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Ink foaming of water-based inks
What is the reason and can it be resolved?

The printer first needs to ask him-self if foaming ink really is aproblem for the print customer? Theprint customer will never complainabout the print because the ink wasfoaming. He more likely will com-plain about colour consistency, reg-ister, edge sharpness, not being ableto read a barcode or defects in print.In this article we will show the re-sults of tests done with different inksuppliers where we have monitoredwater-based ink foam and theprinted colour consistency.
The problem

Water-based flexo ink nearly al-ways foams. Mostly it remains un-noticed. However from time to timeink foaming becomes a problem.This can happen on any print ma-chine using water-based ink fromany ink supplier. It is more often re-ported on machines equipped withdoctor chamber blade systems andis independent of the supplier of thechamber blade system. The pres-ence of foam means there are nowtwo ink phases instead of one. Thefoam phase has a different compo-sition per unit volume of foam to theink phase.The flexo printing industry hasmany explanations for ink foaminghowever there is now proof forsome of these explanations and so-lutions provided.
Basics

These are the areas involved whichaffect ink foaming:
● the ink,
● the system that holds the ink (ink
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All printers using water-based inks will have had the problem of inkfoaming. It is a costly problem resulting in machine downtime andoperator frustration. Ink suppliers are doing their best to provide solu-tions, but the ink foam problem is never completely removed. Machinesuppliers are putting extra attention into the design of the ink meteringsystem to minimize the problem. But foaming of water-based ink willalways be there.
pumps, pipes and metering system),
● the operator.The ink supplier can influencethe formulation to make the ink lesssensitive to foaming.The system holding the ink canworsen the foaming if the ink flowis turbulent or air is captured in theink.The operator can take the wrongaction which results in the increaseof ink foaming.When the ink foams it is very un-likely that there is only one area res-ponsible. Each of the three areas hasits own responsibility to create astable situation that minimizes therisk of excessive ink foaming.Ink foaming is the enclosing of agas in the ink. The density of the inkdecreases significantly when foam-ing starts. The viscosity increaseswhen measured using a flow cup.The foaming increases if the opera-tor adds water to reduce the viscos-ity. If ink is foaming then measuringthe ink viscosity might result in tak-ing the wrong corrective action.Ink suppliers often advise theaddition of antifoam when inkstarts foaming; however, this onlyworks if the foam is on the surfaceof the ink. If the ink foam is evenlydistributed (micro foam) then most-ly there is nothing either the opera-tor or the ink supplier can do to cor-rect this.Little is known about how inkstarts foaming. Common belief isthat it is related to the use of doctorchamber blade systems and that ithappens at the forward positioneddoctor blade. It is assumed that air ispulled in the chamber by the screenroll. It is also believed to be linked to

the ink pumping system and inkflow. No information is availableabout the »gas« that is contained inthe foam of the ink when the inkstarts foaming.Most materials can foam. Heat ismostly used to start the foamingprocess of e.g. plastics or to turncorn into popcorn. For foam bub-bles in a liquid physics tells us thatwhen a bubble of radius »r« in aliquid of interfacial tension »Y« isformed the vapour it contains is ata pressure »P« given by:

Heat is used to release vapourfrom the liquid or solid. The vapourbubbles remain partly captured bythe solid to produce rigid foam; inliquids the bubbles rise to the sur-face and burst.Some of the chemical compo-nents of which water-based flexoinks are made resemble soap. Theformation of bubbles has been verythoroughly investigated by deter-gent people who have publishedmany articles on the stability offoams in terms of interfacial energy.What can be done to minimizethe risk of water-based flexo inkfoaming:
● Minimize the agitation of the inkcaused by the system used for theink circulation.
● Minimize unnecessary water ad-dition (by the operator and from thewater left in the ink system afterwash-up).
● Use an ink formulation that isless sensitive to foaming (e.g. avoidsolids in the ink formulation).
● Have an agreed procedure formaintaining the ink properties (inksupplier and operators).
● Maintain a log of what is doneduring production. Record time andevent for the individual inks. Thislog will help to take corrective ac-
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tions when foaming occurs. It alsoallows discussing the event with theink supplier and/or the supplier ofthe ink metering system.
The test

Three ink suppliers were asked toprovide two inks: Black and Green.The ink formulations to be stableover time and give minimum foam-ing. Before putting the ink on themachine the ink density was meas-ured and recorded. Also measuredand recorded during the test was:
● printed colour (using a spectro-photometer),
● paper colour (using a spectro-photometer),
● ink density.More than 5 hours after each testthe ink density was again measuredand recorded. Each test consisted ofa running production time of 1 hourat a production speed of 4000sheets/hour.The ink density was measuredusing an Eppendorf Multipet with a50 ml tip. The 50 ml tip was filledwith ink and put on a scale with aresolution of 0.01 g. The scale wasset to Zero. 50 ml was dispensedback into the ink bucket and thepipette put back on the scale. Thevalue indicated by the scale wasdivided by 50 resulting in a valuefor the density of the ink in g/mlwhich is equal to kg/dm3.The ink suppliers were allowedto make adjustments to the ink. Thetime of the adjustment was recordedalso the quantity added. At regularintervals photos of the ink surface inthe bucket were taken.

Results of the test

Graph 1 shows the results of thedensity measurements.All inks dropped in viscosityafter a short period circulating theink in the ink system. The black ofsupplier 2 was probably least af-fected of all inks.Supplier 2 made an adjustmentby adding a very small quantity ofantifoam to the green ink 30 minafter the start of the test. The impactwas visible 35 min after starting thetest but disappeared at the end of thetest.The densities of the black inksdropped less then that of the green

inks. The inks returned to a similardensity 5 hours after the test com-pared to the density measured be-fore starting the test.The colour variation during thetest, for the three ink suppliers andthe colours plus the paper, is shownin figure 1. The colour variation forall suppliers was within an accept-able level.The green colour variation forsupplier 2 followed the paper col-our. It has to be noted that two papertypes where used for the board inthis test. Supplier one was printingon paper type A (apart from the firstsheet), Supplier 3 was printing onpaper of type B. Supplier 2 had amixture of paper A and B.There was ink foaming as can beconcluded from the density meas-urements but it did not affect theprinted colour nor were there anyproblems with the ink related tofoam.The order used for testing wascompleted running the same ink for4 hours adding 1 dm3 of fresh inkevery 30 min. During this period thecolour printed was stable and foam-ing did not increase more then wasnoticed during the test using theinks of the three different ink sup-pliers.
Conclusion

The inks supplied by the three inksuppliers for this test all foamed.The foaming of the ink did not resultin a big colour variation over 1hour. The inks started to foam im-mediately after the ink system start-ed and the foaming did not signifi-cantly change over the testing pe-riod.Supplier 2 showed that its anti-foam was able to reduce the foam-ing but that this reduction was onlytemporary.The ink density readings takenmore then 5 hours after the tests

were completed indicated that theink foam disappeared and that therewas an insignificant change in den-sity, not affecting the ink viscosity.
Recommendation

● Add fresh ink at press viscosity atregular intervals (e.g. every 30 min-utes). The ink supplier has to opti-mise the ink formulations for this.
● Measuring of ink viscosity can bedone before ink is put in the inksystem but during production theviscosity measurement does notprovide information for correctiveaction when ink is foaming.
● Avoid high solids in the ink for-mulation especially when doctorchamber blade systems are used.
● Make sure that there is sufficientink flow through the system.
● The ink system (fittings, pipes,pumps, and chamber) should nothave sharp edges and corners.Changes of the inside diameter ofthe piping should be avoided.A good interaction between op-erators, ink supplier and the designof the ink metering system togetherwith the setting of the positivemeasurable and achievable target:colour consistency, helped to over-come the problems caused by foam-ing ink. It did not stop the ink fromits ability and sometimes willing-ness to foam. ■

Graph 1.

Figure 1:
Colour variation during
the test.
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