Visualization study of flow stability in two layer reverseroll transfer
Masato Sasaki(*), Wieslaw J. Suszynski(**), Mar8oCarvalho(***)
and Lorraine F. Francis(**)
(*)Rolling and Processing Research Department &esearch Laboratory
JFE Steel Corporation
(**)Department of Chemical Engineering and Mategi8kience, University of Minnesota
421 Washington Minneapolis, MN 55455
(***)Department of Mechanical Engineering PontiidUniversidade Catolica do Rio de Janeiro
Rio de Janeiro,RJ,22453-900, Brazil

Presented at the 17th International Coating SciandeTechnology Symposium,
September 7-10, 2014, San Diego,'CA

Introduction

Reverse roll coating in which a thin single layédigquid is applied onto a substrate has been us
industry for @cades and has been extensively analyzed in ératlite. Modern coatings, however,
often composed of more than one layer to improwyct performance and to reduce manufact
cost. Pre-metered methods such as slot, slide aalirc coating araypically are used to produce s
multilayer coatings. If the caliper of the subsdrab be coated is not constant, the coating ga|
consequently the final film thickness depositedtmweb will also be non-uniforrThese drawbacks
precision muilayer coating can be avoided in cases at whieHitial product uniformity requirement i
not a limiting factor by coating two liquid layenm an application roll using two layer slot cogtisnc
transferring it to the substrate in a reversetralhsfer processn order to implement this approach ir
industrial line, it is important to determine thet of conditions and liquid properties at which ttensfe
film remains uniform. To our knowledge, a systematudy of these conditions has heten reported
the literatureln this study we focused on the use of reverseteathnique with slot die liquid delive
system to produce a uniform thin twayer coating. The liquid film surface as it isrtséerred from
rigid steel roll to a defonable urethane covered roll was visualized in orgefind out how th
uniformity of two layer coating is affected by thpeed ratio between two rolls, wet thickness amaid

viscosities. The effect of these parameters omiliéng frequency and amplitude was also investigat
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Experimental set-up

The experimental set-up is shown in Figrhe roll coating apparatus used in these expersnan
located in the Coating Process and Visualizatiobokatory at the University of Minnesota has 4
diameter rolls installed one above the other. Ahhégeed camera and a higisolution digital came
were used for visualizations of the flow. Glycerimater solutions were used as the coating liquithe
viscosity of the solution was adjusted by dilutivith water.To make the flow visible, a fluorescent |
(Fluorescein disodium salt, f#«drate (green, which was dissolved in the coatirg coating solutiol
injected inside the bottom layer distribution chambf the die.

Top roll

Top roll (rubber covered)

Squeegee
Measurement
3 flow rate
Bottom Roll Squeegee
Slot die Bottom
Debubbler Debubble Roll
(metal roll)
Tank Tank
for for P
top botton Tank
Fiter  pyump for Fiter  pump for
top layer bottom layer

Fig. 1. Sketch of coating apparatus.
Results
The onset of ribbingcan be determined by observing the streaklines ddrioy the injected dye
different top to bottom roll speed ratio, as shdwirig. 2 The viscosities of the top and bottom la
were 20cP and 5cP, respectively. The ratios ofatiethickness and gap of the two rolls wegg/iH=0.4

and hoon/H>0.4, respectively. The speed of the bottom wa@k kept constant at 30mpm. The flow



from the dye injection syringe was adjusted so thatfluorescent dye band was about 0.6mm wic
the bottom roll.The lower part of the picture shows the bottom, rible central part shows the tran
meniscus region and the upper part shows the tbpri® coating liquid moves from the bottom rad
the coating bead and is then transferred to thedibp/Vhenthe speed ratio between two rolls was b
3.46, the streakline was straight without variationwidth, indicating a twalimensional flow. At spes
ratios above 3.69, the dye streakline width ontdigeroll increased, indicating a three-dimensidiad.
The movement of the coating liquid from the roltl bottom to the top roll was almost uniform fe
stage before ribbing, and with the generation bbirig, the results confirmed diffusion in the wi
direction along the ruggedness of the ribbing. Tmset of the thredimensional pattern can

determined by tracking the streakline width ratlefined as the width of the dye band on the topto

that on the bottom roll, as a function of the spesid, as shown in Fig. 2 and 3.
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Fig. 3. Relationship between speed ratio and width ratio of tracer

Fig. 2. Visnalization of racer movement.

At speed ratios below 3.6, the width ratio is closd.0, indicating a twalimensional flow. The spe
ratio at which ribbing occurs is clearly markedébgudden increase in the width ratio.

The width of the dye was widest at the onset dfin, andit follows that it gradually decreased as
speed ratio increased. It is thought that the niplivavelength had a low frequency at the onsebbfrg,
and a wave of wide wavelength was generated inwtid¢h direction and was transferred to a |

frequency with increasing roll speed.



Conclusion

The liquid film surface as it is transferred frontigid steel roll to a deformable urethacevered rol
was investigated in order to determine how theaumifty of two-layer coating is affected by the spee
ratio between two rolls, the wet thicknesses of Bagers and the viscosities of the liquidBhe
conclusions are summarized as follows.

(1) Liquid transfer is uniform before ribbing generati@nd after ribbing generation, the liquid spr

to the width direction along the jaggedness ofriileing.

(2) The results show that, in two-layer coating,irasingletayer reverse transfer coating, there

critical web speed above which ribbing occurs.
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