flow sheet illustrating line ﬁows equ1pmen[; motion and equip-
ment arr angement

Frank W. Lorey, Chairman

Empire § tate (Wes tern '-Dis'trict)
The first meeting of the Western District for the 1961~62

" season was held Oct. 4,.1961. It consisted of a plant tour

of the U. 8. Gypsum Co. at’
Oakfleld; N. Y. (paper mill
and board mill) and a° dinner -
meeting at the Apple Grove
- Inn, Medina, N. Y, D. W.
~ Daniel, personnel superintend-.
cent-of U. 8. 'Gypsum Co:
spoke on . “The Mining of
Gypsum. and Its 1008 Uses.”
Since 8. F. M. Muclaren,
Penick & Ford, Ltd., has been
transferred to the1r New York
Office, R. Zimsmeiter is now
Membership Committee chair-
man and L, B, Timmerman: i ¢
. is Membership vice-chairman.. H B. Hulse, chammn,

- H.B.HuLsp 'OIiair'man- - Western District, Empire-
i S S : .State Section

Expersences wlth Metal Fa:[ure Prob[ems in the Pulp and
- Paper ndustry

W. M Stephensan, .I ‘R. Nelson, and E. G Johnson

The econontic m1portance of recognmng and solvmg metal-
failure problems in- ‘the paper mdusn'y ave considered.
Basxc types and causes of metal falh.nes are discussed and

illustrated. Analytical methods . are 1ev1ewed and ﬁeld .
corrosion measurements hueﬂy considered. Spec:al atten- :

“tion is focussed-on the problem of fourdrinier wire life and

the three factors which influence it. These weie mecham- .

- cal damsage, abrasive weatr, and corrosion.: None of the
- three are independent. They must be considered together
and solved as one complex problem.  Methods available
_for doing this include personnel education, special atten-
tion to mill cleanhness, good operating procedures, and the
appl:catlon of specially desigried chemical formulations to
reduce wear, maintain drainage, and eliminate cotrrosion,

The potennal savings in wire replacement costs, lost pro-

duction, down time, and labor’ costs are great enough to
Justlfy contmued attention.

I 18 s.lmost unposmble to assess accmatoly the cost of
metal failure to American industry, . Many plants do not have
anyone specifically assigned to the task of monitoring and re-
.ducmg these problems, and data are sparse. A recent article
in Chemical Processing-magazine (1) assigned a figure of 6

billion dollars as the amount Iost by all Americdn industry in
1960 due to corrosion alone, - No breakdown. a3 to specific in-
dustries was given. When metal failures other than corrosion

are considered and an attempt is made to include lost produc- -
tion and extra labor costs involved in the downtime to replace -
or repair metal that has failed, the total dollar loss would be -

staggering.. Txfteen btlhon dollars m1ght. be a conserva.twe g~
timate,

Pulp and papermakmg operat:ons are pmtlculmly suscep—

W M S'r.'-:mm:vaozv J R Nm.sov and E, G, Jormson Naleo Chomical Co.,

Chicago 38, 1L
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Iig, 1 Gro'ss pﬁotograph of rupturé_d boiler tube

tible to metal failure problems, since their neariy contmuouc;
operation makes it difficult to carry out good preventive main-
tenance programs. - Water usage in each mill of 20 million
galions per day or more is common. * Ther efore, chemical pro-
-tection of the vast amounts of metal in-a papermakmg system
is hard to achieve. .While we cannot assign & dollar value to
the metal failure problems iri the paper industry, we know the

magmtude is great. Each member of this TAPPIL. group:
surely is aware of the mgmficance of meta.l fallme in lus in--

dividual mil,
Metal fa.llure _problems. can and do ocelr thmughcut the
papermaking system —from the woodyard through the power

plant and pulp mill to the papermachine and into the convert-
ing plants.- This diseussion will be: centered around a very

brief description of several general type failures which are
‘common to the pulp and paper industry. - [t will be focussed
primarily on a problem which has commanded a great deal of
a.ttentmn, the fajlure of fourdrinier wires. Brief deseriptions
of ‘corrosion measurement techniques, analytical considera-
tions, and metallogmphxc cxammatmn procedures will be in-

I cluded,

RLPRESENTATIVE ’I‘Yl’b '\‘IETAL FAILURES

Overheatmg to various degrees is a very common metal .

failure problem which ocetirs in power boilers, recovery boilers,

_and steam generating units, . A study of the metal structure at.

several points in the region of failure wili usually yield infor-
mation about the severity of the overheating. 'As some metals

"_Fr,g 2. Martenstt:c Structure (500)
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. Fig. 3. _Boiler' _.ptllzte-—-gross photograph

are he.ate'd', stfuc_tu_ra.l chéhges ocour which depend on the tem-

perature reached and time exposed. As an example of what
.can happen, Fig. 1 shows an onrheated boiler tube which rup-

tured violently. . - _ _
“The temperature of this tube had exceeded the upper eriti-

cal limit before rupture and: drastic quenching qceurred atthe
_ time of rupture through water and vapor “jgsuing from the

fracture as-shewii by the “‘martensitic” structure in this slide:
Figure 2 was prepared from a photomicrograph taken at a.
magnification of 500X. : 5 o
~Failure of this type in 2 pepermill powerhouse can ecasily
shut down the mill until such time as repaivs can:be made.

A second type of failure which is often encountered in boilers
and can eagily oeeur in kraft digesters is causbic embrittle-
ment, When metal is under stress, contact with a water or
liguor containing caustic and small amounts of silica can cause
embrittlement if a small leak allows eoncentration of alkaline

" golids on stressed suriaces. Yigure 3 shows a boiler plate sec-

tion which appeared sound to the naked eye. - Tt was actually
greatly weakened by embrittlement. . o

Metallographic - examination revealéd internal -damage. in
the form of eracks in the metal structure. Figure 4 illustrates
the type structure @ncountered in caustic embrittlement

cracking. . This photomicrograph was taken at an enlarge-
"ment of 500X, o : '

"The use of corrosion-resistant alloys does not always guaran-
tee freedom from metal failure problems. In work done on
corrosion-resistant alloys to be used in ses water-cooled heat

W

Fig. 4. Embrittlement cracking (500X) .
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in type 347 stainless steel

" gxchangers in nuclear power plant a.plvlica;tidns;. excessive
' stress eracking was found in certain alloys. Figure.5 shows

stress corrosion cracks originating at the stressed surface of &
sample of type 347 stainless steel,  The magnification here is
500X, e . " '

Trosion of metals can cause severe damage and put equip-
ment out of operation in & short peried of time. Figure 6
shows & stainless steel centrifugal pump impeller which has
been badly damaged by erosion while pumping a filler clay
slurry. R -

Microbiological attack can occur on nearly any metal sur-
face in a pulp or paper mill where deposits colleet or anaerobic
conditions exist. Anaerobic bacteria caused the pitting typ2
corrosion attack on the stainless steel coating color tank illus-
trated in Fig. 7 showing a piece of metal taken froni the side
walt of the tank. An adequate coating pregervation program
could have prevented this serious metal loss,

Chemical corrosion can destroy any pipeline or stock line in
2 mill system if allowed to proceed unchecked. Figure 8
shows a chemical line constructed of ferrous metal which was
destroyed by straight chemical corrosion. o
- These examples constitute only a very brief sampling of the
general types of metal damage going on'in your mills every
day. - An awareness of the potential problems is required to be
able to effectively. combat the problems, Some: of the prob--..
lems can be easily recognized by anyone. More frequently
the services of a trained metallurgist are required to ac-

Fig. 6. Eroded stainless steel pﬁmp ‘impeller—gross,
photograph ) :
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Iig.7. Microbiologicel corrosion on stainless steel coating

color tank—gross Photograph

curately diagno'se the factors invoIved'a_nd to. translate the ob-
servations into improvements in operating results,

METALLOGRAPHIC ANALYSI SemA, KEY TOOL lN-EXz.\MINATlONS
. C . OF METAL FAILURES : I

“All of the pictures shown, as well as those to be shbwn latér, '

were prepared in our metallographic and photographie lab-
oratoriés. In over 35 yvears of dealing with metal problemg
~and the protection of metals, Naleo has gained-a large amount
- of experience in examining failed metal, ascertaining the cauges
for the failures, and recommending solutions to the problems.
The metallographic and- associated analyses are key tools in
“doing this, A brief discussion of the procedures and tech-
niques employed would. be helpful at this point. Any com-
bingtion of, or all of, the following steps may be, included
as necesssry. o B

‘1., Thefirst step in a métaliogi'aphic'eXé,mizlatibzi is photo-

graphing the sample from various angles to record the exact
appearance of the failure in the samplé received, Then,
trained metallurgists examine the sample to determine what
steps should follow, . " o

-2, The samgple is next examined under low and high magni-
fication with a binocular microscope to get an accurate three
dimensional view of the characteristics of the failure, ~ If nee-
essary, the sample can be sent to an independent laboratory

RN e LA R e

Fig. 8 Chemical corrosion of chemical Iirie-—gross
. . photogreph

equipped for Magnaflux and Magnaglo examination to ac- '
- curately Idcate surface and internal imperfections or

failures. .

-3, Then, several small samples will be cut, molded in plas-
tie, ground, finished; and etehed in order to examine and pho-
tograplt the metal structure under high magnification through
& special metallographic microscope. For extremely high
magnifications and study of very minute charactéristics of the
metal, the electron microscope may be used.

4. Bpecimens of the normal metal may be subjected to dy-

ramic testing in specially designed corrosion, abrasion, and

embrittlement testing units to duplicate the probilem and con-
firm analysis results. . o ' ‘

5. If the sample is corroded, sealed, or contains a deposit of
any kind, this will be removed and analyzed in-the analytical
laboratories using chemieal, photometric, infrarved, chromato-
graphis, and x-ray techniques. , .

6. Samples of the process water, solution, suspension,
slurry, oz dispersion which contacted the metal during its serv-
ice will be ana_jyzed completely by standard chemical or instru-
mental analytical methods, When all of the data aie col-
lected and properly interpreted in light of operational infor-,
mation, a thorough understanding of the causes'of the problem

- will be apparent. " From. an understanding of the problem,

recommendations for solving it can he intelligently made.

7 CORROSION MEASUREMENTS IN THE FIELD )
The nature of the pulping and papermaking operations

-makes' corrosion of equipment one of the major metal failure.. -

problems in your industry. Many authors have defined the
various types of corrosion and the -facto'rg which influence cor-

rosion rates. . For purposes of this dissussion, it suffices to say .

that- corrosion is accelerated by low pH, high temperature,

kigh total acidity, high dissolved solids contents ini' process. _
waters and white waters, corrosive dissolved solids and gases,.

vigorous aeration, and the repeated abrading off of protective
films or corrosion products: - Microbiological activity can also-
cause corrosion.. .All of these conditions for promoting corro-
sion exist in’e paper mill and-are estimated to cause losses of
-approxiniately 30 to 00 million dollars: annuglly.  Metal-
lographic analytical techniques are-extremely valiable in un--

. derstanding and solving corrosion problems, but field methods
“to measure corrosion and monitor process changes and their-

effect of corrosion in operating equipment are frequently nec~
essary. Available field methods were discussed by Nelson in
an article appearing in the July 24, 1961, issue of Paper Trade
Journgl (2). Bagleally, these methods include inspection of
the equipment during periods when it is not in operation, re--
view of maintenance eost records, cheinical analyses of process.
water, installation and use of coirosion coupons throughout.
the system, and direct measurement with electrical resistance
probes. -Jquipment inspection is perhaps the best way of ag--
certaining the damage béing done to the metal i1 question,
However, it.is frequently impossible to adequately inspect an.
operating unit, and damage may be hidden in inaccessible:
areas, Months or years may pass before damage is detected
in this way and then it is too late to prevent'it. Corrosion
coupons provide s mere rapid means of measurement, mor--
melly between 15 and 60 days. Coupon data are useful for
comparing process changes, but are limited to “average” val--
ues and will not reflect rapid or frequent operational changes..

Within the last ten years, electrical resistance probes have .
. come into use to provide a rapid measurement of corrosion
-rates. Beveral probes can be installed throughout stock and

white water systemsand all measurements then made with one-
instrument without interrupting production.. The order of”
magnitude of corrosion rates can be measured in a few days; or-
hours in some cases. The influences of changes in furnish,
water, pulp washing, and stock preparation can be detected:
and measured as they oceur. Immediate steps can then be:
taken to ' properly ‘protect: equiprent before. irreparable
damage is done. : o ‘ e
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" Fig. 9, Tear und cracked shute wires (12X)

METALLOGRAPHIC EXAMINATIONS AND FOURDRINIER wmis\s
- With many vears of experience in metal failure problems, we
have “also investigated what is probably one of the major
metal failure problems in the paper industry-today —the prob-
letn of fourdrinier wire life.. The economic situstion which has
existed over the last few years; a more acute awareness of op-
erating costs, austerity programs, and the trend fo bigger and
faster paper machines have focussed attention on-the large
savings which ean be realized by achieving the maximumn life

" out of each fourdrinier wire installed. Samplés we have re-

ceived- for metallographic analysis consisténtly show good

* guality in fourdrinier wires. In those examined, no eviderces

of faulty material or defective manufacture have been de-

tected.  This means that when a.wire gives less than satisfac-

tory life, the situation can usually be corrected within the pa-

per mill. . : _ : )

" ECONOMICS OF WIRE LIFE IMPROYEMENT ,
The Lindsay Wire Weaving Co. of Cleveland, Ohio has

quoted wire costs as high as $2.80 per ton in some high speed

newsprint mills and lists as an average for all newsprint mills - ‘

a figure somewhere abibve $1.30 per ton (8). Data collected

* during the last six months on wire costs in the southern kraft

industry indicate that 80.65 to $1.25 per ton are fairly typical
values for mills in this avea.” An average anntal increase of
50%, in the life of fourdrinier wire will reduce costs by one-

third, while doubling the wire life will cut the costs in half.

Fig."lb. Intergranular .cmckirig. in brass shute wire
54560'%). ‘
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‘Fig. 11. .Worn warp wire (250X)

This kind -of cost savings is easily within the reﬂm of possi-

bility for those mills or machines where the average wire life is
15 days or Jess. In addition to the direct savings in wire re-
pladement costs, the reduction in downtime for wire changes
and the reduction of labor costs for the extra manpower in-

A

extensions quite attractive to the_paperma,ker.

_ FACTORS IN-REDUCED WIRE LIFE
Most fourdrinier wires are removed from service long before

+ volyed in wire changes can make even relatively short wire life

they have completed a normal tour of duty. One of the major

causés for early removal is mechanical damage suffered during
installation or operation on the machine.

1. Ridges, wrinkles, or creases can resulf from rough or
¢areless handling during transit, storage, or installation. Dirt,
grif, or stock on machine surfaces or stringing poles will cause
dents, jams, or pimples in the wire during installation.
Scrupulous cleanliness and thorough education of mill person-
nel in wire handling can eliminate this cause of damage.

9. Damage during operation frequently oceurs as stock or
other foreign material is forced between the wire and one of the
outside rolis. . This causes a dent or downward jam which will

‘quickly wear into & hole. -Plugged or filled wires can easily
suffer this type damage due to inefficient stock removal.

Material on overhead crane rails, the headbox, catwalks, or

stairways near the wet-end can be blown or washed onto the

wire causing dents or holes. o
3. Upward dents or pimples result when hard stock or for-

S
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Fig. 13. Longitudinal section of badly corroded shute
wire (250X)

eign material i forced between the wire and an inside roll.
Such material can drop off the suction boxes, trays, shower
pipes, or machine frame. These upward pimples cause light
. Spots in the sheet and may in extreme cases hang on the slice
and cause a tear. T _
. .4, Ridges, wrinkles, or creases which are responsible for
many short wires can.algo result from misalignment of & rofl
whigh results in whipping or vibration, unbalanee in a roll,
improper tension in the wire, a vibrating deflector or & build
up of piteh, slime, stock or foreign material on the fiat hoxes or
deflectors. Some wires are wrinkled when cold fresh water
_replaces hot white water in the showers during a shutdown.
5. Sudden changes in flat box or couch vaculims, variations
. in_the motor load on drive rolls, or previously undetected
splits and holes can cause wires to tear off the machines,
Flat box oscillators stopped or running in unison can cause the
wire to hang on the boxes and tear, - Failure of the automatic
guide can allow the wire to run off. People or objects ¢an fall
- or run into wires, . L
Figure 9 illustrates one type of damage just discussed. The
tear in'this wire ocgurred when a misalignment of some part of
the machine caused the wire to whip. Intergranular cracking
of the brass shute wires resulted. R o
Figure 10 illustrates the damage o the metal structure of
‘the cracked. shute wires just shown. Here, intergranular
cracking which weakened the brass metal structure is evident.
:This photomicrograph was taken-at 500X , :

ok By BETTS R
wire—sulfide attack 12x)
1624

Fig. 15, Transgranular cracking as a result of corrosion
Jatigue—shute wire (400%)

The primary reason for wire replacement is wear. The type
of alloys used in the wire, the mesh, temperature, pH, chemj-

- cal additives, fillers, grade of paper produced, and general ma-

chine condition all influence wear on the wire. :
L. Abrasive wear oceurs on the suction boxes, deflectors,

forming board, deckles, and on the couchroll, -, - .
2. Band or grit in the white water, the use of abrasive fll-

ers, and high temperatures which lower. the viscosity of the

‘water will accentuate the wear rate. oo

~" 8. Filling of the wire by stock or furnish cheraical deposits,
pitch or corresion products, and the reduction in open area
caused by wear necessitate higher flat box vaeuiums to remove
water from'the sheet. - This increases the wear a$ the boxes.

. 4. Poor machine design-or poor maintenance often con-

tribute to wear. - Running the wire around gharp radii can
cause wear hardening and fatigue failure, o .

5. Allowing the wire to run over dirty or grooved suction
box covers or faulty setting of the slice and deckles will greatly
increase wear. : ) : . )
.- Figure 11 shows o longitudinal view of a worn warp wire at
an-enlargement of 250X, Note the semitwill weave of.this
particular wire. © . S L

Figure 12 illustrates the wear on a warp wire i a transverse
view at an enlargement of 250X, Note the burring which re-
duces the open area of the wire and slows its effective drainage.

The third classification of factors which influence wire life is -
corrosion.  Authorities differ considerably in their opinions

B

howing layer of corrosion
products (500X) '

Vol. 44, No. 12 December 1961 . + Tappi




Fig. 17; ' Corroded shiite wire—cross section (250X) -

concerning the severity of corrosion problems in reducing wire
life, Some mills are constantly troubled with corrosion,
‘others have unrecognized problems; and still others may op-
erate for long periods of time. without encountering it. -When
it does-oceur, it can drastically shorten wire life. - In-this dis-
cussion, consideér that wire life is influenced by & combination
of damage, wear, and corrosion factors and where eorrosive
conditions do exist that they contribute considerably to in-
creased wear rates.  Most white waters are acid, contain high
concentrations of dissolved solids, and are vigorously aerated
in the papermaking process. Materials used in the furnish

may increase corrosiveness. They may enter the system from-

the pulp mill or may be present in the process or raw water.
High temperatures are frequently added to the above-condi-
tions to-produce white water with an aggressive corrosion po-
tential, . The types of eorrosion encountered in fourdrinier
wires is similar in nature to that found. in. tanks, pipelines,
white water lines, stock lines, boilers,. cooling towers, efe.
Metallographic analysis will show the exact nature of the cor-
vosion and its relationship to the wear and damage factors in-

volved.” ‘Eyen though the brass and bronze alloys normally
used. for the shute and warp wires respectively” are guite
simildr, their resistance to corrosive attack is quite different.
The brass shute is generally more-susceptible than the bronze
warp and provides some anodie protection to the warp.

- Figure 13 shows a very badly corroded shute wire at a mag-
nification of 250%¢. The warp wires from this particular sam-
ple weré almost free from attack even though the machine
operated at a high temperature and at very low pH’s.

R

Fig. 18 Protected shute wire—cioss section (250X)

" Tappi - December 1961 Vol. 44, No. 12

Fig. 19.  Protected wire (12X)

© A pitting-type attack i frequently noted under sulfide de-
posits.  This type attack is especially prominent in areas
where the hydrogen sulfide content of the fresh water is high.
Even when the sulfides in fresh water aré oxidized -with
chlorine, typical sulfide pitting attack is frequently observed.
* Figure 14 shows a section of wire at a magnification of 12X
in which the brass shute knuckles are severely pitted. X-ray
analysis of the deposit covering the wire showed it to be pri-
marily eopper sulfide. = The fresh. water supply at this partic-
ular mill is high in hydrogen sulfide content. — °

Transgranular oracking is often aggociated with corrosion

and fatigne. As flexing and fatigue break down surface films

of corrosion products, deep penetration, and concentrated
16cal attack is likely. Corrosion and fatigue also play impor-

tant parts in increasing the wear rate on the warp wires:. -

When the relatively soft corrosion products are flexed or.
abraded off, & elean fresh surface is exposed which can corrode
rapidly. Alternate corfosion and abrasion in this manner ¢an

apeelerate wear rates and shorten wire life.

_.Figure 15 demonsirates transgranular eracking of s chute

wire which resulted from alternate corrosion and fatigue.- -

This photomicrograph was taken at & magnification of 400X,
Tigure 16 illustrates at a magnification of 500X one of the

" ‘few samplés in which warp corrosion has been definitely identi-

fied, Please note the adherent layer of corrosion products on
the surface of the warp wire. It is this layer which “easily
abrades off and increases the rapidity of warp wear.

" INCREASING FOURDRINIER WIRE LIFE THROUGH
: . PROTECTION . ‘

To repeat, wire life is influenced by damage, wear, and corro-
sion factors. The first'step in inereasing wire life is reducing
damage. - Careful attention to handling and operating proce-
dures and scrupulous cleanliness on and around the machine
will minimize damage to the wire. Good slime control and
pitch control programs will reduce build-ups of foreign ma-
teris] on’the machine and further reduce damage factors.
Wear and damage can both-be reduced by & therough pro-
gram of preventive maintenance. Careful sereening of stoek
and the use of less abrasive fillers will reduce abrasive wear on
the suction boxes.. Prevention of wire plugging or filling will

maintain effective drainage on the wire and eliminate the need -

+0 incresse vacuums on the flat boxes. Protection against cor-
vosion can be obtdined by inereasing operating pH's and re-
dueing dissolved solids in the white water to levels which will
reduce the corrosiveness of the white water and still be consist-
ent with good papermaking practices. Improved pulp wash-
ing, efficient water treatment, ahd careful selection of furnish
chemicals contribute to a reduction in corrosion. The high
temperatures and vigorous aeration encountered in ~mosé
machine systems ean only rarely be.avoided.
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. CHE\'IICAL FORMULATIONSL’{‘EQEINCREASE FOURDRINIER WIRE

In the last few months, several chemieal formulations to
improve wire life have been offered to the paper . industry.
Dramatie wire life extensions of 50 to 1009%, have been demon-
strated. These chemicals can be used most efficiently to sup-
plement good operating practlces as previously discussed.
To do a really effective job, a wire }ife extender should be form-
ulated of several compatible ingredients to perform at least
three functions:

1. The chemical should film the wire to pxevent pitch,
fines; chemleals, and other deposits from adhering tightly.
The wire showers can then clean the wire more efficiently and
effective drainage can be maintained. A shght amount. of
dispersancy aids in this funetion. '

2. The extender should also lightly lubuca.te the wire to
teduce abrasive wear, but not produce slip on the couch and
drive rolls.

3. ‘The third lmpmta.nt functmn of & wire life extender is
to eliminate corrosion on the wire. _

In order to perform these important jobs, 2 formulation con-
taining several ingredients is necessary. However, the formu-
lation should be considered and applied as a wire life extending
chemical rather than as an ingrediént in another operational
chemical to be applied in some other part of the system. This
is because the problem is centered at the machine where di-
rect attention is necessary.

The next series of figures illustr ate what has been observed

in thetaliographic examinations of failed wires, without -

and then with wire life extending formulations: - Figure 17

" shows a badly corroded shube wire cross section at a magmﬁ-_

cation of 250 X.
Figure 18 shows a shute wire from the same paper machine

when & wire life extender was being used. This wire ran un-

der the same opersting conditions as the wire just shown; but
was -protected with a wire life extending chemical. This

‘second wire ran approximately - 75% ]onge1 than the first

one.

“Figure 19 shows a view at 12X of the wire from which the
protected shute was taken. Even though the mill involved
had a history of short wire life due to wear and corrosion, this
wire which was protected with a wire life extender shows ahso-
lutely no corrosion and had less wear than normal wires even

after running 75% longer. - The wire was ultimately removed

because of mechanical damage, a hole eaused by a pimple in
the wire, and not becsuse it was warn out.
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The Lindsay Wire Weaving Co., Cleveland, Ohio, ‘Four- .

"'_uﬂ‘ltra sonics
| in the paper
industry

The WILLEMS-FIBROTOM, -
a completely new development
in pulp-processing methods,
is designed to operate
with a complete absence of fnctzon
between its metal surfaces,
and is thus'able to break a pulp down
into a completely uniform product
_in a matter of seconds,
- ‘without breaking or sheanng
.the fibres.

1t is also the first
really effective and economlcal
ultrasonic. pulp-processing equxpment .
to have been devised. . )
The substantial, Jmprovements
resultmg from its effect - )
on the physical fibre proper!xes

" should revolutionize
presem paper-makmg techmques

. 5
-The WILLEMS-FIBROTOM
s manufactured by
NEYRPIC
“sole licensee
- for France and French Overseas

NEYRPIC

BP 82 - Grenoble « Prance .
T 44-23-80
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