R. Dana, W.D. ﬂay. K.,B, Miles, and B.G., Newman, "A Sﬂﬁq;

. of Steam Flow and Self-Pressurization in Chip Refiners.”
(Paper presentad at I.M,P.C., San Francisco, 1975}, p.
143, .
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W
patterns, Plates (S.W..D20A031) which have relatively wide, -

deep grooves which extend to the outer periphery made steam
agress easy, and the pressuré build-up needed to force 1ts
removal, amali. Steam'escaﬁe with those plates wae B0 easy
that all steam left by the periphery for loads\up to 10,000
h.p.' Thn same plate pattern, but with.a complete peripheral
dam, gave only 65 per cent as large '-powe;'increage per unit
hydrnnlic pressure increase; they considered that’ this wéé'

" due to more difficult steam escape reaulting in a higher

: proportion of the hydraulic pressure increments being used to
balqnce increasing ateam pressure. Another plate pattarn

{S.W. D20A001) used by Beath and Mills had«a band ‘of fine.

shallow grooves at the periphery which were a restraint to »
L]

ste ocut€low. ,Those plates normally had a baék flow of
'ata:E’;t 1an:':f 7,000 h.p. and up.. h

- In their study Of steam flow and sel’f- ‘ )
pressuriéation in chip refinern, Dana et E%' ?hg)lu;ndla
ntandgrd rafiner (oonditinns'listed in Tabié 7} to _
investigaté the effect of-thelopernting and daglgn parameters
dh the distribution of'pressurn and the flow.of stean
(ignoring preaence of wood) by'progresaivaly changing each
variable in turn while the otheﬂ remained fb{ed. Both

operating parameters and design parameters were studied;

motor'loéq,'consistency. fead inlet temperature,;inlet and-

L oh
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outlet pressure, plate gap. plate taper,\disk rotational
speed, disk diameter, roughnesslof plate surface.

From their work they predicted that the pressure in
. & : Y]

a

the refining zone of a chip refiner was likely to ba
gsengitive to platé clearance, plate taper, plate roughness,’.
inlet consistency, inlet pressure, disk diameter and motor

loed, and inasensitive to changesﬂin lnlet temperature, disk

speed, and reduct}on of outlet pressure below atmospherlc._ . f

e ' .
The back flow of eteam wag likely to be - very sensitive to
!.t- ) . *

disk didmeteﬁ' inlet tempeature and inlet pressure, and

insensitlve to_plgte taper, plate roughness, disk speed r.
lnlet consistency and rednction of outlet pressure below .
.;tnbspheric."Thiq work demonstrates that correct plate
design\is necessary (disk diameter, etc.) to insure proper :
steam egress and alleviate problems ‘causged . by back flow of
steam whlch_could lead to blowback and ‘clashing.
éonyentional refiners assume uni form taper from.
entrance to exit preventing steam from ex&esdlng‘supe;sonip
-velocities .whiéh, accord ng to Dana et al (49) ‘may cause the

A 1

occurrence of shock waves This msy also prevent’ r’finers
+* v

Ifrom clearlng-—the ne#, result of which is self-
'pressurization, 1ncreaned retention time, excess pressure on

.fine bar’ sections, exceas wear and reduced plsterlife. In.
. ) i~
eddltion,-power requiremente are 1ncrensed. A proposed

.solution i the use of converging-diverging platea !nozzis'

-
. -

i ' ' .
1 .
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"

effect—-Figure 8) to enable steam to clear. The results
should be cloaer plate clearances_without excesglve
pressures, lower shive content and 1ese enexrgy for the same
pulp properties. Et&lier-waveiine plates investigated by
such companies ae Conaolidated Bathurset in the early 196Q'e

should perhaps’ be reviewed-.

ﬁ,ll Optimum Timing of Refiner Plate Replacement
Lo;;ar plate life ia not necassarily Optimum plate
life. In the pulp and paper induatry. as in all others,'
coata aasociated with_production must always_be optimized to
maximize profit.. Therefore} it is imperétive to remove '
refiner plates when they have surpassed tneir optimum p1ate
life based on costs. This section is a oiecussion of the
metﬁégd9£ arriving'at”thia oPtimum time, It 15 also
. worthwhile to note here that if for aome reasen the platea-
give excallent guality pulp with no increased energy : %
consumption, “then it would be sanseleea.to remove them purely
on the baa%ﬁ of atatistical data. h -
One of the earliest books dealing with refiner
meéhaniéhl pulping {24) ‘noted that the timing of refiner )
plate replacement.maa ehiefly determined by the ilncreasing
\\difficﬁlty of feeding the refiners. As the platee got worn,
tho screw feeder woﬁld-donsume,more power angd eventually an.

. . . L
increqee of the feeder spesed would have no effec¢t on tha

[ Y W SR
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refiner load. At the same time, the shive cdontent ;ould rise

and general quality of the pulp would-arop-«partly dne to ;-
plate wear, partly due to fluctuatingﬂfeea rate (also |
dependent on wear of th; plates). Thia meant, therefore,

that the output of pulp at a given freefiess and prbbably the-

‘ quality would start dropping while the specific energy »

cqneumptlon would increaae. At some point, they concluded;

there would be a. minimum total cost of refiner plates and -.\\\\\;

refining energy per ton of pulp. Of course,.requirements of

production or quality might neceesitate plate replacement , F]

"

'before this point was reached.

A paper by Freeman (30) at - tha 6th Intarnational

L

‘Mechanical Bulping Conference described the Great Northern

Refining System at Hilllnockeufinaine.' In-desériﬁing their

experimentation with' refiner platea he noted that “plate life_

.18 generelly a result of pulp quality and refiner efficiency,

when both drop off, the‘plates are changed."15

-

‘+desirable to minimize the cost 6F plates, per ton of o

Beath, Hihelich and wila (23) preaent a' very S T

»

"c0mp1ete and extensive paper on the optimum plate repiacement7

time. They atate, ?that raﬁinar plates are a aﬂbstential.' e
- , - s
cost item in making refiner groundwood. It ia often thought - :

*
L
L]

15 ¢.W. Freeman, Great Northern Refinin S atem (paper
presented at 6th international Mechinica Pulping
Conference, - Atlanta, 1968), p. 427.
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groundwood, by keeplng them in service as long as possible.
This 1s a naiveé viefggipt. Plates should be kept in service
only until the sum of all coﬁts asaociated with pla life

has reached a m}n mum."16 ;;‘aeath has said, “an optimum

program for frequency of refiner plate changes requires that

the sum of all cgate'(per ton of pulp) which are affectad by
plate'lifejie'minimized; The essential point ie'not'the

amount of such ‘costs; but that'the ambunt be minimized'“17’

'Among the coste considered by Beath were power costs which,

while affected by plate ‘wear, were largely independent of it,
Thus, they ‘noted that the figuree obtained for total plate

life associated costs had _no abaolute validity such as would

" have permitted them to have been used in comparing costa, .

between two refiner groundwood plante.-lﬂowevér, within‘a
given refiner groundwood plant, tney'provided a realistic
baeie,'he.maintained, for: (l).eetablishing Optimum plate
change ihtervals; (2) selecting the most economical type of'
refiner platea-'(S) selfcting the most economical refining

conditione.

Beath, et al. (23) arrived at the total plate life

. aseociated costs by coneidering many factore. Thay' derived

16 L.R, Beath, W.Q. Mihelich, and D.V. wild ““"Refiner
Groundwood Coets Aseociated with: Plate Life“ Pulp and
. Paper Hag. Can., 71, 8, April 17, 1970, pP. 73. -




Equation (l) can be used to calculate plste life assoclated
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. . s L ]
from these factors the total tons,. QT. produced to T hours of

] .
pPlate service and subsequently the plate life assoclated

-

costs, ST' to T hours oF plate service. The average piate
life amsociated dost per ton of 92 B.V. «&Beater Value) pulp

over the period to T hours of plata'service would theh be:

LY

Olm
! =1

-

L]
*

_costs (ﬁ ) for various plate service life times, T. Values

of W can then be plotted against plate serV1ce time (as)in

. J

Figure 6); the optimum time of plate change-is_ that -

corresponding to the cost minimum of the curve.

Beath; et al. (23) provided several case ﬁistories _

~ and showed the variation in plate 1ife associated with

servlce-life. The curves (Figure 6} showed that, typlcally.
L
costs decreased to a minimum from which they slowly, but

steadily increased. The curves were usually fairly flat near

. thslf minima and the optimum time for plate chﬁnge-was

therefore not crftical.r From Figure 6, Beath. showed:that the ‘ﬁ

long potential life of stainless steel plates, with its

promigae of low plats costs per ton of pulp, was miLleading

and . that the minimum value of all costs associated with plate

g
life wag somawhst higher than it was for ths less durable Ni-~

Hard. The use -of soda ash with, Ni-Hard plates also gave a

—m e —— .,;-——-— u—m—

I e e —
.
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very sub?tantial further cost reduction. In part, this
reduction resulted from an extension of economic plate life, g
but the more important benefit #f the soda ash treatment came ‘ .
by way of slower loss of refininq_efficiendy an? the
conseguent savings in specific energy and production
capacity. ' . - . ‘

' Arnesijo and Pillén (26) in a paper on TMP at

L

Hallsta Paper Mill in Halletavik, Sweden, explain ‘when and

wh} they change'their refiner plates. They state that, : o ;:
equally important as the seleétion of proper pl;be deqign

'{in TMP production) is a careful control of the. condition of

the plates in the ref:.ners.“18 They have found that damaged

or too much worn plates in only onea of the refiners was

sufficlent to cause a’ severe qjality drop in the entire

. production from the plant._ Therefare. an intensive control .

of the plates was essenéidl. It was, however, they- noted,

L]

a136 imp&g}ant to let the plant run as stable as possible and -

.

frequent shut-downs of tﬁg refiners were highly undesirable.
Thuse, they concluded that plate condition:contro; could not
"be, based on visual inspection of the plafes but rather on

guality evaluation of the pulp.from each individual refiner.

18 B, Arnesjo, and S. Dillén, "Thermo-Mechanical Pulping at
Hallsta Paper Miil." (Paper prasented at I.M.P.C.,’ San
Frunciﬂcc)' 19?5}' P- 101-

<
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In thelr plant they used a graph of Long Fiber
Content (i.e., Bauer McNett.+ 30 mesh fraction) versus
Freeness for this purpose. As indicated in Pigare 9, the
effect of closing the diske could be lgeneraliéed into two
getraight lines in such a graph.. At high disk clearance n
long fiber reduction of 0.6-0.7 per cent was obtained for ' . "
each 10 ml freeness drop, indipating that fibrillation was .
the main reasoh for the frednosa drop. At very narrom- .
Fefiner gaps, however, the long fiber was reduoed by 2-3
percent from each 10 ml freeneas drop, which was an
indication of severe fiber cutting, Their aim was to operate
close to the point where the slope was changed. Therefore.
they have divided the graph into different areas as indicated
in Figure 10. When the plates go into the "area indicating
bad platé condition or other operational disturbances"19 they
must be ramoved. ‘

Thia section points out the extreme importance of | 1
.removing the platea, not necessarily only when the quality

-

starts to drop or the 1ife ia long, but when the total plate

o

iife aaaociated costs hnve reached a minimum, as demonstrated‘
by Beath at. al (23). Beath e method of detarmining plate
life at minimum plate iﬂ¥8qassociated ooat geems to ba very

neglected and littls s said elsewhere in the 1iterature

il

19 1pid., p. 101,

feaam a1 = Ak e — B e
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.concerning 1t. Most refiner plates are removed when the

]
"blue glass" shows excess shives and the refiners will not
load up to,their maximum production rates. Beath's and
Arnesjo's methods need to be” gtudied’ more fully and pot to

use to prove or dispfove their validity..

2}1? Plate Hear

L

A oohsiderable number of papere comment on the wear

!

of refiner platee and aeeocia‘ed probleme caueed'by it. This

_ aection deale with and .summarizes the avallable 1iterature

while Chapter III of thia-thesia‘deald with an actual case.

_-study'df refiner plate wear.

An early ttempt to characterize wear came in a

book entitled Mechanical Pulp Manufacture (24) It stated

that plate wear was of three types: a pitting of the

surface, whichireeembled cavitation; abrasion, which often

R reaulted in aeep‘circuiar gropﬁes: and metal to metal wg!r,

mostly cfoee to the periphery, wvhere the plates would just
meet. - Both pitting and metallic weer could be avoided by
operating with proper. plate clearance.l This meant .

maintalning an adequate rate of flow, since the refinera were

-

in practice set accofding to the motor loads’ not according to

plate'clearance.- It was assumed that the pitting wae caused

by eteam trapped between the plates. The book stated that

r) .
,the_circuler.grooyas werevthe result of nonuniform

1

" '\‘.‘

i
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diastribution of the refining wbrk done by the plates (see ;
Chapters III and IV). - The solution was to tapeq}‘and ghape | o
the plates so that the stock was more uniformly dis,tt'i:n'uted . .

"~ and each part of the refining area did about the eame. amount

- .
- . - -

"n. LA . R ] B N .
of work. . ~ . s .
. ,..-"

An important comment made was tRat, "there has been ' \l

1, .
no ev:.dence of any e}fect of a normalj gradua?&gte wear on . .

.pdw_er conaumpt:l.qn“and plate quality."20 -AI;T latea produce
inferior pulp dd}ing'e wearing=in period. 1In the futurer

they assumed that more efficient methods for hea[t treatment'

of thq platee for 1ncreased hardness and wear realst'ance,
. L]
: might result in better pulp quality and procgss economy.

b Wear of the plateas seemed to be directly related to plate

clearance {l.e., feed rate) and the ease of steam escape. .

’ . .
= -
' . -
» - [

The first recorded attempt to determine the effact
] " ! — N 1 . .
of normal plate wear on the pulp quallty and power

rehtionship was conducted by Nystrom and Okell (22) ht

Cxofton Pulp and Paper,Lim:I.ted. British Columbia. The study

»

c;ommenced with new Ni—Hard plates in all refinera. The |

effect of normal plate wear' on power consumption and fredness -

. l|:e1alti.f::onahi.p (Fig'ure 1) showed that at any given plate agg

]
the freeneas decreased as the power corLaurnption 1ncreaaed.

. . S W ~ ;
. As the plate wore, however, the. power conaumption veraua’ ’ .
LR Al . \ i
20 Machanical Pulp Mdriufecture; Chapter 14, p. 197.. - s T

vy . . ) - . . -
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freeness curves shifted upward. Therafore, in order:to

u

maintain a constant freeness, the power consumption incfeased;\{\

as the plates wore. . .

Similarly (Figurea 12,13)‘ht any given plate age,

thaptear chtof\and per centlmullen increased as.the power

incfeased.‘ These curves shifted'dowhward as the plates word.

-

Therefore.'to maintain ﬁ constant/gsr cent mullen or tear
-
factor, the power requﬂremenEB'ifcreased with plate wear. ‘l

This investigation emphasized the importance of plate

condition on quality, power effici,ne and production rate,

and provided an incentLve for the development of longer~

/

-

lgating refiner platea. . ;

It is widely accepted, as nbted by Kurdin (50),

;
that the refiner plate serves a acreening function at the -
trapsition between breaker bars and the ‘Intermediate rpfiner.

bars. The dlearance of the plates déterminos_éhe siib_of

. . ) 4 - L
. wood particles pasming between the refiner bar-sectidns. If

“ the particle size is not reduced sufficiently.lpermitiiﬁg

materials to pass on to'the next bar zonfk" excessive wear
normally reaultp at this tranﬂition polnt. Therefore} it is
ecessary if uniform pulp quality ie essential, to maintain

constant poqpr input per equara 1nch of ground plate aurface.

Refiner platea. therefore, with A high ground tapar naturall//

-

. result in waar pausing a flat qeetion at the outer dlameter -

. " N . : L - »
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'trend, but 'there ware inetencee where worn plates: produced
pulpﬁ of‘Fquei or higher freeness then when they were new.

“.We attribute these exceptinna to wood quality changee end/or

—
<
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" of the plate yequiring an increase-in the total power to

. maintain this pulp qualitv.

L

The wear of refiner plates has been dealt with in

much deteil_by Beath, et gl. {23} who stated in thelr paper
on -costs eesociet:d with plate 1ife th&tlprogresaive wear of
refiner platee +during their eervice 14 fe reaulted in one, or
more of: decreasing phlp qualify, decreas{ng prodﬁction rate !

The direct effects of plate

and increaaing'epecific energy.
LR 4

‘wear, by eroslon and corroaion. on various pulg qual@ties was

3

,showh;by hihelich; ild, Beauliee. and geqth_(?l).“ﬂThe ' L

. Qifﬁerencea,betﬁeeﬁ ney'platealtlb hours) %nd worn plates -

(227'h6urs with no pH adjustment) and the effeéts obtainéa-by
, A

them.ere seen'in'Figures 14-19, - Figurea 20-22 ahow typicel

resulta obtained at varying epecific energy inpute, when R .

0perating continuously at approximately 21‘per ‘cent- dlscharge

'coneistency and fio pH edjuatment in the’ refining zond. o

Pigure 20 showed that, fbfugiven apecific.energy inputs, new' .

pletes tend to produce higher freeneae pulpa then wornl

They .noted that most of their other data showed this

4w

plates .

plate demage %21 o S ' ' :‘ LS
: S . : . '

21 w.0. Hihelich, D.J, Wild, 8,B. Beauligu, and L,R.. Beath,

- #8ingle-Stage Ch Rnftning X ﬂhlp andﬂpgggr Mag. Can.,

« 73, 5, May, 1972, !81. C
i ' " & L] ’ “ ’
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Figures 21 and 2% from Mihelich's work (21) showed
that there was a*continuous deterioration in pulp atrength as

the plates wore. When the pl}tes bacame extremely worn,

ahort-term motor load variltions increased and it became
increasingly difficult to fully load the refiner which was

; _ then producing b short-fibered, choppy pulp., Figure 23 shows

+*

o~ that shive production was very sensitive to plete condition.
. ‘ As 18 now widely accepted, the¥ advocated that quality

- . deterioration with plate age could be reduced considerably by
. - ¥ ' ¥ o

A

increasing refiping zone pH,

Actunllceee histories of plate life were diecﬁseed

by Hurminen. et al. (33) from thelr new reﬁiner instellationeo ‘
at Rauma, Finland. They found thet ‘the durability of the
%

refiner plates ‘was a big problem in the beginning. Over a
two year period they tried five plate materiale (Table 3) but

none of them could excedd a 400-hour run. The cause of this
. . .

. was determinéd,to be heavy corroEion. which resulted in poor.
E - ' qualitylpulp and en,imbelance in'the refiner causing

L
proceee. but believa it ie a combination ©of steam, cevitation,:

o vibretion. ‘They have heean uneble to solve the cqrrosion

‘ chemical corrdeion, end mechanical wearing. Examplee of Ehfe
mechanical wearing are seen in Figures 24 qhd-z . In Figure

"« . 25, the plates have been touchfng each other, whereas in
v - . . b ] . . - .
‘ Figure 24 there ‘have been hard particles betweer, the plates.
L}

. | ‘n' - , L P ' .f)
. ‘Y

' .
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. refining zone rapidly attack the refiner 1::11:.1:3!14.“22
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\ r/\
In theii"'cpinion, the particles loosened from the wearirg
platea (Figure 26) were causing this kind of corrosion.

Arneajo and Di11lén {26) atressea the point that asm

important as selection of proper plate design is, 'equally
important is a careful control bf the condition of tﬁ'e plates
;

in the refiner. They-have .found that damaged or toé much

worn plates in only one of seven of the refiners in thelr

- plant 1is aufficiént to cause a severe gquality drop In the

f L
entire productién from the plant. Therefore, they atated,

L
. t’hat an intenaive control of the plates was eanential. It '

ia, however, also important to let the plant run as stable as

,'po,paible and freguent ahut—dowp'a of the réfiners are highly

undesirable. s Thus, plate condition con£r01 cannot be baged
on visual inapaction of the plates, but ;;ther on quality :
evaluation of the pulp from each individval refiner.

- Laliberte (51), in &iscussing corrosion problems in
the pulp and g;aper "industry, states that the wearing of stiel_l.
refiner ‘platea in ‘chip-refin'inf; congtitutea the most visible

problem in the mechanical puljping séction of the” mill. H@

. notes that "the abh@tion pEt the chips, high

temperature, and localized bollling of the watar in tha

-

«

F

T

Y . . ' ‘
22 raliberte, L.H., Corrosion Problems in the Pulp and Paper
Industry, International Symposium on Pulp & Paper Industry-

Corrosion’ Problems, NACE, Houston, 1977, P 9.

ik e \
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) The l'iterature on the wear of refiner plate‘ia
quite extensive, yet without much detail. The inode",of wear,
its causes and probable cufes, have not been expoundef on at
all and thus there is a v‘ery urgent need for research work on
the wear :of refiner plates. ?ome..recent iny.est.igationé have
been conducted sand these are reviewed in Chapter III.

A\

2.13 .Correasion - . ' .
: = _ P

Corroslon has ag great an effect aupon plata l.i.fe a8

wear. \Many times t'heae two factors are eonsidared identical

and at times it is wvery difficult to distinguish betwoen _

‘them:,} Each .i.s a separate . er'd'.ii:.j.ir but may contribute 80

extansiveiy to the ot.her that_thoy- are inseparable.
Hdidemeyer (52) 'n'otes_tbat mechanical work on a surface
(i.a., Que to contact-between rotati’ng- refiner'platea) ‘may

actually increaaa rates of corrosion considerably. Hia

.theory 1s illuatrated in Figure 27, 'I"he introduction of some

mec‘nanical edergy (via contaot rubbing) teduces/the

activation energy necessary for chemical reaction and thus
. _

. increasesa corrosion rates. Theréfore, in the caae of refiner

piatos. the wear procoao, although it may seean very

1

\
inaignificant when ‘no. uorioua contaots ocaur (olashing). rnay

be\ cont,ributingr gign'ifioant_-._ly to the rata of co_r‘r'osion. This

- . ¥ " .
area 'proaergts' itself for research and may provide aome

’ o

e TLEEEERIRE )
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.o o . .
excellent insig}mts into the rfelationship between wear and

coxrroslon. 7

Corrosglen is, as we have stated, an important

. contributor towsthe decline in the life of refiner plates.

Minimizing the fact of its importance is the lack of
publlahed literature on causg and cures, especlally with
/ .

respect to refiner platea themselves .‘ Research has been

" conducted on the corrosion of refiper-'piates by such groups

as -F:’.argatrom et. al. (31), but is unpubliahed.

.

Laliberte (51}, while diacussing corroaion problems

4

in t'ne nmechanical pulping section of a mill, said regarding

refiner plate cor’oaion that "the’ cprroaion problem invdlves'

t‘he action of eroaion accelerated by the corroaive

-environment, as well as cavitation cauaed by .local:l.zed '

flashing of water to steam."?3 o - _‘

Some’ paper companias have stated that they have

corrosion problems and ﬁre working for solutions or, elBa

have'overcome their problems ly\; glve no detnila. Two papers_

1

L
[1973] have given information on work' ia ln effort to comhat

corrosion. _Nurminen, et al (33), in daaqribing their rfew
refinar instnllationa at Rauma. Finla.nd, have stated tha.t the
durabilitx of refin‘;'r ‘plates was a big problam in tha

beginning. Eive _plate mterj*als had baan tried {Table 3)

N

H »

R

.23 Inid, . p. 9

+
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during two years but none of them could exceed a 400-hour
.fun. The reason was heav_w;' cérrosion which resulted. in poor

€

quality _pulp and an imbalance in the ‘:;efinar cauaing
vibBration. Their corroaion .process ie still unsolved, but,
they believe it is a combination of. steanm cavitation. *
chemical cort'oaion, and mechanical wearing. Steam cavita.tion
can 'be seen from their photographs (Figures 24 and 26) and
they also atated its inf].uence wasgs partly the reaaon? for the
da‘fects they have pictured' in Pigura 28_. .‘\' _. l
" _chemif__'al-coi‘i'oaion--vwhich they stated r.aau‘lted from
organic acids feleaaed» from wood--'-hasl probab‘l} caaaed the .-
damage ahown in‘cFigures 25 and 28. i‘héy attempted to reduce
.chemical eorrdéion by add.‘l.ng sodium carbonate “in order to
keep the pH between 6 and 6 5. However, they could eatablish
no . increaaa in the lifa of’ tha plataa. 'I‘hey evantually found
' a material fairly reaiatantlto cavitation and chemical
.'cor.rosion. The age of the plates were doubled, and even
. _tripiad, 'depending on refiner poaition.i Thia matarial was.
Uddseholm B no detaila of ite compositign or £ormation are
‘- Proxlridad. T ‘. : ' . -; . . .

- 'Beat'h, ét al. (43)Palao concluded that in t'ha '
manufacture of rafinar grounduood at high refining
conaiatenciaa. Ni-:t;ard ra:_Einar platea weaar llargely ;a al-
raault of'coi'roaiva attack by wood acida_f- Beath;(__23) earliar
'r.'apoz_-:-‘ted on thial phenomenon Jand -showed that p(l'alt'e 11 fa eohld _




' extend plate life.

be almost doubled by the addition of about four pounds of
goda agh per ton of chips, which raised the_pH from a normal
4.8-5.2 range to about 6.4-6.8. Figure 29, however, shows

the detrimental effect of sodium capbonate when heing used to

Because sodlium carbonate.is a fairly strong base,
Beath, et al. (43) found that only four ‘pd':i‘l:xda per t;on was  *
;:equired to increase .Ehe. gull.p from pH 5 to ‘pH 6;5 where.' )
s-ubstant.i.al Protec'tion agéinat‘plat'e r.zg:"rbsion was-‘obtaihedl.
It was found, howaver,l that small increase:shabove th-_a.-il:' ievel

¥

raise pulp pH to the polnt where the .viell ‘knowhl yellowing

effe’ct of cauatic occurs strongly 'an_d' substantial - loss of

brightness occurs (Figure 29). Beath also .found that the use.

&

- of sodiunm sulfite had . a subatantial pulp brigh’tening effect.

Thay found that good plate prote‘htion,. and balance of other

‘factors, suggnste 20 to 25 poun 8 per ton as a good rate of
i

addition. 'I'he se of Hazsoaand godium carbonate .additives
#
and th%i’.r effect ‘on plate life is diacusaad more fully in

Sectlon 2.7 and Chapter IV of this thesis.’ D
:ﬁ** . -
2.14 ° Summary i .
. This literature survey shows that many factors are =
important in refiner.plate desigh. Ewxternal rafin‘er Factors
(variables) such as afak parallaliem, yibrations and re£iner

feod rate although not rewiewed are extrem impor{-.anj:'. B
w+ . .

.:.‘;.;‘
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Bach of It.heﬂe m.ua.t be adjusted before the refir{er is started '
and must be kept under cont.rol for the liEEe of the =set of
plates. Two internal refiner variables conaldered are
consietency and additives (pH tontrol). The literature

4 .
indicated that consistencies in excess of 25 per cent
produced Wuch stronger pulps than low consistency pulps at’
L) - . . . .
equivalent freeness. Throughput was alsgo higher at higher _ ——_

conaistencies and the amount of f£iber cutting waa decreased’
' “ - , ) ﬁ
&nsiderably. It-is also signtficant‘ to note t.ha't high

conslstency refining results 1n much longar plate 1:I.Ee on Hi-

. .
] I' ' . "
!

"Hard pla.tea. :

The literature on additives and pH control used to
prol;:mg plate life attests to the extr-eme,.importance_ of - ’-’ -
reducing chemical cor.froaiop. None of  the reports attempt, b
however, to determine the types or modes o‘f‘coi'.rosion

5

involved and indeed nc experimental work difectly related tor
'l L) -
- the cg\rroaion and wear of refiner plates ‘haa been ‘reportead. »

‘Also, no apacific(;tailq on the role of t‘he' additive sodium

sulfite is known, .king it an area of necesgary research.

: -
. - Two other factors directly related to the actual

_'refiner operation are the reversal of platss and refiner . .

- -

speed. Extension of plate life by means of perlodic plate

diracﬂon reversal geems to he a muc‘n negled’ted practice.
o,
Some vary gerious utudy and exparimentation j.s evidently

neaded to leidate claimn of benefite from the practice and . o
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to‘determine' parameters to decide ‘the optimum times of .

3
reversal if indeed reversal is beneficial. The exact effect

of velocity on refining and pulp quality is not known either

with certainty; the early opinlion [19667] seems to bd that the
pulp quality increases wit_'.h the veloé'ity but that the 'ef_f.ect
ils small compaffed to other variables, which have Lo be

* [
controlled. The only valid aspect known.is that as the

refiner Bpeed changes 80 does the necessarf plate pattern to

W

different plate patterns on ‘rotor and stat.or cu,eke, and steam

x \

generation and remcrval are all factors ccntr:.buting to a

eorrect refiner plate geometry., The runnlng_ &learance

' between the aurfaces of oppoeing plates ie--a crltinal'

parameter that determines the performance of ‘aisx refinet‘s

and is necessary ( enable maximl.},m feeding of the refiner. A

[3

carefully deﬁigned tapered plate clearance J.a thought to

‘promote self—feeding in the refininq zone and. a!.eo ;o controL

the quality of the stock. Each plate pattern ia uaed for a
specific purpose and the use of a different pattern
1nvar1ably results in shorter plate 1ife or clashing.

Careful atudy must, be made of the rel.a.tionahi—p‘be\:ween'

!

'.chungas in plnta pattern and changee in refiner variables to

.lead t0 corrsct patterne for increased pulp quality.

Y

production aconomy, -and maximum plate life. “A factor- wl;ich '

-

Running clearanq:e or taper, plate pattern, . T o

-
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maye be extremely important in plate design and may lead to
improved plate life 1s that of the use.of 4l fferent plati:

" patterns on the rotor and stator disks of refiners. This
concept 1s only mentioned twice im the literature but
suggeste iteelf to some much‘needed research. )

The d:l.rect:l.on of flow o:E steam: in the r'&sfining zcme‘

- and _the pressure gradient developed there, are critical
factors im both the stablility of op'era.t.‘ion and the qualify of‘
pulp pf:oduced in tﬁe‘refiner.' .The:j' eré themselves detefmineld

. by the geomatry and epeed of the r’efiner, the plate pattern .

.and.taper. and t‘he operating conditions of throughput, motor

1oad, and thehi::let consietency and tempernture of -the feed 7

materiel. To insuare p;-oper steam e_grees and alle\rlate I .

probleme caused * by ba_ckfiow-of steam which cbulc} lead .tq

A :
blow-back ,and clashing, correct plate. design i8 necegsary..

[
o

Refiner plate meteria\_&factors such as composition, o
hardness, anEi conditiqning. aré all inherent proPertiea o:E

the actual plate production, the casting techniques and heat
treatment .- ra¥e ionc'iitioning is not consi‘dered an important

- ¥

factor in attempting to prolong plate life, but could be
: extremely important if it were ub].e to 'be quantiﬂed with

tespect to ra‘e of wvear and decline of pulp quality. The

ectual conditioning process appenrs dependent on plnte

hardness which i.n turn rj[et be opt.imized ta prevent. excess

ntain pu 1p quality end ',

}

cutting of flbera and' m










cpnducted some testing using new refiner platee euppli.ad by
Price (Nfld & Pulp and Paper Company, Limited Grand Fa},li,

- il = ‘ N )
"-New,foundland. "These plates were exam:Lned and meabm%ed before - \ .

-"_analys‘&s of the weax; of t'hese refiner plates duting .the Vo
"production of mechanical pulp from chipe, based on this S, () : s
" actual casa h:.atory. ; . e
' of c:ichoe and H¢1gaard (53). A tribological ayetems qata

: analyze completely t‘he refiner plate/pulp/refiner plate ‘ B

-a.pplicatior&to tribolngy nnd alao the aystemanalytical data r '

o [ -

3. ' THE APPLICATION OF SﬁSTEMS TECHNQIUES TO THE 'STUDY CF - THE ) s
- WEAR OF REFIH-ER PLATES® . g

. . N
T I ) H -

A literature study on the,wear of refiner plates Y
has been presented ilg Section’ 2.12. As wae stated there, a

shortage of information concerning the wear 'oi refiner plates

L - 1

. & .
exigts. There is no literature indicating any experimental’ T

~ ’ [ .,

research performed tc determine modes 33nd rates bf wear of’ . « 4

-

. . * ¢ B
refiner plates in d:l.,ffe‘rent environmente.{ The aut‘hor hae )

!

! b " - Y . 4'
S

H

use. put, in u*@ in the refiner plant at Price ‘(Nfld. ), a.nd i r')-

T . 3

'removad .and re—examined after uee.- Th:l.s chapter preeents an

L.

- o = .
. B ! .. ; i
\ . T oo

The study was undartaken uaing- the systéme app:;gach

-

Elheet (Figure 30) developed by Czichos - (53, .54 ,55) was used to -

! L . ‘ .

syetem. ) The principles of syatem ana.lyeis and their : T .
- . AR
sheet are explainad fully, in two papers by Cziehoe (54, 55) _’ - . .

A further p&per on the lapplieation of eystﬁma techniques to Tt
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i - . ' . - .

the study of wear by Ms¢lgaard and Ceichos, {53) was the
L . ) .

v qgg}deline followed to cpnddct this cade study on refiner
T
' ' ’ platea. Y

L ' . .
' - .

Each'Bectlgnfoé the afhtqms data_sheet‘(Figuré 30}
- - - ‘ )

't

] ’ willlbéaconaidered separately‘ﬁiih detailed information, }
k ? . | w‘here available, be\ing included as part of thid c‘hapter. Th’e
- i T aection numbers relative to each partion of the data shaet ’
E " L ar;a indicat.ed on Figure 31. S s
.?l “\“,.‘I,’. ,*'.. ' o "' _"
! i\ Co . s o

3. General Problem Statement - ' . L

The tribological “data sheett is intended to, serve as

y fe a guilde .‘in'.'the .analysiha of wear problems. to insure that all
» ...relevant-data is taken into account. It was used here to
b  ;* : determine if it can'indéeg gerve this purpode in the severe

L wear pfpblem ehcountergd on reflpér plgtesl The actual

{ proﬁlem atatement ia'to'ﬁharﬁcteplze a 42~inch'hlngle
! rotating disk Sprout'waldron refiner in operation. *

- - -
. ‘. " . ' N

i .
}

3.2 I. ‘Tachn.i.pnl Fl.mction of thHe Tribo—Bystem ‘

N : g Statad simply, tha techniql fl.nction of the tribo—
» syntem being chpracterized was to convert wood chips into"

' 0 T ¥aflner-mechanlcgl pulp. : . S
p ‘

.'I.. 'IJ . ,-- ) . . . -.'(‘ | . ~

a T u, . . L ’ t

‘4
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'rotatiné'dlsk refiner. One disk is moving (1,800 r.p.m.}.
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3.3 II, Operating Variables

.3.3.1 Type of gotion ~
. We have considered the case of é 42-inch single

uhile the. other remains stationary. ig-t?e macro syatém of -

o

‘the two aeta of 42-inch diameter digkb'with attached b;ates“

-the motion is that of rotation. On a micro scale, however,
t - : .

where we conaider part of one bar on the rotating disk moving

.past a parp of another bar on the atationary disk the mction

ia deaignated sliding. - , . - R
3.3. 2 Duration of Operation

In the case cone&dered here the duration of

X i
operation was in the order 2f hundreds of hours (in sonme
i 4 )

cases up to 1,500 hours or more) and might well be considered
- ' . . v

‘contlinuous.
a

3.3.3 maa’r(t) :
n :

. J :
The only data available on the applied, loads on ‘the
-, ;
“refiner diska are the charts of the applied horsepower over

_the'life of the set of refiner plates, The charts for the

complete life are available but only a representative

printout ism ahpwn hara,(?igure‘32}.. A8 can be seen, there is

_ gome fluctuations of applied horaepower wi;h time,

The power consumption of a disk refiner may be _"

separated into three principle components: the power

.required to revolve the disk in a fluid medium --disk
.J . ' .

¥
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.- frictioh; the power imparted to the stock — effective work;'

and 'the power 'requirad to ac'celerate the 'atoék to exit -

‘»

) I" velbecity from the pIataa - pumping losses. According to

P A anﬁg}t and Mareh (56) an expression for the. total power W

B . L . "~

e conaumption, which pas been verified. to some extent. by

oL experimental 1aboratory work with a commercial-size disk L
" L]

: T refiner, is: -7 S } C
.:_‘ ¥ K . - I.I ' ‘~ - N ’. .;
..‘ ’ . ) I ) 3 .— -
L . hpt 'I’ KdN (D 2/3 Di ) + K N D (D- ;=D

_ .. NP 2.3 . : :
R N / t

wPeré . v | ' ;o Ll ~

1).."

| T hpt = tntal brake Poraepower applied: ‘ N

{ de- disk friction conatant which is directly prOportional

'tp the density of the fluid handled n varies with

h
| .

‘f : ' plate geometry; \

‘ - : N = rate of revolution,. rpm;

t D, = outdide dinmater of yxefin : pla'te_s,v t; ‘

-

innida diameter of bar aha groove cirecle of‘khe.rafinér

plate’s. ft;

=]
4

»

] I k ] i M '
K_ = a constant which inclulles the coeffilclient of friction )

between fibers and plate and fiber and fiber as well as

avarage repnrating pressure between plate

> % 9%

- L surfaca; _ . .

"contacting” &

el <

Kﬁ = a constant which includes the gravity constant and the
[ ’ F- -
* density of the fluid; ' - . 3 {

Co . . Y
4 . ]
! p

,.G - quantity of fiuld pumped oyt between plates.

.
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Herbert qnd Haiqh (56) then present an expressibn
. ' 'for torque; T, ased on the coefficient of friction,ff). - .
[u . . ] . , AR ) S o Y
Lif - \ B T= 78 £ Pray r:l.fro )/’ ' ’ -3 g
. . .- where J‘f: = quficient of frictiOn (fiber’to fiber and zf‘

i ' _
R C / ‘ '%r-it.o-plate) o B o '
C ‘ .h o ‘ ' | ,;

-'number of friction areas.

T L e 2 —— i i

= maximum praaaure betueen pla&:as, lb/in (at

X . Prnax
.I ‘ ’ . h c . R ' i . N ' : '
R = ! T3). : . : : . X
. r,~ = inside diameter of plates, lin. A
{J’ ' . _rox\-a outside diametes oftplataq, in., . : 1§
" ) R AR torgue, in.~lb. .
, . ] - . L] - . :
* -Letting Ca v . v : : . '
. ; S Vo
: N = gpaed of rotation, r.p.m. .
) : '
/: NT RN
- 1‘2‘ .ft. lb-/mirl.- . ‘ . ‘ . ‘
NT . NT ' A S e
BRI :m B L
I T = 8890 X NRe (ge.1b./min.) ' " (4)
' - - . . E
JE _ ' ‘"Therefore, knowing the applied'horaepowar and'apaed '
1. . e
o " developed by the refiner for thin applied haraapouer, the iy
] ‘thrust daveIOped between “the tribo-elements 1] and [2] arJ
_ \Ntdete;mined. Bome tables of the thrust (Tables B,9,10) . - :
: developed by the refiner and steam prgduced are reproduced ‘
. .
. * here from the work of Atack and Stationwala (57).0™ -
. . L
M- . .
R » . L ) ;.
|
, \ A
] ™
‘ N t
1‘ I-< : - - . - e L .
..Q -+ - ) - \ I:?‘ 3 ’ r“l‘:- " ) ‘{ i “.
- T e "
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¢ 3.3.4 Velocity v(t) (fpm) -

- . The velocity of the rotating (aliding) refiner

dieke is ehown in Figure 33. Thid shows that the velocity of

. L]
the rotating diake is not time dependent but diatance Qgrcm

center i‘ diek) dependent, ..'L.e..lr vix) whare x 13 the diatanceb

‘from' center - of the refiner diak. . Lo

_work of C. Hills (58) in determining 41f an open diecharge

. F.3.5 Temperature T{t) ( C) Cy

' . . .
A _The temperature dapendence of the disks during '

their life ia seen in Pigure 34, Thie is renroduced fram the

refiner was aelf-preasurizing.. The figure ehowe that the.

.temptrature increaeee from lOO‘C at the refiner disk's inhner

periphery to a maxim;;vof 138 C near its center ?nd ‘back to

100°c again‘at the outer periphery of the refinek disk.,

:‘ 3 3.6 Other Operating Variablea « B S *\ilh -

m"ii-’

typee of refiner mechadicel pulping 0peration, They are

There are three primary control variabled

0

o

'dilutio\\reter flow rete, throughput and refiner plete gap.

woperetor to control @hlp quality.

setting, In turn, these varlables, or some combi ion of
ﬁ-"and '

motor load. The latter variables may be termed secondarye.

them,‘contrgl,discherge consistency, specific ene

control wariablee and are the ones ilnvariably used by the
T _

Another variable which may be conasidered am an

opﬁrating variable and of direct effect on the tribolegical

-

LR ,i ' - ay _ ,"l...l.:_..:,.,. W

g

- s B am e
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aystemfia the pressure devegloped between the refiner :pia‘tes.

’ Prgs’st';re is direotly related to the' temperatures developed 'byb
the saturated steam (Figure 34) and is shd=: in Figure 35..

This. figure ghows that as mLch as 36 psig preasure ia"

- "
Ll £ VEREE e Sy

\. daveloped near ihe center of the refiner plates.
3.4 TII. Structure of tfe Tribo-System

.! :

-

. . . Some of thg,informution.on the structure.of the
j\&‘;' - tribo-aystom guch as éosignation of element ;nd material,
chemical r.'orn;;o‘gl."L7I::Loma.E %poq:.:aolty descriptors and surface .
layer data ate. {ncluded on the tribologio‘all_systamsl data
‘s.hoetl' (Figure 31). The tribologigal eystsm under
consideration is composed of three elements: - (1) the -

v ' T station‘ary‘rofino-r platey’ (2} ‘tho rotating refiner plate; and ¢
h - | {(3) t; pulg solution. « Flgure 36 18 a photograph ahowing
tribo-elements [1] and [2].

o 3 4.1 Volume Progertiea (Geomatfxgnima‘nsions(\'olum} -
. ) of Tribho-Element 'L1] and [2 i - :
Lt . . "

- _ .‘ Table 11 Bhows the dimansions of tribo-element [1]

‘ and [2]. E'Thia refiner plate ia ,actuzly one-twel £th of

- ) ¥ - Lo
S - tribo-element [1] and [2]. The tota system conelsts of a’

+

*, circular 42-inoh disk of twalve plates which rotates againat

| a.nothar atationury disk 6’!\12 plates, with tribo-element [3]

.:' . I_ L N
' N ' batween them. = X

i
]
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3.4.2 vVolume Properties (Geometry/Dimensiona/Voldhei ,"
R of Tribo-Element L3}, the Lubricant : .

i . ." . . ‘ .65 l
; .

As can be seen from Figure 31 tribo—element [3], L

] vhich in other aystems is-a lubricant, congiats in this
.'i . 4 : [ ] . ) -
- f- . ' system of water, steam, Na,50, and wood chipg.. The wood.
T . - L . :
t

- " chips and water enter beiween tribd-élén;nté [1] and [2] an : i
exit-as pulp and steam. Table 12 givas the volume properSibqy

! - . . {Volume) whila Figure a7 gives the actual profile dimensions
of -tribo-elements [1] and [2] and thus the volume‘proparties

Idimenaionsl"6f)e19nant.[3],'%ha "lubricant”. Figure 38 also ',

gives a graph of effective cross séctionnl aﬁea through the)

tribo-elements based on circum{efenon'and‘sepnration.between

° . i - ¥

” ' 'Shg{atan at that circumference. ’ . '_-_ | .

P

. s Lo T
[ . A
.

S 'i 4 - -The wood chips which constitute an integrnl part of j'-.‘ 

tha lubricant [3] are of different aizes. A typlcal

' o _ clannification of chips entering between triboielementn (1]
. A .

'nnd [2] is as followal - . _ _ ’ v:

e i w S _ . >1"'i'n. 158 -

| o | ~ 3/4 in. 208 . L™
I o L a2 in. f | -
T T L e 2 o \,w)
e e s

P . H ' . 3 g : ‘. "
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3.4.3 Volume Properties--Cherical Composition
- of Tribo-Element [3], the Lubricant

. P - : - s
o 'r‘he "lubricant" is a mixture (Figure 31) -of water,

Na 503, and wood chips being cnnve\'ted to pulp and, ateam. :1

', The duta in Tuble 13 ise- typiéal for the “lubricant" uee’m"etn .

-Price (Nfld ) Pulp} and Paperq’Company, Limited. Grand Falle,

Newfoundland. o . B _. ' o .

3.4:4 Volume Pl'opertiee--l’hye.--uech Data--

R Tribo-Elements [1] and [2]

i
- ) - .
., ' ) ' . ' ,..
' . . LW . ) [
] - . . - ' '
R .

Tribo-ele'menta C1] and [2], the refiner platee,

-

. were cast at 2,600 F using the gr‘een sand ceeting» .(no resins,

atc;) teciniqde. ifter casting they were cooled to ambiént -
temperature either qﬁt;ibore or to room temperature., The

plates were then. shakenh out of their moulda and could have

[ 8

been left for a week. or more before further t;‘eetment. =

- £

- * A stress relieving operntion wes next performed. on

-,'_;he plﬂtee: heatinq for two.hours at 500'1? ‘and then air

quenching.- 'I‘hie caused a mechanical c'henge in t.he gmin : ‘

-‘sﬁructure—euaﬂqnite to martenaite.. -The purpoee of this

| treatment was to give a Rockwell hardnees, Rec, of 54-58, The

chemicul compouition of the Ni-hard plates was as followe:
" 3.40-3. 65 C, 0,35- o 50 Mn, 0.55-0.70 si. .
' 2.40-2.70 cr,. 4. 20—4 50 Wi, 0 20-0,30 Ho. ’0 ps P,

© € 0,120 8 {ueually 0.15-0,20), balance Pe.: .

- P ¢ e

.
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3 4.5 Volume Proﬁertiee-—Phye.-Hech Data~~ : T
Tribo-Element 3], Lubricant '

Thie eection denle with the breakdown of the wood

chips (a component of the lubricant) ee they advence between

tribo-elemente (1] and [2] and ,also with steam. production end

removal. The generation-end removal of eteam from between

‘the, refiner plates was diecueeed in Section 2;}0.

_ The proceee of chip breakdown through tribo—
elemente 11 and [2] was diecueeed quite extensively by - Atack

and May (14). Thay demonetreted that the chips changed into

» “'
.match-etick-likp material, to slender pin chipa, to lerge .

fiber bundlee, to emaller bunglee, and finally eeperated . .

L .
fibers. The. refiner ugsed was B commercial—eized doubla disk

refiner (Beuer Model—400} with platee ‘of the type ahown in-

Figure 39.' Teble 14 gives .the experimental conditione for

 .firet etege refining ueing the C=906 piatqe (Figure 319) while

Table 15 ehowe the cleeeificetione of meteriel through the

'ﬂ?!iﬂer pletee. These conditions, refiner‘and refiner s

pettern are not the game as the refiner ueed in our study,

-but the breakdown of chips is probably in the same eequenCe-
elthough ‘riot neceeeerily dependent time wise. _Figures 40-41f'
reproduced from the work of Ateck end Hey (14] picture the | i;‘

' breakdown thet occure between the refiner pletee and ehowe
:the ei:e.end type ot,per;iclee through the pletee. Theee .7.

picturee show the chenging pHYeicel eepect q! Ehe wqod chip »

éompohent of the luhricenﬁ.-
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: . contact .are*a been determined as- cne plate movee

’ directly but int ract through the ;pulp between them.

_ nsauming that the refiner is. moving at a marimum speed of -

68

3 4.6 Surface Properties--other Data

i

The eurface properties (topography deecriptora and

I
surface layer-data) of tribo-elementa (1] .and. [2] are.‘

o ] R : . ,
included on Figure 31. CLA (centre line aveérage) values -
(surface roughnqﬁe)‘were meaeuréd?alcng‘the bara hefore use ° "
c ) {

.and it was found that the. breaker bar:j?ad’an average value > '

400, the intermediate bare, BO. and t fine' bara. 120

(micro—inches) ) ' 0 - : a
3.4. 7 Contact A;éa A(t) ARE ; ' ' . .

.

0ppcsin ~d1dks do nct nermally contact each other o ;
j Due to '

the mction of one diek relative to the cther, the bare cn one
eet of. pla;ee.mOVe pasa the bare on the other eet. . n' ' } ‘ ;
_ _ - The' detaild/of "ccntact' i e., the alignment of *?
the barleurfacee cn twc eppceing platea. was inveatigated by
placing two traneparent photographic printe cf a plate on tcp_
of each cther aud mcving one print relative to the cther. )

1,800 r.p.m;, the frpction of maximum poaaible c;atact ‘can be

. related to. time and dietance travelled. From thie the

-
cempletely'cver ancther plate.
. “‘ui

.alss determine the etraalffield-dver a complete refiner L

p*ﬂ'l'.&. - |

Rfom these figure?.we can . !

The‘graph of centaet‘area.cver-a-full ﬁlate‘from our

oy




ap
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. wood chipe.. The chipe are metered in via a belt end from -

- there by a edrew conveyor into the center of the dieke {i.e..'

v’

B
- ) ;.'gr. ..--' .

oo
r

“case. dtudy using Sprout Weldron Ni—hard plates, type D13A001,

ie given in, Figure 48. - -

- The contact pettern eeqentially repeats itself over
.

. each onetquarter of the‘plate pattern--the firat querter o

srepeats'iteelf but_in reverse for. the eecond quarter.' The
) second helfnie the-eeme'ae'the firet half."The:heighte‘of _

" “the eewtoothe are not quite as high hear the center of the ST e
! S

plate due to the interference caueed by the Eblt holes.

,,After the firet 0 6 inch of circumference (leee than 1/10 of

plate), from 0. 60 inch to 4 90 inchee the‘pattern oscillntee )
to give an average coutact area of.about 0. 5. The exact
nature of thie oocillation ie not eetabliehed precisely but

1s qeeumed to He. aawtooth.' From the trauing of the refiner ,
*
plate being contected by ﬂucceeeive platee the pettbrn in 8

Figure 48 wae obtained.

3.4, 8. Element [3] (“Lubricant y—m SR ;-
APP . Lubrioetion Mode _ . '

-

¥

'wood chipe. Both the.di}ution water and’ Na2303 are metered

‘into the eye (entry) of the refiner and then-mixed with the

£

‘gravity feed) , ; ’. I R L .

Element [3] coneiete of dilution water, He2503 and’ t‘-
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3:4.8.1 Residence Time (Retention Time) o

" plates. How long doe#}it ta e a chip to pess through Ehe

A fery important pn?aicai}property“of-Glement [3]

(the'”lnbrioant“) iazite resid€nce time between the fefinerif

entire refining zone end exit aa pulp fibera? Yan (59) in

" his work on the kinetic theory-of mechanicai puiping'hag
derived a retention time. 1, in.a- refiner based on the fiber

r} . :.length reduction {on a weight baeie) .The result‘wae.

<‘.l.'>1 - 0. 263

-~

v

: o "“'?" Tx5, = 0:763 o s

1:‘ by ] ot

samples entering and emerging from the refiner. He found
P )

“« . 'that the epecifio energy (i\l;n.p. da.y;/ton) was & linear

function;of iog 1 ieimilar linearity can ba found in
- collision theory and the Arrhenius equatiar)

'_ ' When\pulp wag refineq.et given plate age. pattern.

and separation ‘at constant oonaietency, Yan noted that the v

: iog of the feed rate R (in ton/day) of pulp was invereely .

. | proportional-to epecific energy (h.p. day/ton) (Figure 49,

e _ -'Yan alao related specific- energy to retention time (alao |
:ia " . known as reeidence time}« Extrapoiating hie data (Figure 50

to a value ‘of 90=100 h.p.d. /ton beimilar to case study

e

refining ooqditione} we get ‘a reeidence time of 0 25-0 47“
: ! . N T
s eeoond. o

where <x>; and <x>2'were.the weight~evera§e lengths of fiber
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‘ proceee (of chipe and fibere between the platee} and the o

.- el At chem e . P - . [T e rmmme i

e 1

Gavelin (60) noted thet the reeidence‘%ime of the .,;

fibere in the refining zone wag en important verieble, whieh )

fwee determined by the centrifugal force. the ecreening e

P

4 .

epeed with whioh the pertiolee were broken dohﬂt“‘lt was

Aerelly 0.3 to 3 eeconﬂe with the indioetion being that the

. pulp quality increased with: ehorter reeidence time.

Aeeumiﬂb therefore, a reeidence time of 0 50 N

eecond end the appropriete inlet and outlet conditione, the R

. amount f fiber between the plaiee (tribo-elemente El] end _;zh‘

- [21) a any inetant-cen be determined. From the caloulaﬂlone‘-
& .

there is 3.5 pounds of fiber between the*platee at eny

I instant LI g ’
3.4.9 Tribologicel fransactions . ° . -
The poeeible intereotione between thsh:hree

Ielemente of the e?etem eenfbe broedly eleeeified in the form
.of a metrir_ae in Figure 51,» The fielde in the matrix are
jnumbered in the order_in'whieh'they-ere dealt with in the‘
following‘eectione. An enal?eie'of the transeotione

-repreeented by the matrix is an iteretive proceee involving

. 1

: both a coneideretion of all: poui;ble processes and the .

Tty \

.avidence obtained fron't’pmining the elaments of the l?ltem.
pertioulerly the eurfeod=J:E the eolid wlementu and . the
compoeition of element f3]. /The diﬁgonel fielde, 1, 2 end 3 Lo

' relete{to prooesses lolely‘uithin elementl'[l], [2]. and- [3], k»

! : l * - . & e, . T ‘I
. . v ' . . < Y X
. . . . , . '

'
¢ : . . ; N ! . - .

\

e ad e  mm et =

e E
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respectively, typically t]@ie-/' such as deformation, ‘whigh' K :
- ) alt_:ex;'~the physical _'nafture of parts of the‘elem'en'ta and those = . ‘ h
such as c.'orroai':on; which tra"nsfoi.'m'the materials of part of . v {
L AP
' the element to a material of ‘a differenK::hemical e ‘ R .
) compositiop. The off-diatgonal fields numbered a, 5 and G ‘~ RPN B ;
, K relate to Siansactions betwg_e_n glements. - Our -primary cqncgr?f =
T . is with transactions of fielt:'ls“4 "and 5 whicﬁ 'rernova material- ’ .
- J’ .
\\ ' from ele.meﬂ‘\-.a [1] and: [2], reapaEtL\Feiiy, and transfgr this _/ . -
\\\‘ ) . Yo .Y . L
et material to [3], t‘hq volume between t‘heae platea. . ‘H‘e are . Lt
IR .
u also ccmcernq.d wit‘h transact.;lons in field 6 w’hich re\ilat.e to D P ' .
,“ ‘ " ‘l "' ‘;.
the tranafer of met‘al or corroaion prodpcta from one plate % o R
v . . H ’ ‘..
. an oppoaing plate. l.e., between elementa [1] and {2].- ; o
' In the case atudy under cons-idaration two poaaiblé Lo gt
routea must. Ha‘conaidered and t‘harefore two. separate aata of k‘ Lo "_ ‘
PR ST B
interactionsa Triborelemet'jba [1] and E2J _ma.y not. clash R
(CONDITION A) or elsp may 7&1“.11 (CONDITEON B) during their - 1 <%’
. useful lif‘b. T T . -' Lo 1 .
3.4.9.1 Field 1. Tribo-Element [11-— . - A -
- ' Statlonary Raffnar Plnta COndi.tion A - No o
. ‘;slashi_g ﬁ ko o ::_ i
.o _ A detailed photographic and m allurqical Q.‘a;_ysia o
b B N
< . ‘of the uaed pld‘!ea is given in. Section 3 5.3.1. . T'ha only RN -
. . . L. . ER “
i o change in. tribo-elament [1] ‘yill ‘Be ,one’ of . tranafomation o S
: ’ ) o e
"since corrosion and wear' of tha rafiner plates‘ are k own to S -y
’ F B - * - ’ Yl -’ !Ib ! .
' ) o oacur. The. actual maa‘haniamu of Jcorronion and tha ! "' .{- ° ’ al.
. . 5 . ' e T '<. ' - . .
f' contribut.ing factors havu,bun invutiga.tod !Chaptnr. 1\')‘ i B
4 I"_‘,'- a - ‘,""“_ . > _.“ ' d )
R . 5 . '"f"' . B B LT N : v
I k . JI . ) j. o ' ._ ~~". :. . :_. . :"r".-:.--_ |.. ' . .‘i ""'. I,! Y4 '_' ’ "-. " ' ‘.'Il . g i
-f::_ N A ¢ * ' {\\.'\-—'“ - * I. ; [N . \II . '..-_' ' .)'w -'ﬂl Sy ' Y ,..-"’ v a0 "'. i
by ‘.#‘ Moo . : LS . | o e By, . . i
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\ﬁ}k corroaion cragking (Sectionﬂ 4.5 and " 4.6).
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The-coréoaiqn process is belleved to béﬁdué to stress

L4

* - L T
/A 3.4.9.2 . Field 2, Tribo-Element [2]c-. ' :
A Rotating Refiner Plate (canditibn A~Ro ™ .
. Claahing) ) . s . -
N : - . L1

“ : Tribo—element [2] may be cousidered in essentialhy

» o

the same way aq [1] except for one dissimilarity. . The platen

on the rotor disk (tribo—element [2]) 108t approximaéely 65 -1 .

per cent more materia} than those on the stator disk {tribo-

alemant El]) lTable 16] The modes of wear 'd6 not, ‘however, = . ~—

‘sedh to differ. Thiallosn'may indeed be due. to the mechanics

of the disk refiner byt for all purposes the -two sets of
platen-nhould be similar. One,.poseible reason for a
difference may be dlfferent rates 6? heat loss from each. set

O, ' -
’

of plates aue to structural differ%nced_in thelir mounting.

The backing arr&ngeménts for rotor and stator piates afe

I different. These backing arrangementa may a&so cause

) different vibrationa in rotor and stator plates which in turn

. f\ '
could cause diffarent amounts of wear. There_is alao the
- _ C . ‘

L

poesibllity of diff enceg in eleétriéal pétehtial aua'to

atray or lnduced currents paaaing through tﬁb rotor arm and
N kﬁ\\Ehe atator,‘contributing to more wear on the rotor .
plates. Finallyw'the work ﬁonq on the chipa in convartiné *
. thelm to pulp is through the rotor ané'not thnhatator. it
~would be béneficial to check the wear on'plptea removed fnom

Twin Sﬁ'a or dther double rotating refiners to sea 1£’there

R

. AR g b £ oy e < mn R

-
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is any significant difference in amount of weatr on. the plaie

-~

- '“"'-.____q_

satsa. )
+3.4.9.3 Fleld 3. Tribo-Element [3]--

» “Lubticant” {Condition A - No Clashing)

The dlfferent components of the “"lubrilcant®, water,

-
\

gteam, He2503 ehd wood chips, are transformed as they o
‘\‘\\‘_‘- - . !

progreaL through tribo—elements [1] and [23. ’ N < v

\ when wood is impregnated with aodium eulfite

(He SO ) it w111 react with the lignin and, with the organic T

‘ecids present"and\thereefter progeed with the reactives

-

"carboxyl groups, a process of saponification fesulting‘mainlyr o

in the bematibﬁ.Qf ;odium acetate and sodium h}dtégeﬁ)’
sulfite. If the ceaction-is eilowed to centinue,/%he acidity.
of the pulp will,drop“tqgahehe pﬁ 4.5, the ecidity of sodium
hgdrogen.éﬁlfite; When all aodium aulgita is consumed, tﬁe.

—

pH will drop further to the acidity of thé“prédohinant
organic aci§ present, aqetic acid; The;pﬂ magﬁiheQQFEabilize,
in'ehe region'3.2 te 3.4. Tha Ha 503 is also known ggxreppve
disadlved oxygen from the ayatem. -
The energy requirement to reduce chips to single
fibers has been determined by Hay}(ﬁl) and inﬂicatedfthat
approximately 0.2 h.p. days per toh of energy was esed. This

would produce a temperature gradient of only about 1°c. over

.the whele disiptegretiop (1.e.3 from Chips to single fibers,

I3

Section 3.4.5), Eha-disorepancé!Between these figures and

" the. much larger energy consumption and temperaturve gradient
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observed 1n c¢hip reflning has led to the postulation of a
refining parameter which has been called the inefféztivenesa
factoq (Section 3.4.9.3.1). May (61) has assumed .a model of

chip breakdown where d%aintegratinn occurs 1in discrete steps

‘through the refining =zone (making.ft readily amenable to

mathematical.treatﬁént). Figurgq 52-and‘53"aho§ his model
bfeaﬁ&own {see Section 3.4.5$. i} .
The primary tfibological fﬁqﬁtion in- field system '

B

e is,ohe of alteration. The deatruction of chips may be

"treated as an alteration process FEB change wood chips to

wood fibers. I% a disk refiner, chips are broken down DYy

L
fracturé along the grain in fairly well defined stagesm They
are first %plit into matchetick-like material, and than, as

they move toward the periphery of the réfining zone, into

. more slender pin chips, then Iarge fiber fundles, smaller

- buridles, and finally into separated fibers.

< It ia apparent that a radlal temperature gradient

exists through the refining zone of a refiner {(Figure 34)

C

._because chips, entering the machine cool, emerge as hot pulp,

- accompanied by a copious quantity of steam. The heat has

H

originated from a converaion’ of tha mechanicaf energy
provided by the rotating disk into thermal energy in the

reafinaed material. one'ponnible source of this conversign ia
the disintegration pfocq;a itself, for disintegrution cannot

be achieved wythout a certain minimum dissipation of

.~
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» P .

mechanlcal enexgy asnnédt, Thug, when a- fragment breaks,
energy necessary to strain the matarinl td the‘breaking point
1s present as stored sfrgin energy 1ln the specimen. gfter it
breaks, the deformndlfragménts spring back iq their
unstrainedvshnpe'and moat of the_néonéd_anerggris-donver:gq;
Tinto nent witHin_the matnfiql. The fragments are' thus hotter
than nhe parent materinl,aand as disintegration proneeds. the
radlal flow of the material results in an increasing )
temperatura outwarda through the refining zone. The '
"temperhture gradient is also enhanced by energy dissipatLd by
viscous mechanisms in the wood during the deformatiom 1eading

to failure. Additional data on chiplbreakdgwn ia contained

(=}

in Section 3.4.5.

. 3.4.9.3.1 The Innffectiveness Factor

0f the 90 horsgepower daye per ton of energy \

consumed in a normal refiner groundwood ogeration, a \
reasonable guasalmight Ve that about 20 to 40 horsepower dafa
i _ .
per ton are used to achiave separation.of tha fibres, and 50

to 70 horsepower days per ton to produce fines and internal

sur face area. The figure 20 to 40 horeepower days 'per ton 1s

one to two hundred times as great as the énergy’losa
calculated above as unavoidable for the complete separation

of the fibres. ~This ratic has been called thq

¥
“ineffectiveness factor”. .

‘ - , . .




" results in_disintegrhtion,.tﬁe fragment is. subjected to mahy
o - R " R N B - .- T e .

-. R ] o '

place, enggeats'thot‘for‘every deformation of a fragment thet

| 2] - -.
L * '
A

‘ The rapid'passage of the PrOjECtions on the refiner L E

plates, about 15, 000 per second in the centre of the plates, .
1,000 per‘second‘at the breaker bars, and the repeated’ '

collisions and interactions between particles that must take

unenooeeefulvdeformetiona. While thesefmﬁy fail to produce

diaintegration, ‘thay nevertheleas muat consume ~energy. The

“*

ensrqy diseipated over allknnaucceasful attempts at
disintegration could acoount'for-the,totpl~energy needed in L e
practice to separate the fibree. Tﬁe‘number-and magnitude of ' S

thesa per: disintegration could vary widely from moment to

 mom nt. From the point of view of consumption of energy-of-

-
rupture, however, they can be consldered aquivalent to a

specified number of deformationa of equal-magnitude. each ,of .

which dissipatea the aame snergy” as ‘a sucoeaaful deformation,
but which faills to produee dieintegration._ The number of
these ls- then egual to the ineffectivenessfjaotor. This .
conatitutes a physioally real definition of the .
ineffectivenens factor, from whioh its. mathematical

definition ms the ratlo of tno energy values automatically

.

follows. ,

The ineffectiveness factor is thersfore a measure
of the lack of efficacy of the refiner plate pattern, and

will of coursa vary betwaen differentyplateidesigns‘end

#

L]




different refinere; The ﬁreater the inefﬁectiveh\ee_factor,

-

the more heet is dissipated in unsucceeeful defcr:gtione and

the greeter the temperature difference between sucteasive -

dieintegratiope. It follows that the number of fibree broken

L4

':at each dieintegration, hnd cdnepquently the number in the -

- 1

final pulp, ‘will be a function of the !Igffectiveness factar. /(
A

The ineffectivenee fectcr definee ‘thk mechenicnl .":

e

e%:gy pumped into the fragmente between eucceeeive

) P . ' .
dieintegratione,nand therefore thi¥ incre;:;‘En heat content. .
:The temperature ripe: in ;the material produced by this. will ‘

“depend on the coneietency of refining. for the amount of

‘water accompanying the material must also be heated. Hence f

~ LY

the temperature at each dieintegration bacomen "a function of

"the consistency, 80 that the number of broken fibree aleo

depends on the refining coneietency. It %r also epparent

D L
.

R LI P T i

PP WY

" “
s

that it will depénd on the original temperature of the chip

faed, ‘which determinea the etarting_point of the_temperature

‘gradient . 2%

3/4.9.4 Field 4. Tribo-Element [11 & Tribo-
Element [3]. ‘Gtationary Refiner Plate =
Lubricant (Conditlon A - No- Clashing)

The onlylpoeeible action here is one of

¥

tranamission or transfer: There is the transfer of

2% w.D. Hay, "A Theory of Chip Refining - The Origin of Fibre
Length,” Pulp and Paper Mag. Can., Ii, 1, January, 1973, -
pe T2, ° ' . ) : .-'
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the attrition procens from [l] ‘tan [3].

- direct contact), the."lubricant“ is a. tranamisaion or . L

ST : R 79

. .. . 4 * . .

-;mechanical work afd also of corrpaion andUcts and matal in

The tranafer from

'alement [3] to element [1] involvea heat: {antropy),
"_chcmicala 'y e.g. ‘water in corrosion process, and wood in’

grooves. . Atack»énd May (14) demonstrated that the wood

remains in the gtoovea after they filybup. The same '

prooaaaea odcur in Filel 5 which involves interaction between

Tribo—Elemant [2] and [3], the rotating refiner plate nd the
* . 4- -
“lubricant“ A .

".3;4.9.5 ‘Field 6. Tribo-Element [1] - Tribo— -f., L

_Eiement [2]; Stationary Refiner Plate =
LR Rotating Refiner Plate (Condition A~ No

‘Clashing) ,
[ ]

In this aystem wnere there ia no clashing (i e.,

. -
_f/

dissipative medium. - The system has mechanical energy

_.-r-"

.

,enté§1ng through alemantn 11l -and [2] in "the form of work ‘and

!

has. heat coming off. The disaipative mechaniam (in tha

lubricant) tranaforms work to ‘heat as rotational enargy of

the platas is imparted to break up the chips. By all

external appearances, nc work 1is done by t.he stationary: plat.e

(Figure 54) o "_ L

.

Figure 55- demonstrat.ea an inatance .of kinet.ic

.
fricticn of tha lubricant sinca all the dieaipative “Hfh“h"“cjhgﬁ

procesaes, producing entfropy from work, occur in the -

1ubricant.. Tha main caune for Ehe production of entropy from

machanical work gaams to QG in the meohaniam of. viacoue

——— g e men

-u' ". ' ’




would then be tranemitted (Figure 56) The force may pase .

! 80

L3

: q
deformation of the lubricant, under the action of shear .
= [
- i- -

& - .
forces (beeed on the work of J. M¢lgaard (62)). 1In our case

. etudy there is lhttle difference between the two surfaces (I) ¢

¥
and (I11)% tribo—elements [1]) and E2] '}he traneformation of .
L ]

work. D{W+S) may teke place on the etationery‘plene: the work

'L
into the: etationary plate, return. egain and be dieaipeted in

‘the lubricant (Figure 56), im which case both the plates’ and

the lubridant heft up. *1|; . _ ' A

'ﬁ 4.9.6  Condition l?..----(:‘.1.:.-.ehinlg.aE

.

‘,i . .When tribo—elemente [1] and [2] come into contact

with each other“or "clash" the resulting interactione aFe the ..

same for Fielde 1 and 2 aa when therea wae no claehing (eee
Sectiong 3.4.9.1 and 3.4.9; 2) Field 3, tribo-element [a]

{ the “luoricent'), however{ is different.- With coutact of

‘plates during fefining the refining proceea is invariably

going to'be foughar or more gevere (compare Section 3.4,9.3).

L
There will be more cutting of fibers due to plate to plate
L ]

contact and less fibrillation (production of intact fibere}.
There will aleo be more turburg';e between plates since the

volume will be decreaeed for the same throughput {when no-

-

clashing occure)——end more eteam Cnvitation.'
’

: Fielda 4 and 5, the.interactione between tribo—

]

elemente,[ll and [3] and between [2] and‘[3] reepectiuely,

——— R e oA

.
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are also the same ee for‘tﬁe nﬁ claehisg.cgnditien (seé iﬁh
Sqctions 374-9‘4-°“§ 3.4.9.5). .
- 3.4.9.7 Field E. Tribo-Element [1] ~ Tribo-
- ' "Element! [2]; Stationary Refiner !
Plate ~‘Rotat1:g_nefiner Flate
Section 3.4:9.6 coneidere tribological interactions -
| when ﬁhere is some evideere oﬂ clashing between the plates
PR (CONDITION B) Clashing\Feans that the two refiner plates or

P tribo-elementeH%Puch (Figdire §7) with no’ pad of . lubricant

between them, (refer to Sec ions 3. 4 9 1 +to 3 4.9.5 for the

case of no cl@shing)(f Claehing could lead to pleetic

'deformeticn of the sdrface (WJB) but since the bars On the

',.

‘refiner platee are in ctual ﬂact esperities.on_a,macro scale

- .
. . 4

the result is seen in igure BB 1f one plate were flat. 1f
surface I (tribo-éf“m nt [1]} were flat the asperity would
move as shown by the dotted line in Flgure ‘58 but aince ‘

' surface II aleo containa macr:—asperities the result is as

\ ll. . * .
shown‘in Figure 59, . \ : ’

fherefore,Qeach‘bar could\benexperiencing a cycie '

of evente in which the asparity (macro ucalefbar) ise -

-initielly Leformed elasticall1 durindia short neriod in wHich

(Figure 59] moves to the 1 ft at a greater r%te than P,

[

_movee to the left“ If there is ‘no movement of Alhz then the
net work/done on the bar: is etored in the bar’ (macro D
nsperityﬁ 1f the work ie stered ﬂhie may lead to i

. -\
oscillaéien of the asperity, n turn to ‘vibration and finally

AW
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. both s_urfaces .

.weari For exampleL°it may explain which of the wearing paths

82 -

tranamiesion of the work into the-plate itself. The total

process may therefore be a sum of all the individual CW

of deformation and vibration at each of the asperities on

» . N
(N

. . - !

This analysis .is quite interesting and needs to be
conaidered in much greaterudetnil. Indeed, all of th%
fi:iction mechanisn'ls listed in Table 2 of Molgaard's paper
(62} ton which thia’ previous analysis is baaed), [1) viscoua
deformation of fluid between two aoliaa, {2} plaatic i t‘
'deformation of solid aurface layers, {3) alternatingfalaatic
deformation and oscillation, and (4) alternating union and
_séparation, may ba present between the refinei platea as the
plﬁtea inna{lably touch and retouch during their life.

\ :\ . In consildering the weRr patterna of the Plates tha
pre%iodtyanalysis may ne very_important_and may indeeo
expl‘ailn‘- iihe wea?r:ing-in mechaniam of new plates and snbsoqm

i -

1 or™ below is involved in'the wearing—in procea‘s. " Is only

[
|

- the ﬁorner removed (1}? Or is the corner plus the top of the

“har rpnoved (27

: 5 ' N _"Do plates wear 1~ or 27

.
e Tt s o Al s bt b o el |t £ b 4 w0
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Also, it is quite'kikely-that there will be increased  *
Forroeion in this situation due to:contact of plgtee-meking
aurface.layers more sueoeptibie to corrosion as noten oy
Heidemeyer {(52). The corrosion products, oxides, etc., which
r*constltute the aurface layers are removed mudh quicker than
in the case of no contact. faoilitating.increased corrosion
‘again. - At points- of contact t‘r. ,temperatore.i_ncreaees, often
quite donsiderably, léading to a Weakening of the bars. |

 From the obaervation of the used plates there

.

_appears‘to be some wedge formation which may involve. _ ' P ©

trannmiaaion of material from [1] to [3] and the’ reverse.

" Detalled ‘ear data is contained in Section 3. 5 3.

3.5 1V. Tribological Characteristice

‘ Some of the information pertaining 2+ ] part v of

the systems data sheet 18 given in Figure 31..

—

_3#5.1 Changes in Pr_perties of the Elements‘

"o

,l

An important chnngT in- property is the change in

Hardnesn of the plates after uad. No hardness tests. werﬁ

?

conducted beﬁore use but some micro—hardneﬂa meggyrements

-

yere made after usa. A semple.was removed from. the top-of an

- intermedinte bar (poaitions chosen for study were selected’

using a random number procees) The ehmple removal site is
L

shoun qn Figure 605 Figures 61 and 62 also show~the oample ‘

at 80 X'nnd.3do ¥ magnification with no etching. Etching
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with mixed acids in glycerol and using the Normanski

tests were per forfled: across the sampg" and revealed a harder

. purface 1ayer (Figure 63) with no‘visible ﬂfructure, possibly

R .with aome medhanical deformation (usualLy featureless in

microsccpy}.' Figures 66 and 67 also show martensitic and '

~
.

" L}

/ ] e - - ) . ey
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interference on the Reichert Hetailograph {a mieroscope with
: Q é
camera attachment) revealed four layers near the sprface:\i1 . N .

This {8 seen in Figures 63-65. A geries of micredhardness

suggestlng a white layer. This is a layer altered by B 5‘ . ;
i N . . P

considerable and rapid temperature changes, po sibly along

N
r

auatenltic areasd.

. -
TR i ma TR

Property changes in tribo—elemept [3] are described

in Section 3.4. 5._‘
. '3.5.2, Friction pata © , o .

1 .

'Some of the 1deas concerning friction between the -

elements is discussed in Sections 3. 4 9.5 and 3.4.9. 7.- The
p ’ S e

only available data is a graph of horsepower days consumed

per oven dry.ton of pulp produced (Pigure 32) for the 1ife of

,’ * - . L

: i
‘the aet é plates used in this cane etudy. : - U O
’ Wea? Dats - Analysis of Worn Refinér Plates N .ot

The only wear data of value that is, available is 5 R
that from an examination of the plates after use. All of the _ <

plates were weighed before uas and again after use to
] .

determine weight loss. By a- randdm process (area divided and o ;’
random: numbers used to determine areas to be studied) ten N ,:-?'_
" . . 3 i v .
..C' 3 9 . .
. " . ‘I" I
- »
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‘?~£the worn part of [2] and vice versa.,

L4

_ - : .
™worn. As seen ‘from these photographs elements [1] and [2]

<k" interlock i.e., the unworn part of [11] fitfp&s.f.ectly into

4

e
v At first, it—wes believed that this wear patten was

" the res.ult of plate clashiﬁt! and/or damage due to.foreigr@
materiil.- The typicaL appearance of‘tongue and groove

. ecoring had elweye eignified cleahing to reflner operatore.
There wes evidence of the trenefer of metal from element [1]
.to ei'emeﬁt [2], emearing oﬁ aurface _layers, and scme wedge .

[ €

- formatieq.‘ Theae again seemed to indicate clashing.

g getailurgical etudies_of the plates and the metal removal N
patterne, however,- c¢learly ehowed that' this was not the

case. . ' . A

o

3.5,3. 1 Hetallurgical Inveetigatione

b : To help refrain from analyzing’ portions of Ehe worn

?'platee that "1looked intereeting but not representative, the

intePmediate bar aection (Figure 36) of the plates were

3

:dib;ded'into three hundred {300) blocke gf one square
centimeter (1 cmz); Tan {lﬂ) af‘these blocks were then,
cﬁoeeh for etudy Pﬁfqg a e;;teh of random numbers with each
of. thase areas being phdtographed and ‘studied using a .

Reichert ﬂetallogreph (a microecope with camera attachment)

e e
-

?capable.of a magnification of 2000x. FLgures 70-15 show

-

typicel gltes that were etuﬂied. Figure 70 (stator) uhewe a

athLee 1ayer of depoaited metal while Figure 11 (rotor)
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reveals a surface witﬂ‘very little damage apart from some

radial cracks and blunting of the edges of the bars. On the

‘<

right_side of Flgure 73 (rotor) are seen cut dpwn areas with

.cracks at the bottom of the cut down pieces but most of the

bars still have little wear - the surface appears as 1f it
were 6nly etched by ;n alkaline or acid medium (sFe_Figurea
71,73,75). Matching or inteflSCking with this are the bare
from‘tﬁe‘stator ﬁlgtg”aeen;inﬂF;gure ?2;"6nlthelleft aidé of

this §iéture are the ‘cut down areas corpesﬁonding to the’
almosﬁ unworn uﬁﬁface-offF}gﬁre 73. - In a-aide view we'@PVe.

! . v v . T i
the following:

... 'STATOR PLATE

surface with ;.-

cut down —— . e © minimal wear

surface with
minimal wear

{etched appearance) ‘f‘ . : L o cut down

ROTOR PLATE J

The. laat two photographa. Figures 74 and 75 ahowed

many ‘cut down areas with a ide view as seen below.

+

/

(etched appearance)

-
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surfacesg with minimal wear (etched appearance)

as -

=

. _ Very . o .+ rounded
w 4 + narrow - - edges

Ll
i

bl ‘ .
between scme ‘cut down areas and that all the cut down areas_

had rounded edges. These facts did not indicate clashing or

momentary harsh mechanical contact.

T ' L To study this Ffurther cut down areas from used
5; | e plates were mounted, polished, etched and studied using the "
‘ o Reichert Hetallograph. Ths reaults’ of this’ are seen in. ‘
a Figures 76 (3ox) and 77 {120x) Bcth picturessshow the

o " 'rounded and smooth surface of the cut down area and also the

. unchanged Ni-Hard grain structure near the surface. Tnese (

. facte again attest to Ehe wear as rssulting from a

-

. nonclashing or normal operation. It ie alsc interesting to
-« »

- note in Figure 77 ths presence of a crack at the base of the

. worn dowq area. This,may have besn an original surface crack

that progressed, causihg or aidingfthe wear process, or it
- :\ ... Lt - . . \_. '

L T - N P e

It was,found-from these thae narrow bands of metal were laft _
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may have resulted elther directly from the wear or from
atress corrosion.cracking {s.c.cs). Of the cut down areas
studled more than 75% had cracks at their base and it is
poasible that the other 25 per cent had cracké aiso that were
removed as the wear progressed.

Further microscopic examination of the intermedlate
Eafs;Aafter Rolishing and etching-with 5% Nital, revealed
that -a majority of the corners of the cu£-do§n a;eas'were
made_of a grey structureless mqtérial\as seen ianiguzé Zé
parts (a) and (d). Some of the areas that were not cut down
or worn al;o had a complete or~partia1 coverinq of this grey .

m;;’ﬁih;; none, howsver, was found on the bottom of any of .\

the cut down areas,. Midiohardneas testas performed on this

-gfey material revealed hardnessea of Rc 62-65 whilst the E#se

metal had hardnesses of Rc 52-56. "None of the layers
underneath this grey material show any different |

microst%uctures from the parent material: ' It ie possible

that these areas such as are saen Iin Figure 78{(d) came about

because of momenﬁary contact between higher macro-asperities

on rotor and stator bara. The covering, such as is seen in

'Eigure‘TB(c) near microhardness mark 7 could also have

resulted fromfkyansfar of metal and/or the same type of .

"

momentary contact. The dark area with microhardness ‘marks 5

and 6 (Flgure 78(cTTf)however. appears to be par£ of the

[Ep———— — e

s

-
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original material and may have been formed during the casting

process. . "
This analysis clearl} shows that the platea were®

not clashed and that the metal removal patterns observed wers

indicative of that produced by a proceas similar to

electrochemical machining.

3.5.3.2 Electrochemical Machining

'ElectrochemiCal machining (E.C.M.)- i a process in
which metal is removed without -the dsa\gf mechanical or

thermal'energy whan 'an elgetric current is combined with a

chemical to form a reaction of reverse plating, A schematic
; arrangement for electrochemical machinina is seen in Figure

.79 and Appendfx A contains detalls of the machining process.

It is postulaﬁed that an E:CEH. process is odcurring-between
the opposing refiner plates and it 1a this process which ia
responsible for the relatively short plate life and the ‘
unusual wear patterns observed. On an industrial macro-scale
a direct current of relatively high ampernge.and low ﬁoltagé_
is continucusly passed between theVaAodic workpiace and’

cathodic tool (alectrode) through a conductive electrolyte

removing metal at rntas in the ! range of 1.64 to 2.29 cm3/1000

. amp. min. In the refiniqg process it is belleved the

electrochemical machining is on a micro-scale since removal
rates ara in range of 4.59-7.37 x 1073 cmafﬁiﬁl {based on

welght lossas from Tabla fﬁland plate 1ife data). gbcaqu

‘

et v a1
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the operation is continuous over a 600~1,000 hour time scale
‘ )

the total amount of material,removed, 3-5 kilograms per set

.0f platea, which is equivalent to 25-40 per cent of all the

intermediate and fine bars, is-large and contributes
significantij to leoss of refining area, thereby decreaslng
plate life.

With reference to Appendix A we find various pointe
concerning E.C.M. to be verified from our microscopic
metallurgical examination._ The worn‘enrrace of the tribo-

elementa contained no bnrre or striation marks and'ae seen in

Pigure 77 did not reveal any - metallurgical damage. We also

" - found that the eurface ceuaing the wear (the tool, Figure 73)

did not experience any wear. Alao. the refiner plates used

waere made from Ni-harﬂ which 1s a white cast iron 'containing

. . ) . . )
about 4 per cent nickel and 2 per went chromium. WNi-Hard has

-begfifimed in refiner plate manufacture because of its

erosion-corroaslon resistance in near neutral aclutions such
as pulp slurries. This resistance of most nickel alloys,

however, to chemical attack does not seem to retard

electrochemical eolution ‘during electrochemical machinin
indicatee that it is quite possibly occurring. .

From Appendix A we note that a current is nec ssary
for electrochemical machining. Where does this current

originate between the plates? SOme'poesible sources are

el e g

and
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4. CORROSION TESTING OF REFINER PLATES

4.1 Proeduction of Refiner Plates - A Hietory
Commercial refiner plates are bulky, difficult to
handle, and not easily broken or cut intc manageable test
. . . .

[ ]
samples. Therefore, a non-destructive testing procedure was

developed. so thet a plate aft4r +esting could be used in

commercial operation -;ideecr»bing the‘teet proce&ure
Feveloped for use in this st é
background information on
The Ni-Hard25 rdfjner plates used in thiﬁ study
. were- cast’ at 2600 F using a green sand’ castimg/technique:
’which uses no reeine._ After casting, the refiner platee were
cooled to ambient temperature, ehaken out of their moulds and
-may have been left for. & week or’ more before Eurther
-_tre;tmentt,psince each plate waa shaken out at a different
time and. temperature each of the twelve plates in a set could

“have slightly different metallurgical properties. -A stress

relieving operation was next performed on the plates: heating

. for' two houra at 500 F followed by air quenching. This

25Ni-Hard is a white cast iron with‘a Brinell hardness of 550 :
to 725 containing about 4% nickel and 2% chromium. . Ni-Hard

.has found wide application where eroglon-corrosion
resistance is needed in near=neutral and alkaline solutions
or slurries.:; White cast irons such as Ni-Hard have .
practically all of the carbon in the form-of iron carbide.
To guard 'againsgt graphitization, which ls related to.the '~
rate of chilling from the melt, the silicon. content is kept

low. ,

' the following is provided as

- manufacture of refiner platea. '
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caused ai mechanical change in the grain structure-augtenite
L] . L l
to martensite, The purpoae of tqis treatment was{to\glivé a

‘Rockwell hardneas, Rc, of §?=Sﬁl,l

The fine and 1ntermediate bar sectiona.of the plate
surfaces were then wet ground and%all edges were dry ground.
On plates with fine bara there wa& 100% clean up of surfaces,

- . Y
that is the grinding stone went over 100% of. the-surface. A

degree of flatnees of 60 thduaath 8 of an inch was a quality

contral standard during the’ pruduction of - the plates. Also,

an 1ntegral part of the quality control atandards was a

stresa,relieviqq process which was Futomatically programmed :

and controlled, X o \' 'j ‘ 
~ The final procesa on the plates wasg that of

' o
balancing.ﬁ‘n Hicropoise Balancing Machine aimilar to ones

. used on alrplane impellors and Jet. engines was used to .

dynamically balaqce a complete set of plates. The machine, -
whlcﬁ wag prqummeble{ indicated whe?e!_and how much, molten

lead had to be poured into holes on the back 'of the plates to

1.

.balance then. : . i .

]
.

Thia history indicates that each refiner plate may

be: different metallurgically. Becauge of this it is

extremely desirable that a plate be tested before use and
then examined metnllurgically after use. The testing
includea: ‘ '_," ' ' . o o

1H photographing nnd Heighing {hefore and after uae];




/

’ g5

ii} Magnaflux testing for determlnatlon of cracks and
; ‘ .
checks from cagting and aurface grinding (before use);
1i11) Reichert Hetallograph inspection for high magnification

photogiaphy (2000X) of surface characterlstics (before

andlafterfuse};_and

.1v)} electron probe microanalyzer inspection for -

R . .
i + - compared to materlal specifications, '
lr. .“ . . N . . - . " ) . ..
/ 442 Experi@ental Procedure and Apparatus.

» A Bet of'unneed refiner platee were obtained fron
“.the Price-ﬂewfcundlend Ltd, mill at Grand Falle for ..
preliminary examination.‘ Each segment of the set was
welghed, photographed and spdcific areas, selected by a
random proceae,'were -ubjected to microscopic examination
using a Reichert Hetallograph capable of a magnification of
2000&. Hagnaflux testing was alao conducted to detect flaws .

L]

in structure euch as cracke. ‘The plates we

en returned
to the mill for use in a 2500 HP 42 1B SprOut Wh dron |
refiner. .When removed from the refiner, the pl es were
cleaned of pulp, reweighed and rephotogrephed.-
_ The corrosion characteristica of the ‘late'material
were determined using & modified vereion‘of ASQE'GB-?Z'ae
described in Appendix B, A detailed analysis of the wear’

characteristics of the plates is given in Chapter 3.
H . N \ . "

verification of/chemicalkconposition and metallurgy as

e e A, e

. .-
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by the addition of nitrogen as oppoeed'to hydrogen.

-

- {96

Since the ASTM Deeignation‘GS—Tz polarization cell . .
(Fig. 80) could not be used in the experimental eet-up?a-cell .
had, to be designed, The following were criteria considered
in the ‘design: ‘ﬁéﬂ cell volume; (2) electrode arrangement
within the cell,aﬁs%,the nature of the electfodes used; (4}
the proposed application of the Cell- (5) the facility for

L ’ N
additlonfremoval of electrolytes, gases and electrodes.;gom '

* the cell; and,(ﬁ) the power,output of the potentloetat.

The cell volume could not be too. .large since very
iarge'reeistehces would result when poorly cohductiqg
electrolytes were beingetested."Smell volumea were alao'to

be avolded since rapid depletion of reagante or accumulation

of reaction products-could oecur. . It was decided the cell Lo ,5\

would be an open four (4) litre beaker containing 900 ml. of

electrolyte. Addition or removal of the‘electrolyte from the = \\
cell wae.necessary to orevent undue disiantling'of the system ' ‘
and therefore a suctlon aide arm was added to the beaker.
Temperature control of the electrolyte was made poeaible by "
the use of a switable immereion heater. BAeration of ‘the o C
electrolytejﬁ'ae made poaaible gy bubblin§ in air or oxygen o ,
directly through a sintered glaes—ended tube and de-aeraction‘

» ]

The retio of electrode area to solution volume (

bt ot e

Ratio) must be as 1arge as po!sfble (2.54 cm. dia. electrode

uged).. The cellwcapacity or' volume'd"eledﬁrolyte in the

¥
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" thesratio of electrode arka to the electrolyte
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//,fT .

cell is also Important -according to Greene (63) since the -

decay rate of the initial current 1is exponentie;;r related to
1

olume.,

- 4.3 Comparison of Standard Potentiostatic Analysis Technzgues

lASTM G5} and Experimental Research Tephniques

The method used in this experimental research

il

"differed significantly in several aspecta from the method

1 H B
outlined in the.BZ?ndard reference method for making ‘e

potentiostatic EQ ic polarization meaaurements, ASTﬁ Hethod

G5 {Appendix B). ;The testing method,develoPed for uee on Ni—-'.

" Bard plates, however, has glven reahlta?which are'Equivalent

to theﬁatandard method results and ére;also reproduéible
(Beetion §.3.1). - ’ -

Use of the ASTM methddlreQQireslstanQErd samples
made- to fit standard equipment. The hard and brittle nature
of the Ni-Hard reflning plates, however, made the fabrication
of euch aamplee extremely difficult without alternation of
the physical and chemical prpperties of tha Ni-Hard itself.

It was also beneficial to have a non—-degtructive teeting
} ‘ " .\

method for several reaaons:l'
) .

-d) -ASTM methods limited testing to plates that were unfit.

" for further use; _
i1) It is very aﬂvantageoua to be able to-teat Eorroaion
characteristics before and after the plates are, used 1n

commercial opera fon,.

,--" N =
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.

, The moet SLgnif}bant diff¥fence in our experimental
method ftom ASTM method G5 was that the specimen or working
electrode wis still an integral. part of a;whole refiner plate
isolated via a teflon disc and epoxf‘reain as eeen iﬁ Figure
81. "Also the atandafd polarizationrceli wﬁs repiaGEd, asg
described in Sectiou 4.5; withluu ordinary four litre open .

neck beaker. “F2 54 cm., diumetbr hole was cut through the -

‘base of this beaker which fit, with tha aid of epoxy reain

and a teflon disc, directly to the refiner plate. The area
of the'refiner plate thus expoded a working electrode ‘
aurface waa not prepared wuth sit’ paper (although grease and
surface dirt was removed by scrubbing with both acetone and

ethyl ether),. ‘eft'aa itiwould be under_working

conditions'in a refiner. It should 'be noted’ that the +~ -?
atandard procedure of pneparing surfaces with 240/600 - grit

ot neceasary since’ each refiner plate would be

different'i |bbth surface characteriatice and chemical and
Jsition (thiu is inherent in the manufacture of
the plates de cribed An Section 4, 1)., ‘

All tests were. conducted at room temperature, 22-
25 C, uince the uetup dieallowed immeraion in a controlled-

- -

temperature bath It would be pouaible, ho&ever, to uge an

: immeraion type heater in the cell itself.\ The top of the

experimental corrosion cell, the four litre beaker, wua not-

cloaed nquwua the test solution purged with'oxygeu—free

[
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hydrogen gas, but these and previously described varlations

did not appear to alter resulte (Section 4.3.1) . -

L]

The Horking electrode (refiner plate) was connected

' to the reference electrode (Ag/ﬁgCl or Calomel) via an

Al

ammonium nitrate (NH,NO,) salt bridge, Since the three

electrode aystem (auriliary or counter/working/reference) was

being uaed the auxiliary electrode (a platinum wire

- electrode) was centered directly above the working electrode )

as‘eeen in Figures BI,_BZ. The appropriate testisdlution was
then pIaced'in‘the polarization cell and the experimental
procedure of the- etandard reference method (ASTH G5) was used

ép perform all experimentution. -.

4.3.1. Derivettun of Standard Curve and Reproduqibility
-Trﬁeeulte _ L.

Ueing a standard eample of 430 8. S. obtained}from

i the American Soclety for Tegﬁing and Materials (A.S.T.M.), a-

atandard reference plot for type 430 Ss.S. (Figure 83). was
reproduced uping our experimental eet-up. The experimental |
dsta, aa_aeen in Figure 83, coincides with the_etandard" _
althoughlthe temperature was 1o§er and‘there:haeind purging
of tne solution in the cell. This reproduction oE the
atandard potentioatattc'anodiclpolarization‘piot confirms

that our setup ie precise endugh to give reproducible

tandard ‘rasults and thus results on refiner plate epeciq.ge :

*in situ that are aleo reproducible. Thie 1eade to the

-

. '._ 1 . . ‘)

-

W et mme mm e e
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» desirable position of testing plates before and after their

dUse in commercial operation.

-

4.4 Anslysxﬁ of Experimental Results
e

[

Potentiostaticrtesting was carried out .to check the

effects of pH, Na250 addition and disgsolved 02 content on the

corroaion. of Ni-Hard plates. Thie was done to gain insight
i

into corrosion behaviour ‘of plates spurred by metallogrhphic

analysis which showed’clearly that corrosion processes were
at least as’ i&fortant, if not morerimportsnt, than claehing

and wear: The objectivee of the testing were ‘to see if- there
_ A

was any justification for the belief that. Ni—Hard ia an

¥
active—passive metal, and spprdximstely what corrosion rates

could be expected. _'; }.:

-.To pureue these objectivee, potentioetatic tests

were run on Ni—asrd refiner. glates under .different

* '

' conditione. The tests were conducted at varylng pH and with

'n thel’ddition of ﬂastJ { In esch caee the test eolution was

gset at the deeired pH by the addition of Hz 4

The unodic Polarizstion curves obtoined were compared w1th'.

the potentioetetic snodic polarizntion curve ‘of pure iron

snd/or NaOH.

C(Figure,ﬂ4]25 in NH2504_given by Fontana and Greene (64) and

L - . _:*

- 26 pontana,” M.G. and Greene, N.D., Corrosion Engineering,
HcGrsw-HilLf”New Yorky 1967, p, 336,
e

{.

R T




testing was to determine.the effect of pH on the corrosion

»
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for many of the test runs were found to be quite similar
(Tables 17 - 21). The résulting curves exhibited a distorted
"S" shape. An explanation could be that only the iron in the

Ni-Bard material is actually corroding. The curves are

actually inverted mirror images of the typical ng" type curve_

displnyed by stainless steel.

The curves obtained had corrosidh potentials in the

'_rhnge-ofl<0.43 to -0.53 volts (versus the Saturated Calomel
.Eleptrode,'S£C.E.] and the corrosion current densities were

~in the range .of 30-250 mA/cm?.” The Tafel slopes (the volts

per decade. slope of the anodic and c&thodiq polarization
curges, Figufe‘éS);-Ba:and.Bc; are genérally_iﬁ agreement for
all ruﬁé witHQStefn'and Weisert (65] who Qtate that for a
large majoriiy of. metal-electrolyte ‘systems Ba varies from
0.06 to D 12 v7decade and Bc is greater than 0,06V/decade.

£.4.1 gﬂ Teat Reaulta N

1

One of the mqin objectives of‘fhd potentiostatic

beha#iour oflthg Ni-Hard refiner platés, These tests were

L K
c0nducted under controlled pH conditiona and Table 22 shows °

- the progreaaion of pH from 2.0 to 7.04 The values of Bpp.,

Jer paes

i and 1 (See Fiqure 85) indicate that the corrosion

3

reaiatance of .the plates ia high at low py (2.0 - 3. 0),

débreaseq qqite conaiderubly.in the range, 3.0 -5.0, Lnd then

increases significantiy as ‘it approaches neutral conditiona.

. ! . . '
LY = ' . ’
4 .
N J L " .

'/'.-. ‘ | - . (

N,’ ‘ . ' IS
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This ‘1s shown in Figure 86 which indicates that there is .an

optimum pH for maximum corrosion resistance of the Ni-Hard
' plates, The data collected was incomplete in this respect
and therefore no actual -value for this optimum pH/maximum
resistance was Bbtained. A pH of 6.5 - 6.8 18 vsed at Price
(Nfid.! Pulp and Paper Co. Ltd., Grand Falls, Newfoundland,
based on eiperience. It woulq be very beneficlal 1f the
actual optimum value (if it éxiate@) could be determined with
conelderation being given to mill conditiéna with respect to
pipinglmatefiala, paper'prightness'ﬁnd foaming p}oblema.

From Table 19 a compa?isoa of the dissolved oxygen

\c tent during tests nuﬁbered 16—-19 éeems to shpw that the
1arge:;pmount of dlssolved oxygen in test 17 {compared to 18)
and test 16 (coﬁpared to 19}, at equivalent pH, aids
pasgivation. This may be extremely imboftant when N!zsos
addition  (Section 4.4.2) is considered since this additive,
used to extend plate lgfe; is .also an oxygen scavenger.

4.4.2 2ddition of Na,S0, Test Results

The major objective of the potentiostatic testing
was to detetmine the mechanism py which Ha,50.'extends plate
life and to determine the amount necessary for optimum
protection. From Tables 19 ~ 21 it can be seen that the.

'fsodiuﬁ sulfite had a’stabili:{eg effe?t on the pH during each
teat run. In most of the oth;r tests, with no Na,50,

hdditibn, the pH increased during the run {except under véry1

A i B A w - m - < A Y Arm—— s LAy
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acidic conditions, i.e. pR 2. 0) indicating the lbsl

5

{disappearance or transformation) of H+\13ns.

Tﬁe results may indicate a complete lack of
passivity and corrosion contrel when a small amount of !’lazsﬂ3
la added (i.e...0.6310 g/900 ml = 1.68 lbs/oven dry ton of
wood pulp}. It is noted, however, that 1corr at this level .
ls extremely low (5 2 uA/cm ) and the abllity to passivate is
not essential at this low value, “As-the amount of Na 2504 1s

ingreased {Tables 19, 20}; B i and 1 {see

corr’ cr'-Epp pass

Figure 85) decrease. Thia indicates that the addition of
further Na2503 increases the cofrosion-;esiétancg and
ﬁassivation char&cteriatics of the Ni-Hard samples. More
anodic and cafhbgic cqmbinationa néed to be run, however, to

evaluate icorf' As more Na,S0, is added (Tablea 19 - 21} the
passive potential range decreases indicating a lower anodic
protectibiiity region. Again thelquestiqn of an optimum
. amount of Na, 80, givipg maximum corrosion feaistance is
ralsed (Figure B7). More Eﬁtailed tests need to be run to*
determine this optimum value\LF it exists. We must alse note
that for moderate amourits of a,80, (i.e. >:6.0 g/900 ml of
sample) the dissolved oxygen' level fel} to.zero; the effect.
of this is detai%ed in Sgctign 4,6, |
As in actu#; mill operhtiona, the usé of a;dium X

sulfite in polarizition experiments reduced refiner plate

corrosion and extended plate life. The Rddition of éodiqm
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sulfite to the refiner changes the rate of the cathode
reaction, probably by oxygen reduction, which 1in turn;
reduces the rate of metal dissolution. Results showed that
corrosion rates were lower when dissolved oxygen content was
high, bringing into question the belief that the role played
by Na2803 inlenhancing refiner piate life is via a mechanism
of oxygen scavenging.: ’

i Tﬁe teat results indi&ate that Gery small amounts
of Na,80, (0.84 kg/oven dry metric tonne)bcould'reduce plate
'life and ‘Increased amounts (> 8.0 kg/o.d.m.t., of pulp)- could
extend plate life. Prom: induatrial experlence it is known

- ﬁhat amounts in excess of this were costly and could cause
foaﬁing pf;blems.l_Thé'actual role of the Na2503 reidiaéolved
_ oxygen-ia, therefore; still unclear, as is also its
intermittent use. HMore. experihenthtion i3 needed to define
mare precisely the role of Na250 in reducing refiner plate
corroaion. If it were found that the removal of disaolved
'oxygen decreased pnssivation,.it might be poasible to use an
oxidizer or an agditive that{waé not an oxygen scaveﬁger.

| | _ Removal of oxygen by Na 303 1nside an actual
‘refiner is in all probability 1ncomp1ete. Oxygen ia likely
;o,bg 1eft ;n creviges, surface-cracks and under pulp and ,
chip particqu in groovea between bara. This “bomplete. _
removal of the oxygen by the $a2§03 ﬁill result in oxygen
differenﬁial cells beiﬁg formed. These ;1%lllead te loas of"

[V S
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material by corrosion resulting in, the patterns observed in
Section 3.5.3 - wear at sharply defined annular zones at

randomly defined radii (Figures 68,69)}. Complete oxygen

“;emoval, on the other hand, would result in aven wear on all

bars ~ this is not seen. This partial ;,de-aeration with

insufficient quantities of Na 503 possibly interferes with

2
passivation in-pits and cracks. The Na;850, seeps into pits,
raising the pH within the pit and producing the_Hsd3_ ien.

This in tufq could léa&_lo the-production of poljthionic

acids under the right cocditions of temperature and. pressure.

Polythipnic acids in ‘turn promote stress corrosion cracking-"

' {S.€.C.). (66). | o

-

. ] R 5
4.5, Metmllurgical Investigation ‘'of Plates

Hetallurgicdl incestlgations of wear experienced by

'reflher'plate;'heve been presented in Sectlon 3.5.3.1. It -

was found that both rotor and stator platéa experienced large

amcunta of mefal'removal‘{Thble 16) on tﬁe intermediate bars |

(25—40% material‘removed -~ see Section 3.5,3,2) forming an

.interlocking wear pattern. These cut-down areas (see Figures

68,69), which were believed to have been caused by

electrochemical machining (E.Cmr ), were examined ‘for

_avidences of corrosiou._

Microacopic examinatlon revealed many radlal crncka

in fhe‘lntermediate bars (=see Flgure 883 also seen on Flgures

L I LY Sy

v B, v e

nap
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60, 71-75); as many as 20 ckacka per 10 cm. length of bhar on
the rotor plates. There were less cracks on the stator
plates and most of the cracks were@ound to be transgranular.
Many of these cracks.were aiao visible without the ald of a

microadoPe (gee-Figures 68;69). These cracka are thought to

-

‘be due to Qtresa corrosion cracking (8.C.C.}, &ome of whichi

S SR - . o
may have éi:ginated'at surface cracks and checks present on .

‘the new plates. Residual stresses in the néw plates are alsp‘

believedrtofhave aided the crack pr?pagaﬁiont"

4.6  Corrosion Mechahlsms o -

The tests performed.indléake that the iron in the .

Ni-Bard refiner plates ia hhdergoing'corrosion. " A possible

set of reactions are SR ;
2Fe = 2Fe’ + 4~ . - (6)
0, + 28,0 + de = 40H o o (1)

!

solutiona: around corroding specimens from the production of

OH  ions. We have

-
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T =™

Pl
e

N
]

Fe(OBz) + rust

\
\

L]
]
v ‘
—. ) T
4+ (Pe) (08) some oxide compound{s)
|
?
’

)
:

a
A

4
1
.

’ _Fe0

REFINER PLATE

N

—— ' Pe_ O,

. Fezo3 R
__ The addition of Na, -
Na2503 is used the réaction3is o - s ‘

2Na 50, +'0, = 2Na, S0, B - : (8)

"-

. - \

‘1( v - .
Q;_"u-’l:’raH‘ \. ' | N Na?so3
§

i o o
-{oxygen scavenging inhibitor)

]

4
]
]
P
v 'f L] .
; Note: X's on-the previous
X _ A

- e reactions - EQese do not

]
4

—
"- :n--
"
-+

- \\
_ opcur.witb Na2803

present ) '(’

This removes 0, and blocks the move of electrons and thus °

_-effectively blocks the corrosion reaetidna.u 1f .this is the

domipqnt ugse of the Ng1503, to use-ub oxygen, it,will‘inhiﬂii

50, must be considered next. = If. .
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*

corro&ion aﬁd indeed evidence seems to indicate that this is
the dominant mechani;m. There is one problem, however, the
réfiner plates continue to corrodé :I.n-N_azso3 golution, élbelt
at alslower rate. Other reactions must therefore be

-

occurring. In aqueous medla the following reactions also

»
oceour
s (9)-
’ {10)
' 1 I
. E = - ‘
2 g
, &2 - Dotted lines represent
(W5 - B
E -’ increasing size of cracks
g‘ 1]
o L ;
1.,

If ut forma in surface cracks ‘on the refiner -plat‘es the

cracks could open up as H2 is formed, exéend furthef,anﬂ

1

pieces could be removed from the plé.tes. gurface -cracks and

checks present due to surface grinding and rna'nu_fact.urq. may

lead, due.po incréased pressuree in single stage operation of .

refipe;ar_to increased clashing. via thé\:?ute of cracks as
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anodic sites for electrochemical machining (Section 3.5.3.2).
The increased pressures may result in losa of more material,
which in turn yields larger cracks and may end in clashlﬁg.
x The exact role of the Na2503 1s not clear here.

{

Na2503 as it takes up (scavenges) 02 raises the pE by “
reducing the g *ion concentration - a known effect. However,.

- 1f too much oxygen 'ls taken out of solution, reaction 7,

L]

; Oy + 20,0 + 4¢” = wET - A
3is:inh;bitg§ and_feaction 10,

28 + 27 = By - o (o)
is conaeqdéngly enhanced.

This readtl?n is one of the dominanp-mgchanisms_fof‘
eleét_rdchemical rﬁ;cm_nipg _(séction_ 3.5.3.25 Appendix A). It
thereforg appeara that Na,S0; inhibita the rate of iron '
dissolution from thé,ﬂi—ﬂard plates but because of its ;
scavengling bropefty also rém;vei_diasolved-éxygen froﬁ‘tﬂe
" - golution. This in turn leads to the enhanéing éf a ﬁechaniam

- that {8 necessary for eléctrochemical'mabhining.' It is

';hgrefpre possible that Na,80, extends the life of the Wi-’

Hard refiner ﬁlatea buﬁ also ebentually causges their
destruction. Since diaaolved oxygeh appeare to be necessary
for effective plate protectlon the use of. an alternate

additive may be necessary. ”Thia alternative would be

¥ [ 3

.
- [l
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selected through potentiostatic testing and could be equally

as effective as NaZSO without the detrimental oxygen

scavenging property. This chemical may then lead to even

longer plate life than that with Nazso3.

4.6.1 Pormation of Ridge Groove Pattern

. Metal loss from' the plates has beén attributed to
corrosion by a process simllar to electrochemioel machinipg
,(sectiode 3.5.3.1 and 3.5.3.2). 1In electrochemical
machining, fhe-part to be machined ia oede an anode by'
passing a controlled current between it and the Wcutting

tool which serves as a cathode. Electrolyte pumped between
the tool and the uork piece aervee to promote the corroeion
reaction and remove corroaion products. A similar situatign
is belleved to have oocurred here which explains why the:
removal of metal was Iin a ridge/éroove patgﬁpn-aa illustrated
in Fige. 68 and 69. If the grooves are created by corroaioh,
' these areas must be anodic with respect toithe ridges. That
is, the corrosion cell conslsts of an "active* groove ;hicﬁ
_serves as an anode, and a-passive ridge ehich_éervee'as a
_cathdﬂe; The electrolyte is of course the pulp. Pigure 89
shows achematicellfnzhe‘mecﬁanieme,which areubelieved to #
oovern the proecess. Thetsequence'of events are considered to
be as follows: . = I .

1.° A groove is initiated on the plate as a reeult -of such

factors as clusping, passage of .grit, stones or tramp

L]

N
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metal through the reflner, or localized wear due to

+

‘entrapment of chips in the spaces between the bars.
Alternately, surface cracks may become localized anodeés

due to crevice corroslon.
' ¥

2, The groove, with less acceas to dissolved oxygen, bec

an active site and undergoes corrosion according to the

-

reaction

{ ' M+ H2+ + 2e

3. The electron sink for the q}ectroﬁs can be either

"

1/2 6, + B

2 2

v

O + 2¢ + 20H . ’

cathodic reaction (at areas adjacent to the groové) or -
20 + 2e »H, } o ,
. o :
cathodlic reaction (within a.groove or‘in a crack)

The oxygen reduction reaction tends to pasaivate
b} ’ s

the areas adjacent to the grooves making these areas

potential ridges. The hydéogen ion discharge within éhe T

grooves tends to bfbmote such procesaes as ;tress corrosion
\ “tpracking thersby making ﬁhe groove more prone to attack

through crevice corrosien. It is poassible that the former

omes ‘

_anodic reaction

+

cathodic reacti _bredéminates when a. bap lines up with a bar-

and the iatter:predominateé when a bar linee up with a space
“'betweén the bars of the refiner platq.- It ahouqup =npoted
that a bar aLternaﬁeq very rapidly indeed from facing A bar

Oﬁlsﬂe opposite disk to facing a space between bars.  Thus,"

L]

el ——— -
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tﬁe effective atate of e bar surface will be an ave‘age of
the two situations, so that grooves on a bar aurfhce/:re-’
exposed to relatively less agitatedTEOnditiona than'ie tne'
cané for cnrreapondiné,ridges. Thus, it is believed that the
ridggs,’ﬁéing more bxposed to the pulp, have greater acceee
to buffering solutlions such as‘aodium‘sufphite and dissolved

oxygen which would tend to make such areas cathodic.

Data obtained from the potentioatatic tests carried :

out on, the Hi—Hard refiner plate material can be interpreted

to support the above hypotheeia.. Figures 90 and 91 show that .

b
the lowest suaceptibility to corrosion as indicated by the

anodic pqlarization curve being on the:left, occur nnder .
conditions ofihigh-agitation, high:pﬂ and nign lévels’ of
dlseolved pxygen; This is the situation mdst 1ihe1ﬁ to
approximate thatfat tHe ridge argaaf gnodic polafizatidn S
curves on the right indicatihg. higher suaceptibility to’
corrosion, occur with atagnant solutions witH’low oxygen |
content analyals, and_with stagnent solutipna with “high™ -
oxygen content along with high acidity. ‘Even higner -
corrosion rates are indicated for conditions oﬁndfpleted
oxygen 1n agitated golutions. The sitdztion which may be E
postulatpd as exieting 18 the grooves is either'ieﬂa T
agitatlon}'or x depletion of oxygen; or indeed beth factors

tdgether: . ' S oL

. et

-
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Once local édlectrochemical cells are established,

. . the associated reactions' and current flow and the pattern of

Posr X -‘aotive and pasgsive sites on the surface could be self-
(,perpetueting. The above results cdn not be taken as proof
D oo that a procegs similar to. electrochemical machining ie the

i " o governing meehaniem#eontrolling_the wear and corrosion of

refiner bletee since it is highly unlikely thet the data- a

[y [

obtained nnder laboretory conditiqne reflecte the situation
o ; in a refiner. HOWeVer, the fact thay a. groove/ridge pattern

5

t
B .‘1 Dt 'wee obeerved on the platee, thet thia was' not a result of’ - J/) :

i '-claehing, and that Ni-hard plate material can heve greatly T "
<o Coat '_differerE corroaion charecterietice depending upon PH. " : ;
dissolved oxygen “and degree ‘of stegnation between plata end .
electrolyte Tende eupport to the hypotheeis. ,
ﬂ-'.' '.' S o dﬁndicetionﬁ;frem the potentioetetic etudiee ;are
) that use. of sodium eulphite can have benefioial effecte in
'_Ireducing corroeion in that it increases pH. On the other

hand, there ie—evidence that sodium sulphite. becauee of its

o __. e ”ability to ecevenge ezygen, playe a role in making Hi-Hard

. Lqrone.to crevice corrcsion thereby promoting the ridge/groove s
. S : T . o
pattern on plateg frequently misinterpreted as clashing. -

. L]

>

. i
0 3
'..: S 4. 7 Conclueione and Recemmendetione - i T .

It is noted here that the e:perimentel teeting

oondueted did niot eimulate actuel refining conditiene but weu

=1
Rl
n

it
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dohe'to gain some insight into the effects of pE and the role

of Na.50 Exparience has shown that the uase of Ha, S0, at

N
controlled pH conditions does aid plate life extenasion. The

teat procedure used did not duplicate what happened in a

¢

commarcial refinar,'but:it does cast doubt on tji use of
aodium sulphite, and soggests that commercial trlals: should

¥

bée made without sodium su{phité in order to teat the

concluaions arrived at. Therefore the following conclusion‘*

have been drawn from tha wear study and the corrosioi,teating

and analyses: nd,r . o
¥ - . £ .

1. All effects attributed to claahing are not from claahing.
Claghing does‘occur;but 1t is not the predominant

mechanism in loss of plate life, nor can it élways be

1]

visually determined. Extanaive mat&ilurgical and
. N
microphotOgraphic examination are necessary to determine

‘the mechanism of wear and corrosion.

2. The prpdoninaﬁt mechanism of wear and corroaion is that

"\

'“"f _of eleétrochamioal machininb (B.CeM). Streed corrosion

N .

cracking (§ »C. C) is also very much 1in evidence.

3. The quality\ £ new vefinar platés. with respect to surface

s : 'grinding chec . and cracks is very poor. These‘crackg.

make excell ¢ rrosion;sités.‘

‘4. The rola of ggzso is not completely‘ﬁndorhtood. It 1=

‘-

o known to extend plate life but. a more boneficinl additive

may oxistt
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Consid&ring these conclusions the following

- )
recommendations to the paper mills are proposed: s

1.

4.

_-'Mills gshould have more”say, not only in plate pattern but

‘Tfials with stainlesd steel refiner plates should be E
conducted. These ﬁlates should have the pattern, taper i
and geometry of Ni-Hard plates that give reasonable life ,
‘and éood pulp. .« |
The qﬁality;of present.plates with respéct Eo sﬁgface
checks-aﬁd c£acks (corroeion sites) must®be éon?ideredL;

The surface grinding process must be under strict cohtfﬁl

+ -
- is

»

and to a much cleaner surface finish. .

also in metallurgy - both composition and treatment of

plates.. '
"More thentiOstatié-teating must be conducted to - | 4f 7
;getermine the pH and amount of Na,S0, to glve optimum
Ico:rosion rasistance (Figufea-BG.Bi),'seéaratgly and in
combina ion. f
Agaln thr;ughlpoéentiostatic téstiqg the role-of Na,50,
must be ﬁefingd more fully especially Qi@h'reapecg to
‘dissolved oxygen. It must be determinéd'if Ehe nazsoaj
‘does actually lead to plate failura {via E.C.M.) whiie at g
the same time givin§ exéended plate life. , - . ’

Finally, -potentjiostatic testing must Be conducted to

. ' .
ancertain if another additive would bs as affective as‘
. Q (7} .
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TABL}

s 1 : Effect bf plate profile on pulp gquality and furnish cost.

Sund-Bauer BDA 488 refiner (48 in. 1,500 r.p.m., 2,500 ‘h.p.

double dlsk) Average over 400 hr. period (Reference j1,
N -pa 56) - " i ) : - *
| ' Width of ] Furnish Cost (HPD/Ton)
Plate Flat - Taper of . @)
- X Outer = Inteorediate. (b} . : :
No. Maua?al " gene  Zeme ) O-valuve Energy F@gﬂlﬂlp Total
1 A._  .large large 0.36 89 18 107
¥ ‘A large  small ~  0.34 90 26 116 -
. {3 A small  large ©0.29 92 59 151
4 "4 A small small 0.32° 88 . 52 140
5 B ]grge_ ‘ large . 0.35 ° ‘1 93 . 12 105
-G;'-oundwood ’ . 0.33 70 .-80 150
~ — . - i - : x - ==
(a) Cdst of chemical pulp ‘added to increase tear factor to 55. Every %
sylfite added to thd finish increases the cost by an amount equivalent
- +g about 5HPD/ton. . . )
Tear factof 2/3 Breakin 1ength 1/3 Scatt.-Coeff. 4/3
(b). Q= (=33 x { 800 N 800
" A |~ Ni-hard type matl. with 1ncreased contents . of chromlum and nickel
B

r A —————it e mm | -

- Martensitic 5. steel . : .
- - N :

i
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TABLE 2 : Used Tapers ’
. j -
: 7
o : ) . Taper
P Refiner : -
: . 2% 3% 5%
" sawdust I Refiner X XX
Sawdust II XX 2 SO
Chip I ' : / X .
" Chip"IIX . X %
Reject I ) . XX I T
Reject II . _ ' XX :
1 B . . N b t - .
. XX Main Taper - X Sometimes ‘used: = - - Ref. 33, p. 10
; . S | : S T L
- . " TABLE 3 ‘ o . LT
. Firsfﬂglate material experimen;s‘
s |PLATE MATERIAL - 'NUMBER 'OF TRIALS - AVERAGE PLATE
L - . : i ' AGE (h) -
o .| mImMoLY . L 13 2250 - 400
L HI CROM 9 © 250 - 400 -
W | HI CLEWA Co - 5 © %150 - 400 .
: t X - METAL [ 8 : 300 -.400
.~ " MARSITE : 1 . 400 -
_ ‘ TABLE-4 - - |
B !//’/ . ) ‘Uddeholms B-material .
. . ) ny . :
‘ /}5/’ - [ REFINER POSETION (1)
/ : Ca s s (2) o2 g (2
: . ‘ Sy S, ¢ cf! R R
.| NUMBER .OF PLATES USED 5. .1 3 '3 10 6
AVERAGE PLATE AGE-(h) 160—366—900——1020~—560 800
1ENERGY INPUT (MILL. kwh) 3.1 2.5 2.5 2.3 2.4 1.5
1) S . SAWDUST-, C ~ CHIP-AND R - REJECT REFINER&
2) NEW REFINERS *
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TABLE 5: - Data Used to Compare Plate Life Associated Costs
a - - \ —
Initial Energy
1. . . No.- of Sets HPD/ODT .Increase
Refiner Conditions- of Plates ‘for 92 B.V. Per Service !
: C. o _Hour ;
Bauer | No Treatment ‘15 . 87.5 .- 0.0500
Sprout -4.1bq: per ton, 1 'IBT.S © 0.0231.
o 'Na,CO0, - v . .o
Bauer - | 20 1b. per ton, | = -2 81,1 0.0040
. Na2503 o - . . ’ .
. ~
]
- f _ £
. TABLE 6 -
- Effects ‘of chemical treatment :
.o l '+ NO 4LB/TON|20LB/TON
REATMENT ﬂa/;ggg 'Na3/§03
Plate Life Associated Costs at| 19.42 | 18.22'| 15.87
Optimum $/Ton I 1 '
Optimum Plate Service, Hours . . 2807 | 4;4 923
Plant Average-Capacity,Ton/Dayj—212 —23 243
— 1.20 3.55

Cost 'Decrease, $1/Ton . ) .

]

]

*
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TABLE 7},_

-Standard Refining Conditions.. = - < -

Inlet diameter
Oufglet diameter
Peripheral gap
Plate taper .
Rev/min’

L3

Puwer

Specific energy

Inlet ¢consistency

Feed inlet temperature

i Inlet pressure

Outlet preasure

Skin frictiop coeff;clent
Slxp factor ‘
4

#HSB mn {22in.)’

1016 mm (40in.)

+25 mm (.010in.)

.0075 mm/mm (.0075 Ln/ln.
1200 (each disk, double dlsk

refiner) .

1800 (single ‘disk refiner)
1500 kW (2000 h,p.)

6.4 MJ/kg (90hpd/odt.
17% )

389¢- {100°r)

101 kPa (14.7 psi)
‘101 kPa (14 7 psi)

0.1 '

0.3 ' . &

TABLE -8:

~ & :

Temperature and pressure at different motor loads and throughputs
Thr:ugﬁpuﬁ -Hoto'r Load - COnsigtenéy Specific Ener?, Temperature - : Pressure
odt/k t/d h.p. KW Inlet ¥ "Outlet £ hpd/odt kWnh/t . .©C paig xPa
21.5  19.5 2000 1892 _ 19.6 29.2 93.0 1835 132 19-27 131 -189
21,5 19.5 1600 N9  19.6 26,3 _  T4.4  1h68 123 . 15-20 110.3-137.9
28,8 26,1 2000 1492 23.5 35.0 €9.4 ° 1370 - 120 15-16  103.%-12u.)

g

et
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TABLE 9: . Temperature vs.- distance at.different consistencies
Tont Conaiztency Differentinl preasure Specific energy  Temperatura (C) at given distances from
' - aerols hydrallle eylinder ocutar periphary of refining cons
. - . . © 2.5%m 5.39ea B.26cm - 10.80cm 13.97cm
Inlet § Outles § pri 1347 hpd/odt kWh/t 1.0? . 2.2 1.2% [ 9811 5.%0
1 22,0 W30 Ao 1310 51 1795 121 125 m 128 12%
2 19:7 2.y 530 650 9 1795 125 - A32 136 130 129
3 a2 - s . 36 ;179 e a;m a2 a3 )
. K .0 _° w0.2 390 2650- g0.5 1195 | 113 121 127 121 122
. 5 2. BT, o 2830 60,5 119% LN & 125 123 122
'3 S19.7 T 3.8 o n7o 60.5- 119§ 173 129 113 128 125
R 2.2 0.8 . 8 "1310 ™ ko 121+ 1208 137 128 126
8- 0.3 3.0 510 3520 ™ 1460 17k 1 115 130 128
'y 17.7 23.8 " 540 720 & 1860 127 13 116 112 128
| 10 2.8 50.9 530 WO 91 1795 I - 1N 135 - 130 129
. . : . )
11 19.3 7.6 560 6o . 63 12%3 T 138 N2 135 122
iz 19.3 © 2% Lo 690 s (17 ns 124 128 ° 122 1
Y] 19.3 7.9 - 280 1930 30 592 109 110 105 102 102
. T e T *z %0 20 s 1795 1w 122 a2 13
13 2.6 3.9 n3o 950 . 0 L1195 1y 127 126 128 128
1€ - 0.0 31.0 80 B 1 U S SR ¥ £ 1 123 in 130 11w
b 1.6 1.6 . &to ‘3930 L - 1795 130 . 136 136 136 13
z " .
. . -
. ﬁ\
‘ ) - - L ] .
-,
.
- , ~ ! ~ P
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TABLE 10: Calculated thrust for different hydraulic pressures
Hydraulie Presaure - .
Opaning - Closing - Difference  Hydraulic Thrust Calculeted Thruet Difference T
'r_e* peig kPs paig ~ kPa  psl kPa 16, kg 1. g 1b. 'RE
1 T3 5033 259 1724 &Bo 3309 22560 @ 1C233 13320 God2 9240 ‘19l
2 160 52%0 _230 1586 53_0 36548 U910 11299 15410, 6920 9500 4309
3 7170 5309 - 210 14k6 gio 3861 26120 11538 16730 1508 9550 4399
8 6B0 4609 e : 1959 390 2690 18330 831 91Eo li1ss  +9170 159
5 690 4757 280 1931 R10 . 2B26 19270 arve 10620 173 % 8650 3920 .
[ 710 4895 250 1724 &so 172 21620 . §607 13410 6083 8210 3t2n . -
7 720 h9Bd . . 2480 1555, 480 3309 22560 10233 12700 5761 9860 ku72
B 140 slog 230 15856 . 510 3516 21970 10873 - 1780 6704 9190 u169
9 750 5171 210 1h48 S0 3723 29380 11512 16140 7321 9240 t19%
10 750 5171 .0 220 1517 530 3654 24910 11299 13k20  FSk) 10W90 | L7s®
11 710 5309 210 1U48 56D 3961 26320 11338 12210 E260 Blig = il
12 620 4215 230 1586 390 2689 18330 B31k 9650 b377  S6ko 3037
13 s2or 3585 250 1655 280 1930 13160 5969 2100 @53 11060 5036
14 650 382 290 1399 360 2483 18920 7675 0230 ugko 6690 W35
‘15 ‘go0  WE26 270 2Bz k30 2069 20210 . 9167 12750 5783 TS0 33%u
16 120 a95h 2b0 165% uBo 3309 #2560 10233 15350 £363 710 z7a
17 770 5309 , 200 1376 . 570 3933 26790 12152 19050 FENl  TrEn 311
r I' ‘ ) frg
_ \ - s
- [ .
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TABLE 11l: Dimensions of Tribo-Elements‘[l] and [2]

Section

Prajected Area/Plate

Total Projected Area/

Circle of Plates

. . 2 A2
Fine. Bar 16.26 in. 195.14 in.
] .
Intermediate Bar* 40.48 in.2 485.7 in.2
BreakeY Bar+ 36.46 in.? 437.6 in.2.
TOTAL 93.20 in.2 1118.4 in.?

*Refer to Figure 36

\

TABLE 12: Volume Properties (V¥olume) .of Lubricant {element [3]) °
Volume/Plate Volume Between
Section {through bars 2 pisks (0.010 in.
of plate) Clearance) !
Fine xza/% 0:5163 in.? 14.3792 .in.>
. . . ¥
‘Intermediate Bar 4 3.2096 in.3 86.4504 in,>"
B;eaker-ﬂar ‘ 6.9856 in.? 330.597.in,3__
L
TOTAL 10.7115 in. ™ 481.427 in.? . . .
. L]
: .
: ﬁ
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TABLE 14: Expétimantal Conditions for Firsfﬁstage Refining
Refiner Shaft Speed 1,200 r.p.m. N I
< |Refiper Plate’ Pattern C-906 S
Refiner Blate Materidl Modified Ni-hard o
Plate Taper (Measured) 0.0046 1n. per inch
Rate of Feed 54 6 0.D. ton/day g/a“
. . . Loy
Refining Consistency 154 : . o .
JNominal Plate Separation ¢.005. in. - . |
Dilution Water Temperature, - 170°F T
L -
Batch Operation using 5 1b. 0.D. black spruce. chips peg'}uh,'; b

[

TABLE 15:~- Bauer-McNett Cla531f1cat10n of Accepted Stock Produced

-

-

- S—

1
'

at Various Points Through the Refining Zone

Radial Lengtﬁ aAlong

1.0

Refining Zone (in.} - 2.5 4.0, 5.5 7.0
. L]
o » o % _ K
R28 ‘ 11.2 37.0.0 30,9 3.0 3L.2)
28/48 23,3 23.5 23.6 24,0 23.9
487100 ° 14.4 \ +15.3 . 16.0  15.3 14.5
106/200 ‘5.4 >5.4 .5 8.1+ 7.2
. _ B.200 15.7 18.8 ; ,[;.5' 21.6 23.2
& Accepts (by weight) 19.0 30.3 32,8 45.0 -82.5
Y : 4
. . ‘ 3 '-) LY
\ K '
» L

L
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.. TABLE 16: Sedment Weight Loss After’ 518 Hours -

. . .

| 'Segl_'néni number .

S “ Rotorweight

Stator weight

loss (g)

. )

1

-t
N

"
'Il
.

_..
' O

CONOM BN =

‘J"

. - 27 . -

. >

: 9
. {oc ‘
. - 107~
\" _i- ~ - 101
o 28
111
S .. 108
% 180
' 112

102

108
33

L 4 .
o - .

5

.
o

=*

85
: i- 78 .
78
70
71
7.
69 -
a9
45
20
91

65
19

[l
i e ik R T S
. L
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. TABLE 17:  Experimental Potentjostatic Results
® curve | p.0. - 'aqsut'ionI na 80, h:omk '
3 [P0 shape | K F——] wiever |added - fvolt VA e T
. P | ey &, )
, N o.l LN’ o 4 F #
1 | Anos é D haied 0 0 f-.437 250 A, f1. v fo.ood 108 [ 100 w.a?
- . . ’ . .
. . . - ’ ) -
2 [atbodic \ | Bk 0 .0 oo 250 i.9¢ s, TI.A. ba. b, | 290 :
. ’ -
3 | Anotic | W.n.| g 0 o s h.s¥fo pooo|es T.A.
: RN J
¢ -} anoaie wn AR o L o J-sa naj2.0%).300] ¢35] 90 [.a.
057,
! "4‘. "
s | asoate u.p. N ° 0 =468 33 fua hs*fo | asd| s0 [n.a.
- -8.6 . ' '
. ¥ N.R. . .
¢ |cathodic w wr iR 1 o s 31 Jeo® foa. beon. bioa bea fass
3.9-~7.0¢
. -4.4 - .
7 }Cathedic R | wR s
_ \'( R 0 0 |4 25 Jo.5 . fan, bia. £0
& Bor Recorded © a0 1.9% = 1.7 2204 + Bot Applicable
LY - " - ’
" " ™

3t
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TABLE 18: Experimentsl Potentlostatic Results (Cont.)

Sl Ic..m H ln o ppe) Agstation|va, 80 maJ‘ i ’
A Olppel Agitation] Na
t.’ Direction ceape | n o8 Laval |aales? {w“'?o t ( c,
ofy | (9)". e dacy

w3 . .

8 | Anodie "R, (5. 0-50 0 o |-s27] : |x-a.]1.54 o Looo] 100fu.a.

- -.t_ ‘

9 | Anodic: LR R e B T T w439 .25 160 | msfua.
-f.4 -

18 | anodic - 'R '_"f‘.,q 0 0 e w104 10ds300] 7olw.a.

. ) -9.¢ ' - '

11 | Ancdte we | BB o o |-s2 w.a 1.69 .1sdeo00]| sslu.a.
-B.6 ' T

12 | Anodie w2 [ B 0 NPT BN M.A. 1.1T .50d4000] 125|w.a.

/ : 8.5 X

& o
13 | Ancaic x.x. |pE= o "o |azg| | w.af w07 -05q2e00] s00)m.a.
) -8.6 : .
. 3 : . \u
14 | Anoaic '§ |l.l. -] 0 ‘# am w.ad 6.0 .1012500 unln.a.
- ' -$.0 1 so-t
’ ) /

L

21
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JARLE 19: Expsrimontal Potentiostatic Rasules (Cont.}

. —1 T N 3 ip | 4ae] Z0lt ., |8
R Curve | £ b.o{ppa itatim"-.zwj Ecorg (58 Ter pe _|‘:n1. a
: imv/ | tav/
: lnuocuoa Shapa | n i Muvol ‘Added lvorel qu;w:- {un;zf vo! 'u;a d:c-{ld-c.
kofy . {q} { e} cml sk
15 | ancaic 5 WRHTTCA] o 0 -.351 T.a. 4.3} o [ 3a] o ha.
16 { Anodlc 7 | 2. 0 0 '-.mL L.A. 7.0] © [1500 | 150 h.a.
e . 0 o - }.a44 %2 0.4y o

17 | ancdic : - _ 444 A0 150 | 95 AL

, 21, ‘

. p r . .
18 | Ancaie 1. S e 0 t.aso.  |wade.93 o. | 200] 70h.a.
. - 21" A I _
B B . +
: 3 o i
1s | ascase . o | o '-.I'HL 27 | w.af 8.0Y .200 ss0| so|x.al
o 23.4 747 -+ .
' - 23 j5.0724¢ ) 1
20 | Anocdic . [ (16.0kht-. 454 | M.A.] 3.07] 2001500 | 707 W.Al
P 1 T 22. o.4.t. L
21 | Ancaic 23. o ltis3nt-s01 KA. ':l..'."‘L .1001200 | 270 | u.A)
: 20. [ o.ant.] : |-

621
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v TABLE 301 lxpe:lpan.i:al Potontifstatic Results {Comt.)- B - ) o
" T T T
R Curva ) i i I a [}
0 {oirsction| shapo | ¢ PrlPPRlagiaesion|a2673 Lcoa: (E',:; s s v:‘l’z, ‘{‘;:;I o Al
L] & Level | Added [VOltg .y A 2 BY/ Lmy/,
) £ .~ . \ac, JHas
= ' - 7,7157 :
22 | ancdic %i-:-}_’:t,:- o t:aasgr-.s:z - peac|3.33].0s0]11008 125 {n.a.
' =6.1"
23.9 1s5.36 |*
23 | Anodic | 555|270, o {37.6104.532 * - N.A. |2.57].050] seo]| 110|n.a.
‘ -0.0 o.d.t _
‘ X _ - ~
Ce < | 23.8] 6.6910 ZJ :
J 3 | Anedie - {22.4)720-4 ° (1.6815) +559 5+2 H.x. [not ghlatd read 11| n.al
- ' =T 0.d.t) . ‘
. -7.0 :
N 24.117-0.4 s t
25 | cathodic ot AT ) 0,6910[.552{ 5.2 P,37 [w.A. [N.A. [N.AL .. | 275
: T4-T.4 C 1
1. -1.21 - -
22.0/1.0-0.d X
26 | Anodic +ST2 F.497 88 LA, |not gble fo 133 [W.A.
> j'ﬂ‘l =5.8 | . : ‘ obtaie/ frdn
o 5.7 ) gnﬂh
27 | cathéaic \

2‘0. - .. i” i . S 3 b
3 47 3, Vlosea =312 88 P17 |, o | INOAL [HAL | 85
. =7, . s
=3.7 . -'_
- .
-

Oet
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TABLY 21: PExparisental Potentiostatic Results (Cont..)

= b ¥ s A 00

: T K . = i 1. s fe N
B curve r t "D ex ] "pP| Pam) B B
T e O ot ettt o e e 0 Y
| I o LB pH Lavel Aﬁyﬂ gi e’} &n”} ldoc, Jduc, )
n. * .
a B 23.14.6-4.7 - o s |not pole o -
1% | Ancdic J c3l-5.3 |. 3 9.0038 |-.177] 0.8] N.A.]obtain frim - |105 [w.A.|
g ' +9-6.0 ' ' graph . ‘
K "‘-‘ .
5.8-5.9) - . y
ap | §athedic \ _ 4.7 3 L"-W”- r+202{ 0.3 530 V.. r.a. A, [m.a. | 150
- '\? "‘_-s - ™ .
’ 22.0 ' ) . . hﬂt '*1. ob- . 20 | N.A
23 Anodie / TE 0 rz.oou 233 W.hSrpatid £ gragh - !
3? 1 Anodice |. ‘ 22.8 - ) 8.18 -.569L  F l!-}- L.7% 6s5d 3.6 s h.a.
-4.2
¥ IR 1.6-2 '
1L car.hodid\ 12 :l ‘d.a 3 R ’__5“, 82 | s.of|MAa A w.a v [228
4 i :'30?- .
: . [2-9-2.9 12,2 P.ses] ~ah 3
-~ 5 9 x.a.|2.14p. 359 5.6 135 | n.A
. 23, 0 A
n Aﬂndl.e‘ gles= 3 ) i
=4.4 :
* .
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TABLE 22;: Va}'iatlon of Corrosion Charscteristics with PH.
TABLE 22; v
’ l - PH ter y Epn 1911-:4 By 0.0,
RUN fter 55 min{ (uA/em]p (volta] {uAh/em eV /dec] (opm)
L] i 3. . N
18 2.12 9.9 -.0s0] 200 70 6.3
- :
17 ). 2.8 8.4%[ o.n 130 |. es 9.1
BN IET I BRI ) ~oenf avoo | oes | wry
. - R .
nm . 4.56 " 1.4%} 0.0 | a000 | 13 N.R.
15 .68 “8.0% | -.300] s30 90 4.6
. . o
T s ] s.e 7.0 | —.os0f1s00 | 150 | 6.0
. o 13 5.8 8.0 | ~.150| 2000 {100 ...
-» ; . ' - ) .
4 | s 6.0 | ~.200]2600 | 120 | w.m.
A - ) .
, 13 F 6.8 0 3] -2s0] 25 ] so | w.n
* 9.97 = 9.5 x-10° $ M.k w_Not Recorded
, : _ .
N










135 ,

Preeness H .
KL  CsF ' 2 Double Disk 36-41 ADT/D
Mill A =~ two stages{l+l)
200 } 3 3 Double Disk 45 ADT/D
. Mill A-two stages (1+1)
: t= 0.9% )
For Larga Taparas g
For Chosen Patterns i
150 [
oo p L 2 N
— ] t=0.99 . '
. Hormal Tapera
5
o L i L A A 'l L A 'l A A '} i 'l L
1000 1500 - 1000 KWH/ADT -,
i B | .
' l_‘ig..'J.. ' Freenesa v8, enargy conlumpt.llnn {KWh per air-dry
petric ton) with different plate tapara. . : . J .
Q—\;llud . e . .I
O.SI. L s Doublu Disk 40. ADT/D

Mill A - two stagas(l+))

96 Double Disk 36-41ADT/D
1 1l + Mill & -two ptagem(lil)
0.5 R t = 1.00 .
Tapar 2%
L} v ]
' N " *
0.4} '
0.3p ) , .
N A -
n 2 A L I\ A FIF B ¥ A i 'l L L L. ' L k| -
1000 . 1500 . 2000 , m{m
1 o - - '
T rig. "". g-valua vs, en-rgxlcunlun t!.m; {Xwmn p.r air-dry \
5.

———vap— . .

mr.rlu ton) wi

ffarant plau up.r

.:‘i
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Double Disk two stagem (1+1)
- .. Different plata tape

o1
[ ]
19 36-41 ADT/D - Taper 58 - Millh
20 40 ADT/D - Taper 2% — Mill A
21 36 ADT/D - Taper 3% ~ Mi1l .M

1.5
oy - _ ""\ *
k s .
> ; .
I-d
ﬁ -
0.5
o L L A ll L & 'l .ﬂ‘n ' A A s i : ‘-
. 1900 1300 2000 e
) 3 KWH/ADT . . c .
Pig. 5. Shives conteant vs. energy consumption udm per alr-dry
- .. matric ton) with diffdrent vlate tapars. . . 2
. . ’ .
' E ‘20
d .
Q. 1|9 .
: v .
. . g 16
' \ 3 1
- A
a2
g 16
a
8 18 -
- ' . . 0 2 4 6 B 1D 12 14 . )

Plate Bervice Life, 100'a 5! Hourm

rlg,‘ 6. Plate life newociated cost vae. plate life; stainlems
steal platas; FWihard plates; Wihard. with pN contrel,
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APPENDIX A

“ DETAILS OF ELECTROCHEMICAL MACHINING (ECM)

A
-

- controlled removal of metal without the use of meshanical
‘or thermal energy -~

. ¢ ,» )
‘electric current is combined-with a chemical “to form a
reaction of reverse plating ‘
direct current of relatively high -amperage and low voltage -
is continuously passed between the anodic workplece and

.cathodic tool (electrode}'through a conductive electrolyte a

. at the. anode surfaca, electrons Are removed by the current
flow, and the metallic bonds of the molecular structure of
this surface are broken ) L -
these msurface atoms proceed to go into solution as metab
ions .

simultaneocusly, positive hydrogen lons are attracted to the
negatively charged surface, and emitted at the cathode,
surface to form hydrogen atoms, which combine to form ,
hydrogen molecules i _ : i
dissolved material is Eﬂmoved from the gap between ’
workpiece and tool by the flow of. electrolyte, which also
alds in carrying away the heat and hydrogen formed

machines surfaces without burrs and thhout the striation
marks left by milling cutters.

freedom from metéilurgical damage

‘during ECM, hyﬂroiidea.are generated'rapidly, and” large
volumes of ,electreolyte.are therefore required

- v " .
the products of machining are-generally metal oxldes or

-

. Ar

- hydroxides. They have an extremely small particle size (in

the order of 1.0y) and cannot be easily filtered,
ECM machining is stress-free and thuo only relieves
~streases in the part _ . =

"major advantages of the ECM process Include stress — and
burr-free machining, no burning or thermal &amage to
workpiece surfaces, and elimination of tool wear (since
there 18 no tool~to~-workplece contact)

L]
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as a result, undesirable surface -defects that can occur
with mechanical machining or grinding operations are
avolded. Also, the surfaces produced frequently have
bétter wear, friction, and corrosion resistant .
characteristice than those obtained with mechanical" i
finishing

’surface finishes produced depend .on the metal or alloy
being processed, the electrplyte, and_ the operating
conditions used

4

everage surface finishes obtained fange from 10 to 30.u in.
ECM of nickel-base, cobalt base, and 5.8. '‘alloys generally

" produces ‘smoother surfaces (5 to. 15 u 1in.)  than those

obtained from’ iron—-base alloys and steels (25 to 60 u in.}
P

Ed

electrolytes are usually agueous solutions of inorgenic

salts such as sodium chloride, potassium chloride, sodium

'nltrate or sodium chlorate

‘chemical reaction

current density, in amperes per square inch of cutting
area, 1s jhe chiefF factor in determining the pérmissible

rate of tool feed, as .thd metal removal process Is governed

by Faraday’ 8 law -

a change in pH of a salt electrolyte haa little effect on

its conductiv1ty v

the conductivity of an electrolyte changes greatly with
temperature

rate of flow of the electrolyte is important because the
electrolyte must remove the heat and theé producta of the

-

'rate of flow also has an effect on eurface finish'gnd on’ '
accuracy of machining. ‘RHigh electrolyte flow rate often

. improves the uniformity of metal removal with & given

electrolyte without reducing the removal rate

a pecullarity of~ECH is ‘the production of striations,

. rldges or proturbarices on the wWrkpiece opposite or near

the electrolyte flow channels in the tocl or at other
points where sudden changes in flow direction - ‘cause a

" stagnant condition _ .

b b - e tw w

microscopic surface defects may be cauged by salective
attack on certain conatituents in an alloy

the resistance of most nickel alloys to chemical attack
doesn not seem to retard electrochemical solution

a'
!
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Stendard Recommegded Practice for ~~
STANDARD REFERENCE METHOD FOFL
MAKING POTENTIOSTATIC AND

216

_POTENTIODYNAMIC ANODIC -
POLARIZATION MEASUHEMENTS

. This Standard insued under the fired designation G 5 the nnmhr immediately I'nﬂm-lng lh dcss*nanon indicates the

rur of :m;lnsl adoplion ar, in the czie of revision, the year of tasl revision, A pumibe the year of
st reapproval . . -
‘1. Scnpe \ necks to permit the introduction of chkectrodes,

1.1 This recommended preclice describes]

n experimental procedure which can be used

to. check ane’s experimeéntul technique nrd_

instrumentation. If fallowed, this practice will
provide sepezlable potentiostatic and poten-
tiodynamii .anodic polarization measurements

that will reproduce dala determined by others °

at other times and in other laboratories,

1.2 Standard potentiostatic and potentio-
dynamic polarization plots er¢ included, These
referenes data are based on the vesuits [rom
different laboravories {15 for ihe potentiosiatic
and 12 for the potentiodyhamic) that followed
the standard procedure, usmg a specific ferritic
Typ: 430 stainless stee) in KON H,S0,. Max-
" imum and minimum current values are shown
* at cach potentinl to indicate the acoeptable
range of values.

. 1.3 Devintions from the standard reference
plots and (he causcs fos such deviations are
discuxsed in the Appendix.

1.4 Samples of the standard ferritic Type
430 stainkeas stect used in obtaining the stand-
ard reference plots are available for those who
wish to chu:k their own test promdute and
cquipment.’

2. Equipment -.

2.3 Standard Polarization Cc!!’ ducﬂbed .

herein, £an be vsed for mast polarization
_ measurcments, This cell and its component
parts have beer described in more detail by
Greene {1).*
2,11 A schematic diagram of - lh: cell is

" shown in Fig. 1..A Uiter, !ound-_hn!lam.ﬂuk_'tm boldface numbera i

has been modified by the rddition of various

gas inles and outlét tubes, and a thermometer.

. The Luggin probe-sali ‘bridge s-cparales the

bulk solution from the saturated calome] ref-
erence electrode, and the probe tip can be cas-
ily adjusted 10 bring it in close pronmlly with
the warking clectrade,
2.2 Elertrode Holder{1): " .

+22.1 The lllllll‘r}.ﬂlﬂ working electr

are mounted in the” type ol halder shown m
Fig. 2. A longer holler is voquired Tor the

working clecirede than for the luxiliary elec--

trode, A kak-proof assembly is obtained by
the proper compression fit between the elec-
trode and a TFE-Audrocarbon gaskel. (Ton
much pressuse. may cause shiclding of the
clectrode or breakage of the glass holder, and
too little pressure may cause leakage.)

23 Potentiostat (Notz 1):

2.3.1 A potentjosiat that will maintein an
clecirode potential wilhia 1 m¥ of a preset
value over a wide range of applied corrents
should be used. For the type and-size of stand-
atd specimen supplied, the polentiosial should
have 2 potential range of —0.4 to 1.6 ¥V and

an anodic current culput range of 1.0 to 1¢' _

* This ercommended practioe is under the juriﬂlic!im of
ASTM Conmiust G-1 on Cwmm of Metals.
Current cdition spproved , 1972 HHnllid
Novembey 1972, Originally- pﬂb‘lllhul uGs-
previows edition G 3 ~ 75,
'T‘hu: iundlrd samples sre svallsble ltom AST,
M ¢ost, Grenerally, one ample
h repotished and reused Jor many rums, This procedure h
od 1o comserve 1be availabie material, Requen
a junct Ne. |1-700050-00, -
This ccll is available from Spttllf Apparatuy Section,
'I..lborll.ory Glassware Depr., Coming Olass Works, Corm-

in parentheses refer to 1ve lkst of

;-

PR,

reberences 81 The emd of this ummmcnded praciice,

R

(1975 Annual Book of ASTM%Standards, Paptt 10, American Society for
Testing and Materlals, Philadelphia} :
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#A. Many commercial potentiostats meet the
spcc:ﬁc requitements for these types of meas-
uremenis. -
2.4 Puientiol-Measuring Insiruments {Note
[}% *
2.1 The potential-measuring  circwil
should have a high input impedance on the
order of 10" 10 10°* O 1o minimize currem
drawn {rom the system during measurements.
Insiruments should have sufficient sensitivity
and accuracy to detect a change of 1.0 mV
over a pdiential range betweea —0.6 apd 1.6
Y. .

2.5 Cnrrem—Hmsunng Inslmmalu {Note—"wa

1k

2.5.1 An instrument that is capable of
measuring B cufrentl accurately lo within 1
percent of the absolute value over & curremt
range between 1.0 and 10° uA Jor the spproxi-
maiely S-em® specimen of Type 430 slmnleu
steel that is supplicd shonid be used. Many
commcrclal instruments are ‘satisfactory for
this purpose,

2.6 Anodic Polarization Circuli:

1.6.1 A schematic potentiostatic anpodic’
polarization wiring diagram (2) it illustrated in
Fig. 3. Note that the milliammeter is placed
between the potentiostst and the alulhary
elecirode. The polcntiometer-¢lectrometee
combination provides the high impedance

necessary for potential measurement. A)

2.6.2 A slanning polentjostat is used for
potentiodynamic measurements. A ricord of
the potential and current is plotied conlinu-
ously wsing such instrumecnts as an X-Y re-

_corder and a logarithmic convericr incorpo-

rated into the circuit described in 3.6.1.

NoTe 1—The instrumental requircments are
based upan values typical af the instruments in the
15 lsboralories tha! provided the daia used in deter-
mining the standard pnllrizninn p'kﬂ.

2.7 Electrodes: ' ’

2.7.1 Working Elecirode, prcpared from n
Yin, {1.27scm) length of %win. (D.95-can)
diameter rod stock, Each clectrode is drilled,
tapped, and mounted in the mannce dascussnd

M2zl

2.7.1.1 The standard AISI Type 430 stain- "
less steel should be used if one wishes to re-
produce the standard reference plot. This
material was prepared from a sirigle heat of

F {816 C) and air cooled. The chemical com-

661
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. position of the standard siaicdess steel is

shown in Table 17

2.2 Piatinum Eleetrodes—Two platinum
auxiliary clectrodet are ‘prepared from high-
purity rpd stock, Each clecirode is drifled,
tapped _Wind mounted with & TFE-fluorocar-
bon gasket in the same manner as the working
elecirode.

2.7.2.1 A platinized surface is recom-
miended because of the increased surface arca,
This may be accomplished by cleaning tHe
surface in hot aqua regia (3 parts concen-
tratpd HCI and | part concentrited HNO;),
ing, and then drying. Both efectrodes are
phatinized by immersing them in a solution of
3 pereent platinic chloride and 0.02 percent
Jead acclatc and electrolyzing at a currem
density of 40 10 50 mA/em’ for 4 or 5 min
{13). The polarity is reversed every minule.
AQecluded chloride is removed by electrolyzing
in a dilmc (10 perccat) sulfuric acid solution
for se
every minute. Elecirndes are rinsed thor-
oughly and stored in distilled water until

ready for use. Since cerlain jons can poison

these clectrodes, periodic checks of platinized
platinum potentials against a known reference
electrode should be made.

2.8 Calomet Elecirode (4} —A saturated
calome] clecirode with a conwrolled rate of
leakage (about 3 ul/h) is recommended. This
type of clectrode. is dutable, rcliable, and
commercially available, The normal precau-
tions should be laken to ensure that it is main-
wined in the proper condition. The potential
of the calomel electrode. should be checked at

perlodic intervals to ensure the accuracy of

the elu:m_)de. '

3. Stamdard ExperimentallProcedure f

3.1 Test Specimen Preparation:

3.1.! Prepare the surface within 1 h of the
expcriment. Wet grind with 240-grit SiC pa«
per, wet polish with 50Q-grit SiC papet vatil
previous coarse scralches are removed, rinse,
and dry. (Drilled and tapped specimens can be
threaded onto an clectrode holder rod and
secured in & lathe or electric dnjl lor this op-
eralion.}

3.1.2 Determine the surface area by meas-
uring all dlmcnslons ‘to the nexsest 0.0 mm,

al minuiés with a reversal in polarity

0.20 t0 0.25 cm”),

ket (usuatly

e | i
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3.1.3 Mount the specimen on the elecirode
holder as described in 2.2.1, Tighten the as-
sembly by holding the upper end of tbe
mounting rod in a vise or clamp while tighten-
ing the mounting nut until the gaskel is prop-

e erly compressed.

3.1.4 Clean the specimen just prior tQ
immecrsion by degrgasing lor 5 min in boiling
benzene (Cluliu. Use under hood), loliowesd,
by rinsing in distilled water. - L

3.2 Prepare 1 fiter of 1.0 N H,50, from
reagenl geade acid and distilled water, using,

§ 27.2 ml of 98 percent HSO/liter of solution,
Transfcr 900 mi of solution to clean polasiza-
N lion cell.

3.3 Bring the tempernture of the solution to
30 4 1 C by immersing the test ool in 8 con-
trolled-temperature water bath or by other

. eonwnlenl means.

. 3.4 Phacc the platinired n:u!iny elec-
rodes, sali-bridge probe, and other compo-
nents in the test cell and temporurily close the

. ceriter opening with a glass stopper. FIII the

> it bridge with tesl solution.

Note 2—The berels of the wolution fn Lhe refer-
ence and polarization ccll should be the same to
avoid siphoning. If this is impossible, s closed solu-
lionswel {nol greased) can be used in the
will bridge to e‘mmllq siphoning.

1.5 Purge the solution prior to immersion
of the test specimen, for a minimum of Y% b
with oxygen-free bydrogen gas st the rate of
150 em' fmin‘to remove azygen from solution.

3.6 Transfer the specimen 1o the test cell
ond adjust the salt-bridge probe tip so it is
sbout 2 mm from the specimen electrode.

, 3.7 Record the open-cireuit speeimen po-
tential, thet is, the corrosion polential, sfier
55 min immersion. Record the plltinl:.ed plat-

+  inum potential 30 min aflcr immersion of the
lpa:lmn. . o

38 h:calﬂ&um :

318.1 Sant the potential scan | h afler
.ipecimr.n immenion, beginning st the corfo-
sion potential (E,.,) for potentiodynamic
, measurcments and the; ncarest S0-mV incre-
*ment above £, for the potentioalatic mems-

* utemnenls, Procud tbrough -+ 1.60 ¥ versus
« satursted calomel clectrode (SCE) (lclwe to
noble),

3.8.2 Usc'Bnpotentiostatic potentia) siep

218
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tial.

583U & potenundynamlc potential
sweep rate of 0.6 V/h (5 percent) recording
the current continuousiy with change in polen-
tial,

3.9 Plot anodic polarization data on semi- !
logarithmic paper in accordance with ASTM .
Recommended Pra G 3, lor Conventions
Applmble o Etectrochemical Measurements
in Corrosion Testing' (potential-ordinate, cur-
reat density-abscissa),

4, Standard Reference Plols

4.1 Siandard polarization plols based om
polentiostatic data from |5 differcnl Tabora-
lorics and potentiodynamic data from 12 dil-
ferent laboratorics are shown in Fige. 4A and

4B (5). The plois show s range of acceplable

current densily values st cach potential. The
average corroson potenlial is 0,52 V, and the
average platinized pl:linum potential is —0.2§
Y.

4.2 Thesd plots were prepared feom dau
oblained I:y following the standard proeodur:
discussed in this vecommended practice,

4,3 Typical devistions from the standard
polenliostalic plot are shown and discussed
in Appendix Al Rel‘ercnb‘ilhu discussion .
may be helpful in determinilyg the reasons for
dilferences belween nn experifbentad curve and
the siandard plots. '

4.4 The polentiodynsmic slandml curee
shows good agreemicnt with the polentiostatic
siandard curve determined at an cquivaient
overall polarization rate..

5. Reproducibilley

5.1 1t is possible 1o show excelient repeata-
bility im the same laboratory when following a
set procedurc. Howewver, these dats may nal
agree with that in another laboratory, Am
eaample of repcalable data is shown in Fig. 5,
but the curve does not agree completely wilb
the standard plot in that the secondary curmenl

“density maximum occurs sl 8 potcotial of

about 100 mVY more aclive than the slandard.

5.2 The small spresad in data obisined from *
a number of laboratories and wsed in the prep-”

aration of the standard plot demonstrated that
good reproducibility is possible when a stand-

__rate of 30 m¥_cvery 5 min, recording ihe cur-

Bl e DT

rent al the end of cach S-min period of polen-
- ‘

tAdnnnfl] Book of ASTM Srondurds, Par, 10.
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fih a6/

. ‘ v
| ard procedure is followed. check his techniques. This should kad 1o po-
5.3 The svailability of a standard proce- . larization curves in the literaiure which can
dure, standaed material, and a wtandard plot  be dompared with greater confidence than is

"

should make it easy for an investigator to
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*  APPENDIX

ALl High Passlve Correst Densities {Creviee
Effect}

Al.l.l Examples of passive currenl densilics
which arc grester than those for the standard po-
lenliosinlic plot are shown indFig. Al. This effect is
atiribatable 10 & ¢revice beiween the specimen and

. mounting maleris] {6). The crevice may-be the re-

sult of the mounting technique ar the msierlal used
for mounling. . )

Al1.1.2 The polential dmtellnng the rarrow path
of the’electralyte within the crevice between the
specimen and the mounting material prevents this
sren from passivating. Although the face of the
specimen passivates, the high current density anso-
ciated with the active crevice contributes 1o an in-
crease -in the measyred curreal density. Specimen
clectrodes for polarization messurements musi be
mounted without crevice sites 10 svoid such emo-

neous passive current densities.

A1 Low Paisive Current Denshtbes {lostramesial

Effect} .
ALZ] The low pauive current densities :h}n
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Al DEVIATIONS FROM STANDARD POLARIZATION PLOTS

" in Fig. A2 are undoubledly the result of instrumen-

tal problems. This effect can be eliminsated by cali-
brating Whe currenl over the entire range of interen
before conducting an experiment

ALY Cutbodie Curreals Durlag Aosllé Polaries-
thom (Oxygen Effeet)
ALL] The “negative loop™ at potentials be.
tween —0.150 Vn:gd -0.005%‘,\(. lhap:n by dashed
limen in Fig, AY, voturs when the tolal cathodic cur-

" rent 1 the total anodic current. Such results

arc characteristles of oxygen being presenl in the
solution (7). This ¢ffect can be anlicipated if the
recorded platinum potential is considerably mpre
noble than -0.26 ¥, The hydrogen purge showld
remove oxygen from the sysiem, but there may be
an nir tesk or the hydrogen may be contaminaied
with onygen. [t is necesary to ke extreme carc i
the de:rn of glacsware equipmeént and to casure &
high order of purity in the gas that is used 10 avoid
oaygen conlamination, .

3

ments” ASTM Subcommitee Gu! /X1, Section
1. Intcrlaboratory Testing Praogram, Jume, 1967,
Availible from W. D. France, Jr., General
Muotors Techaical Center, 12 Mile and Mound
Roads, Warsen, Mich. 43090. .

{6) Greene, N, D., France, Jr,, W. D, snd Wilde, B,
E., "Electirode Mounting for Polemtiostatic
Anaodic Polarizetion” Studies,” Corrasion,
CORRA, Vol 21, 1965, p. 275, i

MG N. D., “Effect of Oaygen on the Ao,

© tive-Pasdiye Behavior of Susinless Steel,” Jowr-

. nalofthe rochemical Saciely, JESOA, Vol

107; 1960, p. :

——— e



o e -

YTy

T rrrrag

T T T

LS |

MEPITI T TV | R

agaaal
W

um-mm 1 el

w

11771 ™ ey TII.IIIN

= prr——

L N

“FIG A ﬁl‘!l-“d. ,n-qrmumm-.

g

i
'
.-
1
]
s
-
t

_——



weperpm g dpuy spmepmaad Sepa) g7 pEsemcee] £Y 914
.nl-n_:ilnﬂ!u

225

M as

o ] L]
(] ri 1 [ I .
o ¢ M i
ry h'
4 o - . L2 J
. ‘o .
&
-+ o s 3
o
o
° [ 1]
C o
_I -]
. @,
- - .0 1]
3 % "
. [
B 33022 IWINIWAELS KI oo an
- - ° ha
L] &0 [+ ]
— N . o »e
u a.._._.h a
lln b _.\_ W
2 uii. . o ) ]
. 0 *
0
a
- - ) o
o \ . Q :
- c- . l.._
-~ 0. . ol

ITTS W W WHENDS

e




226

- -- — e - oo — o am aemirr e o — et b D o m— — lulJlI. -
w ﬂ!t:ﬂ.:ﬂﬂnglho v ou - . mw
o M Lo o " ot . §Y .
ﬂi-.- 1 _.:-,-U- T —::.-n- ' 4 | ALL LI A FLLRRJE N B | AhAILIL LI B ' o.‘-. mm ._m
=Jers. X
g
~ore- =3
R
—Son'e i M. M
. all
b L1 ] mmm'
- “
TS
i i
e L .mnm
b & )
T . m.ﬂm
wmm.
Jor W
iy
ort L -
s
b LA J.m,.
_ m*

L] -
1
s L]
- %
]
. '
. .
.
- ¥
. P - e g s - mma F m—— o mEe s s e
- . - -
















