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EXPLANATORY NOTES

Reference to "tona™ indicates metric tons, unless otherwise stated.
IGT refers to the Instiiuut voor dralische Techniek.

The designations employed and the presentation of the material ’u this
publication do not imply the expression of any opinion whatsoever on the part
of the Secretariat of the United Nations concerning the legal status of any

country, territory, city or area or of its authorities, or concerning the

delimitation of its frontiers or boundaries.
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LiTHODUC TIO!H

Sunary of o”"icial arrancements

This Sperial Industrial Geevices progecty vhich was approved 13 nyerien
TPy initially had the rurnone ol imnravias the sroduction of coated naper al
tio Gara Lelovo paper nill in Balraria.  Touwnver, when the UNIDO expert, Robert

I. Uin, a spe~inlil; paper technnlosist, arrived there at the end of Ma: 197¢
tn brmin woric on the project, he found that the new milti-ply paperboard mill
at ldiropol was haviag nore problems and thus required more assistance than the

»giahlsihed Belovo nmill,

3ince it was the wish of the Bulgaria: authorities to transfer the wnrk
to likopol, UNIDO approved the amended project 26 June 1975, and the expert apen!

his three-month assignment at Nikopol, returning “or debriefing on 18 Auqust 1075,

The nroject budzet was 57,500,

Project background

The paperboard machine at the Jikopol mill is thc "irst mulii-pl; machine
in Bulgaria. About 405 of the projected production is ~la -coated napernoari,
Until the start-up o” this nill, all paperboard, noated and non-coatnd, was
imported. With the designed capacity of about 55,000 tons per _ear for this

nill, the impact on the import-export trade halance should be simmi ican'.

The main probhlem that nceded solving was the excessive curl in the coated
board - 30 bad that it could not be sheeted or printeds This report ~xplaing
how the expert altacked this and olther problens and srts “orih hig recomiepdar in

fur their solution,

laiin objectives o: the project

The main objectives of the project were thesa:
(a) To improve the quality of the non-coated paperboard and to produce

an acceptable rrade o nlay-coated paperboard using the existing equipment,

through experiments and trials;
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(p) To relate the -ualities of the products to the oonverting and
priating re-quirenents, 7The main cmalil; problens were curl, surface smoothnean
< . & [ ]

and plrbonds

(~) To ilea*i” and recoriiend future requirements in technical skille

and proceszes,




I. FINDINGS: EVENTS AND RESULTS

After many preliminary discussions with the technical staffs of both the
Institute of Pulp and Paper in Sophia and the Nikopol mill on current techniral
problems related to paperboard manufacturing and coating processes, and after
a brief two-day visit to the Nikopol mill, it was clear that the following
problems were the major ones to be faced:

Curling of coated board

Insufficient smoothness of both coated and non-coated board

Inadequate plybond and blistering tendenc -
The upcurl (curling towards the coated side) was 8o serious that the board could
not be sheeted, let alone be printed. The problem existed whether the board

was coated at one or both coating stations.

There was a size press on the board machine, but it had not been used Lo
any extent and had not been used to control the curl. There was no water Lox
on the machine calender. An experiment (see experiment 2) was designed to use
the size press to control the curl by applying more starch on the back side |han
to the top side of the board in the following manner: the back side of the web
would enter the size press at a larger angle than the top side so that the
back side would pick up more sizing to impart permanent downcurl. Then the
coated board would be rewound with the coated side out for temporary curl eontrol
8o that the board could be sheeted.

In this experiment the “ollowing related parameters and operations were
also studied:
Roll~core dianeter
Drying capacity and control
Improvisation of a decurler to control the machine-direction curl

Use of amaller diameter turning rolls to control the machine-direction
curl

Cross-machine stress variations of board

Effect of water spray on the back side

Operating conditions of the brush-glazing station
Effect of wrapping pallets with polyethylene film
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Inlterent fibre teasinas ol top and hack rides
Coating weight
Coating formlat ion

1

Ve eard iede Lo thide cxperitent was iested o0 Do Tant it re of Puly
and Paper ia jophia, printed on the sheet-red ol 'sel presses al FPavlikeni and

cra=cit ot Corms and clued on the hichiesreed cvvaisbht-liae gluer,

T beoevnaloa ol thiz limited experinent, 1¢ e~ 1ded that the use
a0 ke cice o reess an ! the npocedare o vindias i b e anted 3ide Al 3ide were
i oLt e et iy Tre 1 aense At the ot pacgimat ers investie
SR B L S i their fooada e ot e (mee report o7
cuteor Y s gt e gaed ta ontitive the areral i T the total process,
-y G s e e g weee e e B he meiatecg 1o he
foaivateat tatha 0 i aread haged,

T Y PTtE e it e s ace s athann anveeoc b 40 have pare
et oane croaae, ooty e mai T teati o 9% the Coar aachine ras ek that
Fle Voilee Apiae s nontet alant ane thirl oF the nv {ovarde the wet end.

Tia, theme {04 b Face e eaonsh driiac eamacite beTnes fhe Yankee drier

Foadre dhe Saned e s siasmine an the Yankes ooliader, Then, the three-roll
malesles ot ot e T 4 Tigigh the g fane o' se manrd rronerl -, even
sl B ceun o ent e s e saximn desismed taad a0 0 e (mee renart of

cxpeniment 1), W oedies e he aaaficaration di0 o g Tale any surface-
Tevellin s emioment | ool ae 5 caldender) ta Cininl the coated-hoard surface,
Anather congn far the rogeh sarface of the Vaard vae the none Pormation of the
tor Marry the nse 07" Yhe vemglar ciller as the ander line and the inadequate

“leanla 7 bath “he 1ip and the wader liners,

T U ane o sitantronr aci e tonoet ST U ln T e o aviptin eruip-
ST b hest o e e iia L odnd, e Tt i ereecatione vere erpha-
1zed in ; inloe
TeeaT e T s Vipder ag the lacine v indee

Ootirdzating of ‘he three-roll ralender onecation

Use o7 size-prass sizing to dnprove the woalins: heald=oat y Leney to
redure the soa'ins-in of the coatins to i mrave the Filling o7 the
"allers hy the coalin~

Ove ention o the melerinr-bar coaler ai the highest solid content
possinle to "1l the valleys properl:

"
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Ciocomering it h the last iter i ng aoted fual installin: 2 oacii-o o)
ceeted Lo hielp reduce T he asniour-coatin-c e”%eet 0f Lhis noal o and tino mini-
“ise the causes o 1he aaeven coating due to such rau-sionl deferi~ as hoard
urinlides and et strecalise It uas noted in experiment 2 that the e laei | -
appeared Lo increase the upcurls (It also improved the surface smoothnrss
s:li,':htl,j'.) Thus, it was concluded that 01ly a moderate arount o° brushing

nculd bhe rerorrended.

Another conclusion from experirment 2 was that ihe water pray woild nnd

affect the curl and the smoothness of the board to any mreat extent on this

particular system, Howe rer, the actual effents o” the water spra’” should e

further established Lhrough further experiments,

It is geaeral lnowledge that variation in the roisture conient o- ~0af o]
board can cause problems (such as curl) in printing. Therefore, a moisture
tester should be used in 1he toating oneration, narticularly d:rin~ sarh ra3-hin
slart-up and, say, ever; shift thereaf™er, 1o avoid overdrying of the r~nated

board, Further, softer coating fcrmulations should be explored,

3ince printers desire a flat or dowm-curled voard, but the natural tenden~
of clay=-coated bhoard is towards an upcurl, rore than one downcurl variable would

protatly he required to compensate eventually the upcurl tendency.

During the project, the printers never complained of board delamination,
nor was there an; serious ply-delamination detected h- the test of hendin=: the
board by hand. Since there was no plybond !ester available, the prodiction
hoard was not tesated with an instrument.

As for the Hlistering teniency (delamination of the board at press srend),

the only tested observation was on sample 2 of exncioent 2y yhich had o oanh

higher blistering tendenc: tha: sarnle 73, Houever, Lhal sanple did uni o oieie -
on t:e offset presses when lov~lan!: ink uar useds I a hirheeetac' jn' o

used on the press, it nisht cause 1he board Lo hlister.

There are too many possible ~anses ot blistering and plrhoo! peande o o
list '.eare. A copy of "Cylinder Machine Operaling Difficulties" was preseated
to the Institute of Fulp and Paper for distribution., This booklet. contains

a useful list ol trouble-shcoting hints concerning these nroblenms,

“n3ting instruments For the tests of hoth the plyvond (such as the Mutle,

plybond tester) and the bliastering (such as the Institut voor Grafiache Tecinir!
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(I57) tester with WYemtvaco attachment, using the cross-machine-direction board
savples, wi'h a low-tack inl of, say No. 4) can be highly recommended for the

Tiiopol mill, as well as for lhe Institute of Pulp and Paper,

Since the mill did no: have a srare calender roll, 1t was not poasihle
"2 experiment on calender preasure higher than the current designed pressure
is orler to see uhether that would increase the board smootn.res. 4 spare

‘arenter roll would ne reaquired “or the normal operation, as well ae for this

exporinent,

A subsequent group of experiments were designed and discussed in detail
1.} all personnel -concerned. The first of these vwas a production run with the
3ize press at its position for maximum back-side sizing and an extended coatins
~21 *2 include all the applirable recormnendations. That would also include

'

“he caximum use of the upper ana lower driers for the downcurl on the boar:
natiine,

The trial was scheduled to take place during the last two daye of the
exvert's stay at Nikopol. Unfortunately, when the trial was begun, the

sectional spesd controls of the board machine broke down, and it was not possibhle
to continue the trial.

Regarding various board—quality problems, including the problems discussed
in this section of the report, further extended studies on the paperboard machine
and the coating system would be required to enable the staff of the Nikopol mill
and the Institute of Pulp and Paper to establish the complex parameters of this

particular process system. ( lose working relations between the Nikopol mill
and the convertérs and printers would also be important,
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II. RECOMMENDATIONS

The Nikopol mill is a new mill located in a relativelr isolated farming
community where skilled workers are scarce and the living conditions are not
totally attractive to technical staff and skilled workers. Paperboard manu-
facturing is new to this country; therefore, more time and effort are required
to establish its tachnology. The paperboard machine and coaters are new and,
like evervy individual paperboard machine, require srstematic anal;ysis and
experiments to establish the parameters for its proper operation. The formers
on this machine are the first of their kind and thus require additional studies

to optimize their operation and understand their limitations.

The potential of this mill and its paperboard machine has set to be explored,
even though it is sufficiently fulfilling the present consumption requirement
in the country. With some effort, great improvements in both the quality and

the capacity of this mill could be realized.

With the above background in mind, the primary recommendations would be
to build up a stronger technical staff and to improve further the operation
and maintenance crews by the following actions:

(a) Creating attractive living and workine conditions;

{v) Recruiting leaders who can motivate the crews and staff;

(c) Engaging specialists in board manufacturing technology to train
the staff and ~rews in a systematic way. The training skills of these personnel
would be the prime prerequisite. The technical staff from the Institute of
Pulp and Paper in Sophia is certainly one of the main sources from which to
recruit such talent. UNIDO would certainly be another possible source. The
length of such an assignment should be at least six months;

(d) Training of key personnel abroad, prcvided they would agree to work
at Nikopol after their training.

Generally speaking, the present eqipment is adequate if operated properly
and should meet the current market needs. However, considering future require-
ments, means must be found tog

Improve product quality
Make operation essier
Increase production capacity

Economise the processes




In the Thp terny on- senin coaters rouli be jnatalled 4irect 1v after
the glazing Vantes crlinler,  Depending on mariet requiverenta, a ~loss calender
or brush--lazin~ =tatisn wo:li b ontional. At that time, the Yanker {rier

~ould rrobaltl »e roaved
tapacity 2f tre machine and thus increase the production rate. The reason is
that *he taard would be aimost completely dried after the Yanker, sar to 5%
moistiure, and this onlooa linited number of c:linder dAriers would he needed after
the Yankes driec, The oxant re:airenents of the ~achi # could be erstablished

ater the yresegt Tanree drier 1s aged for £lazing,

The ~hange o the three-roll calender to four-roll or five-roll would
provii» adiitonal surface-smoothing capacit ., To increase the flexibility of
the machine, water hoxes could be installed on :he calender at very little
additional cost; *hese would provide an additional facility to apply starch
to the back side for curl control whenever needed. The present off-machine
coater could then be used for speciality-grade ~oating. The addition of lami-
nation facilities to the o*f-machine coater would increase the variety of

specialities for this mill.

Other long term recommendations are as followsi

(a) Installation of a shrink-wrapping svstem for pallets would minimise
the curl problem and would recuce transportation losses and damages;

(%) Change of the rewind-core size from the current core diameter of
about 70 mm to, say, 250 mm diameter would probably reduce the curling and
blistering problems;

(c) Change of the magnetic-tape metering-bar holder to a plastic-clip-
type holder should greatly reduce the tendenc; for the bar to come off the

holder and thus improve operation,

The immediate and short-term recommendations are numerous. Many have

already been adopted by the Nikopol mill, and some are included in the following

experiment reports. See annex I for a brief listing o™ these recommandationas,

Turtrer towards the Ary end in arier ta increage the Aryin.-
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SHORT-TER! RECOMMEIDATIONS

The short-term and immediate recommendations were usually dis-assed and
implemented on the spot. For re“erence purposes, 'he. are given in trre 7010 )
lisgts

(a) A8 long as there i3 enough puiping canacit., the hole liazeie:

the pulper plates can he reduced for vetter screening e icienn;;

(b) Continuous type of pulpers should uzuall. be operated withouat 3¢ pua -

e)ept for cleaningg

() A1l stock-cleaning equipment should be operated and used properi
for the maxinun cleaning of the stock, so a8 to minimize surface de’ects o 'n.
board caused by impurities in the fibre “urnishes. 3ince, in “uture, se¢-onda
fibres will not be so clean as thev are tnda’, development of the technoloym
and installation of stock-cleaning equipment should be emphasiszed;

(d) Extensive st udies should be made o the operational narameters '

the stock-cleaning equipment j

(e) The Yankee cylinder should be usei as & glasing cylinder in orde:
to produce a smootl hoard surface. The operation of this equipment renuires
special skills and persistent attention. The surface of the cvlinder must v
kept very smooth for the board to be “casted", Much practice will be nerded

to make it a success;

(f) T™he sise-press formula could be pismented to improve the ore-coatings
effect. The s0lid content of the starch must he tested regularl. and the use

of a polarimeter is recommended;

(&) ™e calender oould be optimised to improve the smoothidg effect. A
calender roll of higher crown operating at about twice the current designed
pressure should be triedj

(h) fhe stock furnish, such as the types of fibres used, brightness
of fibres required, availadbility and costs of fFibres eto,, could be optimised
through careful control and better understanding of what would be requiredj

’




(1) Tnereasad Joardanin 2 the current lonr="ibre top-liner stock would

lirel: inprove “ornation, T mai tain *he sane “recness, the refining showld

be proportiona’l. ceduceiy
(Y e s o e ner and Tover driers ta sont el raximar down curl
) R A O

(k) Tie "orration o the Pourdrinier tor liner ~ust be as mod as prssii..
brrause 1t has the greatest and most dire~t e“%cot n ‘the gurface amoo!hness

27 *he aoari, Hesearch should be undertaken on th sc-t:iiqr o variables, such

as st ket d-wive celocit ratios, shake atroke-len=th and veloril:, headbox

:

tir openin- ant in position, speed and rotation {ivectinng o° the distribution

1=, hegdbox consistens ety

(1) Instaliation 0“ a water box “nor starch on the sact anide would incrogse

*ie cur] eontrol facilitiesg

(+) "Mdar leckle ed~es would help the coating and sheeting operationy
it is therefore recommended not tn trim the edsar on the winder when winding

tne ~osting raw stocks

{n) The ~oating svaten ~oull be optimized throu+ ~a-ef] estalliznment
a-jablee and their offects an followst
(i) Maxirize the meterin~<har ~nal-wei4.{ in nrder to pre=coat
the hoard properly and “i1' the valle &+ 0" the hoard througt
high solii costin-, e entive neforig - o7 the comting etcet

(11) Improve the control of the *loy rate of the netaring-bar
~leanings water, a8 o installin~ a needle vglve with a flow

meter or & headbox with the overflowg

(iii) Optimise the air-knife coating operation for a levelling

effecty

(iv) Optimise coating formulations through ~xperimests with varieus
raw materials, such us Bulgarian cla, latex, additives;

(v) ldentify the brush-glasing effects and the glasing requirements
needed on the mariket )

(vi) Puperiment on the water spray system and iastall felte to
preveat water dripping cewsed by the wator spray aist)

.00 EEEEREEEEEEE
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at the Nikopol mill and the Institute of Pulp and Paper,
discussed are listed below for references

Pungicide coating for prape packa;in-

Silicone coating

Rust -inhibiting coating

Curling of paperboard

Pibre microscopy and photo-micrograph:

St ook preparation for paperboard

Pristing requirements for coated board

Boononic feasibility studies and organisations

Wany consultations and discussions were held with individuals and growps

A few of the msubjects




Annex

CAPET N, Pl TUUUARY THVESTIGATIONS ON NIKOPOL COATING RAW
MY WITH HICGHER CAIENDER PRESSURE

exierye s o nded to acrquice a hetter anderstanding of the
ot Al b o1 v e et 7 the cnating raw stork and the surface smoothness
rme-11a’ s o nuainatie with a higtier calender pressure. The results showed that
“raoosrTace smoothness ct the board could not be improved significantly with
1e cx1t1ae ralig, There was no spare ralender roll which could be grouri te

P i1 coun an o crder t s eytdore a hiisher calender pressure range.

T* i necessar 1o exvlain btere that in this mill there is only a four-brush
ciazine s ogten arter the coatiar stations for the finishing of the costed board,
wil thepe s ne calendering or other surface smoothing equipment, ‘Therefore,
the surTace o7 the raw stock mast e exceptionally smoothe Hith that in mind,
wge o7 the existing Yankee o iinder as a glazing (smoothing) cylinder appears
fo be esscntial, and ceriainl) it should be further complemented by optimising
e caer e conditionsg, such as the nmachine caleadering conditions and sheet

IR AT R
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Test data of experiment 1

\\\lxwz\rimﬁnt al
Paramet e¥ set

Set No. 98, 7 June 1975

Set of 6 June 1975

or teat \\ Cag::::tlpfj:::ﬁ:iignlg/cmg Ca;;“i’;ﬁl’;;:mugey
"‘,I-IDP/ position Front Front- Drive- Drive Pront Front- Drive- Drive
niddle middle niddle middle

Nonrd
Jasis weight (n/m2) 296 296 02 293 291 299 301 300
faliper (mm) 0.4 0.42 0.43 0..0 0.44 0.47 0.48  0.41
Density (g/cm?)E/ 0.68 0,71 0.71 0.73 0.5 0.64  0.62 0.74
Smoothness,
Bendtsen (ml/min) 440 699 515 414 412 940 758 344
Smoothness,
Rek (sec) 13.6 8.6 10.4 14.5 14.5 6.4 Te9 17.4

Liners Basis weight (gm/mz)
Top 72 75 67 66 63 69 62 61
Under 97 93 101 95 100 98 105 105
Filler 1 42 A0 46 46 48 48 48 49
Filler II 47 47 49 48 A7 a7 48 48
Rottom 36 35 39 7 39 38 38 37

Total 294 296 32 292 297 300 301 300

./ Calender load was beyond designed crown ad justment ; therefore, the

edges were much more heavily loaded than the centre.

!/ CMD = cross-machine direction.

g/ The higher density of set No. 98 was traced to the inherent higher
density of the neutral sulfite semichemical bottom liner of this set.
experimental set was a news backboard.

The
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Annex 111
TXPERI'EUT 2. CURL-CONTROL TRIALS OF NTIKOPOL COATID BOARD

ot

Sne »urmase of this exreriment was to deterriine the major factors influencing
the ourl A% itanal board,

e 3

resilt ~ showed that the ourl could probabl, be controlled by both
(«% rrorer use °7 the size press and (b) rewindin~ o® the board with the coated

8iir out,

The exprrirental narameters and operations included in the investigation
we e
Sizoepress operation
Azount of stgreh applied
Aiile o web entering the sige press

3clids ~ontent o the starch

S1a ~oating
Toat weighis

Coatin~ methods
Air-knife

Hoterin-~lLar

Svast-rlazing operation

Back side cainpenin: with water sprags
iterindiny the voard rith the coated side out
J-irr controls to rinimize overdrying

“arve diarmeter of rewind rolls

Threr tpes of raw stocl, labeiled I, IX and I1I, were prepared for this
trial, 13 "nllows:
I. The rcontrol board, which did not have any aize-press treatmentj
IT. The board with sige-press treatment on the back side only. Substantial
water uas accidenially pwaped intc the starch line and *he solids content of
the =tarch solution was reduced from 10 to 1-27
TII. 'The toard with the size-press treatment on both sides with the angle
at 70," 0" the total maxinum a-justment providing a larger amount of sising on

‘te ba sides The starch solids content was 4" instead of the 10% as prepared
uecanse gone yater entered the line,




—
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The raw stocks weres
(a) Goated at only one station or at both;
(1) Run witi and without waterspra, on the back side;
(¢c) Run uith and without the glazing station;

(4) Rewound with coated side inside and outside,

Fach test board was identified and sheeted into pallets and shipped to the
printers at Pavlikeni and 3vore for trials on the sheet-fed offset presses,

then cut to forms and glued on the high-speed straight-line gluer.

The followin~ ~omments refer to the test results:

(a) A1l the roated board exhibited an upcurl even though the raw stock,
especially ITI, showed a d. "Inite deuncurl. Coated board made from I and II
could not be fed through the printing presses readily because of the curl.
Although the coated board made from III had less upcurl, still less upcurl
would have been needed for good press “eeding; hoard with a slisht downcurl

or “lat would have been preferred;

(b) There was no ;luins problem with the polrvin-l-acetate-based

adhesive current 1y used;

(¢) Although the Bekk smoothness readings of some samples were within
the Bulgarian standard of over 60 sec, it was judged to be marginal, if not
inadequate, when observed at the printers! operations, uhere very high press

pressure was required;

(d) Although the blistering tendency of the samples made from II was
very high, tRey did not blister on the presses, probably because of the low-
viscosity ink being used. iere it was noticed that some exampies o boards
had a definite blistering tendency. For the detection of such a blistering
tendency, an IGT tester with Westwvaco attachment is recommended for use at the

test station of the board machine.

During the trial, several adjustments on the coating system were mades
(a) The appl.-ation roll of the metering-bar coster was reversed in

rotation for a cleaner operation;

(b) The baffle plate used for the protection of the metering-bar holder
was lowered to facilitate the proper flowing of the metered coatingj




(-) Some general im;rovements and ad justments were made on the air-knife
~oating atationt
(i) Clcaner edge-wipe operation was obtained;
(ii) "Diverting stripr for the air on the air-knife were installed
to prevent the blowing of the coating to the back side of the
hoard and thus keep the deckle areas of the back-up roll clean;

(iii) Aprlicaor-roll speed and wrap were optimized;

(1) The irying secuence and the drying temperature of each drying section
were adjisted *o avoid overdrying. It was estimated that only about one fifth
of tiie 'ntal drying capacity was required to dry the coating weipght of ahout

> -/ 4 80 n/rin machine speed;

(») The coating formulation of the metering-bar coating was redesigned
1o a niter solid formula in order to provide an improved metering-bar pre-coat
and “ s a smoother finished shest. Board II was run with a lower coating solid
than ITI. The results seemed to suprort the theory given above, henne, it would

oo ndvantageous to run the meiering bar at the highest solid conient possibleg

() The “otal coat weight achieved in this experiment was about 16 g/mz,
2l
Wit wag considered quite lows A total cost weight of 20-25 ,r:/m" would be
thie resanmeaded tarmet, in view o7 the insufficient sur’ace smoothness of the

raw 3*onv,  The reecommended target coat weight of the meterings bar would be

-
2ot

AN
™Mirther ariions to be taken ace theset

(2) ia~ a lonper rau-siocl: trial with the followiny conditionss
©-107 starch solution on the size press
Maximum adjustable size-press angle
Machine cylinder driérs adjusted for a reasonable downcurl
Optimum calendering
Well-ad justed formation on the top and under liners
fankee cylinder running as a glasing oylinder

(b) Conduct a longer coating tiial with the high-solids metering-bar

roating formula and, optionally, with Bulgarian clay in this sectionj

(¢) Try using lower brightness but cleaner furnishes for the top and

under liners;




-2la

(d) Conduct careful printing trials in the presence of an experienced
ink maker, who would be able to medify and re-design the inks to optimize the
printing of this board;

(e) Install an adjustable-height funnel with overflow for the metering-
bar cleaning water so that the metering bar can be kept lubricated and clean;

(f) Install a back-up roll for the metering bar to keep the board more
evenl: on the metering bar. This roll should have about a 10-mm of fset “rom
the metering bar and a diameter of at least 200 mm. With the installation of
this back-up roll, a higher solids coating Formulation would then be recommended .
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